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(57) ABSTRACT

The present invention discloses an optical modulation device,
which comprises an electric signal generator generating an
electric signal carrying a data signal; a first sinusoidal signal
generator generating a first sinusoidal signal; an optical signal
generator generating an input source optical signal; and an
optoelectronic modulator(Mach-Zehnder modulator) receiv-
ing the input source optical signal, the electric signal and the
first sinusoidal signal, biased to modify a transmission per-
formance of the input source optical signal, modulating the

21) Appl. No.: 12/585,807
(21) Appl.-No ’ input source optical signal with the electric signal and the first
(22) Filed: Sep. 25, 2009 sinusoidal signal, and then sending out an output source opti-
’ cal signal carrying the electric signal and the first sinusoidal
(30) Foreign Application Priority Data signal. The present invention realizes frequency multiplica-
tion, enables an optical signal to carry vector signals, and
Oct. 28,2008 (TW) oo, 97141404  promotes the efficiency of broadband systems.
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OPTICAL MODULATION DEVICE

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The present invention relates to a modulation
device, particularly to an optical modulation device.

[0003] 2. Description of the Related Art

[0004] Fiber-optical communication is a wired communi-
cation based on light and optical fiber, wherein light is modu-
lated to carry information. Fiber-optical communication fea-
tures high transmission capacity and high security and has
been the primary method in wired communication nowadays.
In fiber-optical communication, the optical carrier wave is
overlaid or modulated by a message signal in the sender side
and transmitted via a medium to a far-end recipient side and
then demodulated by a receiver.

[0005] The ROF (Radio-Over-Fiber) system will play a
very important role in the future broadband wireless commu-
nication, especially in the ultrabroadband 40 GHz-millimeter
wave range. The conventional modulation technologies for
optical communication include SSB (Single Side-Band),
DSB (Double Side-Band) and DSBCS (Double Side-Band
with optical Carrier Suppression). Due to the modulator’s
nonlinear transfer function, SSB and DSB have a smaller
modulation depth and a lower sensitivity. DBSCS has a fre-
quency multiplication function and a superior optical modu-
lation depth. However, DSBCS is unable to carry vector sig-
nals, such as the PSK (Phase Shift Keying) signal and the
QAM (Quadrature Amplitude Modulation) signal. Thus, the
application of DSBCS is limited.

[0006] In the paper by E. Vourch, et al., IEEE Photonics
Technology Letters, vol. 14, pp. 194-196, 2002, a special
optical filter converts a DSB carrier signal into a SSB carrier
signal and thus overcomes the problem of fiber dispersion in
long distance signal transmission. However, the power of the
RF signal is reduced thereby. In the paper by J. Yu, etal., IEEE
Photonics Technology Letters, vol. 18, pp. 265-267, 2006,
DSBCS is used to achieve frequency multiplication. How-
ever, the system uses two optoelectronic modulators and thus
has a higher cost. Further, DSBCS is unable to generate vector
signals.

[0007] To overcome the abovementioned problems, the
present invention proposes an optical modulation device,
which uses a frequency multiplication technology to break
through the conventional modulation technology, generates
vector signals and can integrate with a fiber-optical network
or a wireless to implement long distance signal transmission.

SUMMARY OF THE INVENTION

[0008] The primary objective of the present invention is to
provide an optical modulation device, which has a frequency
multiplication function and enables an optical signal to carry
vector signals, whereby the efficiency of bandwidth is pro-
moted.

[0009]  Another objective of the present invention is to pro-
vide an optical modulation device, which can integrate with a
fiber-optical network or a wireless network to implement long
distance signal transmission.

[0010] To achieve the abovementioned objectives, the
present invention proposes an optical modulation device,
which comprises an electric signal generator generating an
electric signal carrying a data signal, a first sinusoidal signal
generator generating a first sinusoidal signal, an optical signal
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generator generating an input source optical signal, and an
optoelectronic modulator (Mach-Zehnder modulator). After
receiving the input source optical signal, the electric signal
and the first sinusoidal signal, the optoelectronic modulator is
biased to modify the transmission performance of the input
source optical signal and modulate the input source optical
signal with the electric signal and the first sinusoidal signal
and then sends out an output source optical signal carrying the
electric signal and the first sinusoidal signal.

[0011] Below, the embodiments are described in detail in
cooperation with the drawings to make easily understood the
technical contents and accomplishments of the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a diagram schematically showing the
architecture of a system according to the present invention;
[0013] FIG. 2 is a diagram schematically showing the fre-
quency spectrum of the output source optical signal accord-
ing to the present invention;

[0014] FIG. 3 is a diagram schematically showing the
architecture of another system according to the present inven-
tion;

[0015] FIGS. 4-7 are diagrams schematically showing the
probable frequency spectrums of the output source optical
signal after the processing of the optical filter according to the
present invention;

[0016] FIG. 8 is a diagram schematically showing the
architecture of an experimental system for verifying the util-
ity of the present invention according to the present invention;
[0017] FIGS. 9(a)-9(h) are diagrams schematically show-
ing the frequency spectrums of electrical signals according to
the present invention,

[0018] FIG. 10 is a diagram showing the frequency spec-
trum of the output source optical signal before the procession
of the optical filter according to the present invention;
[0019] FIG. 11 is a diagram showing the frequency spec-
trum of the output source optical signal after the procession of
the optical filter according to the present invention; and
[0020] FIG. 12 is a diagram showing the BER curves of the
BPSK signal and the OOK signal according to the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0021] With the fast development of wired networks and
wireless networks, the systems need higher and higher trans-
mission rate and bandwidth. Thus, the ROF (Radio-Over-
Fiber) technology will play a very important role in the future
broadband wireless communication, especially in the milli-
meter band. The present invention can generate and transmit
frequency-multiplication vector signals, whereby the band-
width and system cost are effectively saved, and the sensitiv-
ity of the system is promoted. Therefore, the present invention
widely applies to RF communication networks and fiber-
optical communication works and has a high commercial
value.

[0022] Refer to FIG. 1 a diagram schematically showing
the architecture of a system according to the present inven-
tion, wherein the dotted lines represent the paths of electric
signals, and the solid lines represent the paths of optical
signals. The device of the present invention comprises an
electric signal generator 10, a first sinusoidal signal generator
12, an adder 20, an optical signal generator 22, and an opto-



US 2010/0104294 A1l

electronic modulator (Mach-Zehnder modulator) 24. The
electric signal generator 10 generates an electric signal car-
rying a data signal and having a frequency f;. The data signal
may be an ASK (Amplitude Shift Keying) signal, a vector-
modulated signal, a PSK (Phase Shift Keying) signal, a QAM

[0023] (Quadrature Amplitude Modulation) signal, or an
OFDM (Orthogonal Frequency-Division Multiplexing) sig-
nal. The first sinusoidal signal generator 12 generates a first
sinusoidal signal having a frequency f,. The optical signal
generator 22 generates an input source optical signal and may
bealaser diode. The adder 20 receives and adds up the electric
signal and the first sinusoidal signal and then outputs the
resultant signal to the optoelectronic modulator 24. After
receiving the input source optical signal, the electric signal
and the first sinusoidal signal, the optoelectronic modulator
24isbiased by a voltage of V__ to output a source optical signal
with the optical carrier being suppressed, wherein the input
source optical signal is modulated with the electric signal and
the first sinusoidal signal to create an output source optical
signal carrying the electric signal and the first sinusoidal
signal. Varying the bias of the optoelectronic modulator 24
can vary the characteristic of the optical carrier of the input
source optical signal.

[0024] The electric signal generator 10 further comprises a
second sinusoidal signal generator 14, a data signal generator
16 and a wave mixer 18. The second sinusoidal signal gen-
erator 14 generates a second sinusoidal signal having a fre-
quency f;. The data signal generator 16 generates the data
signal. The wave mixer 18 receives the second sinusoidal
signal and the data signal, uses the second sinusoidal signal to
frequency-upconvert the data signal and then outputs an elec-
tric signal having a frequency f, and carrying the data signal.

[0025] Below is described the operation of the entire sys-
tem. Firstly, the second sinusoidal signal generator 14 and the
data signal generator 16 respectively generate a second sinu-
soidal signal having a frequency f, and a data signal. The
wave mixer 18 receives the second sinusoidal signal and the
data signal, uses the second sinusoidal signal to frequency-
upconvert the data signal and then outputs an electric signal
having a frequency f, and carrying the data signal. The first
sinusoidal signal generator 12 generates a first sinusoidal
signal having a frequency f,. The adder 20 receives and adds
up the electric signal and the first sinusoidal signal and then
outputs the resultant signal to the optoelectronic modulator
24. In addition to the electric signal and the first sinusoidal
signal, the optoelectronic modulator 24 also receives an input
source optical signal from the laser diode 22. Then, the opto-
electronic modulator 24 is biased by a voltage of V_ to modify
the characteristic of the optical carrier of the input source
optical signal, modulates the input source optical signal with
the electric signal and the first sinusoidal signal, and sends out
anoutput source optical signal carrying the electric signal and
the first sinusoidal signal.

[0026] Refer to FIG. 2 a diagram schematically showing
the frequency spectrum of the optical signal at Pointa in FIG.
1. The output source optical signal contains a left-side electric
signal having a frequency of f-f, , a right-side electric signal
having a frequency of fy+f), a left-side first sinusoidal signal
having a frequency of {,-f,, and a right-side first sinusoidal
signal having a frequency of f,+f, with the symmetric center
being the frequency f, of the optical carrier. Suppose the
output source optical signal is sent into a photodetector. Then,
the photodetector sends out an electric signal, which is a
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frequency-multiplication signal with a frequency of f, -f, and
equal to the square of the electric field of the optical signal.
[0027] Refer to FIG. 3 a diagram schematically showing
the architecture of another system according to the present
invention. Different from the system in FIG. 1, the system in
FIG. 3 additionally has an optical filter 26. When the output
source optical signal passes the optical filter 26, a portion of
signal carried by the output source optical signal is filtered
out.

[0028] Refer to from FIG. 4 to FIG. 7 and refer to FIG. 2
also. FIGS. 4-7 are diagrams schematically showing the prob-
able frequency spectrums of the optical signal at Point b in
FIG. 3. In FIG. 4, the left-side first sinusoidal signal having a
frequency of f-f, is filtered out. Alternatively, the right-side
first sinusoidal signal having a frequency of f,+f, may be
filtered out. In FIG. 5, the left-side electric signal having a
frequency of f,-f, is filtered out. In FIG. 6, the left-side elec-
tric signal having a frequency of f,-f, and the right-side first
sinusoidal signal having a frequency of {+1, are filtered out.
In FIG. 7, the right-side electric signal having a frequency of
f,+f; and the left-side first sinusoidal signal having a fre-
quency of f-f, are filtered out. Filtering out the abovemen-
tioned signals can overcome the periodical power attenuation
caused by fiber dispersion in long distance signal transmis-
sion. The signals, which are filtered out by the optical filter 26,
can be otherwise transmitted to the user side via RSOA (Re-
flective Semiconductor Optical Amplifier).

[0029] Refer to FIG. 8 a diagram schematically showing
the architecture of an experimental system for verifying the
utility of the present invention. Also refer to from FIG. 9(a) to
FIG. 9() for the frequency spectrums of signals. Herein, the
first sinusoidal signal has a frequency of 10 GHz, and the
second sinusoidal signal has a frequency of 5G Hz,and a PSK
or OOK (On-OFF Keying) signal of 1.25 Gb/sec is used to
exemplify the data signal. Firstly is described the signals in
the front stages of the experimental system. FIG. 9(a) shows
the frequency spectrum of the electric signal at Point a in FIG.
8, whereat the data signal has been frequency-upconverted
with the second sinusoidal. Therefore, the signal output from
Point a carries the data signal, and the frequency spectrum
thereof centers at a frequency of 5G Hz and slightly extends
up and down therefrom. FIG. 9(5) shows the frequency spec-
trum of the electric signal at Point binF1G. 8, whereat the first
sinusoidal signal is just output. Therefore, the signal output
from Point b is the first sinusoidal signal centering at a fre-
quency of 10 GHz. FIG. 9(c) shows the frequency spectrum of
the electric signal at Point ¢ in FIG. 8, whereat the signal
contains the 5 GHz electric signal and the 10 GHz first sinu-
soidal signal. FIG. 9(d) shows the frequency spectrum of the
optical signal at Point d in FIG. 8. The optoelectronic modu-
lator 24 is biased by a voltage of V..

[0030] Therefore, the output source optical signal at Point d
contains the rightmost first sinusoidal signal, the right-side
electric signal beside the rightmost first sinusoidal signal, the
lefi-side electric signal and the left-side first sinusoidal signal
respectively symmetric to the two right-side signals. The
frequency difference between the left-side electric signal and
the right-side electric signal is double the frequency of the
original electric signal; the frequency difference between the
left-side first sinusoidal signal and the right-side first sinusoi-
dal signal is double the frequency of the original first sinu-
soidal signal. FIG. 9(e) shows the frequency spectrum of the
optical signal at Point e in FIG. 8, whereat the optical filter 26
has filtered out the left-side first sinusoidal signal of the
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output source optical signal, the frequency difference
between the left-side electric signal and the right-side first
sinusoidal signal is 15 GHz; the frequency difference
between the right-side electric signal and the right-side first
sinusoidal signal is 5G Hz.
[0031] Below is described the signals in the rear stages of
the experimental system shown in FI1G. 8. Different from the
architecture in FIG. 3, the architecture in FIG. 8 additionally
has a photodetector 28, a band pass filter 30, a sinusoidal
signal generator 32, a wave mixer 34, a low-pass filter 36, and
a BER (Bit Error Rate) tester 38 sequentially arranged behind
the optical filter 26. The output source optical signal leaves
the optical filter 26, passes through the optical fiber and
reaches the photodetector 28. The photodetector 28 converts
the output source optical signal into an electric signal. FIG.
9(f) shows the frequency spectrum of the electric signal at
Point f in FIG. 8, whereat the electric signal contains the
electric signal centering at 5G Hz and the electric signal
centering at 15 GHz. Next, the band pass filter 30 filters out
the unwanted signal and only allows the desired 15 GHz
signal to pass. Therefore, the electric signal at Point g con-
tains only the 15 GHz signal, as shown in FIG. 9(g). Next, the
wave mixer 34 receives the abovementioned 15 GHz signal
and the sinusoidal signal generated by the sinusoidal signal
generator 32 and frequency-downconverts the 15 GHz signal
with the sinusoidal signal. Next, the 1.25 GHz low-pass filter
36 filters the frequency-downconverted signal to obtain a
low-frequency signal shown in FIG. 9(%). Then, the BER
tester 38 examines whether there is power attenuation in the
low-frequency signal.
[0032] Referto FIG. 10 and FIG. 11. FIG. 10 is a diagram
showing the frequency spectrum of the output source optical
signal before the procession of the optical filter, wherein the
output source optical signal contains a right-side first sinu-
soidal signal. a right-side electric signal, and a left-side first
sinusoidal signal and a left-side electric signal both symmet-
ric to the two right-side signals. FIG. 11 is a diagram showing
the frequency spectrum of the output source optical signal
after the procession of the optical filter, wherein the left-side
first sinusoidal signal has been filtered out.
[0033] RefertoFIG. 12 a diagram showing the BER curves
of the BPSK
[0034] (Binary Phase Shift Keying) signal and the OOK
signal. No matter a 25 km transmission or a 50 km transmis-
sion does not deteriorate the sensitivity of receiving the sig-
nals. Therefore, the experiment proves the present invention
can realize long distance signal transmission without the pen-
alty of receiver sensitivity and has technical utility.
[0035] In conclusion, the present invention realizes fre-
quency multiplication, enables an optical signal to carry vec-
tor signals, and promotes the efficiency of broadband sys-
tems. Further, the present invention can integrate with
wireless or fiber-optical networks to undertake long distance
signal transmission.
[0036] 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 variation according to the shapes, structures, characteris-
tics and spirit disclosed in the present invention is to be also
included within the scope of the present invention.

What is claimed is:

1. an optical modulation device comprising an electric
signal generator generating an electric signal carrying a data
signal;
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a first sinusoidal signal generator generating a first sinu-

soidal signal,

an optical signal generator(Mach-Zehnder modulator)

generating an input source optical signal; and

an optoelectronic modulator receiving said input source

optical signal, said electric signal and said first sinusoi-
dal signal, biased to modify a transmission performance
of said input source optical signal, modulating said input
source optical signal with said electric signal and said
first sinusoidal signal, and then sending out an output
source optical signal carrying said electric signal and
said first sinusoidal signal.

2. The optical modulation device according to claim 1,
wherein said data signal is a vector-modulated signal, an ASK
(Amplitude Shift Keying) signal, a PSK (Phase Shift Keying)
signal, a QAM (Quadrature Amplitude Modulation) signal, or
an OFDM (Orthogonal Frequency-Division Multiplexing)
signal.

3. The optical modulation device according to claim 1,
wherein said electric signal generator further comprises

a second sinusoidal signal generator generating a second

sinusoidal signal;

a data signal generator generating said data signal; and

a wave mixer receiving said second sinusoidal signal and

said data signal, using said second sinusoidal signal to
frequency-upconvert said data signal, and then output-
ting said electric signal.

4. The optical modulation device according to claim 1
further comprising an adder receiving and adding up said
electric signal and said first sinusoidal signal and then out-
putting a resultant signal to said optoelectronic modulator.

5. The optical modulation device according to claim 1,
wherein said input source optical signal is a laser source
optical signal.

6. The optical modulation device according to claim 1,
wherein said output source optical signal, which is formed via
modulating said input source optical signal with said electric
signal and said first sinusoidal signal, contains a right-side
electric signal and a left-side electric signal symmetric to said
right-side electric signal; said output source optical signal
also contains a right-side first sinusoidal signal and a left-side
first sinusoidal signal symmetric to said right-side first sinu-
soidal signal; a symmetric center thereof is a frequency of an
optical carrier of said output source optical signal; an optical
filter receives said output source optical signal and filters out
one of said right-side electric signal, said left-side electric
signal, said right-side first sinusoidal signal, and said left-side
first sinusoidal signal.

7. The optical modulation device according to claim 1,
wherein said output source optical signal, which is formed via
modulating said input source optical signal with said electric
signal and said first sinusoidal signal, contains a right-side
electric signal and a left-side electric signal symmetric to said
right-side electric signal; said output source optical signal
also contains a right-side first sinusoidal signal and a left-side
first sinusoidal signal symmetric to said right-side first sinu-
soidal signal; a symmetric center thereof'is a frequency of an
optical carrier of said output source optical signal; an optical
filter receives said output source optical signal and filters out
said right-side electric signal and said left-side electric signal
or filters out said right-side first sinusoidal signal and said
lefi-side first sinusoidal signal.

8. The optical modulation device according to claim 1,
wherein said optoelectronic modulator is biased by a voltage
of V.



