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The semiconductors having direct optical transition energy gap Eg>/ 1.8 eV
are attrative for light emitting diodes (LED) because the eye is only appreci—
able sensitive to light of energy in this range and no need of momentum con—
servation for direct band gap materials. Techniques of economically growing
the semiconductors must be made available for batch fabrication of LED’s.
High probability of radiative recombination with a high quantum efficiency is,
of course, one of the basic requirements of the semiconductor materials.

Recently, InyGa;_, P is industrially interesting semiconductor material for
the fabrication of LED’s and laser diodes because its energy gap can vary with
composition and having the direct energy gap of 2.1—2.2¢V (300°K) at 0.6 <1—
x< 0.7. Significant growth technology is still needed for In,Ga,—4P material.

The new epitaxial growth method called temperature difference method under
controlled— vapor —pressure (TDM —CVP) is presented.

Chapter 2 described the epitaxial growth and crystal growth of In,Ga,_4« P
by means of TDM—CVP. The suitable temperature programme for epitaxial

growth was found by experimentally. The interface linearity between the epi—
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taxial layer and substrate was found to depend on the temperature programme.
The experiments of epitaxial growth were performed under such varying valu—
ables of parameter as the growth time, the growth temperature and phosphorus
pressure. Results of In,Ga;_4P/GaP experiments lead to the conclusions as
follows @ {1) The composition does not change with the applied phosphorus pre—
ssure. Therefore, the lost of phosphorus from the solution can neglect for
TDM-—CVP. (2) The thickness of epitaxial saturates at a certain growth time.
The reaction of phosphorus and indium can neglect. (3) The composition of epi—
taxial layer remains constant for whole thickness grown under the same growth
temperature. It shows that source comes down with constant rate to the lower
temperature region.

The In,Ga,_x P bulk crystals were grown\by TDM—CVP under different con—
ditions. The temperature programme for bulk crystal growth was described.
By using the growth steps procedure, large single crystals were obtained. The
relation between the phosphorus pressure and half —width of X-—ray diffraction
trace for Iny Ga;—4 P bulk crystal grown by TDM—CVP is shown in Fig. 1.

It shows that phosphorus pressure controls the half —width of X—ray spectra.
At a certain phosphorus pressure, the half —width has a minimum value. But
the temperature difference could not control the half —width.

The epitaxial growth of Iny,Ga,—4yP on Iny,Ga,_,P substrate was also done
by TDM—CVP. No research paper concerns with the epitaxial growth of Iny
Ga,—x P on Iny,Ga;_4 P can find because In,Ga,_, P substrate is difficult to
obtain.

Chapter 3 described the fabrication of p—n junction by TDM-CVP. -V
characteristic of the diode was also investigated. Cleaved surface of In,Ga -4
P p—n junction was also described. Result of electron probe microanalysis of
junction was shown.

Chapter 4 described the experimental results of electrical properties, optical
properties and surface morphologies of In,Ga,_y P epitaxial layer and bulk cry—
stal.

Relation between the phosphorus pressure and the impurity concentrations was
investigated. It was known that phosphorus pressure controlled the impurity
concentrations. At a certain phosphorus pressure (optimum pressure), the
impurity concentrations was minimum. Relation between the phosphorus pressure
and mobility is shown in Fig.2. Mobility also depends on the phosphorus pressure

Ing.»GaggP crystal grown by TDM—CVP has the mobility of 1582cf, v sec.
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This value is larger than any published value for InyGa,_xP crystal.

Relation between the impurity concentrations and composition of In,Ga;—4 P
was also described in this chapter.

Photoluminescence (P.L) intensity and half —width of In,Ga,.4P also depended
on the phosphorus pressure (Ppgap) - This relation is shown in Fig. 3. The
intensity is maximum at a certain phosphorus pressure. At lower phosphorus
pressure, the photoluminescence intensity is low and increases with phosphorus
pressure to the optimum pressure and decreases at higher pressure. The half—
width is minimum at the optimum 'pressure. The peaks of photoluminescence
spectrum were also found to depend on the phosphorus pressure. Some peaks
were suppressed by applying appropriate phosphorus pressure.

The surface morphologies of both In, Ga,_4P epitaxial layer and bulk crystal
grown by TDM—CVP were also described in this chapter. The cleaved surface

morphologies were studied with respect to the phosphorus pressure. The cle—

aved surface of Ing;3Ga PGaP grown under phosphorus pressure of 46 Torr.

0.82
was better than that grown under phosphorus pressure of 9.44 Torr. and 197
Torr. The morphologies of surfaces and cleaved surfaces of epitaxial layers of
difference composition were also described.

The epitaxial layer surfaces morphologies also depended on the phosphorus
pressure. Microsteps and some inclusions were observed in the epitaxial layer
of Ing33GageP grown under phosphorus pressure of 94 Torr. and 122 Torr. at
the growth temperature of 745°C. The surface of epitaxial layer grown under
45.8 Torr. was not so smooth but freed of inclusions. The surface morphology
depends on the type and density of nucleations. Therefore, phosphorus pressure
may control the formation of initial nucleations.

The surfaces morphologies of InyGa,-4P bulk crystals grown by TDM—CVP
were also found to depend on the phosphorus pressure. The X-—ray diffraction
pattern of bulk crystals were also shown in this chapter. Single crystal of
In, Ga;—4 P was successfully grown by TDM~—CVP.

Chapter 5 described the relation between the optimum phosphorus pressure
and the growth temperature. The optimum phosphorus pressure depended on the

growth temperature.
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Fig.1 Relation between the phosphorus pressure and half-width of

X-ray diffraction trace for InxGa1_xP bulk crystal

Fig. 2 Relation between the carrier concentration and mobility of

bulk erystal with the phosphorus pressure
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PHOTOLUMINESCENCE SPECTRA

(*A) AT 4-2°K
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Fig. z The P.L spectra intensity and half-width of InxGa1_xP
epilayer grown on InXGa1_XP substrate as a function of

PIngap
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(In-Ga)PREZBHELRENIEP, BEEEBHNILRTENLORICE 2R MRE
LTHERCERETHEFREBAZEDTOIHMETH S, LB ICHEOEIENE O DICHES
REROMIHICHRER L TEFRBAVAKL D ThE L,

AHX, HRBEEPICOBOERLEAMMLEDSS, (In—-Ga)PHEREERL, Beko
BOHRERAICEAENE LTHELIEBICDOTEEN DT, B - BHAUKRXS
mE DB,

BIERIERTH> T, KAEDLHINLEZERCEARROBNIC DV TR~NcSDTH B,
B2EIDARBICAD, KIRICAVLESEE—CICR LU BOREE L EREITH I & EME
BEDOMICEZ TH—UREZE I TERCEEC OV THAL T 2, ROTREEZETRE
FRBCEWRED, 7Y o V= VHECE-T I miEE O & BHEEEE, XGEEiTdRoy
EE IO BERBERTH I LEEHLDTVE, TO&E, Ink Ga OMEHIT 1 BT
DETHAERLTH KR THEELTW S, 3, MALEKEIRGa & In DRI
BFRA LS L5 Z OB X RETHROLEIIRI 1I0FLVE(EE5Z 5T L% 100Torr 5
1000 Torr DRTHIE L, 850°CTCHBREXHZL &200Torr SELRYULBELTTH L&
LT3,

HICGaPAEBE L TRU T » Vv VETEAERZERE LT, BHEKEIR L TER
LI RBIC DD THEBRDER TV, RRO#ERER TS, chold, FLOEERHAT
Hbo

BIETE, ABEOBHEBOTGaPERERK (In—Ga) PHEL2EBFRK L TpnESEKE
L, TRRFEEREFRSEME2E T, HEI TCKBLBROEMN T AT > T,

BAED, BONHEOBEINBUERON R T 2 AIEHRE L R mPU R OB KEHE
DHEREZTEDNODTH S, HEOBMNERDLT 1 DOEEEZL ONIBHE IIFE T 1600ck/
VesecBETHADURRERINILHEROI CEROETH S, Fio, HEPOF+ ) TEED
BEETY, REUHBEBHEROMED S BEHATEZE LTINS,

T bViF v VRADHELSRE DEVENOBEE D, BBEKEKCMALEKEICK
STENTBCEETRL, ZLDORAKREEB TS, BESFEEIHRTDH 5.

PEET 2, KRXRRELBOLOATORDL > EEZ 35— (In-Ga)PHREBE
SEDZFEAELT DL, TOREEFHOMCLELDT, ETFMRIECETZ LA
IR T,

LT, RAXBFIEELOEMANXELTAKERD S,
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