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METHOD FOR FABRICATING SEMICONDUCTOR
LIGHT EMITTING ELEMENT

BACKGROUND OF THE INVENTION
0001] 1. Field of the Invention

0002] The present invention relates to a semiconductor
light emitting element. More particularly, the present inven-
tfion relates to a structure of, and a method for fabricating, a
quadruple alloy light emitting diode (LED) made of a
quadruple alloy material of AlGalnP for constituting a
high-luminescence LED which emits light on a red to green

band.
0003] 2. Description of the Related Art

0004] In recent years, a high-luminance quadruple alloy
LED made of AlGalnP has become the object of particular
attention as a light emitting element for various types of
display devices for indoor use and outdoor use. A quadruple
alloy material allows for the fabrication of an LED which
emits light 1n a wide visible wavelength region ranging from
a red to green band.

[0005] A typical structure of a conventional quadruple
alloy LED 1100 for a yellow band 1s shown in FIGS. 7A and

7B: F1G. 7A 1s a perspective view thereof; and FI1G. 7B 1s
a schematic cross-sectional view thereof.

[0006] In this structure, an n-(Al, ,Ga, 3) sIng sP cladding
layer 51 (doped with Si, carrier concentration: about 5x10"’
cm™>, thickness: about 1.5 um), a non-doped
(Al Ga, 5), sIng sP active layer 52 (thickness: about 0.7
um), a p-(Al, ,Ga, 5), In, <P cladding layer 53 (doped with
Zn, carrier concentration: about 5x10'7 c¢cm™, thickness:
about 1.5 um), a p-Al, -Ga, ;As current diffusion layer 54
(doped with Zn, carrier concentration: about 3x10™® cm”,
thickness: about 5 um), and a p-GaAs ohmic contact layer 55
(doped with Zn, carrier concentration: about 3x10*° em™>,
thickness: about 0.5 um) are sequentially formed in this
order on an n-GaAs substrate 50 by metal organic chemical
vapor deposition (MOCVD). In addition, lower and upper
clectrodes 56 and 57 are formed on the reverse surface of the
substrate 50 and on the top surface of the grown layered
structure, respectively. The upper electrode 57 on the top
surface of the grown layered structure, as well as the p-GaAs
ohmic-contact layer 55, have been patterned so as to be 1n
a circular shape 1n the center region of the top surface of the
structure. Portions of the upper electrode 57 and the pGaAs
ohmic contact layer 35 have been removed by performing an
ctching, leaving the circular-shaped portions remaining in

the center region.

[0007] An axial luminous intensity (unit: candela (cd)) of
a molded LED element 1s one of the indices representing the
luminescence of the LED. In the conventional LED 1100
shown 1 FIGS. 7A and 7B, when the axial spread angle of
the emitted light 1s about x4 degrees with an operating
voltage of about 2.0 V and a drive current of about 20 mA,
the axial luminous 1ntensity 1s about 8 cd.

[0008] The apparent axial luminous intensity is increased
as the light concentration characteristics of an LED are
improved (1.e., as the axial spread range of the emitted light
is smaller). Moreover, an LED having improved light con-
centration characteristics can be advantageously used for
communication applications.
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[0009] Another conventional LED 1200, for communica-
tion, 1s shown 1n FIGS. 8A and 8B: F1G. 8A 1s a perspective
view thereof; and FIG. 8B 1s a schematic cross-sectional
view taken along the line 8 B-8B' of the LED 1200 shown 1n
FIG. 8A. The conventional LED 1200 shown 1n FIGS. 8A
and 8B 1s an AlGalnP alloy system LED for a yellow band

and has the following structure.

[0010] As shown in the schematic cross-sectional view in
FIG. 8B, an n-(Al, ,Ga, 3) 5In, 5P cladding layer 51 (doped
with Si, carrier concentration: about 1x10*® cm™, thickness:
about 1.0 um), a non-doped (Al, ,Ga,, -), sIn, <P active layer
52 (thickness: about 0.6 um), a p- (AlO -Gag 3) 5Ing 5P clad-
ding layer 53 (doped with Zn, carrier concentration: about
1x10 cm™>, thickness: about 1.0 um), an
n-(Al, -Gag 5), sIng sP current constriction layer 58 (doped
with Si, carrier concentration: about 2x10*® cm™, thickness:
about 0.4 um), a p- AlO -Ga, sAs current diffusion layer 54
(doped with Zn, carrier concentration: about 3x10™® ¢m™>,
thickness: about 6 ptm) and a p-GaAs ohmic contact layer 55
(doped with Zn, carrier concentration: about 3x10'® c¢m’

thickness: about 0.5 um) are sequentially formed in this
order on an n-GaAs substrate 50 by MOCVD.

[0011] The center region of the n-(Al,-,Gag 5)g sIng <P
current constriction layer 58 has been etched away 1n a
circular shape to form a light emitting region, and the
p-Al, -Ga, ;As current diffusion layer 54 1s re-grown over
the current constriction layer 38 including the etched and
removed center region thereof. The reference numeral 59
denotes the re-growth interface.

[0012] In addition, lower and upper electrodes 56 and 57
are formed on the reverse surface of the substrate 50 and on
the top surface of the grown layered structure, respectively.
The upper electrode 57 and the p-GaAs ohmic contact layer
55 are formed 1n a doughnut shape in which the center
regions thereotf are etched away so as to have openings of the
same size and shape as those of the etched and removed
region of the current constriction layer 58.

[0013] In this conventional LED element 1200, an injected
current flows 1 a concentrated manner into the center
region, so that the reduced spot size of emitted light can be
realized. As a result, the light concentration characteristics
of the resulting element, which has been molded with a
resin, can be mmproved and the axial luminous intensity
thereof can be 1ncreased.

[0014] However, in the conventional LED 1200 shown in
FIGS. 8A and 8B, the p-Al, -Ga, ;As current diffusion
layer 54 1s re-grown on  the  underlying
p-(Al, -Ga, 5), sIn, P cladding layer 53 containing Al.
Thus, oxygen 1s likely to be absorbed into the re-growth
interface 59 (see FIG. 8B), resulting in various losses such
as adversely increased resistance and non-radiative recom-
bination of injected carriers.

[0015] The typical operational characteristics of such a
conventional LED 1200 are as follows: the axial spread
angle 1s about 2 degrees and the luminescence 1s about 16
cd with the operating voltage of about 3.0 V when a power
of about 20 mA 1s supplied thereto. As compared with the
conventional LED 1100 shown in FIGS. 7A and 7B (which
1s made of the same quadruple alloy material and has the
axial spread angle of about +4 degrees and the luminescence
of about 8 cd with the operating voltage of about 2.0 V when
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a power of about 20 mA is supplied thereto), the axial
luminous intensity of the LED 1200 shown in FIGS. 8A and
8B 1s increased only by as little as twofold while the
operating voltage 1s considerably increased. In the element
1200 shown 1in FIGS. 8A and 8B, the luminescence has
been expected to be increased fourfold (i.e., about 32 cd)
since the axial spread angle thereof 1s decreased to about Y%

of that of the element 1100 shown 1in FIGS. 7A and 7B.

[0016] In order to solve such problems as set forth above,
another conventional semiconductor light emitting element
1300 having such a structure as that shown in FIG. 9 has
been suggested. The shape of the current constriction layer
and the electrode on the top surface of the grown layered
structure of the semiconductor light emitting element 1300
shown 1n FIG. 9 1s the same as that of the element 1200
shown 1n FIGS. 8A and 8B.

[0017] As shown in the schematic cross-sectional view in
FIG. 9, an n-(Al, -Ga, 3)o.sIng sP cladding layer 51 (doped

with Si, carrier concentration: about 1x10® cm™, thickness:
about 1.0 um), a non-doped (Al, ,Ga,, ), sIn, <P active layer
52 (thickness: about 0.6 um), and a p(Al, -Ga, 3)s sIng <P
cladding layer 53 (doped with Zn, carrier concentration:
about 1x10'® cm™ thickness: about 1.0 um) are sequentially
formed 1n this order on an n-GaAs substrate 50 by MOCVD.
Next, unlike the conventional element 1200 shown 1n FIGS.
S8A and 8B, a p-GalnP layer 60 (doped with Zn, carrier
concentration: about 1x10'® cm™>, thickness: about 100 A)
not containing Al is formed on the p-(Al, ,Ga, 5)4 sIng <P
cladding layer 53 in the element 1300 shown i FIG. 9.
Since the layer 60 functions as the underlying layer during
the re-growth process, oxygen 1s less likely to be absorbed
into the re-growth interface 59, and conditions of the re-
orowth 1nterface 59 can be improved as compared with the

conventional example 1200 shown 1n FIGS. 8A and 8B.

[0018] The remaining part of the element 1300 shown in
FIG. 9 1s the same as that of the element 1200 shown 1n
FIG. 8B. Specifically, an n-(Al, ,Ga, 3)osIng sP current
constriction layer 58 (doped with Si, carrier concentration:
about 2x10"® em’, thickness: about 0.4 um), a
p-Al, ,Ga, ;As current diffusion layer 54 (doped with Zn,
carrier concentration: about 3x10® ¢m™ thickness: about 6
um), and a p-GaAs ohmic contact layer 55 (doped with Zn,
carrier concentration: about 3x10'® cm™, thickness: about
0.5 um) are sequentially formed in this order on the p-GalnP
layer 60.

SUMMARY OF THE INVENTION

[0019] The semiconductor light emitting element of the
present invention includes: a compound semiconductor sub-
strate having a first conductivity type; a light emitting layer;
a compound semiconductor interface layer having a second
conductivity type and not containing Al; and a current
diffusion layer having the second conductivity type and
being made of a compound semiconductor not containing,

Al.

[0020] A current constriction layer having the first con-
ductivity type and being made of a compound semiconduc-
tfor not containing Al may be further provided between the
compound semiconductor interface layer and the current
diffusion layer.
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[0021] A carrier concentration of the current diffusion
layer may increase from a region thereof over the compound
semiconductor interface layer toward a region thereof under
an upper electrode.

[10022] The light emitting layer may have a double het-
erostructure 1n which an AlGalnP or AllnP cladding layer
having the first conductivity type, an AlGalnP or GalnP
active layer, and an AlGalnP or AlInP cladding layer having
the second conductivity type are sequentially formed 1n this
order.

[10023] A semiconductor layer providing a light reflection

function may be further provided between the compound
semiconductor substrate and the light emitting layer.

10024] A band gap adjustment layer having an intermedi-
ate band gap may be further provided between the light
emitting layer and the compound semiconductor interface
layer.

[10025] Abuffer layer may be further provided between the
compound semiconductor substrate and the light emitting
layer.

[0026] The compound semiconductor interface layer, the
current constriction layer, and the current diffusion layer
may be made of a GaP compound material. Preferable, the
compound semiconductor interface layer, the current con-
striction layer, and the current diffusion layer are made of a
GaP compound material of the same composition.

[0027] The current constriction layer may have an opening
portion 1n a center portion of the semiconductor light
emitting element.

[0028] Preferably, a thickness of the compound semicon-
ductor interface layer 1s equal to or smaller than about 3.0

um.

[10029] Preferably, the compound semiconductor interface
layer has a carrier concentration 1 a range from about
2x10 cm™ to about 2x10*® cm™, and the current diffusion
layer has a carrier concentration of about 2x10™® ¢cm™ or

More.

[0030] According to another aspect of the present inven-
tion, the method for fabricating such a semiconductor light
emitting element having the above-mentioned features is
provided. The method includes the steps of: forming the
light emitting layer and the compound semiconductor inter-
face layer containing no Al on the compound semiconductor
substrate; and forming the current diffusion layer over the
compound semiconductor interface layer. A growth process
1s suspended at a predetermined time so that a re-growth
interface 1s located on a surface of the compound semicon-
ductor interface layer.

[0031] Hereinafter, the functions and/or the effects to be
attained by the present invention will be briefly described.

[0032] The present inventors found that the operating
characteristics of the LED 1300 shown i FIG. 9 are still

unsatisfactory. Specifically, the LED 300 has the axial
spread angle of about +2 degrees and a luminescence of
about 24 cd with the operating voltage of about 2.4 V. The
reasons for the above are presumably as follows.

[0033] In the LED 1300, the underlying layer for the
re-growth process 1s the p-GalnP layer 60, while the re-
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orown layer 54 1s the p-Al, -Ga, ;As current diffusion layer
54. These layers 60 and 54 have different Group V elements,
i.e., arsenic (As) in the layer 54 and phosphorus (P) in the
layer 60. As a result, 1t 1s difficult to stoichiometrically match
the layers 54 and 60. Furthermore, the conditions of the
re-growth interface 359 1s still unsatisfactory, resulting 1n a
high-resistance layer. Consequently, the 1njected carriers are
also lost to a large degree.

[0034] The present invention has been made in view of the
above-mentioned findings by the present inventors.

[0035] When the present invention is applied to the semi-
conductor light emitting element of an AlGalnP alloy sys-
tem, the semiconductor light emitting element of the present
invention may include: a compound semiconductor sub-
strate having the first conductivity type (n-GaAs); a buffer
layer (n-GaAs); a light emitting layer (cladding layer/active
layer/cladding layer); a compound semiconductor interface
layer having the second conductivity type and not containing
Al (p-GaP); a current constriction layer having the first
conductivity type and being made of a compound semicon-
ductor not containing Al (nGaP); and a current diffusion
layer having the second conductivity type and being made of
a compound semiconductor not containing Al (p-GaP).

[0036] The growth process is suspended so that the re-
orowth interface 1s located on the surface of the compound
semiconductor interface layer which contains no Al. Thus,
oxygen 1s not absorbed 1nto the re-growth interface.

[0037] In addition, since the layers made of the same GaP
material are formed with the re-growth interface interposed
therebetween, no interface level resulting from a stoichio-
metric difference 1s generated.

[0038] Consequently, the present invention can provide a
semiconductor light emitting element realizing a low resis-
tance and a high luminescence.

[0039] Thus, the invention described herein makes pos-
sible the advantages of (1) providing a semiconductor light
emitting element realizing a low resistance and a high
luminescence 1n which no oxygen i1s absorbed into the
re-growth 1nterface between an underlying layer and a
re-growth layer, preventing interface levels which result
from the stoichiometric difference from being generated,
and (2) providing a method for fabricating such a semicon-
ductor light emitting element.

[0040] These and other advantages of the present inven-
tion will become apparent to those skilled in the art upon
reading and understanding the following detailed descrip-
fion with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

10041] FIGS. 1A and 1B illustrate a semiconductor light
emitting element in a first example of the present invention:

10042] FIG. 1A is a schematic perspective view thereof;
and

10043] FIG. 1B is a schematic cross-sectional view
thereof.

10044] FIG. 2 1s a graph showing the relationship between
the axial luminous intensity and the thickness of the p-GaP
interface layer functioning as an underlying layer prior to the
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re-growth 1n the semiconductor light emitting element in the
first example of the present invention.

10045] FIGS. 3A and 3B illustrate a semiconductor light
emitting element 1n a second example of the present 1nven-
tion:

[0046]

and

FIG. 3A 1s a schematic perspective view thereof;

10047] FIG. 3B is a schematic cross-sectional view
thereof.

10048] FIG. 4 is a graph representing the relationships
between the carrier concentration of the p-GaP interface
layer and the axial luminous intensity of the semiconductor
light emitting element 1n the second example of the present
invention, with the carrier concentration of the p-GaP cur-
rent diffusion layer as parameters.

[10049] FIG. 5 is a schematic cross-sectional view of a
semiconductor light emitting element 1n a third example of
the present invention.

[0050] FIG. 6 is a schematic cross-sectional view of a
semiconductor light emitting element 1n a fourth example of
the present mvention.

10051] FIGS. 7A and 7B illustrate a conventional qua-
druple-alloy light emitting diode for a yellow band:

[0052] FIG. 7A 1s a schematic perspective view thereof;

and

[0053] FIG. 7B is a schematic cross-sectional view
thereof.

10054] FIGS. 8A and 8B illustrate a conventional light

emitting diode for communication:

[0055] FIG. 8A 1s a schematic perspective view thereof;
and

[0056] FKFIG. 8B is a schematic cross-sectional view
thereof taken along line 8B-8B'.

[0057] FIG. 9 is a schematic cross-sectional view of
another conventional light emitting diode for illustrating a
re-growth 1nterface.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

|0058] Hereinafter, embodiments of the present invention

will be described with reference to F1G. 1A through FIG. 6.

EXAMPLE 1
[10059] FIGS. 1A and 1B illustrate a semiconductor light

emitting element 100 in the first example of the present
invention: FIG. 1A 1s a schematic perspective view thereof;
and FI1G. 1B 1s a schematic cross-sectional view thereof.

[0060] As shown in FIG. 1A, an n-GaAs buffer layer 11

(doped with Si, carrier concentration: about 5x10"" cm™,

thickness: about 0.5 um), an n-(Al, ,Ga, ), sIn, <P cladding
layer 12 (doped with Si, carrier concentration: about 5x10"’
cm™, thickness: about 1.5 wum), a non-doped
(Al 5Gag 5)o sIng sP active layer 13 (thickness: about 0.7
um), and a p-(Al, ,Ga, 5), sIng sP cladding layer 14 (doped
with Zn, carrier concentration: about 5x10'” cm™, thick-

ness: about 1.5 um) are sequentially formed in this order on
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an n-GaAs substrate 10 by MOCVD. Next, a p-GaP inter-
face layer 15 not containing Al (doped with Zn, carrier
concentration: about 2x10"® ¢m™ thickness: about 1.5 um)
and an n-GaP current constriction layer 16 (doped with Si,
carrier concentration: about 1x10'® ¢cm™, thickness: about
0.5 um) are formed, and the n-GaP current constriction layer
16 1s subjected to a patterning process. Subsequently, a
p-GaP current diffusion layer 17 (doped with Zn, carrier
concentration: about 2x10"> ¢cm™, thickness: about 5 ym) is
formed on the patterned current constriction layer 16.
Finally, an n-electrode 18 and a p-electrode 19 are formed on
the reverse surface of the substrate 10 and on the top surface
of the grown layered structure, respectively.

[0061] Since the current diffusion layer 17 1s a p-GaP layer
having a high concentration, 1t 1s not necessary to form an
ohmic contact layer. The n-GaP current constriction layer 16
has been etched so as to have a circular opening 1n the center
portion thereof. The electrode 19 on the top surface of the
orown layered structure also has a circular opening in the
center portion thereof, which 1s shaped like a window for the
coress of the emitted light.

[0062] The semiconductor light emitting element 100 in
the first example of the present invention is fabricated 1n the
following manner.

[0063] First, the n-GaAs buffer layer 11 (doped with Si,
carrier concentration: about 5x10'” cm™, thickness: about
0.5 um), the n-(Al, ,Ga, 5), sIng sP cladding layer 12 (doped
with Si, carrier concentration: about 5x10*” cm™, thickness:
about 1.5 um), the non-doped (Al, ;Ga, ), sIn, <P active
layer 13  (thickness:  about 0.7  um), the
p-(Al, -Ga, 1), sIn, <P cladding layer 14 (doped with Zn,
carrier concentration: about 5x10'” cm™, thickness: about
1.5 um), the p-GaP interface layer 15 (doped with Zn, carrier
concentration: about 2x10'® cm™, thickness: about 1.5 um),
and the n-GaP current constriction layer 16 (doped with Si,
carrier concentration: about 1x10'® cm™, thickness: about

0.5 um) are continuously formed on the n-GaAs substrate 10
by MOCVD.

0064] Next, the growth process 1s suspended for a period
of time, and the wafer 1s taken out of the MOCVD apparatus
and then 1s subjected to patterning so that the center portion
of the n-GaP current constriction layer 16 1s etched away 1n
a circular shape by using heated sulfuric acid. After the
waler 1s disposed in the MOCVD apparatus again, the
re-growth process begins with the re-growth interface 20
located on the surface of the interface layer 15, and the
p-GaP current diffusion layer 17 (doped with Zn, carrier
concentration: about 2x10*> cm™, thickness: about 5 um) is
ogrown on the patterned current constriction layer 16. Finally,
the n-electrode 18 and the p-electrode 19 are respectively
formed on the reverse surface of the substrate 10 and on the
top surface of the grown layered structure.

0065] In this example, the underlying layer prior to the
re-growth 1s not a p-AlGalnP cladding layer, as in the
conventional element 1200 shown 1n FIGS. 8A and 8B, but
the p-GaP interface layer 15 not containing Al. Therefore,
the re-growth interface 20 i1s not oxidized. In addition, the
p-GaP layers 15 and 17 made of the same semiconductor
material having the same composition are formed with the
re-growth interface 20 interposed therebetween, and there-
fore, no difference between the stoichiometries thereof is
caused. As a result, the resistance 1S not increased and
substantially no carriers are lost.
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[0066] When the semiconductor light emitting element
100 of this example 1s molded with a resin and the opera-
tional characteristics thercof are measured, satisfactory
results can be obtained: the luminescence thereof 1s about 32
cd (represented by an axial luminous intensity) and the
operating voltage thereof 1s about 2.0 V.

[0067] Generally speaking, the n-GaAs substrate 10 cor-
responds to a compound semiconductor substrate of the first
conductivity type, the n-GaAs buifer layer 11 corresponds to
a buifer layer mterposed between the compound semicon-
ductor substrate of the first conductivity type and a light
emitting layer; a multi-layer structure including the
n-(Al, -Ga, ), sIn, <P cladding layer 12, the non-doped
(Al sGay -)osIn, s P active  layer 13  and  the
p(Al, ,Ga, 3)o sIng sP cladding layer 14 corresponds to the
light emitting layer, the p-GaP interface layer 15 not con-
taining Al corresponds to a compound semiconductor inter-
face layer having the second conductivity type and not
containing Al, the n-GaP current constriction layer 16 cor-
responds to a current constriction layer having the first
conductivity type and not containing Al, and the p-GaP
current diffusion layer 17 corresponds to a current diffusion
layer having the second conductivity type and being made of
a compound semiconductor not containing Al.

[0068] Alternatively, the present invention i1s also appli-
cable to a case where a light emitting layer has a double
heterostructure including: an AlGalnP or AllnP cladding
layer having the first conductivity type; an AlGalnP or
GalnP active layer having the first or the second conductiv-
ity type or having no dopants; and an AlGalnP or AllnP
cladding layer having the second conductivity type 1s used.

[0069] Moreover, the semiconductor light emitting ele-
ment of the present 1nvention 1s not limited to the yellow
band emission. The present invention 1s applicable to red
band emission 1n which an active layer 1s made of GalnP or
(Aly sGag o5) sIng sP (the resulting wavelength is about 655
nm and about 644 nm, respectively), orange band emission
in which an active layer is made of (Al, ,Ga, ¢)o sIng 5P (the
resulting wavelength is about 610 nm), yellow band emis-
sion 1 which an active layer 1s made of
(Al, 15Ga, <<) sIn, P (the resulting wavelength is about
570 nm) and green band emission in which an active layer

is made of (Al 4,sGag 55)0 5Ing 5P (the resulting wavelength
is about 560 nm).

[0070] The composition of the cladding layer is not lim-
ited to (Al, -Ga, 5), sIn, P, but may be Al, In, -P. Further-
more, 1t 1s possible to form a semiconductor light emitting
clement in which the semiconductor substrate of the p-type
conductivity and the conductivity types of the respective
layers are opposite to those described above.

[0071] FIG. 2 shows the relationship between the axial
luminous intensity and the thickness of the p-GaP interface
layer 15 functioning as an underlying layer prior to the
re-growth for the semiconductor light emitting element 100
of the present invention. The thickness of the p-GaP current
diffusion layer 17 is assumed to be constant (at about 5 gm).

[0072] The point in the vicinity of the abscissa of zero
represents that the thickness of the p-GaP interface layer 15
is approximately about 100 A (=0.01 um). The resulting
axial luminous intensities are high (in the range from 31 cd
to 33 cd) with respect to the thicknesses of the p-GaP
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interface layer 15 of about 0.5 um, about 1.0 um, about 1.5
um and about 2.0 um. However, when the thickness of the
p-GaP mterface layer 15 exceeds 2.5 um and then 3.0 um or
more, the axial luminous intensity 1s dramatically decreased.
This 1s presumably because a larger amount of current
components are escaping 1nto the surrounding regions
underlying the upper electrode 19 within the p-GaP interface
layer 15. Thus, the thickness of the p-GaP interface layer 15
1s preferably m the range from about 0.01 u#m to about 3.0

um.
EXAMPLE 2
10073] FIGS. 3A and 3B illustrate a semiconductor light

emitting element 200 1n the second example of the present
invention: F1G. 3A 1s a schematic perspective view thereof;

and FIG. 3B 1s a schematic cross-sectional view thereof.

[0074] The semiconductor light emitting element 200 in
the second example of the present invention shown 1n FIGS.
3A and 3B is different from the semiconductor light emit-
ting element 100 1n the first example of the present invention
shown m FIGS. 1A and 1B m that a
p-(Al, ,Gag g)o 51Ny 5P band gap adjustment layer 21 is
interposed between the p-(Al,-,Gay s ) sIng sP cladding
layer 14 and the p-GaP interface layer 15, and that openings
in the light emitting region of the -current constriction layer
16 and the electrode 19 are formed in a rectangular shape.

[0075] As shown in FIG. 3B, an n-GaAs buffer layer 11
(doped with Si, carrier concentration: about 5x10"" em™>,
thickness: about 0.5 um), an n-(Al, ,Ga, 5), sIng 5P cladding
layer 12 (doped with Si, carrier concentration: about 5x10"’
cm>, thickness: about 1.5 um), a non-doped
(Al Ga, 5)o sIng sP active layer 13 (thickness: about 0.7
um), and a p-(Al, ,Ga, 5), sIng sP cladding layer 14 (doped
with Zn, carrier concentration: about 5x10'" ¢cm™, thick-
ness: about 1.5 um) are sequentially formed in this order on
an n-GaAs substrate 10 by MOCVD. Next, a

p-(Al, ,Ga, )y -sIng 2sP band gap adjustment layer 21
(doped with Zn, carrier concentration: about 1x10™® c¢m™,
thickness: about 0.2 /,tm) a p-GaP layer 15 not containing, Al
(doped with Zn, carrier concentration: about 2x10'® ¢m™>,
thickness: about 1.5 um), and an n-GaP current constriction
layer 16 (doped with Si, carrier concentration: about 1x10*

m>, thickness: about 0.5 um) are formed thereon.

[0076] Next, the growth process is suspended for a period
of time, and the wafer 1s taken out of the MOCVD apparatus
and then 1s subjected to patterning so that the center portion
of the n-GaP current constriction layer 16 1s etched away 1n
a rectangular shape by using heated sulfuric acid. After the
waler 1s disposed 1n the MOCVD apparatus again, the
re-growth process begins with the re-growth interface 20
located on the surface of the interface layer 15, and the
p-GaP current diffusion layer 17 (doped with Zn, carrier
concentration: about 3x10"® ¢cm™), thickness: about 5 yum) is
formed on the patterned current constriction layer 16.
Finally, an n-electrode 18 and a p-electrode 19 are formed on
the reverse surface of the substrate 10 and on the top surface
of the grown layered structure, respectively.

[0077] The n-GaP current constriction layer 16 has been
etched so as to have a rectangular opening through the center
portion thereof. The electrode 19 on the top surface of the
structure also has a rectangular opening 1n the center portion
thereof, which 1s shaped like a window for the egress of the
emitted light.
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[0078] The band gap adjustment layer (i.e., the
p-(Aly ,Gag gy9.75I00 o 5P band gap adjustment layer) 21 has
a band gap intermediate between the band gap of the
underlying cladding layer (i.e., the p-(Al, ,Ga, ), sIn, <P
cladding layer) 14 and the band gap of the interface layer
(i.c., the p-GaP layer) 15, and has a function of reducing the
value of resistance in the mnterface between these layers 14
and 15. Specifically, the band gap of the cladding layer 14
1s about 2.33 ¢V, the band gap of the band gap adjustment
layer 21 1s about 2.55 ¢V and the band gap of the p-GaP
interface layer 15 1s about 2.78 eV,

[0079] When the semiconductor light emitting element of
the present invention shown in FIGS. 3A and 3B 1s molded
with a resin and the operational characteristics thereof are
measured, the luminescence 1s about 34 cd (represented by
an axial luminous intensity) and the operating voltage is

about 1.9 V.

[0080] In addition, the design rule of the band gap adjust-
ment layer 21 can be considered as follows. Specifically, the
energy position of the lower end of the conduction band of
the band gap adjustment layer 21 prior to the junction
formation 1s assumed to be located between the energy
position of the lower end of the conduction band of the
cladding layer 14 prior to the junction formation and the
energy position of the lower end of the conduction band of
the GaP interface layer 15 prior to the junction formation. In
addition, the energy-position of the upper end of the valence
band of the band gap adjustment layer 21 prior to the
junction formation i1s assumed to be located between the
energy position of the upper end of the valence band of the
cladding layer 14 prior to the junction formation and the
energy position of the upper end of the valence band of the
GaP interface layer 15 prior to the junction formation.

[0081] FIG. 4 is a graph representing the relationship
between the carrier concentrations of the p-GaP interface
layer 15 and the axial luminous intensity of the semicon-
ductor light emitting element 200 having the structure
shown 1n FIGS. 3A and 3B with the carrier concentration of
the p-GaP current diffusion layer 17 as parameters.

[0082]

p-GaP current diffusion layer 17 is about 5x10'’ cm
(denoted by W, i.c., by black squares), the carrier concen-
trations of the p-GaP interface layer 15 of about 2x10"’
cm™>, about 5x10'" cm™, about 1x10*® cm™>, about 2x10®
cm™, about 3x10"® cm™ and about 5x10'® cm™ correspond
to the axial luminous intensities of about 10 cd, about 10 cd,
about 7 cd, about 5 cd, about 3 cd and about 2 cd,
respectively. Stmilarly, when the carrier concentration of the
p-GaP current diffusion layer 17 is about 1x10'® c¢m™
(denoted by A, 1.e., by white triangles), the axial luminous
intensities of about 25 cd, about 25 cd, about 20 cd, about
13 cd, about 8 cd and about 2 cd correspond to the above-
mentioned respective carrier concentrations of the p-GaP
interface layer 15. When the carrier concentration of the
p-GaP current diffusion layer 17 is about 2x10'® cm™
(denoted by o, 1.e., by white circles), the axial luminous
intensities of about 33 cd, about 34 cd, about 32 cd, about
30 cd, about 20 c¢d and about 5 c¢d correspond to the
above-mentioned respective carrier concentrations of the
p-GaP iterface layer 15. Furthermore, when the carrier
concentration of the p-GaP current diffusion layer 17 1is
about 5x10'® cm” (denoted by [, i.e., by white squares), the

In FIG. 4, when the carrier concentration of the
~3




US 2001/0016366 Al

axial luminous intensities of about 33 cd, about 35 cd, about
33 cd, about 30 cd, about 21 and about 15 ¢d correspond to
the above-mentioned respective carrier concentrations of the
p-GaP mterface layer 135.

[0083] From the results shown in FIG. 4, it can be seen
that when the carrier concentration of the p-GaP interface
layer 15 (1.e., the compound semiconductor interface layer
having the second conductivity type and not containing Al)
1s low and the carrier concentration of the p-GaP current
diffusion layer 17 (i.e., the current diffusion layer having the
second conductivity type and being made of a compound
semiconductor not containing Al) is high, the resulting
luminous intensity 1s high. Specifically, the appropriate
carrier concentration range of the p-GaP interface layer 15 1s
equal to or lower than about 2x10'® ¢cm™, and the appro-
priate carrier concentration range of the p-GaP current
diffusion layer 17 is equal to or higher than about 2x10"%
cm™>. When the carrier concentration of the p-GaP interface
layer 15 becomes lower than about 2x10"° cm™, the oper-
ating voltage 1s increased. Thus, the lower limit of the
optimum carrier concentration range of the p-GaP interface
layer 15 is presumably about 2x10'° cm™.

EXAMPLE 3

10084] FKIG. 5 is a schematic cross-sectional view of a
semiconductor light emitting element 300 in the third
example of the present invention.

[0085] The semiconductor light emitting element 300 in
the third example of the present mvention shown in FIG. 5
1s different from the semiconductor light emitting element
100 1n the first example of the present invention shown 1n
FIGS. 1A and 1B 1n that the p-GaP current diffusion layer
17 (i.e., the current diffusion layer having the second con-
ductivity type and being made of a compound semiconduc-
tor not containing Al) has a double-layer structure. The
lower part 17a of the p-GaP current diffusion layer 17 is
doped with Zn, and has a carrier concentration of about
1x10 cm™ and a thickness of about 2 um. The upper part
17b of the p-GaP current diffusion layer 17 1s doped with Zn,
and has a carrier concentration of about 3x10™® cm™ and a
thickness of about 3 um.

[0086] As shown in FIG. 5, an n-GaAs buffer layer 11
(doped with Si, carrier concentration: about 510" cm™,
thickness: about 0.5 um), an n-(Al, ,Ga, ), sIng 5P cladding
layer 12 (doped with Si, carrier concentration: about 5x10"’
cm~>, thickness: about 1.5 um), a non-doped (Al ;Ga, -
)o sIn, <P active layer 13 (thickness: about 0.7 ym), and a
p-(Al, -Ga, 3) sIng sP cladding layer 14 (doped with Zn,
carrier concentration: about 5x10'” cm™, thickness: about
1.5 um) are sequentially formed in this order on an n-GaAs
substrate 10 by MOCVD. Next, a p-GaP interface layer 15
not containing Al (doped with Zn, carrier concentration:
about 1x10"® ¢cm™, thickness: about 2 x#m) and an n-GaP
current constriction layer 16 (doped with Si, carrier concen-
tration: about 1x10"® ¢m™, thickness: about 0.5 um) are

formed thereon.

[0087] Next, the growth process is suspended for a period
of time, and the wafer 1s taken out of the MOCVD apparatus
and then 1s subjected to patterning so that the center portion
of the n-GaP current constriction layer 16 1s etched away 1n
a circular shape by using heated sulfuric acid. After the
waler 1s disposed in the MOCVD apparatus again, the
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re-erowth process begins with the re-growth interface 20
located on the surface of the interface layer 15, and the first
p-GaP current diffusion layer 17a (doped with Zn, carrier
concentration: about 1x10'® ¢cm?, thickness: about 2 um) and
a second p-GaP current diffusion layer 17b (doped with Zn,
carrier concentration: about 3x10'® cm™, thickness: about 3
um) are formed as the double-layered p-GaP current diffu-
sion layer 17 over the patterned current constriction layer 16.
Finally, an n-electrode 18 and a p-electrode 19 are formed on
the reverse surface of the substrate 10 and on the top surface
of the grown layered structure, respectively.

|0088] The n-GaP current constriction layer 16 has been
ctched so as to have a circular opening in the center portion
thereof, as shown 1n FIG. 5. The electrode 19 on the top
surface of the structure also has a circular opening in the
center portion thereof, which 1s shaped like a window for the
coress of the emitted light therethrough.

[0089] In this element structure, the boundary between the
GaP interface layer and the GaP current diffusion layer
equivalently corresponds to the boundary between the first
p-GaP current diffusion layer 17a and the second p-GaP
current diffusion layer 17b in view of the carrier concentra-
tions thereof. In other words, the semiconductor light emut-
ting element 300 of the present example has a structure in
which the carrier concentration of the current diffusion layer
17, having the second conductivity type and being made of
a compound semiconductor not containing Al, increases
from the part over the compound semiconductor interface
layer 15 toward the region under the upper electrode 19.

[0090] When the semiconductor light emitting element
300 of the present invention 1s molded with a resin and the
operational characteristics thereof are measured, the result-
ing operational characteristics are also satisfactory: the
luminescence is about 35 cd (represented by an axial lumi-
nous intensity) and the operating voltage is about 1.9 V.

EXAMPLE 4

[0091] FIG. 6 is a schematic cross-sectional view of a
semiconductor light emitting element 400 in the fourth
example of the present 1nvention.

[0092] The semiconductor light emitting element 400 in
the fourth example of the present invention shown 1n FIG.
6 1s different from the semiconductor light emitting element
100 1n the first example of the present invention shown 1n
FIGS. 1A and 1B 1n that a light reflective layer 22, 1n which
10 pairs of n-Al; sIng P layers (doped with Si, carrier
concentration: about 5x10"” cm™, thickness: about 0.5 xm)
and (Al ,Ga, ), sIn, <P layers (doped with Si, carrier con-
centration: about 5x10"” cm™, thickness: about 0.5 um) are
alternately formed, 1s provided between the n-GaAs buffer
layer 11 (doped with Si, carrier concentration: about 5x10"”
cm >, thickness: about 05 um) and the
n-(Al, -Ga, ), sIn, <P cladding layer 12 (doped with Si,
carrier concentration: about 5x10'” cm™, thickness: about

1.5 um).

[0093] When the semiconductor light emitting element
400 of the present mnvention 1s molded with a resin and the
operational characteristics thereof are measured, the result-
ing operational characteristics are also satisfactory: the
luminescence is about 48 cd (represented by an axial lumi-
nous intensity) and the operating voltage is about 1.9 V.
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10094] In FIG. 6, the reference numeral 10 denotes the
n-GaAs substrate, 11 denotes the n-GaAs buifer layer, 12
denotes the n-(Al,D -Gag 3)s 5Ing sP  cladding layer, 13
denotes a non-doped (Al, ,Ga, -), sIn, <P active layer, 14
denotes a p-(Al, ,Gag 5), sIng P cladding layer, 15 denotes
a p-GaP interface layer not contaming Al, 16 denotes an
n-GaP current constriction layer, 17 denotes a p-GaP current
diffusion layer, 18 denotes an n-electrode on the reverse
surface of the substrate 10, 19 denotes a p-electrode on the
top surface of the grown layered structure, 20 denotes a
re-growth 1nterface and 22 denotes the light reflective layer.
The carrier concentrations and the thicknesses of the respec-
five layers, except for the light reflective layer 22, are the
same as those described with reference to FIGS. 1A and 1B.

[0095] The process for fabricating the semiconductor light
emitting element 400 1n this example 1s similar to those used
in the previously-mentioned examples. The explanation
therefor 1s accordingly omitted herein.

[0096] Generally speaking, in this semiconductor light
emitting element 400, a sesmiconductor layer 22 providing a
light reflection function 1s mnterposed between the compound
semiconductor substrate having the first conductivity type
(n-GaAs substrate) 10 and a light emitting layer. The light
emitting layer corresponds to the n-(Al,-,Gag 3)g sIng <P
cladding layer 12, the non-doped (Al, ,Ga, ), sIn, <p active
layer 13 and the p(Al, ,Ga, ), sIng sP cladding layer 14.

[0097] As has been described above, the semiconductor
light emitting element of the present invention includes: a
compound semiconductor substrate having a first conduc-
fivity type; a light emitting layer; a compound semiconduc-
tor interface layer having a second conductivity type and not
containing Al; and a current diffusion layer having the
second conductivity type and being made of a compound
semiconductor not containing Al. By utilizing such a struc-
ture, 1t 1s possible to provide a semiconductor light emitting
clement having a low resistance and a high luminescence
intensity, 1n which oxygen is not absorbed 1nto the re-growth
interface between the compound semiconductor interface
layer and the current diffusion layer, both of which do not
contain Al.

[0098] In the semiconductor light emitting element of the
present mnvention, a current constriction layer, having the
first conductivity type and being made of a compound
semiconductor not containing Al, may be formed between
the compound semiconductor interface layer and the current
diffusion layer. In such a structure, current can be concen-
tfrated mnto a narrow region. As a result, the spot size of the
emitted light can be reduced, and therefore, a semiconductor
light emitting element having an increased luminescence
intensity 1s realized. Consequently, the light concentration
characteristics of the resulting semiconductor light emitting
clement, which has been molded, can be improved and the
axial luminous mtensity thereof can be increased.

[0099] Moreover, in the semiconductor light emitting ele-
ment, the carrier concentration of the current diffusion layer
may 1ncrease from a region thereof over the compound
semiconductor interface layer toward a region thereof under
an upper electrode. In such a structure, the impurities
producing the second conductivity type do not diffuse
through the current diffusion layer and the cladding layer
into the active layer so that the crystallinity of the element
1s not deteriorated, and therefore, the luminescence 1ntensity

of the element 1s not decreased.
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[0100] Furthermore, the light emitting layer in the semi-
conductor light emitting element of the present immvention
may have a double heterostructure 1n which an AlGalnP or
AlInP cladding layer having the first conductivity type, an
AlGalnP or GalnP active layer having the first or the second
conductivity type or having no dopants, and an AlGalnP or
AlInP cladding layer having the second conductivity type
are sequentially formed in this order. The cladding layers
made of AlGalnP or AllnP has a large band gap and 1s likely
to be oxidized so as to generate a non-radiative level.
However, according to the present invention, since the
compound semiconductor interface layer having the second
conductivity type and being made of a compound semicon-
ductor not containing Al 1s formed thercon, a remarkable
oxidization inhibition effect can be attained.

[0101] Furthermore, in the semiconductor light emitting
clement of the present mvention, a semiconductor layer
providing a light reflection function may be interposed
between the compound semiconductor substrate and the
light emitting layer. In such a structure, the light ematted
toward the substrate can be reflected so as to be emitted out
of the semiconductor light emitting element, and therefore,
the luminescence 1ntensity of the element can be increased.

10102] Furthermore, in the semiconductor light emitting
clement of the present invention, a band gap adjustment
layer having an intermediate band gap may be provided
between the light emitting layer and the compound semi-
conductor interface layer. In such a structure, a resistance
between the light emitting layer and the compound semi-
conductor mnterface layer can be reduced, and therefore, the
operating voltage of the element can also be reduced.

[0103] Furthermore, in the semiconductor light emitting
clement of the present invention, a buffer layer may be
provided between the compound semiconductor substrate
and the light emitting layer. In such a structure, the crystal-
linity of the light emitting layer to be grown on the buifer
layer can be improved, and therefore, the luminescence
intensity of the element can be increased.

10104] Furthermore, in the semiconductor light emitting
clement of the present invention, each of the compound
semiconductor interface layer, the current constriction layer,
and the current diffusion layer may be made of the GaP
compound material. Thus, the generauon of an interface
level owing to the difference 1 stoichiometries can be
prevented and substantially no carriers are lost in the inter-
face. As a result, the luminescence intensity of the element
can be 1ncreased.

[0105] Furthermore, in the semiconductor light emitting
clement of the present mvention, the current constriction
layer may have an opening in a center portion of the
semiconductor light emitting element. In such a structure,
current can be concentrated into the center portion, and
therefore, a small and highly concentrated light spot can be
formed 1n the center portion of the element. Thus, a semi-
conductor light emitting element having a high lumines-
cence 1ntensity can be provided. Consequently, the light
concentration characteristics of the molded element are
considerably improved and the axial luminous intensity
thereof can be further increased.

[0106] Furthermore, in the semiconductor light emitting
clement of the present invention, a thickness of the com-
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pound semiconductor interface layer may be equal to or
smaller than 3.0 um. In such a structure, the current com-
ponents diffusing from the center portion of the element
toward the surrounding portions can be reduced in the
compound semiconductor interface layer, and therefore, the
luminescence 1ntensity 1n the center portion of the element
can be further increased.

10107] Furthermore, in the semiconductor light emitting
clement of the present invention, the compound semicon-
ductor interface layer may have a carrier concentration in a
range from about 2x10'° cm™ to about 2x10'® cm™, and the
current diffusion layer may have a carrier concentration of
about 2x10'® cm™ or more. In such a structure, it is possible
to surely prevent impurities which produce the second
conductivity type from diffusing toward the light emitting
layer. The current can be diffused more satisfactorily, result-
ing 1n the 1ncreased luminescence intensity of the element.

[0108] According to the method for fabricating a semi-
conductor light emitting element of the present invention, a
re-growth interface i1s located on the surface of the com-
pound semiconductor interface layer. Thus, the method can
reduce the amount of oxygen absorbed into the re-growth
interface.

[0109] Various other modifications will be apparent to and
can be readily made by those skilled in the art without
departing from the scope and spirit of this invention.
Accordingly, 1t 1s not mtended that the scope of the claims
appended hereto be limited to the description as set forth
herein, but rather that the claims be broadly construed.

What 1s claimed 1is:
1. A semiconductor light emitting element, comprising:

a compound semiconductor substrate having a first con-
ductivity type;

a light emitting layer;

a compound semiconductor interface layer having a sec-
ond conductivity type and not containing Al;

and a current diffusion layer having the second conduc-
fivity type and being made of a compound semicon-
ductor not containing Al.

2. A semiconductor light emitting element according to
claim 1, wherein a current constriction layer having the first
conductivity type and bemng made of a compound semicon-
ductor not containing Al 1s further provided between the
compound semiconductor interface layer and the current
diffusion layer.

3. A semiconductor light emitting element according to
claim 2, wherein a carrier concentration of the current
diffusion layer increases from a region thereof over the
compound semiconductor interface layer toward a region
thereof under an upper electrode.

4. A semiconductor light emitting element according to
claim 2, wheremn the light emitting layer has a double
heterostructure in which an AlGalnP or AllnP cladding layer
having the first conductivity type, an AlGalnP or GalnP
active layer, and an AlGalnP or AllnP cladding layer having
the second conductivity type are sequentially formed 1n this
order.
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5. A semiconductor light emitting element according to
claim 2, wherein a semiconductor layer providing a light
reflection function 1s further provided between the com-
pound semiconductor substrate and the light emitting layer.

6. A semiconductor light emitting element according to
claim 2, wherein a band gap adjustment layer having an
intermediate band gap 1s further provided between the light
emitting layer and the compound semiconductor interface
layer.

7. A semiconductor light emitting element according to
claim 2, wherein a buffer layer 1s further provided between
the compound semiconductor substrate and the light emiut-
ting layer.

8. A semiconductor light emitting element according to
claim 2, wherein the compound semiconductor interface
layer, the current constriction layer, and the current diffusion
layer are made of a GaP compound material.

9. A semiconductor light emitting element according to
claim 8, wherein the compound semiconductor interface
layer, the current constriction layer, and the current diffusion
layer are made of a GaP compound material of the same
composition.

10. A semiconductor light emitting element according to
claim 2, wherein the current constriction layer has an
opening portion 1n a center portion of the semiconductor
light emitting element.

11. A semiconductor light emitting element according to
claim 4, wherein a thickness of the compound semiconduc-
tor interface layer 1s equal to or smaller than about 3.0 um.

12. A semiconductor light emitting element according to
claim 3, wherein the compound semiconductor interface
layer has a carrier concentration 1 a range from about
2x10 cm™ to about 2x10*® cm™>, and the current diffusion
layer has a carrier concentration of about 2x10™® cm™ or
more.

13. A method for fabricating a semiconductor light emit-
ting element, wherein the semiconductor light emitting

element 1ncludes:

a compound semiconductor substrate having a first con-
ductivity type;

a light emitting layer;

a compound semiconductor interface layer having a sec-
ond conductivity type and not containing Al; and

a current diffusion layer having the second conductivity
type and being made of a compound semiconductor not
containing Al,

and the method comprises the steps of:

forming the light emitting layer and the compound
semiconductor interface layer on the compound
semiconductor substrate; and

forming the current diffusion layer over the compound
semiconductor mterface layer,

wherein a growth process 1s suspended at a predetermined
time so that a re-growth 1nterface 1s located on a surface
of the compound semiconductor interface layer.
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