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## 5370306221 : MAJOR ELECTRICAL ENGINEERING
KEYWORDS : GaP / GaAs / NANORING / DROPLET EPITAXY / MOLECULAR BEAM
EPITAXY
PATCHAREEWAN PRONGIJIT : FABRICATION OF GaP NANORINGS ON GaAs
(100) GROWN BY DROPLET MOLECULAR BEAM EPITAXY.ADVISOR : ASSOC.

PROF. SOMCHAI RATANATHAMMAPHAN, D. Eng., 58 pp.

GaP nanorings have been fabricated by droplet epitaxy technique using solid source
molecular beam epitaxy (MBE). Ga droplet forming conditions have been varied in order to
investigate the effect of substrate temperature during Ga deposition (250-350°C) and Ga amount
(2.4-5.6 ML) on GaP nanorings. Increasing substrate temperature during Ga deposition results in
the GaP nanorings size enhancement but decrease the density due to greater migration of metallic
Ga atoms and coalescence of neighbouring droplets. Increasing Ga amount also result in the
nanorings size enhancement. The nanoring density is also increased when increasing Ga amount.
However when increasing Ga amount in the range of 2.4-3.2 ML and 4.0-4.8 ML, the nanoring
density becomes to decrease. The nanoring density is increased while Ga amount in the range of
3.2-4.0 ML and 4.8-5.6 ML. The decreasing of nanoring density was caused from formation of Ga
full-layer instead of droplets when greater amount of Ga was deposited.

For photoluminescence (PL) measurement, the GaP nanorings were repeatedly grown
under several conditions with additional 100-nm GaAs capping layers including GaAs layers
grown by migration-enhanced epitaxy and conventional GaAs layers. The photoluminescence
results confirm the high-quality of GaP nanocrystal and show the tensile strain-modified bandgap

effect of GaP nanoring in GaAs matrix.

Department : Electrical Engineering

Field of Study : __Electrical Engineering

Academic Year : 2011
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A surface area
AFM atomic force microscopy
Al aluminium
AlAs aluminium arsenide
AlP aluminium phosphide
As arsenic
BEP beam equivalent pressure
CB conduction band
0 delta function
D, .(E) bulk density of state
DQW(E) quantum well density of state
D () quantum wire density of state
D, (E) quantum dot density of state
D.O.S. density of state
E carrier energy
E band gap energy
g
E, . quantized energy in x-direction
E quantized energy in y-direction
E,, quantized energy in z-direction
F free energy
F(r) envelope wave function
FM rank van der Merwe
FWHM full width at half maximum
Ga gallium
GaAs gallium arsenide
GaP gallium phosphide
GaSb gallium antimonide

h Planck’s constant
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reduced Planck’s constant

water

indium

indium arsenide
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indium phosphide

amplitude of wave vector

Boltzmann’s constant

amplitude of in-plane (y-z) wave vector
amplitude of wave vector in x-direction
carrier wave vector

de Broglie wavelength

macroscopic length scale

sum of the well and barrier regime thickness
nanometer length scale in x direction
nanometer length scale in y direction
nanometer length scale in z direction
effective mass

carrier effective mass

molecular beam epitaxial or molecular beam epitaxy
monolayer

molybdenum

quantum number in z-direction (integer)
nitrogen

volume density of quantum dot

number of state per unit surface

area density of quantum wire

carrier momentum

photoluminescence

quantum well
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quantum dot

reflection high-electron energy diffraction
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silicon germanium

Stranski Krastanow
Heaviside’s unit step function
temperature

critical thickness

ultra high vacuum

Volmer Weber

wetting layer
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(Z J ] v [ |
Taseasunreudunad Iaslassaiazanunuuivanuzianvazaalugili 2.2

(V) MM AINTONADUNENDETY 2 HATHIZIID x-y WUAD MnzTnanaN1IMsIAaeui

Wied 1 08 FATUNTNU E,,,, AU (2.4) ANUHMHUYBIADIUZAITUNT (2.5)

Wk’ h? , (n.x ?
Egw = EQAAHGE =k, +| = (2.4)
Qw (k) m e Ty I Lz
DQW(E)=—m*-—Z®(E—E ) 2.5)
ﬂthQW b \i

o 2 2 72

Taoh  k,” =k +k.
© A9 Heaviside’s unit step function

R S A LY

J
L,y A9 HATINANUNUIVDIIAALAY barrier regime

Y] d
2.1.3 mpudnlas (Quantum wire)
@ J I @ @ {
Tassadrumouan i Taelaseadrauazanuruimivaouelidnyuzaclugli 2.2

y X A AN Ya = Aaa a v 2 v A o v A
(M) W11’731“1?‘-‘]3\1@1’31\1“ﬁufﬁﬂlﬂa@ucﬂUlﬂ@ﬁﬁglwEN 1 Mﬂﬁlu‘wﬁx MUY UHUAD WINLIINANH

NWMIAAOUN 2 A FIINAWWU E,,, AIGUNT (2.6) ANUHUWUUVDIADIUSAITUNS

(2.7)

*

h’k’ wl| , (nnx nx)
E =EK)=—=2+E +E =——k +|=2 +| =2 2.6
QWR (k) om R L 3 (2.6)



*

N, . N2m 1
Doy (E) =— . z\/E_E — 2.7)

Taofi k> =k

n.,n_=1,23,....

yo bz ™

A ] g A (2 4
N A9 ﬂ'J"IiJW"L!”ILL‘l!HWUV]GUBQ?I’J@L!@]N"I,’JS

wi

2.1.4 ABUANADN (Quantum dot)

Taseadentouduasauazanuuiugoiuzianvazaluglin 22 @) lu

v o 1aa

Y dy an =3 A a o d’i d‘ [ d‘
Tassasetignandalu 3 §a wingddluliiansennavesmsnaouiae taznasuinne
o 9 A A 1 Y A Y @ Aa X 4o 3 @ @ ~ ]
 Ilihfdesusaunniv ifesninszaunasnuinarulianyaziflussauwasaui b
aottlpunilounugmauiaveswinzii Wil luseAuezaow (artificial atom) Taslingaau

E,p, ATUMT (2.8) ANUHUWULUDIADIUEAIANMT (2.9)

= 2 2 2
v
Ey =E, +E, +E, =2 {|BZ) | WT | [0 2.8)
o oml L L, L.
Dy (E)=2N, » ME-E, ~E, ~E,) (2.9)

neny.n,

H d o
Tag & Ao twad1Wansu ( delta function)
N, 719 U511030MUH UL UYDIAIUANADA

o { 7w o o
En ) En. e Em ﬁi’] wawm‘ﬁLﬂuﬁaﬂ%mmmmmmaum

. ) o .
o lassad 1w Tuanuuinan Bulk iJuTasead1e Low-dimension Aalugdf 2.2 ms

i
A o

H [ 1 1 wAa ¥ A a 4 X @ o
nasumanuruniuyesgnuzinasoguauianugvuesalszasgarsneanimh
o ] 14 X o o A o @ J o
Taseadwun Tuulszgndld wu mesarsnednimihnleuduaeaulszgna 191

1 A 1 4 o 4
ﬂ1ﬂi$££ﬂ%ﬂlﬁﬂ€ljuﬂl@\‘lﬂ1ﬂﬂﬁ\ulﬁ\uﬁl“]f@i (threshold current) €184 Lﬁ@\mﬁ]fﬂﬁﬁﬂ’ﬂll

=

v I Y d v Aa o 1 ~ A 9
nuduvosga Lz aaf nen sy Glugﬂw 2.3 UEANIIAUINITUBDIANTEUTUALTUAUUDN

o

' o s 2 o Aa A v . .
ﬂTﬁLﬂENL!ﬁ\umc}f@iﬂl@\‘llaLG])"E]'B'iﬂiﬂ\‘]ﬁ’luﬂﬂNﬂ1aﬂailll’t]u11ﬂ3\‘]ﬁiﬂ Low-dimension U1

Uszgndly
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10 T I T T T 1 I
10'l 4.3 kAlcm® 1
(1968) Impact of double
/ heterostructures
< 10°k Impact of _
g 900 Alem? quantum wells
= (1970) ///(
$ > Impact of
< 107 160 Alem? quantum dots
- (1981)
40 Alem’
1988
10F (1999, g e
(2000)
Impact of SPSL QW
0 1 1 1 1 1 1 1 1
1960 65 70 75 80 85 90 95 00 05
Years

~ Ao ' A A 9 1 I I 2 o o
gﬂﬂ 2.3 'J’J?Jlu’lﬂWi"UﬂQﬂWﬂigllﬁﬂl@ﬁN@]uﬂl@\iﬂ’lilﬂa\ilL?NLal%@iﬂlﬂﬂlﬁl“ﬂﬂiﬁWiﬂﬂﬂ’JUW [11]

% 1 % ds! a dg’ =< td'd 1 (% =
A0 UANABAINNA INN1INEAITUBINATUIINMTUgnHanITiaInsaa TaTInan
. 1 ' @ = o= X o qYa 1Y o 1
(lattice constant) HANANIINAIAIAI IATIHANVBILHUNANT U B TiiAans luhAueem
Y H 1
AR TATINAN (lattice mismatched) A1 HAMNMT 1AUNBIRVINTNAVDIANWIAT BALVVA1I T
[ A o 3 A o { o @ 1
NaeauantavesiagIuluded iy 103U 2.4 HDUTIADIVEINITIAGIDZADUVDIUIHY
= = ¥ Ay ' ' 1
HANF U (B2ABUND) AZDEAONVDIFUNABINITLGN (PzaanT1l39) TuaiunuveIuaaznIn
1 = aAa = 1 1 (% = a A = =
nauMsUgarandiunaguaznInaIuanaimstganananunnd  lunsdiveanis
gnHANBNUNNF1 lattice-matched Tugilii 2.4 (n) TasTagilgniiminadd Tasawanminy
A Y o o o = ' = o @ =2 Ay Y a
v3e lnameanuaInIdl Iasananveanunang 1 dinsulunsigaranidesnis Inman
o X oYY 2 A o = 1 1 o
ANuAsEATY 151asni Idaienslgneaniiaiasda Tasananuanaisllainaineea
1 ] I a @

TATIHANVDIAURAN U ANMAToauLNenilY 2 ¥ila Ao unuTUSA (compressive) LAY
= . ' = = A A o £ o '
HUVAA (tensile) TusznIamslgnran Tuanavesnaninilgnazininaaa Insananminuumy

v ] Y
wangruasly 317 2.4 (V) vaz () NeulaiivhldiRausansealuszun (in-plane strain)
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lattice-matched compressive tensile

(=0 0=0 =0 =0 =0 )= = )={)
..ﬁ.........-....
l:‘:l:':l:‘:l:':.
== 0=0=0=0== )

d' o % = =1 aaAa = .
31U 2.4 LUVT1009MITAG B0 AONVDINITUGNWANDNLNNT (N) lattice-matched 1A
lattice-mismatched NUANMATIA lUANYAE (V) ANUATIALLUTUOA AL (A)

G =
ANUATIALDUAN

2.1.5 Tnssa 5191 31390434 (Quantum ring)

<3| < Y a A
TassadraunTuziramwiulaswwdnvuaanszauu Tuuasyianguni

Y Y v
anauiaadienuatouduaon  laslulassadaiuilszneuiudlroarslseneunon

Y Y 2 o o 1 A Aa [ [] J o Y [ =

a‘tmS’EJ‘]_Iﬂ’JEJfﬂSﬂ\W]’J‘L!”IG]N%‘LMV]?JLLE]‘LIWaNﬂl‘lWﬂJﬂ’n 1/]111(?L!E]‘].IW6N"I‘LWﬂﬂjﬂiﬂﬂﬂﬂuﬂu
~ va d . = 2 o o 9 Y a 2 Aa
nauaiaily potential well Faamsanunnuvzih Ilihldegareluninulaswannd

< o v ~ 2 o =X o v q YA o o Y v g
‘lll!”lﬂlﬂﬂﬁ%ﬂﬂu”lium@ﬁulﬂ W”IW%TIQﬂLﬂUﬂﬂiNQﬂﬁ]”IﬂﬂGLWN33@]1|W§1\N”IullﬂlwEJQTJ1\1?’]1L1/]1HH

=

. . o & @ 1% Aa 2 I o & o I A o Y
(quantization) ﬂ\?uusgﬂi]Wa\iﬂ']uV]Lﬂﬂmulﬂu5$ﬂu%uwa\1\11u&LU1]]11]@]9!1!@\1 [12] ‘V]ﬂ‘Vi

e

Y aAnA A

auantanisildadsveslaseadeiiinnnuernnauniieg mwizlaailegnnszdu

= 1

v wAa [ < {
wonanii Tassad e Tugihamiuliguamianiauinianfiizondn Aharonov-Bohm effect

[13] d1vh hllsvgnaldiutaguiman
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2.2 35m31gnHandiumnnd (growth modes)

A = =2 aa A Y a o Y
ﬂahlﬂﬂ'lﬁlﬂﬂWﬁﬂﬂl'ﬂ\?ﬂTﬁﬂQﬂWﬁﬂﬂWl!ﬂﬂmuuuﬁﬁTElﬁﬂ‘]&lﬂ‘lg "lﬂllﬂ Frank van-der-
Merwe (layer-by-layer) Stranski-Krastanow (layer plus island) 482 Volmer-Weber (island) aalu

A (3 a =2 A ' [ - A A =2 A
51N 2.5 ﬁﬂ‘Hﬂwg‘]JL!‘]J‘]JEUE]\‘lﬂ']'ﬁLﬂﬂWﬁﬂﬂlmﬂﬁ'Nﬂuf]u!.quﬂJ']‘ﬂ'lﬂﬂﬂ!ﬁiJUﬂeUﬂ\‘lﬂTﬁﬁﬂNaﬂ“l/l

U

[ % é g [ a [ dl 9 di 1 =KX aa =
UANANNU CN"IJUE]fJﬂ‘]J"]fUﬂ"lJ’ﬂQ’Jf‘Tﬂ‘VIi"MLE]$NE]‘1J]15U¢]NG]iuﬂTiﬂgﬂNaﬂ’GWLL%ﬂ% 37U

Rl Q

[ 1

9 )
uanavesanyuzMnarantiulinnudidyaenisaiugumsgnuansiunnd ez 1a

g q
=2 A =

o ! a d 4 4 { A
anuinla lldmszdnuteulumsdgneanimuzan e v 1dndnnliguauiaaiy

)
ADINTT

Frank van der Merwe  Stranski Krastanow Volmer Weber
growth growth growth

own<o< v [ (RSN (I

——— [\ [\
 — ,
)

) v (!

317 2.5 35M31lgnrandNUNNFUVY (N) Frank van-der-Merwe (V) Stranski-Krastanow 1102

(A1) Volmer-Weber [14]

2.2.1 Frank van-der-Merwe
R Aaa = a = a g = 3’1
11Jﬂ'l§‘]JgﬂNﬂﬂ’ﬂWlWlﬂ“]ﬂ!‘U‘]J Frank van-der-Merwe ﬂ'lilﬂﬂNﬂﬂi]zLﬂﬂﬂJuVlﬁ%%uiu 2
an = d' a 49! " 9Y W 1 % = a dsl =\ Id' g’/
49 (2D layers) mmmsﬂﬂmﬂﬂﬂmmﬂmﬂmm1ﬂumaammmiﬂiqwaﬂ%:mmumﬂﬂuﬂ%u
=i =i g’/ =\ =® [} 1 @ =i v @ Y 1w ' (2
ﬂl’ﬂﬂﬂ'li‘]JQﬂNaﬂ NE‘]ﬂ‘lﬂ!uiﬂ%%hﬂ'ﬁﬂﬂlmuiﬂEJﬂ'lﬂQWJIﬂNNﬁﬂ%%gﬂﬂﬂﬂuiﬂm'lﬂﬂﬂ'lﬂ%n
=2 1 = ' <] o o ¥ o S o A =2 ' o Y1
Tﬂiawaﬂuwuwaﬂgm afm"liﬂmmmmmmmamumuuaﬂmauﬁmizmwawaumﬂwm

(Z KX A1 A v o A o IS (2 =X ' v o
ﬂ\?ﬁliﬂiﬂwaﬂi\lﬂuﬂaEJ‘L!LL“]JﬂQ]l‘]Ji]Llﬂig‘VN’J’dﬁ]‘VI‘VI'Iﬂ'li‘]JE;]ﬂllﬂTﬂﬂﬂﬁiﬂiﬁﬂaﬂlﬂ'lﬂﬂ?’dﬂ

q

=

3’1 = =X o dal a dl A (3 =X
Hweelaglsimananunson ﬂ'li“]JE;]‘ﬂNaﬂcl,uaﬂHﬂ!%u%%tﬂﬂiulﬂ’ﬂuUthlﬂ'lﬂQﬁ’JIﬂiQNaﬂiJ

ﬂ’J'IZJLLﬁﬂﬁI'NﬁIu‘I?!}E]EJZJ'Iﬂ
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2.2.2 Stranski-Krastanow (SK)
aa a @ <3|
Tunsilgnrandnumnduuy Stranski-Krastanow [15] Mstdananaziidnyaziilume
1 Y

3 118 (3D island) A9lugi 2.6 TasmsfananiwRanINAIAIEI TasananiinnuuanaA1ny
1 a 4 s 1 4 S & 1 o ¥
N 1wy Mslgnduoneri luduuururanguuna@eno1sis Tug 39a1902 1ATINANN
Aoauana1nuNIN Werkhinslgnrandnumnduuunurang untaInea Insanand1nai

[

d' =3 ?x‘a a G da! = 1 a .. . d‘
aa@wﬂgﬂwaﬂummﬂﬂmmmsaﬂmmummmmwunﬂqm (critical thickness: t.) LLAZNAITY
1 a 1 1 a 1 @ I 2 an
W‘Lﬂll1ﬂﬂ’J”Iﬂ’JﬁJ‘]riu”l’Jﬂi]@]ﬂ1?’1’313“?143EJﬂi]%iﬂ”liJ”lﬂLﬂLlﬂ’J”Iil%iﬂH”lﬂ’ﬂm‘]Ju%uﬂﬁﬂ(lu 2 Ua
' v o & ¥ A o 2 =2 a v 2 & ! -
G]Bllﬂllﬂ muumumswmmsﬂgﬂwaﬂmmﬂmﬂmqmu (buckles) INDAAAIANNIATIAAY AN

G [ Y A . I aa
ﬂ’J”IllLﬂSﬂﬂ@,ﬂﬂ1iﬁaﬂa\1ﬂ"uﬂﬂﬂlﬂ\‘llﬂ1$ (island) taznanaume 3 Ua

elastic strain
relaxation

«— 0
<« O

i

&2 Smaller lattice constant, 8:3 Larger lattice constant,
larger band gap smaller band gap

A (2 =R AaAa = .
319 2.6 anvurMIgRNANBNUNATIVY Stranski-Krastanow

Va91AA (limitation) YBIVUIAVBIAIOUAUABATINITAOTUIWAY self-limiting growth
=S

TAgMSANY strain energy 591 1012 3 UATEHINMINOAVBUMZAL YN 2.7

=
‘B
c
(0]
>
<
(0] i
T before
c
[ -
5 during island
= formation
o
20
compressive WETTING
area LAYER

SUBSTRATE

19 2.7 anwrumiundsanu a duvisan lulassadeaouduaon [16]
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v Y

mmwumuuwmqmﬁmﬂﬁumﬂmﬁﬂammmmauﬁm@mwam surface chemical

. ' [ o A A A = = Y = ISP
potential Iﬂﬁlﬂ1Wﬁ\1\ﬂu¢nq@®Qﬂﬁl@ﬂﬂl@\ilﬂ1$ﬁﬁ@ﬂﬂﬁ HDIINUANULATYAUDING A LLASUAT

A A = = = [ = [ v ! 7 '
WINFANUDUUDUNICHIDADALNIICNANNATYALUVUUUDAG L!iﬂﬂﬂ@ﬂgﬂﬁﬂ@lﬂqﬂﬂilmu

= 1 Y a . ' T = g . A KX a J
WﬁﬂﬁWHﬂ@iﬁlﬂﬂﬂﬁ misfit FTEHINUAUNANTIULASTY wetting TOUC) IN1ENTOADA dunadu

o o d @ a g a { 1 ) [ 1w
ﬂHLW\‘lﬁﬂﬁli@‘Uﬂ’Jﬂu@mﬂ@@ll!ﬁglﬂmﬂuﬂ1m1ﬂil’lmﬁlliJmiJwﬁhﬁ1ﬁiﬂﬂ1iﬂﬂﬁ3ﬂl®\1 adatoms

atoms

ADislands
(QDs)

31U 2.8 NTLUIUMIIAAAIDUANADAN NN B mean-field [16]

2.2.3 Volmer -Weber

9
= %

KX aa ?,‘, a = LR~ an
Glumiﬂgﬂwaﬂawgmﬂwuu Volmer-Weber uumimﬂwaﬂ%llmﬂuw 2 4a (2D

A

1 < aa . ~ I = v & a ds! [
layers) ugaznanenme 3 4 (3D island) (WYIBYIUAYUNTUY TAgNAYUOUUBININ
A = 1 = [ 1 1 v = a = (3 dy a ds! A
DZADUNANHANANYANULHUHUTINN AN UNANT U msnaranluanyuziazmayulunsai
o < @ A a 1 v T =3 I ] '
“anﬂi'ﬂ’sjlﬂlﬂu’lﬁﬂ‘ﬂhﬂmﬁuﬂﬂl!ﬂﬂﬂ%‘lﬂﬂLLW‘HW@ﬂ§1ulﬂu®ﬂ1\‘m1ﬂ LYY miﬂgﬂiamuu

oon lsa

2.2.4 mstlgawaniassairanludiedIsaseliananumnd

[

=2 9 9 an 3 aa g/ a J dy
ﬂ”li']JQﬂNaﬂTﬂ50ﬁ510u11uﬂ383ﬁﬂ56ﬂm‘ﬂﬂwLL‘V]ﬂ“])’?J"IJU@]i’JUﬂi%U'JUﬂ”IﬁJi%ﬂBj@ JU

A 9 1 ° 1 Aa Y ] = o Y a I
Liuﬁu‘ﬂ1ﬂﬂ1ﬂ"luﬁ1jlﬂﬁQﬁﬂl@\‘]ﬁ“ﬂ‘ﬁ'i&! I VIJJ‘UL!N’JWUHLNHWQﬂﬁWuﬂfl‘ﬁLﬂﬂ&‘iJuﬁﬂﬂIﬁ‘ﬁg

[ { I o
YBI519) 1y 11T (group-1IT metallic droplets) Nan uziTlulanzriaoumal laganyazvedrien

1 A a dg’ g‘/ dg’ Y a 1 = ds! 1
Tammmﬁmwy OI nnavUUUvUDY quﬁ@,mmuwuwaﬂgmﬂjmmugﬂwaﬂiamuazm
Y

v ] ds! dg! =2 . . A =
am‘nmmu“lummzmugﬂ%aﬂTam mﬂuummsﬂmgﬂwaﬂ (crystallization) ierlasuven
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] < Y o o ' ! o
Tavizaosiguy M 1diulasewanu Tuasneanimg -V aensnudred Tuanave

[ ?x’/ a I 9 = 2 o o [} [ A
5191y V inuunaiiuTaseaiawanu Tuansneanimyg m-v [17] aalugli 2.9

Group lll element

TARVARVARVARTARY) Group lll element droplets
A A
l1I-V compound — I1I-V compound

Group V element

¢ ¢ ¢ ¢ ¢ ¢ I11-V nanostructures
A ~ AA AA
I1I-V compound —> lll-V compound

A =< 4 9 as IS aa = o
gﬂﬂ 2.9 ﬂﬁg‘ll'luﬂ131JQﬂWaﬂTﬂi\‘]ﬁi’l\‘]NWTuﬂﬁﬁlflﬁﬂiﬂﬂLaﬂﬂWl!ﬂﬂ%‘ﬂWﬂﬁWIﬂJlaf}a

[ o J ' @ Y o o 1 @
%1ﬂﬂ’311JﬁNWHﬁﬂlﬂQﬂ1ﬂ\1ﬁ’ﬂﬂNW§ﬂ (lattice constant) "’llf)\iﬁTiﬁ\iﬁ’JuWIN‘] m“lugﬂ

A 1 2 =B @ == [ 1 ] = = 14 J
N 2.10 W‘]J'J”IllﬂﬂmEJllWﬂﬂllWﬂllﬂ”Iﬂ\W]'JIﬂi\‘]Naﬂmﬂﬂ'ﬂlmuWaﬂ§1uuﬂmaEJ?J’E)"I?LGB]'I,HQ
9

axy ~ a 4 9 = I3 1 =®
nuIsmsimanganlumsidszavg lassa e Tuvewnadoued Tlauunrunangu

‘OQ

= 4 J A ax 3 aa = o 2 & amA 'o 9
LLﬂﬂLﬁEJll’f)ﬁMjlluﬂ 1G] ﬁmaﬂmmmmﬂ%mﬂaﬂmaqa mgﬂmﬁw"lumu«mmmzﬂa"l,ﬂmi

(3

Aol 1AINAINANIAT A MINUANADINNITADAIVDINEA TaNLUDIUNAAENLAZIING

crystallization a20d1 Tuanavesrea lid () e lwinadluTasswanur Tuvesuna@euvloa

=

d Aa a c’dy o a 4 9 = 4 =
TWl@ Inetinusisninauenisszasg lnssadvu Tuvesnadeuvod ldduunna@on

s 4 4 3 aa °
1515 lug (100) NlgnareItasetiandnunndand1luana
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300 K

o L | ZRLT ~
= 2_0: GaP p=
(0]
> 15} 2
> | 1.0 2
o 1.0E >
Q i 1.5 ‘;“
Wos i2.5

14°0

54 55 56 57 58 59 60 6.1
Lattice constant (A)

ﬂﬁ 2.10 ﬂ’J”IiJﬁllW‘u‘ﬁ“‘IJi’NmﬂW]’ﬂﬂNwaﬂ (lattice constant) ﬂum%m’mwawm (energy

gap) 1AZAINNUETIAAY (wavelength) NFUITUT AUAFBIINNAINUNYUN T B9

U

VOIATNIA1N

=

2.3 m3ylgnrandniunndaindilanana (Molecular Beam Epitaxy: MBE)

=<

aa a o 3 A Y = =
fniﬂ@ﬂWﬁﬂ@W!lﬂﬂc]f%']ﬂa']IlllaQalﬂulﬂﬂuﬂﬂ'ﬁﬂgﬂﬁvuwaﬂcll'l\j"’llﬂ\jﬁ']iﬂigﬂﬂllﬂq

(3

) ' =3 A g 2 A 3 ] °
AIUIVUUNUAANT U (substrate) nlunanmen (single crystal) IﬂﬁlﬂWiWHa1IllLﬁf].a"ll@\1
A 3 o a a Y 1 = = a Aaan 1 A
ﬂﬁﬁﬂwﬂlﬂﬂﬁWQﬂlﬂu?ﬁqﬂUﬁQUHW?ﬁHH!NHNﬁﬂﬁWH G]N‘ﬂglﬂﬂﬂaﬂiﬁﬂiﬁﬁ’ﬂx‘]Illlﬁflaﬁi@

A g J 2 o o 9y @ a
aznonmiussnlsenevvesasdsznouarsninaul ﬂ'lElalglﬁﬂTngtyig'lﬂ'lﬁizﬂ‘Uqf]WLﬂH

. aaa a I dya da! A a Y 1
(ultra-high vacuum: UHV) ']Jaﬂifﬂm@ﬂﬂTiLﬂﬂlﬂJuﬁTﬁﬂi%ﬂ@UuLﬂﬂGIJHTIUHW'JWHTEUBQLLWH

Y

= @ J 1 LV Y =K aa A 9
AONYTU Tﬂﬂ@@]iTﬁ’JHﬂJ@ﬂ‘ﬁW@@]N”} °lumsﬂizﬂa‘uuazﬂmammawuwaﬂammﬂclmﬂgﬂ"lﬂ

LX)

Y Y
v X

@ d‘ @ 1 A Y = 1 LY [l 1 [ o
mmﬂmwu"lﬁumuﬂsmm Tli%cluﬂ”liﬂﬂﬂWﬂﬂ (YU ﬂ1@@51631&?’11?1’31%@]1![1@%@\1@1111@f]a

9‘9/
o

<
Tll,ﬂ‘l!i’]\iﬂﬂi noy ﬂ1@ﬂl1’iﬂ3J!,LNuWﬂﬂﬁTwUﬂl ‘V]TﬂTﬁJﬂﬂ u@ﬂﬂ1ﬂu9ﬁ'§1ﬂﬁﬂaﬂ UYUNY

D.

AuANAMIIMEAR (impinging) AmrhvesHunEng uveIsIMRIfsznoiug Ao
) v 9 A KX aa =~ ) Y ~ Aa 9 1
dmisudoavesmsilgorandiunndaindrluana 1dun msasonAmivewHY
=< o Y an o v vy . y
HANgIUA 509 18418 Tas5n5hnudze19@219AU50U (thermal cleaning) n1e1d
AN Y INAsZAUGINIRE ANuaI0 lumsasaaonInsead19@7 (surface structure) 7

2 ., 2 2
ansanszin ldaasanainwaneumsisudumsignuanauduganszuiumsilgnwan
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a

9 1

uonvniimsdgnuandiunndaind1 Tuananduiiums Iuss DUy INATZAUFINIAE
4 Y

Tdwan lauuinnuysy

£ 1 ax A A 5] 1 A 1 =2
NTFINIITNITOU LUBDININNIFANC] NUNANTENUADAUNINHNAN

1 S oA A o =2 o Y = A Y
15U H,0, 0,, CO, CO, 4 HSuafidwn Jehldamnsonuquamnmvesnanign1a

I 1
Wuee1an

517 2.11 Tassadwvesgaszuumsdgnuanaingi Tuana RIBER §u 32P

a o
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