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SEMICONDUCTOR OPTICAL AMPLIFIER DEVICE AND METHOD OF OPERATING
IT

FIELD OF THE INVENTION
[1] The present invention relates to optical communication technologies, and more particularly to

a semiconductor optical amplifier (SOA) device and a method of operating it.

BACKGROUND OF THE INVENTION
[2] Optical amplifiers are widely applied in current PONs (Passive Optical Networks) and

FTTHs (Fiber-to-the-Homes) to extend reach and power split ratios. Signal amplification is
needed prior to downlink signal transmission due to the modest output power of a tunable laser
source and insertion loss introduced by external modulation. On the other hand, due to
long-distance passive transmission and high split ratio, an uplink signal receiving power can be
very low. On this occasion, signal pre-amplification is required to achieve error-free reception in a
central office (CO). Besides, some research institutions and network vendors are discussing and
proposing extending the reach and power split ratio of optical access networks to 100km and
1:256 or even 1:1024, respectively. System loss budgets will increase dramatically to realize the
long-distance optical network transmission.

[3] Among all optical amplifiers, a semiconductor optical amplifier (SOA) will become a most
competitive candidate due to its polarization insensitive gain, lower cost, lower noise coefficient,
and higher gain, thereby increasing the number of clients and the reach served by the same CO
traffic. Besides, the ultra-broad wavelength window (from 1280nm to 1650nm) of SOAs makes
them more attractive compared with conventional erbium doped fiber amplifiers (EDFAs).
However, performance requirements on SOAs are challenging, especially in the uplink
transmission direction. Discrepancies among geographical positions of respective users and the
multi-stage asymmetrical network architecture of splitters lead to different path losses for the users,
ending up with strong signal power variations at the SOA input. This requires the SOAs to have a
high input power dynamics range (IPDR) or a wide linear region to achieve error free
amplification. The IPDR is defined as allowable input maximum signal power range to guarantce
no signal distortion during the SOA amplification process. Fig. 1 is a structural diagram of an SOA
according to the prior art. Because the linear region of the SOA based on the prior art is limited, its
IPDR is usually very limited.

[4] A linear optical amplifier (LOA) is employed in an existing approach of increasing the SOA.
Both LOA and SOA are semiconductor devices with advantages such as small size, convenience to
integrate, and an ultra-wide gain spectrum. The LOA may be applied to a wavelength division
multiplexing (WDM) network due to its great advantages such as ultra-linear amplification gain,
high saturation output, low cross talk, low noise, and wideband gain clamping, etc., and
particularly applied to simultaneously amplification of multi-channel signals.

[5] Compared with the SOA, a significant difference of the LOA is that a vertical-cavity
surface-emitting laser (VCSEL) has to be integrated inside the LOA to provide a constant
amplification gain and clamp gain competition within the laser cavity. Because the light output
direction of the VCSEL is perpendicular to the light propagation path within the SOA, the optical
field of the VCSEL is orthogonal to and decoupled with that of the SOA. Consequently, it is not
needed to filter the light source from the VCSEL from the SOA output end.
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[6] However, the gain clamping mechanism adopted by the LOA causes the linear gain of the
LOA significantly lower than the SOA. Further increase of the linear region of the LOA will
reduce more lincar gain as a sacrifice. Besides, it is rather difficult to manufacture a high
performance VCSEL in C+L band, such that it remains a technical bottlencck regarding how to
enhance power stability of the LOA. Compared with the SOA, manufacturing of the LOA has a
higher cost and a more complex manufacturing process.

SUMMARY OF THE INVENTION
[7] An objective of the present invention is to provide a semiconductor optical amplifier (SOA)

device, and a method of operating the SOA device.

[8] According to a first aspect of the present invention, there is provided a semiconductor optical
amplifier (SOA) device, comprising:

[9] alight detector connected to measure a power of signal light input to aforesaid semiconductor
optical amplificr;

[10] an clectronic controller configured to inject currents into said sequence of drive ¢lectrodes
based on aforesaid power measurement by the light detector;

[11] a semiconductor optical amplifier having an upper-layer semiconductor substratc and a
lower-layer semiconductor substrate, a semiconductor waveguide layer being provided between
the upper-layer semiconductor substrate and the lower-layer semiconductor substrate, and a
plurality of driving clectrodes being provided on a surface of the upper-layer semiconductor
substrate, the plurality of driving clectrodes extending along a light propagation direction in the
waveguide layer of the optical amplifier.

[12] According to one aspect of the present invention, there is also provided a method of operating
an SOA device, the method comprising steps of:

[13] a. monitoring a power of an optical signal input to the SOA device, aforesaid SOA
device having a sequence of semiconductor optical amplifying regions and drive electrode
sets, each optical amplifying region being connected to receive a drive current from a
corresponding one of the drive electrode sets, and

[14] b. adjusting currents injected by the drive clectrode sets into the semiconductor optical
amplifying regions based on aforesaid monitored power of the input optical signal.

[15] Compared with the prior art of an SOA device generally having one driving electrode, the
present invention has the following advantages: by adjusting the magnitudes of currents injected
into respective driving clectrodes of the semiconductor optical amplifier, the solution of the
present invention can increase the lincar amplification region, thereby performing error-free signal
amplification within a greater reception power range, which further avoids distortion of signal

transmission.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
[16] Other features, objectives and advantages of the present invention will become more apparent

through reading the detailed depictions of the non-limiting embodiments with reference to the
drawings below:

[17] Fig. 1 is a structural diagram of an SOA based on the prior art;

[18] Fig. 2 is a structural diagram of a semiconductor optical amplifier (SOA) according to the

present invention;
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[19] Fig. 3 1s a structural diagram of a semiconductor optical amplifier according to an
embodiment of the present invention;

[20] Fig. 4 is a structural diagram of an SOA device according to the present invention;

[21] Fig. 5 is a schematic diagram of a method of operating the SOA device according to the
present invention;

[22] Fig. 6 is a schematic diagram of an exemplary passive optical network according to the
present invention;

[23] In the drawings, same or similar reference numerals represent same or similar components.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[24] Hereinafter, the present invention will be described in further detail with reference to the

accompanying drawings.

[25] Fig. 2 is a structural diagram of a semiconductor optical amplifier (SOA) according to the
present invention. The SOA device according to the present invention comprises a light detector 1,
a electronic controller 2, and a semiconductor optical amplifier 3.

[26] Particularly, the light detector 1 is configured to measure power of an optical signal inputted
to the semiconductor optical amplifier;

[27] Preferably, the light detector 1 comprises a photodiode or a phototransistor connected to
receive part of aforesaid signal light.

[28] Particularly, the electronic controller 2 is configured to inject multi-path currents into
respective drive electrodes based on the power measured by the light detector.

[29] Specifically, the electronic controller 2 may split current from the light detector 1 into
multiple paths of currents and then inject the multi-path currents into respective drive modes.
Moreover, the electronic controller 2 may adjust the magnitude of each injected current into the
drive electrodes.

[30] Particularly, those skilled in the art may determine one or more elements that are needed to
implement the control means according to actual conditions and needs, which will not be detailed
here.

[31] Particularly, the semiconductor optical amplifier 3 has an upper-layer semiconductor
substrate and a lower-layer semiconductor substrate, a semiconductor waveguide layer being
provided between the upper-layer semiconductor substrate and the lower-layer semiconductor
substrate, and a plurality of driving electrodes being provided on a surface of the upper-layer
semiconductor substrate, the plurality of drive electrodes extending along a light propagation
direction in the waveguide layer of the optical amplifier.

[32] Preferably, the semiconductor optical amplifier 3 also has an electrical insulating region
being located over aforesaid surface and being partially located between neighboring edges of
aforesaid drive electrodes..

[33] Particularly, the insulated region may be formed by various kinds of electric insulation
materials.

[34] Preferably, under and between aforesaid drive electrodes, aforesaid optical amplifier
waveguide does not have an optical interface transverse to aforesaid light propagation direction
therein.

[35] For example, referring to the semiconductor optical amplifier according to an embodiment of
the present invention as shown in Fig. 3, a substrate of the semiconductor optical amplifier
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comprises an upper coverage layer and a lower coverage layer, the optical amplifier waveguide
layer being disposed between the upper coverage layer and the lower coverage layer; and two
electrodes are provided on a surface of the upper coverage layer of the semiconductor optical
amplifier, between the two electrodes being provided an isolating layer of a silicon dioxide
material to form an insulated region.

[36] It needs to be noted that the semiconductor optical amplifier 3 according to the present
invention may have more than two drive electrodes, not limited to the two drive electrodes shown
in Fig. 3.

[37] Preferably, the SOA device according to the present invention further comprises an optical
splitter and an optical delay device.

[38] Particularly, the optical splitter connected to transmit a portion of aforesaid signal light to
aforesaid light detector and to transmit a portion of aforesaid signal light to aforesaid
semiconductor optical amplifier.

[39] Particularly, the optical splitter may be implemented by a device that may split the input
optical signal such as a light coupler or a light splitter.

[40] Particularly, the optical delay device is placed between said optical splitter and an optical
input of said semiconductor optical amplifier.

[41] Preferably, the optical delay device includes various kinds of devices that may delay the
correction signal for a period of time, ¢.g., a segment of optical fiber delay line of an appropriate
length, or an optical device that may delay a signal.

[42] For example, referring to an SOA device according to an embodiment of the present
invention as shown in Fig. 4, the SOA device comprises a semiconductor optical amplifier amp 1,
a coupler coupler_1, a photoelectric diode PD 1, and a controller con_1; moreover, a segment of
delay line is provided between the coupler 1 and the semiconductor optical amplifier amp 1.
Particularly, on a surface of the semiconductor substrate of the semiconductor optical amplifier
amp_1 are provided two driving electrodes electrode 1 and electrode 2, lengths of the two drive
electrodes along a light propagation direction are equal.

[43] Particularly, the input optical signal is transmitted to the optical amplifier amp 1 via the
coupler coupler 1 and the delay line, and is amplified via the optical amplifier amp 1 and then
output.

[44] Particularly, the light coupler coupler 1 transmits part of the input optical signal to the
photoelectric diode PD 1. The optical coupler coupler 1 transmits remaining part of the input
optical signal to the semiconductor amplifier amp 1.

[45] Particularly, the photoelectric diode PD 1 receives part of the optical signal from the
coupler_1 and measures it.

[46] Particularly, controller 1 receives the signal from the photoelectric diode PD 1, splits the
signal into two paths according to a power strength of the received signal, and injects the two
paths of signal into the drive electrodes electrode 1 and electrode 2; moreover, the controller 1
may adjust the magnitudes of currents injected to the drive electrodes electrode 1 and electrode 2
based on the power measured by the photoelectric diode PD 1.

[47] Compared with the prior art of an SOA device generally having one driving electrode, by
adjusting the magnitudes of currents injected into respective driving electrodes of the
semiconductor optical amplifier, the solution of the present invention can increase the linear

amplification region, thereby performing error-free signal amplification within a greater reception
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power range, which further avoids distortion of signal transmission.

[48] Fig. 5 is a schematic diagram of a method of operating the SOA device according to the
present invention. The method according to the present invention comprises step S1 and step S2.
[49] In step S1, a light detector 1 monitoring a power of an optical signal input to the SOA device,
aforesaid SOA device having a sequence of semiconductor optical amplifying regions and drive
electrode sets, each optical amplifying region being connected to receive a drive current from a
corresponding one of the drive electrode sets.

[50] Particularly, cach amplifying region receives the driving current from its respective drive
clectrode to implement different amplification gains, and cach amplification region is connected to
ensure smooth transmission of the optical signal.

[51] In step S2, the electronic controller 2 adjusts currents injected by the drive electrode scts into
the semiconductor optical amplifying regions based on aforesaid monitored power of the input
optical signal.

[52] Specifically, the clectronic controller 2 may adjust magnitudes of current injected into the
plurality of semiconductor optical amplification regions through the plurality of drive electrodes
based on the detected power of the input optical signal as well as a correspondence relationship
between a predetermined optical signal power and a magnitude of current injected through
respective drive electrode.

[53] Preferably, electronic controller 3 adjusts one or more injected current so that a ratio of two
of aforesaid injected currents has a first value in response to aforesaid monitored power being
less than a predefined threshold; electronic controller 3 adjusts the one or more injected currents
so that aforesaid ratio of aforesaid two of aforesaid injected currents has a different second value
in response to aforesaid monitored power being more than aforesaid predefined threshold.

[54] For example, referring to the SOA device as shown in Fig. 4, a rule for operating the SOA
device indicates that if a power value of the input optical signal is smaller than a threshold Pth,
adjusting the magnitudes of currents injected to the electrode 1 and electrode_2, such that a ratio
between current densitics corresponding to the clectrode 1 and electrode 2 is 1:1; otherwise,
adjusting the magnitudes of currents injected to the electrode 1 and electrode 2, such that a ratio
between current densities corresponding to the electrode 1 and electrode 2 is 0.67:1.

[55] Because the sizes of the two driving electrodes clectrode 1 and clectrode 2 are equal, the
ratio between currents I1 and 12 respectively injected to the electrode 1 and electrode 2 is equal
to a ratio between densities of the currents injected to the electrode 1 and electrode 2.

[56] Based on this rule, if the power value of the input optical signal detected by PD_1 is smaller
than a threshold Pth, the controller controller 1 adjusts magnitudes of the injected currents 11 and
12, such that I1:12 = 1:1. If the power value of the input optical signal detected by PD _1 is greater
than or equal to the threshold Pth, the controller controller 1 adjusts magnitudes of the injected
currents I1 and 12, such that I1:12 = 0.67:1.

[57] Compared with the prior art of an SOA device generally having one driving clectrode, by
adjusting the magnitudes of currents injected into respective driving electrodes of the
semiconductor optical amplifier, the method of the present invention can increase the linear
amplification region, thereby performing error-free signal amplification within a greater reception
power range, which further avoids distortion of signal transmission.

[58] Fig. 6 is a schematic diagram of an exemplary passive optical network according to the

present invention.
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[59] Referring to Fig. 6, the passive optical network comprises a relay node, N optical network
units (ONU_1 to ONU_2), two splitters spliter 1 and spliter 2, wherein splitter 1 is 1 in 4 outs,
while spliter 2 is 1 in 16 outs. Particularly, the relay node comprises an SOA device shown in Fig,
4.

[60] Particularly, the ONU 1 is connected to the splitter splitter 1, the ONU 2 — ONU N are
connected to spliter 2 and further connected to splitter 1 via the splitter 2, wherein ONU 1 is
20km away from spliter 1, ONU_2 is 20km away from spliter 1, while the distance between
spliter_2 and spliter 1 is less than 100m.

[61] Particularly, when the ONU 1 and ONU 2 transmit data to the relay node, supposing the
output power of laser emitters of all optical network elements is 0 dBm, the respective total power
losses of ONU 1 and ONU_2 and the reception power arriving at the SOA device input end are
shown in Table 1 below:

Table 1

ONU 1 ONU 2
Total power loss 10 dB 22dB
Reception power -10dB -22dB

Based on table 1 above, the total IPDR of ONU 1 and ONU 2 is 12dB. When amplifying the
signal from ONU 1, the controller in the SOA device adjusts the magnitudes of injected currents
I, and I,, such that I;:I, = 0.67:1. When amplifying the signal from ONU _2, the controller adjusts s
the magnitudes of injected currents I; and I,, such that I;:I, = 1:1, thereby guaranteeing that the
signals from ONU 1 and ONU 2 are all amplified in the lincar region. However, if the signal
from the ONU 1 is amplified using a common SOA device having one driving clectrode, signal
distortion possibly occurs, because for the SOA with only one driving electrode, the allowable
maximum input optical power is -11dB.

[62] The SOA device according to the present invention may be disposed in a plurality of network
nodes, c¢.g., serving as a downlink signal power enhancing apparatus or an uplink signal
pre-amplifying apparatus in CO, or serving as a rcach extending apparatus in a remote node (RN),
etc. Those skilled in the art may deploy the SOA device of the present invention into an
appropriate nctwork node.

[63] To those skilled in the art, it is apparent that the present invention is not limited to details of
the illustrative embodiments, and the present invention can be implemented in other specific form
without departing from spirits or basic features of the present invention. Therefore, in any way, the
embodiments should be regarded as illustrative, not limitative; the scope of the present invention
is limited by the appended claims, not the depictive limitations above. Therefore, meanings falling
in equivalent elements of the claims and all changes within the scope should be covered by the
present invention. No reference numerals in the claims should be regarded as limiting the involved
claims. In addition, the word “comprise” or “include” does not e¢xclude other units or steps, and
singularity does not exclude plurality. A plurality of units or devices stated in system claims may
also be implemented by one unit or module through software or hardware. Words like first and
second are used to indicate names, instead of any specific sequences.
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Claims

1. An semiconductor optical amplifier (SOA) device, comprising:

a semiconductor optical amplifier having a semiconductor substrate with an optical amplifier
waveguide therein and a sequence of drive electrodes being located over a surface of aforesaid
semiconductor substrate, aforesaid sequence extending along a light propagation direction in
aforesaid optical amplifier waveguide;

a light detector connected to measure a power of signal light input to aforesaid
semiconductor optical amplifier;

an electronic controller configured to inject currents into said sequence of drive electrodes
based on aforesaid power measurement by the light detector.

2. The SOA device according to claim 1, further comprising an electrical insulating region
being located over aforesaid surface and being partially located between neighboring edges of
aforesaid drive electrodes.

3. The SOA device according to claim 1 or 2, wherein under and between aforesaid drive
electrodes, aforesaid optical amplifier waveguide does not have an optical interface transverse to
aforesaid light propagation direction therein.

4. The SOA device according to any one of claims 1-3, wherein said light detector comprises
a photodiode or a phototransistor connected to receive part of aforesaid signal light.

5. The SOA device according to any one of claims 1-4, further comprising:

an optical splitter connected to transmit a portion of aforesaid signal light to aforesaid light
detector and to transmit a portion of aforesaid signal light to aforesaid semiconductor optical
amplifier; and

an optical delay device placed between said optical splitter and an optical input of said
semiconductor optical amplifier.

6. A method of operating an SOA device, the method comprising the following steps:

a monitoring a power of an optical signal input to the SOA device, aforesaid SOA device
having a sequence of semiconductor optical amplifying regions and drive electrode sets, each
optical amplifying region being connected to receive a drive current from a corresponding one of
the drive electrode sets; and

b adjusting currents injected by the drive electrode sets into the semiconductor optical
amplifying regions based on aforesaid monitored power of the input optical signal.

7. The method according to claim 6, wherein the step of adjusting the injected currents
further comprises:

- adjusting the one or more injected current so that a ratio of two of aforesaid injected
currents has a first value in response to aforesaid monitored power being less than a predefined
threshold;

- adjusting the one or more injected currents so that aforesaid ratio of aforesaid two of
aforesaid injected currents has a different second value in response to aforesaid monitored power
being more than aforesaid predefined threshold.
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