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Abstract: A retro -directive arrays based on the optical Four -Wave Mixing (FWM) technique was
proposed. This kind of arrays automatically tracks mobile terminal without phase shifters. Normal self -
tracking action is based on phase-conjugating mixing circuit in smart antenna and phased array antenna.
A new method was suggested for phase -conjugation which relies on FWM technique to solve the
problems in the radio frequency circuit and design the structure of this system afterward. Finally, the
working principle of SOA was analyzed and the appropriate parameters was designed to ensure that the
phase-conjugating RF signal intensity can make the transmitting antenna array work normally.
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基于四波混频相位共轭技术的方向回溯天线设计
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摘 要院 提出了一种基于光学四波混频技术的方向回溯天线阵。这种类型的天线阵能够在不使用移相器
的情况下自动追踪移动终端。现有的智能天线和相控阵天线的自动追踪功能是基于相位共轭混频电路实现

的。提出了一种更新的基于四波混频技术的相位共轭的实现方法，以解决原有方法在射频电路在设计和结

构上出现的问题。最后分析了半导体光放大器(SOA)的工作原理，并设计合适的参数以确保产生的相位共
轭射频信号强度能够满足发射天线阵正常工作的要求。
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0 Introduction

Recently , many RF systems have been designed
with directed beam-forming capabilities. Phased array
antennas that can greatly improve the performance of
mobile communication systems have been studied
extensively [1]. In the case of directed transmission,
phase shifters are used in phased array and smart
antenna systems to perform beam tracking [2]. Several
designs for photonic phase shifters have been
demonstrated based on heterodyne mixing [3]. Due to
its cost effectiveness and compactness, the retro -
directive array has been of particular interest. A retro-
directive array transmits a signal back to the
interrogator忆 s position automatically without any
apriori knowledge of the incoming angle or relying on
the digital signal processing algorithms[4].

The phase -conjugating mixing circuit became a
main method used for achieving retro -directivity [5].
However, there are some problems in this solution,
such as the difficulty to make mixers in high
frequency and the electromagnetic leakage, etc. In this
paper, an optical method is presented using Four -
Wave Mixing (FWM) technique as a substitute to
produce phase -conjugated RF signals. The received
RF signals are modulated onto the optical carriers in
order to be processed by optical devices and
transformed into phase-conjugating signals.

1 Phase-conjugation in retro-directive
array

When the sum of the signal phase of transmitting

and receiving element is a constant:
t
i +

r
i =C, the

antenna array can achieve the retro-directivity. This is
the generalized phase-conjugating condition [6]. When

the constant C =0, it is transformed into
t
i =-

r
i ,

where t
i and r

i are the signal phase of transmitting

and receiving element. As it shows in Fig.1.

To achieve the phase -conjugating condition
automatically, the received signal at each element is
processed by phase -conjugating circuitry: a mixer
driven from a local oscillator (LO) at twice the RF
frequency takes the difference of the phases of the RF
and LO signals. The module ultimately achieves the
phase -conjugation after band pass filtering. Then the
signals will be reradiated to the source direction.

VOUT (t)=VIF (t)邑VRF cos( t+ )VLO cos(2 t)越

员
圆 VRF VLO (cos(3 t+ )+cos( t+ )寅BPF

cos( t- ) (1)

It忆s hard to get the LO, if the RF signal works at
high frequency. And also, the IF signal is the same as
that of the RF signal, making it difficult to separate
the two signals with a filter [7]. The feed network is
another problem, because of its electromagnetic
radiation interference to the directivity diagram.
Therefore, an optical process method is proposed to
deal with these problems.

Fig.1 Phase-conjugating antenna array

2 RF phase-conjugation based on optical
methods

In Fig.2, the optical signal (LD) is modulated

Fig.2 Optical phase-conjugating system
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with received RF signal by a dual -drive Mach -
Zehnder modulator (MZM). The optical signal can be

expressed as E in =E in e
j s t

, where s is the frequency

of optical carrier. The expression of input RF signal
is v(t)=Vcos( t+ ), where and are the frequency
and phase of RF signal. The optical signal after
double-sideband modulation is given by

ES (t)=E in cos 仔
4 + 仔cos( t+ )蓘 蓡 exp i 1 + 1

2蓸 蔀抑
E0 J0 ( 仔)e

j s t
-J1 ( 仔)e

j[( s )t+ ]
-J1 ( 仔)e

j[( s )t- ]蓘 蓡 (2)

Where J0 and J1 is the Bessel function. Output signal

contains the optical carrier and the first -order
sideband, and the high -order sideband is ignored. In
order to achieve RF phase conjugation, the
semiconductor optical amplifier (SOA) is used to
process optical signals, because its features such as
high nonlinear coefficient, wide working band, easy
integration, etc. The optical signal and pump wave are
injected into SOA at the same time. A new wave
( c =2 p - s) was generated because of the nonlinear
FWM effect in active waveguide [8]. The new wave忆s
upper and lower sideband inversion is realized as it
can be seen in Fig.3.
EC (t)邑
E0 k0 ( 仔)e

j s t -k1 ( 仔)e
j[( s )t- ]

-k2 ( 仔)e
j[( s )t+ ]蓘 蓡 (3)

Fig.3 Generation of phase-conjugating wave

The signal intensity after demodulation can
be expressed as equation (4). Finally the phase-
conjugating RF signal after band pass filtering is got.

I=E0窑E*邑C+C1cos( t- )+C2cos(2 t-2 )寅BPF
C1cos( t- )

(4)

3 Parameter d esign and simulation is
analyzed and designed
The appropriate pa rameters are analyzed and

designed to ensure that the phase -conjugating RF
signal intensity can make the transmitting antenna
array work normally. The major influence factors
include the power and the frequency -difference of
pump and signal. For a certain optical signal power,
the pump power has an optimum value. Though it
enhances the nonlinear effect of SOA, the increase of
pump power will lead to SOA gain saturation
eventually. So does the signal wave. When the
frequency -difference of pump and signal increases,
SOA忆 s nonlinear efficiency reduces because of the
phase mismatch. Therefore it should be limited within
a certain range[9].

The simulation shows the feasibility of this
method. The pump and signal power is 5.6 dBm and
1 dBm. We choose 0.037 THz as the frequency -
difference of pump and signal wave. The frequency of
RF signal is 5 GHz, and its initial phase is 30毅 . As
Fig.4 shows, the phase of output signal is -30毅 . The
RF signal phase-conjugation is achieved by the optical
processing module.

Fig.4. Oscillogram of input and output signal
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4 Conclusion

A design for a retro -directive antenna array
based on optical FWM technique was proposed and
tested. The normal phase -conjugating solution and
implement a modified optical system were reviewed.
The simulation shows that the phase-conjugating was
being utilized. The newly developed retro -directive
array will be useful in high frequency communication
and other applications due to its broadband
characteristics [10]. Further improvements should start
from better performance and structure and develop the
full duplex communication function for the
application.
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专注于微波、射频、天线设计人才的培养 易迪拓培训
网址：http://www.edatop.com  

 

如 何 学 习 天 线 设 计 

 

天线设计理论晦涩高深，让许多工程师望而却步，然而实际工程或实际工作中在设计天线时却很

少用到这些高深晦涩的理论。实际上，我们只需要懂得最基本的天线和射频基础知识，借助于 HFSS、

CST 软件或者测试仪器就可以设计出工作性能良好的各类天线。 

易迪拓培训(www.edatop.com)专注于微波射频和天线设计人才的培养，推出了一系列天线设计培

训视频课程。我们的视频培训课程，化繁为简，直观易学，可以帮助您快速学习掌握天线设计的真谛，

让天线设计不再难… 

 

HFSS 天线设计培训课程套装 

套装包含 6 门视频课程和 1 本图书，课程从基础讲起，内容由浅入深，

理论介绍和实际操作讲解相结合，全面系统的讲解了 HFSS 天线设计的

全过程。是国内最全面、最专业的 HFSS 天线设计课程，可以帮助你快

速学习掌握如何使用 HFSS 软件进行天线设计，让天线设计不再难… 

课程网址：http://www.edatop.com/peixun/hfss/122.html 

CST 天线设计视频培训课程套装 

套装包含 5 门视频培训课程，由经验丰富的专家授课，旨在帮助您从

零开始，全面系统地学习掌握 CST 微波工作室的功能应用和使用 CST

微波工作室进行天线设计实际过程和具体操作。视频课程，边操作边

讲解，直观易学；购买套装同时赠送 3 个月在线答疑，帮您解答学习

中遇到的问题，让您学习无忧。 

详情浏览：http://www.edatop.com/peixun/cst/127.html  

 

 

13.56MHz NFC/RFID 线圈天线设计培训课程套装 

套装包含 4 门视频培训课程，培训将 13.56MHz 线圈天线设计原理和仿

真设计实践相结合，全面系统地讲解了 13.56MHz 线圈天线的工作原

理、设计方法、设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的

具体操作，同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试。

通过该套课程的学习，可以帮助您快速学习掌握 13.56MHz 线圈天线及

其匹配电路的原理、设计和调试… 

详情浏览：http://www.edatop.com/peixun/antenna/116.html 
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专注于微波、射频、天线设计人才的培养 易迪拓培训
网址：http://www.edatop.com 

 

关于易迪拓培训： 

易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，一直致力和专注

于微波、射频、天线设计研发人才的培养；后于 2006 年整合合并微波 EDA 网(www.mweda.com)，

现已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经

典培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电

子工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验 

※ 一直专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 视频课程、既能达到了现场培训的效果，又能免除您舟车劳顿的辛苦，学习工作两不误 

※ 经验丰富的一线资深工程师主讲，结合实际工程案例，直观、实用、易学 

 

联系我们： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 

 

 
 
 
 
 
 
 
 

 

 

 

  


