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Investigation of doping N and Sb incorporation on

optical properties of InGaAs/GaAs quantum wells

Student : Meng-Yu Lin Advisor : Dr. Su-Lin Yang

Applied Science and Technology
College of Science

National Chiao Tung University
Abstract

InGaAsP was used to be adopted in: the long-term fiber optical
communication, but this material is_highly sensitive to heat, which
requires coolers to maintain Its stability:-and thus increases the cost of
packaging. Two new systems, InGaAsN and AlGalnAs, are found to
have more advantages and appeal to more academic attention. The

InGaAsNSb system, with a large amount of band offset ratio (AEc:

AEv = 7 3 or 6 :4), is particularly dominant, based on its

low-sensitivity to heat and improvement in electronic current overflow.
Moreover, the properties of its electronic and heavy-hole effective
mass are appropriate for the development of VCSEL. In addition, the
cheaper GaAs substrate will surely lower the cost and bring a
promising future.

This thesis aims to explore the optical properties of InGaAsNSb
quantum wells. For semi-conductor, energy band diagram is a vital
property, which limits the location of carriers and is helpful in



calculation. Through the measurement of PL temperature, we intend to
investigate the effect of N and Sb on optical properties of
InGaAs/GaAs quantum wells. The result shows that adding 1% of N in
INg33Gage;As quantum wells will increase the strength of PL in
different temperature and that the wavelengths have red shift
phenomenon. As a result, we can infer that the input of N enables the
sample structures to partially reduce the compressive strain and drops
the optical properties so as to form red shift. With the input of Sb into
the quantum wells, the wavelengths of the sample have no distinctive
changes at 300K. When the temperature drops to 40K, the spectrum in
the sample of InGaAsNSb quantum wells generates a wavelength at
about 1300 nm, much stronger than 1200nm and with narrower
FWHM (Full Width at Half Maximum), which proves the influence of
Sh. Moreover, in the INnGaAsNSDb energy state, its FWHM is narrower
than the other two peaks and the temperature influence on its
wavelengths is more distinctive than that of no defect states. Therefore,
we may infer that with the increase of Sb, the wavelengths of the
sample have no obvious change ;at' 300K. However, when the
temperature drops to 40K, adding more than 30% of Sb will greatly
lower the strength of the wavelengths in the spectrum of InGaAsNSbh
quantum wells sample. As a result, we conclude that although Sb can
effectively red-shift the wavelengths of quantum wells to 1300nm,
more than 30% of Sb will increase the compressive strain and make
the quantum wells slack so as to cause many defects on the interface
and lower the performance of quantum wells.
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Wk RE T 1.3umF] L55Spumeanp B > JR AR H P il S ikl T UK
Hg ki > A 2 InGaAsNZ GaAsAF f 7 fe s P wlI-V%L H48 9 o
In,Ga; yAs; N wrﬁ”ﬁf" - 0 P hy~3xPFH ZGaAsHE ST i%
Weh™ e Py AR R APy (XA L Vo d g fem 32 Bani
R R U S S UL R S LR
e e Bt ¥ Beehx o) s F b A d Vegard's law 2 8 Flig R enk
o R RV EM ORI ERAM{EL TR D F e PR
g R R IR N B G B o AP R R

InGaAsN¥® 3 »cf~ & A & » T 8 78~ ’? ¢ srd P R § R 4~ GaAs



barrier frInGaAsA © [9] > o # 7 2+ Fam 2t ’T} L A ME R E R
T R BRI e B e

A InGaASP ek A7k BRI sk R AR < B aud > e T R ATE
InGaAsN 2 AlGalnAs = faH L FE 5 1iE* A A A~ 2+ 3 € 5 enif
FR 251423 R o X @ 12 InGaAsNSbH L & serl B 4408 B 27 4p § < ¢band
offset ratio(/\Ee: AE, =7 :3 3] 6 4)» $tFascp B Mo q F 5 nafn
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PEERS XTI EARFR IO R € Fla g R+ RE
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oo X EW
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v fi % & (density of state » ff A DOS)¥ sk ez fz ~ BIE % 4|
y EFRal ko H{W A FAR ST S Bt A S B g A B
AR EDOEF S Fm AL ARG ERAE o AT E SR

ToEFHEMH BRI A EIRONE FANE S B

3/2

D(E),p = Y5 - (2-7)

n

D(E), :Z(m /21%) 1

H(E-E, (n)-E )
n.¢ ﬂLXLy \/E_Ex(n)_Ey(g) ( X(n) y(f)) (2 8)

D(E)gp = ZL T CE-EM-E,(O)-E M) (2-9)

me by,
+ 3¢ s H(E) % Heaveside # F# & #ic» ¥ H(E>0)=1~H(E<0)=0; ¢ (E)
R ibrSdic SE (M CE(O)~E(m) & SAREERE F B fy 5 Lo Lo

LA tex sy z3 TR jns 0 om s EFH; mhfonf

£ o
THFARH - BEFE R FIRZE IR AR E N G
de 2.5[15]%5 70 o KB T U F R EF S AR OEMN > BN G T
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B B 1 A2 R A 4e o B Asada[l6]e0F7 3 ¢ dp T sk K F (optical
gain) € EF AR O MA B4 RHEH I §EFRRENE LA B
Fomli i 5 2 Bl e s B RATRA TG A
(threshold current density) e @ ¥ & F & e P& B At £ e S fic »
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2.4 BAC model %3+ & it 14

A RO B (] 303%) 0§ 43 ~ InGaAss € 3 T - 4t () e
Bgotp oA EF g stgenT it R g2 - BEED
RAEGOEFFR2 L oA LI TR AT 18] %
B2t FEBRT A EHBFE S F PP Aad A o F
#ieF (0 B pFiE A doffsetdR 1T BB I #ic BmeVip ot @
WA choffset LT L5 2% o

A AP E A * - B (@ 8 o4-7] Band anticrossing (BAC)
model[ 19]%F 2" 7 et & 1747 chficht o BACH | 2.4 g 4 & &
BEY %2 b - B s BT (strong localized) s @ § #TA 2 fhie
FFENR T 8% [20] > £ ¥ B THZEEF%PIE - #R 2InGaAs
Pher B g eng o §F R i 2 InGaAs ETH AL T 0F

oA RE

—\

ST A AN G A BIA L @A B

d R12.6[21]0i F 21 Rl(E-k diagram)¥ £ Z ' ¥ & B IR % ° By
™ 2% itInGaAs @ $F 1§ 5 o @ Enil F TR it F § RS

#ocie T InGaAs 28+ BT (A A FERES B F -
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BB P H %k o0 Hamiltonian ¥ "4%4 i & — 3 i B 03550 ¢

EM (k) VNM ‘
(VW EN] ............................................................................. (2-10)

¢ B0 g 3 2 44 InGaAs 148 M ch@ %4 dispersion » @ VW i
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Eiz(EN+E +[(E —E )+4VN2MH/2 ....................................... (2-12)

Hoe E FE o ik @ E 4R P InGaAs N, i 4 8% »
ApFAPR Y IE T APE Y gk=0ETT pointiz ¥ F i
B0 AHE FIL ARE N EA PR T FaER o ¥
Vg =CunVx & ¥ cix { £ BT F kR A CNMij‘&F pt 7 InGaAs %

HF & F PP T T SOl BACK A 4 B 0 K il 2

2 ko B G AP g AdnGaAS  NJ/GaAsehE + 2 4 > o g 2
PRI e 7§ 208§ ARG AT AR A e A T
4 d 2[22]

. 3 _& 2C,, )
E,(strained) = E_(x) +2a(l c )g+b(l+—C ) (2-13)

11 11

H¥ C,%C, 558+ %#ic > af hydrostatic potential @ b P ¥_shear

deformation potential > ¥ *} £=(a,-a(x))/a, » H KX k4 > a, = GaAs

o

s 1o ¥ B a(x) Pl A InGaAs Ny T e 1 % #2973
LSRRI T E R SR P S sy SR M b
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B x> A4 55 BACH A & it & %1% 4 Band edgesE_F »

DIREA EE T o @ AP e B & GaAsE GaNe- i S 0 £

3.2 #7752 Hi#k % ¥ % Zinc blende % st o

% 2.1 BAC #£3] #1i¢ * S¥ic

GaAs GaN GaSb InAs InN InSb
a,(A) 5.65 4.5 6.09 6.05 4.98 6.48
a(eV) 540.5 909 417 417 245 320
b(eV) 204 830 140 276 624 170
c,(Gpa) | 1221 293 884.2 832.9 187 684.7
c,(Gpa)| 566 159 402.6 452.6 125 373.5
% 22 BAC 3] %1% * bowing &
InGaAs InGaSb  InGaAsSb InGaAsSb InGaAsSb
bowing 1.5 0.415 1.1 0.59 1.4
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oo BT AR AP RE w2 A top 0 T F URATRI|PE §IF
InGaAs | Ny M 8 Fla AP E it £ afgied »srligdaAmg
¥ LR 1% GaAsie BEHE B eng v 33 8 InGaAs (N B it B F R

B L enlEA) o AT R F R R 0% 1Y 3541 * Varshni function

aT?

E(T) = Egans(0) - e (2-14)

H ¥ ¢ * GaAsih 2 fic h 0=5.408x10" eV/K ~ f=204 K » & 0 KpFH 4

T 50 B 5 Boand(0)=1.512 ¢V
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AT ik EAd IR R R E TR G A G PR
A F & & & i# (Molecular Beam Epitaxial) 4 = & - % 7| 1
InGaAsNSb/GaAs= & € + 2 B ip4c®] 3.2 33 #7177 » H & Horig *
A 5(100)> & 1GaAsihfF > 2L E R 9L 03 um# 43 32GaAs ¥
& & (buffer layer) (8 x10 em™)» 2 (SH-E RS IRERARSE RAE
£ 30 nm=1AIGaAs i & e & (blocking layer)> # % % 2 - & 50 nm
InGaAss % F & (cap layer) B F L k2 F 2 8L B E -
& 50 nm:InGaAs:i % # Rcap layer)%.30 nm:1AlGaAs » & & f =
£ 03 umGaAs o A 7 BT cnd B E F F 20 0P Aok

3.1 #7771 ¢

23177 L H54d

Ik

+H AR iEE A

B £+ 2 21(6 nm QWx3) ¥z E &z g
SampleA InGaAs/GaAs -1 o
SampleB InGaAsN/GaAs Vg s #
SampleC InGaAsNSb/GaAs Vil b
SampleD InGaAsNSb/GaAs Vit b
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AlGaAs

. 30 nm ! 1350 nm !
:—' 15 nm :
50 nm QW 40 nm
GaAS
INGaAS
6 nm — = =
%: !

Bl 3.3 5 5 4 B
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3.3 kg & sk £l & $(PL)

»ﬁl;)(ﬁ % 3k~ #h g\ L& i ml)gf)??lg,;?kd.th.} ik o i
YRR TR Rk EVELY o SR Al Sl
PFod T W R R § i B W 0k en) SN g s kS
hogt h ke ke g R AL S T R j# ¥ £ (photoluminescence,
PL): B &la 3 - 5 ¢ 8ojed Joh k& Hmid hi £ 0 v a w S
R RSz R { Rk andE o SRR F R A E - A

TG vy Rk o 40T F] 3.4 4T o

GaA InGaAs GgA Gaa [MGaAs Gaa
QWs QWs

nl O ind @) ﬂ

Laser

— 11 152V -—-———-»  [ER

o)
Ed

v | ?‘fﬂﬁ I
firi O i O
Bl 3.4 kg ¥ kT W
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BFT R E 3 5 bR R R > A & BT A7 BUR R S
R T FEERAR AR e R P REIRFR TR
EAYT o m PLA- BB ET SR RpEE SN @k
- BB RN PL BRI AP - BHREEI R EF RS
et R R RaEE RERAARF OT S > FREERIT B
SFEL R ARADRITT T -BRF O ANITI-R R

ERTF-RFH Aok IR 0 g 0 T k- Bk

4y

AR - PAECERELER I RIEHE S T A

ik~ FE o BRE (PMT)y &4~ B~ F4le - 22 P45

g

,"/ _m. (2OK) % '#‘/_m. (300K) F’aﬁ.@ﬂlﬁj F«&mié lE’ I“' %

2FEEE LB ATER R PN KRR SR 2 il

7.***\

%ﬁﬂ M8 4 (cryostat) i ¥ & crTh B R4F A MR R E T 0 LA K
BERFRDE P P RLSFREY o B 27 F B Rk
o v P 2R I-V%EEFEFaPpmiaddo i & % kB3 5k

ARED 2 e ko Y RRE Rk RFH N S B

Gl o R HERFLFE O APAR T I ERRERA

1. ¥ i F &f(solid-state laser) : #* §F &+3k & P 8% K & 58
Koot £ G 532 nm o B ﬁs?]:",ﬁ FE IWo 22 R A 1.9%Mp

RMS T35 5 0.7% S Rt 5 6 438> T &7 g 53
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By cnR P (filter) k" X F kq‘rﬂﬁi;] Azt & oo

. %~ % ik (monochromator) :H & FEE B 5 275 cm > pREE = Bk
o HEBRL BRI HRTER DR ELFEFRD L8 AT RYT HE
R 2R B IS5 ARC Spectro-275 0 F]pt i ¥ chk e 4
600 groove/mm (BLZ=1000nm) -

. k% E(chopper) : > H P ehp 3@ F B EE RKRD P 2 AR
oo AFHRATERDE FREE TSI 4S5 80HZ A5 5
NEW FOCUS 3501 -

% 14 ¢ % (photodetector) : iR 300K fhig ok KB R G
800nm % 1800 nm 2. fF 4% 1t 47k (InGaAs) 5 1f ] B o pb % B 2 d
Electro-Optical Systems 2 &' “dwg o
F R e B 2 (Variable Neural Dnsity Filter) 13 & £ % % & % %
FHE ST S 5 RS SV RGP ol 2 5 o
% il Jgk 7 (Long-pass filter): H P i ol 3 &k HF 4 & F 543k
Ak ERIEY om F ke AT (hE_695 nm = long-pass filter
. 44 %~ B (Lock-in Amplifier) : # P e 3R £ fice] e 3

o IR Bend| 5L i STANDFORD RESEARCH SYSTEM SR850 »

H A 4] & 105kHZ 1T > 34 F eng R E & 400mV
1l b oo

. %% gi(Focus Lens): § #f 6 #-fhd RABHRE L F s
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(chamber) ~ # # §] /f (mechanical pump) ~ fv3] 5% % Neocera LTC-11
f ¥ % (temperature controller) o # "% J§ FF | * R FF -2 7%
B I E 2107 torm) L K F RS SR EZ TS XL &2

% F 175 8 R ﬁﬂ"ﬁg‘ui m°

4o 3.5 #o 0 R EE B PL B Rk ezl % Bl Bl & F & (solid-state

laser)s &+ 41 & £ 5 532 nm hF Bk & =+ ﬁ%l I E L 1 WoARE %K

PR R R S R (filter)d ST SH A 5L £
THP R EREETE R TR BB R BT E 0 i 3 4 p e

BITL 2T CELFEBHTRHESD 5 - 6 SEFELES

¥R S8 7 0 (excitation)d R SAuECR ATt B eny KR B d % =
PHERE Ak RRKE Y BEA R A F R AP RO F SR A
Jo3s 2 pess enk > AP FA KR O R i % B Akt 45.(695
nm)jjg#-F o L HERA L FIE  F R g IR SRR B
FeAE S Lo kR B2 BT R D) s > 3% T 4 gp et

R AR RS L B E T S LR
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GPIB Interface

A 4

v [ Multi-meter ] InGaAs
2 photodetector
Lock-in Amplifier } __________________ ]
3
: Monochromator
1
L= iz 7
; i
1 I D
Laser : N \
532nm . —
1.3W 1
VNDF X

Q Z/7 I < Focus lens

Jo O /M

Vacuum and cooling
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&r
o

N

B 3.5PL i ¥L3E R

7
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B A2 4% photoluminescence(PL) & St & Bl 7 Fix L % 2 H

Ik
Ik

¢ FERRE S T A AT BRI REFE L S PRI
P R8P HRBE G B oA 41 9T 5 B I MR g R R R

(power dependence)¥? F] ik 8 & ™ ¥ it JE & (temperature dependence)

R SR R i E

B £+ 2 B H(6 nm QWx3) Fz & 87
SampleA InGaAs/GaAs 0% 0%
SampleB InGaAsN/GaAs 1% 0%
SampleC InGaAsNSb/GaAs 1% 29%
SampleD InGaAsNSb/GaAs 1% 32%
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4.1 2?25’ }i ’]‘ir-r'mPL JOF-EI’(‘?&LL@&

Bl4.1 (a) 5 & A2 % B> 40K B T 2 g 7 F 5 10 mW s ePL Sk 3§
B~ Bl4.1(b) 5 # 5AEH# FB3300KE AT 2w # 5 5 10 mWpF 5PL k&
WHE > B4 (0) s AL RSB 40KE B T % Ed 5 5 500 mW P ePL

3 B~ B4.1(d) 5 % 5-A2 45 B2 300K B T & e 7 5 5 500 mWE e

\f"‘ﬂ

jm%ﬁ@oﬁﬁﬂ?u%g;m TP A D 2Feng A iﬁﬂgﬁﬁ
PLag R 3% @ & HaF skt £ = #% (red shift) s 35 % ; ¥+ R BACIE % »

AT L HENG B2 G RS GRS RS 3RS

FRIFH L3R > 24 FInGaAsN |7 5 ¢ #F LR £ o
d bt et o 2 InGaAs Ntk &7 3 - Fru)add s ;I;U{_ﬂ

N F UL REIHE LA S F RSP R A

-Lx\-

Miguel-Sanchez[24] & ? X orp| € e B 2 £ T InGaAsN sk g sk sk
P oo FF 7 EAE N A R R EBTE L T AR B 3 % AT £

FEEFRL A FRAEERIALAESE BT F R HLD
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B W e~

'S

FHPENFHZE IR ANEI I A

KM R IR B A AR R R T R~ R A
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PL Intensity (a.u.)
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42 FH B 5 S PL R R

Bl43(a)s B BEHSCH» 20 KEAT 2 s 55 10 mW i
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ERESFLAG AR R BRI L HRET SRR EAPA

% % o % 1' 2 (surfactant effect)[25 » 26] o

Flpt o S EFEH A T EF A R B ¥ & 300K PR
S R R T A @R SRR KRS 40K 1 fR&E C P PL K
WPop - FRAE A 1300 nmeA B H ki R EEAFREE A
1200nm > @ * B2 3 2F 4 ik o BB R AL R p s g S

* b’“r?}f)l% o d 3™ InSb erfy #2 % #t InN fr InAs ~ F 3% 5 >

Ik

i
EOS
gm

Sy
¥ e 3 = InGaAsN K R4 34 - R T F 2 i L L& 3%
EFEEBME > L EAMA3(D)Y £ AF R A e~ 418 TR
Sl LA AR E R AR (relax) > #T00  § ) A - K g

ki £

40



Bl 44@)2b)i#&C2 32 300K 2 PLAEE RS M xE > 2§ 55
FEE10mWE500mWe d BlP P8R 5§ EEE300KE AR ¢
£ P13 1200 nm 8 R £ > SEF R F MR F R (cap layer) & 7 4 g+
A B B en P HF R RAnE S X F R R RE o oA
Fh s B & C A MFHPL 23 > v N FRE S B Y 41300 nm» F - 4
B ek > R Atk 5 Cx 3 - g - 2 bend > A& B Y 215

-—

SR E o 8

o
A
i
be
£y
K
-5\-\
)ﬁ‘ﬂ
}\

GRS GRS B

fo Py SR

r

F_&
W
e
@
ArS
\:-\
b
|
N
S
N
&
S
b
3
W
S
S
=
=)
[t
ey
4~
=

WF s BREF > P HRRPRELZFRECRAEF ISR E > T

St

8% 5 InGaAsNSb & + # siff o st 7t 7 g 55 5T o E ik & C

4
P2

41



— T T T T T T T T T T

0.05 ‘ T=40K ]
/ \ Power = 10 mW

\ |

f \ ‘ Sample B
0.04 - /’ \ // 1 / | Sample C |
L \ ‘ [

0.03 |-

PL Intensity (a.u.)

0.00 ) PR R A SR NS R R A
800 900 1000 1100 1200 1300 1400 1500 1600 1700

Wavelength (nm)

Bl 43 & B C* 20K B AT 2 g 5 % 5 10 mW PFén PL % 3 )

0.006 T R T T T T T
T=300K
0.005 - Power = 10 mW -
Sample B
0.004 i

Sample C

0.003

0.002

PL Intensity (a.u.)

0.001

0.000

o0y b—l o ooy
800 900 1000 1100 1200 1300 1400 1500 1600 1700

Wavelength (nm)

B 43(0b)H % B C* 300K B AT 2 s o & 5 10 mW pFenPL % 35 ]

42



PL Intensity (a.u.)
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