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The Use of Metal-Organics in the Preparation

of Semiconductor Materials
I. Epitaxial Gallium-Y Compounds

H. M. Manasevit and W. L. Simpson

Autonetics Division of North American Rockwell Corporation, Anaheim, California

ABSTRACT

Single-crystal GaAs, GaP, GaAs; .P. and GaAs;—.Sb, films have been

grown on GaAs and a humber of insulating substrates by the decomposition
of alkyl-gallium compounds in the

resence of arsine, phosphine, arsinE-jihOS-
phine, and arsine-stibine mixtures. Both triethylgallium and trimethylgallium
have been used successfully in the

preparation of GaAs. This process makes
compound semiconductor film growth compatible with methods used for the

growth of elemental semiconductors and eliminates many of the difficulties
inherent in multitemperature-zone processes.
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Example : Gallium Nitride (GaN) and related alloys red, blue, green and white LEDs
Example : Gallium Arsenide (GaAs) and related alloys : LEDs, lasers, transistors
Example : Indium Phosphide (InP) and related alloys : Telecom laser sources or detectors
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Lattice mismatch between layer and substrate

a-Iayer]l Agubstrate - De/a = (al_a s)/ ag

yer

Elastic deformation
until ...
relaxation

Bi-axial strain
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Strain compensation in Multiple guantum well

trained barrier < asubstrate
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Surface "morphology”
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Surface "morphology”
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AlGalnAsP quinary material
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PIN layers
HEMT

HEMT layers
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Butt-joint regrowth
two devices in only
one optical waveguide
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AlGalnAs MQWs
SIBH P-type cladding
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Vapor Phase diffusion of precursors
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Growth rate No material deposition = "Field area" =
enhancement (GRE) selectivity nominal growth rate

Substrate
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Wide stripe SAG : Wm, Wo > surface diffusion length
(> 10 pm) (near the mask)
At center of masks, Vapor Phase Diffusion  (VPD) dominates

Opened area
Masked area
Wm
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HRXRD and PL on patterned wafers :

very small area to be analyzed
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FIB FIB STEM
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<«——> 10nm

EAM

FIB : IEMN, Villeneuve d'Ascq, France
STEM : c2N, CNRS, Palaiseau, France

> 200 pm
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One growth step :
Multi-wavelength area
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PL intensity (au)
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AlGalnAs(P) based MQW active structures
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