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Abstract

The growth of InP layers on (100) GaAs and (411)A GaAs substrates by molecular beam epitaxy
(MBE) using polycrystalline gallium phosphide (GaP) as a phosphorus source was investigated. The
surface reconstruction during the growth was monitored by reflection high energy electron diffraction
(RHEED), the high quality InP layers on GaAs substrates with specular surface morphology could be
obtained. The effects of growth temperatures and V/III ratios on the properties of InP epi-layers were
studied. The undoped layers showed n-type conduction behavior with a background carrier
concentration of 4X1016-9.5X1 018 cm-3 and mobility of 237-1,761 cmz/V—s, both at room temperature, as
measured by van der Pauw method. Our results showed a strong dependence of growth quality on growth
conditions such as growth temperatures and P,/In flux ratios. The Si-doped InP epilayers and (100) GaAs
and (411)A GaAs substrates also showed n-type conduction. The carrier concentration depends on the
Si-cell temperature. The temperature of Si-cell in the range of 860-940°C give the concentration in the
range of 1X10'7-2.5x10"* cm” and mobility of 1,020-1,989 cm’/V-s. The mobility was degreased while

the increasing of the carrier concentration.
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2.1.3.1 Reflection High Energy Electron Diffraction (RHEED)
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MINAN 2.3 QUNYUYAITHAVEIAT1EN0U [TV Filaa1ee [32]

asilsenel Teg(°C) Tpava(°C) T v (°C) Ty T
AlP >700 640 700 ~1.0/1
GaP 670 490 750 ~1.0/1
InP 363 >450 >500 ~3.0/1
AlAs >750 630 750 ~1.5/1
GaAs ~620 480 >760 ~1.0/1
InAs ~370 ~450 ~550 ~5.0/1

Teg ﬁllwﬁﬁqmﬁgflﬂlﬂﬂmﬁzlﬁﬂ (Congruent Sublimation Temperature)

(V,) nunedagunigaganelausse1nIal tetramer T1aNavessIgny v

Tmax

(V,) vnedgamgiigagan1e1dusse1na dimer Tuanavosigny v

Tmax

Tyl HNBRASATIEIY flux Y09 V/IT AAINNTAa18 (Decomposition)
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Ga-As,-(100) GaAs g NTUUDY Ga-As,-(100) GaAs g wsylunsal Ga-As,-(100) GaAs ﬂ;]ﬂiiﬂ‘ﬂ

a 4 A a a 1 L~ QSI’ qa.:
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o aaa ] v o 3
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H 4
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1 a v a o 2 | . . .

dawduiuazsziia ldlugilvesTuana As, uaz As, Mldmsananidunuy Stoichiometric
' F4 v 4

Growth #4lugU 2.10 @15 UNTal Ga-As,-(100) GaAs Hulfnserinaduiinnududounii

TagTuana As, guileilgnsernuezaou Ga Neglndifes Feozaon Ga lamgeghaaviues

P
a <R

ueurang L UfAsednaduanTuana As, uaaz luanauandildozaon As 31U 2 ozaoN

IMZAIUUAIMTNVBIHUKANTIURINTAATY (adsorp) INDLABVVDI Ga  1ABTINIUOZADNUDY

1 I

As MMZAIUUAIMINNITAT AU UIIUIUDLADUYDY Ga MMTARINT  dIUDLADY As AIUN
A o :JI v W I~ 1 a o 3
mdei I 4 ozaeutiuazsaudanuiuTuana As, uazgnilaesaie (Desorp) ponvnA 1l Aeriu

ddyd ~ o a3 Ay Y 1 A =l
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WINNNAANUHU UV Tuana Ga B3 Flux Y04 Ga (1) e lddwiuTuana As, s
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3 1 I~ 1 ] Q { a
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4
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A 4 4 an 9 1 1 -4
qudetiionsuiuduieguvgiiimihvewiunang wling iy

Q
As_incident flux >~ 8 s
2 SN A ¥
7 I M
b@/ %/ %0 b?a% %&
precursor 4 S R
<0 "
state S AS"
PN
Surface ~ ©
migration
dissociative As, sticking
chemisorption

coefficient<1

DN NN
722224

Ga-stabilized GaAs surface

3111 2.10 UFATevesmaiianan GaAs Tunsdl Ga-As,-(100) GaAs
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(4]
As, incident flux P Q* L@
/\? & )
| 8 ;
E:0.25¢V,/& %' &
precursor 25 I/& >
state \
migration
: . second-order
chemisorbed state reaction
As, sticking

coefficient < (0.5 @@@ @ % ,
A/

Ga-stabilized GaAs surface

317 2.1 URAToveImsIRanan GaAs Tunsdl Ga-As,(100) GaAs

2.3 msiszneunadaningu II-vV

F4 [ 1

wuaaanaseh 50 1dimssunuasdseneunsdnihviaaeesia (Binary) veangqu III-V

wAa 1 1 J vAa { a 4
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Il a @ [ 3 & a = £ = ~
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[ a d‘ [ I =® [ Qle Y] =1 Y d! d' I vAa
Auriavetezaounulszneunuuaislseneululasawan  aatiudualsondinuaniluauiia

1 a A ' v = . = 1 a A
mIzYeda1sUseneuunazyiiane A1AdAINan (Lattice constant : ) #4d@15U5nOULADSFHALA

1 Y [ P4 =
UANANNU ﬂ\illﬁﬂﬂuljcluﬂ']§1\1m 2.4

517 2.12 urumnIasaa319uuy Zincblende

u

MINA 2.4 dudsnemenmaesdsdszneunsdaningu M-V aiia 2 519 [33]

@151sznou AMnInan (A) ANDUNANU (eV) FUAVDILDUNAINY
AIP 5.451 2.45 wounwaIu luasa
AlAs 5.6605 2.16 wounwaIu luasa
AlSb 6.1355 1.58 wounasau luns
GaP 5.4512 2.26 woundanu luasa
GaAs 5.6533 1.42 HOUWAIIIUATY
GaSb 6.0959 0.72 HDUWAIIIUATY
InP 5.8686 1.35 UDUWAIIIUATY
InAs 6.0584 0.36 HDUWAIIIUATY
InSb 6.4794 0.17 HOLUWANIUATY
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d‘ d! Y] o 1 qa./} =1 de‘ d?’ Y] 4
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uaauiiansnavesmslsznouria 2 s1ah imngaudwmsumsldauluuensa gyuadiAy
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A a 9 9 @ 1 . . a1
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[ = 9 Y v [ = A 1 [ A = % A 1 [ [ I~
ﬂ\iﬁ’JNﬁﬂL"lﬂhlﬂﬂ‘UL!NuNaﬂZQWH Luﬂ\‘ﬁnﬂﬂ1llﬂ‘]J'W€1\N1H’Hi’E]‘ﬂ1ﬂ°l)'u1"iﬂL“Vi“I/]lIﬂHLGIﬂG]Nﬂuh],‘]J 1y

o Y Y a a J o @ A A 1%
Nﬁﬂ?iﬁllﬂ’ﬂllﬁ%ﬂ?]ﬂcluﬂ1if]’é]ﬂLLUUﬁ‘iN’L‘N“]J‘i$@‘]ﬂ;‘1j!l,ﬁ$?ﬂi]13ﬂﬂ1ﬁuﬂ’)ﬁﬂﬂmﬂ'ﬂ§\lﬂ’iiﬂ$ﬁiJﬂ‘]J

v
a

a o o 1w 1 ¢ o o o 1 @ A
ﬁ\‘]ﬂﬁgﬂﬂghlg{ ﬁ’lﬁﬁﬂﬂ’l@]’nlﬂi@’lﬂ‘] "ll@\?ﬁ’liﬂigﬂﬂrﬂﬁ\W]'Ju'IG]'J@U'NﬂQllﬁ'ﬂﬂiuﬁ’li’l\ﬁﬂ 2.4 10¢ 2.5

M3 2.5 AWDUNAINUYDIAIBENANITUTENBVYHA 3 T1guaz 4 516 [34]

15152 nov AFDIINDUNAIU (eV) 71 300 K AFDINWDUNAINY (eV) N

300 K Tunsain Matching 11 InP

a31sznen 3 519

2
AlIn,_As E,(I') = 0.36+2.35x+0.24x E/I)=145x =052

Eg(X) =1.82+0.4x

2
Ga,In,_As Eg(r) =0.36+0.505x+0.555x Eg(F) =0.75,x =0.53

2
GaAs,_Sb, E,(T) = 037+1.91x+0.74x E,)=0.78x=0.5

a51sznou 4 519

2 —
Galn| As P~ |E,D)=135+0.668x-1.068y+0.758x x =047y

2 2 2 = - 2
10.078y°-0.069x-0.322x y+0.03xy | Eell) = 13.50.775y+0.149y

2
E(I) = 1.35-0.775y+0.149x

2
AlGaln _As  |E,D)= 036+2.093x+0.629y+0.577x (Ing 5,Aly 4).(Iny 5;Gag ), As

2 — _
+0.436y +1'013xy_2.0xy(1_x_y) x =0.48z, 0.983x+y = 0.468

EI) = 0.76+0.49+0.202
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waanfamdsnu Iaeu lidesniAoundesay (Energy Band Gap) ¥99815n0443111 Wavedns
A o 9 Aa 1 a . d? an d Y]
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v I v
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va 9 % Y [ & = 1 1 d.dy
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Hole 4

(M) MIgaANAULEAY @ MIJawannaNMITINGD
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RIFRSTHA Art 1UUuraInUHALE AT NUANEIINAY 488 nm Funeumnu lnaeuniia
[ ° { o l o ' a 3 o <
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a a a & 1 <
yiialalosauilauuu1995Ua (Closed Circuit Cryogenic System) #4n1gluldmsviasiudie
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e

a
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HunIesveodyauriaaondutouns 1o (Lock-in Amplifier) Faimihnveedyanuild
o < o [ @ Y { 3Il v aa 4
910 PMT uazmasdyonalidudyanaussdulli dyanausauliihnldddiuiadimes
A

a ] a [ a 4

HUULHILaY (Digital Multimeter : DMM) uazmeﬁ’aymﬁmmm (Digital format) ligunTeenouiiuaes

d’ o 9 [ [ o 4 1 1 [ d' 9 1 d’ A
mammmiNﬂi11/1mﬂﬂmnmmmJwuﬁizw'mmmumaauJﬂuntuumm”lmazmmmanﬂauma

AMNAIU IMaD LU IRIDE 1A AT AIDENT
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n3zan ueaes .
< 1at¥o3 (Laser)

C—jc— wTesdauad

(Light chopper)

TuTulnsuuaes| |[Mlafadnaeees| | wiesveodayana
[

>
(Monochromator) (Photomultiplier) YUY lock-in

A0819 ,
. N Uy A
sruuvaswuuulla L]

o g I AvmoaTaanimes
AONNIADS

(Digital Voltmeter)

Ui 2.14 upunmszuumsia Tn Taglmasuds

2.5 M5IAUDY van der PAUW

as [ I ax [ wvAa £ o o A 9 4
I95N153AUDN van der PAUW Lﬂuﬁﬁﬂﬁ’mﬂ‘El!E‘Tll‘]JG]‘V]"I\‘]"M‘ﬁﬁlﬂﬂﬁﬁﬂ\‘]G]’J‘Ll"I‘I/l]lﬂﬂiszﬂmJ”l

q

1

=

L4 4 4 A v o [
1nsingmsalgoaa (Hall Effect) tioasnvdounmauianieluihvesansnidniiuazaunsoda
mamdulsang  launyidavesnmziir Iihdiulva (Majority Charge Carrier) AUy
W1z 10 (Carrier Concentration) ttaza1nuAaeIfIvean 11z 1 (Carrier Mobility) ua

[l < o v ax o ' 9/0 o3| { ' o ..
pd13 IsNawnmsduiaainmsiadtaenanidsuuinsivzdosaranimir i (Conductivity)
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NIOMANNAIUNIU (Resisitivity)  1uilagiiuiTnsiaved van der PAUW finnud1fnodnaninge
@ 2 a Jd £ o o & A [ Y I ax A I Aax A
gadmnssudaquazdalszavgarsned@ninuiunesusulniuisuasgu wesnniulsmsn

NeALAINUAZHANT IANULUE

2.5.1 Usingmsaizeaa (Hall Effect)

¢ 7 ; a y g
Usingmsaigeaa lagnAunulull a.a. 1879 Tag Edwin H. Hall Fanumsinanseau iy
oij v A 1 <] ] { $ '
Tugwad@amndunanams IvavesnszuauazauuimanTuusu Tane gyl 2.15 Fedein
ya a o’dyy o A A 9y [ J
latimseFuelsingmisaitidrsnuuiiaeeiitheddoanunsvesaosune (Lorentz force) 1A8HT

yosauimaninszidetszai luihiian

E,=V,XB, (2.3)

S\

Z
y
V= VH
—>X

A @ s
31U 2.15 uwuamilsingmsaigead

Wesnnusansgndaelsegi i luannzauga sldnavnnaun i lunou y e
aums

Jx
E, =3P, (2.4)

a va YA 1 @ J A a 4? =~
1u“nmJgmmmmmmmaum”lﬂﬁmmmuimuaaaa (Hall Voltage) Ntnayu lunsal

1 A g v
GU’E’]\?W'I'VWET']‘L!Glﬁiyﬂlﬂuiaa@’mﬂ'ﬂﬂﬁﬂwu‘ﬁ
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Vi I: 1
Ey = w = wt 4Po BZ (25)
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1B,
VNAUMTVRIMAMNAUNIY (Resistivity)
Rwt Vep wT
p(Q-cm) = 7 = 77 2.7
31T OMUIUIAIANNABDIVOINIHE 1A INA A NINATUNIUATNA UM
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AUADINT

2.5.2 35M3IAVBY van der PUAW
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)
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(M) 11UV Cloverleaf (V) HUVAMAININ T

191 2.16 nmTaseadwvosiodudmsumsIammguauiania 1Wi35 van der PAUW
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