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(54) Method of and photonic device for eliminating or substantially reducing sensitivity to 
polarization of an injected optical signal and method of manufacturing such photonic device. �

(57) An photonic device, comprising one section of
a material which is different from the material of another
section such that the two sections present different opti-
cal birefringent index values. This causes a first set of
polarization modes to move in a spectral space with a
different velocity than a second set of polarization modes.
A bias current, or voltage, is used for controlling the over-

all birefringence effect in the device. The biasing for con-
trolling the birefringence effect is performed such the TE
modes and the TM modes of the device are made to
coincide in their respective spectral position. Thus the
device is made insensitive, or presents substantially re-
duced sensitivity, to the polarization of any incoming op-
tical signal.
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Description

�[0001] The present invention relates to photonic de-
vices such as, but not limited to, injection-�locked laser
diodes, optical filters, interferometers and the like.

BACKGROUND OF THE INVENTION

�[0002] Photonic devices are widely used in optical
transmission and optical networks. Certain photonic de-
vices operate by being locked to an injected optical signal
in order to select one wavelength and/or to ensure sta-
bility such as for example providing a constant output
frequency. In such conditions, the photonic device may
exhibit one or two sets of polarization modes in its trans-
mission or reflection spectra, corresponding to trans-
verse electric (TE) mode and/or transverse magnetic
(TM) mode. Therefore, the injection-�locking of these de-
vices depends on the state of the polarization of the in-
coming optical signal, even when the devices exhibit two
polarization modes in their spectra.
�[0003] One example of such devices are the injection-
locked laser diodes which are being increasingly used in
fiber to the home (FTTH) access network as an ONU
(Optical Network Unit). These laser diodes typically op-
erate on transverse electrical (TE) mode.

DESCRIPTION OF THE INVENTION

�[0004] It is to be noted that throughout this description,
any reference to insenstivity to polarization, such as the
terms "polarization insensitive" is understood to encom-
pass either complete insensitivity or negligible sensitivity
to polarization. As it is clearly understandable by a person
skilled in the related art, real devices may not achieve
the status of complete, or absolute, insensitivity to polar-
ization as they may not operate under ideal conditions,
thus some level of sensitivity may always exist although
such level may be substantially low such that in practice
it may be considered as negligible. Therefore, a level of
sensitivity which is considered negligible for practical pur-
poses, is also to be understood as being encompassed
within the scope of the terminology used n this description
for insensitivity and therefore within the scope of the
present invention. Such negligible levels of sensitivity
may be defined by a skilled person depending on the
photonic device in use. For example, in cas of an injec-
tion-�locked laser diode, it may be conventionally defined
that polarization insensitivity (PI) is attained when the
second mode suppression rate (SMSR) varies less than
1dB in the injection-�locked laser emission spectrum when
the polarization of the injection-�locking signal is varied
from 0° to 180° from its initial polarization.
�[0005] Considering the example of a known photonic
device, such as for example a Fabry- �Perot laser diode
(FPLO), in order for such device to become polarization
insensitive, an ASE from high output power fiber ampli-
fiers, typically as high as 30dBm, is usually needed in

order to injection-�lock the FPLD in the ONU. ASE typically
contains TE components, which lock the photonic device.
However, the ASE sources are usually very large in spec-
trum, therefore they have to be filtered by using typically
an AWG (Arrayed Waveguide Grating) which acts as a
multiplexer. Therefore, only a fraction of the initial 30dBm
power is transmitted to the dedicated ONU, this fraction
of power is centered at one of the (typically ITU- �compli-
ant) grid channels and the ONU is required to be locked
to that (ITU-. compliant) frequency (or equivalently its
wavelength).
�[0006] Injection-�locking occurs only when high power
EDFA is used in order to compensate for losses in de-
multiplexing. The following is a brief example to explain
this requirement in further detail
�[0007] Assuming a commercially available AWG with
40 channels is used, corresponding to 400NUs to be ad-
dressed, spaced at 100GHz, with a 12.5GHz bandwidth
and 5dB insertion loss per channel, the sliced power from
a 30dBm EDFA is less than 0dBm, after filtering. This
amount of power (0dBm) has to undergo propagation in
fiber and connection losses before reaching the ONU. A
power budget of -8dBm is typically available for 40km
short reach access systems, and the budget drops to
-16dBm for 80km reach.
�[0008] Another problem is that, a propagation system
which is required to transport 30dBm optical power be-
fore the demultiplexing node may become highly hazard-
ous for human eye security. In order to avoid such haz-
ards, this portion of fiber system is typically made of class
A graded fiber system, which implies to use relatively
expensive hardware, and to apply heavier maintenance
norms.
�[0009] In contrast, by using a coherent optical source
such as a laser diode in ead of a sliced white source
(EDFA followed by an AWG), a 5dBm coherent optical
power emitted at the central office will still have 0dBm
power budget aft being selected by the AWG. Even if 40
of such coherent sources are accumulated, the total
amount of power is only 21dBm compared to the 30dBm
in the case of incoherent sources. This causes a saving
of about 9dB power budget which can bring the level of
security required for the propagation system from grade
A to grade B which is less expensive, thus giving rise to
capital expenditure savings for the operator, or for any
access provider in general.
�[0010] However, one of the drawback associated to
the coherent injection sc eme is that the photonic com-
ponent in the ONU becomes highly polarization sensitive.
�[0011] Bulk materials are available which are opti-
mized for PI semiconductor optical amplifiers. However,
a Pt optical gain in the known devices is not sufficient to
achieve Pi injection-�locking, because of the effect of op-
tical birefringence produced by the semiconductor ma-
terial. This effect causes the transverse electrical (TE)
mode optical index to be different from the transverse
magnetic (TM) optical index. As a consequence, the TE
mode spectral positions are usually different from those
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of the TM modes. As a result of such difference in the
respective optical indices of the two modes, the optical
emission spectra from the photonic devices present, in
general, two spectral combs which are not superposed,
thus causing sensitivity to polarization.
�[0012] Embodiments of the invention relate an injec-
tion-�locked photonic device, comprising at least two sec-
tions, one of said at least two sections being of a different
material than the material of the other one of said at least
two sections such that said at least two sections present
different optical birefringent index values, thereby in re-
sponse to an injected optical signal causing a firs set of
polarization modes to move in a spectral space with a
different velocity than a second set of polarization modes.
�[0013] In some specific embodiments of the invention
the photonic device ma be an FPLD or a an optical filter,
or an interferometer. Such device may comprise at least
two sections comprise one section comprising an opti-
mized PI- �gain material, and another section comprising
a birefringence optimized passive material so that a total
birefringence generated in the laser cavity is reduced to
null, or is reduced substantially. In this manner a TE mode
of the optical signal is made to coincide with TM mode
thus allowing to achieve a polarization insensitive IL-�LD
suitable for access applications.
�[0014] In some embodiments there is provided a meth-
od of manufacturing an injection-�locked photonic device,
comprising the steps of growing at least oie first section
and at least one second section wherein the material of
the at least one first section is different from the material
of the at least one second section such that said first and
second sections present different optical birefringent in-
dex values, �’ thereby in response to an injected optical
signal causing a firs set of polarization modes to move
in a spectral space with a different velocity than a second
set of polarization modes.
�[0015] In some specific embodiments of the invention
where the photonic device is an FPLD or a an optical
filter, or an interferometer, the method may comp se the
steps of growing an optimized Pi-�gain material in the first
section, and gr wing a birefringence optimized passive
material in the second section so that a total birefringence
generated in the laser cavity is reduced to null, or is re-
duced substantially.
�[0016] In some embodiments of the invention there is
provided a method of reducing sensitivity to polarization
in an injection-�locked photonic device, comprising at
least two sections, one of said at least two sections being
of a different material than the material of the other one
of said at least two sections such that said at least two
sections present different optical birefringent index val-
ues, thereby in response to an injected optical signal
causing a first set of polarization modes to move in a
spectral space with a different velocity than a second set
of polarization modes, the method comprising the steps
of biasing the first section with an electrical current for
obtaining an optical gain and biasing the second section
with a current or a voltage for controlling a birefringence

effect wherein said biasing of current or voltage for con-
trolling the birefringence effect is made such that TE
modes and TM modes in the device are made to coincide
in their respective spectral position.
�[0017] These and further features and advantages of
the present invention are described in more detail in the
following description as well as in the claims with the aid
of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0018]

Figure 1 is a schematic exemplary representation of
an optical spectra comb with TE modes and TM
modes generated by a conventional FPLD with a PI
gain.
Figure 2 is a simplified schematic cross-�section rep-
resentation of an FPLD according to some embodi-
ments of the invention.
Figure 3 is a schematic exemplary representation of
layers of a structure of an active section with polar-
ization insensitive gain material according to some
embodiments of the invention.
Figure 4 is a schematic exemplary representation of
layers of a structure of a passive section with bire-
fringence passive material according to some em-
bodiments of the invention.
Figure 5 is a schematic exemplary representation of
an optical spectra comb with TE modes and TM
modes generated in an FPLD which implements em-
bodiments of the present invention.

EXAMPLES OF PREFERRED EMBODIMENTS

�[0019] In the following example of embodiment, refer-
ence is made to FPLDs. However, it is to be noted that
the invention is not limited to such embodiment and other
photonic devices such as optical filters and interferom-
eters are also to be considered to be within the scope of
protection of the invention as claimed herein.
�[0020] As already discussed above in relation to con-
ventional FPLDs, due to the effect of optical birefringence
produced by the semiconductor material, the transverse
electrical (TE) mode optical index is different from the
transverse magnetic (TM) mode optical index and thus
the TE mode spectral positions are usually different from
those of the TM modes which causes the optical emission
spectra from FPLDs to present, in general, two sets of
polarization modes (TE and TM) which in most cases are
not superposed.
�[0021] In a common photonic waveguide, as known by
those skilled in the art, there exist two transverse eigen
modes for any electro- �magnetic fields (EMF) which are
allowed to propagate through it. The polarization state of
the EMF in the waveguide is either TE or TM, and these
two eigen states are orthogonal. The transmission, re-
flection or laser emission spectra showing TE modes,
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TM modes or both of them are due to the total structure
of the waveguide inside the cavity (filter, interferometer
or FP laser), be it made of one, two or many more sec-
tions, provided that any sub-�cavity is suppressed by care-
ful engineering (elimination of parasitic internal reflec-
tions on the interfaces of the different sections).
�[0022] In the case where the device allows both TE
and TM modes, if one set of polarization modes corre-
sponds to TE (or TM) modes, then the second one will
correspond to the orthogonal TM (or TE) modes. Any
polarized signal (injection locking signal in case of FP IL-
LD, signal to be filtered in case of fitter, and signal to be
analyzed in case of an interferometer) being input into
the device can be geometrically projected onto bath ei-
gen modes (TE & TM) at a given wavelength: that is why
the eigen modes of the said photonic device (IL-�LO, filter
or interferometer) have to be at the same spectral position
(the TE and TM modes have to coincide on the emission,
reflection or transmission spectra).
�[0023] This effect is schematically shown in figure 1
which represents an optical spectrum from a convention-
al FPLD where the active layer gain is PI- �optimized how-
ever the bireferingent index dispersion is not optimized.
In the figure the X-�axis represents wavelength and the
Y-�axis represents the optical power The X and Y axes
are not marked with units because this figure is intended
to be a mere schematic representation of the spectral
combs of the TE and the TM modes for a simplified un-
derstanding of the difference in their respective spectral
positions. The TE mode comb is represented by solid
lines and the TM mode comb is represented by broken
lines. As it can be clearly seen in the figure, the TE and
the TM combs are separated from each other by about
a half of a free spectral range (FSR). It is therefore this
separation in their spectral positions that causes polari-
zation sensitivity. Also as it is schematically represented
in figure 1, the TE modes have higher levels of optical
power as compared to the TM combs which is mainly
due to the fact that the effective gain in the laser cavity
remains polarization dependent in general cases.
�[0024] Figure 2 is a simplified schematic partial cross-
section of an FPLD 1 according to some embodiments
of the invention. On the substrate part 2, which is of any
convenient material such as n doped InP substrate, a
structure 3 of an optimized PI gain material is grown. This
structure 3 will be described in further detail in relation
to figure 3. The growth process of the structure 3 on the
substrate 2 may be performed using conventional meth-
ods such as MOVPE (Metalorganic vapor phase epitaxy)
growth or MBE (Molecular Beam Epitaxy) growth. The
PI gain structure 3 is preferably bulk tensile strained
thereby allowing to achieve PI gain over a wide spectral
range (in fact with the right amount of strain, a material
can be made PI gain (i.e. the TE gain having the same
value as the TM gain). The growth process of the material
is preferably performed over the entire surface of the sub-
strate 2.
�[0025] Next, the grown PI gain structure 3 is partially

etched in predetermined regions thereof so as to partially
remove the PI gain material. Said predetermined etched
regions, i.e. free of PI gain material, are used for growing
a structure of an optimized birefringence passive material
4 (for simplicity hereinafter referred to "passive materi-
al"). The etched region is schematically shown in figure
2 by the dotted area identified by reference numeral 5.
�[0026] The passive material structure 4 may be grown
on the etched regions of the substrate 2 using conven-
tional methods such as MOVPE (Metalorgani vapor
phase epitaxy) or MBE re-�growth using an example of
stacked layers as will be described in further detail in
relation to figure 4.
�[0027] In this manner, the FPLD is provided with an
active section comprising the polarizatian- �insensitive
gain material 3 and a passive section comprising the bi-
refringence passive material 4. In this example, the active
section and the passive section are positioned adjacent
to each other, however other dispositions are also pos-
sible.
�[0028] The resulting structure is then completed with
subsequent steps required for completing the device,
such as a further step of growth of a layer 6 of p doped
InP so that the etched trenches are flatly filled, a contact
layer of highly doped InGaAs and InGaAsP contact layers
covering the whole structure. In practice, a common con-
tact layer covering both sections is grown, which is made
of InGaAs and InGaAsP highly doped contact layers,
however, these are included in layer 6 in the drawing of
figure 2 for simplicity. The inter-�electrode zone of this
contact layer is etched away and ions are implanted
therein so as to provide efficient electrical isolation be-
tween electrodes. Electrical contact layers, or electrodes,
7, 8 and 9, are provided where one electrical contact
layer 7 is located over the passive section corresponding
to the birefringence passive material 4 and another elec-
trical contact layer 8 is located over the active section
corresponding to the polarization-�insensitive gain mate-
rial 3. The third contact layer 9, is used for common
ground connection. In this manner, the contact layer 8
may be connected to a current source 10 in order to pro-
vide a bias current for the active section, and contact
layer 7 may be connected to a current source 11 in order
to provide a bias current for the passive section.
�[0029] With two separated bias currents which may be
different from each other and independently controlled,
the active section may be biased with appropriate current
so as to provide a desirable optical gain, and the passive
regions may be biased with a respective appropriate cur-
rent in order to control the birefringence effect in the de-
vice and thereby cancel, or substantially reduce the dif-
ference between the TE mode index and the TM mode
index, thus making the two modes coincide as much as
possible.
�[0030] Figure 3 shows in further detail an exemplary
structure of the PI gain material 3. Said structure is pref-
erably bulk tensile strained, which allows for achieving
PI gain over a relatively wide spectral range, typically in
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the C band (1530nm-�1565nm).
�[0031] As seen in the example of figure 3, the structure
of the PI gain material 3 may comprise a buffer layer 31
typically made of InP material; a layer 32 typically made
of InGaAsP 1.17 separate confinement hetero (SCH) lay-
er optical confinement layer) with a thickness in the range
of, but not limited to 200nm; a layer 33 of active gain
material typically made of InGaAsP 1.55 bulk with - 0.14%
strain with a thickness in the range of, but not limited to
120nm; a second SCH layer 34 typically made of strained
InGaAsP 1.17 with a thickness in the range of, but not
limited to 200nm; and a top layer 35 of InP with a thick-
ness in the range of, but not limited to 200nm. The given
layer thicknesses are preferred values because they pro-
vide effective PI gain when 1Pm wide waveguides are
used, the gain dichroism may be corrected by the
waveguide structure dichroism, a dichroism being polar-
ization sensitivity in gain, loss or transmittance in a given
material.
�[0032] Figure 4 shows in further detail an exemplary
structure of the passive material 4. This material is pref-
erably made of a compressively strained bulk structure,
which allows to achieve large birefringence.
�[0033] As shown in the example of figure 4, the passive
material may be a stacked structure with an adjusting
layer 41 made of InP: �Be (with Be dopant concentration
of 1x1018 cm-3); an InGaAsP 1.45 bulk layer 42 (with a
strain of +0.1% in lattice mismatching with a thickness of
about but not limited to 420nm; and a top layer 43 of InP:
Si (Si dopant concentration of 1x1018 cm-3 with a thick-
ness of about but not limited to 250nm.
�[0034] As mentioned above, the current biased into
this passive section allows for adjusting the birefrin-
gence, so that TE and TM modes coincide.
�[0035] This effect is schematically shown in figure 5.
In this figure, in similar fashion as in figure 1, an optical
spectrum is represented from an FPLD in terms of optical
power as a function of wavelength (without marking units
on the X and axes).
�[0036] However, in figure 5 an optical spectrum is
schematically represented from an FPLD that has an op-
timized active layer and an optimized passive layer ac-
cording to the embodiments of the present invention. As
the TE mode comb and the TM mode comb coincide in
their position on the graph, they are shown by dotted
lines where each dotted line is to be understood to com-
prise a TE mode comb and a TM mode comb superposed
on each other. The superposition may be obtained by
fine tuning of the bias current of the birefringent passive
section. Therefore, as a consequence of such superpo-
sition of the TE and TM combs, the FPLD becomes in-
sensitive to the polarization of the injection locking optical
signal.
�[0037] Indeed the birefringence of the passive section
can be used to compensate for the relative TE/TM mode
positions of whole structure. However, such a compen-
sation effect may in occasions be limited in the spectral
range and temperature range, In case such limitation oc-

curs, a look-�up table may be measured and provided for
the user for fine tuning of the device during its operation.
Such a look-�up table may contain a correspondence be-
tween the bias conditions (e.g. bias currents of the active
section and that of the passive section IP) and the using
conditions (e.g. temperature of the device and the actual
locking wavelength).
�[0038] Furthermore, in practice it may occur that the
modulation of the PI gain section to code the uploading
signal causes an index variation which may in turn cause
a shift in the locking range of the modulated FPLD. As a
result, the ONU may become unlocked from the locking
signal, thus diminishing the locking margin of the sub-
system (e.g. the IL- �LD module integrated on an electronic
card). This problem can be overcome by provisioning a
third modulation section on the IL-�LD device, which is
devoted to modulation, and has a volume small enough
to minimize carrier variation during modulation. Another
solution may be that of providing an active material with
a minimized phase- �amplitude factor (αH), namely a factor
value for αH less than 2 so as to introduce minimal index
variation during amplitude modulation. Still another so-
lution may be that of using an off-�cavity saturable absorb-
er which can enhance the dynamic extinction ratio of the
modulated signal, by absorbing optical power under its
saturation power, and by letting the whole signal pass
through when incoming optical power is higher than the
saturation power, thus diminishing the need for large car-
rier density modulation inside the laser cavity.
�[0039] It is to be noted that the gain material in the
active section may also present a birefringent index val-
ue. However, by adjusting the bias current or voltage of
the passive section, having a different birefringent index
value, it becomes possible to compensate the overall
TE/TM modes index difference of the whole structure.

Claims

1. An injection-�locked photonic device, comprising at
least two sections, one of said at least two sections
being of a different material than the material of the
other one of said at least two sections such that said
at least two sections present different optical bire-
fringent index values, thereby in response to an in-
jected optical signal causing a first set of polarization
modes to move in a spectral space with a different
velocity than a second set of polarization modes.

2. The photonic device of claim 1, being a laser diode
or an optical filter, or an interferometer.

3. The laser diode of claim 2 wherein the at least two
sections comprise one section of an optimized PI-
gain material, and another section of a birefringence
optimized passive material so that in response to an
injected optical signal a total birefringence generated
in the laser cavity is reduced to null, or is reduced
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substantially.

4. The laser diode of claim 3, wherein the active section
is made of bulk tensile strained material.

5. The laser diode of claim 3 or claim 4 wherein the
structure of the polarization- �insensitive gain material
comprises a buffer layer of InP material; a first optical
confinement layer 32 of strained InGaAsP material;
an active gain layer of strained InGaAsP material; a
second optical confinement layer of strained In-
GaAsP and a top layer of InP.

6. The laser diode of claim 5 wherein the first optical
confinement layer is of a thickness of about 200nm;
the active gain layer is of a thickness of about 120nm;
the second optical confinement layer is of a thickness
of about 200nm; and the top layer is of a thickness
of about 200nm.

7. The laser diode, according to any one of the previous
claims 2 to 6 wherein the passive material is made
of a compressively strained bulk structure.

8. The laser diode of claim 7 wherein the passive ma-
terial is a stacked structure with an adjusting layer
of InP:�Be; a strained bulk layer of InGaAsP; and a
top layer of InP: �Si.

9. The laser diode of claim 8 wherein the InGaAsP 1,45
bulk layer has a thickness of about 420nm and the
top layer has a thickness of about 250nm.

10. The laser diode according to any one of the previous
claims 2 to 9 comprising a modulation section having
a volume adapted for reducing or minimizing carrier
variation during modulation.

11. The laser diode of any one of the previous claims 2
to 9 comprising an active material with a reduced or
minimized phase- �amplitude factor adapted for intro-
ducing a reduced or a minimal index variation during
amplitude modulation.

12. The laser diode of any one of claims 2 to 9 comprising
an off-�cavity saturable absorber adapted for enhanc-
ing a dynamic extinction ratio of a modulated signal.

13. An optical network unit for use in fiber to the home
access networks, comprising the device of any one
of claims 1 to 12.

14. A method of manufacturing an injection-�locked pho-
tonic device, comprising the steps of growing at least
one first section and at least one second section
wherein the material of the at least one first section
is different from the material of the at least one sec-
ond section such that said first and second sections

present different optical birefringent index values,
thereby in response to an injected optical signal
causing a first set of polarization modes to move in
a spectral space with a different velocity than a sec-
ond set of polarization modes.

15. The method of claim 14 wherein the photonic device
is an FPLD or a an optical filter, or an interferometer,
and the method comprises the steps of growing an
optimized PI-�gain material in the first section, and
growing a birefringence optimized passive material
in the second section so that a total birefringence
generated in the laser cavity is reduced to null, or is
reduced substantially.

16. A method of reducing sensitivity to polarization in an
injection locked photonic device, comprising at least
two sections, one of said at least two sections being
of a different material than the material of the other
one of said at least two sections such that said at
least two sections present different optical birefrin-
gent index values, thereby in response to an injected
optical signal causing a first set of polarization modes
to move in a spectral space with a different velocity
than a second set of polarization modes, the method
comprising the steps of biasing the first section with
an electrical current for obtaining an optical gain and
biasing the second section with a current or a voltage
for controlling a birefringence effect wherein said bi-
asing of current or voltage for controlling the birefrin-
gence effect is made such that TE modes and TM
modes in the device are made to coincide in their
respective spectral position.

17. The method of claim 16 wherein a look-�up table con-
taining a correspondence between bias conditions
and using conditions is used so as to adjust the bi-
refringence effect.
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