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(57) Abrége/Abstract:

A gain-coupled distributed feedback semiconductor laser achieves high optical output without causing an increase In threshold
current or a decrease In emission efficiency. The gain-coupled distributed feedback semiconductor laser comprises a diffraction
grating at least in a portion of a resonator, and its gain or loss changes periodically. One end of the laser has a reflectivity of less
than 3%, while the other end has a reflectivity of less than 60% but greater than that of the former. The gain-coupled distributed
feedback semiconductor laser Is of absorptive grating type, In which the resonance length is preferably 400 um.
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ABSTRACT

A gain-coupling distributed feedback type semiconductor
laser device realizing a high light output power without causing
an increase in the threshold current or a reduction in the emission
efficiency, specifically a gain-coupling distributed feedback
type semiconductor laser device comprised of a diffraction
grating at least at part of the inslde of a cavity and having a
gain or loss periodically changing, a reflectance of one end
surface (front facet) of the cavity being not more than 3 % and
the reflectance of the other end surface (rear facet) being larger
than the reflectance of that one end surface and not more than
60 %, such a gain-coupling distributed feedback type
semiconductor laser device wherein the length of said cavity is
at least 400 pm, and in particular such a gain-coupling
distributed feedback type semiconductor laser device of an

absorbing diffraction grating type.
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DESCRIPTION

GAIN-COUPLING DISTRIBUTED FEEDBACK TYPE SEMICONDUCTOR
LASER DEVICE

TECHNICAL FIELD

The present invention relates to a gain-coupling distributed
feedback type semiconductor laser device, more particularly
relates to a gain-coupling distributed feedback type
semiconductor laser device which emits light with a high light

output power and enables an increase in the threshold current to

be kept to a minimum.

BACKGROUND ART
A distributed feedback type semiconductor laser device

comprises a predetermined layer structure of semiconductor
materials and a cavity'having’a.predetermined cavity length in
which is formed a diffraction grating for periodically changing
a real or imaginary part of a refractive index and feeding back
only laser light of a specific wavelength so as to give wavelength
selectivity.

A distributed feedback type semiconductor laser device of
a type where only the real part of the refractive index changes
periodically inside the cavity is called a refractive index-
coupling type, while one of the type where both the real part and
imaginary part of the refractive index change periodically is
called a gain-coupling type or a complex-coupling type.

Note that in the present invention, the latter of the above
types, that is, the type where at least the imaginary part of the
refractive index changes periodically, is called a gain-coupling
distributed feedback type semiconductor laser device.

Among these types of distributed feedback type semiconductor
laser devices, the refractive index-coupling type generally

oscillates in two modes near the Bragg wavelength. This is because
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the difference in the threshold gain between the two modes
sandwiching the Bragg wavelength is small. Therefore, this type
of laser device suffers from the problem of a difficulty in
achieving a single mode oscillation operation. The yield in the
single mode becomes lower.

On the other hand, in the case of a gain-coupling distributed
feedback type semiconductor laser device, the difference in the
threshold gain between the two modes at the two sides of the Bragg
wavelength is large, so the yield 1in a single mode becomes high.

Some gain-coupling distributed feedback type semiconductor
laser devices, however, form a diffraction grating inside the
cavity by periodically arranging absorbing layers comprised of
semiconductor materials absorbing the light of the oscillation
wavelength of the device. This type 1s called an absorbing
diffraction grating type.

In an absorbing diffraction grating type of gain-coupling
distributed feedback type semiconductor laser device, by giving
a loss to only one mode among the two modes at the two sides
sandwiching the stop band, the difference in the threshold gain
between the two modes is made larger during operation. Therefore,
it is possible torealize ahigh single mode yield with this device.
In this case, the peaks of the standing wave which the laser light
of the oscillation wavelength forms in the cavity are positioned
away from the periodically arranged absorbing layers. In other
words, the standing wave which the diffraction grating in the

cavity forms has a waveform with peaks avoiding the absorbing

lavyers.

on the other hand, if considering the reflection at the end
surfaces of the cavity, since the end surfaces have free end

reflection, the peaks of the standing wave match with the

positions of the end surfaces of the cavity.
Therefore, if the absorbing layers of the diffraction
grating are positioned in a state not matching with the end

surfaces of the cavity, the valleys of the standing wave formed




10

15

20

25

30

CA 02352059 2001-05-28

by the laser light of the oscillation wavelength in the cavity
and the valleys of the standing wave due to the end-surface
reflection easily match, so this laser device can realize a low
threshold current and a high emission efficiency.

The usual practice however is to form the end surfaces of
the semiconductor laser device by cleavage. Since the positions
of formation of the cleaved facets (cavity end surfaces) are
randomly positioned with respect to the diffraction grating,
however, various relative positions occur such as the position
of the cleaved facets and the position of the absorbing layers
of the diffraction grating matching or not matching. This means
that the standing wave to be formed by the diffraction grating
and the standing wave to be formed by the end-surface reflection
will not necessarily match in all cases.

For example, when the positions of the cleaved facets match
with the positions of the absorbing layers of the diffraction
grating, the peaks and valleys formed by the diffraction grating
become opposite in phase to the peaks and valleys of the standing
wave formed by the end-surface reflection. As a result, the
oscillation mode is affected by the loss due to the absorbing
layers of the diffraction grating and, while single mode
oscillation is achieved, an increase in the threshold current or
a reduction in the emission efficiency ends up being induced.

On the other hand, when considering increasing the 1light
output power of a distributed feedback type semiconductor laser
device, in the past, the method has been adopted of making the
reflectance of the front facet (emission end surface) low and
making the reflectance of the rear facet for example at least a
high 80 % and increasing the ratio of the light output power from
the front facet.

If the above method is applied so as to realize a higher light
output power of a semiconductor laser device of the absorbing
diffraction grating type, however, the following problem arises.
That is, at the high reflectance rear facet, the valleys and peaks
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of the standing wave are emphasized by the end surface reflectance,
so when these do not match the standing wave due to the distributed
feedback, there is the problem that a large increase of the
threshold current and a 1large reduction in the emission efficiency
are caused.

An object of the present invention is to solve the problems
occurring when trying to realize a high light output power from
a gain-coupling distributed feedback type semiconductor laser
device giving a low reflectance to the front facet and a high
reflectance to the rear facet, in particular a gain-coupling
distributed feedback type semiconductor laser device of the
absorbing diffraction grating type, and to provide a gain-
coupling distributed feedback type semiconductor laser device
realizing a high ratio of light output power without causing an

increase in the threshold current or a reduction in the emission

efficiency.

DISCLOSURE OF THE INVENTION

To achieve the above object, according to the present
invention, there is provided a gain-coupling distributed feedback
type semiconductor laser device comprised of a diffraction
grating at least at part of the inside of a cavity and having a
gain or loss periodically changing,

a reflectance of one end surface (front facet) of the cavity
being not more than 3 % and the reflectance of the other end surface

(rear facet) being larger than the reflectance of that one end

surface and not more than 60 %.

In particular, there are provided a gain-coupling
distributed feedback type semiconductor laser device wherein the
reflectance of the other end surface (rear facet) is 30 to 60 %,

a gain-coupling distributed feedback type semiconductor
laser device wherein said one end surface (front facet) and said

other end surface (rear facet) are formed with at least one type

of £film selected from the group of SiO,, SiNy (0=x=1.4), 0-
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Si, and Al,0j5,

a gain-coupling distributed feedback type semiconductor
laser device wherein the length of said cavity is at least 400
nm, and

a gain-coupling distributed feedback type semiconductor
laser device wherein said diffraction grating is an absorbing

diffraction grating comprised of a semiconductor material

absorbing oscillation wavelength light.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a partially cutaway perspective view of an example
of a layer structure of a semiconductor device of the present

invention.

FIG. 2 is a sectional view along the line II-II of FIG. 1.

BEST MODE FOR WORKING THE INVENTION

In a laser device produced by cleaving the layer structure
of a semiconductor material, the reflectance of the cleaved facets
is normally about 30 %. The laser device of the present invention
is a gain-coupling distributed feedback type semiconductor laser
device designed to control the reflectance at the cleaved facets
to a suitable value by forming a £film of a material explained later
on the cleaved facets and to thereby obtain a high light output
power without causing an increase in the threshold current.

In particular, it is a laser device suitably setting the
reflectance at the rear facet side to obtain the above effect even
when the resistance of the device as a whole is made small and
the cavity length for obtain a high light output power is made
at least 400 um.

In this case, if an absorbing diffraction grating is formed
as a diffraction grating in the cavity, there is the advantage
that a high single mode performance can be obtained even with a
high 1light output power. Therefore, in the present invention, an
absorbing diffraction grating type of a gain-coupling distributed
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feedback type semiconductor laser device 1s preferable.

Next, a laser device of the present invention will be
explained with reference to the drawings.

FIG. 1 is a partially cutaway perspective view of an example
of the layer structure of a laser device according to the present
invention, while FIG. 2 is a sectional view along the line 1I-1I1I
of FIG. 1.

The laser device has a cavity length L and a layer structure
of a substrate 1 comprised of for example n-InP, a buffer layer
2 comprised of n-InP formed on it, a lower optical confinement
layer 3 comprised of for example i-GaInAsP, a multiquantum well
structure comprised of a GalnAs well layer and a GalInAsP barriler
layer, and an upper optical confinement layer 5 comprised of for
example 1-GaInAsP successively formed on it, and further a spacer
layer 6 comprised of for example p-InP and an upper cladding layer
7 comprised of for example p-InP and contact layer 8 comprised
of for example p-GaInAsP formed on the upper optical confinement
layer 5, with the sides of the overall assembly buried by a burying
layer 9 comprised of a layer 9a comprised of for example p-InP
and a layer 9b comprised of for example n-InP.

Note that a lower electrode (not shown) is formed on the back
surface of the substrate 1 by deposition of for example AuGeNil.
An upper electrode (not shown) is formed on the contact layer 8
by deposition of for example Ti/Pt/Au, and reflection layers (not
shown) are formed on the two end surfaces of the cavity.

In the layer structure, a diffraction grating 10 is formed
as the light absorbing layer in the upper cladding layer 7. The
diffraction grating 10 is formed as follows:

First, when forming the layer structure shown in FIG. 2, a
spacer layer 6 is formed on the upper optical confinement layer
5, then a semiconductor material is deposited on this to form a
layer of a predetermined thickness for use for the diffraction
grating. The semiconductor material used at thls time may be any

material so long as it absorbs 1light of the oscillation wavelength
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of the laser device, but for example p-InGaAs may be mentioned.

Next, a resist pattern of the diffraction grating is formed
on the surface of this layer, then the layer is etched to the
pattern of the diffraction grating having a predetermined
periodicity in the longitudinal direction of the cavity. At this
time, it is preferable to form the diffraction grating pattern
using an electron beam lithography system from the viewpoint of
suitability for forming any diffraction grating pattern.

Next, an upper cladding layer 7 is formed on top of this to
bury the diffraction grating 10.

In a laser device of the present invention having such a layer
structure, a for example SiN, (0=x=1.4) layer is formed on the
front facet S1 to set the reflectance to not more than 3 ¥. Further,
a for example SiN, (0=x=1.4) layer and ¢-Si layer are alternately
stacked on the rear facet S2 to set the reflectance to not more
than 60 %.

If the reflectance of the front facet S1 is made larger than
3 %, the light output power from the front facet falls. If the
reflectance of the rear facet S2 is made larger than 60 %, as
explained above, the standing wave due to the end-surface
reflection at the rear facet and the standing wave due to the
distributed feedback of the diffraction grating will interfere
with each other and, as a result, there will start to be a
remarkable increase in threshold current and decline in emission

efficiency. The reflectance at the rear facet S2 is preferably

30 to 60 %.
Note that the combination of the f£film materials at the end

surfaces is not limited to the above embodiment. As the £film, one

or more £ilms selected from the group of SiO,, SiNg (0=x=1.4),
¢-Si, and Al,03 may be formed. In this case, the film-forming

method is preferably plasma CVD, ECR sputtering, or EB

evaporation.

Further, in the laser device of the present invention, the

cavity length (L) is preferably set to become at least 400 pm.
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If the cavity length (L) is made shorter than 400 pm, the emission
efficiency becomes higher, but the resistance heat buildup
becomes greater and as a result thermal saturation of the light
output power at the active layer 4 may occur at a low drive current.

Examples

An absorbing diffraction grating type of a gain-coupling
distributed feedback type semiconductor laser device have the
structure shown in FIG. 1 and FIG. 2 was constructed as follows
targeting an oscillation wavelength of about 1550 nm.

MOCVD is used to successively form on an n-InP substrate 1
a buffer layer 2 of a thickness of 1 pm comprised of n-InP, a lower
optical confinement layer 3 of a thickness of 100 nm comprised
of 1-Gag 53Ing 77Asg 42Pp.58. an active layer 4 of a quantum well
structure formed by a quantum layer comprised of GalnAs and a
barrier layer comprised of GaInAsP, and an upper optical

confinement layer 5 of a thickness of 100 nm comprised of 1i-

Gag,h231Ing, 77AsSp, 42F0.58-
Next, on this upper optical confinement layer 5, p-InP 1is

stacked to a thickness of 100 nm to form a spacer layer 6, then
on this a layer of a thickness of 30 nm comprised of p-InGaAs is
formed at a growth temperature of 600°C. This is the layer for
conversion to a diffraction grating.

An electron beam resist is coated on this p-InGaAs layer to
a thickness of about 100 nm, then an electron beam lithography
system is applied to form a resist diffraction grating pattern

at a period of about 240 nm.

Next, using this plan pattern as a mask, etching is performed
to adepth of 50 nmusing a bromine-based etchant not having etching
selectivity to the above p-1InP layer and p-InGaAs layer to thereby

formadiffraction grating of a period of 240 nm comprised of InGaAs

and including part of the p-InP.

The resist on the surface is then removed, then p-InP 1s
regrown on the top to bury the diffraction grating and flatten

the overall surface. Note that the growth temperature at this time
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is set to 520°C to prevent deformation of the diffraction grating

formed.

Next, the entire flattened surface is covered by an SijNy4
film formed by plasma CVD, then photolithography and RIE (reactive
ion etching) are applied to form mesa stripes of a width of about
1.5 mm extending in the longitudinal direction of the cavity to
be formed using this Si3N, film as a mask.

Next, a p-InP layer 9a and n-InP layer 9b are successively
selectively grown at the two sides of the mesa stripes to form
the burying layer 9.

The Si3N,4 film is removed, then p-InP is formed on the overall
surface to form an upper cladding layer 7, then a contact layer
8 comprised of p-GalInAs is formed on this.

The back surface of the substrate 1 is polished to reduce
the overall thickness to about 120 pm, then a lower electrode
comprised of AuGeNi is formed on the polished surface and an upper
electrode comprised of Ti/Pt/Au is formed on the contact layer
8.

The obtained substrate is then cleaved. At this time, the
cavity length (L) was changed as shown in Table 1. Further, o-Si
and/or SiN, (0=x=1.4) was coated on the cleaved facets to change
the reflectances of the front facet S1 and the rear facet S2.

The resultant laser devices were bonded to ordinary can
package type stems and the various laser characteristics were
investigated. The results are shown in Table 1. The figures in

the table are mean values of about 50 laser devices.
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From Table 1, the following becomes clear.

(1) As clear from a comparison of device A (comparative
example) and device B, if the front facet S1 is given a
nonreflecting coating to make the reflectance 1 %, the efficiency
of extraction of light from the front facet increases as much as
seven-fold.

(4) As clear from a comparison of device B, device C, and
device D, if the reflectance of the rear facet S2 is raised from
30 $ to 60 % in the state holding the reflectance of the front
facet S1 at 1 &%, the threshold current increases somewhat, but
a high light output power can be obtained from the front facet.
If however the reflectance of the rear facet S2 is made more than
70 $ as with the device E, device F, and device G, the ratio of
light output power becomes higher, but the threshold current
increases widely and the yield in the single mode oscillation
falls.

Further, the maximum light output power does not become
SO large..From this, it is learned that the reflectance of the
rear facet S2 should be set to not more than 60 ¥ to obtain a large
ratio of light output power.

(3) As clear from a comparison of the group of device B to
device G and the group of the device H to device M, even if the
cavity length is made long, a ratio of light output power as large
as when it is short cannot be obtained. If the cavity length becomes
long, however, the resistance of the device becomes smaller, so
the maximum light output power 1increases.

(4) If comparing the device E, device F, device G, device
K, device L, and device M taking note of the increase of the
threshold current when the reflectance of the rear facet is made
large, the rate of increase of the threshold current becomes
larger than when the cavity length is made large compared with

when made short and the ratio of the light output power becomes

smaller.

From this, when the cavity length is short, 1f the

. il b AOAS cand ¢ debvben s o shivhieiresnh b safirual e slebded ¢ b,




10

15

20

CA 02352059 2001-05-28

12

reflectance of the front facet is made about 1 ¥ and the reflectance
of the rear facet is enlarged to 60 %, while the threshold current
increases somewhat, a large ratio of light output power can be
obtained.

Even if the reflectance of the rear facet is made larger than
60 ¥, however, the maximum light output power does not increase
that much and conversely the threshold current increases or a
reduction in the yield in the single mode ends up occurring.

Further, when the cavity length is long, if the reflectance
of the rear facet is increased, not only does the rate of increase
of the threshold current rise, but also that ratio of 1light output
power does not become that large. Therefore, when desiring to
further increase the maximum light output power, increasing the

cavity length is considered to be an effective measure.

CAPABILITY OF UTILIZATION IN INDUSTRY

As clear from the above explanation, the gain-coupling
distributed feedback type semiconductor laser device of the
present invention has suitable values for the reflectances of the
front facet and the rear facet, so a high light output power from
the front facets becomes possible and it is possible to control
to a minimum the increase of the threshold current, the reduction

of the emission efficiency., and the reduction of the yield in the

single mode.
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CLAIMS

1. A gain-coupling distributed feedback type

semiconductor laser device comprised of a diffraction grating at
least at part of the inside of a cavity and having a gain or loss
periodically changing,

a reflectance of one end surface of the cavity being
not more than 3 % and the reflectance of the other end surface
being larger than the reflectance of that one end surface and not
more than 60 %.

2. A gain-coupling distributed feedback type
semiconductor laser device as set forth in claim 1, wherein the
reflectance of said other end surface is 30 to 60 %.

3. A gain-coupling distributed feedback type
semiconductor laser device as set forth in claim 1 or 2, wherein
said one end surface and said other end surface are formed with
at least one type of film selected from the group of Si0O,, SiNg
(0=x=1.4), a-Si, and Al,03.

4. A gain-coupling distributed feedback type
semiconductor laser device as set forth in any one of claims 1
to 3, wherein the length of said cavity is at least 400 pm.

5. A gain-coupling distributed feedback type
semiconductor laser device as set forth in any one of claims 1
to 4, wherein said diffraction grating is an absorbing diffraction

grating comprised of a semiconductor material absorbing

oscillation wavelength 1light.
6. A gain-coupling distributed feedback type

semiconductor laser device as set forth in claim 3, wherein saild

film is formed by any of a method of plasma CVD, ECR sputtering,

and EB evaporation.
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