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Molecular Beam Epitaxy (MBE)

-— Transfer rod

o 8
- |72 Qe
3] 6 —
Scheme g & g
cryopanelling o E g
0 ¢ 23 =
substrate == \
heating block
X
N e
effusion ”’ shutter o w
cells ’ ' D Zm
,, o5 A ‘\\\ \\ < <ZI
p dopant 7 : ;I' .‘ ;;dopant O I
Ga I.A At . z ©
s ]
vacuum prd
chamber LY g
wall liquid nitrogen vacuum <
x
- - . w q
@ ultra high vacuum conditions - w o
- - - - . . ~ - D
€ compatibility with in-situ surface - ER= § &
characterization techniques —RHEED 2 §' 5
® thickness control down to sub-monolayer scale = a
(growth rate ~ 0.1----2 ML/s) m\;. = 0
.. . - — | BN ) (08
& cxtreme sharp composition and doping profiles Ee—Sewt- 3 c s
low Tsu ' ge g
4 F2 25 I
- * - uw
— powerful technique for the preparation . 3 °
- - . u
of artificially structured materials ¥ 8 — o =
o Sf“"%( }%--—-2 R
L " . S
Materials: semiconductors, insulators, § = - # % T 85 &
metals, high Tc- materials etc @ §, \ \ L 3s
w o 2



Effuoion, Gl For ft BE

TANTALUM
HEAT SHIELD

THERMOCOUPLE

BORON NITRIDE CRUC!BLE
/’CER’AMIC INSULATOR

THERMOCOUPLE
INDICATOR

TEMPERATURE
CONTROLLER

7}\ j‘g_,_-_l-n, [P S s M d g

HEATER WINDING
-

]
D¢ :
| POWER SUPPLY l

Cu.} 49 4‘-‘-4)‘MA<

,,&-47 fudols P, M plolc 4 am 2P W

W[Re Muwsirple bo stanos sllolive fem pire toe

PID N?aéclﬂl‘ (ﬂ.cw'v owwf-’\'rh_cu(’ i’ké;ﬁdl O o

bl adyubiuent)

qu,.ol\‘hj b ppo b pp fo bk ASOw O

ALCWlt? of {C&VMOM bl gl s ol bre
Bethe Mo 20.2° ol tmo'c | ot

4!»7 - M n%'é‘ﬁ’? .

Y

Einfluf} der Transientenkorrektur auf ein Vielfachschichtsystem

korrigiert

ll%
T'

12

unkorrigiert

H

| 15%1—\““ RO

PBE




T e/ € i
= t

(mo+ ) vg T
7%/ T e ewr s

ﬂ..\ q{\aia\u w =7 ' N\«\r.‘x‘u-% .\\
O S b I e
\mu..\d‘u\\u Yy T e s \e Yoy Tl

1) | U oy L

. T _ r N
o o] g g,
e ! -#13

*9
A ) 155 dIy Cty ve)

woIs 0 e

-4z ey

gnm.l el X2 ..qmn.ql r:ﬂww.

A4
18pjoy ajeaysqgng /\T\ / v

VA 1




Flow/pressure
congoiler
A5H3

L%
=
=
-

Ventdauon
PH,

Doping ceil

S UERTET SapLpAy

spunodwod A dnoib Aye A dnosB A dnoib

Jo sapupAY A dnoib pue pue pue

spunodiuod | dnoub Ay — SpUNOCULIOD Sjuswee
A dnoib |Awy m dnoig

10| 09/ Hoi 00g- 501 oL, gt> MOl ¢ 01> 10l o 0L >

[~ ———=—— 39W 921n0s seR) —_—

38w 92N0s A

3dA O
3dA OW 8pUpAY pue
einssaid m;.:mmma Mo aounos i mE:Om li mn:_._Om
ousydsowy suebioe1apn aivebiojelapy A epUpA

=

pitaxy

provided by hydrides (AsH; and
pon entering the high vacuum chamber.

doping clements are provided by resistively heated

illustration of a gas source molecular beam e

oup - V clements are

Schematic

(GSMBE) system. G
PH;3 ) which are thermally cracked u

Group - Il elements and

effusion cells.

Siugwia)e
A dnob

pue

n dnoig

0] m|O— >

38w
aonos

jejuawey

| I Mo}y snogsIpA — L MO} JeNOatoN

A0



jGaFIs substrate preparation
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— Polishing with diamond paste
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Growth Mechanism

M-V compounds

G As, Ga As,
F As, ,

Deposition and 2 +him growth process of GaAs an 3 (001) GaAs surface in conventional MBE
Y Honkoshi and M Kawasinma ) Cryst. Growth us { (949} |7

self-regulating deposition process
conserving stoichiometry in a wide range
of growth paraineters

® Growth rate determined by condensation ratio of
group III -element
(excessive Group V-element reevaporates)

® two-dimensional layer-by layer-growth
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Methods for in-situ monjtoring of MBE . growth

¢ Reflection High-Energy Electron Diffraction (RHEED)
¢ Reflectance Anisitropy Spectroscopy

¢ Near-Threshold Photoemission of Electrons

¢ Optical Pyrometry

4 Desorption Mass Spectroscopy

# Scattered Light Intensity Measurements



Peflection Hiﬁ b~ Enorgy Electron Wmcﬂon

Ceomeme urapgemest of RHEED wath
dqunng MBE 12); Swad consmuction 1o

(RHEED)

Rec:procat
lattice

Swaig saﬁere

\Bleroret e diffraction nagemn ib)

,kd:{-{. = kin. -G

P perfect surface
TN rerfact psiryment
- i 1 I/ Y
- - r. I N o .
B Airfractas
\ |

— e seam

imperfect surface
aomain diarmetar

m or step distancz

Pl

| \ e /','l"l\ KLL
3,)

- K”

¢@:=2m/ Lk cos @,
821k ming,
k=217

Al

JTAOng-angie ncidemce wsed A3 1m-S1tu analvical oo

(a) v
e

Figure 9. Schematic drawing of a regularly stepped vicinal
surtace with islands on the terraces (g) and the associated
reciprocal lattice (b) and a RHEED pattern from an MBE-Ggrown
GaAs(007) surface misoriented 5.9° :owards {(111) As
recorded with the incident beam parallel to the step edges
{¢). To image the reciprocal lattice plane the sample has
been oscillated during recording of the pattern. The
Pattern corresponds to the slashes drawn as thick lines in

(B). For the Q0 rod an additionat broadening due to isiands
IS indicated.
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CONVENTJONAL MOLECU! A
BEAH EPITAXY (MBE)
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features

Advantages

Prohlem;

Applications

Continuous fiyx of group 111
and group ¥ elements;

Substrate temperature > 500
for high—qualily GaAsg

Reasonable growth rates;

Excelient material quality
for tattice-matched systems;

Reasonably abrupt interfaces

Formation of "oval" defects

Interfaces in ultrathin-
layer Superlattices;

Strained-layer hetero.-
structures

Standard heterostructures;

Production of material for
device fabrication

PLHA Ol CRUANLE
EPITAXY (HEEI

e e e ———.. P e e

Periodic modulation of both
the group 111 ang group ¥
element £y Synchronously
wilh the atomic Iayer~hyv
layer sequence (RUEED
esciliations);

Gruw[hotomporﬁ1ure lowesed
by 2007¢ 4. Compaved to MIE

Excellant surface mor phology
{no "nyval® thefects),

1 Ow growth lomnprature;

Abrupt interfaces in ultra-
thin-tayer Superlatiices;

2l growth iy tattice
mismatehed Systems;

Controtled incorporation of
two qronp y element g

| 0w qrowth sate;

Accurate control of group 177
flux requireqd to deposii
exactly one monnlayer .

High mechanica load 1y,

shutters

lnw-lemperalure growth on
Procongspy substrates;

Continlleg N growth of

falllro—misma!(hedlmahwlals
!lv.q Gaks an 5.

1 .

‘Ultralhln»layvl Supes
lattices With very abrupt
ntey facps .

Layeied structures composed |

of two different group y
elemonts (e.q. p and As)
'

MURILC LAYER MotecuLaR
BEAM EPLIAXY (At mpE)

Continuous flyx of group 1]
element{s), put short pulses
(modulation) of the group ¥ flyx
synchronousty with RIEED intep-
sity oscillatinng;

Grnwth)tnmnerature lowered
by 200°c as compared to MBE

Excellant surface morphology
{no "oyval~ defects):

Low growth temperatyre;
Reasonahle growth rates;

Abrupt interfaces In ultra-
thin-tayer superlattices;

20 growih in lattice-
mismate ed Systems

Controlled incorporation of
two grn .p vy element g

T e e

Mechanical design of
group V element stulters;

Substrate rotation vs. RIEED
intensity aoscillations

N - ——— . -

Low-temperatyre growth on
processeql substrates;

Controlled 20 growth of
Iartice—mismatched materials
(e q. GaAs-on-5i) .

Ullralhln~rayer superlattices
with very ahrupt inlerfaces;

layered Structures composed
of two different group ¥
elmmMs(eq.PandAﬂ
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