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[57] ABSTRACT

Known optical noise sources are equipped with a light
source and an interference filter, optically coupled
thereto and based on path length difference, for gener-
ating an optical composition signal. If the spectrum of a
photodiode to be illuminated with the optical composi-
tion signal is to be as flat as possible, said path length
difference must be considerably greater than the coher-
ence length of the light source which in present practice
leads to disadvantageously large path length differ-
ences. By feeding, according to the invention, a noise
signal to the light source, the coherence length of the
light source decreases, as a result of which it is sufficient
to use considerably smaller path length differences.

17 Claims, 1 Drawing Sheet
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OPTICAL NOISE SOURCE HAVING THREE
INPUT SIGNALS

A BACKGROUND OF THE INVENTION

The invention relates to an optical noise source com-
prising

narrowband light source means for generating a mod-

ulated optical signal and provided with a base input
for receiving an electrical periodic signal for modu-
lating a narrowband optical signal, and

an interference filter, based on path length difference,
for receiving the modulated optical signal and for gen-
erating an optical composition signal.

Such an optical noise source is disclosed by an article
“Measurement of frequency response of photoreceivers
using self-homodyne method”, by J. Wang, U. Kriiger,
B. Schwarz and K. Petermann, from “ELECTRON-
ICS LETTERS” dated May 25, 1989, Volume 25, No.
11, pages 722, 723. This mentions narrowband light
source means which comprise a laser diode (narrow-
band light source) for generating a narrowband optical
signal. The anode (base input) of the laser diode is fed
with a sinusoidal current (electrical periodic signal)
with which the narrowband optical signal is modulated.
Said modulated optical signal is fed to an interference
filter which consists of two 3 dB couplers with, therebe-
tween, two pieces of glass fibre having a mutual path
length difference of approximately 1 km. The interfer-
ence filter generates the optical composition signal
which is composed of two mutually different frequen-
cy-modulated signals. As soon as a photodiode is illumi-
nated with this optical composition signal, an electrical
photodiode noise signal is produced whose (electrical)
noise bandwidth is equal to the maximum instantaneous
frequency difference between the two optical signals. If
the spectrum of the electrical photodiode noise signal is
to be as flat as possible within the chosen noise band-
width (which is specified with the amplitude of the
electrical periodic signal), the path length difference on
which the interference filter is based must be considera-
bly larger than the coherence length of the light source.
Said coherence length, for the present-generation laser
diodes, for example, is 10 meters and may increase to
several kilometers for modern multi-section lasers.

This known noise source has the drawback that the
interference filter needs to be based on a large path
length difference (such as, for example, 1 kilometer).

B SUMMARY OF THE INVENTION

The object of the invention is, inter alia, to provide a
noise source of the type mentioned in the preamble, in
which it is sufficient to use an interference filter based
on a considerably smaller path length difference (of, for
example, 10 meters).

To this end, the noise source according to the inven-
tion is characterized in that the narrowband light source
means are provided with a noise input for receiving an
electrical noise signal.

By feeding the electrical noise signal to the narrow-
band light source means, the linewidth of the optical
signal, which may or may not already have been modu-
lated, increases, which corresponds to a decrease in the
coherence length of the narrowband light source used,
as a result of which it is sufficient to use an interference
filter which is based on a smaller path length difference
of, for example, a few meters.
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2

The invention is based on the insight that the coher-
ence length of a narrowband light source is inversely
proportional to the linewidth of the optical signal of
said light source, and that a large coherence length (and
thus a small linewidth) requires a relatively large differ-
ence in delay time in the interference filter, if the spec-
trum of the electrical photodiode noise signal is to be as
flat as possible over the chosen noise bandwidth. This
relatively large difference in delay time in the interfer-
ence filter is implemented by means of a large path
length difference, and requires a relatively low modula-
tion frequency in order to make the maximum instanta-
neous frequency difference between the interfering
optical signals equal to the optical frequency swing. As
a result, the noise bandwidth reaches a maximum, equal
to the available optical frequency swing. By feeding the
electrical noise signal to the narrowband light source
means, the linewidth of the optical signal increases

- strongly, as a result of which it is sufficient to use a

considerably smaller delay time and thus a much
smaller path length difference.

It should be noted that it is known per se from EP
0,503,579 to widen the linewidth of the narrowband
optical signal by feeding an electrical noise signal to
narrowband light source means. It is not known there-
from, however, to reduce substantially, with the aid of
this technique, the required path length difference in an
interference filter, in which feeding in of the electrical
noise signal may take place both before and after the
modulation.

A first embodiment of the noise source according to
the invention is characterized in that a bandwidth of the
electrical noise signal is smaller than a frequency of the
electrical periodic signal.

As a result of the electrical noise signal to be supplied
to the narrowband light source means being limited in
frequency, for example via a fourth-order low-pass
filier, the concentration of noise power in the chosen
noise bandwidth increases, owing to which noise power
is handled more efficienily and less noise power is
wasted outside the chosen noise bandwidth.

A second embodiment of the noise source according
to the invention is characterized in that the electrical
periodic signal is triangular.

Only part of the chosen noise bandwidth is suffi-
ciently fiat for using it to carry out noise measurements.
A triangular electrical periodic signal results, compared
to a sinusoidal electrical periodic signal having a com-
parable amplitude, in an electrical photodiode noise
signal which can be considered as flat over a larger part
of the noise bandwidth.

A third embodiment of the noise source according to
the invention is characterized in that the optical noise
source comprises an optical detector for detecting at
least a part of the optical composition signal, which
optical detector is coupled, via a filter, to an input of the
narrowband light source means.

By feeding back part of the optical composition sig-
nal, the optical signal coming from the narrowband
light source means is stabilized, which is of great impoz-
tance for certain measurements.

A fourth embodiment of the noise source according
to the invention is characterized in that the filter is a
high-pass or bandpass filter with which an electrical
detector is cascaded for controlling the electrical peri-
odic signal, the input of the narrowband light source
means being the base input.
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The (positive) feedback via a bandpass or high-pass
filter and a detector for controlling the electrical peri-
odic signal stabilizes the spectral noise density of the
electrical photodiode noise signal. Controlling in this
case may comprise regulating the amplitude and/or
regulating the frequency of the electrical periodic sig-
nal.

A fifth embodiment of the noise source according to
the invention is characterized in that the filter is a low-
pass filter for regulating a power level of the optical
signal, the input of the narrowband light source means
being a power input.

The (negative) feedback via a low-pass filter of a
direct-current component of the optical composition
signal, to regulate a power level of the optical signal to
be generated by the narrowband light source means,
stabilizes said power level. It is already known per se to
feed back the optical output of a light source directly
for the purpose of stabilization, without involving the
interference filter. A separate circuit, required in this
case for stabilizing the interference filter, such as, for
example, polarization control, becomes unnecessary in
the case of this fifth embodiment.

It is obviously of further advantage if the fourth and
fifth embodiment are used in combination.

A sixth embodiment of the light source according to
the invention is characterized in that the narrowband
light source means comprise an optical input for receiv-
ing the narrowband optical signal.

In this embodiment, the narrowband light source
means therefore do not comprise a light source but are
fed with the narrowband optical signal via the optical
input.

A seventh embodiment of the noise source according
to the invention is characterized in that the narrowband
light source means comprise an optical modulator
which is optically coupled to the optical input and of
which an input forms the base input.

Via said optical modulator, which is fed with the
electrical periodic signal, the narrowband optical signal
received via the optical input is modulated in frequency.
Obviously other forms of argument modulation are
likewise possible, such as, for example, phase modula-
tion.

An eighth embodiment of the noise source according
to the invention is characterized in that the narrowband
light source means comprise an optical modulator
which is optically coupled to the optical input and of
which an input forms the noise input.

Via said optical modulator, which is fed with the
electrical noise signal, the narrowband optical signal
received via the optical input is modulated in frequency
with said electrical noise signal. This can take place
both before and after the narrowband optical signal is
frequency-modulated with the electrical periodic sig-
nal. Obviously other forms of argument modulation are
likewise possible, such as, for example, phase modula-
tion.

It is obviously of further advantage if both the said
modulators are used simultaneously or are combined
into one modulator.

A ninth embodiment of the noise source according to
the invention is characterized in that the narrowband
light source means comprise an optical amplitude mod-
ulator which is optically coupled to the optical input
and of which an input forms a power input.

Via this optical modulator, which is fed with an elec-
trical DC signal, the narrowband optical signal received
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via the optical input is amplitude-modulated with said
electrical DC signal. This is done to adjust the power
level of the narrowband optical signal to be generated
by the narrowband light source means. This can take
place both before and after the narrowband optical
signal is frequency-modulated with the electrical peri-
odic signal and is modulated with the electrical noise
signal.

A tenth embodiment of the noise source according to
the invention is characterized in that the narrowband
light source means comprise a narrowband light source
for generating the narrowband optical signal.

In this embodiment, the narrowband light source
means therefore comprise the narrowband light source
which generates the narrowband optical signal.

An eleventh embodiment of the noise source accord-
ing to the invention is characterized in that the narrow-
band light source means comprise an optical modulator
which is optically coupled to the narrowband light
source and of which an input forms the base input.

Via this optical modulator, which is fed with the
electrical periodic signal, the narrowband optical signal
to be generated by the narrowband light source is fre-
quency-modulated.

A twelfth embodiment of the noise source according
to the invention is characterized in that the narrowband
light source means comprise an optical modulator
which is optically coupled to the narrowband light
source and of which an input forms the noise input.

Via this optical modulator, which is fed with the
electrical noise signal, the narrowband optical signal to
be generated by the narrowband light source is modu-
lated with said electrical noise signal. This may take
place both before and after the narrowband optical
signal is frequency-modulated with the electrical peri-
odic signal.

It is obviously of further advantage if both the said
modulators are used simultaneously or are combined
into one modulator.

A thirteenth embodiment of the noise source accord-
ing to the invention is characterized in that the narrow-
band light source means comprise an optical amplitude
modulator which is optically coupled to the input of the
narrowband light source and of which an input forms a
power input.

Via this optical modulator, which is fed with an elec-
trical DC signal, the narrowband optical signal received
via the optical input is amplitude-modulated with said
electrical DC signal. This is done to adjust the power
level of the narrowband optical signal to be generated
by the narrowband light source means. This can take
place both before and after the narrowband optical
signal is frequency-modulated with the electrical peri-
odic signal and is modulated with the electrical noise
signal.

A fourteenth embodiment of the noise source accord-
ing to the invention is characterized in that the narrow-
band light source is provided with an input which forms
the base input.

In this case, the narrowband light source is itself
provided with the base input, thus saving a modulator.

A fifteenth embodiment of the noise source according
to the invention is characterized in that the narrowband
light source is provided with an input which forms the
noise input.

In this case, the narrowband light source is itself
provided with the noise input, thus saving a modulator.
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A sixteenth embodiment of the noise source accord-
ing to the invention is characterized in that the narrow-
band light source is provided with an input which forms
a power input.

In this case, the narrowband light source is itself 5

provided with the power input, thus saving an ampli-
tude modulator.
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BRIEF DESCRIPTION OF THE DRAWINGS
D Illustrative embodiment

The invention will be explained in more detail with
reference to illustrative embodiments depicted in the
figures, in which:

FIG. 1 shows a first optical noise source according to
the invention,

FIG. 2 shows a second optical noise source according
to the invention, and

FIG. 3 shows a third optical noise source according
to the invention.

The first optical noise source depicted in FIG. 1 com-
prises a narrowband light source 2 such as, for example,
a laser diode, of which the cathode is connected to
ground and of which the anode forms a power input 3
for receiving an electrical DC signal. Said anode further
forms, via a first capacitor, a base input 4 for receiving
an electrical periodic signal (such as, for example, a
sinusoidal signal for the purpose of frequency modula-
tion of a narrowband optical signal to be emitted by the
narrowband light source 2) and further forms, via a
second capacitor, a noise input 5 for receiving an elec-
trical noise signal. The first optical noise source de-
picted in FIG. 1 further comprises an interference filter
20, based on path length difference, for receiving the
modulated optical signal and for generating an optical
composition signal. Said interference filter 20 com-
prises, for example, a first glass fibre 21 and a second
glass fibre 22 which has a greater length than glass fibre
21. Both glass fibres 21, 22 are coupled to one another at
a receiving side via a 3 dB coupler 23 and are coupled
to one another, at an emitting side, via a 3 dB coupler
24. In said first optical noise source depicted in FIG. 1,
the narrowband light source 2 forms the narrowband
light source means.

By means of a DC signal to be fed to power input 3,
the power of the light source 2 is adjusted, and by
means of the periodic signal to be fed to base input 4, the
optical signal is modulated. In this arrangement, a small
variation of the laser diode current will simultaneously
cause both a variation in the optical power and a low
parasitic variation in the optical frequency. The modu-
lated optical signal is split in the 3 dB coupler 23 in the
interference filter 20. Owing to the optical signals thus
split off each covering a different path length in the
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glass fibres 21, 22 and then being combined in the 3 dB
coupler 24, the interference filter 20 generates the com-
position signal which is formed by two different fre-
quency-modulated optical signals. If a measurement
object such as, for example, a photodiode is illuminated
with said optical composition signal, an electrical pho-
todiode noise signal is produced whose (electrical) noise
bandwidth is equal to the largest instantaneous fre-
quency difference between the optical signals at the
ends of the glass fibres 21, 22. Said frequency difference
is at a maximum if the period of the electrical periodic
signal is chosen to be equal to twice the delay time of
the interference filter 20.

If the spectrum of the electrical photodiode noise
sighal is to be as flat as possible within the chosen noise
bandwidth (which is specified by the amplitude of the
electrical periodic signal), the path length difference on
which the interference filter 20 is based must be consid-
erably greater than the coherence length of the light
source 2. By feeding the noise signal to the noise input
5, the linewidth of the optical signal increases, which
corresponds to a decrease in the coherence length of the
light source 2, as a result of which it is sufficient to use
a shorter delay time and thus a smaller path length
difference in the interference filter 20 and thus a higher
modulation frequency of the periodic signal. Conse-
quently, the required path length difference in the inter-
ference filter decreases substantially, which is of great
advantage in various respects (such as costs and han-
dling). If the laser diode 2 is a modern multi-section
laser which can more readily be frequency-modulated
than, for example, a DFB (distributed feedback) laser
and which is equipped with separate inputs for power
modulation and frequency modulation, a variation in
the optical frequency will be associated with a consider-
ably smaller parasitic variation in the optical power,
which is obviously advantageous. Without the noise
signal being fed in, the desired path length difference in
the interference fiiter 20, when using this modern multi-
section laser, would have become unacceptably large.

The second optical noise source depicted in FIG. 2
comprises narrowband light source means 1 which
comprise the narrowband light source 2, an optical
modulator 10, which is optically coupled to the narrow-
band light source 2 and has a noise input 5, and an opti-
cal modulator 9 which is optically coupled (via the
optical modulator 10) to the narrowband light source 2
and has a base input 4. The second optical noise source
depicted in FIG. 2 further comprises the interference
filter 20, based on path length difference, for receiving
the modulated optical signal and for generating the
optical composition signal. The cathode of the narrow-
band light source 2 is connected to ground, and the
anode is connected to an output of an adjustable am-
plifier/attenuator circuit 16, of which an input forms
the power input 3. Said second optical noise source is
also equipped with an optical detector 11 such as, for
example, a photodiode with associated electronics, for
detecting at least part of the optical composition signal.
Optical detector 11 is coupled to a low-pass filter 15
which is coupled to a control input of the adjustable
amplifier/attenuator circuit 16 and is coupled, via a
bandpass filter 12, to an input of an electrical detector
13, of which an output is coupled to a control input of
an adjustable amplifier/attenuator circuit 14. An output
of adjustable amplifier/attenuvator circuit 14 is con-
nected to the base input 4, and an input of adjustable
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amplifier/attenuator circuit 14 forms a further base
input 6 for receiving the electrical periodic signals. Said
second optical noise source further comprises a low-
pass filter 17 which is situated between the noise input 5
and a further noise input 7 for receiving the noise signal.

By means of the DC signal to be fed to power input
3, the power of the light source 2 is adjusted via the
adjustable amplifier/attenuator circuit 16 which itself is
adjusted via the control input. In so doing, an increase
in the signal power level detected by the photodiode 11
should result in an increase in the attenuation or a de-
crease in the gain of the adjustable amplifier/attenuator
circuit 16, and a decrease in the signal power level
detected by the photodiode 11 should result in a de-
crease in the attenuation or an increase in the gain of the
adjustable amplifier/attenuator circuit 16 (i.e. negative
feedback). Such a feedback results in stabilization of the
optical power level generated by the narrowband light
source 2.

By means of the optical modulator 10, the optical
signal generated by the narrowband light source 2 is
frequency-modulated with the noise signal, which, as
reported earlier, makes it possible to shorten considera-
bly the path length difference in the interference filter
20. By limiting the frequency of the noise signal by
means of the low-pass filter 17, the concentration of
noise power in the chosen noise bandwidth increases, as
a result of which the noise power is handled more effi-
ciently and less noise power is wasted outside the
chosen noise bandwidth.

By means of the optical modulator 9, the optical
signal, which has already been frequency-modulated
with the noise signal, is further frequency-modulated
with the periodic signal which is fed in via the adjust-
able amplifier/attenuator circuit 14. The latter is ad-
justed via the control input itself by means of the signal
coming from the detector 13 (such as, for example, a top
detector, a power detector or a true root mean square
detector). In so doing, a decrease in the signal power
level detected by the photodiode 11 in a specified fre-
quency band should result in an increase in the attenua-
tion or a decrease in the gain of the adjustable amplifier-
/attenuator circuit 14, and an increase in the signal
power level in this frequency band detected by the
photodiode 11 should result in a decrease in the attenua-
tion or an increase in the gain of the adjustable am-
plifier/attenuator circuit 14 (i.e. positive feedback).
Such a feedback results in stabilization of the spectral
noise density of the signal detected by the photodiode
11. Instead of a bandpass filter 12 it would also be possi-
ble to use a high-pass filter, if the bandwidth of photodi-
ode 11 with the associated electronics or of detector 13
is significantly lower than the noise bandwidth.

Feeding in a triangular electrical periodic signal in
comparison results in a sinusoidal electrical periodic
signal having an amplitude comparable to an electrical
photodiode noise signal which can be regarded as flat
over a larger part of the noise bandwidth.

It should be noted that the sequential order of the two
optical modulators 9, 10 is completely arbitrary. It
would further be possible to combine the two optical
modulators 9, 10 into one optical modulator having one
input, which input, as depicted in FIG. 1, is fed with the
noise signal and the periodic signal via capacitors.

Both adjustable amplifier/attenuator circuits 14, 16
can be implemented in a manner known to those skilled
in the art, using, for example, commercially available
ICs. Since the adjustment of the periodic signal can take
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8

place not only on the basis of amplitude variation, but,
for example, also on the basis of frequency variation, the
adjustable amplifier/attenuator circuit 14 could in that
case be implemented, in a manner known to those
skilled in the art, using an adjustable frequency filter.
Amplifier/attenuator circuit 16 could obviously also be
embodied, in a manner known to those skilled in the art,
as an addition or subtraction circuit.

The third optical noise source depicted in FIG. 3
comprises narrowband light source means 1 which are
equipped with an optical modulator 8 having a power
input 3 for receiving the DC signal for amplitude modu-
lation of an optical signal coming from the narrowband
light source 2, with the optical modulator 9 having the
base input 4 for receiving the electrical periodic signal,
and with the optical modulator 10 having the noise
input S for receiving the noise signal. The sequential
order of the three optical modulators 8, 9, 10 is again
completely arbitrary, and both optical modulators 9, 10
could be combined into one optical modulator having
one input, which input, as depicted in FIG. 1, is fed with
the noise signal and the periodic signal via capacitors.
Said third optical noise source further comprises the
interference filter 20.

Apart from the fact that the third optical noise source
depicted in FIG. 3 is not itself equipped with the nar-
rowband light source 2, but only needs to be fed with
the optical signal thereof, and the power level of said
optical signal is controlled via the optical modulator 8,
the mode of operation is otherwise in accordance with
the first optical noise source depicted in FIG. 1 and the
second optical noise source depicted in FIG. 2, it obvi-
ously being possible to use, in the case of said third
optical noise source, both feedbacks, low-pass filter 17
and sinusoidal or triangular periodic signals. In so do-
ing, the same measurement setup (third optical noise
source) can be employed at different optical frequencies
by replacing the external narrowband light source 2 by
a different specimen having a different optical fre-
quency.

I claim:

1. Optical noise source comprising

narrowband light source means for generating a mod-

ulated optical signal and provided with a base input
for receiving an electrical periodic signal for modu-
lating a narrowband optical signal, and

an interference filter, based on path length difference,

for receiving the modulated optical signal and for
generating an optical composition signal, charac-
terized in that the narrowband light source means
are provided with a noise input for receiving an
electrical noise signal.

2. Optical noise source according to claim 1, charac-
terized in that a bandwidth of the electrical noise signal
is smaller than a frequency of the electrical periodic
signal.

3. Optical noise source according to claim 1, charac-
terized in that the electrical periodic signal is triangular.

4. Optical noise source according to claim 1, charac-
terized in that the optical noise source comprises an
optical detector for detecting at least a part of the opti-
cal composition signal, which optical detector is cou-
pled, via a filter, to an input of the narrowband light
source means.

5. Optical noise source according to claim 4, charac-
terized in that the filter is a high-pass or bandpass filter
with which an electrical detector is cascaded for con-
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trolling the electrical periodic signal, the input of the
narrowband light source means being the base input.

6. Optical noise source according to claim 4, charac-
terized in that the filter is a low-pass filter for regulating
a power level of the optical signal, the input of the
narrowband light source means being a power input.

7. Optical noise source according to claim 1, charac-
terized in that the narrowband light source means com-
prise an optical input for receiving the narrowband
optical signal.

8. Optical noise source according to claim 7, charac-
terized in that the narrowband light source means com-
prise an optical modulator which is optically coupled to
the optical input and of which an input forms the base
input.

9. Optical noise source according to claim 7, charac-
terized in that the narrowband light source means com-
prise an optical modulator which is optically coupled to
the optical input and of which an input forms the noise
input. 10.

10. Optical noise source according to claim 7, charac-
terized in that the narrowband light source means com-
prise an optical amplitude modulator which is optically
coupled to the optical input and of which an input forms
a power input.

11. Optical noise source according to claim 1, charac-
terized in that the narrowband light source means com-
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prise a narrowband light source for generating the nar-
rowband optical signal.

12. Optical noise source according to claim 11, char-
acterized in that the narrowband light source means
comprise an optical modulator which is optically cou-
pled to the narrowband light source and of which an
input forms the base input.

13. Optical noise source according to claim 11, char-
acterized in that the narrowband light source means
comprise an optical modulator which is optically cou-
pled to the narrowband light source and of which an
input forms the noise input.

14. Optical noise source according to claim 11, char-
acterized in that the narrowband light source means
comprise an optical amplitude modulator which is opti-
cally coupled to the input of the narrowband light
source and of which an input forms a power input.

15. Optical noise source according to claim 11, char-
acterized in that the narrowband light source is pro-
vided with an input which forms the base input.

16. Optical noise source according to claim 11, char-
acterized in that the narrowband light source is pro-
vided with an input which forms the noise input.

17. Optical noise source according to claim 11, char-
acterized in that the narrowband light source is pro-

vided with an input which forms a power input.
* * * * *
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