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By in-situ surface photo-absorption (SPA) monitoring of MOVPE grown GaAs(111)B surface, three types of surface
phases, (2 X2)-like, (4/19 X 4/19)-like, and (1 X 1)m-ltke, are identified. Eight-um-wide atomically step-free surfaces
and interfaces are successfully cobtained by controlling the surface phase and by using finite area epitaxial (FAE)
growth, Their flatness is confirmed by ex-site AFM and low-temperature (4 K) spatially resolved photoluminescence
(SR-PL) measurement. A flattening principle of FAE is discussed, where two-dimensienal (2 1)) nucleation is sup-
pressed on GaAs(111)B surface due to desorption and surface migration. i is concluded that, by utilizing desorption, &
step-free surface of any size can be formed as long as the size is finite. To demonstrate this, an extraordinarily wide
step-free GaAs(111)B surfaces 100 pm in diameter are successfully formed. Surface stcichiometry controf based on in-

sitt SPA monitoring is indispensable for flatness control.
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Reflectivity trace of GaAs(111)B surface at the wave-
length of 470 nm after an interruption of AsH: supply
of 8 Pa. The substrate temperature is 700°C.
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Fig.2 Comparison of SPA spectra of GaAs(111)B grown by

MOVPE (sclid lines) and by MBE (dotted lines). The
[ast reflectivity change in MOVPE grown surface cot-
responds to the phase transition frem the (2X2) re-
censtruction 1o the (+/19X+/19) reconstruction of
MBE grown surface. The slow change in MOVPE
surface corresponds to the phase transition from the
(\@X\/ﬁ) recenstruction to the high temperature
(1x1) of MBE grown surface,
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Fig.3 Reflectivity change accerding to the AsHs supply at
700°C.
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Fig. 4 A phase diagram of the MOVPE-grown GaAs(111)B
surface by SPA observation. The phase boundary on
MBE-grown surface observed by RHEED™and sur-

face structures', where open circles are Ga atoms
and closed circles are As stoms, are alse shown.,
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Fig. 5 Schematics of growth modes. {a) nucleation-and-
expansion mode in finite area epitaxial growth (FAE).
(b) 2 dimensiona} nucleation mode or {¢) step-flow
mode occurs on planar substrate,
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Fig. 6 (a) A schematic of GaAs mesa selectively grown on
GaAs(111)B substrate. {b) AFM micrograph of the
top (111)B facet. Step-free surface as wide as 8 um
are obtained. (¢) AFM micrograph cn planarily grown
area which shows a number of monomolecular steps.
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Fig.7 (a) Sample preparation procedures of stepped surface (solid line) and
of step-free surface (dotted line). (b) One-monolayer-high islands due
to the phase transition between (2% 2)-like and (\/EX \/ﬁ)nlikc

surface are observed.
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AFM micrographs of (a) 2 dimensional InAs islands and {b} step-free

monolayer InAs. Two pulses and five pulses of nominally 1/6
MLTEIn®are supplied on the step-free surfaces.
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Fig. 9 Spatially resolved photoluminescence (PL) spectra
from a selectively grown InAs quantum well. The in-
set shows the PL intensity mapping at the wavelength
of 850 nm, corresponding to a monclayer thick [nAs
quantum well.
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Fig. 10 (a) Sample preparation procedure and ¢h) 100-um-wide step-free
surface. Nucleation suppression on the stable (2X2)-like surface
leads to the extraordinarily wide step-free surface.
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Fig. 12 {2} Sample preparation procedure and (b) 100-mm-wide selectively
grown surface. Constant TEGa supply results in the subsequent nuclea-

tion on the mesa top,
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