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The characteristics of

nitrogen implanted InAs quantum dots

Student : jheng-hao Huang Advisor : Dr. Jenn-Fang Chen
Department of Electrophysics

National Chiao Tung University

Abstract

The electrical and optical properties of nitrogen-implanted InAs
quantum dots are Investigated by photoluminescence
(PL) , current-voltage (I-V), capacitance-voltage (C-V),and deep
level transient spectroscopy (DLTS). The PL measurement shows that
after nitrogen implantation, the emission from the quantum dots is
destroyed. We infer that nitrogen implantation induces defects and
thus, the emission intensity of quantum dots is severely. But the
emission intensity of quantum dots recovers after high temperature
annealing . Futhermore, PL spectra display a long tail after thermal

annealing. We infer that some different components of nitrogen are



incorporated into InAs quantum dots to form InAsi~«Nx quantum dots.
From -V spectra, as-implanted sample has a high resistance which
can reduce by annealing.

The DLTS measurement shows that the as-implanted sample has a
broad spectrum from 100 K to 300 K because the crystal has been
severely damaged. Annealing at 650°C, broad spectrum can transform
to a sharp peak. Its activation energy (~0.57 eV)and Arrhenius plot
suggest that the peak is related to misfit dislocation.

The sample with nitrogenidose (10%cm”) has a hole trap around
300K, in N-implanted n GaAs after annealing. Another signal of EL2
(Asw) trap also show up (activation energy ~0.80 eV). But after 750°C
annealing, the as-implanted point defect and the hole trap are

removed out, and a EL2 defect level dominates.
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2-1 k&~ £ 3 4T
2-1-1 MBE = & InAs/InGaAs dot in well £ & & % %t

K R SR R R s A ot ik e A3
% ¢s (Molecular beam epitaxy)i% & B F Apicffiz o1 L ey H £ § o7 id
* kP 5 (100) 3 w9’ -GaAs(10%em ) A » * L8 B H & 600 C -
TQD~QWenE BB RK 5 600C o = & Az s A hGaAsidr b 2 & —
& 0.2 um GaAs’ #% (doping Si 10" cm’) » 2 (& & & InAs QD » QD
ER G 2. TML > #¥F & 60A InGaAs. QWE QD & » £ =QWis £ <8 &
20 #y¢0 (500°C )GaAs » B 154 & £n002qum GaAs cap layer(doping Si 10"

cm’) o B 2.1 EA e B S S HBI 2 SR i Y B

2-1-2 35 GHEBRSOEF TV e
Apgs FEY Rr3E X FHNDL) P Tondpd G orflivao
% i £ 5 160keV o oA £ 4w 5 10%em e 2x10%en” & f&

HE -

ek s Y R S e pE Tl 18 2 1 i sk (channel ing effect) 0§
B E o SRR Y AR NS e § AL NS 4
RN % (A 5 i if »ofs-channeling effect) » & F a3 2 % 7 4% >
FHAEr R R R Ui L AL Gk R Bl - G
R Rl TR AR G Y R E L ALY - TR

ERE NI TS -L AR TS L TL T SRR YT
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TR ik AR F i 120 % X(RTA ¢ Rapid Thermal Annealing):&

74 LR R A %G 650C- 448 T50C - 4~ 43 -

2-1-3 # L4 & (Schottky contact)® i

&d MBER £ #5150 % Atk & d o 2482 BB (pattern) » 18 2 252
# 7+ @ (Schottky contact) > £ i&— #H B R~ B ng b A EaE TR
* 5 800 um(d F 5 0.005024cm’) o FE4EeE BB HSAF LT 2E 0 B
BEBELEMEG DT PEREAT - @ P PR RE R M T
Vg gRE RR Feen (T E 2R € Refe YU AT AR o
(DE ~2 33 -k(D. I water) * REA R T ERT H A48
—d k- e
(DE>»pmACE)RR* REBLERTERT O A48
—& %0
DE»>» 24+ k? * REBRTERT O A48
Il
(4) 48 5 3~ ﬁ;‘%&i@éﬁﬁ Faiz % (HC1:H20=1:1)* 10 4/
B il SRR Ry
DE>»2 3+ kP * REBRTERT O A48
S FABDREG R T F F ORI -
e d il o W 22t U8 (holder) t > 2t & i ¥ (mask)
AL (Fn AP EHREBEL Y AMHBEFEDT § § Rio)- A%
AR B 0 2T kB RE S 45 4 (Tungsten boat) 2 = 1147



AT FAER Y > pumpH-E 7 A 3 F] O5x10° torr4 T BE I E 04 B A4S 4
RS D0AS e B 4T Y B AL P o ot TR 2 1 @ ehSchottky

contact® i® o

2-1-4 % % (Ohmic contact)# i*

% & I & Schottky contact:h#l i¥1s » & ¥ 44 5% & tohmic
contact » # ¥ e Z4ER & chfk & ¥ 6 AL = 3 = 4R Indium) 3k &
*E O~ F F B R YpE (3200) ¢ 9 10~30 idm > B HA G TS BRFRAL-V
Bpl R F IR 0% > T WAT G T
WA PSR R BEFEF A A AT L e 2000C(A2E In' &)
MR g - KD FFFERET A A TR T G ohmic

contact s iF o

2-2 & B % 5?517

2-2-1 *pcg ¥ LRk RPL)
*E # > #1i¢ * 9 PL (Photoluminescence) € Bk S8 _15 B W& (7 7
SR ER Y & 55
(1) H& 3 #(solid-state laser) : A& 5 532 nm > & = ﬁa?]“"ﬂ
5 1.3 W 3 ebAE e R 2 h 1.9% e o RMS T3mgein 5 0. 7% S
T b &R 5 CWaE s JI* o0 F 57 0T &gk o
(2) = im* % 2(Variable Neutral Density Filter) : 5 7 £ 3
R B R R L I R A E O A R A

(3) k¥ ®(Optical chopper) : 2 i #rié * chf_T/5 34 4]5¢ » B



TS w500 Hz B p enpet @ s A e 5435 2 2 L e 50 o
(4) F k%48 (Focus Lens) : 1% Fokif 480 a3 sk BE A fh &

(B) B AR [ FIiREZRMBEERRALFHFM > P 7R

g4k @ 7 B 7 vk (chamber) ~ "85 * R ﬁ#‘fi(compressor) 5

H i (mechanical pump) ~ 4 %r-k & %t 2§ #7 % (temperature

controller) » s 3uend MGE * & 21 Ko % pat 8 ks v

AT R He ORGP EER F B EAPT fo & ¥ M FI A P A7

BEaE R KER -

(6) & :ijg* % (Long-pass filter) : A #rid * «1g_ 695 nm g

KE B P DL A E R WLHE N EEREY o

(7T) # % ik (monochromater) : A 5.% “ARC Spectro-275° R & & & &

27.5 cm P35 F F § 2B b PUER LR P S g & Aok B Tk

Lk hEH A AR Tt ok 5 600

goove/mn(BLZ=1000 nm) °

(8) sk 1 p| ®(photodetector) : # * #1¥_Electro-Optical Systems

=@ ord A& o InGaAs * @RI E 0 & 300 K pFarg * et £ 5 800 nm

3] 1800 nm -

(9) 25+ B(multi-meter) @ #-% 1 P B A e I e Biic + o

(10) 4 4p*x ~ 2 (Lock-in Amplifier) @ ik % 3] %. 2 STANDFORD

RESEARCH SYSTEM SR850 > # P e _f & Plik ] e i3 gl o

F1* oG TR IRE > B R E EXIeBI[2.2]977 0 J1F PL ks
ERARATV UEFANP R EAER 2 T AT R R gk R

47 e g SR R R AR R -
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Bl STt PRAPLATHEMT R D¥ - BHA > by
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PR ETRUE S EFEET E o I BARG hT IR AT
AREBREABT I P BT R B F] S e
PR i e foRin o AR {1 KEITHLEY 236 i®1-Vie = &Rl >

=K

SAE IR (5 0 T I [V R R RN P RS S

P RRREAEEREF L0 42F o a /T IR 910"

mA > ? PR R & 100~500 Q -

2-2-3 T F & F g LRI(C-VSC-F» G-F)

&%ék&TAWﬁuﬁdﬁ ELZ 4% TIFlER S DT KA

(Fermi level )< & ST RIPEL R RS Bt BT R eh R R
ST FEEGE G FAELCVE A I BRI F DCHRT T

FEFVEAPHNERBOPIRARE 0 I SRR RT L H O
f
FoiwP 7 {38 C-F & G-F & f1* A 8 AC g3 d 100

Hd

TES RS SRR SR A SR S T - Ly

Hz 3| 1oM Hz » &% Famg B2 7 7 rodgd £0p] C-F & G-F 4 afipl 4 +

%é??%%%ﬁ$ﬁ§M?uﬁﬁﬁ%ﬁ&é%&&Tﬂnkﬁ

BHERen FHE G E SRR o, 0 R BT F R

TR R TR A R o @A PATR Y hik B
HP4194 redn/# Zap A4 RN PR &SEF T @ DR KT B
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g P2 ¢t > transient B plL E A1 F pa T REF o

2-2-4 % i T % £ Rl(transient)

BRFERTRY DRERPGE > AKX I ARB AN L
T w AR LRI T PE o e b - B HDC HRBR(—G ]
g R ) i - RE LR (filling pulse width)z # » £ 4 DC
BB DG S BB LEFILIRR S R ORIERE TR
i o § DC ARy RFRFEG AC AR BRERT Y

o FL AR ] P A REATLRR DT R T LR

¥

BRG] et —kd WG T EHE T F AN AEF T LT

2.

JTRREERBEL > LB AERRTT T 0 Lok B IEEAEES 4o

-

dislocation:--% » B| & % E#7 €4pfedm transient ¥ % R4 H KA >
F oz 4vd R F B¢ et LR e i I point defect el 5 4p #c¥
e ¥ =2 G R R PR EEE F F R G e DR R L3
3% £ Rl el 4R S o TIEIIR e n Bl A P 4] T 5 h
DN R E A PSR

y — yo + Aie—t/rl

PP G R T R T R Y 0§ e AR AR R

=

FRHIPIBAL] #F e § 503 50— BakIekERTIE

ME et b licdp > S A FRpEG S BREER Y ok B

2-2-5 R s re ¥ T F £#I(DLTS)
B AANP R A F T F 2R 2B EPE transient P

®ipke > e Eipf A0 7 b
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2P RERCEDER > Y REFAPT LAFNP DR S (rate
window) > 4| BBl e R ¥ #icr > FH T AR R EF AL H 2 1n
B < YR R T S o F ol AP TR e Y el
BT oot —RQF P NP X RV el HEOR R PR

DLTS ¥ 12 £ ip] % #k(majority carrier)¥ -> f(minority carrier)§'+ h
kn PPRFE RAAR (B A H ERIRE R Fs T OUAERT] 0 TR L

FH AL Y Ko R o
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3-1 &+ e ink v & = F
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Vi 8w B o d nenx | ¥ ST Schotthy 4514 s 35 énm ! i1
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A £ 10%cm” RTAT50°C 1.65 9. 78x10™" 223
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*.3-2
¥ = Ev W FHE S f(em®)
(eV)
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intensity(a.u.)
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