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AFM image
of a GaAs surface after thermal oxide desorption

10 pm x 10 pm, gray scale 16 nom —{110]-

RHEED patterns
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AFM image of the singular (001)GaAs surface
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STM image of a
B-step system on
GaAs(001)

0.5°

STM image of a
A-step system on
GaAs(001)

0.5°

AFM image of a vicinal GaAs(001) surface
near the vortex

15pmx 15pm  d=120nm  gray scale 3 nm —[110]—>

inclination towards {111)Ga increases from the left to the risbt side
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GaAs(001): Step bunching after annealing at growth temperature
d=200nm; o=02°

T=600°C; BEP = 24; v=0.145pm/h; (3x1}:

#411 0 min anneal 3um x 3um #419 2 min anneal 3pm x 3um

#417 5 min anneal Jpm x 3pm #4135 20 min anneal 3um x 3pm

490



Summary : homoeepifaral groulth

singular GaAs(001) surface

- growth instability with respect to regular island shape and
step edge profile; selfsimilarity

- Ga migration length only about 100 nm (island separation)

vicinal GaAs(001) surfaces with 0.1°€ ¢ <0.2°
- highly regular step systems

- common lateral roughness on a ym-scale irrespective of
crystal material and its misorientation

- anisotropic 2-dimensional step bunching;
,,A-Surface“: L[;Tg] > L“ 10] L= f(a)
,»B-surface®: rougher, faceting

- narrower terrace width distributions for continuous growth
- annealing at T, Strongly affects the initial step array

- localized excitons due to interface roughness (step-bunches)

£l

Recommendation for obtaining a regular step system:

- mixed step system, but composed of predominantly A-steps

- mean terrace width lower than 150 nm

- continuous growth

- no extended annealing at Terowm

i



(a)
Commonly discussed models for the GaAs (2x4) surface _‘ (110]
reconstruction [110]
As atoms
Ga atoms
dimerized As atoms (d)
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{110

Influence of kinks in the dimer rows

©
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GaAs CARRIER CONCENTRATION (cm™3)

TEMPERATURE ({*C)
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(0011)Gaﬁlxs (2x4)+ (sz), 610°C
Ar b |
- L §
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FIG. 9. RD spectra synthesized from linear combinations of
(2% 4) and (4X2) spectra at 610°C

1. Kamiya, D.E. Aspnes, L. Florez, and J.B. Harbison,
Phys. Rev. B 45 (1992) 15894
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2* towards (111)Ga
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TEM-Aufnahme der Segregationsstruktur entlang der Hauptachsen

der Oberflachenanisotropie

growth direction
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CONCENTRATION OF

ISOLATED ARSENIC VACANCIES
AT THE GaAs/Al Ga, As INTERFACE
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SUMMARY ©BiTs Single Quarvune Wel

MBE-grown Al,Ga, ,As layers are nearly

i, —{ ENERGY
defect-free (apart from the DX center). (@ F N ib} ;
Z2e E.u 1
o LT ey
; =UUS/ My
Intrinsic defects accumulate on the Al,Ga,  As e ST
side of the inverted (GaAs on Al,Ga, ,As) - - T -
interface, but not at the normal interface. “#,T:mcei sarption
I = Hegvy hoies
. . - = Ve /M= CE50m,
Isolated arsenic vacancies are formed = e i
predominantly near Al atoms and above a ol pa N N
composition threshold of x = 0.25. ALBOIAS | Gas | AlyGorris ) e G060,
DENSITY OF STATES
g (E}

Levels p3 and p4 Ongmaung _from the arse!llc {3 Schematic illostration of ctectrop-bole transitions for emission or nbnrotm.: of ligne in 2 GaAs
vacancy V, are always dominant near the inverted usarmm well: (5) comperson of caergy depeacocs of e o sats g(E) i buk (dores )
1 1 e ad m a ran well (svisd fiwe).

mnterface despite the As stable growth conditions. ™

2 L2

The intrinsic deep levels p3 - p6 are probably | E, - %:-’Tf
connected with an intrinsic defect configuration o
at the Al,Ga;.,As surface during growth.

Lp Lo
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in a quantum well

ing

nsity

Inte

- plane potential seen by an electron mov

g
<
%_—i Y T J T T T
= = 5200 -5000 -4800
£%
w
5 3 Angle (arcsec)
-y
§_ = Fig.|. Typical diffractometer curve near the (002) reflection; (a) Comparison of the experimental curve (upper
‘Ei ; line) with the calculation in dynamical approximation {dotted line below). Clearly pronounced interference

(. Bastarod , R Ferrdra , MATO Ag( Series 3 Hih Teds. VoL 3

fringes are visible. (2} Evaluaiion of these interference fringes (squares) near the superiattice satellite (-1) for
the determination of the average thickness of the quantum weil. Catculation for three thicknesses (4.0 nm
Jored line, 4.3nm straight line, 5.0 nm dashed line) of the quantum well are presented.
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PL-Intensities and internal uantum efﬁcienci.eS at RT-
InGaAs/AlGaAs-QW on GaAs of different orientations
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