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A Modulation Sheme to Generate 24-GHz-Band Millimeter-wave-band
Ultra-wideband Signal by Using Mach Zehnder Modulator
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(Shanghai Key Lab of Modern Optical System . School of Science and Technology .
University of Shanghai, Shanghai 200093, China)

Abstract: A single-stage dual-drive Mach Zehnder modulator was employed for the generation of a 24-
GHz band ultra-wide-band signal. A theoretical model for signal generation was derived based on the
modulation technique of a dual-drive Mach Zehnder modulator. By the numerical demonstration, an ultra-
wideband signal of 5. 8 GHz bandwidth was generated. The signal quality and the bandwidth were
thoroughly investigated. The results show that residual local oscillation and low-frequency components
can be efficiently suppressed if two modulating electrical signals with proper amplitudes are used. The
bandwidth of the signal can be flexibly adjusted by simply controlling the pulse width of the input data
signal. The millimeter ultra-wideband signal generator is a good candidate for the applications of
automotive short-range radar, intrusion detection sensor and mobile radio services.

Key words: Signal processing; Microwave communication; Modulation technique; Microwave signal;
Millimeter waves

OCIS Codes: 060.5625; 350.4010; 060.4510

Foundation item: The National Natural Science Foundation of China (No. 61378060), the National Science Instrument Important Project
(No. 2013YQ16043903), the Development Program of China (863 Program) (No. 2013AA030602), the Dawn Program of Shanghai
Education Commission (No. 11SG44) , Scientific Innovation Projects of Shanghai Education Committee (No. 15ZZ071) and Pujiang Project
of Shanghai Science and Technology Commission (No. 14PJ1406900)
First author;: WANG Dong (1991 —), male, M. S. degree, mainly focuses on microwave photonics and optical communications. Email:
wangdongonly@163. com
Supervisor (Contact author) : ZHANG Da-wei (1977 —), male, professor, Ph. D. degree, mainly focuses on optics design, nanofabrication,
and optical communication. Email:dwzhang@ usst. edu. cn
Received: Mar. 25, 2015; Accepted: Jun. 29, 2015

http : /) www . photon . ac . cn

0906001-1



¥R

0 Introduction

Ultra-wideband ( UWB) radio is a promising
technique for next-generation short-distance and high-
speed wireless communication, automotive radar and
sensing, due to its many advantages including high
capacity, multipath  robust and low
consumption?. UWB signal is defined by the U. S.
Federal Communications Committee (FCC) as a signal
which has a 10 dB bandwidth of more than 0.5 GHz
with a power spectral density less than —41. 3 dBm/
MHz* .

significantly

power

UWB-over-fiber is an efficient technology to
UWB
communications by transmitting UWB signals in the
*81 Besides the transmission of UWB
fiber, UWB

and modulation are two

expand the coverage of
optical network"

signals over optical photonic signal

generation preferable
approaches for UWB-over-fiber technology to avoid
employing unnecessary electrical-to-optical conversion
and using expensive broadband RF componentst™* .
The U. S. FCC approves several frequency bands
for Millimeter-wave (MMW) systems*"!. Among the
MMW frequency bands, license-free 24 GHz MMW
band is designed for automotive Short-range Radar
(SRR) applications, because 24-GHz MMW band has
a large bandwidth from 22 to 29 GHz and the large
bandwidth is capable for providing a small distance

(2] Extensive research efforts have been

resolution
put into developing photonic UWB communication
system within a 24-GHz MMW band™". A Dual-
Parallel Mach-Zehnder Modulator (DP-MZM), which
consists of two Mach-Zehnder Modulators (MZM) in
the two arms of a main MZM, was widely used to

UWB

interferometer for

generate signal ™, By using a delay

phase modulation, intensity

modulation and harnessing carrier suppression
modulation for frequency up-conversion, a pair of
GHz MMW-band UWB

generated ™. A polarization

polarity-reversed 24
monocycles  was
modulation based microwave photonic switch was used
to generate an UWB signal without low frequency
components and residual local oscillation™ "™,

Due to high coherence, high stability and low
cost, DD-MZM was driven by two RF signals and
controlled by two DC-bias in the two arms of a MZM,
microwave

was used in the photonic

[18]

many
applications'*'. A versatile waveform generator based
on DD-MZM was demonstrated to generate short
pulse, triangular, sawtooth and trapezoidal waveforms
and FCC-compliment UWB doublet pulse for indoor
applications™!. A DD-MZM has been developed into

an optoelectronic oscillator for RF carrier extraction

and optical RF signal to baseband down-conversion™",

An ultra-wideband signal of 5. 8 GHz bandwidth is

generated and can be adjusted.

1 Theoretical model of the MMW-
UWB signal generation

Fig. 1
proposed MMW-UWB signal generator.

shows the schematic diagram of the
Continuous-
wave (CW) light is generated by a laser diode and then
fed into a DD-MZM after polarization control. Two RF

RF-synthesizer
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Fig. 1 Schematic diagram of the MMW-UWB signal
generator

signals and two DC bias are applied to the two arms of
the DD-MZM. The theoretical model of the signal
generation is based on the modulation model of the DD-
MZM. After the modulation, the output of the DD-
MZM can be written as

exp (Jn<‘§;n(:r)+%))} D

where E, is the electrical field of the CW light, w, is
optical carrier frequency, V s is switching voltage,
V.oc is switching bias voltage, V., and V., are the
DC bias voltages, and V|, (z) and V, (¢) are the two
modulating Radio Frequency (RF) signal.

In the modulation, the two DC bias voltages are
The two
modulating signals are as follows. The RF signal used
to modulate the DD-MZM can be expressed as

V(1) =Asin 2rft) (2)
where A is the amplitude of the RF signal and f is the
frequency of the RF signal.

set at the minimum transmission point.

A sequence of Return-to-Zero (RZ) data signal is
used to drive the other arm of the DD-MZM after pulse
reshaping by using a low-pass filter. The data signal
for bit 0’ and bit ‘1’ after filtering can be expressed
as

(0 bit‘0’

ViOZ gy bice )
where H(#) is the RZ signal after low-pass filtering.

After the DD-MZM, the output electrical field at

Point « in Fig. 1 can be written as

0906001~ 2
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J E.exp Go.t) [exp (]n(%) )+1} bit <0’
lEi“exp (jwtt)[exp (]7{(%) )Jrexp (jn I‘_I/K(Ii) )] bit1’

Then, the modulated signal is sent into a Photodetector (PD) for optical-to-electrical conversion. The output

E, ()= 4

current at point 8 can be expressed as

J :OZE;ZH[ZJchos(w)} bit 0
IO =JEE" = AsinQ2xf1) HC) - Asin @2 10 )
P ) sin(2mw ft . sin (2% Cens
l/ﬁEm [2+2c05 ( Vo )+ Vo sin ( Voo >} bit ‘1
where % is the responsivity of the PD. to avoid the bias drifting, the DC bias could be
In Eq. (5), for both bit ‘0’ and bit ‘1’ , there are connected to the ground. After modulation, the optical
a DC current and an AC current (cosine term). If the signal is converted to an electrical signal by using a

amplitude of the data signal, B, is larger than that of photodetector. The photodetector has the bandwidth of
the RF signal, A, the AC term can be neglected, 50 GHz. The responsivity is 1 A/W.

remaining the DC term for both data bit ‘0’ and ‘1’ 1.1 3

and a sine term with the envelop of H(z) for bit ‘17, G %—10 :g:;i:lignal-
which is the generated MMW signal with the center ’ G_fo

frequency of f. Practically, the DC term could be g 0.7 jOOFrequle‘imy/éih 30 1
removed by using a DC-bias. To obtain a background- E, 0.6

free MMW signal, residual local oscillation components 2

and low-frequency components should be weakened by £ 03

adjusting the ratio between the amplitudes of the data 01

signal and the RF signal and setting a proper DC-bias. = p——¥ = t———\-—c

2 Demonstration of MMW-UWB Y05 03 o1 0.1 0.3 0.5

. . Time/ns
signal generation
Fig. 2 Waveform of the calculated data signal for bit ‘1’

Based on the theoretical model, the generation of Fig. 3 shows the normalized waveforms of the

MMW-UWB  signal is demonstrated. The system generated MMW-UWRB signals for data bit ‘0’ and bit
parameters are set as follows. A Continuous-wave “17, respectively. The MMW-UWRB signals have equal

(CW) laser source is used. The center wavelength of amplitudes above and below the DC level. Since B/A

the input CW light is 1 550 nm. Then, a polarization ratio is high, the AC term is suppressed and the

controller is followed to adjust the polarization of the residual  local oscillation is diminished. In the

light to fit the modulation. The switching voltage, corresponding power spectrum. as shown in Fig. 4, the
Ve and the switching bias voltage, Vi, are 4 V. generated MMW-UWRB signal is centered at 25.5 GHz
The frequency of the RF signal is 25. 5 GHz, which is and has a 10 dB bandwidth of 5. 8 GHz The red

the center of the 24 GHzband. A second-order dashed line represents the FCC-specified spectral

Butterworth low-pass filter is used to reshape the data mask. The MMW - UWB signal conforms to the FCC -

signal. Fig. 2 illustrates the waveform of the data 1.0
signal before and after the filter for data bit ‘1’. The 08l
red dashed line represents RZ data signal, blue solid 0.6t
line represents the signal after filtering, and the inset £ 0.4
) g 02}
represents the frequency response of the second-order £
: 2 0 MY VAWM
Butterworth low-pass filter. The frequency response of Z s
the filter is in the inset. The cutoff frequency of the % 70’4 I
filter is 3. 5 GHz. The input RZ data signal has the 06l
pulse width of 160 ps. After filtering, the pulse width 081t
(full width at half maximum) is almost unchanged. -1.0 -
-0.5 -0.3 -0.1 0.1 0.3 0.5

The amplitudes of the data signal and the RF signal are
10 V and 0. 5V, respectively. The ratio between the
amplitudes of the data signal and the RF signal, B/A,
is 20. Both Vy, and V., are set to 0 V. In practice,

Time/ns
(a) Data bit 0’
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Fig. 3 The normalized waveforms of the generated
MMW-UWRB signals
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Fig. 4 The power spectrum of the generated MMW-UWB
signals

specified spectral mask very well. The low-frequency

components are weak compared with the target MMW-

UWRB signal.

3 Influence over the generation of
MMW-UWRB signal

According to the theoretical model, it is found that
the generation of the MMW-UWRB signal is affected by
the input signals. As predicted previously, the ratio
between the amplitudes of the data signal and the RF
signal, B/A, has the influence over the signal quality
of the generated UWB-MMW signal.

the influence of the two modulating electrical signals

To investigate

over the UWB signal generation, the ratio between the
amplitudes of the data signal, B, and the RF signal,
A, is changed. In the analysis, the frequency of the RF
signal, f, is 25.5 GHz. Both the switching voltage,
V zrs and the switching bias voltage, V ., are 4V.
The two DC bias voltages are 0V,

Fig. 5 shows the relationship of the B/A ratio and
the suppression effect of the residual local oscillation.
The ratio between the amplitudes of the target MMW-
UWB signal to the residual local oscillation is from 10

to 37, when B/A ratio is set from 5 to 20. As shown in
the inset, serious residual local oscillation can be
observed in the MMW-UWRB signal generated by small
B/A ratio, while the MMW-UWRB signal generated by
large B/ A ratio has equal amplitudes above and below
DC level and weak residual local oscillation, because
the amplitude of the data signal becomes a dominant
factor and strengthens the target signal comparing to

the residual local oscillation.
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Fig. 5 The relationship of the B/A ratio and the

suppression effect of the residual local oscillation
In addition, the bandwidth of the MMW-USWRB
signal is of great importance. The influence over the
bandwidth of the generated MMW-UWB signal is
investigated. B/A ratio is kept at 20. The pulse width
of the input data signal is changed from 120 ps to

200 ps. Fig. 6 illustrates the relationship between the

7.5
-40 =
\ E
E 6.5F ?E) ~60 FCC mask i
©) £
= = g0 i .
s 60F 0 10 20 30
= Frequency/GHz
2 -40
gl
% 2 —60LECC mask
S 5 \)
T 5012
8% 10 20 30
45 Frequency/GHz
120 140 160 180 200
Pulse width/ps
Fig. 6 The pulse width of the input data signal versus the

10 dB bandwidth of the generated MMW-UWB signal
pulse width of the input data signal and the 10 dB
bandwidth of the generated MMW-UWRB signal. The
power spectra of the generated signals for the input
pulse width of 120 ps and 200 ps are shown in the
inset. The 10 dB bandwidth of the MMW-UWRB signal
shrinks from 6. 7 GHz to 5 GHz with the increase of
the pulse width of the data signal, because the pulse
width of the generated MMW-UWRB
In other words, a short
wide-bandwidth MMW

Furthermore, the signal generated by a wide pulse has

increases
accordingly. data pulse

contributes to a signal.
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Thus there
compromise between wide bandwidth and good signal
quality. To obtain the MMW-UWRB signal with wide
bandwidth and good quality, a proper duty cycle of the

fewer low-frequency components. is a

input RZ signal should be selected.

4 Conclusion

A 24-GHzband MMW-UWB signal generation
scheme is proposed by employing a single-stage DD-
MZM. A built for the
demonstration and analysis. In the demonstration, a
MMW-UWRB signal with the bandwidth of 5. 8 GHz is
generated at 25. 5 GHz. The generated MMW-UWB
signal conforms to the FCC regulation well. We have

theoretical model is

found that the residual local oscillation and the low-
frequency components of the generated signal could be
efficiently suppressed by increasing the ratio between
the amplitudes of the input data signal and the RF
the MMW-UWB signal with wide
bandwidth can be obtained by using the input data
signal of short pulse width. The proposed MMW-UWB
signal generation scheme would be a good candidate for
various MMW-UWB applications.
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