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InGaAs(N) multiple quantum well

Student: Chun-Chun Tseng Advisor: Dr. Jenn-Fang Chen
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National Chiao Tung University

Abstract

We investigate the properties of InGaAsN/GaAs multiple quantum well (MWQ) by
optical and electrical measurement. This research emphasizes the properties difference

between InGaAs/GaAs and InGaAsN/GaAs samples. ( N incorporation)

We can observe a distinct redshift , a better confinement and stronger intensity in N
incorporation InGaAsN/GaAs multiple quantum well sample. We can observe a peak at
1000nm in both InGaAs/GaAs and InGaAsN/GaAs samples,and estimate it as a trap under
the mid-gap by variate the laser’s power. In InGaAs/GaAs MQW sample, a phenomenon
of NC (negative capacitance) is found from the C-V measurement under -3V and low
frequency . Using some simple formulas , we know that a phenomenon of NC(negative
capacitance) comes from an opposite direction of current. We can still observe a minority
carrier emission under DLTS emission measurement at the same voltage, and found that
it’s a trap under the midgap and it’s Ea (activation energy) just fit the 1000nm peak from
v

PL measurement . Under some simulation and compare the N-incorporated and N-free
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samples we can can find the phenomenon of NC ( negative capacitance) is a hole emission

below the mid-gap.
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i BRI e AT R i 2 T o PR B & 1 2 R
RO Er ERLHRDEFIEERLBE FRY > b o+ L R (Moleculum beam
epitaxy, MBE) ~ 7 # & i & 5 tpinf (Metal Organic Chemical Vapor

Deposition)... E &4z p FHE 5

# (quantum well) ~ & &+ s (quantum wire) -~
2+ B(quantum dot) ¥ & F B2 Sren@ B U 2 e o P ipER s - M S

BERZE R L1 ~(b) ~(©[1]#7 o - &3 2 K B F4 & lm 3
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F AR E F eosd 4 (gain spectrum)fe 7 i 8 cic £ 45 3% (energy spectrum) ¥ #
fosod TR I BN Bt i £ LR ¥ S 08 £ (thermal energy)kT ¢ )
PR RERARACHEARE ARG AR TREA[2] T I BHST
£ 2 Gads 5 AR A amest £ PR AT g ik £ R 1L 3~1. 55
umGE: 2 R G B ERAEPART > @ 1.3 um B Festeik £ 0 155 um :
Boo] T et & )otpet 2t B 3 B4 RiTRR L0k (threshold
current) ~ #& B 4 {citFH ¥ (saturation material gain) o3 753 &
(differential gain)% BgL[2] o » Fli g P e SRR LBRF AT I A LT~
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o F AL EHE 4]~ k- =W (LEDs)[5] ~ T K H[6]
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(Quantum dot memory device) % -

1-3 InGaAsN/GaAs ##Lf /i

ETEFRERRA AT E2Z RRE FIREL b =0 5 ¢ K ARLKGER
HREF R * wl3um & 1L55um FEAE > BRAEEHE S S L A 45 (InP)
sk b2 pb i 4RgR (InGaAsP) 2 EME > 5 0 245 s * g et
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3o F LRt ER S H BT EMA BT T I E s SR G LR
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I /I?%" #aes FEP § L 4~ GaAs barrier frInGaAsk ® [9] > o oL+

N R ,T}{tz‘vﬁ%:}“v\;}i{é‘ el I R ORT It s o G S
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7R @ 12 InGaAsNSb+ 4L % sl B 45148 B 22 4p % * ¢hband offset ratio( AE: AE =

713 5161 4) HE AR R KR F B PIRG R g BRI HERH
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R e S? AR L RE A By FiFiE > AP K& 3§ L
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o EARE B R MR
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2-1 #&E"A
B lld s i3S £ e 0 % AL E G (Schottky contact) 2§ & F 4 4%

% (Ohmic contact)s 7 & 4 iF

2-1-1 )&= £
oA d AT R 0 d & F | & & (Molecular beam epitaxy) = £ g7 & & #F
# % g 5 (100)*  i0 n'-GaAs(1.3x10"cm™) » AFE X LB A F 2 & 600 C o
QD ~ QW hE &8 BRI %5 485~500C ° & & sy 2
(1). % & GaAs 74 + = & - & AlGaAs 1 blocking layer 30nm
(2). 2 ts = & — & GaAs ¢ buffer layer 50nm
(3). & ¥ = £ = & InGaAs(N)/GaAs % & £+ ¥ 45nm
).

(5). z 1t =& - & AlGaAs 1 blcocking layer 30nm

(\x.

fs = & - & GaAs buffer layer 40nm

(6). s = & - & GaAs rsurface 33.6nm
)

FE RO Ed NTELEROF R UETRDLE - 4 LY g
FASar gt Al X H ARG > I G HBAASH ARG TS g £
B RBRIRES B RBOEE o gL 2 A RT R ARS DTS UiTHs RS
M RRBRR o T AR ETEDRF R - @ PRI AP FL R
2 & s o R RAMES] o A R H I

(). pedit® 2 FRFE > e d 43 k(DI waten) ¥ 3 A 48(3 % % 5 — &)
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(2). #3& 5 & 30 B3 % (Acetone)? ¥ 2~3 A48 A% A6 W F o

(3). e Ik (g3 s s £ 7% 2 Acetone) > 1 ¥ § F TRIC o

@). &~ @R AR RMHC: HO=1: 1)? 923 2 85(2 B4+ 2 § it k)

(5). wie 3 H ok N 3 A& FA G OER) > I F § Rie

(6). S FRis s W] P B FATT E omask K- T & Bae 5 f 2] o (%
Bz ¢ ot B Rlehd ] 5 0.005024 cm™)

(7). B~ Z4B > & * 4§ f (mechanical pump) 2 #4¢ §1 i (diffusion pump) - &
P Z I 23x100torr 1T 0 B B AL B E GRS N4E L Al

(8). ¥ Firiad RIERY In> L etk Sen® g a3 % Inball S BB RBF D
300 Cerde s » £p)A B Inball B eng i@ K35 10Q 0 &4 wesrg3fe > £
B2 By B InnSi AEF o u AR RRT R SEG o

2-2 BRI AIFA

AT AERA L EPERRE TR ER o AN A 211 §F 222§ R E

2-2-1 kg ¥ % &Pk S(PL)
*i#m < ¢ * 7 PL (Photoluminescence) & B & SL & 45 B WrE FF F Sk F 94k B0

HY R F %2 Rorikt kg BRE & 7

(1). F i T %(solid-state laser) : = Excel =& 24 & » Al3L % LOC-VENTUS 1000
SERIES:> & CW 7 % & & 532 nm> # = 3131 F13mW> 3 &8 2 R & 1.9%
M > RMS T3age i 0.7% 0 SRR is 6 35 0 LR L F R R EF RS
AR kA R e

(2). ¥ gk 7 2 (Variable Neutral Density Filter) : 4% % * k¥4 - A E & o
§ SHH o 5

(3). ki %T = (Optical chopper) @ B enfa >t @ Fk eng 54352 3 e85 sr@ #

3] 5L 5 NEW FOCUS 3501 » 7/5 3¢ 3] 5% » H 2 = 500 Hz -



(4). B & s (Focus Lens) : % BB £H4-F 6L R E k&L o

() BiIxEE 1257 ERUELRENLERFLRE > 2 7 L7 xH
(chamber) ~ "% i§ * /& H51%(compressor) ~ # # §[ i (mechanical pump) ~ 4 47~k i
ez g ¥ % (temperature controller) o i Stefd (8 ¥ i 10K » # 1% 57k He
PRGFWEELF O RFNI fe e ML FTEL DR REFER -

(6). % i gk % (Long-pass filter) : 2 i #1i¢ * hE 695 nm gk & » P i Jgil o
Btk oo EFGH N KRB (F] A F AR T Sk B 2L Hesi k) o

(7). 4 % ik (monochromator) : A% % ARC Spectro-275 R E £ & 5 27.5 cm > P 3R
3 7 =Bk o 5 600 goove/mm(BLZ=1000 nm) > i & & {3457 % ¢1F ik
B RkER -

(8). £ i p] B (photodetector) : & * Electro-Optical Systems = & #74 # 7 InGaAs %
iR E A 300 K pEeriE * vk £ 5 800 nm F] 1800 nm ¢

(9). F =~ B (multi-meter) © H-2E 0 R B ArdR T Pl LT < o

(10). 4% 4p %< + = (Lock-in Amplifier) : % % %] 2 5 STANDFORD RESEARCH

SYSTEM SR850 » P 3fe & BlA-| e Ji 5L ©

PL 2% % 2 %4 2.2 #775  F A4 FE T SE SR L S 532nm ch Sk 5

2}

DERTEAFPEFNRRY > kERKT ¢ﬁmﬂ$’§@@é%@%$%§%%

REAR TR FE RO FE D HApnt BIFL AL > LB RBEEERDT

Brhgd B s GEKE RS A FEFRERHNF L F0d B P B8
BEAMERAREY BFA K ¥ Ak T > TR - 2 695mm B il

ek R B E Ak L H LA 2 TR 2 B R S d R RIEE BT
BEIHPTA BRI L B T A FAhe JI* PL AR AR R TV AR
SRR TR 2 T U A e R R B S apk P AE T I Sk B R B R o

2-2-2 T RER(-V)



TR AT OTHER kS B A REDOTRETREFELTLERT
v R A AT LV FEOE R BAPRS LS L LERAEITE
WECEFRET A LB REER ST RYp o AR A H AR DT
A K ER S R SR T i (leakage current) ~ B P R FE 1 (series resistance) £2 32 8

%]+ n (ideal factor) » Schottky & it & ;8 40T @

=1, {exp{m:l - 1} (2-1)
nkT

PP I 5w e fod i (saturation current) © VA M R ok Ak R ¥ #Kk
(Boltzmann’s constant) « & f # < 4| * KEITHLEY 236 it I-V £ ] > B ek - H
W HF b 1.0~14 2 [ > Schottky #1253 & > @ kT if 4 94 107" mA > @

BT E) & 100~500 Q -

2-2-3 R EZTBRERI(CV)

p

AR ARG TV 'Mfﬁﬁ AREZ L% AR & DT i BF(Fermi level)2 £ 2]
REATERDRNTFRME S BT RDERPWERENTFEEFETH - 54

C-V EZRAEZA* thoeif BT ZLHMP pd 5 0 fof LI i
TFREER 2k DC HBTHRTFET FNERFOPIRRENT £ 17 B
FRCRAY T BEERSEE R A LR A R L ERF AR

FIF PPN FEFERTFANQ)ERFFRRAEZR A G 2582-3)

ge\A
W

N(W) = 2 (2-3)

qee,A’ [d(Clz)/dV]

C= (2-2)

He W 224 %5 A ¢ 2 L EMA T Gfic(permittivity) » A % =~ & & 4 (0.005024
em?) >  N(W) i 2 £ % 5 W et 3 k& -
2-2-4  HE 34 E R(C-F&G-F)

F¥d C-VERFRIGHTRIHIFHFF AFTF EHER > 72— H
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T C-F& G-F 2R LiF» 2 Fit b Uehf' + JH b e i RenF PR © 34 % ac oh
$Fd 100Hz 3] ISMHz > 23k ¢+ 7 ke B2 T » 3 chF s o i 7 (2
H#dio g M) Flt v HEd 28 C-F & GF 4 #4472 FHREBRMEEIZ F RS
g R 0 iEm F AP 58 R #7Bl(Arrhenius plot) 0 d B ¥ Al F 8 R i B Ak et B
"Liy FF eiE 1 4 (activation energy) % 4 5 # & ## (capture cross section) o 1335 #c 5 42

gk 0 RF 2 TEH B 02 S e T [27,28] ¢

&€y 1

Cp < +(2 ) C [m] (2-4)

He i BRMEE > ey » % F it (emission rate) » d 3+ ¢ 1§ w<<e, PF > 15
FREL R ORISR S 0 AR T G TR F w>>en PRI E R

FEREM T D QAN TR log(0)PM BEY 0 Fd 8¢ hw=De, (25
F w=2e, 4 § @EIEA NG(w)@ B Cy2r 7 Ft @47 R R theyo it * HP4194

PP AR e 4T R R enE R > C(t) measurement 08 Bls E_f F M2 4T IR) o
2-2-5 ¥ i § 7 £ BI(C(t) measurement)

LT F RRPRIE I BREANL LT RS SR TR
”ﬂ%?ﬁ“* R P o BlAe R Rl *{5T$\+ pE
P ARERS - BB 22 -KILE
2.0 ber - R R ERGR L e HBRE) AP LR RFRS T FHR
TLH N A A
3. g - B o (filling pulse width) {8 0 #RAR Jsk enid i 0 AR RO B R
AAEF O FPL LT MFER Y HRSE T 2 LRGN RAS R F S FA L] o
4 ERPER G 0 S Hf S S HGOE R TE 4 L e e
ip B % 1 (point defect ) -
e 4e % 4 1k & & % 4o dislocation... % > R % E#-7 € 4 {ca C(t) measurement #-
ERFESET) o ¥ —> 5 BRI T P R RS G A DR BT o
o RRIRORARIIT T G 0 S BRI i R
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-t
Y=Y, +Aexp(—) (2-6)

7

PR AR OERE VB FaEERET IR A0 F g MRS
A0- g5 a3 FH - BRI ERITIF 7 U4 g gl > R FRFEG
B 0 pF R Y B BRI -

2-2-6 =R & PR A AR 3 £ RI(DLTS)

DLTS /it 1974 % £ d £ # 5% 3 7 D. V. Lang £ J.A. P& 1 [29] 1 & {6
#1272 C(t) measurement 4p fe @ J|* FH PP T RG AOMHR S 0 B HRET L R
Sl ERFFEDTETFER? OBIERARL I FOR AT ERETER
OB R - I [30] o BBk AR B (F B 10%m” 2 0k B P ) AR

5yt gt + s BLR| defect wi PR e RIA ~ A B RPUF A ik Fsit 1Y (emission time

BE )R seen)s G SRR RIF] 0 BB G SR At B (S/N ratio) % o DLTS #
LR LR AR S 2 HE R/t et 22 kRTARESFT I BN
METIDBA ) THF S e EF B RR A B ¥ e W4EE AT
R E G o Rl kA ETE o nm_% §E R P AC

IR (AC0) §FEERBF > ACRILEARAX S E(AC0) FF 38R &
FER > ACERL A5 < > BAPLLAEF FHEZT - KTF Rt &H 2%
7 it X7 (rate window © T eppa ) 0 B 5 A P eqma B BIR R B 0 T

e ) s T R S A R G R
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LERIEZE M2 2B k&7

B & A photoluminescence(PL) 4 St & Bl F S F 112 X F Sieg hE S

-

Foo0 BB el A 0 BRIR SRR R E & P sRiTie e & s Py
SV ETF et b 2 s AR 2 OR ahigesd 58 B % 1Y (power dependence ) £ FH]
g s R @ % 1R & (temperature dependence)sh= A& & R R &5 HE G -

3-1 * 7 § ti & PL &3 as 47

B 3.1(@)% 74§ & i 40K & T % power HPL k3 » 7 P A ehg
P - BPAESR e AL R 1000nm M E 1200nm 0 SEFF S Fd 13mw 4
I 13mw € FIR- BRe m&g&i"‘ B b A A% o 13 mw B> & 1160 nm F -
LB B b4z o A 1160nm 2 % 1200nm & sample . pfﬁ_i‘,ﬁj@ R
(quantum well ) # 4 g LA £ - @ 1000 nm ¥ it =3¢ 4 (mid-gap) & T ek

fea e
B 3.1(b) ¢ 13mw £ #45$F # FH% 3 7 500 mw € %I 1160 nm 14 %

1200nm e ¢ 3% BrAfiT4rfe > @ 1000 nm = + Gk & B RIFF R L > {7 UFE D

1000 nm &_® [4 72 T erdd [P & i e
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d 4t 1160 nm h2 % B F P BT > 5 7 AE b — 2% > 1% 2 %] (etching)
XML LRk R R L 49(GaAs) A ER S RBRF c B320) 8%
1873 % F k540K % power BA;° ¥ #-1160nm 1 % 1200 nm = BF KA F F

AR X EEET S Faueg o - B T

l\“‘

el £ e o 50 1 e
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