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Four-wave mixing based phase-conjugation technique for
retro-directive array
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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.

Key words: distributed fiber optic sensor; pattern recognition; SVM

CLC number: TN29 Document code: A Article ID: 1007-2276(2013)S2-0492-04

BT Y i iR 53 #8 L 2 3E F7 R B9 75 [0) [B] 3 K &% 1t
kAmgkl FIBA FEHMS HEE L BwL!

(L dbwipd X ¥ FELFFELBEERELEFEEE, LT 100876;
2. I K F BFEFRE, LT 1008765
3. MEFXRF & FEEIRLZ, AFX T k4 010021)

W OE.RET—AATAEFwEARABARAG T Q@M E R, XA LR G RE SRS ERERNEME
R ILT B 38 IEAS S 4sh LA A AR R A ABE E R K00 B B 18 3R o AE A K T AR R0 IR B 78 R HL
8, BT —FEHeG A T W R R e AL B0 F I ik, AR RA Ty ik SR B R A R A 4
M LRI R, TG M T - FHRKA K B (SOA) M TAERIL, Hik it A 0 R R AR = A dg4ade 2k
BLAHRAS 5 R AR S R A ST R R R TR R R

EGR . ML T R FTRAEMELE; bFmstie

%% B #9.2013-08-10; f&1T H#A.2013-09-25

E£IH . HX 973 Ii H (2010CB328202 , 2010CB328204,2012CB315604) ; [F 5 F #k Bl % 4 (61271191,61001124)

YEE B v . SR A (1988-), 5 Wl 4 | B NSO 4Gl (% R G Jr il i WF 58 T4E, Email:palzxk@126.com

SUMTE A - B (1978-) , 5 BB 1 o A 0, FE S HUE e I 2% KO BOJC 4R {F AR g8y T A T AR,
Email:shghuang@bupt.edu.cn



mailto:Email:palzxk@126.com
mailto:Email:shghuang@bupt.edu.cn

S2 #A Zhang Xukai et al: Four-wave mixing based phase-conjugation technique for retro-directive array 493

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®. In the case of directed transmission,
phase shifters are used in phased array and smart
antenna systems to perform beam tracking®. Several
designs for photonic phase shifters have been
demonstrated based on heterodyne mixing®®. Due to
its cost effectiveness and compactness, the retro -
directive array has been of particular interest. A retro-
transmits  a

directive array signal back to the

interrogator’ s position automatically without any
apriori knowledge of the incoming angle or relying on
the digital signal processing algorithms!®.

The phase -conjugating mixing circuit became a
main method used for achieving retro —directivity .
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,
Wave Mixing

an optical method is presented using Four -
(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: (p:+(pir:C, the
antenna array can achieve the retro-directivity. This is

the generalized phase-conjugating condition'®. When

the constant C =0, it is transformed into (p: =—<pir,

where <p: and (pir 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
(LO) at twice the RF

frequency takes the difference of the phases of the RF

driven from a local oscillator

and LO signals. The module ultimately achieves the
phase -conjugation after band pass filtering. Then the
signals will be reradiated to the source direction.

Vour (=V e (t) o< Vo cos(wt+ @)V, COS(20t)=

BPF
;—VRF Vo (cos(3wt+ @) +cos(wt+ @) —cos(wt-¢) (1)

It'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,
the two signals with a filter!. The feed network is

making it difficult to separate

another problem, because of its electromagnetic

radiation interference to the directivity diagram.
Therefore, an optical process method is proposed to

deal with these problems.
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Fig.1 Phase-conjugating antenna array

2 RF phase-conjugation based on optical
methods

In Fig.2,
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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

jo, t A
expressed as E, =E, e , where w, is the frequency

of optical carrier. The expression of input RF signal
is v(t)=Vcos((t+6), where (2 and 6 are the frequency
and phase of RF signal. The optical signal after
double-sideband modulation is given by

E, (t)=E,, cos { Z—+B¢rcos(ﬂt+ 0) } exp ( .w) ~

(o= t+6] (e, -!l)t-ﬂl}

jo,t
E,[3,(Bme” -3, (Bme” =3, (Bm)e (2)
Where J, and J, is the Bessel function. Output signal

contains the optical carrier and the first —order
sideband, and the high-order sideband is ignored. In
RF  phase

semiconductor optical amplifier

order to achieve conjugation, the
(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
(Ac=2X,-A;) was generated because of the nonlinear
FWM effect in active waveguide!®. The new wave's
upper and lower sideband inversion is realized as it

can be seen in Fig.3.

Ec(t)o<
jort (0= Ot-6] jl(o— Q)t+6]
Es ko (Bme™ -k, (Bme K, (Bme | (3)
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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.
BPF
I=E, - E"oc C+C,cos({ - 6)+C,cos(2 (2t-2 6)—C,cos(2t-¢)
(4)

3 Parameter design 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
to SOA gain

eventually. So does the signal

saturation
When the
frequency -difference of pump and signal increases,

pump power will lead

wave.

SOA’ s nonlinear efficiency reduces because of the
phase mismatch. Therefore it should be limited within
a certain range®.

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°. As
Fig.4 shows, the phase of output signal is -30°. The
RF signal phase-conjugation is achieved by the optical
processing module.
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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
broadband
characteristics ™. Further improvements should start

and other applications due to its

from better performance and structure and develop the

full duplex communication function for the

application.
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