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[57] ABSTRACT 
In situ geometrical and stoichiometric properties of 
deposited ?lms are brought about by employing a 
scanned irradiation source directed to a spot which is 
scanned across the growth surface in a chemical vapor 
deposition reactor system, e.g., MOCVD system. 
Gaussian pro?le spot intensity variations or variations 
in the intensity of the source spot at selected regions at 
the growth surface will selectively enhance the deposi 
tion growth rate and/or in situ stoichiometric content 
of the deposited ?lm. Selective monotonic increasing 
and decreasing changes in ?lm thickness and stoichio 
metric content can be accomplished while the spot is 
scanned across the growth surface. Such changes or 
variations in ?lm thickness and stoichiometric content 
are useful in fabricating semiconductor devices having 
regions of different bandgap and refractive index prop 
erties in one or more semiconductor layers of such 
devices. These property variations may be utilized to 
produce buried index waveguiding features in such 
devices and produce multiple emitters each having a 
different wavelength emission useful in printer and opti 
cal communication applications. 

11 Claims, 10 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 



H1264 

Page 2 

U.S. PATENT DOCUMENTS 

4,645,687 2/ 1987 Donnelly et a1. ................ .. 427/531 
4,668,528 5/1987 Ehrlich et a1. . . . . . . . . . . . .. 427/531 

4,678,536 7/1987 Murayama et a1. .. ..... .. 156/635 

4,693,779 9/1987 Okuhira et al. .... .. 156/638 

4,724,219 2/1988 Ridinger . . . . . . . . . . .. 437/19 

4,726,320 2/1988 Ichikawa 118/722 
4,843,031 6/1989 Ban et a1. .. ..... .. 437/173 

4,885,260 12/1989 Ban et a1. .......................... .. 437/173 

OTHER PUBLICATIONS 

York at al., Low-Temperature Laser Photochemical 
Vapor Deposition of GaAs, Appl. Phys. Lett. vol. 54, 
No. 19, 8 May 1989, pp. 1866-1868. 
Sudarsan et al., Ultraviolet Laser-Induced Low-Tem 
perature Epitaxy of GaP, Appl. Phys. Lett. vol. 55, No. 
8, 21 Aug. 1989, pp. 738-740. 
W. Roth et al., “Laser Stimulated Growth of Epitaxial 
GaAs”, Materials Research Society Symposia Proceedings 
entitled Laser Diagnostics and Photochemical Process 
ing for Semiconductor Devices, vol. 17, pp. 193-198, 
North-Holland, Publisher (1988)“. 
W. D. Goodhue et al., “Planar Quantum Wells With 
Spatially Dependent Thicknesses and Al Content”, 
Journal of Vacuum Science Technology, vol. B 6(3), pp. 
846-849, May/Jun. 1988. 
J. E’. Epler et al., “AlGaAs Multiple Wavelength Light 
Emitting Bar Grown by Laser Assisted Metalorganic' 

Chemical Vapor Deposition”, Applied Physics Letters, 
vol. 52(18), May 2, 1988. 
W. Roth et al., “GaAs Mesa Diodes made by Direct 
Writing Laser Stimulated MOCVD”, Microelectronics 
Journal, vol. 15(1), pp. 26-29, 1984. 
Pending patent application of William D. Goodhue 
entitled “Tapered Laser or Waveguide Optoelectronic 
Structures and Method”, M.I.T. Case No. 4577. 
Optics and Laser Technology, Part One: vol. 18(6), pp. 
313-317, Dec., 1986. 
Optics and Laser Technology, Part Two: vol. 19(1), pp. 
19-25, Feb. 1987. 
Optics and Laser Technology, Part Three: vol. 19(2), pp. 
75-82, Apr., 1987. 
W. Roth et a1, Material Resource Society Symposium 
Proceedings, vol. 17, p. 793, 1983. 
Aoyagi et al., “Laser Enhanced Matalorganic Chemical 
Vapor Deposition Crystal Growth in GaAs”, Applied 
Physics Letters, vol. 47(2), pp. 95-96, Jul. 15, 1985. 
S. M. Bedair et al., “Laser Selective Deposition of 
GaAs on Si”, Applied Physics Letters, vol. 48(2), pp. 
174-176, Jan. 13, 1986. 
H. Kukimoto et al., “Selective Area Control of Material 
Properties in Laser-Assisted MOCPE of GaAs and 
AlGaAs” Journal of Crystal Growth, vol. 77(1-3), pp. 
223-228, Sep., 1986. 
T. Soga et a], “High Temperature Growth Rate in 
MOCVD Growth of AlGaAs” Journal of Crystal 
Growth, vol. 68(1), pp. 169-175, Sep., 1984. 



US. Patent Dec. 7, 1993 Sheet 1 of 10 H 0,001,264 

32 32 1_0 
\1 1 § 1 >/ 
i I \ 1 I 

§ § FIG. 1 § \ § § § § 
§ 16 

O \Q 23/ Q_ Q 12 
O \\ Susceptor § 0 

“ \ 
@ \xs/ 0 
Q // O RFCoil 

o 8/ 9/" 14 '9 
O O 

O 17 

30 

/21 
18 24 
\ TMA+H2 / H2 / 

18' I L 24' 

22 TMG+H 
2o‘ \ 2 ? l ASHSHZ / 22' 

Quartz Window ‘ 13 22A 
26 \ 

20A 15 V \ // 
27 \18A 

K 26\ 28 24A 
\ 

Laser 6 
Computer 

23 29 



US. Patent Dec. 7, 1993 Sheet 2 of 10 H 0,001,264 

lpm 

348 
34A 

Depth Y 37 37 
in pm 

Distance in Z Direction -—--> 
(J. to Scanned Beam) 

FIG. 2A 
1pm 

34A 

Depth Y 35 35 
in pm 

Distance in X Direction ________> 
(II with Scanned Beam) 

2.0“ FIG. 28 

1.75 -—r— 

Growth Rate 
Enhancement 

1.5 “' 

I= 40W/cm2 
1.25 -— T5: 580°C 

P~= 2.5W 
A = 514.5nm 

. R: 1.5mm 

l I l 1 10 l I I - T 

0.0 0.05 001 0.15 0.2 

[TMAI —--—~> 

([TMA] + [TMGD 

FIG. 3 



US. Patent Dec. 7, 1993 Sheet 3 of 10 H 0,001,264 

FIG. 4 

30% __' 

Al Molar Laser Irradiation d 1/’ 
Percentage I ‘ ,' " 

20% __ ’,/ 

10% ‘ 

N0 Laser 
Irradiation 

0%4 I I % { 
0.0 0.05 0.1 0.15 0.2 

[TMA] 
([TMA] +[TMGD 

FIG. 6 



US. Patent Dec. 7, 1993 Sheet 4 of 10 H 0,001,264 

Laser NOCVD of GaAs and AlGaAs 

6 I I I I I 0'3 

42 
Laser Power 1.2W | 

— l 150 W/cr'nz ' 

J, I: 514.5m 

I 
4 .. ‘H GaAs A Q _ 0,2 

AlGaAs A 0 

6mm: '_'> eaow'rn - 
ENHANCEMENT — / - RATE . 

(pm/mm) 
44 

2 - -l 0 l I l J I 0.0 

400 600 800 1000 

Substrate Temperature, Ts (°C) 

870 Q 94A 87A 87c 83 f‘ 
90 
88 94C 

86 I 

84 
81C 85 

82 
92 

FIG. 10 



US. Patent Dec. 7, 1993 Sheet 5 of 10 H 0,001,264 



US. Patent 

-5 0 

Relative Emission Intensity 
0 01 

Dec. 7, 1993 Sheet 6 of 10 H 0,001,264 

I ' I I I I I I I 

Multiple Wavelength LED Bar by Laser- MOCVD 
LxW = 500 x300pm 
l = 1 An. 
300K Ts-850K 

P 
R 

2.0 W 
1.5mm _ 

800 820 840 
Emission Wavelength, >\(nm) 

860 

FIG. 8 



US. Patent Dec. 7, 1993 Sheet 7 of 10 H 0,001,264 _ 

_ _ O 
T. l‘ 

I C m J 
OWm 805 

5 . 1 

1| 2‘ 

as: 
T S 1 TPR 

I. 12 

T w L 

C 

I O ) 

1M 4 m 
ON. 4 m‘ 

a“ n {My 110" 

lb M 

15) , P 

8 

no .w 

rlrno. 11 

Ms 1-H“ mm. W: 
xlvuA... 1 

mm. 

It l 

“m. 

ISA 1 

_ _ u 4 
1| 9 7 

a 5 4. 4. 

1| 1| 1| 1. $3 aouucmm 33cm 

FIG. 9 



US. Patent Dec. 7, 1993 Sheet 8 of 10 H 0,001,264 

1% 114 f 

102/ FIG. 11 

112 116 114 no 114 

108 

106 

104 

102 

118 
FIG. 12 

110 

108 
106 

104 

FIG. 13 102 

118 



US. Patent Dec. 7, 1993 Sheet 9 of 10 H 0,001,264 

128 

FIG. 14 

140 

152 

150 

146' 

144 

142 

154 

FIG. 16 



US. Patent Dec. 7, 1993 Sheet 10 of 10 H 0,001,264 

m h .UE 

1 ‘F: 

/ 0mm“ 



H1264 
1 

METHOD OF IN SITU STOICIOMETRIC AND 
GEOMETRICAL PHOTO INDUCED 

MODIFICATIONS TO COMPOUND THIN FILMS 
DURING EPITAXIAL GROWTH AND 

APPLICATIONS THEREOF 

GOVERNMENT RIGHTS 

The Government has certain rights in this invention 
pursuant to Contract No. 861-“ 173100 awarded by the 
Defense Advanced Research Projects Agency 
(DARPA). 

This is a continuation of application Ser. No. 
07/474,687, ?led Jan. 31, 1990, now abandoned, which 
is a continuation of application Ser. No. 07/177,563, 
?led Apr. 4, 1988, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates generally to the vapor deposi 
tion of thin ?lms and more particularly to a method of 
changing or modifying properties of the growth of 
semiconductor materials during epitaxial growth via 
chemical vapor deposition (CVD) and more speci?cally 
to a method of making in situ stoichiometric (e.g., 
atomic molar fraction changes) and geometrical (e.g., 
layer thickness changes) modi?cations to binary, ter 
nary and other compound semiconductor thin ?lms, 
such as, ll-VI or III-V compounds (e.g., GaAs) or al 
loys (e. g. GaAlAs), during their epitaxial growth (e.g., 
metalorganic vapor phase epitaxy or metalorganic 
chemical vapor deposition, i.e., (MOVPE or MOCVD). 
Much work is being accomplished at this point in 

time relative to the use of photo assistance during the 
CVD-of thin ?lms of materials. Such processing has 
been referred to as laser CVD or LCVD, or laser as 
sisted or induced CVD. A recent publication summar 
izes much of this work and refers to it as “laser micro 
chemical processing”: F. Micheli and I. W. Boyd, 
“Laser Microfabrication of Thin Films: Part One, Part 
Two and Part Three”, Optics and Laser Technology, Part 
One:Vol. 18(6), pp. 313-317, December 1986; Part 
Two: Vol. 19(1), pp. 19-25, February, 1987; and Part 
Three: Vol. 19(2), pp. 75-82, April, 1987. References in 
the patent literature include methods of selective depos 
iting primarily via pyrolysis, e.g., US. Pat. No. 
4,543,270; via photolysis, e.g., U.S. Pat. Nos. 4,608,117; 
4,668,528; 4,678,536; 4,693,779 and 4,726,320; or via a 
combination of photolysis and pyrolysis, e.g., US. Pat. 
Nos. 4,579,750 and 4,581,248. 

Laser assisted molecular beam epitaxy (MBE) has 
been proposed and developed as exempli?ed in US. 
Pat. No. 4,071,383 to Nagata et a1. Nagata et al. dis 
closes selective stoichiometric changes in an epitaxially 
deposited ?lm in MBE wherein higher refractive index 
material is produced in beam irradiated areas of the 
depositing ?lm as compared to unirradiated areas pro 
ducing an optical embedded waveguide. Laser assisted 
metalorganic chemical vapor deposition (MOCVD) is 
now being developed as a versatile means of patterning 
the growth of III-V compounds. In a typical laser as 
sisted MOCVD process, an in situ laser beam is irradi 
ated onto a portion of a substrate during growth. De 
pending upon the optical intensity of the beam and 
substrate temperature, the laser radiation photochemi 
cally and/or photothermally increases the crystal 
growth rate. In this manner, selective growth of GaAs 
has been demonstrated with a wide range of photon 
energies (2.4-6.4 eV) and optical intensities. See, for 
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2 
example, the articles of W. Roth et al,. laser stimulated 
growth of Epitaxial GaAs Material Resource Society 
Symposium Proceeding, entitled “Laser Diagnostics and 
Photochemical Processing for Semiconductor De 
vices,” Vol. 17, pp. 193-198, 1983; Y. Aoyagi et 8], 
Applied Physics Letters, Vol. 47(2), pp. 95-96, Jul. 15, 
1985; S. M. Bedair et a1, Applied Physics Letters, Vol. 
48(2), pp. 174-176, Jan. 13, 1986, H. Kukimoto et a], 
Journal of Crystal Growth, Vol. 77(1-3), pp. 223-228, 
Sep. 1986; and T. Soga et al, Journal of Crystal Growth, 
Vol. 68(1), pp. 169-175, September, 1984. 

Selective growth of the ternary compounds GaAsP 
()t=5l4.5 nm) and GaAlAs (7t=248 nm) via laser as 
sisted MOCVD is respectively demonstrated in S. M. 
Bedair et a1 and H. Kukimoto et a1. Not only is the 
growth rate increased for ternary compounds, but also 
the stoichiometry is affected by the laser radiation. For 
example, in Kukimoto et a1, a slight increase in Al incor 
poration has been shown to be induced with excimer 
radiation (193 nm) during the epitaxial growth of 
GaAlAs. The A1 content in this ternary was shown to 
increase in irradiated areas compared to unirradiated 
areas of the depositing ?lm. Also, the Al content incor 
poration increased slightly with temperatures in the 
range of 600° C. to just over 700° C. These stoichiomet 
ric changes in the growth of GaAlAs occurred at tem- ‘ 
peratures at about 600° C. and below and these stoichio 
metric changes occurred for different transport rate 
ratios of the deposition gases involved. It was further 
observed by Kukimoto et al that the growth ratios for 
GaAs and GaAlAs layers were not in?uenced by laser 
irradiation at growth temperatures higher than 600° C. 
Kukimoto et al suggests that selective area control of 
material properties, i.e., the selective control of A1 con 
tent in the growth of GaAlAs, has potential for fabrica 
tion of various semiconductor devices because the se 
lective differences in Al molar fraction during growth 
brings local differences in optical properties, such as 
refractive index and in electrical properties, such as 
energy bandgap of the material. Since laser assisted 
MOCVD enhances the incorporation of A] during the 
growth of GaAlAs, such laser assistance processing 
may be used to locally vary the bandgap of a GaAlAs 
layer or thin ?lm by controlling the content of Al incor 
porated into the thin ?lm via optical illumination ap 
plied in situ during epitaxial growth. 
The recently issued patent to Maslov et al, US. Pat. 

No. 4,117,504, is an example of another method for 
bringing about stoichiometric change during epitaxial 
growth but does not involve photo assisted CVD. Mas 
lov et al discloses apparatus for the solid state evapora 
tion of sequentially aligned semiconductor compound 
materials as the same are transversely passed in opposed 
relation to a heated substrate. As a result, a thin film is 
deposited on the substrate having a monotonically in 
creasing stoichiometric change in deposited material 
laterally across the substrate surface. This change is 
referred to as a composition gradient and an example in 
the patent disclosure is a stoichiometric change across a 
deposited thin ?lm from GaAs to G8ASQ64PQ36. 

It is an object of this invention to bring about in situ 
stoichiometric and growth rate changes in compound 
semiconductors employing photo assisted MOCVD 
epitaxy and to apply this method of photo assisted 
MOCVD epitaxy in the fabrication of devices, such as 
multiple wavelength light emitting LED’S, semicon 
ductor lasers or laser arrays. 
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SUMMARY OF THE INVENTION 

According to this invention, in situ geometrical and 
stoichiometric properties of deposited ?lms are brought 
about by employing a scanned irradiation source di 
rected to a spot which is scanned across the growth 
surface in a chemical vapor deposition reactor system, 
e.g., MOCVD system. Gaussian pro?le spot intensity 
variations or variations in the intensity of the source 
spot at selected regions at the growth surface will selec 10 
tively enhance the deposition growth rate and/or in situ - 
stoichiometric content of the deposited ?lm. Selective 
monotonic. increasing and decreasing changes in ?lm 
thickness and stoichiometric content can be accom 
plished while the spot is scanned across the growth 
surface. Such changes or variations in ?lm thickness 
and stoichiometric content are useful in fabricating 
semiconductor devices having regions of different 
bandgap and refractive index properties in one or more 
semiconductor layers of such devices. These property 
variations may be utilized to produce buried index 
waveguiding features in such devices and produce mul 
tiple emitters each having a different wavelength emis 
sion useful in printer and optical communication appli 
cations. 

Other objects and attainments together with a fuller 
understanding of the invention will become apparent 
and appreciated by referring to the following descrip 
tion and claims taken in conjunction with the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates a laser assisted 
MOCVD reaction chamber utilized in the practice of 
this invention. 
FIGS. 2A and 2B are height pro?les in orthogonal 

directions showing a region of enhanced growth of a 
GaAlAs thin ?lm irradiated with a laser beam during its 
growth. 
FIG. 3 is a graphical illustration of growth rate en 

hancement of GaAlAs as a function of different gas 
transport rate ratios. 
FIG. 4 is graphical illustration of Al molar fraction in 

the irradiated and unirradiated regions of the deposited 
?lm as a function of different gas transport rate ratios. 
FIG. 5 is a graphical illustration of growth rate en 

hancement and of laser induced growth rate enhance 
ment of both GaAs and GaAlAs as a function of sub 
strate temperature. 
FIG. 6 schematically illustrates a multiple wave 

length LED array fabricated according to the method 
of this invention. 
FIG. 7 is a SEM image of a cross section of three 

regions (a), (b) and (c) of the LED array shown in FIG. 
6. 
FIG. 8 is an electroluminescent spectra of the three 

regions (a), (b) and (c) of the LED array shown in FIG. 
7 
FIG. 9 is a spatial pro?le of the photon energy of the 

electroluminescence peak of the multiple wavelength 
LED array shown in FIG. 6. 
FIG. 10 a schematic illustration of a side elevation of 

an array laser with multiple wavelength emitters. 
FIG. 11 is a perspective view of a window laser with 

an active region formed by the method of this invention 
and having transparent window regions based upon 
quantum size effect. 
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FIG. 12 is a cross sectional view of the laser shown in 

FIG. 11 taken along the line 12-12 of that ?gure. 
FIG. 13 is a ross sectional view of the laser shown in 

FIG. 11 taken along the line 13-13 of that ?gure. 
FIG. 14 is a schematic illustration of a longitudinal 

side elevation of a laser window with transparent win 
dow regions formed by the method of this invention. 
FIG. 15 is a schematic illustration of a side elevation 

of an array laser having a modi?ed structure of the laser 
shown in FIG. 14. 
FIG. 16 is a schematic illustration of a side elevation 

of a laser array with index guiding formed in a cladding 
layer by the practice of this invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference is now made to FIG. 1 wherein there is 
shown a schematic diagram of a laser assisted growth 
chamber 10 used for MOCVD processing in the prac 
tice of this invention. Chamber 10 may be a quartz tube 
which includes a transparent quartz window 13 at its 
bottom with a graphite susceptor 12 suspended in cham 
ber 10 on which a substrate 14 is supported and is held 
with a quartz supporting ring. Susceptor 12 is induc 
tively heated with an external RF coil 16 connected by 
line 19 to RF controller 17 which is connected by line 
21 to computer 29 to selectively vary, under pro 
grammed control, the temperature environment at the 
growth surface of substrate 14. Gas inlets 18, 20, 22 and 
24 are located near the bottom of chamber 10 to provide 
for inlet, respectively, of sources of the gases trimethyl 
aluminum (TAM), trimethyl-gallium' (TMG), AsH3, 
and H; as a carrier gas. These sources may also include 
dopants such as HZSe. The flow rate, volume and com 
position of these source gases are maintained under 
programmed control by computer 29 via control lines 
18A, 20A, 22A and 24A to gas sources 18‘, 20', 22’, and 
24'. These gases are mixed in the vicinity of inlets 18-24 
at 30 and immediately ?ow upwardly in chamber 10, as 
indicated by the arrows in FIG. 1, and eventually exit 
the chamber at exit ports 32. The upward ?ow of the 
gas mixture prevents wall deposits on the bottom half of 
chamber 10. 
The growth conditions for conventional MOCVD 

are observed and are well documented in the prior art. 
The gas mixture proceeds upwardly through chamber 
and a portion of the gases contact the major growth 
surface of substrate 14 and the metallic atoms condense 
or decompose from the reactant gas compounds on the 
growth surface as an epitaxially deposited ?lm, e.g., 
GaAs when source 18 is shut off via computer 29, or 
GaAlAs when all sources 18-24 are in operation via 
computer 29. 
The design of this MOCVD system provides clear 

optical access for a cw or pulsed Ar+(}\=5l4.5 nm, 
TEMOO) laser beam 26 from laser 27 through quartz 
window 13 and focused via objective lens 15 onto the 
growth surface of substrate 14. Beam 26 obviously may 
be any other type of light energy generating source for 
causing photochemical and/or photothermal dissocia 
tion, such as, a masked mercury or xenon lamp source, 
or a CO; or excimer laser beam in the case of flood or 
lamp sources or a beam source with a large waist, the 
growth surface of substrate 14 may be exposed by such 
a ?ood irradiation source through a mask 27 having a 
predetermined pattern to selectively expose regions of 
the growth surface and photo assist epitaxial growth in 
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those regions. In such a case, objective lens 15 would 
not be necessary. 

Laser beam 26 may be focused to a 1.0 mm spot size 
and is centered on substrate 14 during the growth of the 
GaAs and GaAlAs layers. Laser beam 26 is scanned via 
scanner 28, illustrated as a galvanometer-controlled 
turning mirror. The laser spot may, for example, be 
slightly “vibrated” by galvanometer~controlled turning 
mirror 28 to spatially average any nonuniformity in 
optical intensity of beam 26. Mirror 28 may, alternately, 
be a rotating polygon. Mirror 28 may be operated by 0 
rotation to scan in the X direction and moved laterally 
in the Z plane to scan in the Z direction to obtain or 
thogonal scanning in the X-Z plane. Instead of mirror 
28, two galvanometer-controlled turning mirrors may 
be utilized to obtain orthogonal scanning in the X-Z 
plane. Such a scanning system is manufactured by Gen 
eral Scanning, Inc., 500 Arsenal Street, Watertown, 
Mass. 02172. Further, scanner 28 may alternatively be a 
X-Z raster scan system with a rapid refresh rate. Lastly, 
to facilitate growth surface scanning, more than one 
beam may be focused to and scanned across the sub 
strate surface. Multiple beam scanning may be provided 
with multiple beam sources or employing a beam split 
ter to produce multiple beams so that simultaneous 
exposure of different surface regions of substrate 14 
may be accomplished at the same or different beam 
intensities. In the cases of all of the aforementioned 
beam type scanners, the refresh rate of the scanner has 
to be as fast as the growth rate processes occurring at 
the growth surface, which rate is several times a second 
or more speci?cally relative to MOCVD system 10, ?ve 
times or more complete sweeps per second of the 
growth surface of substrate 14. 

Laser 27 and scanner 28 are operated under computer 
programmed control via computer 29 wherein the beam 
intensity and beam ON and OFF states may be modu 
lated via control line 25 to laser 27 and the X-Z pattern 
or path of scan of the beam spot on the growth surface 
at substrate 14 is controlled via control line 23 to scan 
ner 28. 

The inset in FIG. 1 is an enlargement of a region of 
substrate 14 including the point of focus of beam 26 
onto the substrate growth surface. As shown in the 
inset, substrate 14 may be ?rst provided with a prelayer 
14A of GaAs or GaAlAs followed by the deposit of a 
?lm 34 of GaAs or GaAlAs. As depicted in the FIG. 1 
inset for the case of a GaAlAs deposited ?lm, if laser 
beam 26 of proper intensity, accompanied with proper 
substrate temperature at susceptor 12 and proper TMA 
gas transport ratio, [TMA]/([TMA] + fTMGl), the irra 
diated regions of ?lm 34 of focused laser beam 26 will 
experience a higher overall ?lm growth rate and/or 
content or incorporation of Al than adjacent unir 
radiated regions of ?lm 34, as represented by the larger 
region 34A of ?lm 34. Thus, with proper conditions 
present, region 34A illuminated by beam 26 will bring 
about an accelerated growth rate of GaAlAs ?lm 34 by 
an increase in the rate of or alternative of reaction of the 
source gases at substrate 14. 

In FIGS. 2A and 2B, there are shown height pro?les 
in orthogonal directions for an irradiated region 34A 
based upon a general outline from actual measurements 
of a GaAlAs ?lm pro?le. The particular ?lm 34 grown 
was Ga0_6Al0_4As, the laser power used was 1.5 W, the 
beam intensity was approximately 150 W/cm2 and the 
substrate temperature, T,, during growth was 580° C. 
To be noted in FIGS. 2A and 2B is the signi?cant 
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6 
height of the growth obtained in the enhanced growth 
region 34A of ?lm 34 irradiated by beam 26. FIG. 2A is 
a pro?le in the Z direction perpendicular to the scanned 
beam while FIG. 2B is a pro?le in the X direction paral 
lel to the scanned beam. To be noted is the fairly flat top 
348 of region 34A which is indicative of the saturation 
point of surface growth for the given growth conditions 
(beam intensity, gas transport rate ratio, source concen 
trations, gas flow rate and substrate temperature), i.e., 
the maximum amount of available source component 
molecules at the growth surface for given gas condi 
tions. Also, the growth surfaces of region 34A in the 
parallel direction of scanned beam 26 of FIG. 2B con 
tain more rounded or convex surfaces 35 in its pro?le 
compared to the concave growth surfaces 37 in the 
perpendicular direction of FIG. 2A due to the sweep 
stop-reverse directional motion of the beam. 
FIG. 3 is a graphic illustration of the degree of en 

hancernent obtained in the growth rate of GaAlAs on 
the growth surface of substrate 14 as a function of the 
TMA gas transport ratio. Growth rate enhancement is 
illustrated as a ratio of the ?lm thickness so that a mag 
nitude in the increase in the thickness of ?lm 34A trans 
lates to per cent enhancement of ?lm thickness due to 
the percentage of Al in the TMA transport rate ratio. 
As is evident from FIG. 3, small changes in the trans 

port rate ratio from no TMA to very small ratios of 
TMA greatly enhanced the growth rate of the GaAlAs 
?lm 34A in the presence of beam 26. For the particular 
data here, the intensity of the beam was 40 W/cmZ, the 
substrate temperature, T,, was about 580° C., the laser 
power was 2.5 W, the wavelength of beam 26 was 514.5 
nm and the radius of the laser spot was 1.5 mm. FIG. 3 
illustrates that with increases of the TMA transport rate 
ratio from 0 to about 0.03 during irradiation of the 
growth surface by beam 26, the growth rate is enhanced 
in excess of 75% at TS=580° C. From a ration of about 
0.03 to about 0.2, the percentage of enhancement slowly 
drops off. 
FIG. 4 is a graphic illustration of the degree of in 

crease in Al molar fraction or Al content in stoichiomet 
ric GaAlAs both in the presence and in the absence of 
laser irradiation as a function of the TMA gas transport 
rate ratio. For the particular data here, the intensity of 
the beam was 40 W/cm2, the substrate temperature, T,, 
was about 580° C., the laser power was 2.5 W, the 
wavelength of beam 26 was 514.5 nm and the radius of 
the laser spot was 1.5 mm. This data shows that with no 
irradiation at curve 36 versus with irradiation at curve 
38 during the deposition of the GaAlAs ?lm, the Al 
molar percentage increased from 4% to 8% with a gas 
stream containing about 6% TMA. The energy band 
gap of the GaAlAs ?lm was found to increase from 
1.475 to 1.52 eV over a 4 mm range, with a spatial de 
pendence that resembles the intensity pro?le of laser 
beam 26. 

In connection with curve 36 in FIG. 4, at the time of 
filing of this application, data was not complete for 
curve 36 so that portion 36A of curve is an extrapola 
tion based upon preliminary data relative to other test 
ing Al content versus TMA gas transport rate ratio and 
that further data based upon different optical intensities 
between ON (curve 38) and OFF (curve 36) beam states 
would verify a family of curves similar to curve 38 for 
different laser beam intensities demonstrating a mono 
tonic increase in Al molar percentage for a given TMA 
transport rate ratio with a monotonic increase in beam 
intensity. In any case, curves 36 and 38 clearly demon 
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strate that with an optical intensity equal to zero, Al 
molar percentage incorporation in stoichiometric 
GaAlAs at the growth surface is about 4%. However, 
with: an optical intensity equal to 50 W/cm2, Al molar 
percentage incorporation in stoichiometric GaAlAs is 
about 8%. Thus, a selected vAl content can be obtained 
over a 4% range of different possible Al incorporation 
levels in situ, as-grown GaAlAs by selecting the proper 
laser beam intensity between, for example, 40-150 
W/cm2 for a given transport rate ratio or percent TMA 
in the gas stream and a given beam spot size or, on the 
other hand, the transport rate ratio may be varied for a 
given TMA flow rate or beam intensity or both may be 
selectively varied to obtain the desired Al incorpora 
tion. With respect to the latter mentioned selective 
variation, the percent TMA or the TMA ratio and the 
optical intensity of beam 26 or just the beam intensity 
may be monotonically increased or decreased to respec 
tively provide a monotonic increase or decrease in Al 
molar incorporation at selective regions at the growth 
surface to change the optical properties of the as-grown 
GaAlAs ?lm. 

Laser beam 26 can, therefore, be effectively em 
ployed to spatially pattern the geometry of the depos 
ited GaAlAs ?lm, e.g. ?lm thickness, and the deposition 
rate of the epitaxy process with a view toward control 
of the percent TMA in the TMA transport rate ratio. 
Furthermore, the optical intensity of the beam may be 
varied as laser beam 26 is scanned across the growth 
surface to effectively vary the Al molar content of the 
GaAlAs ?lm. 

In FIG. 5, the solid curves 40 and 42 respectively 
show the GaAs and GaAlAs deposition rates in the 
irradiated portions of substrate 14 as a function of sub 
strate temperature, T,, in the case of a 1.2 W beam 
focused to a 1.0 mm spot size with a beam intensity 150 
W/cmZ. An important observation is that laser en 
hanced growth of the GaAlAs ?lm is observed for T, 
less than 610° C. and the growth rate of the GaAs ?lm 
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is increased for T; less than 565° C. For the growth of 40 
GaAs, the partial pressures of the arsine (ASH3) and the 
TMG were 0.01 and 8.5><10—4 atm., respectively. For 
growth of the AlxGa1_xAs (x~0.4), TMA is added to 
give a partial pressure of 2.5X 10-4 atm. The total H2 
flow was approximately 4 l/m and the MOCVD system 
was operated at atmospheric pressure. As indicated in 
FIG. 5, the growth rate is of a maximum value, i.e., 
about 0.2 um/h at 680“ C. and monotonically decreases 
for both higher and lower substrate temperatures. 
Above substrate temperatures of 680° C., (GaAs),, par 
ticulates form upstream from the substrate 14, such as at 
point 30 in chamber 10 of FIG. 1. The particulate for 
mation depletes the concentration of the source mole 
cules in the gas stream in chamber 10 thereby reducing 
the growth rate. At these elevated temperatures, the 
growth rate is diffusion limited, i.e. limited by the ar 
rival rate of the source molecules or atoms to substrate 
14. Below substrate temperatures of 680° C. no particu 
late formation is observed and the deposition is limited 
the reaction rate of the source molecules. Only in this 
kinetically limited regime does the laser illumination 
affect the MOCVD growth process. 

In FIG. 5, the dashed curves 44 and 46 show the 
growth rate enhancement respectively for GaAs and 
GaAlAs deposited ?lms, based upon the ratio between 
the irradiated and unirradiated deposition rates. As the 
substrate temperature is reduced to below about 600° 
C., the enhancement in growth rate increases such that 
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the growth rate is approximately maintained at the dif 
fusion-limited rate. Most importantly, it is to be noted 
that the maximum substrate temperature for enhanced 
GaAlAs growth at about 610° C. is greater than the 
maximum temperature for enhanced GaAs growth at 
about 565' C. Also, electrolurninescence spectra and 
photovoltaic spectroscopy measurements indicate that 
the Al incorporation is increased in the GaAs film with 
the presence of laser radiation if the substrate tempera 
ture is in the range of about 565' C. to 610‘ C. Laser 
beam 26 can, therefore, be effectively employed to 
spatially pattern the energy bandgap and thickness of a 
crystal layer by controlling the Al composition or con 
tent and deposition rate of the epitaxy process with a 
view toward control of substrate temperature within a 
speci?ed temperature range. The mechanism by which 
the MOCVD process is altered by laser beam 26 is 
largely photochemical, the local temperature rise at 
substrate 14, due to the presence of beam 26, is esti 
mated to be less than 40° C. 
Employing the treatment process using beam 26, a 

multiple wavelength LED bar was fabricated by apply 
ing the laser enhanced Al incorporation into the active 
region of a standard double heterostructure diode struc 
ture. The diode structure is shown at 50in FIG. 6. The 
method of this invention is employed to selectively 
irradiate regions of the growth surface with different or 
varied laser beam intensities to selectively vary the Al 
incorporation during epitaxial growth to form a mono 
lithic bar of LEDs emitting at different wavelengths. 
FIG. 6 illustrates bar structure 50 and its selective met 
allization pattern applied in order to separately access 
lateral (X direction) regions of the structure possessing 
different bandgap material of GaAlAs in active region 
58. In structure 50, the bandgap of active region 58 has 
been controlled in the X direction by exposing a 3 mm 
beam spot size to the surface of growth during the epi 
taxial deposition of active region 58. The Gaussian 
shaped intensity pro?le of the spot was such that its 
center was over position (a), its approximate midpoint 
was at position (b) and position (0) was outside the 
intensity profile of the beam. 

In processing, a n-GaAs substrate is placed on sus 
ceptor 12. First, the n-type, Se-doped layers of a 1 pm 
GaAs buffer layer 54 and a 2 pm Al0_4Ga0,6As con?ning 
or cladding layer 56 are epitaxially grown at a normal 
MOCVD growth temperature of TS equal to 800° C. 
Then, substrate temperature, T_,, is reduced to 580° C. 
The following gas mixture, which is appropriate for 
AlxGa1_,As (x~0.04), is introduced into chamber 10: 
TMG, 4.3><l0 -4 atm; TMA, 3.l><l0-5 atm; AsH3, 
0.01 arm, with the balance H2. The Ar+ laser beam 
(514.5 nm, TEMQO) had a power level of about 2.4 W 
with a spot size of 3 mm. After growth of an active 
region 58 approximately 100 nm thick, the temperature, 
T,, is raised and returned to 800° C. to deposit the P 
type, Mg-doped layers of a 1 pm Al0.4Ga0,6As layer 60 
and a 0.2 pm GaAs cap layer 62. Structure 50 is re 
moved from the MOCVD reactor, thinned and metal 
lized as is known in the art. The p-type metallization on 
cap layer 62 is evaporated through a titanium mask with 
9 mil openings on 20 mil centers forming a pattern of 
stripes 64. The bottom of substrate 52 is also metalized 
as indicated at 66. By cleaving 20 mil wide bars perpen 
dicular to the pattern of stripes 64, a bar of electrically 
‘isolated 9X20 mil sections are formed. Each section 
may be independently operated and has a different emis 
sion wavelength. 
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The cross sections of the active layer for three differ 
ent bar sections are shown in the SEM image of FIG. 7 
relative to a single 3 mm laser beam spot. In the center 
position of the laser spot is shown at (a), active region 
58 is 105 nm thick with a composition of AlxGa1_As 
where x is about 0.08. Approximately 2 mm away from 
the spot center at position (b), where the laser intensity 
and its pro?le is reduced, active region 58 is only 85 nm 
thick and is composed of Al,Ga1_xAs where x is about 
0.06, representing an intermediate A] composition. 
Away from and outside of the laser spot, 4 mm away 
from center position at (a), which is an unirradiated 
region of structure 50 during processing and designated 
position (0), active region 58 is 65 nm thick and is com 
prised of AlxGa1_xAs where x is about 0.04. The 
growth rate enhancement from position (c)to (a) is ap 
proximately 80% and the Al molar percentage is in 
creased from 4% to a maximum 8%. Thus, the laser 
power of 2.4 W in a 3 mm diameter spot increases the 
growth rate by approximately 80% and increases the A] 
composition of the epitaxial material from 4% to 8%, as 
is supported from the data of FIGS. 3-5. 

In FIG. 8, the spontaneous electroluminescence spec 
tra from the three positions (a), (b) and (e) of FIG. 7 are 
shown. Curve 70 is the emission spectrum from struc 
ture 50 at the center of the irradiated laser spot. The 
emission maximum or peak is at 815 nm, which corre 
sponds to Al,Ga1_.xAs where x is approximately 0.08. 
Curve 72 is the emission spectrum for the position (b) 2 
mm away from the peak laser intensity of the spot. The 
spectrum exhibits an intermediate emission wavelength 
of 828 nm, corresponding to AlxGa1_xAs where x is 
approximately 0.06. Curve 74 is taken from a position 4 
mm away from the laser spot center and corresponds to 
a baseline value for the emission wavelength of struc 
ture 50 wherein the observed emission peak is 842 nm, 
which is consistent with AlxGa1_,As where x is ap 
proximately 0.04. The short wavelength side of the 
emission spectrum is attenuated, perhaps due to internal 
absorption of structure 50. However, as measured by a 
Si p-i-n detector, the integrated emission intensity of the 
three sections are approximately equal. Thus, the spec 
trum of the laser assisted epitaxy at position (a) is more 
sharply peaked and has a greater maximum intensity 
than the unassisted epitaxy at position (c). The emission 
maxima of (a) 815 nm, (b) 828 nm, and (c) 842 nm corre 
spond toan Al composition of approximately 8%, 6%, 
and 4%, respectively so that it is clear that the bandgap 
of GaAlAs active region 54 is greater at the center 
position (a) than its edge positions (b) or (c). 

In FIG. 9, the energy bandgap, determined by elec 
troluminescence, as a function of position on structure 
50 is shown. Each data point or curve 76 represents the 
emission spectrum from a different individually ad 
dressed section laterally across structure 50. The spatial 
variation in emission energy corresponds to the inten 
sity pro?le of laser beam 26. The bandgap increases 
from 1.475 eV to 1.52 eV over a range of 4 mm. The 
bandgap dependence approximates the gaussian shape 
of laser beam 26 and both the beam spot and bandgap 
spectrum exhibit an approximately 3 mm spot size. 
From the forgoing, particularly the data of FIGS. 

7-9, it can be seen that the dependence of Al content in 
the ternary, GaAlAs, is controllable by irradiation and, 
further, the amount of Al incorporation may be em 
ployed to effectively vary the bandgap of the as-grown 
material in the direction of the scanned laser beam 26 by 
also varying the optical power of the beam as the same 
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is scanned across substrate 14. This effect would be 
employed in a straight forward manner in fabricating 
index and bandgap graded structures during growth 
without requirement of varying the gas ?ow composi 
tion in the MOCVD reactor, in particular, the TMA 
transport rate ratio. A fundamental example would be 
an array of stripe geometry lasers wherein each laser 
emits at a substantially different wavelength. Also, by 
keeping the Al composition in a region approximately 
uniform but varying the composition from the lateral 
region to region, monolithic arrays of diode lasers can 
be fabricated in which each subarray emits at a different 
wavelength determined by the Al content of its active 
region. Such multiple wavelength laser arrays based on 
the same effect are useful for many applications, such as, 
wavelength multiplexing, continuously tunable spectro 
scopic sources, and unique forms of multiple wave 
length detectors. 

In FIG. 10, there is shown an example of an array 
laser 80 which may be fabricated according to the tech 
niques of this invention. Array laser 80 has three sepa 
rate emitters 81A, 81B and 81C radiating at different 
wavelengths. Laser 80 may be comprised of a substrate 
82 upon which are deposited the following layers or 
regions using the MOCVD reactor shown in FIG. 1: a 
cladding layer 84 of n-Ga1_,_AlxAs; an active region 86 
being undoped, or p-type doped or n-type doped and 
can comprise a relatively thin conventional double hete 
rostructure (DH) active layer or a single quantum well 
of either GaAs or GaleyAlyAs where y is very small 
and x>y or a multiple quantum well structure of alter 
nating well layers of GaAs or Ga]._yA1yAS and corre 
sponding barrier layers of either AlAs or Ga1_y'Aly'As, 
where x, y’>y or a separate single or multiple quantum 
well structure in a separate confinement cavity; a clad 
ding layer 88 of p-Ga1_zAlzAs where x, z, y’>y; and 
cap layer 90 of p+GaAs. 

In the case of active region 86, the particular embodi 
ment shown discloses a single quantum well layer 
which may be, for example, 6 nm thick and may be 
comprised of either GaAs or Ga1_yAlyAs. During the 
growth of active region 86, laser beam 26 is scanned in 
the longitudinal direction of the structure, i.e., out of the 
plane of the figure, forming thicker, longitudinal GaAs 
regions 86B and 86C. No irradiation from beam 26 is 
employed at longitudinal region 86A. By varying either 
intensity of the beam, in the case of GaAs or Gal. 
-~yAlyAs, and/or the TMA transport rate ratio, in the 
case of Ga1_,41yAs, variations in the region thickness 
can be obtained as well as an increase in the molar frac 
tion in the case of Ga1._yAlyAs. In the case here, higher 
beam intensity is imposed upon beam 26 during its scan 
along longitudinal region 86C, compared to longitudi 
nal region 86B, in order to obtain greater growth rate 
enhancement and, therefore, a thicker active region, 
e.g., GaAs, or, in the case of Ga1_yA1yAS, also an in 
crease in Al content. A dual beam scanner may be uti 
lized to perform this photo assist treatment of regions 
86B and 86C during the growth of region 86. 
Upon completion of the deposition of cap layer 90, a 

p-type zinc diffusion 83 is performed across the entire 
surface of the structure to a depth indicated at 85. This 
provides for good ohmic contact and reduces the series 
resistance through lasing emitters 81. An electrically 
insulating barrier is then selectively performed as 
shown in FIG. 10 at 87A, 87B, 87C and 87D by means 
of, for example, a proton bombardment to a depth be 
yond that of zinc diffusion 83 forming current pumping 
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channels for emitters 81. Bombardment 87B and 87C 
between lasing emitters 81 is important in providing 
electrical isolation between these sources. Laser 80 is 
completed by metallization comprising substrate 
contact 92 and separate contacts 94A, 94B and 94C for 
independently pumping emitters 81A, 81B and 81C. 
As an example of an array laser 80, take the case of a 

layer of Ga1_yAlyAs, for example, employed in active 
region 86 exhibiting quantum size effects. Region 86C, 
which is a larger region due to a high beam intensity 
and larger TMA transport rate ratio, may be an approxi 
mately 8% Al alloy having a bandgap, E8, of about 
1.515 eV with a thickness of about 105 nm and an oper 
ating wavelength of 816 nm; region 86B, which is a 
smallerlregion due to a lower beam intensity and lower 
TMA transport rate ratio, may be an approximately 6% 
Al alloy having a bandgap, E8, of about 1.492 eV with 
a thickness of about 85 nm and an operating wavelength 
of 828 nm; and region 86A, which is a planar region due 
to no beam irradiation in this region, may be an approxi 
mately 4% Al alloy having a bandgap, E8, of about 
1.474 eV with a thickness of about 65 nm and an operat 
ing wavelength of 842 nm. 

In FIGS. 11-13, there is shown a window laser 100 
having a single emitter 101 comprising, for example, a 
substrate 102 upon which are deposited the following 
layers or regions using the MOCVD reactor shown in 
FIG. 1: a cladding layer 104 of n-Ga1__xAlxAs; an ac 
tive region 106 being undoped, or p-type doped or n 
type doped and can comprise a relatively thin conven 
tional double heterostructure (DH) active layer or a 
single quantum well of either GaAs or Ga1_yA]yA5 
where y is very small and x>y or a multiple quantum 
well structure of alternating well layers of GaAs or 
Ga1_yAlyAs and corresponding barrier layers of either 
AlAs or Ga1._y'Aly'As, where x,y’>y or a separate 
single or multiple quantum well structure in a separate 
con?nement cavity; a cladding layer 108 of p-Ga1_,Al 
,As where x, z,y’>y; and cap layer 110 of p+ GaAs. 
Taking, for example, an active region 106 comprising 
Ga1_yAlyAs, during its growth laser beam 26 is scanned 
in the longitudinal direction of the laser structure in a 
pattern similar to that of stripe 112 forming a enhanced 
growth region 106A of Ga1_y'Aly'As wherein y'>y, 
which region is also thicker than remaining portions of 
this layer not subjected to the irradiation of beam 26. As 
an example, unirradiated regions of layer 106 may be 8 
nm thick whereas irradiated region 106A may be 12 nm 
thick and y may be equal to 0.04 and y' may be equal to 
0.08. 
Upon completion of the deposition of cap layer 100, a 

proton bombardment is performed in regions 114, ex 
clusive of the region.,of stripe 112, to a depth that ex 

~ tends into cladding layer 108, as shown in FIGS. 12 and 
13 thereby forming a current pumping channel 116. 
Laser 80 is completed by metallization comprising sub 
strate contact 118 and a cap layer contact, which is not 
shown. 
FIGS. 12 and 13 respectively show a cross section of 

laser 100 relative to one of the window regions and the 
active pumping region. As can be seen from FIG. 12, 
the region of the emitter 101 in layer 106 is sufficiently 
thin to appear transparent to the propagating radiation. 
The transparency occurs because active layer 106 in 
these window regions is so thin that the band structure 
is changed because of the quantum size effect and radia 
tion produced and propagating in thicker region 106A 
of the emitter cavity will not be absorbed. Also, the 
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increase in energy bandgap in region 106 vis a vis 106A 
will provide lateral carrier con?nement for region 
106A. 

In FIG. 14, there is shown another window laser 
structure along its longitudinal axis, i.e, along its optical 
cavity. Laser 120 comprises, for example, a substrate 
122 upon which are deposited the following layers em 
ploying the MOCVD reactor shown in FIG. 1: a clad 
ding layer 124 of n-Ga1_xAlxAs; an active region 126 
being undoped, or p-type doped or n-type doped and 
can comprise a relatively thin conventional double hete 
rostructure (DH) active layer or a single quantum well 
of either GaAs or G31-yAlyAS where y is very small 
and x>y or a multiple quantum well structure of alter 
nating well layers of GaAs or Ga1_yAlyAs and corre 
sponding barrier layers of either AlAs or Ga1_y'_41y'As, 
where x,y’>y or a separate single or multiple quantum 
well structure in a separate con?nement cavity; a clad 
ding layer 128 of p-Ga1_,AlzAs where x,z,y'>y; and 
cap layer 130 of p+ GaAs. Laser 120 is completed by 
metallization comprising substrate contact 134 and a 
cap layer contact 132 as is known in the art. 

Taking, for example, an active region 126 comprising 
Ga]_yAlyAS, during the growth of this region, laser 
beam 26 is scanned in the longitudinal or 2 direction of 
the laser structure in a pattern that includes regions 123 
but not region 125. In this case, beam 26 is modulated to 
be in its OFF state when scanned over region 125 and 
placed in its ON state when at the boundary of the other 
region 123 also to be irradiated. The intensity of beam 
26 may, further, be modulated as it is longitudinally 
scanned over regions 123 by varying its intensity from a 
lower value at point A in regions 123 to a higher inten 
sity which is maintained constant to point B of region 
123 or may be set at a given intensity and scanned or 
vibrated between points A and B. The variation in the 
intensity of the beam will provide a corresponding vari 
ation in the growth rate of the Ga1_yAlyAs, layer as 
well as a corresponding increase in the Al molar content 
of layer 126 epitaxially deposited in regions 123, where, 
for example, the Al content is gradually increased to 
Ga1_ y'Aly'As where y'>y. As an example to layer 
thicknesses, unirradiated regions 126A of layer 126 may 
be 20 nm thick whereas irradiated region 126B may be 
24 nm thick and y may be equal to 0.04 and y’ may be 
equal to 0.08. 
Regions 126C at points A form a smooth coupling 

region between active region 126A and transparent 
window regions 126C between points A and B. These 
coupling regions 126C become gradually larger in 
thickness with a corresponding change in refractive 
index. The change to Ga1_y'Aly'As in regions 126C is a 
sufficient change in refractive index to function as a 
transparent waveguide for radiation generated and 
propagating in active region 126A. The effect of trans 
parent waveguiding in regions 123 can be a two dimen 
sional or three dimensional creation. In the case of two 
dimension, the beam scanning in regions 123 is accom 
plished laterally across the designated areas of window 
regions, i.e., in the X direction over regions 123, with 
intensity variation of the beam accomplished in either of 
the ways explained above. In the case of three dimen 
sion, the scanning in regions 123 is accomplished later-_ 
ally across the designated areas of window regions in 
the X direction with intensity variation of the beam 
accomplished in either of the ways explained above and, 
in addition, variation of beam intensity is periodically 
increased above previous values to form regions of 
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greater thickness and Al molar content, e.g., Ga1_y' 
'Aly-As where y">y’>y. This is illustrated relative to 
array laser 120' shown in FIG. 15. Laser 120' is identical 
in construction to laser 120 in FIG. 14 except that laser 
120' is a multiple emitter structure and, further, includes 
a stair step optical cavity comprising optical waveguide 
layers 124' of n-Ga1_x'Alx'As and 126' of p-Ga1_,'Al,. 
'As where x,z>x'z’, >y'>y. Also shown are current 
con?nement means in the form of diffusion regions 129. 

In FIG. 15, after the epitaxial deposition of optical 
waveguide laser 124', a modulated active region 126 is 
formed by modulating laser beam 26 in the X direction 
laterally across region 123 while concurrently sweeping 
the beam longitudinally in the Z direction of region 123. 
As a result, a periodic modulation in A] content is ob 
tained in region 126 as depicted in FIG. 15 wherein in 
regions 123, a transparent waveguide region 126B of 
Ga1_y'Aly'As, indicated in light gray scale, are laterally 
formed and bounded by regions 126D of higher refrac 
tive index material of Ga1_y"Aly'-As, indicated in 
darker gray scale. Regions 126B are also bounded by 
layers 124’ and 126', respectively of higher refractive 
index material so that regions 126B are three dimen 
sional transparent waveguides. As an example, regions 
1268 may be comprised of GBQ96AIQO4AS, regions 
126D may be comprised of GaogzAloggAs, layers 124’ 
and 126' may be comprised of GagjoAlogoAs and layers 
124 and 126 may be comprised of GaQ15AlQg5As. Re 
gions 126D may be, for example, approximate 24 nm 
thick while regions 126B may be approximately 20 nm 
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thick. In connection with regions 126B and 126D, the ' 
difference in energy bandgap is influenced by a change 
in Al content between 4% and 8 % rather than by any 
quantum size effect of active layer 126. 
The three dimensional growth technique explained 

relative to region 123 is equally applicable to active 
region 126A wherein lateral modulation in the X direc 
tion through region 125 will provide a modulated Al 
content similar to the con?guration shown in FIG. 15 
for regions 123 except that regions 126A would be of 
small Al molar fraction compared to regions 126B, i.e., 
y’ > y 
FIG. 16 illustrates a further embodiment of an array 

laser 140 wherein refractive index waveguiding proper 
ties, via modulated in situ Al content changes during 
growth, is provided in a cladding region of an array 
laser rather than in its active region. Array laser 140 
comprises, for example, a substrate 142 upon which are 
deposited the following layers employing the MOCVD 
reactor shown in FIG. 1: a cladding layer 144 of n 
Ga1_xAlxAs; an active region 146 being undoped, or 
p-type doped or n-type doped and can comprise a rela 
tively thin conventional double heterostructure (DH) 
active layer or a single quantum well of either GaAs or 
Ga; _yAlyAS where y is very small and x>y or a multi 
ple quantum well structure of alternating well layers of 
GaAs or Ga1_yA1yAS and corresponding barrier layers 
of either AlAs or Ga1_y'A1y'AS, where x, y’>y or a 
separate single or multiple quantum well structure in a 
separate con?nement cavity; a cladding layer 148 of 
p-Ga1_,Al,As where x,z,y’>y; and cap layer 150 of 
p+GaAs. Laser 120 is completed by metallization com 
prising substrate contact 154 and a cap layer contact 152 
as is known in the art. Also shown are current con?ne 
ment means in the form of diffusion regions 143. 

After the growth of active region 146, a modulated 
cladding region 148 is formed by modulating the beam 
intensity and/or dwell time of laser beam 26 in the X 
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direction laterally across the structure while concur 
rently sweeping the beam longitudinally in the Z direc 
tion for the full length of the structure. As a result, a 
periodic modulation in A1 content is obtained in region 
148 as depicted in FIG. 16 wherein regions 148A of 
Ga1-,'Al,'Al,'As, indicated in light gray scale, are later 
ally formed and bounded by regions 14813 of higher Al 
content due to greater beam intensity at this point in 
beam scanning and comprising Ga1_,"Alz"As, indi 
cated in darker gray scale, where x,z>z">z’>y'>y. 
Regions 148A and 1488 run longitudinally in the Z 

direction for the full length of the structure. Regions 
1488, having higher Al content than adjacent regions 
14A, possess higher refractive index properties so that 
regions 12A function as optical waveguides for propa 
gating radiation in active region 146 indicated by emit 
ters 141. As an example, waveguide regions 148A may 
be comprised of GaqwAloanAs, regions 1488 may be 
comprised of Ga0_40Al0_6oAs, and the remaining por 
tions 148C of region 148 and cladding layer 144 may be 
comprised of GaQwAlQwAs. 

Relative to the descriptions of the embodiments of 
FIGS. 10-16, it will be understood by those skilled in 
the art that in reality, there is generally no actual beam 
scanning of individual discrete laser structures but 
rather the scanning of beam 26 under computer control 
across an entire wafer or substrate 14 wherein the com 
puter is programmed to modulate the intensity, dwell 
and ON and OFF states of beam 26 as the same is 
scanned at high velocity from end to end across the 
growth surface of substrate 14. The beam, therefore, is 
programmed to follow a pattern creative of multiple 
aligned laser structures which are subsequently cleaved 
into die and individual laser devices that are further 
processed for operation. 

Also, in the embodiments of FIGS. 1046, the geo 
metrical and stoichiometric modifications have been 
expressed relative to the ternary, GaAlAs. However, 
the binary, GaAs, is equally applicable to obtain geo 
metrical induced modi?cations in thickness of layers 
and modulated thickness changes in regions of layers to 
produce attributes similar to those previously discussed 
in connection with these ?gures. 
While the invention has been described in conjunc 

tion with a few speci?c embodiments, it is evident to 
those skilled in the art that many alternatives, modi?ca 
tions and variations will be apparent in light of the 
foregoing description. Although all of the foregoing 
embodiments have been described in connection with 
semiconductors of GaAs and GaAlAs regime, other 
III-V alloys may be employed, such as, InGaP, ln 
GaAsP, GaAlAsP, InGaAlP, InGaAlAsP, GaAlSb and 
other alloy regimes may be utilized in the practice of the 
invention, such as, II-VI materials, e.g., ZnSe/ZnSSe. 
Further, as indicated in each embodiment illustrated, 
the active region may comprise a single active layer or 
may be comprised of an active region comprising either 
a single quantum well or multiple quantum well struc 
ture. In any of these particular growth regimes in 
MOCVD, beam 26 may be employed to (l) enhance the 
growth of the layer or region irradiated, (2) to selec 
tively create larger regions in the as-grown ?lm having 
different bandgap properties by increasing the molar 
fraction of the stoichiometric alloy constituent via laser 
beam irradiation thereby increasing the in situ bandgap 
of the deposited material or (3) vary the optical inten 
sity of the laser beam as the same is scanned across the 
growth surface to vary the in situ bandgap of the depos 
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ited material. Accordingly, the invention is intended to 
embrace all such alternatives, modi?cations and varia 
tions as fall within the spirit and scope of the appended 
claims. 
What is claimed is: 
1. A method of photo thermal enhanced single crystal 

epitaxial growth in the deposition of Group III-V com 
pound ?lms comprising the steps of: 

a) providing a substrate in an epitaxial growth cham 
ber having a growth surface; 

b) heating the substrate to a temperature within the 
range of about 500° C. to 610' C.; 

c) introducing reactant gases into said chamber com 
prising at least one Group III constituent and at 
least one Group V constituent such that decompo 
sition of the reactant gases occurs at a selected 
substrate temperature in said range enabling depo 
sition of a Group III-V compound ?lm at said 
substrate growth surface; and 

d) introducing an irradiation source into said chamber 
directed to selected regions on the substrate 
growth surface, said source characterized by a 
wavelength of operation substantially absorptive at 
the substrate growth surface as opposed to the 
reactant gases, the growth rate of said compound 
?lm within said temperature range in selected re 
gions of the substrate surface illuminated by said 
source enhanced compared to unillurninated re 
gions thereof whereby said illuminated regions 
contain a larger layer thickness and/or stoichio 
metric content compared to said unillurninated 
regions. 

2.. The method of photo thermal enhance epitaxy of 
claim I wherein said method has a diffusion-limited rate 
of growth, and said growth rate enhancement is be 
tween 2 and said diffusion-limited rate of growth. 

3. The method of photo thermal enhanced epitaxy of 
claim 1 including the step of selecting a temperature in 
said range wherein optimized enhanced growth rates 
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are achieved in the presence of said irradiated source to 
selectively provide different growth rate enhancements 
of deposition of compound ?lms at spatially illuminated 
regions during ?lm deposition. 

4. The method of photo thermal enhanced epitaxy of 
claim 1 including the step of selectively controlling the 
growth rate enhancement of said compound ?lm during 
its growth by varying said substrate temperature. 

5. The method of photo thermal enhanced epitaxy of 
claim 1 wherein said source is a focussed laser beam, 
scanning said laser beam across said growth surface 
while modulating the intensity thereof to selectively 
increase or decrease the thickness and/or stoichiomet 
ric content of selected regions of said compound ?lm as 
said ?lm is being deposited. ' 

6. The method of photo thermal enhanced epitaxy of 
claim 5 wherein said monotonic increase or decrease is 
induced by the pro?le Gaussian shape of said source 
spot. 

7. The method of photo thermal enhanced epitaxy of 
claim 1 including the step of modulating the intensity of 
said source. 

8. The method of photo thermal enhanced epitaxy of 
claim 7 including the step of shaping said laser beam to 
have a predetermined pro?le of varying intensity. 

9. The method of photo thermal enhanced epitaxy of 
claim 8 wherein said pro?le is pseudo Gaussian shaped. 

10. The method of photo thermal enhanced epitaxy of 
claim 1 wherein said source is a focussed laser beam, 
scanning said laser beam across said growth surface 
while maintaining constant intensity thereof to selec 
tively increase or decrease the thickness and/or stoi 
chiometric content of selected regions of said com 
pound ?lm as said ?lm is being deposited. 

11. The method of photo thermal enhanced epitaxy of 
claim 1 wherein said source is directed through a pat 
terned mask to form an irradiated pattern on said 
growth surface. 

1 i ' i i 


