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1
OPTICAL MODULATING DEVICE WITH
FREQUENCY MULTIPLYING TECHNIQUE
FOR ELECTRICAL SIGNALS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical modulating
device, particularly to an optical modulating device with fre-
quency multiplying technique for electrical signals.

2. Description of the Related Art

Fiber-optic communication is a communication method
based on light and optical fibers. Light can be used to carry
information after being modulated where it features a supe-
rior transmission capacity and a high information security.
Since 1980s, the fiber-optic communication system plays a
very important role in the digital world. In principle, the
outgoing information is transferred from the sender side to
the transmitter, and the signal modulates the carrier wave,
which functions as the transmission medium of information,
and then the modulated carrier wave is sent to the recipient
side in a distant place, and the receiver demodulates the
modulated carrier wave to obtain the original information.

System utilizing optical fiber to carry and transmit micro-
wave signal would play an important role in future wideband
wireless communication especially on millimeter-wave
range of ultra wideband wireless communication that has
frequency band above 40 GHz. The most common method for
transforming microwave signal to optical signal is using an
external optical modulator, and there are mainly three kinds
ofmodulation methods: double-sideband (DSB), single-side-
band (SSB) and double-sideband with optical carrier suppres-
sion (DSBCS) modulation. However, due to the fact that
linear area for optical modulation system is not large, the
depth of modulation for the system is being limited. As a
result, using DSB and SSB for modulation will cause weaker
sensitivity over distant transmission and dispersion of optical
fiber will also weaken the microwave signal using DSB
modulation. Compare to modulations using either DSB or
SSB, the DSBCS modulation provides more promising band-
width efficiency which requires only low frequency compo-
nent, it also provides better sensitivity over long distance
transmission. Nevertheless, DSBCS modulation can only
transmit amplitude shift keying (ASK) modulation signal, it
can not generate and transmit any signal in vector modulation
format such as phase shift keying (PSK), quadrature ampli-
tude modulation (QAM) signal and orthogonal frequency
division multiplexing (OFDM) modulation signals.

To overcome the abovementioned problem, the present
invention proposes a novel optical modulating device with
frequency multiplying technique for electrical signals, not
only does the present invention able to use low frequency
component to generate frequency multiplying signals, but the
present invention can also carry and transmit amplitude shift
keying signals and vector modulation signals. In addition, the
present invention can be combined with optical fiber cable
network and wireless network to provide long distance opti-
cal communication transmission service.

SUMMARY OF THE INVENTION

The primary objective of the present invention is to provide
an optical modulating device with frequency multiplying
technique for electrical signals. The present invention is able
to generate frequency multiplying signal using low frequency
components, it can also carry and transmit amplitude shift
keying signals and vector modulation signals.
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2

Another objective of the present invention is to provide an
optical modulating device with frequency multiplying tech-
nique for electrical signals which can be combined with exist-
ing optical fiber cable network and wireless network to pro-
vide long distance optical communication transmission
service.

In order to realize the objectives mentioned above, the
optical modulating device with frequency multiplying tech-
nique for electrical signals of the present invention mainly
comprises an electrical signal generator, which is used to
generate a first electrical signal; an optical signal generator,
which is used to generate an input optical signal; and a mixer,
which generates a mixed data signal from the first electrical
signal and a second electrical signal wherein the second elec-
trical signal can be either an amplitude shift modulation sig-
nal or a vector modulation signal. The mixed data signal is
then received by a first phase shift device to have its phase
shifted and becomes a first shifted signal. On the other hand,
the first electrical signal is received by a second phase shift
device to have its phase shifted and becomes a second shifted
signal. The structure of the present invention further com-
prises an integrated electro-optic modulator (Mach-Zehnder
modulator), which is used to receive the input optical signal,
the mixed data signal, the first shifted signal, the second
shifted signal and the first electrical signal mentioned above,
the integrated electro-optic modulator will then modulates
the input optical signal into a frequency multiplying output
optical signal that carries the first electrical signal and the
second electrical signal.

Below, the embodiments are described in detail in coop-
eration with the attached drawings to make easily understood
the objectives, technical contents, characteristics and accom-
plishments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram schematically showing the system
architecture of the present invention;

FIG. 2 is a diagram schematically showing the experimen-
tal system architecture of the present invention;

FIG. 3(a) is an optical signal spectrum diagram schemati-
cally showing the sine signal of the present invention;

FIG. 3(b) is an optical signal spectrum diagram schemati-
cally showing the OFDM signal of the present invention;

FIG. 3(c) 1s an optical signal spectrum diagram schemati-
cally showing both the sine signal and OFDM signal of the
present invention;

FIG. 4(a) is an electrical signal spectrum diagram sche-
matically showing the OFDM signal of the present invention;

FIG. 4(b) is an electrical signal spectrum diagram sche-
matically showing the OFDM signal of the present invention
after frequency reduction;

FIG. 5(a) is a constellation chart schematically showing
the OFDM signal of the present invention before transmis-
sion; and

FIG. 5(b) is a constellation chart schematically showing
the OFDM signal ofthe present invention after transmitted 50
kilometers.

DETAILED DESCRIPTION OF THE INVENTION

Since the development for wireless and cable network has
grown rapidly, the demand for higher transmission speed and
bandwidth has also increased relatively. As a result, system
utilizing optical fiber to carry and transmit microwave signal
plays an important role in future wideband wireless commu-
nication especially on millimeter-wave’s communicating



US 8,184,988 B2

3

sector. The present invention can generate and transmit vector
signal in multiplying frequencies which can effectively
reduce the use of bandwidth and system manufacturing cost,
it can also increase the sensitivity of the system. Furthermore,
the present invention can be widely applied onfields of micro-
wave and optical fiber communication network.

Please refer to FIG. 1 for a diagram schematically showing
the system architecture of the present invention where thick
dashed line represents traveling path for electrical signal and
thick solid line represents traveling path for optical signal.
The present invention mainly comprises an electrical signal
generator 10, a mixer 14, hybrid coupler 16 and 20, and adder
26 and 28. The electrical signal generator 10 is responsible for
generating a sine signal, and the sine signal is then delivered
to the mixer 14 and a hybrid coupler 20 (a phase shift device)
respectively through a signal splitter 12. The mixer 14
receives the sine signal and an electrical signal, then output a
mixed data signal. The electrical signal can be an amplitude
shift modulation signal (ASK), a vector modulation signal, a
phase shift modulation signal (PSK), a quadrature amplitude
modulation signal (QAM) or orthogonal frequency-division
multiplexing signal (OFDM). The mixed data signal is then
delivered to the hybrid coupler 16 which also functions as a
phase shift device. The hybrid coupler will shift the phase of
the mixed data signal by 90 degrees and then output a first
shifted signal along with the original mixed data signal to
adder 26 and 28. The first shifted signal generated by hybrid
coupler 16 can further deliver to a micro phase shifter 18 to
have its phase more precisely adjusted to exact 90 degrees
before sending to the adder 28. Similarly, hybrid coupler 20
which also functions as a phase shift device, receives and
shifts the phase of the sine signal by 90 degrees and then
output a second shifted signal along with the original sine
signal to adder 26 and 28. The second shifted signal generated
by hybrid coupler 16 can also further deliver to a micro phase
shifter 22 to have its phase more precisely adjusted to exact 90
degrees before sending to the adder 26.

Both phase shift devices mentioned in the preferred
embodiment of the present invention above utilizes hybrid
couplers as illustration. When the system does not use hybrid
coupler for any phase shift device, then one of the two phase
shift devices may produce the first shifted signal only, which
means adder 26 can only receive the mixed data signal from
the mixer 14. Another phase shift devices may produce the
second shifted signal only, which means adder 28 can only
receive sine signal from signal splitter 12.

The adder 26 of the present invention is able to receive and
add both the mixed data signal the second shifted signal. The
adder 26 will then deliver the added signal to integrated
electro-optic modulator 30. Similarly, adder 28 is able to
receive and add both the sine signal the first shifted signal,
then delivers the added signal to integrated electro-optic
modulator 30 also. A laser diode 24 is also used to generate an
input optical signal.

The integrated electro-optic modulator 30, which is also
known as a Mach-Zehnder modulator, includes a first electro-
optic modulating unit 32 which receives the input optical
signal and signal sent from the adder 26, a second electro-
optic modulating unit 34, which receives the input optical
signal and signal sent from the adder 28 and a third electro-
optic modulating unit 36. If the first electro-optic modulating
unit 32 is being biased at the lowest V_ value position, it could
affect transmission characteristic of the input optical signal,
allowing the input optical signal to be modulated by the
mixed data signal and the second shifted signal to generate a
first optical signal. Similarly, if the second electro-optic
modulating unit 34 is being biased at the lowest V, value
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position, it could also affect transmission characteristic of the
input optical signal, allowing the input optical signal to be
modulated by the sine signal and the first shifted signal to
generate a second optical signal. The third electro-optic
modulating unit 36 receives both the first optical signal and
the second optical signal. When the third electro-optic modu-
lating unit 36 is being biased at V_/2 value position, it could
effect transmission characteristics of the first optical signal
and the second optical signal, allowing optical modulating
unit 36 to generate a frequency doubling output optical signal
that carries both sine signal and electrical signal.

The following will describe the procedure of the present
invention in detail. At first, an electrical signal generator 10
generates a sine signal, a signal splitter 12 then receives this
sine signal and sends to a mixer 14 and a hybrid coupler 20
respectively. The mixer 14 will produce a mixed data signal
after receiving both electrical signal and sine signal, and this
mixed data signal will be delivered to a hybrid coupler 16
which is also a phase shift device. The hybrid coupler 16 will
shift the phase of the mixed data signal by 90 degrees and
output a first shifted signal along with the original mixed data
signal. The first shifted signal further goes through a micro
phase shifter 18 to have its phase adjusted more precisely in
order to make sure that the phase between the first shifted
signal and the mixed data signal is exactly different by 90
degrees, from there, the adjusted first shifted signal is sent to
the adder 28 where the original mixed data signal is sent to
adder 26. Similarly, hybrid coupler 20 receives and shifts the
phase of the sine signal by 90 degrees, then outputs a second
shifted signal along with the original sine signal. The second
shifted signal also goes through a micro phase shifter 22 to
have its phase adjusted more precisely in order to make sure
that the phase between the second shifted signal and the
original sine signal is exactly different by 90 degrees, from
there, the adjusted second shifted signal is sent to the adder 26
where the original sine signal is sent to adder 28.

When the system mentioned above does not use hybrid
coupler for any of its phase shift device, then one of the two
phase shift devices may produce the first shifted signal only,
which means adder 26 can only receive the mixed data signal
from the mixer 14. Another phase shift devices may produce
the second shifted signal only, which means adder 28 can only
receive sine signal from signal splitter 12.

The adder 26 will add the mixed data signal with the second
shifted signal, then sending the resulting signal to a first
electro-optic modulating unit 32 whereas adder 28 will add
the sine signal with the first shifted signal, then sending the
resulting signal to a second electro-optic modulating unit 34.
In addition, the first electro-optic modulating unit 32 receives
an input optical signal from a laser diode 24. Since the first
electro-optic modulating unit 32 is biased to the lowest V,
value position, so it could affect transmission characteristic of
the input optical signal, allowing the input optical signal to be
modulated by the mixed data signal and the second shifted
signal to generate a first optical signal. Similarly, the second
electro-optic modulating unit 34 also receives an input optical
signal from the laser diode 24. Since the second electro-optic
modulating unit 34 is also biased to the lowest V, value
position, it could affect transmission characteristic of the
input optical signal, allowing the input optical signal to be
modulated by the sine signal and the first shifted signal to
generate a second optical signal. A third electro-optic modu-
lating unit 36 receives both the first optical signal and the
second optical signal. Since the third electro-optic modulat-
ing unit 36 is biased to V_/2 value position, it could effect
transmission characteristics of the first optical signal and the
second optical signal, allowing optical modulating unit 36 to
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generate a frequency doubling output optical signal that car-
ries both sine signal and electrical signal.

In order to proof the practicability of the present invention,
please refer to F1G. 2 for a diagram schematically showing the
architecture of an experimental system of the present inven-
tion. In this setup, the frequency ofthe sine signal is about 9.5
GHz and the electrical signal uses a 4 GB/s OFDM signal for
illustration. The major difference between the experimental
system (FIG. 2) and the system in FIG. 1 is that there is an
additional optical fiber amplifier (EDFA) 38, optical band
pass filter (OBPF) 40 and optical attenuator 42 installed on
output of the integrated electro-optic modulator 30 respec-
tively. When outputting the output optical signal from the
integrated electro-optic modulator 30, the output optical sig-
nal can amplify its signal strength through optical fiber ampli-
fier 38, allowing the signal of output optical signal to be
attenuated slower within the optical fiber transmitting chan-
nel. The optical band pass filter 40 is responsible for filtering
out the unneeded frequencies from the output optical signal
and the optical attenuator 42 is responsible for adjusting the
strength of the output optical signal, the adjusted output opti-
cal signal is than delivered to the optical fiber transmitting
channel. When output optical signal pass through optical fiber
transmitting channel, an optical detector 44 can be used to
extract electrical signal spectrum of the output optical signal.

When transmitting wireless electrical signals with phase
difference of 90 degrees separately to the first electro-optic
modulating unit 32 and the second electro-optic modulating
unit 34, and biasing both modulating units to lowest value
position, optical, the optical signal spectrum generated will
include upper sideband (USB), lower sideband (LSB) and
suppressed carrier. When third electro-optic modulating unit
36 is biased to middle value position, one of the USB or LSB
ofthe last output signals of integrated electro-optic modulator
30 will be eliminated.

Please refer to FIG. 2, FIG. 3(@), FIG. 3(b) and FIG. 3(c) at
the same time for following illustrations. First considering the
sine signal, when sine signals with phase difference of 90
degrees is transmitted to the first electro-optic modulating
unit 32 and the second electro-optic modulating unit 34
respectively, as shown in FIG. 3(a), the LSB of the sine signal
outputted by the integrated electro-optic modulator 30 is
being eliminated, leaving only USB of the sine signal behind.
Similarly for mixed data signal, when mixed data signals with
phase difference of 90 degrees is transmitted to the first elec-
tro-optic modulating unit 32 and the second electro-optic
modulating unit 34 respectively, as shown in FIG. 3(4), the
USB of the mixed data signal outputted by the integrated
electro-optic modulator 30 is being eliminated, leaving only
LSB of the mixed data signal behind. Therefore, as shown in
FIG. 3(c), if the sine signal and the mixed data signal are being
transmitted simultaneously, then the integrated electro-optic
modulator 30 will be able to output the LSB of the mixed data
signal and the USB of the sine signal at the same time. The
present invention allows wireless electrical signal to be
modulated on either USB or LSB of a signal. Moreover, the
signal power and strength of USB and LSB of the signal can
each be adjusted individually to reach the best performance
for the system. The use of frequency doubling technique can
greatly reduce the cost of high frequency components, espe-
cially on wireless electrical signal with millimeter-wave
range above 40 GHz.

Please refer to FIGS. 4(a) and 4(b) at the same time where
FIG. 4(a) is an electrical signal spectrum diagram schemati-
cally showing the OFDM signal of the present invention. As
the fig. shown, the frequency of the signal is 19 GHz, which
is twice of 9.5 GHz, can be transmitted directly using an
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6

antenna. FIG. 4(b) is an electrical signal spectrum diagram
schematically showing the OFDM signal of the present inven-
tion after frequency reduction, the OFDM signal after fre-
quency reduction can be demodulated to obtain the original
signal.

Please refer to FIGS. 5(a) and 5(b) at the same time where
FIG. 5(a) is a constellation chart schematically showing the
demodulated OFDM signal of the present invention before
transmission and FIG. 5(b) is a constellation chart schemati-
cally showing the demodulated OFDM signal of the present
invention after transmitted 50 kilometers. Although the two
constellation charts are being measured before and after the
transmission respectively, the data for both charts are very
identical. From this point, it can be seen that a vector signal
has been transmitted and demodulated successfully without
any loss, which proofs the practicability of the present inven-
tion.

Not only does the present invention is able to use low
frequency component to generate frequency multiplying sig-
nal that carries amplitude shift modulation signal and vector
modulation signal, it can also combine with optical fiber
network and wireless network to provide a more advancing
long distance optical communication transmission service,
which proofs the present invention to be very practical. The
embodiments described above are only to exemplify the
present invention but not to limit the scope of the present
invention. Therefore, any equivalent modification or varia-
tion according to the shapes, structures, characteristics and
spirits discloses in the present invention is to be also included
within the scope of the present invention.

What is claimed is:

1. An optical modulating device with frequency multiply-
ing technique for electrical signals comprising:

an electrical signal generator, which generates a first elec-
trical signal, said first electrical signal is split through a
signal splitter;

a mixer, which receives said first electrical signal from said
signal splitter and a second electrical signal, then gen-
erates and sends out a mixed data signal;

a first phase shift device, which receives and shifts phase of
said mixed data signal, then sends out a first shifted
signal;

a second phase shift device, which receives and shifts
phase of'said first electrical signal from said signal split-
ter, then sends out a second shifted signal;

an optical signal generator, which generates a input optical
signal;

an integrated electro-optic modulator (Mach-Zehnder
modulator), which receives said input optical signal,
said mixed data signal, said first shifted signal, said
second shifted signal and said first electrical signal, then
modulates said input optical signal into a frequency
multiplying output optical signal that carries said first
electrical signal and said second electrical signal; and

a signal splitter, which receives said first electrical signal
from said electrical signal generator, then sends said first
electrical signal to said mixer and said second phase shift
device separately;

wherein said frequency multiplying output optical signal is
a frequency doubling output optical signal.

2. The optical modulating device with frequency multiply-
ing technique for electrical signals according to claim 1,
wherein said integrated electro-optic modulator further com-
prises:

a first electro-optic modulating unit, which receives said

input optical signal, said mixed data signal and said
second shifted signal, when said first electro-optic
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modulating unit is being biased, it affects transmission
characteristic of said input optical signal, allowing said
input optical signal to be modulated by said mixed data
signal and said second shifted signal to generate a first
optical signal;

asecond electro-optic modulating unit, which receives said

input optical signal, said first electrical signal and said
first shifted signal, when said second electro-optic
modulating unit is being biased, it affects transmission
characteristic of said input optical signal, allowing said
input optical signal to be modulated by said first electri-
cal signal and said first shifted signal to generate a sec-
ond optical signal; and

a third electro-optic modulating unit, which receives said

first optical signal and said second optical signal, when
said third electro-optic modulating unit is being biased,
it affects transmission characteristic of said first optical
signal and said second optical signal and generates said
frequency multiplying output optical signal.

3. The optical modulating device with frequency multiply-
ing technique for electrical signals according to claim 2,
wherein phase of said first shifted signal and said mixed data
signal is different by 90 degrees.

4. The optical modulating device with frequency multiply-
ing technique for electrical signals according to claim 2,
wherein phase of said second shifted signal and said first
electrical signal is different by 90 degrees.

5. The optical modulating device with frequency multiply-
ing technique for electrical signals according to claim 2 fur-
ther comprises an adder, which receives and adds said mixed
data signal and said second shifted signal, then sends result-
ing signal to said first electro-optic modulating unit.

6. The optical modulating device with frequency multiply-
ing technique for electrical signals according to claim 2,
further comprises an adder, which receives and adds said first
electrical signal and said first shifted signal, then sends result-
ing signal to said second electro-optic modulating unit.

7. The optical modulating device with frequency multiply-
ing technique for electrical signals according to claim 2,
wherein bias value for said first electro-optic modulating unit
and said second electro-optic modulating unit is V_, and bias
value for said third electro-optic modulating unit has bias
value is 'V, /2.

8. The optical modulating device with frequency multiply-
ing technique for electrical signals according to claim 1,
wherein said first electrical signal is a sine signal.

9. The optical modulating device with frequency multiply-
ing technique for electrical signals according to claim 1,
wherein said second electrical signal is an amplitude shift
modulation signal, a vector modulation signal, a phase shift
modulation signal, a quadrature amplitude modulation signal
or an orthogonal frequency division multiplexing signal.

10. The optical modulating device with frequency multi-
plying technique for electrical signals according to claim 1,
wherein said optical signal generator is a laser diode.

11. The optical modulating device with frequency multi-
plying technique for electrical signals according to claim 1,
wherein said first phase shift device comprises a hybrid cou-
pler; and after said first phase shift device shifted phase of
said mixed data signal, said first phase shift device can further
send said mixed data signal and said first shifted signal to said
integrated electro-optic modulator.

12. The optical modulating device with frequency multi-
plying technique for electrical signals according to claim 1,
wherein said first shifted signal from said first phase shift
device can go through a micro phase shifter to have its phase
more precisely adjusted before sending to said integrated
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electro-optic modulator, allowing said first shifted signal and
said mixed data signal have phase different by exactly 90
degrees.

13. The optical modulating device with frequency multi-
plying technique for electrical signals according to claim 1,
wherein said second phase shift device comprises a hybrid
coupler; and after said second phase shift device shifted phase
of said first electrical signal, said second phase shift device
can further send said first electrical signal and said second
shifted signal to said integrated electro-optic modulator.

14. The optical modulating device with frequency multi-
plying technique for electrical signals according to claim 1,
wherein said second shifted signal from said second phase
shift device can go through a micro phase shifter to have its
phase more precisely adjusted before sending to said inte-
grated electro-optic modulator, allowing said second shifted
signal and said first electrical signal have phase different by
exactly 90 degrees.

15. An optical modulating device with frequency multiply-
ing technique for electrical signals comprising:

an electrical signal generator, which generates a first elec-
trical signal, said first electrical signal is split through a
signal splitter;

a mixer, which receives said first electrical signal from said
signal splitter and a second electrical signal, then gen-
erates and sends out a mixed data signal;

a first phase shift device, which receives and shifts phase of
said mixed data signal, then sends out a first shifted
signal,

a second phase shift device, which receives and shifts
phase of'said first electrical signal from said signal split-
ter, then sends out a second shifted signal;

an optical signal generator, which generates a input optical
signal; and

an integrated electro-optic modulator (Mach-Zehnder
modulator), which receives said input optical signal,
said mixed data signal, said first shifted signal, said
second shifted signal and said first electrical signal, then
modulates said input optical signal into a frequency
multiplying output optical signal that carries said first
electrical signal and said second electrical signal,

wherein said first shifted signal from said first phase shift
device can go through a micro phase shifter to have its
phase more precisely adjusted before sending to said
integrated electro-optic modulator, allowing said first
shifted signal and said mixed data signal have phase
different by exactly 90 degrees.

16. An optical modulating device with frequency multiply-

ing technique for electrical signals comprising:

an electrical signal generator, which generates a first elec-
trical signal, said first electrical signal is split through a
signal splitter;

a mixer, which receives said first electrical signal from said
signal splitter and a second electrical signal, then gen-
erates and sends out a mixed data signal;

a first phase shift device, which receives and shifts phase of
said mixed data signal, then sends out a first shifted
signal;

a second phase shift device, which receives and shifts
phase of'said first electrical signal from said signal split-
ter, then sends out a second shifted signal;

an optical signal generator, which generates a input optical
signal; and

an integrated electro-optic modulator (Mach-Zehnder
modulator), which receives said input optical signal,
said mixed data signal, said first shifted signal, said
second shifted signal and said first electrical signal, then
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modulates said input optical signal into a frequency integrated electro-optic modulator, allowing said second
multiplying output optical signal that carries said first shifted signal and said first electrical signal have phase
electrical signal and said second electrical signal; different by exactly 90 degrees.

wherein said second shifted signal from said second phase
shift device can go through a micro phase shifter to have 5
its phase more precisely adjusted before sending to said L



