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Detailed reaction processes of Epitaxial growth
Vapor phase or solution reaction
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Spiral growth necleus centers on facets
LPE GaAs (screw dislocation)




Principle of MLE :GaAs case
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<-Molecular Layer Epitaxy in brief

ALE(Atomic Layer Epitaxy) of poly-ZnS on glass substrate for EL application
T. Suntola, U.S. Patent 4058430, 1977.
M. Ahonen, M. Pessa, T. Suntola, Thin Solid Films 65 (1980) 301.

MLE(Molecular Layer Epitaxy) of GaAs single crystal on GaAs
J. Nishizawa et. al. Extended Abstracts of the 16" Conference on Solid State Device and Materials
(The Japan Society of Applied Physics, Kobe, Japan, 1984), p. 1.
J. Nishizawa, et. al. J. Electrochem. Soc., 132 (1985) 1197.



Principle of MLE
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Molecular layer epitaxy of GaAs
Thin Solid Films, 225 (1993), 1-6.
Jun-ichi Nishizawa, Hiroshi Sakuraba Yutaka Oyama 7% &



Surface reaction process

investigation of surface reaction paths of
rmolecular layer epitaxy with
quadrupole mass spectrometer
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Impurity doping: control of surface stoichiometry
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Electrical activation of Te and Se in GaAs at extremely heavy doping up to 5 x 1020cm-3 prepared by
intermittent injection of TEG/AsH3 in ultra-high vacuum,

Journal of Crystal Growth, Volume 212, Issues 3-4, May 2000, Pages 402-410

Yutaka Oyama, Jun-ichi Nishizawa, Kohichi Seo and Ken Suto 73&
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DOPING CHARACTERISTICS OF p-GaAs:Zn MLE
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Extremely high and steep impurity profile
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DOPING CHARACTERISTICS OF n-GaAs MLE
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DOPING CHARACTERISTICS OF p-GaAs:Be MLE
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Molecular Layer Epitaxy
[J. Electrochem. Soc.

(1999), 131 - 136]
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Contact resistivity for n-GaAs (MLE grown)
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High quality regrown interface

Good interface
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"Optimization of low temperature surface treatment of GaAs crystal”,
J.Nishizawa, Y.Oyama, P.Plotka and H.Sakuraba,
Surface Science, 348, 105-114 (1996). #&



High quality regrown interface: chemical analysis
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Application of MLE GaAs to high quality
ultra-small tunnel junctions

Side-wall regrowth process

Sidewall tunnel junctions

Ti/Au non-alloyed
(regrowth interface)
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Figure 1. Schematic drawings of the cross sectional and top view of the fabricated sidewall
tunnel diodes. ‘F”and ‘R "mean the first epitaxial layers and the regrowth layers. The
arrows indicate the positions of sidewall regrown tunnel junctions. Large pad has 100 zm

in length, and small one has 50 zm.

Application of low-temperature area-selective regrowth for ultrashallow sidewall GaAs tunnel junctions
Yutaka Oyama, Takeo Ohno, Kenji Tezuka, Ken Suto and Jun-ichi Nishizawa
Applied Physics Letters, 81, 2563-2565 (2002). 7%5:&



Application of MLE GaAs

to high quality ultra-small sidewall
tunnel junctions tunnel junction (S;~10-%cm?)
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Current-voltage characteristics of sidewall TUNNEL junctions
Sidewall mesa orientation dependences
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Figure of merits of fabricated TUNNEL junctions
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Very high & steep impurity profile at tunnel junction interface

up to 2x10%8cm-3 impurities /A
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To be continued to next week

Ultra fast and high frequency semiconductor electronic
and photonic devices



