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(54) APPARATUS AND METHOD OF RESONANCE WAVELENGTH ALIGNMENT FOR RING 
MODULATORS

(57) An apparatus, system and method of resonance
wavelength alignment for ring modulators is provided
which includes: an optical input bus configured to convey
a given optical input signal having a given optical fre-
quency; an optical ring modulator configured to: receive
and modulate the input signal from the input bus; an op-
tical output bus configured to convey a modulated optical
signal from the ring; a first optical tap on the input bus
configured to sample the input signal; a second optical

tap configured to sample the modulated signal; a con-
troller in communication with the ring, the first tap and
the second tap, the controller configured to: determine a
current insertion loss of the ring from respective signals
received from both the first tap and the second tap; and,
control the ring in a feedback loop with the current inser-
tion loss until the current insertion loss comprises a given
insertion loss.
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Description

FIELD

[0001] The specification relates generally to telecom-
munication devices, and specifically to an apparatus sys-
tem and method of resonance wavelength alignment for
ring modulators.

BACKGROUND

[0002] Ring resonators are used in optical telecommu-
nications devices as the external modulator. Locking
and/or stabilizing the resonance frequency of a ring on
a given frequency using feedback loops have been based
solely on output power monitoring. However, any varia-
tion of an input power due, for example, to aging, cou-
pling, etc., can cause the locking point to drift. Further-
more, such methods are lacking a capability of adjusting
an operating point to a best locking condition for system
performance. While some methods use detection of an
inserted dithering tone in a feedback loop, these tech-
niques are complex and may require use of a local os-
cillator.

SUMMARY

[0003] The present specification provides devices
which monitor insertion loss of an optical ring modulator
being used to modulate an optical signal of a given fre-
quency. The insertion loss is measured using two optical
taps, one which measures strength of an optical input
signal to the optical ring modulator and a second which
measures strength of a modulated optical signal. The
second optical tap can be on the optical ring modulator
and/or after the optical ring modulator (e.g. on a drop port
and/or through port). A controller receives signals from
both optical taps, determines a current insertion loss of
the optical ring modulator, and controls the optical ring
modulator to a given insertion loss in a feedback loop
with the optical taps, for example by controlling a heater
at the optical ring modulator. In some implementations,
an optical input bus can carry a plurality of optical signals
at different frequencies, and the optical ring modulator is
tuned to filter and modulate a single one of the optical
signals, in a single-bus-multiple-ring configuration.
Hence, the first optical tap can comprise a photodiode
and a tunable optical ring filter controlled by the controller
to resonate through a range of frequencies, for example
by controlling a heater; as the tunable optical ring filter
is tuned to a given frequency of the optical ring modulator
that is modulating the given frequency, the signal at the
photodiode is used in the insertion loss measurement.
In yet further implementations, the optical ring modulator
and/or an optical ring filter is tuned to control a strength
of one or more of: the optical signals; and the modulated
optical signals (e.g. the modulated optical signals formed
from the optical signals input to the optical ring modulator)

in a feedback loop with output from the one or more op-
tical taps.
[0004] In this specification, elements may be described
as "configured to" perform one or more functions or "con-
figured for" such functions. In general, an element that
is configured to perform or configured for performing a
function is enabled to perform the function, or is suitable
for performing the function, or is adapted to perform the
function, or is operable to perform the function, or is oth-
erwise capable of performing the function.
[0005] Furthermore, as will become apparent, in this
specification certain elements may be described as con-
nected physically, electronically, or any combination
thereof, according to context. In general, components
that are electrically connected are configured to commu-
nicate (that is, they are capable of communicating) by
way of electric signals. According to context, two com-
ponents that are physically coupled and/or physically
connected may behave as a single element. In some
cases, physically connected elements may be integrally
formed, e.g., part of a single-piece article that may share
structures and materials. In other cases, physically con-
nected elements may comprise discrete components
that may be fastened together in any fashion. Physical
connections may also include a combination of discrete
components fastened together, and components fash-
ioned as a single piece.
[0006] It is understood that for the purpose of this spec-
ification, language of "at least one of X, Y, and Z" and
"one or more of X, Y and Z" can be construed as X only,
Y only, Z only, or any combination of two or more items
X, Y, and Z (e.g., XYZ, XY, YZ, XZ, and the like). Similar
logic can be applied for two or more items in any occur-
rence of "at least one ..." and "one or more..." language.
[0007] An aspect of the specification provides a device
comprising: an optical input bus configured to convey a
given optical input signal having a given optical frequen-
cy; an optical ring modulator configured to: receive the
given optical input signal from the optical input bus; and
modulate the given optical input signal; an optical output
bus configured to convey a modulated optical signal from
the optical ring modulator; a first optical tap on the optical
input bus configured to sample the given optical input
signal input to the optical ring modulator; a second optical
tap configured to sample the modulated optical signal;
and, a controller in communication with the optical ring
modulator, the first optical tap and the second optical tap,
the controller configured to: determine a current insertion
loss of the optical ring modulator from respective signals
received from both the first optical tap and the second
optical tap; and, control the optical ring modulator in a
feedback loop with the current insertion loss until the cur-
rent insertion loss comprises a given insertion loss.
[0008] The optical ring modulator can comprise a heat-
er, and the controller can be configured to control the
heater when controlling the optical ring modulator in the
feedback loop.
[0009] The second optical tap can be in communication
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with the optical ring modulator such that the modulated
optical signal is sampled at the optical ring modulator,
and the controller can be configured to determine the
insertion loss by determining a reciprocal insertion loss
by: dividing a sampled signal from the first optical tap by
a respective sampled signal from the second optical tap.
[0010] The second optical tap can be in communication
with the optical output bus such that the modulated optical
signal is sampled at the optical output bus, and the con-
troller can be configured to determine the insertion loss
by dividing a sampled signal from the second optical tap
by a respective sampled signal from the first optical tap.
[0011] The device can further comprise an optical ring
filter located on the optical input bus, the optical ring filter
configured to selectively convey the given optical input
signal having the given optical frequency to the optical
ring modulator, while preventing other optical input sig-
nals from reaching the optical ring modulator and the first
optical tap. The controller can be further configured to
tune the optical ring filter to control a strength of one or
more of the given optical input signal and the modulated
optical signal in a feedback loop with output from one or
more of the first optical tap and the second optical tap.
The optical ring filter, the optical ring modulator, optical
input bus, the optical output bus, the first optical tap and
the second optical tap can form an alignment apparatus
configured to maintain the given insertion loss for the
given optical frequency using the feedback loop, the de-
vice further comprising a plurality of alignment appara-
tuses, including the alignment apparatus, arranged in se-
ries on the optical input bus, each of the plurality of align-
ment apparatuses configured to maintain a respective
given insertion loss for a respective given optical frequen-
cy using respective feedback loops, a respective ring fil-
ter for each of the plurality of alignment apparatuses con-
figured to convey a respective given optical input signal
to a respective optical ring modulator, while preventing
the other optical input signals on the optical input bus
from reaching a respective optical ring modulator and a
respective first optical tap. The device can further com-
prise an optical multiplexer configured to receive and
combine respective modulated optical signals from each
of the plurality of alignment apparatuses.
[0012] The first optical tap can comprise: a photodiode;
and a tunable optical ring filter located between the op-
tical input bus and the photodiode, the tunable optical
ring filter configured to: sequentially tune a present filter
frequency through a range of frequencies to sequentially
produce signals at the photodiode indicative of a strength
of optical signals on the optical input bus corresponding
to the present filter frequency. The controller can be fur-
ther in communication with the photodiode and the tun-
able optical ring filter, the controller further configured to:
control the tunable optical ring filter to sequentially tune
the present filter frequency through the range of frequen-
cies; and receive the signals from the photodiode, a sig-
nal corresponding to the given optical frequency used to
determine the current insertion loss of the optical ring

modulator. The optical ring filter, the optical ring modu-
lator, the optical output bus, the first optical tap and the
second optical tap can form an alignment apparatus con-
figured to maintain the given insertion loss for the given
optical frequency using the feedback loop, the device
further comprising a plurality of alignment apparatuses,
including the alignment apparatus, arranged in series on
the optical input bus, each of the plurality of alignment
apparatuses configured to maintain a respective given
insertion loss for a respective given optical frequency us-
ing respective feedback loops, respective optical ring
modulators for each of the each of the plurality of align-
ment apparatuses arranged in series on the optical input
bus, the plurality of alignment apparatuses having the
first optical tap in common such that a respective current
insertion loss is determined from a respective signal cor-
responding to a given respective optical frequency re-
ceived as the tunable optical ring filter scans through the
range of frequencies.
[0013] The second optical tap can comprise: a photo-
diode; and a tunable optical ring filter located between
the optical output bus and the photodiode, the tunable
optical ring filter configured to: sequentially tune a
present filter frequency through a range of frequencies
to sequentially produce signals at the photodiode indic-
ative of a strength of modulated optical signals on the
optical input bus corresponding to the present filter fre-
quency.
[0014] The optical ring modulator can comprise a volt-
age control device and the controller is further configured
to control the voltage control device to modulate the given
optical input signal.
[0015] Another aspect of the specification can provide
a method comprising: at a device comprising: an optical
input bus configured to convey a given optical input signal
having a given optical frequency; an optical ring modu-
lator configured to: receive the given optical input signal
from the optical input bus; and modulate the given optical
input signal; an optical output bus configured to convey
a modulated optical signal from the optical ring modula-
tor; a first optical tap on the optical input bus configured
to sample the given optical input signal input to the optical
ring modulator; a second optical tap configured to sample
the modulated optical signal; and a controller in commu-
nication with the optical ring modulator, the first optical
tap and the second optical tap, determining, at the con-
troller, a current insertion loss of the optical ring modu-
lator from respective signals received from both the first
optical tap and the second optical tap; and, controlling,
at the controller, the optical ring modulator in a feedback
loop with the current insertion loss until the current inser-
tion loss comprises a given insertion loss.
[0016] The optical ring modulator can comprise a heat-
er, and the method can further comprise controlling, at
the controller, the heater when controlling the optical ring
modulator in the feedback loop.
[0017] The second optical tap can be in communication
with the optical ring modulator such that the modulated
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optical signal is sampled at the optical ring modulator,
and the method can further comprise determining the
insertion loss by determining, a the controller, a recipro-
cal insertion loss by: dividing a sampled signal from the
first optical tap by a respective sampled signal from the
second optical tap.
[0018] The second optical tap can be in communication
with the optical output bus such that the modulated optical
signal is sampled at the optical output bus, and the meth-
od can further comprise determining, at the controller,
the insertion loss by dividing a sampled signal from the
second optical tap by a respective sampled signal from
the first optical tap.
[0019] The device can further comprise an optical ring
filter located on the optical input bus, the optical ring filter
configured to selectively convey the given optical input
signal having the given optical frequency to the optical
ring modulator, while preventing other optical input sig-
nals from reaching the optical ring modulator and the first
optical tap. The method can further comprise tuning, at
the controller, the optical ring filter to control a strength
of one or more of the given optical input signal and the
modulated optical signal in a feedback loop with output
from one or more of the first optical tap and the second
optical tap. The optical ring filter, the optical ring modu-
lator, optical input bus, the optical output bus, the first
optical tap and the second optical tap can form an align-
ment apparatus configured to maintain the given inser-
tion loss for the given optical frequency using the feed-
back loop, the device further comprising a plurality of
alignment apparatuses, including the alignment appara-
tus, arranged in series on the optical input bus, each of
the plurality of alignment apparatuses configured to
maintain a respective given insertion loss for a respective
given optical frequency using respective feedback loops,
a respective ring filter for each of the plurality of alignment
apparatuses configured to convey a respective given op-
tical input signal to a respective optical ring modulator,
while preventing the other optical input signals on the
optical input bus from reaching a respective optical ring
modulator and a respective first optical tap. The device
can further comprise an optical multiplexer configured to
receive and combine respective modulated optical sig-
nals from each of the plurality of alignment apparatuses.
[0020] The first optical tap can comprise: a photodiode;
and a tunable optical ring filter located between the op-
tical input bus and the photodiode, the tunable optical
ring filter configured to: sequentially tune a present filter
frequency through a range of frequencies to sequentially
produce signals at the photodiode indicative of a strength
of optical signals on the optical input bus corresponding
to the present filter frequency. The controller can be fur-
ther in communication with the photodiode and the tun-
able optical ring filter, the method can further comprise:
controlling, at the controller, the tunable optical ring filter
to sequentially tune the present filter frequency through
the range of frequencies; and receiving, at the controller,
the signals from the photodiode, a signal corresponding

to the given optical frequency used to determine the cur-
rent insertion loss of the optical ring modulator. The op-
tical ring filter, the optical ring modulator, the optical out-
put bus, the first optical tap and the second optical tap
can form an alignment apparatus configured to maintain
the given insertion loss for the given optical frequency
using the feedback loop, the device further comprising a
plurality of alignment apparatuses, including the align-
ment apparatus, arranged in series on the optical input
bus, each of the plurality of alignment apparatuses con-
figured to maintain a respective given insertion loss for
a respective given optical frequency using respective
feedback loops, respective optical ring modulators for
each of the each of the plurality of alignment apparatuses
arranged in series on the optical input bus, the plurality
of alignment apparatuses having the first optical tap in
common such that a respective current insertion loss is
determined from a respective signal corresponding to a
given respective optical frequency received as the tuna-
ble optical ring filter scans through the range of frequen-
cies. Hence, the method can further comprise tuning, at
the controller, each of the alignment apparatuses.
[0021] The second optical tap can comprise: a photo-
diode; and a tunable optical ring filter located between
the optical output bus and the photodiode, the tunable
optical ring filter configured to: sequentially tune a
present filter frequency through a range of frequencies
to sequentially produce signals at the photodiode indic-
ative of a strength of modulated optical signals on the
optical input bus corresponding to the present filter fre-
quency. The method can further comprise: sequentially
tuning, at the controller using the tunable optical ring filter,
a present filter frequency through a range of frequencies
to sequentially produce signals at the photodiode indic-
ative of a strength of modulated optical signals on the
optical input bus corresponding to the present filter fre-
quency.
[0022] The optical ring modulator can comprise a volt-
age control device and the method can further comprise
controlling, at the controller, the voltage control device
to modulate the given optical input signal.
[0023] Yet a further aspect of the specification provides
a computer-readable medium storing a computer pro-
gram, wherein execution of the computer program is for:
at a device comprising: an optical input bus configured
to convey a given optical input signal having a given op-
tical frequency; an optical ring modulator configured to:
receive the given optical input signal from the optical input
bus; and modulate the given optical input signal; an op-
tical output bus configured to convey a modulated optical
signal from the optical ring modulator; a first optical tap
on the optical input bus configured to sample the given
optical input signal input to the optical ring modulator; a
second optical tap configured to sample the modulated
optical signal; and a controller in communication with the
optical ring modulator, the first optical tap and the second
optical tap, determining, at the controller, a current inser-
tion loss of the optical ring modulator from respective
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signals received from both the first optical tap and the
second optical tap; and, controlling, at the controller, the
optical ring modulator in a feedback loop with the current
insertion loss until the current insertion loss comprises a
given insertion loss. The computer-readable medium can
comprise a non-transitory computer-readable medium.
[0024] Another aspect of the specification provides a
device comprising: an optical bus configured to convey
optical signals; an optical tap on the optical bus config-
ured to sample the optical signals, the optical tap com-
prising: a photodiode; and, a tunable optical ring filter
located between the optical bus and the photodiode; and,
a controller in communication with the tunable optical ring
filter, and the photodiode, the controller configured to:
control the tunable optical ring filter to sequentially tune
a present filter frequency through a range of frequencies;
and, sequentially receive signals from the photodiode,
the signals indicative of a strength of optical signals the
optical bus corresponding to the present filter frequency.
[0025] The device can further comprise: a plurality of
ring modulators on the optical bus, and a plurality of op-
tical taps in a one-to-one relationship with plurality of ring
modulators, each respective optical tap, of the plurality
of optical taps, configured to sample a respective optical
signal being modulated by a respective ring modulator,
the controller further configured to: determine a current
respective insertion loss of each of the plurality of optical
ring modulators from respective signals received from
each of the plurality of optical taps and the signals from
the photodiode; and, control each of the plurality of optical
ring modulators in a respective feedback loop with the
respective current insertion loss until the respective cur-
rent insertion loss comprises a respective given insertion
loss. The controller can be configured to determine the
respective current insertion loss by determining a respec-
tive reciprocal insertion loss by: dividing a respective
sampled signal from the optical tap by a respective sam-
pled signal from a respective optical tap of the plurality
of optical taps.
[0026] Yet a further aspect of the specification provides
a method comprising: at a device comprising: an optical
bus configured to convey optical signals; an optical tap
on the optical bus configured to sample the optical sig-
nals, the optical tap comprising: a photodiode; and, a
tunable optical ring filter located between the optical bus
and the photodiode; and, a controller in communication
with the tunable optical ring filter, and the photodiode,
controlling, at the controller, the tunable optical ring filter
to sequentially tune a present filter frequency through a
range of frequencies; and, sequentially receiving, at the
controller, signals from the photodiode, the signals indic-
ative of a strength of optical signals the optical bus cor-
responding to the present filter frequency.
[0027] The device can further comprise: a plurality of
ring modulators on the optical bus, and a plurality of op-
tical taps in a one-to-one relationship with plurality of ring
modulators, each respective optical tap, of the plurality
of optical taps, configured to sample a respective optical

signal being modulated by a respective ring modulator,
and method can further comprise: determining, at the
controller, a current respective insertion loss of each of
the plurality of optical ring modulators from respective
signals received from each of the plurality of optical taps
and the signals from the photodiode; and, controlling, at
the controller, each of the plurality of optical ring modu-
lators in a respective feedback loop with the respective
current insertion loss until the respective current insertion
loss comprises a respective given insertion loss. The
method can further comprise determining, at the control-
ler, the respective current insertion loss by determining
a respective reciprocal insertion loss by: dividing a re-
spective sampled signal from the optical tap by a respec-
tive sampled signal from a respective optical tap of the
plurality of optical taps.
[0028] Yet a further aspect of the specification provides
a computer-readable medium storing a computer pro-
gram, wherein execution of the computer program is for:
at a device comprising: at a device comprising: an optical
bus configured to convey optical signals; an optical tap
on the optical bus configured to sample the optical sig-
nals, the optical tap comprising: a photodiode; and, a
tunable optical ring filter located between the optical bus
and the photodiode; and, a controller in communication
with the tunable optical ring filter, and the photodiode,
controlling, at the controller, the tunable optical ring filter
to sequentially tune a present filter frequency through a
range of frequencies; and, sequentially receiving, at the
controller, signals from the photodiode, the signals indic-
ative of a strength of optical signals the optical bus cor-
responding to the present filter frequency. The computer-
readable medium can comprise a non-transitory compu-
ter-readable medium.
[0029] Another aspect of the specification provides a
device comprising: an optical bus configured to convey
optical signals; an optical input bus configured to convey
filtered optical signals; at least one optical ring filter in
communication with the optical bus and the optical input
bus, the at least one optical ring filter configured to filter
the optical signals between the optical bus and the optical
input bus; an optical output bus configured to convey
modulated optical signals produced from the filtered op-
tical signals; an optical ring modulator in communication
with the optical input bus and the optical output bus , the
optical ring modulator configured to modulate the filtered
optical signals to produce the modulated optical signals;
one or more optical taps configured to sample one or
more of the filtered optical signals on the optical input
bus and the modulated optical signals on the optical out-
put bus; and, a controller in communication with the one
or more optical taps, the controller configured to tune the
optical ring filter to control a strength of one or more of
the filtered optical signals on the optical input bus and
the modulated optical signals on the optical output bus
in a feedback loop with output from the one or more op-
tical taps.
[0030] Yet a further aspect of the specification provides
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a method comprising: at a device comprising: an optical
bus configured to convey optical signals; an optical input
bus configured to convey filtered optical signals; at least
one optical ring filter in communication with the optical
bus and the optical input bus, the at least one optical ring
filter configured to filter the optical signals between the
optical bus and the optical input bus; an optical output
bus configured to convey modulated optical signals pro-
duced from the filtered optical signals; an optical ring
modulator in communication with the optical input bus
and the optical output bus , the optical ring modulator
configured to modulate the filtered optical signals to pro-
duce the modulated optical signals; one or more optical
taps configured to sample one or more of the filtered op-
tical signals on the optical input bus and the modulated
optical signals on the optical output bus; and, a controller
in communication with the one or more optical taps, tun-
ing, at the controller, the optical ring filter to control a
strength of one or more of the filtered optical signals on
the optical input bus and the modulated optical signals
on the optical output bus in a feedback loop with output
from the one or more optical taps.
[0031] Yet a further aspect of the specification provides
a computer-readable medium storing a computer pro-
gram, wherein execution of the computer program is for:
at a device comprising: an optical bus configured to con-
vey optical signals; an optical input bus configured to
convey filtered optical signals; at least one optical ring
filter in communication with the optical bus and the optical
input bus, the at least one optical ring filter configured to
filter the optical signals between the optical bus and the
optical input bus; an optical output bus configured to con-
vey modulated optical signals produced from the filtered
optical signals; an optical ring modulator in communica-
tion with the optical input bus and the optical output bus ,
the optical ring modulator configured to modulate the fil-
tered optical signals to produce the modulated optical
signals; one or more optical taps configured to sample
one or more of the filtered optical signals on the optical
input bus and the modulated optical signals on the optical
output bus; and, a controller in communication with the
one or more optical taps, tuning, at the controller, the
optical ring filter to control a strength of one or more of
the filtered optical signals on the optical input bus and
the modulated optical signals on the optical output bus
in a feedback loop with output from the one or more op-
tical taps. The computer-readable medium can comprise
a non-transitory computer-readable medium.
[0032] Yet a further aspect of the specification provides
a device comprising: an optical bus configured to convey
optical signals; at least one optical ring filter in commu-
nication with the optical bus the at least one optical ring
filter configured to tune the optical signals on the optical
bus; an optical output bus configured to convey tuned
optical signals from the at least one optical ring filter; one
or more optical taps configured to sample the tuned op-
tical signals; and, a controller in communication with the
one or more optical taps, the controller configured to tune

the optical ring filter to control a strength of the tuned
optical signals in a feedback loop with output from the
one or more optical taps. The device can further com-
prise: a second optical output bus and an optical ring
modulator, the optical output bus configured to convey
the tuned optical signals from the optical ring filter to the
optical ring modulator, the second optical output bus con-
figured to convey modulated optical signals from the op-
tical ring modulator, the optical ring modulator configured
to modulate the tuned optical signals to produce the mod-
ulated optical signals, the one or more optical taps con-
figured to sample the tuned optical signal at one or more
of the optical output bus, the second optical output bus,
and the optical ring modulator.
[0033] Yet a further aspect of the specification provides
a method comprising: at a device comprising: an optical
bus configured to convey optical signals; at least one
optical ring filter in communication with the optical bus
the at least one optical ring filter configured to tune the
optical signals on the optical bus; an optical output bus
configured to convey tuned optical signals from the at
least one optical ring filter; one or more optical taps con-
figured to sample the tuned optical signals; and, a con-
troller in communication with the one or more optical taps,
tuning, at the controller, the optical ring filter to control a
strength of the tuned optical signals in a feedback loop
with output from the one or more optical taps. The device
can further comprise: a second optical output bus and
an optical ring modulator, the optical output bus config-
ured to convey the tuned optical signals from the optical
ring filter to the optical ring modulator, the second optical
output bus configured to convey modulated optical sig-
nals from the optical ring modulator, the optical ring mod-
ulator configured to modulate the tuned optical signals
to produce the modulated optical signals, the one or more
optical taps configured to sample the tuned optical signal
at one or more of the optical output bus, the second op-
tical output bus, and the optical ring modulator.
[0034] Yet a further aspect of the specification provides
a computer-readable medium storing a computer pro-
gram, wherein execution of the computer program is for:
at a device comprising: an optical bus configured to con-
vey optical signals; at least one optical ring filter in com-
munication with the optical bus the at least one optical
ring filter configured to tune the optical signals on the
optical bus; an optical output bus configured to convey
tuned optical signals from the at least one optical ring
filter; one or more optical taps configured to sample the
tuned optical signals; and, a controller in communication
with the one or more optical taps, tuning, at the controller,
the optical ring filter to control a strength of the tuned
optical signals in a feedback loop with output from the
one or more optical taps. The device can further com-
prise: a second optical output bus and an optical ring
modulator, the optical output bus configured to convey
the tuned optical signals from the optical ring filter to the
optical ring modulator, the second optical output bus con-
figured to convey modulated optical signals from the op-
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tical ring modulator, the optical ring modulator configured
to modulate the tuned optical signals to produce the mod-
ulated optical signals, the one or more optical taps con-
figured to sample the tuned optical signal at one or more
of the optical output bus, the second optical output bus,
and the optical ring modulator. The computer-readable
medium can comprise a non-transitory computer-reada-
ble medium.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0035] For a better understanding of the various imple-
mentations described herein and to show more clearly
how they may be carried into effect, reference will now
be made, by way of example only, to the accompanying
drawings in which:

Fig. 1 depicts a schematic diagram of a device for
resonance wavelength alignment for ring modula-
tors, according to non-limiting implementations.
Fig. 2 depicts a schematic diagram of transmission
power profiles of an optical ring modulator under dif-
ferent operating conditions, and specifically depict-
ing power as a function of frequency at two applied
voltages, according to non-limiting implementations.
Fig. 3 depicts a block diagram of a flowchart of a
method for resonance wavelength alignment for ring
modulators, according to non-limiting implementa-
tions.
Fig. 4 depicts a schematic diagram of a device for
resonance wavelength alignment for ring modula-
tors, according to alternative non-limiting implemen-
tations.
Fig. 5 depicts a schematic diagram of a device for
resonance wavelength alignment for ring modulators
and power output control, according to alternative
non-limiting implementations.
Fig. 6 depicts a block diagram of a flowchart of a
method for controlling an optical ring filter, according
to non-limiting implementations.
Fig. 7 depicts a schematic diagram of a multiple-bus-
multiple-ring device for resonance wavelength align-
ment for ring modulators, according to alternative
non-limiting implementations.
Fig. 8 depicts a schematic diagram of a single-bus-
multiple-ring device for resonance wavelength align-
ment for ring modulators, according to alternative
non-limiting implementations.
Fig. 9 depicts a block diagram of a flowchart of a
method for controlling a ring resonator based optical
scanning analyzer, according to non-limiting imple-
mentations.
Fig. 10 depicts a schematic diagram of a single-bus-
multiple-ring device for resonance wavelength align-
ment for ring resonators, according to alternative
non-limiting implementations.
Fig. 11 depicts a schematic diagram of variable op-
tical attenuator, according to alternative non-limiting

implementations

DETAILED DESCRIPTION

[0036] Fig. 1 depicts a device 101 comprising: an op-
tical input bus 103 configured to convey a given optical
input signal having a given optical frequency; an optical
ring resonator 105 configured to: receive the given optical
input signal from optical input bus 103; and modulate the
given optical input signal; an optical output bus 107 con-
figured to convey a modulated optical signal from optical
ring resonator 105; a first optical tap 109 on optical input
bus 103 configured to sample the given optical input sig-
nal input to optical ring resonator 105; a second optical
tap 111 configured to sample the modulated optical sig-
nal; a controller 120 in communication with optical ring
resonator 105, first optical tap 109 and second optical
tap 111, controller 120 configured to: determine a current
insertion loss of optical ring resonator 105 from respec-
tive signals received from both first optical tap 109 and
second optical tap 111; and, control optical ring resonator
105 in a feedback loop with the current insertion loss until
the current insertion loss comprises a given insertion
loss. Optical ring resonator will hereafter be interchange-
ably referred to as ring 105. As depicted, device 101 fur-
ther comprises a memory 122 and an interface 124 each
interconnected with controller 120. In particular, memory
122 stores an application 126, which, when processed
by controller 120, enables controller to implement the
feedback loop. Furthermore, as depicted controller 120
further comprises an optional proportional-integral-deriv-
ative (PID) controller 125; as such, in some implemen-
tations controller 120 can implement the feedback loop
using PID controller 125, however other types of control-
lers and/or feedback loops are within the scope of present
implementations.
[0037] As depicted, ring 105 comprises a heater 130,
and controller 120 is configured to control heater 130
when controlling optical ring resonator 105 in the feed-
back loop.
[0038] Furthermore, as depicted, ring 105 further com-
prises a voltage control device 132 and controller 120 is
further configured to control voltage control device 132
to modulate the given optical input signal. For example,
while not depicted, controller 120 can comprise a mod-
ulation voltage driver for external modulation of voltage
control device 132 based, for example, on input received
from interface 124. Hence, a modulated optical signal
produced by ring 105 has data encoded therein, and can
be conveyed through an optical telecommunication net-
work. Such data can include, but is not limited to, voice,
audio, video, images, web data, browser data, and the
like.
[0039] Both heater 130 and voltage control device 132
are appreciated to be depicted schematically; for exam-
ple, while both heater 130 and voltage control device 132
are depicted as being around a portion of an outside of
ring 105, in practise, heater 130 and/or voltage control
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device 132 can be located inside ring 105 and/or in one
or more planes adjacent a depicted plane of ring 105.
For example, voltage control device 132 can comprise
electrodes "above" and "below" ring 105 (e.g. out of and
into the page of Fig. 1), which are controlled by controller
120.
[0040] Furthermore, in general, a resonance and/or
reference frequency of an optical ring resonator can be
coarsely controlled by controlling a circumference and/or
a refractive index profile of an optical ring resonator (e.g.
during fabrication thereof) and/or finely controlled by con-
trolling the temperature of the optical ring resonator. As
such, heater 130 can be used to coarsely control the
refractive index and therefore a reference resonance fre-
quency of ring 105, while voltage control device 132 is
used to induce changes and/or small changes in a re-
fractive index of ring 105 to modulate the reference res-
onance frequency which in turn causes optical signals
on input bus 103 to be modulated.
[0041] As depicted, device 101 further comprises: an
optical bus 143 configured to receive optical signals from
a light source, as depicted a laser 144; and an optical
ring filter 145 in communication with optical bus 143 and
optical input bus 103, optical ring filter 145 configured to
convey an optical signal of the given frequency from the
optical bus 143 to optical input bus 103. For example,
laser 144 can comprise a distributed Bragg reflector la-
ser, an external cavity laser and the like configured to
output optical signals (e.g. light) of a plurality of different
frequencies, for example with a constant spacing, into
optical bus 143; optical ring filter 145 can hence be con-
figured to resonate with a given frequency of the plurality
of different frequencies such that an optical signal of the
given frequency is conveyed from optical bus 143 to op-
tical input bus 103, where the light of the given frequency
is modulated by ring 105 to produce a modulated optical
signal. However, optical ring filter 145 can be optional
when laser 144 has a single wavelength output, and
hence any filtering of optical signals by filter 145 would
be redundant.
[0042] As such, optical ring filter 145 is generally opti-
cally coupled to both optical bus 143 and optical input
bus 103. Similarly, ring 105 is generally coupled to optical
input bus 103. Furthermore, optical ring filter 145 is tuned
to the optical frequency that is modulated by optical ring
resonator 105 and filters out other frequencies on optical
bus 143. While not depicted, optical ring filter 145 also
comprises a heater and voltage control device, respec-
tively similar to heater 130 and controller 120 can be con-
figured to maintain the filtering properties of optical ring
filter 145 by controlling one or more of the heater and
voltage control device of optical ring filter 145; such im-
plementations are described below with respect to Fig. 5.
[0043] In general, the modulated optical signal is con-
veyed out of device 101 on optical output bus 107 at an
output 195, for example to a fiber optic, which in turn
conveys the modulated optical signal through an optical
telecommunication network to a receiver, where the op-

tical modulated optical signal is received and demodu-
lated to retrieve data encoded therein.
[0044] Hence, device 101 can generally comprises a
transmitter in an optical telecommunications system con-
figured to generate and transmit a modulated optical sig-
nal at a given optical frequency (and a given data rate),
the modulated optical signal having data encoded there-
in. As such, the given frequency optical frequency can
comprise a given carrier optical frequency including, but
not limited to, an optical frequency used in optical tele-
communications in a range of about 184.5-238 THz; how-
ever other optical frequencies are within the scope of
present implementations.
[0045] While not depicted, device 101 can be further
configured to optically interface with an optical fiber (e.g.
at output 195), and device 101 can hence transmit the
modulated optical signal through the optical fiber, which
can be hundreds of kilometers long (or more). Device
101 can hence comprise a modulating optical signal gen-
erator including, but not limited to, one or more lasers,
including laser 144 which can be internal or external (as
depicted) to device 101, one more light emitting diodes
(LEDs), and the like, as well as one or more interfaces
(such as interface 124) to data generating devices, in-
cluding, but not limited to, servers, personal computers,
laptops, mobile devices and the like, and the like.
[0046] It should be emphasized, however, that the
structure of device 101 in Fig. 1 is purely an example,
and contemplates a device that can be used for optical
data communications. In particular, at least the bus lines,
the ring structures and at least a portion of the taps of
device 101 can be formed from a photonic integrated
circuit (PIC); indeed, any components of device 101 that
convey and/or interact with optical signals can be formed
from a PIC. In particular non-limiting implementations,
components of device 101 that convey and/or interact
with optical signals can be formed from a silicon based
PIC, however other materials are within the scope of
present implementations.
[0047] Indeed, for clarity, in Fig. 1 and through-out the
present specification, solid lines connecting components
depict links and/or optical busses that include flow of op-
tical signals there between, while dashed lines connect-
ing components depict links that include flow electrical
data and/or electrical signals there between.
[0048] Controller 120 can comprise a processor and/or
a plurality of processors, including but not limited to one
or more central processors (CPUs) and/or one or more
processing units; either way, controller 120 comprises a
hardware element and/or a hardware processor. Indeed,
in some implementations, controller 120 can comprise
an ASIC (application-specific integrated circuit) and/or
an FPGA (field-programmable gate array) specifically
configured to implement the functionality of controller
120. Hence, controller 120 is not necessarily a generic
computing device and/or a generic processor and/or a
generic component of computing controller 120, but a
device specifically configured to implement specific func-
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tionality; such specific functionality includes controlling
ring 105 in a feedback loop to a given insertion loss as
described in further detail below. For example, controller
120 can specifically comprise an engine configured to
control ring in a feedback loop to a given insertion loss.
[0049] Memory 122 can comprise a non-volatile stor-
age unit (e.g. Erasable Electronic Programmable Read
Only Memory ("EEPROM"), Flash Memory) and a volatile
storage unit (e.g. random access memory ("RAM")). Pro-
gramming instructions that implement the functional
teachings of controller 120 and/or device 101 as de-
scribed herein are typically maintained, persistently, in
memory 122 and used by controller 120 which makes
appropriate utilization of volatile storage during the exe-
cution of such programming instructions. Those skilled
in the art recognize that memory 122 is an example of
computer readable media that can store programming
instructions executable on controller 120. Furthermore,
memory 122 is also an example of a memory unit and/or
memory module and/or a non-volatile memory.
[0050] In particular, memory 122 stores application
126 that when processed by controller 120 enables con-
troller to: determine a current insertion loss of optical ring
resonator 105 from respective signals received from both
first optical tap 109 and second optical tap 111; and, con-
trol optical ring resonator 105 in a feedback loop with the
current insertion loss until the current insertion loss com-
prises a given insertion loss.
[0051] Interface 124 can comprise any wired and/or
wireless interface configured to receive data used to
modulate optical signals. As such, interface 124 is con-
figured to correspond with communication architecture
that is used to implement one or more communication
links used to receive data, including but not limited to any
suitable combination of, cables, serial cables, USB (uni-
versal serial bus) cables, and wireless links (including,
but not limited to, WLAN (wireless local area network)
links, WiFi links, WiMax links, cell-phone links, Blue-
tooth™ links, NFC (near field communication) links,
packet based links, the Internet, analog networks, access
points, and the like, and/or a combination). However, in-
terface 124 is generally non-limiting and any interface
used in optical telecommunication devices and/or optical
telecommunication transmitters is within the scope of
present implementations.
[0052] PID controller 125 generally calculates an "error
value" as the difference between a measured process
variable and a desired setpoint, and attempts to minimize
the error over time by adjustment of a control variable,
such as power supplied to heater 130, to a new value
determined by a weighted sum. However, other types of
controllers and/or control mechanisms and/or feedback
loops are within the scope of present implementations.
[0053] Each of optical taps 109, 111 comprise a fiber
tap, and the like, that diverts a fraction of the light from
optical bus, including, but not limited to beam splitters,
bends in busses 103, 107, and the like, and a respective
photodiode arranged so that optical signals (e.g. light)

from the fiber tap illuminate the photodiode and produce
an electrical signal which is conveyed to controller 120
for processing. Each of optical taps 109, 111 can be in-
corporated into a PIC structure of device 101. Further-
more, as depicted optical tap 111 comprises a through
port. In addition, each optical bus 103, 107 can comprise
optical waveguides, for example, in PIC structure, and
further can be interchangeably referred to as waveguides
103, 107.
[0054] In general, device 101 is controlled to maintain
a given insertion loss at ring 105. For example, prior art
systems generally monitor power output from a ring mod-
ulator and attempt to maintain a given power at the ring
by tuning the ring according to the output power. How-
ever, such systems assume that aging does not occur at
a light source and/or that coupling does not change be-
tween rings and optical buses; hence, attempting to
maintain a given power can result in a ring being tuned
away from the given frequency that is being modulated
by the ring. For example, if output power decreases, then
it is assumed that the resonance frequency of the ring
has drifted away from the frequency being modulated
and a controller changes the resonance frequency of the
ring, for example by controlling a respective heater; how-
ever, if the output power is decreasing due to the de-
crease in the input power, then changing the resonance
frequency of the ring results in a decrease in the insertion
loss leading to lower optical eye extinction ratio for worse
performance.
[0055] In contrast, in present implementations first op-
tical tap 109 is used to measure the input power, Pi of
the optical signal, and the second optical tap 111 is used
to measure the output power, Po, and insertion loss, ER,
IL, is determined from: 

[0056] Hence, insertion loss represents a ratio of a
modulated optical signal to an unmodulated optical sig-
nal.
[0057] Attention is next directed to Fig. 2 which depicts
schematic transmission magnitude profiles 201, 202 of
ring 105 as a function of frequency (and/or heater power)
for two different applied voltages, as applied by voltage
control device 132 as controlled by controller 120, as well
as a line corresponding to an input frequency that is being
modulated by ring 105. For example, for each of a Voltage
1 (profile 201) and a Voltage 2 (profile 202, and Voltage
2 being different from Voltage 1), in each of profiles 201,
202 a resonance frequency of ring 105 corresponds to a
minimum of the corresponding transmission magnitude
profile 201, 202; the minimum for each profile 201, 202
can hence also be referred to as reference frequency. In
other words, the transmission magnitude profile (and the
resonance frequency) shifts as a function of voltage. (It
is further noted that the transmission magnitude profiles
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201, 202 of Fig. 2 could also be depicted as a function
of wavelength, however the plot directions of each of the
curves would be reversed as wavelength and frequency
are inversely related (e.g a falling slope for the frequency
curve, as depicted, would correspond to a rising slope of
a wavelength curve)).
[0058] It is yet further noted that alternatively, in Fig. 2
the optical signal is being modulated using the "blue" side
of the depicted curves (e.g. the frequency being modu-
lated is at higher frequency and/or heater power than the
frequency where power is at a minimum - the reference
frequency - for each curve).
[0059] Hence, voltage control device 132 is used to
modulate the optical signal being conveyed through op-
tical bus 103. Furthermore, insertion loss can be deter-
mined from an input to ring 105 as compared to an output
from ring 105. For example, the photodiode at optical tap
111 will generally measure an average of power output
at ring 105 at the two applied voltage levels, P0 and P1
(e.g. P0 corresponding to a "0" generally corresponding
to a "0" in a binary data stream on optical output bus 107
and P1 generally corresponding to a "1" in a binary data
stream on optical output bus 107) as data rates tend to
be very high in optical communication systems for exam-
ple on the order of 28Gb/s.
[0060] Hence, in Equation (1), Po corresponds to an
average of powers of a modulated optical signal (e.g. an
average of P0 and P1 as depicted in Fig. 2), while Pi
corresponds to an average of an unmodulated optical
signal.
[0061] Further, measured power need not be meas-
ured in watts, and the like, but can be measured in any
units which can correspond to power and/or are propor-
tional to power, in either absolute units and/or relative
units, including volts, amps and the like; for example,
controller 120 can include an analog to digital converter
(ADC) which converts signals from the photodiodes of
optical taps 109, 111 to values on a scale of 0 to 255,
and the like.
[0062] In any event, in device 101, a current insertion
loss is determined from output from optical taps 109, 111,
and controller 120 generally controls heater 130 to
change the insertion loss to a target insertion loss, for
example as stored at memory 122 and/or at application
126.
[0063] Attention is now directed to Fig. 3 which depicts
a flowchart of a method 300 for controlling an optical ring
resonator, according to non-limiting implementations. In
order to assist in the explanation of method 300, it will
be assumed that method 300 is performed using device
101, and specifically by controller 120, for example when
controller 120 is implementing application 126. Indeed,
method 300 is one way in which device 101 and/or con-
troller 120 can be configured. Furthermore, the following
discussion of method 300 will lead to a further under-
standing of device 101 and its various components
and/or controller 120. However, it is to be understood
that device 101 and/or controller 120 and/or method 300

can be varied, and need not work exactly as discussed
herein in conjunction with each other, and that such var-
iations are within the scope of present implementations.
[0064] Regardless, it is to be emphasized, that method
300 need not be performed in the exact sequence as
shown, unless otherwise indicated; and likewise various
blocks may be performed in parallel rather than in se-
quence; hence the elements of method 300 are referred
to herein as "blocks" rather than "steps". It is also to be
understood, however, that method 300 can be imple-
mented on variations of system 300 as well.
[0065] It is furthermore assumed in method 300 that
memory 122 stores a given insertion loss that is a target
insertion loss to which device 101 is to be controlled. The
target insertion loss can be provisioned at device 101 in
a provisioning process. In general, a target insertion loss
can be determined from the transmission profile curves
of Fig. 2. However, in other implementations, the target
insertion loss can comprise a measured insertion loss
determined from respective signals received from both
first optical tap 109 and second optical tap 111, for ex-
ample upon start-up of device 101 and/or after a given
time period and/or after components of device 101 have
stabilized; in these implementations the target insertion
loss is measured and stored at memory 122.
[0066] At block 301, controller 120 determines a cur-
rent insertion loss of optical ring resonator 105 from re-
spective signals received from both first optical tap 109
and second optical tap 111.
[0067] At block 303, controller 120 compares the cur-
rent insertion loss with the given insertion loss (i.e. the
target insertion loss). When the current insertion loss is
equal to the given insertion loss and/or about equal to
the given insertion loss and/or a measured error is within
a given control error range (as determined by PID con-
troller 125) (i.e. a "Yes" decision at block 303), block 301
repeats.
[0068] However, when the current insertion loss is not
equal to the given insertion loss and/or the measured
error is outside the given control error range (as deter-
mined by PID controller 125) (i.e. a "No" decision at block
303), at block 305, controller 120 controls optical ring
resonator 105 to change the insertion loss to the given
insertion loss. For example, controller 120 can increase
or decrease the heater power to adjust the insertion loss
towards the given insertion loss. For example, heater
power can be adjusted to shift the transmission profiles
of Fig. 2, which can also be stored at memory 122 and/or
at application 126.
[0069] Specifically, the insertion loss can be increased
or decreased using heater power and dependent on the
operation slope of the profiles 201, 202 of Fig. 2. For
example, when power is being modulated on the "blue"
slope of the profiles 201, 202 of Fig. 2 (e.g. the frequency
of the optical signal and/or light is greater than a frequen-
cy and/or a reference frequency where power is at a min-
imum for the through-path of the ring resonator modulat-
ing the optical signal and/or light), heater temperature
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can to be decreased when the insertion loss is low, and
increased when the insertion loss is high.
[0070] Hence, in method 300, controller 120 controls
optical ring modulator 105 in a feedback loop with the
current insertion loss until the current insertion loss com-
prises a given insertion loss.
[0071] In Fig. 1, second optical tap 111 is in commu-
nication with optical output bus 107 such that the modu-
lated optical signal is sampled at optical output bus 107,
and controller 120 is configured to determine the insertion
loss by dividing a sampled signal from the second optical
tap by a respective sampled signal from first optical tap
109 using, for example, Fig. 1. However, in other imple-
mentations, second optical tap can be in communication
with ring 105.
[0072] For example, attention is next directed to Fig.
4, which is substantially similar to Fig. 1, with like ele-
ments having like number but in a "400" series rather
than a "100" series. Hence, Fig. 4 depicts a device 401
comprising: an optical input bus 403 configured to convey
a given optical input signal having a given optical fre-
quency; an optical ring modulator 405 configured to: re-
ceive the given optical input signal from optical input bus
403; and modulate the given optical input signal; an op-
tical output bus 407 configured to convey a modulated
optical signal from optical ring modulator 405 (e.g. to an
output 495); a first optical tap 409 on optical input bus
403 configured to sample the given optical input signal
input to optical ring modulator 405; a second optical tap
411 configured to sample the modulated optical signal;
a controller 420 in communication with optical ring mod-
ulator 405, first optical tap 409 and second optical tap
411, controller 420 configured to: determine a current
insertion loss of optical ring modulator 405 from respec-
tive signals received from both first optical tap 409 and
second optical tap 411; and, control optical ring modula-
tor 405 in a feedback loop with the current insertion loss
until the current insertion loss comprises a given insertion
loss. Device 401 further comprises a memory 422 and
an interface 424 interconnected with controller 420,
memory 422 storing an application 426, as well as an
optical bus 443 configured to receive optical signals from
a laser 444 and an optical ring filter 445 in communication
with both of busses 403, 443. Further, optical ring mod-
ulator 405 comprises a respective heater 430 and a re-
spective voltage control device 432. An optional PID con-
troller 425 is also shown.
[0073] However, in comparison to device 101, at de-
vice 401 second optical tap 411 is in communication with
optical ring modulator 405 such that the modulated opti-
cal signal is sampled at optical ring modulator 405; hence
second optical tap 411 comprises a drop port. Further-
more, controller 420 is configured to determine insertion
loss in method 300 by determining a reciprocal insertion
loss by: dividing a sampled signal from first optical tap
409 by a respective sampled signal from second optical
tap 411. Hence, when method 300 is implemented in
device 401, reciprocal insertion loss IL’ is determined

from: 

where Pi’ is the measured optical signal at first optical
tap 409 (and will be similar to power Pi measured at first
optical tap 109), and Po’ is the measured optical signal
at second optical tap 411. Relative to power measured
at second optical tap 111, power measured at second
optical tap 411 will increase and decrease in a manner
opposite to that of second optical tap 111 of device 101.
Hence, a control slope for reciprocal insertion loss IL’ in
device 401 will be opposite that of insertion loss IL in
device 101.
[0074] Otherwise device 401 functions similar to de-
vice 101 (other than the control slope being inverted.
[0075] Attention is next directed to Fig. 5, which is sub-
stantially similar to Fig. 1, with like elements having like
number but in a "500" series rather than a "100" series.
Hence,
[0076] Fig. 5 depicts a device 501 comprising: an op-
tical input bus 503 configured to convey a given optical
input signal having a given optical frequency; an optical
ring modulator 505 configured to: receive the given op-
tical input signal from optical input bus 503; and modulate
the given optical input signal; an optical output bus 507
configured to convey a modulated optical signal from op-
tical ring modulator 505 (e.g. to an output 595); a first
optical tap 509 on optical input bus 503 configured to
sample the given optical input signal input to optical ring
modulator 505; a second optical tap 511 configured to
sample the modulated optical signal; a controller 520 in
communication with optical ring modulator 505, first op-
tical tap 509 and second optical tap 511, controller 520
configured to: determine a current insertion loss of optical
ring modulator 505 from respective signals received from
both first optical tap 509 and second optical tap 511; and,
control optical ring modulator 505 in a feedback loop with
the current insertion loss until the current insertion loss
comprises a given insertion loss. Device 501 further com-
prises a memory 522 and an interface 524 interconnect-
ed with controller 520, memory 522 storing an application
526, as well as an optical bus 543 configured to receive
optical signals from a laser 544 and an optical ring filter
545 in communication with both of busses 503, 543. An
optional PID controller 525 is also shown.
[0077] Optical ring filter 545 is generally located on op-
tical bus 543 which can also be referred to as an optical
input bus as optical bus 543 comprises a first optical path
into device 501. Optical ring filter 545 is generally con-
figured to selectively convey a given optical input signal
having a given optical frequency to optical ring modulator
505, while preventing other optical input signals from
reaching optical ring modulator 505 and first optical tap
509. In other words, optical ring filter 545 is tuned to the
same optical frequency as optical ring modulator 505 and
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filters out other frequencies on optical bus 543.
[0078] As such, optical ring filter 545 comprises a heat-
er 550 and optionally a voltage control device 552 re-
spectively similar to heater 530 and voltage control de-
vice 532.
[0079] However, in contrast to devices 101, 401, con-
troller 520 is depicted as in communication with heater
550 and voltage control device 552. Furthermore, con-
troller 520 is further configured to tune optical ring filter
545 to control a strength of one or more of a given optical
input signal to optical ring modulator 505 and the modu-
lated optical signal from optical ring modulator 505 in a
feedback loop with output from one or more of first optical
tap 509 and second optical tap 511.
[0080] For example, optical ring filter 545 can be tuned,
by controller 520 controlling heater 550 and/or voltage
control device 552, to maximize a measured signal at
one or more of first optical tap 509 and second optical
tap 511. Hence, when drift and/or aging occurs in either
of ring 545 and/or coupling between ring 545 and busses
543, 503, such that a resonance of filter 545 drifts and
power output therefrom decreases, controller 520 can
control heater 550 and/or voltage control device 552 to
again maximize the power output therefrom. Changes in
power are monitored at one or more of first optical tap
509 and second optical tap 511. Otherwise device 501
functions similar to device 101.
[0081] Hence, two feedback loops are implemented in
device 501: method 300 in which insertion loss is con-
trolled at optical ring modulator 505, and another feed-
back loop between optical ring filter 545 and one or more
of first optical tap 509 and second optical tap 511 in which
power output of optical ring filter 545 is controlled.
[0082] For example, attention is now directed to Fig. 6
which depicts a flowchart of a method 600 for controlling
an optical ring filter, according to non-limiting implemen-
tations. In order to assist in the explanation of method
600, it will be assumed that method 600 is performed
using device 501, and specifically by controller 520, for
example when controller 520 is implementing application
526. Indeed, method 600 is one way in which device 501
and/or controller 520 can be configured. Furthermore,
the following discussion of method 600 will lead to a fur-
ther understanding of device 501 and its various compo-
nents and/or controller 520. However, it is to be under-
stood that device 501 and/or controller 520 and/or meth-
od 600 can be varied, and need not work exactly as dis-
cussed herein in conjunction with each other, and that
such variations are within the scope of present imple-
mentations.
[0083] Regardless, it is to be emphasized, that method
600 need not be performed in the exact sequence as
shown, unless otherwise indicated; and likewise various
blocks may be performed in parallel rather than in se-
quence; hence the elements of method 600 are referred
to herein as "blocks" rather than "steps". It is also to be
understood, however, that method 600 can be imple-
mented on variations of system 600 as well.

[0084] It is furthermore assumed in method 600 that
device 501 comprises: an optical bus 543 configured to
convey optical signals; an optical input bus 503 config-
ured to convey filtered optical signals; at least one optical
ring filter 545 in communication with optical bus 543 and
optical input bus 503, at least one optical ring filter 545
configured to filter the optical signals between optical bus
543 and optical input bus 503; an optical output bus 507
configured to convey modulated optical signals produced
from the filtered optical signals; an optical ring modulator
in communication with optical input bus 503 and optical
output bus 507, optical ring modulator 505 configured to
modulate the filtered optical signals to produce the mod-
ulated optical signals; one or more optical taps 509, 511
configured to sample one or more of the filtered optical
signals on optical input bus 503 and the modulated optical
signals on optical output bus 507; and, a controller 520
in communication with one or more optical taps 509, 511,
controller 520 to implement method 600 described here-
after.
[0085] At block 601, controller 520 determines a
strength of a current output received from one or more
of first optical tap 509 and second optical tap 511.
[0086] At block 603, controller 520 compares the cur-
rent output with a target output. When the current output
is equal to the target output and/or about equal to the
target output and/or a measured error is within a given
control error range (as determined by PID controller 525)
(i.e. a "Yes" decision at block 603), block 601 repeats.
[0087] However, when the current output is not equal
to the target output and/or outside a given percentage of
the target output (i.e. a "No" decision at block 603), at
block 605, controller 520 controls optical ring modulator
505 to change the current output to the target output. For
example, controller 520 can increase or decrease the
heater power at heater 550 to adjust the current output
of or more of first optical tap 509 and second optical tap
511 towards the target output for example to maximize
the output received from one or more of first optical tap
509 and second optical tap 511. Specifically, when the
output from one or more of first optical tap 509 and second
optical tap 511 is determined to be smaller or larger than
the target output, the heater power can be increased or
decreased accordingly to reach the target output.
[0088] In some implementations, the target output can
comprise a maximum of output received from one or more
of first optical tap 509 and second optical tap 511. How-
ever, in other implementations, the target output can
comprise a given target output provisioned at memory
522 and/or at application 526 based, for example, on a
target input power Pi and/or a target output power Po.
[0089] Either way, in method 600, controller 520 is gen-
erally configured to tune optical ring filter 545 to control
a strength of one or more of the filtered optical signals
on optical input bus 503 and the modulated optical signals
on optical output bus 507 in a feedback loop with output
from one or more optical taps 509, 511.
[0090] Such a feedback loop can also occur at device
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401, but using one or more of first optical tap 409 and
second optical tap 411.
[0091] Furthermore, as optical ring filter 545 is tunable,
and can control a strength of input and/or output from
optical ring modulator 505, optical ring filter 545 and one
or more of optical taps 509, 511 can also be referred to
as a variable optical attenuator (VOA) that can be inte-
grated into a PIC structure. While such a PIC-based var-
iable optical attenuator is described with reference to de-
vice 501, such a PIC-based variable optical attenuator
can be integrated into other devices, including PIC-based
devices, where controlling a strength of optical signals
on an optical bus, and specifically signals being modu-
lated by a ring modulator, is to occur. Hence, optical ring
filter 545 and one or more of optical taps 509, 511 (which
can also be provided with a controller implementing
method 600) can be provided independent of device 501
and/or integrated into other types of devices.
[0092] In general, each of method 300 and method 600
can be implemented in any of devices 101, 401, 501, with
each of method 300 and method 600 implemented on an
ongoing basis and/or periodically. Furthermore, in some
of these implementations, method 300 can be imple-
mented more frequently then method 600. It is further-
more appreciated that as method 300 is implemented,
the power of modulated optical signals on output bus 507
can vary which in turn can indicate a drop in power of
optical signals filtered by optical ring filter 545; hence,
method 600 can be used to maintain an absolute output
power, while method 300 can be used to maintain an
insertion loss.
[0093] Furthermore, it is appreciated that optical ring
filter 545, optical ring modulator 505, optical input bus
503, optical output bus 507, first optical tap 509 and sec-
ond optical tap 511 form an alignment apparatus config-
ured to maintain a given insertion loss for the given optical
frequency using the feedback loop.
[0094] It is furthermore appreciated that each of devic-
es 101, 401, 501, can comprise than one alignment ap-
paratus.
[0095] For example, attention is next directed to Fig. 7
which depicts a device 701 that is substantially similar to
device 501, with like elements having like numbers but
in a "700" series rather than a "500" series. In particular,
device 701 comprises a plurality of optical input buses
703-1, 703-2, 703-3, 703-4, a plurality of optical ring mod-
ulators 705-1, 705-2, 705-3, 705-4, a plurality of optical
output buses 707-1, 707-2, 707-3, 707-4, a plurality of
first optical taps 709-1, 709-2, 709-3, 709-4, a plurality
of second optical taps 711-1, 711-2, 711-3, 711-4, a com-
mon controller 720, an optical bus 743 configured to re-
ceive optical signals from a laser 744 and a plurality of
optical ring filters 745-1, 745-2, 745-3, 745-4. While not
depicted, it is assumed that device 701 further comprises
a memory storing an application, similar to memory 522
and application 526, and an interface similar to interface
524. While not depicted for clarity, it is further assumed
that each of plurality of optical ring modulators 705-1,

705-2, 705-3, 705-4 and plurality of optical ring filters
745-1, 745-2, 745-3, 745-4 comprises a respective heat-
er and voltage control device. Furthermore, for clarity,
optical links between components in Fig. 7 are depicted
but electrical and/or data links are not depicted; it is none-
theless assumed that controller 720 is in communication
with each of optical taps 709-1, 709-2, 709-3, 709-4,
711-1, 711-2, 711-3, 711-4 and is further configured to
tune and/or control each of plurality of optical ring mod-
ulators 705-1, 705-2, 705-3, 705-4, and plurality of optical
ring filters 745-1, 745-2, 745-3, 745-4.
[0096] Furthermore, plurality of optical input buses
703-1, 703-2, 703-3, 703-4 will be hereafter referred to,
collectively, as optical input busses 703 and, generically,
as an optical input bus 703; plurality of optical ring mod-
ulators 705-1, 705-2, 705-3, 705-4 will be hereafter re-
ferred to, collectively, as optical ring modulators 705 and,
generically, as an optical ring modulator 705; plurality of
optical output buses 707-1, 707-2, 707-3, 707-4 will be
hereafter referred to, collectively, as optical output
busses 707 and, generically, as an optical output bus
707; plurality of first optical taps 709-1, 709-2, 709-3,
709-4will be hereafter referred to, collectively, as first op-
tical taps 709 and, generically, as a first optical tap 709;
plurality of second optical taps 711-1, 711-2, 711-3,
711-4 will be hereafter referred to, collectively, as second
optical taps 711 and, generically, as a second optical tap
711; and plurality of optical ring filters 745-1, 745-2,
745-3, 745-4 will be hereafter referred to, collectively, as
optical ring filters 745 and, generically, as an optical ring
filter 745.
[0097] Each respective combination of optical ring filter
745, optical ring modulator 705, the optical input bus 703,
optical output bus 707, first optical tap 709 and second
optical tap 711 form an alignment apparatus configured
to maintain the given insertion loss for a given respective
optical frequency using a feedback loop, for example us-
ing method 300. Each respective group of optical ring
filter 745, optical ring modulator 705, the optical input bus
703, optical output bus 707, first optical tap 709 and sec-
ond optical tap 711 in each alignment apparatus is des-
ignated with a common identifier appended onto each
number, for example "-1", "-2", "-3", "-4".
[0098] Hence device 701 comprising a plurality of
alignment apparatuses arranged in series on optical input
bus 743, each of the plurality of alignment apparatuses
configured to maintain a respective given insertion loss
for a respective given optical frequency using respective
feedback loops, a respective ring filter 745 for each of
the plurality of alignment apparatuses configured to con-
vey a respective given optical input signal to a respective
optical ring modulator 705, while preventing other the
optical input signals on optical input bus 743 from reach-
ing a respective optical ring modulator 705 and a respec-
tive first optical tap 709.
[0099] Furthermore, each alignment apparatus in de-
vice 701 is generally tuned to a different respective optical
frequency on optical bus 743, such that each alignment
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apparatus receives a given respective optical frequency
from optical bus 743, filters out other frequencies on op-
tical bus 743, and modulates the given respective optical
frequency.
[0100] Furthermore, each alignment apparatus can be
controlled by controller 720 to one or more of control in-
sertion loss of a respective optical ring modulator 705 in
a feedback loop using method 300 and control resonance
of a respective optical ring filter 745 using method 600.
[0101] While each optical output bus 707 can interface
with a respective output (e.g. to output a respective mod-
ulated optical output signal to a respective optical fiber),
as depicted, device 701 further comprises an optical mul-
tiplexer 790 configured to receive and combine respec-
tive modulated optical signals from each of the plurality
of alignment apparatuses. Specifically, optical multiplex-
er 790 is connected to each of optical output buses 707
and combines modulated optical signals from each into
a common optical output signal. The common optical out-
put signal can be output at a common output 795 and
hence onto a common optical fiber (not depicted) and
transmitted to a receiver in an optical telecommunica-
tions network, where the common optical output signal
is de-multiplexed.
[0102] While four alignment apparatuses are depicted
in device 701, device 701 can comprise fewer alignment
apparatuses or more alignment apparatuses, for exam-
ple one for each optical carrier frequency to be modulated
on optical bus 743. Light that is not modulated can be
discarded, for example at a light dump on optical input
bus 743.
[0103] Furthermore, the configuration of device 701
can be referred to as a multiple-bus-multiple-ring config-
uration as the modulation for each optical frequency oc-
curs on different busses.
[0104] However, other implementations can be used
to multiplex modulated optical signals and control inser-
tion loss.
[0105] For example, attention is next directed to Fig. 8
which depicts a device 801 that is similar to device 701,
with like elements having like number however in an
"800" series rather than a "700" series. However, device
801 comprises a common input bus 803, which receives
optical signals from a laser 844, and conveys optical sig-
nals to a plurality of optical ring modulators 805-1, 805-2,
805-3, 805-4, and a common output bus 807 which out-
puts multiplexed modulated optical signals at an output
895. Device 801 further comprises a first optical tap 809
on optical input bus 803, and a plurality of second optical
taps 811-1, 811-2, 811-3, 811-3, one for each of plurality
of optical ring modulators 805-1, 805-2, 805-3, 805-4.
Device 801 further comprises a controller 820 in commu-
nication with respective heaters and respective voltage
control devices of each of plurality of optical ring modu-
lators 805-1, 805-2, 805-3, 805-4, as well as each of first
optical tap 809 and second optical taps 811-1, 811-2,
811-3, 811-3, though electrical links there between are
omitted for clarity, similar to Fig. 7.

[0106] Hence, while not depicted for clarity, it is further
assumed that each of plurality of optical ring modulators
805-1, 805-2, 805-3, 805-4 comprises a respective heat-
er and voltage control device. Furthermore, while not de-
picted, it is assumed that device 801 further comprises
a memory storing an application, similar to memory 522
and application 526, and an interface similar to interface
524.
[0107] Furthermore, plurality of optical ring modulators
805-1, 805-2, 805-3, 805-4 will be hereafter referred to,
collectively, as optical ring modulators 805 and, generi-
cally, as an optical ring modulator 805; and plurality of
second optical taps 811-1, 811-2, 811-3, 811-4 will be
hereafter referred to, collectively, as second optical taps
811 and, generically, as a second optical tap 811.
[0108] Like optical ring modulators 705, optical ring
modulators 805 are each tuned to modulate a different
optical frequency being conveyed by optical input bus
803. Hence, optical input bus 803 carries all of optical
frequencies, and optical output bus 807 carries all mod-
ulated optical frequencies. As such, each of second op-
tical taps 811 is located to sample a respective modulated
optical signal being modulated by a respective optical
ring modulators 805, and hence a location of each of
second optical taps 811 is similar to second optical tap
411 of device 401. Hence, when method 300 is imple-
mented at controller 820, output from each of second
optical taps 811 can be used to determine insertion loss
using Equation (2).
[0109] The configuration of device 801 can hence be
referred to as a single-bus-multiple-ring configuration as
the modulation for each optical frequency occurs on a
same optical bus.
[0110] However, in contrast to the multiple-bus-multi-
ple-ring configuration of device 701, in device 801 there
is a common first optical tap 809 on optical input bus 803,
first optical tap 809 being tunable to the various frequen-
cies being modulated by each optical ring modulator 805
[0111] Specifically, first optical tap 809 is generally lo-
cated prior to a first optical ring modulator 805-1 on optical
input bus 803. First optical tap 809 comprises: a photo-
diode 860; and a tunable optical ring filter 865 located
between optical input bus 803 and photodiode 860, tun-
able optical ring filter 865 configured to: sequentially tune
a present filter frequency through a range of frequencies
to sequentially produce signals at photodiode 860 indic-
ative of a strength of optical signals on optical input bus
803 corresponding to the present filter frequency.
[0112] While not depicted, controller 820 is further in
communication with photodiode 860 and tunable optical
ring filter 865, controller 820 further configured to: control
tunable optical ring filter 865 to sequentially tune the
present filter frequency through the range of frequencies;
and receive the signals from photodiode 860, a signal
corresponding to the given optical frequency used to de-
termine the current insertion loss of an optical ring mod-
ulator 805, for example as input to Equation (2), along
with respective output from a respective second optical
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tap 811. For example, as described above, a resonance
frequency of an optical ring filter can be tuned by con-
trolling an associated heater and/or an associated volt-
age control device. While not depicted, it is assumed that
tunable optical ring filter 865 comprises a respective
heater and/or a respective voltage control device similar
to other ring filters and/or modulators described herein,
and that controller 820 is in communication with at least
the respective heater. Controller 820 can hence control
the respective heater through a range that causes tuna-
ble optical ring filter 865 to resonate with each of the
given optical signals on optical input bus 803.
[0113] Thus method 300 can be implemented at con-
troller 820 for each optical ring modulator 805 using sig-
nals from first optical tap 809 when tuned to a respective
optical frequency being modulated, and signals from a
respective second optical tap 811.
[0114] For example, attention is now directed to Fig. 9
which depicts a flowchart of a method 900 for controlling
a ring resonator based optical scanning analyzer, accord-
ing to non-limiting implementations. In order to assist in
the explanation of method 900, it will be assumed that
method 900 is performed using device 801, and specif-
ically by controller 820, for example when controller 820
is implementing an application stored at device 801, sim-
ilar to application 126 but adapted for optical tap control.
Indeed, method 900 is one way in which device 801
and/or controller 820 can be configured. Furthermore,
the following discussion of method 900 will lead to a fur-
ther understanding of device 801 and its various compo-
nents and/or controller 820. However, it is to be under-
stood that device 801 and/or controller 820 and/or meth-
od 900 can be varied, and need not work exactly as dis-
cussed herein in conjunction with each other, and that
such variations are within the scope of present imple-
mentations.
[0115] Regardless, it is to be emphasized, that method
900 need not be performed in the exact sequence as
shown, unless otherwise indicated; and likewise various
blocks may be performed in parallel rather than in se-
quence; hence the elements of method 900 are referred
to herein as "blocks" rather than "steps". It is also to be
understood, however, that method 900 can be imple-
mented on variations of system 900 as well.
[0116] It is furthermore assumed in method 900 that
device 801 comprises: an optical bus 803 configured to
convey optical signals; an optical tap 809 on optical bus
803 configured to sample the optical signals, optical tap
809 comprising: a photodiode 860; and, a tunable optical
ring filter 865 located between optical input bus 803 and
photodiode 860; and, a controller 820 in communication
with tunable optical ring filter 865, and photodiode 860,
controller 820 configured to implement method 900 de-
scribed hereafter.
[0117] At block 901, controller 820 controls tunable op-
tical ring filter 865 to sequentially tune a present filter
frequency through a range of frequencies, for example
by controlling a heater thereof, though a voltage control

device thereof can also be controlled.
[0118] At block 903, controller 820 sequentially receive
signals from photodiode 860, the signals indicative of a
strength of optical signals on optical bus 803 correspond-
ing to the present filter frequency. Method 900 can then
repeat.
[0119] Whenever controller 820 receives signals from
photodiode 860 corresponding to a strength of an optical
signal being tuned by one of optical ring modulators 805,
controller 820 can implement method 300 for that optical
ring modulator 805 using the signal from 860 as an input
for power Pi of Equation (2).
[0120] Hence, device 801 can further store a table cor-
relating heater power to resonance frequency of tunable
optical ring filter 865 and method 300 can be implement-
ed for a given optical ring modulator 805 when the heater
power corresponds to a respective resonance frequency
of tunable optical ring filter 865.
[0121] In device 801, each optical ring modulator 805
and corresponding second optical tap 811 form an align-
ment apparatus configured to maintain the given inser-
tion loss for a given optical frequency using a feedback
loop that includes first optical tap 809, the device further
comprising a plurality of alignment apparatuses arranged
in series on optical input bus 803, each of the plurality of
alignment apparatuses configured to maintain a respec-
tive given insertion loss for a respective given optical fre-
quency using respective feedback loops, respective op-
tical ring modulators 805 for each of the each of the plu-
rality of alignment apparatuses arranged in series on op-
tical input bus 803, the plurality of alignment apparatuses
having first optical tap 809 in common such that a re-
spective current insertion loss is determined from a re-
spective signal corresponding to a given respective op-
tical frequency received as tunable optical ring filter 865
scans through the range of frequencies.
[0122] As first optical tap 809 is tunable, and can scan
through a range of optical frequencies, first optical tap
809 can also be referred to as an optical scanning ana-
lyzer (OSA) that can be integrated into a PIC structure.
While such a PIC-based optical scanning analyzer is de-
scribed with reference to device 801 that includes a plu-
rality of ring modulators 805 and a plurality of associated
optical taps 811, such a PIC-based optical scanning an-
alyzer can be integrated into other devices, including
PIC-based devices, where determination of a strength of
a plurality of optical signals on an optical bus is to occur.
Hence, first optical tap 809, including photodiode 860
and tunable optical ring filter 865 (which can also be pro-
vided with a controller implementing method 900) can be
provided independent of device 801 and/or integrated
into other types of devices.
[0123] Such optical scanning analyzers can also be
used to determine a strength of a modulated optical sig-
nal. For example, attention is next directed to Fig. 10
which depicts a device 1001 that is similar to device 801,
with like elements having like number however in an
"1000" series rather than a "800" series. Device 1001
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comprises a common input bus 1003 which receives op-
tical signals from a laser 1044, and conveys optical sig-
nals to a plurality of optical ring modulators 1005-1,
1005-2, 1005-3, 1005-4, and a common output bus 1007
which outputs multiplexed modulated optical signals at
an output 1095. Device 1001 further comprises a first
optical tap 1009 on optical input bus 1003, and a second
optical tap 1011 on optical output bus 1007. Device 1001
further comprises a controller 1020 in communication
with respective heaters and respective voltage control
devices of each of plurality of optical ring modulators
1005-1, 1005-2, 1005-3, 1005-4, as well as each of first
optical tap 1009 and second optical tap 1011, though
electrical links there between are omitted for clarity, sim-
ilar to Fig. 8.
[0124] Hence, while not depicted for clarity, it is further
assumed that each of plurality of optical ring modulators
1005-1, 1005-2, 1005-3, 1005-4 comprises a respective
heater and voltage control device. Furthermore, while
not depicted, it is assumed that device 1001 further com-
prises a memory storing an application, similar to mem-
ory 522 and application 526, and an interface similar to
interface 524.
[0125] Furthermore, plurality of optical ring modulators
1005-1, 1005-2, 1005-3, 1005-4 will be hereafter referred
to, collectively, as optical ring modulators 1005 and, ge-
nerically, as an optical ring modulator 1005.
[0126] As in device 801, first optical tap 1009 compris-
es a photodiode 1060 and a tunable optical ring filter
1065. However, in contrast to device 801, device 1001
comprises a common second optical tap 1011 on optical
output bus 1007, located between a last optical ring mod-
ulator 1005-4 and output 1095, second optical tap 1011
similar to first optical tap 1009 and comprising : a photo-
diode 1070; and a tunable optical ring filter 1075 located
between optical output bus 1007 and photodiode 1070,
tunable optical ring filter 1075 configured to: sequentially
tune a present filter frequency through a range of fre-
quencies to sequentially produce signals at photodiode
1070 indicative of a strength of modulated optical signals
on optical input bus 1003 corresponding to the present
filter frequency. It is hence further assumed that controller
1020 is in communication with photodiode 1070 and tun-
able optical ring filter 1075.
[0127] In other words, controller 1020 can control sec-
ond optical tap 1011 in a manner similar to first optical
tap 1009 and hence method 900 can be implemented at
controller 1020 to determine strength of signals from both
first optical tap 1009 and second optical tap 1011.
[0128] It is yet further appreciated that the OSA struc-
tures described with reference to Figs. 8, 9 and 10, and
the VOA structures described with reference to Figs. 5
and 6 can be implemented, for example in PIC structures,
independently of the optical ring resonator and/or mod-
ulator structures that are controlled according to method
300. For example, the OSA structures in either of Figs.
8 and 10 can be used at any optical circuit and/or PIC
where sampling of multiplexed optical signals on a com-

mon waveguide and/or optical bus is to occur.
[0129] Similarly, a VOA structure can be implemented
at any optical circuit and/or PIC where control of an optical
signal is to occur. For example, attention is next directed
to Fig. 11, which depicts a device 1101 comprising: an
optical bus 1143 configured to convey optical signals (for
example from a laser 1144); an optical ring filter 1105 in
communication with the optical bus 1143, optical ring fil-
ter 1105 configured to tune the optical signals on optical
bus 1143; an optical output bus 1107 configured to con-
vey tuned optical signals from optical ring filter 1105; an
optional first optical tap 1109 configured to sample the
optical signals on optical bus 1143; a second optical tap
1111 configured to sample the tuned optical signals; and,
a controller 1120 in communication with at least second
optical tap 1111, and alternatively also first optical tap
1109, controller 1120 configured to tune optical ring filter
1105 to control a strength of the tuned optical signals in
a feedback loop with output from at least second optical
tap 1111. For example, controller 1120 can control optical
ring filter 1105 in a feedback loop with sampling of the
tuned optical signals from second optical tap 1111 so
that a target output is reached on second optical tap 1111.
As depicted, device 1101 further comprises a memory
1122 and an interface 1124 interconnected with control-
ler 1120, memory 1122 storing an application 1126. In
general, controller 1120 implements method 600 to tune
optical ring filter 1105 such that a strength of the tuned
optical signals is controlled to target strength. When
method 600 is implemented at controller 1120, at block
601 controller 1120 determined strength of a current out-
put from one or more of optical taps 1111, 1171, at block
603 controller 1120 compares the current output with a
target output (and/or a respective target output), for ex-
ample stored in memory 1120 and/or in conjunction with
application 1126 and/or using other techniques de-
scribed above with reference to method 600. At block
605 controller 1120 controls optical ring filter 605 to
change the output from one or more of optical taps 1111,
1171 towards the target output (and/or the respective
target output). An optional PID controller 1125 is also
shown, and method 600 can be implemented therewith,
as well as a heater 1130 and a voltage control device
1132. Furthermore, while second optical tap 1111 is de-
picted as being located to sample the tuned optical sig-
nals on optical output bus 1107, a position of an alterna-
tive second optical tap 1171 is depicted, in stippled lines,
as sampling the tuned optical signals at optical ring filter
1105, similar to optical tap 411. It is appreciated that only
one of second optical taps 1111, 1171 is present in order
to implement method 600, though both of second optical
taps 1111, 1171 can be present. Hence, in general, de-
vice 1101 comprises a variable optical attenuator and
optical signals input into device 1101 can be variably
tuned.
[0130] It is further appreciated that device 1120 can be
modified to add an optical ring modulator similar to optical
ring modulator 505 as well as any additional optical
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busses such that device 1120 is similar to device 501. In
other words, an optical ring modulator structure can be
added after optical ring filter 1105, and optical taps can
be moved and/or added that monitor tuned optical signals
including, but not limited to, modulated tuned optical sig-
nals, similar to device 501. Hence, for example, device
1120 can further comprise: a second optical output bus
(e.g. similar to optical bus 503) and an optical ring mod-
ulator (e.g. similar to optical ring modulator 505), optical
output bus 1143 configured to convey the tuned optical
signals from optical ring filter 1105 to the optical ring mod-
ulator, the second optical output bus configured to con-
vey modulated optical signals from the optical ring mod-
ulator, the optical ring modulator configured to modulate
the tuned optical signals to produce the modulated optical
signals, the one or more optical taps configured to sample
the tuned optical signal at one or more of the optical out-
put bus 1107 (e.g. as depicted in Fig. 11), the second
optical output bus, and the optical ring modulator (e.g.
similar to the locations of optical tap 511 in Fig. 5 and
optical tap 411 in Fig. 4).
[0131] Hence, provided herein are devices in which
insertion loss is used to tune resonance of optical ring
modulators in a feedback loop. A second feedback loop
can be implemented in multiple-bus-multiple-ring config-
uration to control input power and/or output power of each
optical ring modulator, independent of control of the in-
sertion loss on each optical ring modulator. In single-bus-
multiple-ring configurations, one or more optical scan-
ning analyzers can be integrated into the devices to se-
quentially measure strength of input and/or output of
each optical ring modulator on a common optical bus,
which can then be used to control respective insertion
loss in each in respective feedback loops.
[0132] Those skilled in the art will appreciate that in
some implementations, the functionality of devices 101,
401, 501, 701, 801, 1001, 1101 can be implemented us-
ing pre-programmed hardware or firmware elements
(e.g., application specific integrated circuits (ASICs),
electrically erasable programmable read-only memories
(EEPROMs), etc.), or other related components. In other
implementations, the functionality of computing devices
101, 401, 501, 701, 801, 1001, 1101 can be achieved
using a computing apparatus that has access to a code
memory (not shown) which stores computer-readable
program code for operation of the computing apparatus.
The computer-readable program code could be stored
on a computer readable storage medium which is fixed,
tangible and readable directly by these components,
(e.g., removable diskette, CD-ROM, ROM, fixed disk,
USB drive). Furthermore, it is appreciated that the com-
puter-readable program can be stored as a computer pro-
gram product comprising a computer usable medium.
Further, a persistent storage device can comprise the
computer readable program code. It is yet further appre-
ciated that the computer-readable program code and/or
computer usable medium can comprise a non-transitory
computer-readable program code and/or non-transitory

computer usable medium. Alternatively, the computer-
readable program code could be stored remotely but
transmittable to these components via a modem or other
interface device connected to a network (including, with-
out limitation, the Internet) over a transmission medium.
The transmission medium can be either a non-mobile
medium (e.g., optical and/or digital and/or analog com-
munications lines) or a mobile medium (e.g., radio-fre-
quency (RF), microwave, infrared, free-space optical or
other transmission schemes) or a combination thereof.
[0133] Persons skilled in the art will appreciate that
there are yet more alternative implementations and mod-
ifications possible, and that the above examples are only
illustrations of one or more implementations. The scope,
therefore, is only to be limited by the claims appended
hereto.

Claims

1. A device comprising:

an optical input bus configured to convey a given
optical input signal having a given optical fre-
quency;
an optical ring modulator configured to: receive
the given optical input signal from the optical in-
put bus; and modulate the given optical input
signal;
an optical output bus configured to convey a
modulated optical signal from the optical ring
modulator;
a first optical tap on the optical input bus config-
ured to sample the given optical input signal in-
put to the optical ring modulator;
a second optical tap configured to sample the
modulated optical signal; and,
a controller in communication with the optical
ring modulator, the first optical tap and the sec-
ond optical tap, the controller configured to:

determine a current insertion loss of the op-
tical ring modulator from respective signals
received from both the first optical tap and
the second optical tap; and, control the op-
tical ring modulator in a feedback loop with
the current insertion loss until the current
insertion loss comprises a given insertion
loss.

2. The device of claim 1, wherein the optical ring mod-
ulator comprises a heater, and the controller is con-
figured to control the heater when controlling the op-
tical ring modulator in the feedback loop.

3. The device of claim 1, wherein the second optical
tap is in communication with the optical ring modu-
lator such that the modulated optical signal is sam-
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pled at the optical ring modulator, and the controller
is configured to determine the insertion loss by de-
termining a reciprocal insertion loss by: dividing a
sampled signal from the first optical tap by a respec-
tive sampled signal from the second optical tap.

4. The device of claim 1, wherein the second optical
tap is in communication with the optical output bus
such that the modulated optical signal is sampled at
the optical output bus, and the controller is config-
ured to determine the insertion loss by dividing a
sampled signal from the second optical tap by a re-
spective sampled signal from the first optical tap.

5. The device of claim 1, further comprising an optical
ring filter located on the optical input bus, the optical
ring filter configured to selectively convey the given
optical input signal having the given optical frequen-
cy to the optical ring modulator, while preventing oth-
er optical input signals from reaching the optical ring
modulator and the first optical tap.

6. The device of claim 5, wherein the controller is further
configured to tune the optical ring filter to control a
strength of one or more of the given optical input
signal and the modulated optical signal in a feedback
loop with output from one or more of the first optical
tap and the second optical tap.

7. The device of claim 5, wherein the optical ring filter,
the optical ring modulator, optical input bus, the op-
tical output bus, the first optical tap and the second
optical tap form an alignment apparatus configured
to maintain the given insertion loss for the given op-
tical frequency using the feedback loop, the device
further comprising a plurality of alignment appara-
tuses, including the alignment apparatus, arranged
in series on the optical input bus, each of the plurality
of alignment apparatuses configured to maintain a
respective given insertion loss for a respective given
optical frequency using respective feedback loops,
a respective ring filter for each of the plurality of align-
ment apparatuses configured to convey a respective
given optical input signal to a respective optical ring
modulator, while preventing the other optical input
signals on the optical input bus from reaching a re-
spective optical ring modulator and a respective first
optical tap.

8. The device of claim 1, wherein the first optical tap
comprises: a photodiode; and a tunable optical ring
filter located between the optical input bus and the
photodiode, the tunable optical ring filter configured
to: sequentially tune a present filter frequency
through a range of frequencies to sequentially pro-
duce signals at the photodiode indicative of a
strength of optical signals on the optical input bus
corresponding to the present filter frequency.

9. The device of claim 8, wherein the controller is further
in communication with the photodiode and the tun-
able optical ring filter, the controller further config-
ured to: control the tunable optical ring filter to se-
quentially tune the present filter frequency through
the range of frequencies; and receive the signals
from the photodiode, a signal corresponding to the
given optical frequency used to determine the cur-
rent insertion loss of the optical ring modulator.

10. The device of claim 8, wherein the optical ring filter,
the optical ring modulator, the optical output bus, the
first optical tap and the second optical tap form an
alignment apparatus configured to maintain the giv-
en insertion loss for the given optical frequency using
the feedback loop, the device further comprising a
plurality of alignment apparatuses, including the
alignment apparatus, arranged in series on the op-
tical input bus, each of the plurality of alignment ap-
paratuses configured to maintain a respective given
insertion loss for a respective given optical frequency
using respective feedback loops, respective optical
ring modulators for each of the each of the plurality
of alignment apparatuses arranged in series on the
optical input bus, the plurality of alignment appara-
tuses having the first optical tap in common such that
a respective current insertion loss is determined from
a respective signal corresponding to a given respec-
tive optical frequency received as the tunable optical
ring filter scans through the range of frequencies.

11. The device of claim 1, wherein the second optical
tap comprises: a photodiode; and a tunable optical
ring filter located between the optical output bus and
the photodiode, the tunable optical ring filter config-
ured to: sequentially tune a present filter frequency
through a range of frequencies to sequentially pro-
duce signals at the photodiode indicative of a
strength of modulated optical signals on the optical
input bus corresponding to the present filter frequen-
cy.

12. The device of claim 1, wherein the optical ring mod-
ulator comprises a voltage control device and the
controller is further configured to control the voltage
control device to modulate the given optical input
signal.

13. A device comprising:

an optical bus configured to convey optical sig-
nals;
an optical tap on the optical bus configured to
sample the optical signals, the optical tap com-
prising:

a photodiode; and,
a tunable optical ring filter located between
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the optical bus and the photodiode; and,

a controller in communication with the tunable
optical ring filter, and the photodiode, the con-
troller configured to:

control the tunable optical ring filter to se-
quentially tune a present filter frequency
through a range of frequencies; and,
sequentially receive signals from the pho-
todiode, the signals indicative of a strength
of optical signals the optical bus corre-
sponding to the present filter frequency.

14. A device comprising:

an optical bus configured to convey optical sig-
nals;
at least one optical ring filter in communication
with the optical bus the at least one optical ring
filter configured to tune the optical signals on the
optical bus;
an optical output bus configured to convey tuned
optical signals from the at least one optical ring
filter;
one or more optical taps configured to sample
the tuned optical signals; and,
a controller in communication with the one or
more optical taps, the controller configured to
tune the optical ring filter to control a strength of
the tuned optical signals in a feedback loop with
output from the one or more optical taps.

15. The device of claim 14, further comprising: a second
optical output bus and an optical ring modulator, the
optical output bus configured to convey the tuned
optical signals from the optical ring filter to the optical
ring modulator, the second optical output bus con-
figured to convey modulated optical signals from the
optical ring modulator, the optical ring modulator
configured to modulate the tuned optical signals to
produce the modulated optical signals, the one or
more optical taps configured to sample the tuned
optical signal at one or more of the optical output
bus, the second optical output bus, and the optical
ring modulator.
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