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Role of deep level traps on the photocapacitance
characteristics of InAs quantum dots covered

by an InAlAs layer

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

National Chiao Tung University

Abstract

Electrical and optical properties for 2.4-ML(monolayer) InAs quantum dots
(QDs) covered by an InAlAs layer containing the deep level traps is presented.
Initially, the capacitance increases with-the slowing sweeping rate of bias at the
temperature of 280K by capacitance-voltage (C-V) measurement. It demonstrates
the InAs QDs containing the deep level traps. The deep level traps are observed at
the temperature dependence C-V profiling since the electrons emit easily at high
temperature. The electrons from the deep level traps neutralize the positive charges
on top GaAs due to the barrier of InAlAs capping layer. Because of the “neutral
region”, the depletion region length change and the capacitance by C-V
measurement increase. In addition, a phenomenon of electric hysteresis loop can be
observed by C-V measurements under different bias sweeping direction. The
measurements of electric hysteresis also support the mechanism of carriers transfer

mentioned above. And then we investigate the photocapacitance with different



illuminating energy. For the illuminating energy of 1.3 eV, a large photocapacitance
produces due to the deep level defects. In contrast with the illumination energy of
0.9 ~ 1.3 eV, an interaction between the QDs and the deep traps is found by the
concentrations profiles. In summary, through the C-V profiling under different
conditions, such as temperature, illumination, and the rate of sweeping, the role of
the deep level traps and InAlAs capping layer on the opto-electrical properties of

InNAs QDs was studied.
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Bk R FP L AET BT TE 2 LFERAL R
e Fla L)oo
4. XFgPERLS o SRS R R BB A E R TEL LW R
fo & 3dp 5 1~ (point defect chi i) o
bk 4 Kok B H B 4e dislocation... & > BT 7 EH#-7 € ¢ fem C-t £ RIHRE
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ERFAEPOWATFERY OB INFTERAR O FOER AT IR ETER
KO F R R 4 Faen L [20] 0 BB AR F (7 31 100em 2k B 4R )
GRS e o B S s il defect W FERERR £ 2 LBURR i Ko 1
(emission time A% ) % &) i fgat i E £ A o A A s T
(SINratio) % - DLTS #fiFi & £.0 %5 PRV t1 22 120 F 2 t2/tl > se % tl & t2

KK ETAREF T ERALTHBEX L) T3 FHEF e "CF A RER
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Ritmer o B3 oF ey BT VTR LE

4o In2nt1)
T 12411

AC #ivtgR> P (AC~0) ¥ 5 R aF PR AC i85+ » &7
B PEOTR R OPE R W BB RIT o KA R tL & 12 k%7 i X7 (rate

F¢ BB ARAETERE T

-L;L

o F B R MPFE o AC B R ] (AC~0) > R R B B

WIndow »  €n ) * BT 5 A B e max B BIE B Bedh 0 T I R AR08 RS
PR a AR fi o

2-3-6 BpFRHEER IR
W ? R kR TR ER A S ATRER TREK MR KR 3
% “#(Halogen lamp)2 LED &7 f& - fic & & £ & 8] % 3(C-V, |-V & DLTS)> v
TR & 0 b R RN e )& E(Halogen lamp) £ il g kL EC
(7 &k 3 & ¢tk > 500 nm~2000 nm) » 3% 16 & Jaiif%ﬂig?l XihiH- gL RR
(3 E 7 10nmm) FH* ERFELEZ MRS e T EERT
@I — ks AR o R kA0 2-4(3)#F+ - LED % 5 THORLABS 2

“.‘_l

4 A 0 B F d)E B g ki A (0AMW ~ 1L5mW) o 7 &3 Tk £ B it

LRenT R R LIR- H it 0 EE kAo B 2-4(0) 47T o



0.31um n- GaAs
(Si : 5x10'® cm™3)

2.4ML InAs QDs
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INg 14AIAS
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|_ C.B.
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Bl 2-2 H% 52y . R
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| InAlAs | _Ing,,GaAs

SH332 0A 54A
SH331 10A 447
SH337 20A 44A

SH335 54A 0A
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Monochromator

Long-pass filter (695 nm)
Optical chopper (45 T4 5 4 h i )
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/
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(B8 4450 %)
Lens

Bl 2-3 ks & sk #p)k s(PL)

@) Monochromator
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Lens Halogen lamp
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(b)

Sample

Bl 2-4 sk ipcs BRI H
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FIXRTAFLERBEFRALH

A E AL A INAS/GaAS £ F Bk R R H AT A B e RS
PL kM LT R RARREKLRT - %’%r} R RERTHCV LT 2T

Fhahy b THFRFEAELEDINAIAS & € i = { PEGT FERT o

3-1InAs/GaAs € + g6 4 47

Bl 3-1(a)-(d) 5 78 B /£ 25K <;8 3 300K » & % S H T i 2 PLEE R %
CRBE R o WA 2 o PLASLRAENER @ 3 A E AR
w A B0 F PR A (redshift) g - § R RS 2 23 BPUOLRRL 0 AT
AR 6T F TR HAARE %2 o KU A PL e & P T8 o B
SH332(dinoseaias= 0R) » Bl ¥ B &g B @350 % InAs £ 5 Bermush o #UR
20K P¥ > 2k ik (Ground State,GS) i ¥ 113 & 1.01eV > &% it (Excited state) - %
% 1.07eV %g 8 & 2 5] 300K 4GS frES thi ¥ = # 7 0.95eV - 1.03eV -
e & SH331(diowaias= 108) ~ SH337(dinosaias= 20A ) PL Bl ¥ > # 1248 IR 41K

~

BTG - BEFRRE O EME(l2eV) READ S .9;]}.,,}14 7o B
GS r ES % 355 o 5% @ EE(1.2eV)4aipl 5 QW = T 4z 200K g &
(6o Bl @ BT o T i B PLE I A 2K IngpAlAS
K4 i@ QW B 3 B Tl $4F 0 Tt a0 SH332(dinonsains=0A ) » i85 %
Al FIP AT QW LB o @ SH335(dinoweaias= 54A) i 5 QW chigdg > §

‘\»

SR E

3] QW s BE o B 3-2(a)-(C) 5 1945 PL Bl #r g ®Went R 5at # 7 &

=
*m\L
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3-2 F&* & Fens 23t InAs/GaAs § + 8¢

3-2-1 ##FHF HRE X C-V ALY

Bl 3-3~3-7 2w ¥ 5 a b & B MOR i B HF /R E X (Sweep rate)
(532mV/s~27mV/s) 5 i1 C-V Bl » % T SH332(0inorsnias= 0A) % 148 e C-V 21
PR D R iE 5 A SH33L(dinnssaias™ 104 )~ SH337(dinoseaias= 204 )
SH335(dinoseaias= 54A) 1B 8 P C-V AU SLAEFF 6 1 B F e m J18 > A ¢
12 SH335(dinoreaias= 54A ) B 5 P BF o @ B T B BB E F BRI f 0 HP
T - BRI EEORARARI - R B FRE P RN AS
HpAR S @ P BRI R R R R F L af)(S)hE s B - B E SR G
B F oLt FRAFEAE RIS RGP S R Rk e
FeAdefect) s 5 o gt b o GBI B IRAE F AR B I R AR > R FEE T L
KPR Al WA RBROFERFRE P T I EERN R A g2
PRA T FRCE o @ SHIZD(Oinoreaas=H4A) € § B~ HEBL 0 Rl K AR
BenlngAlAs B - ¢ 7 2% 22 cnibdl B 5 ohg §Rue-

3-2-2 RE C-V A~

F3-1-1a79 > FRAZEFG FERBREFBREOR G > FPt 7 AL
B TTK 3] % 8 350K eh% 8 C-V 4 45 » § % & % 4o B 3-7~3-10 - <8 3-7(3)
¥ 7 SH332(inossains= OR ) C-V M BERE B B 14 2 4 > L 50EA T Bl4r
B 3-7(b) > 3 M % 0.23um~0.24um F P B enT JE 3 fE A5 fie & W) 3-2(a):h PL
BRfrInAs chE S St 4R 5 G S frE. S el e A gL M i

e ;—H# 030 m:-| ehi= ¥ » § %] 5 & % i¥ Schottky £ PE g fads %] eds 1F
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G RTHERBEE T RIGAE T  PIFAGAEE R €7 T A

BIER B o e BRI OB E R TR L
C-VERIL T 3 o BBk BRLAGE~ F Rl ST afiiiy e a3
BEPFEF RIOTERL p R REET T FRFATS ¢ %] - R 3-8(a)~(b)
5877 SH331(dyowearas= 104 )~ AR IR R o RREF & & Ing 1 AlAS K ek R
i 4v 3 B4e B 3-9(a)~ B 3-10(a)  SH337(dyno eatas= 204 )~ SH335(dno 1earas= 544 )
FC-VAFEA T 280K {8 2-05V 2-1.0V ehiz§ ¢ 1R BT & chdns o
HESFA TR PP RO AR DR € 50 - BT FEAgRE A F
A F R R F B RS G 280K 15 Tt dplid & R AR T A
MELE J AR ELATE S o

Bl 3-11(a)~(b)3 " 7 44 Kt BL . By B S0+ BB e b ] o Bk
Feane FE (Eqap) 2_¥ 12a¢ Ff (neutral trap) o §].3-11(a) 5 M 77K BF ¢k 4o 0] if B B e
P RO S i PRSI UL S sl SRR E R P T
Wl TR T A R R i R R BRI ek RE R B2
% & 350K 4] 3-11(b) > % 74k bt + BB & 4o P o ARl i AR R AR

P Bk 5 dest 3-1

e, (T) = yT?0, exp( "ap) (3-1)
He o] 42— F# #ntypeGaAs @ 3 H g 5 2.28x10%°cm?s'K? v o, & 3
B 0 Egap » 2RO FERE TN c RFRRBIQEF L 2FPPTLE 8
G e fd o @ E XD INAIAS/GaAs ey 0 Flm 3 g & InAlAs & e top
GaAs & efkd iy P ot T end A5 ¢ % (Neutral region) > i = 3 2 %
FHRERTFERA AL -BCV I oo BSNFS TR €5 T ARG

- BT o A SH335(dinosans= D4A) I C-V LEL € § 4

3

K
fmpe
g
ASN
TL

BEB S DR AT S RAAEDINAIAS B 5 7  chixfia 5 1R
At e INAIAS & fr GaAs & e > ) R ¢ R 0 W4 3 L H D
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wAEE 0 BRRA DT FHCE o KR 3-12()-(b) E HE LA FERET IV
%?%ﬁnﬁmm@%’Wﬁ&ﬂ%mmMmﬂﬁyHPQSﬁﬁ@%@ﬁﬁw
BT nded o H @ 2 PRS-V BT & ¢h 4 B]- 3.0 ehid b R & F g 2
Pl g B € F PR AT RS 0 BP0 2K INAIAS K R ¢ G R

F i Wgedek o

3-2-3 ## C-V £

B BT B A RO - B - ARPE R 2 W
C-VE R BHBEOVFFI-AV T5 - K BR> pF> FBMH e mBRT (#-7
B E_{-4V) - AV R F DOV £ (5~ = &P B B B AT 03T & 5 R E 5 (Sweep
rate) 8 3% TIE 54 mV/s > v F3K 5 R A UE T %% % doB] 3-13~3-16 - 3
TR, SH332(dnoeains= 0A ) & 3t & ~ MR 598 47 (Sweep down)(0V ->- 4V)§2 if 4%
(Sweep up) (- 4V -> 0V) enig & 3n o 4 o =t & Ing aAlAS & 0k & i A SH331

(dln014AIAs 10A)‘f‘? SH:?’:?ﬂ(dlnomAlAs 2OA) Bé’:?i % it r—g /Elﬁﬁ’“ﬁ%"ﬁ {LE "{ﬁ )
TFEFH o @ SH335(dinoseaias= 10A) 77K prg it > 2R @ & 200K {8 35 4
F’g'&\;"”f‘ TFEeH o LA 3 300K 18 g { P& o g 3 TR R Y A

(Hysteresis) s & » £k fi 20 & 4P » 93 — B T 5 S FEEE 0 ) kde gt

3-2
2o NoL? + 2P (OL = Vi + Viy (3-2)

M 4k R S B R SE P A AR (e st 3-3

VR

m&)=pm(1—e%),t= (3-3)

Np EEi i 'ﬁ@%éﬂ'}@\;\ % A B ’Qig-/}?c)i(r"v‘v» & PF e ZQ 2k B n-GaAs

Tsw

R#ekR) LAiZLi% %R p)i#m A7 TR £R3AS
B 2 L ) TR 5 F C-V RRISESPE > 1y 54 Kap
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1%‘%?!’1;%’\?}’\‘32

@ Hysteresis eIk % B35 6 i R &

ST EVRRES I a‘%ﬁﬂzﬁﬂweﬁurﬁw%ﬁl o @ BT E B I

BIPFRE L BRI D BRI S rg, B R3S

SRR G SR R AT AR B ARE > B
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Energy (eV)
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Energy (eV)
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(8)SH332(dino eatas= 0A)

Qw
Ec QD
E.S.
1seyl GS.
1.07eV
1.01eV €
EV

(a)SH331(dln0.14AlAs: OA) N SH337(dInO.14AIAs: 10A)

W
Ec QD Q —
M
E.S.
1.5ev| G5
1.12eV .
1.03eV e 1.2eV
A
E, I

(€)SH335(dino1eaias= 544 )

Ec QD
E.S.
1.5ev| G5
Losey| |114eV
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B 32 2 PLE ki B3 2

e+ B
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Capacitance (pF)

Capacitance (pF)

]

450

400

350

300
250
200

150

3'3(a)SH332(dIno.14AIAs:0A ) f';{«_ ‘/E ~J5,8 %ﬁ?ﬁ“ fﬁb RL

450

400

350
300 |
250 |
200 |

150

| SH332
Dark

| f =200 kHz
T=80K

Sweep down
—532 mV/s -
108 mV/s
- 27 mV/s

-3

-2
Voltage (V)

129

SH332

L Dark

| f =200 kHz
T=300K

T T T T T

Sweep down
532-mVls T
108 mV/s

27 mV/s

-3

-2
Voltage (V)

3'3(b)SH332(dlnoA14AlAs:0A ) % ‘/‘E Tz %ﬁﬁv %’7@ ﬂ —1;‘ C-V J'ﬁ?]

-1

21



300

N
a1
o

200

Capacitance (pF)
z

100

SH331
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L f =200 kHz .
T = 80K -

Sweep down

532 mV/s
-+ 108 mV/s
- 27T mV/s

4 -3

Voltage (V)

-2

-1

Bl 3-4()SH331(dino10a1as=10A) R T 2 % 47 6 14 /R & & C-V

300

N
a1
o

200

Capacitance (pF)
z

100

SH331
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T=300K ~

T
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532.mV/s
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Voltage (V)

Bl 3-4(b)SH331(dinoseains=10A) % 8 ™ = @ 47 8 i

-2
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450 . : . . . : . : :

- SH337 Sweep down

400 - Dark ——532mV/s -
—~ - f=200kHz 108 mVis
G 30 T=gok M -
Z _ _
S 300t -
©
o
‘o 250 .
©
&
O 200 — -

150 .

-4 -3 -2 -1 0
Voltage (V)

B 3-5(2)SH337(dinoains520A) K8 T ec % 45 6 i R3¢ F C-V B

500 . - . . ] : . : :
- SH337
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o
T
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w
3
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4 3 2 1 o0
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- SH335 Sweep down
240 park ——532mVis ]
L - - - - Is
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=
S 1601 ]
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@)
120} ]
100 ———
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60—\ e R
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T
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T T T T T T T T T ﬂ
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o 160 ]
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(b) Neutral region
| ;EOD

L 4

Bl 3-11 4% Rt 5L i i R S+ BB e & ]
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FAR kEF TRERILE BN

Ed o FRAF I ISE RS E R InAs/GaAs £ 5 8P R e d 2 F
% (Halogen lamp) & 7 i 3 KL B> — B g % 2B v 5 g £k &
FREL R £ 0.86eV I 1.56eV i — k35|72 Ry kg EHI o
FEFigr LED 5 RR&kR > 494 it £(1.03eV ~ 1.16eV ~ 1.36eV) iT & k& 3
BEaC-VREHEE J’ﬁ%ﬁéaﬁfbﬁﬁ%%’%ﬁ‘lia“%ﬁ/%ﬁﬂlnAlAséi g3 =
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