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(57) Abstract: This invention relates to a modulator assembly for modulating light, comprising a first and a second electro-absorption
modulator (11, 12) which each at least substantially only act on a polarization component (TE) of incident light (L1, L3); a light gen-
erating assembly (2) for generating light (L1) which includes a first and a second polarization component (TE, TM); a first electro-ab-
sorption modulator (11) for modulating the light (L1) generated by the light generating assembly (2), wherein the first electro-absorp-
tion modulator (11) at least substantially only modulates the first polarization component (TE) of the light (L1), so that the light (L2)
exiting from the first electro-absorption modulator (11) includes a modulated and an unmodulated polarization component (MK, UK);
a polarization converter (3) for changing the polarization direction of the light (L2) exiting from the first electro-absorption modulator
(11), wherein the light (L3) exiting from the polarization converter (3) couples into the second electro-absorption modulator (12) and
is polarized such that by means of the second electro-absorption modulator (12) a modulation at least substantially is effected only of
the previously unmodulated polarization component (UK). The invention also relates to a method for modulating light.
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Modulator Assembly and Method for Modulating Light

Description

This invention relates to a modulator assembly for modulating light according to claim 1 and to

a method for modulating light according to claim 15.

Optical communication systems frequently use polarization multiplex methods in which various
polarization components of a light wave are modulated with different data signals. The light
generated by a light source therefor is split up e.g. into separate optical paths, wherein the
light waves in the different optical paths are modulated independently. Subsequently, the po-
larization of the light wave of one of the optical paths is rotated and the light waves of the

optical paths are combined by means of a polarization combiner.

An example for such construction is disclosed in the article H. Yamazaki, T. Yamada, T. Goh,
and A. Kaneko, "PDM-QPSK Modulator With a Hybrid Configuration of Silica PLCs and LINbO
Phase Modulators", Journal of Lightwave Technology, vol. 29, no. 5, pp. 721-727, Mar. 2011.
Such systems however are technically complex and require a relatively large installation

space.

The problem to be solved by the invention consists in creating a simpler and more compact

construction for the modulation of light.
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This problem is solved by creating the modulator assembly with the features of claim 1 and the
method with the features of claim 15. Developments of the invention are indicated in the de-

pendent claims.

Accordingly, there is provided a modulator assembly for modulating light, comprising

- afirstand a second electro-absorption modulator, which each at least substantially only act
on one polarization component of incident light;

- a light generating assembly for generating light which has a first and a second polarization
component;

- afirst electro-absorption modulator for modulating the light generated by the light generating
assembly, wherein the first electro-absorption modulator at least substantially only modu-
lates the first polarization component of the light, so that the light exiting from the first elec-
tro-absorption modulator includes a modulated and an unmodulated polarization compo-
nent;

- a polarization converter (e.g. a polarization rotator) for changing the polarization direction
of the light exiting from the first electro-absorption modulator, wherein

- the light exiting from the polarization converter couples into the second electro-absorption
modulator and is polarized such that by means of the second electro-absorption modulator
a modulation at least substantially is effected only of the previously unmodulated polariza-

tion component.

By means of the modulator assembly according to the invention a separation of an optical input
signal (of an input light wave) into separate optical paths can be omitted. In particular, a polar-
ization combiner for combining the optical paths also can be omitted thereby, which provides
for a more compact construction of the modulator assembly and hence e.g. also of a transmit-

ter for an optical communication system.

The modulation of the light by means of the first electro-absorption modulator is effected for
example by applying an electric voltage to the modulator, wherein the electric voltage repre-
sents a first data signal. Correspondingly, by applying a second electric voltage to the second
electro-absorption modulator a second data signal, which is different from the first data signal,

can be modulated.

It is conceivable that the first and the second electro-absorption modulator are configured such
that they act on the same polarization component (polarization direction) of the incident light.
In particular, the construction and the orientation of the first and the second electro-absorption

modulator are identical. For example, the first and the second electro-absorption modulator
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each act only on the TE polarization component of the incident light. Such electro-absorption
modulators are known per se from the prior art, wherein their active region comprises e.g. a
multi-quantum well (MQW). Due to the separation into light- and heavy-hole bands caused by
the MQW, such electro-absorption modulators substantially modulate exclusively TE-polarized
light. TM-polarized light on the other hand passes through the electro-absorption modulator

without experiencing a modulation.

According to a development of the invention the light generating assembly comprises a light
source (for example a semiconductor laser) for generating linearly polarized light and an input
polarization converter, wherein the input polarization converter changes (in particular rotates)
the polarization direction of the light generated by the light source such that the light exiting
from the input polarization converter and coupling into the first electro-absorption modulator

includes the first and the second polarization component.

It is conceivable for example that the light source generates TE-polarized light and the input
polarization converter effects a modification (e.g. a rotation) of the polarization of this light, so
that the rotated polarization comprises a TE and a TM polarization component. For example,
the input polarization converter is a polarization converter which rotates the polarization direc-
tion of the light generated by the light source by approximately 45°. The input polarization
converter for example can be formed by a A/4 retarder (in particular a 2./4 plate) configured
(e.g. orientated) in such a way that it creates (e.g. phase shifted) TE and TM polarization com-

ponents. Of course, other types of polarization converters might be used.

It should be noted that it is also conceivable to omit the input polarization converter and use a

light source which already generates light with a TM and a TE polarization component.

According to another exemplary embodiment of the invention the polarization converter is con-
figured to change the polarization direction of the light exiting from the first electro-absorption
modulator such that it rotates the polarization direction of the light by 90°. For example, the

polarization converter is a A/2 retarder (in particular a A/2 plate).

It is also possible that the first and the second electro-absorption modulator and the polariza-
tion converter are integrated optical elements which are arranged on a common substrate. For
example, the light exiting from the first electro-absorption modulator is coupled into the polari-
zation converter via an integrated optical waveguide. Correspondingly, the light exiting from
the polarization converter also can be coupled into the second electro-absorption modulator

via an integrated optical waveguide.
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The invention also relates to a transmitter which comprises a modulator assembly according

to the invention and to an optical communication system, in particular a polarization multiplex

system, with such transmitter.

Furthermore, the invention also relates to a method for modulating light, in particular by using

a modulator assembly configured as described above, comprising the steps:

providing a first and a second electro-absorption modulator which each at least substantially
act only on one polarization component of incident light;

generating light which has a first and a second polarization component;

modulating the light by means of the first electro-absorption modulator such that at least
substantially only the first polarization component of the light is modulated, so that the light
exiting from the first electro-absorption modulator includes a modulated and an unmodu-
lated polarization component;

changing the polarization direction of the light exiting from the first electro-absorption mod-
ulator and coupling the light exiting from the polarization converter into the second electro-
absorption modulator such that by means of the second electro-absorption modulator a
modulation at least substantially is effected only of the previously unmodulated polarization

component.

The exemplary embodiments described above with respect to the modulator assembly accord-

ing to the invention analogously can of course also be used for developing the method accord-

ing to the invention.

The invention will subsequently be explained in detail by means of exemplary embodiments

with reference to the Figures, in which:

Figure 1 shows a block diagram of a modulator assembly according to an exemplary

embodiment of the invention;

Figure 2 shows a sectional view of a modulator assembly according to a further exem-

plary embodiment of the invention;

Figure 3 shows a section along A-A in Figure 2; and

Figure 4 shows a section along B-B or C-C in Figure 2.
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The modulator assembly 1 according to the invention, which is schematically shown in Figure
1, comprises a first and a second electro-absorption modulator (EAM) 11, 12, wherein the
electro-absorption modulators 11, 12 are arranged serially one behind the other. Furthermore,
the modulator assembly 1 comprises a light generating assembly 2 with a light source in the
form of a semiconductor laser 21, wherein the semiconductor laser 21 at least substantially

emits TE-polarized light.

The light generated by the laser 21 is coupled into the first electro-absorption modulator 11,
wherein the light generating assembly 2 includes an input polarization converter in the form of
a M/4 retarder 22. By means of the A/4 retarder 22 the TE-polarized light L emitted by the laser
21 is converted (e.g. rotated by 45°) in such a way that the light L1 coupling out from the /4
retarder includes both a TE and a TM polarization component (which are e.g. phase shifted
relative to one another). Of course, other polarization converters could be used for rotating the

polarized light L.

The two electro-absorption modulators 11, 12 are configured such that they each only act on
the TE polarization component of the light coupled into the same, i.e. only the TE component
of the light coupled in experiences a modulation. Correspondingly, only a modulation of the TE
polarization component of the light L1, but not of the TM component is effected in the first
electro-absorption modulator 11. The modulation in the first electro-absorption modulator 11 is
effected by applying a voltage which represents a first data signal DS1. The light L2 exiting
from the first electro-absorption modulator 11 consequently includes a modulated TE polariza-

tion component MK and an unmodulated TM polarization component UK.

Between the two electro-absorption modulators 11, 12 a polarization converter in the form of
a M2 retarder 3 is provided. The light L2 exiting from the first electro-absorption modulator 11
is coupled into the second electro-absorption modulator 12 via the 3/2 retarder 3, wherein the
polarization of the light is rotated by 90° upon passage through the /2 retarder 3. The direc-
tions of the modulated and the non-modulated polarization component MK, UK thereby are
reversed, so that the light L3 exiting from the A/2 retarder 3 now includes a modulated compo-
nent MK in TM direction and an unmodulated component UK in TE direction. Thus, the previ-
ously not modulated component UK is modulated by the second electro-absorption modulator
12, wherein in particular a second data signal DS2 different from the first data signal DS1 is
modulated. The output signal AS exiting from the second electro-absorption modulator 12 thus
comprises a TM polarization component modulated with the first data signal DS1 and a TE

polarization component modulated with the second data signal DS2.
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Figure 2 shows a possible configuration of the modulator assembly 1 according to the invention
as integrated optical semiconductor component 100. Accordingly, the semiconductor compo-
nent 100 comprises a substrate 10 on which the electro-absorption modulators 11, 12 and also
the polarization converter 3 are integrated. The electro-absorption modulators 11, 12 in partic-

ular have an identical layer structure.

For example, the layer structure of the electro-absorption modulators 11, 12 each comprises
at least one lower n-doped layer 111, an active region with a multi-quantum well (MQW) 112
and at least one upper p-doped layer 113. The substrate 10 e.g. is a semi-insulating substrate,
such as in the form of a semi-insulating InP substrate. The two electro-absorption modulators
11, 12 are connected with each other via an optical waveguide 150. Via the optical waveguide
150 light exiting from the first electro-absorption modulator 11 is coupled into the second elec-

tro-absorption modulator 11 via the polarization converter 3.

A section through the electro-absorption modulators 11, 12 is shown in Figure 4. It can also be
seen there that the electro-absorption modulators 11, 12 each include a rib waveguide struc-

ture, wherein in particular the p-doped layer 113 forms a rib structure.

The polarization converter 3 shown in Fig. 3 in a sectional view is configured as a portion of
the waveguide 150, wherein the waveguide 150 in this portion has a concavely curved side
151.

However, the invention is of course not limited to a particular configuration of the polarization

converter 3. Rather, any types of polarization converters can be used in principle.

* k k k%
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Claims

1. A modulator assembly for modulating light, comprising
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- afirst and a second electro-absorption modulator (11, 12), which each at least substan-
tially act only on one polarization component (TE) of incident light (L1, L3);

- alight generating assembly (2) for generating light (L1) which has a first and a second
polarization component (TE, TM);

- afirst electro-absorption modulator (11) for modulating the light (L1) generated by the
light generating assembly (2), wherein the first electro-absorption modulator (11) at least
substantially only modulates the first polarization component (TE) of the light (L1), so
that the light (L2) exiting from the first electro-absorption modulator (11) has a modu-
lated and an unmodulated polarization component (MK, UK);

- apolarization converter (3) for changing the polarization direction of the light (L2) exiting
from the first electro-absorption modulator (11), wherein

- the light (L3) exiting from the polarization converter (3) couples into the second electro-
absorption modulator (12) and is polarized such that by means of the second electro-
absorption modulator (12) a modulation at least substantially is effected only of the pre-

viously unmodulated polarization component (UK).

. The modulator assembly according to claim 1, characterized in that the first and the sec-

ond electro-absorption modulator (11, 12) act on the same polarization component (TE) of
the incident light (L1, L3).

. The modulator assembly according to claim 1 or 2, characterized in that the first and the

second electro-absorption modulator (11, 12) each act only on one TE polarization compo-

nent of the incident light.

. The modulator assembly according to any of the preceding claims, characterized in that

the light generating assembly (2) includes a light source (21) for generating linearly polar-
ized light (L) and an input polarization converter (22), wherein the input polarization con-
verter (22) changes the polarization direction of the light (L) generated by the light source
(21) such that the light (L1) exiting from the input polarization converter (22) and coupling
into the first electro-absorption modulator (11) includes the first and the second polarization
component (TE, TM).
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10

11.

12.

13.

14.

15.

. The modulator assembly according to any of the preceding claims, characterized in that

the first and the second polarization component (TE, TM) are oriented vertically to each

other.

. The modulator assembly according to any of the preceding claims, characterized in that

the first polarization component (TE) is a TE polarization component and the second polar-

ization component (TM) is a TM polarization component.

. The modulator assembly according to any of preceding claims as far as related to claim 4,

characterized in that the light source (21) generates TE-polarized light.

. The modulator assembly according to any of the preceding claims as far as related to claim

4, characterized in that the input polarization converter (3) rotates the polarization direction
of the light (L) generated by the light source (21) by 45°.

. The modulator assembly according to any of the preceding claims as far as related to claim

4, characterized in that the input polarization converter (22) is formed by a A/4 retarder.

. The modulator assembly according to any of the preceding claims, characterized in that

the polarization converter (3) rotates the light (L2) exiting from the first electro-absorption
modulator (11) by 90°.

The modulator assembly according to claim 10, characterized in that the polarization

converter (3) is formed by a A/2 retarder.

The modulator assembly according to any of the preceding claims, characterized in that
the first and the second electro-absorption modulator (11, 12) and the polarization con-

verter (3) are integrated optical elements which are arranged on a common substrate (10).

The modulator assembly according to claim 12, characterized in that the light (L2) exiting
from the first electro-absorption modulator (11) couples into the polarization converter (3)

via an integrated optical waveguide (150).

An optical communication arrangement with a transmitter which comprises a modulator

assembly (1) according to any of the preceding claims.

A method for modulating light, in particular by using a modulator assembly according to
any of the preceding claims, comprising the steps:
- providing a first and a second electro-absorption modulator (11, 12), which each at least

substantially act only on one polarization component (TE) of incident light (L1, L2);
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- generating light (L1) which includes a first and a second polarization component (TE,
TM™M);

- modulating the light (L1) by means of the first electro-absorption modulator (11) such
that at least substantially only the first polarization component (TE) of the light (L1) is
modulated, so that the light (L2) exiting from the first electro-absorption modulator (11)
includes a modulated and an unmodulated polarization component (MK, UK);

- changing the polarization direction of the light (L2) exiting from the first electro-absorp-
tion modulator (11) and coupling the light (L3) exiting from the polarization converter (3)
into the second electro-absorption modulator (12) such that by means of the second
electro-absorption modulator (12) a modulation at least substantially is effected only of

the previously unmodulated polarization component (UK).
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