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Abstract
The paper presents a novel method of reception of intensity-
modulated sub-carrier signals from the optical output port of an 
Opto-electronic Oscillator (OEO). The voltage controlled oscillator 
is phase-locked to the incoming sub-carrier signals and once it is 
locked, the output from the low-pass filter gives the demodulated 
output. The system equation coupled with simulation results shows 
excellent agreement in this short communication.   
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I. Introduction
Optical subcarrier multiplexing (SCM) is a scheme where multiple 
signals are multiplexed in the radio frequency (RF) domain and 
transmitted by a single wavelength [1]. A significant advantage 
of SCM is that microwave devices are more mature than optical 
devices; the stability of a microwave oscillator and the frequency 
selectivity of a microwave filter are much better than their optical 
counterparts. In addition, the low phase noise of RF oscillators 
makes coherent detection in the RF domain easier than optical 
coherent detection, and advanced modulation formats can be easily 
applied. A popular application of SCM technology in fiber optic 
system is the analog cable television (CATV) distribution [2-3]. 
Because of the simple and low-cost implementation [4], SCM has 
also been proposed to transmit multi-channel digital optical signals 
using direct detection [5-6] for local optical networks.  
The general configuration for an OEO with external modulation 
includes a CW laser, a Mach-Zehnder type electro-optic amplitude 
modulator, and a photo-diode at the end of the optical fiber. The 
loop is then closed by an amplification stage, which compensates 
for loss around the loop and a tuned circuit that selects among 
the possible modes of this oscillator. If the modulator is properly 
biased and the open-loop gain of the feedback loop is properly 
chosen, then self-electro-optic oscillation will be sustained [8-11]. 
Because both optical and electrical processes are involved in the 
oscillation, both the optical subcarrier and the electrical signal will 
be generated simultaneously. Since the optical output is intensity 
modulated, in this paper we propose a novel method of reception of 
intensity-modulated subcarrier signals using a dual Mach-Zehnder 
phase lock receiver shown in fig. 1. Once the system is phase 
locked to a particular subcarrier signal, the output from the low-
pass filter directly gives the demodulated signal. In the proposed 
system, the outputs from the two photo-detectors are subtracted to 
get rid of the accompanying dc term, whose presence will unlock 
the system. If a number of subcarriers are present, then the VCO 
has to be tuned to one of the subcarrier and the bandwidth of 
the low-pass filter will have to be adjusted accordingly [1]. We 
anticipate that the proposed system can be injection locked by 
a remote optical signal, or it can be used for high frequency RF 
carrier generation, amplification and distribution. Such a capability 
is important in photonic RF systems.  
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Fig. 1: Dual Mach-Zehnder Phase-Lock Receiver

Fig. 2: 

A. System Equation of Dual Mach-Zehnder Phase-Lock 
Receiver 
Traditional SCM system using direct-detection technique first 
combines the microwave subcarrier signals and then the combined 
signal are used to intensity modulate a laser source. The only 
requirement is that the laser source will have to be highly linear 
in respect of its output power versus current characteristics, which 
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also severely constrains the number of multiplexed channels. 
In order to overcome this difficulty, coherent SCM techniques 
have been proposed [1, 13], where the combined microwave 
subcarriers are used to intensity modulate the lightwave signals. 
The advantages are: (i) it exploits the wide and flat frequency 
response of the electro-optic Mach-Zehnder intensity modulator 
and (ii) improved receiver sensitivity of about 10-15 dB over direct 
detection scheme. The disadvantages are: (i) adjacent channel 
crosstalk (ii) inter-modulation distortion and (iii) requirement of 
narrow linewidth lasers at the receiver end.       
One can write the intensity modulated input signal as 

, and 

    (1)
where, ‘ ’ is the reflection co-efficient of two beam splitters 
present in the input stage of the system, ‘α’ is the fraction of 
insertion loss of the modulator, ‘ ’ is the half-wave voltage, ‘ BV
’ is the bias voltage, ‘ P ’ is the input optical power, ‘ ( )E t ’ is the 
electric field and ‘ ( )P t ’ is the corresponding optical power [11], 
[12]. Again the input signal ‘ ( )Iv t ’ can be expressed as, 
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where ‘ ( )iv t ’ is the ith sub-carrier signal.
Note that for the Mach-Zehnder modulator we have assumed that, 
‘ 0biasV = ’volts and  [12]. The output signal from the two 
photo-detectors are given by 

 (3)
We have assumed that the photo-detector receiver sensitivity to 
be ‘μ’ and hence utilizing equations (3a) and (3b) the output of 
the subtractor can be written as,

 (4)           
For small-signal input one can approximate (4) as,

   (5)
Now the input and output signal can be expressed as,

    (6)

and,     (7)

 where  are the sub-carrier signals.
 
Then using equations (6) and (7) in (5) we get

 
      (8)
where,

   (9)
The expression (8) represents the signal which is at the input 
of the low pass filter. Hence the output from the low pass filter 
will be,

  (10)
Thus the VCO will continue to tune until the input and output 
frequency becomes identical and then simple carrier acquisition 
will be performed. Once the carrier is locked by the loop then 
the output of the low pass filter will be the demodulated signal. 
From (9) one can write,

 (11)
where, is the open-loop frequency error. 
Assuming the loop filter transfer function to be ‘ ( )F s ’ it is not 
difficult to show

 (12)
Using equation (12) in (11) we get,

   (13)
It is interesting to note that (13) resembles the same form of 
equation as that of a conventional phase-lock loop [7].

II. Simulation Results
VCO free-running frequencies for the three subcarriers: 11.99 
MHz, 11.895 MHz, 12.085 MHz
Low-pass filter bandwidth : 10.8 kHz, 3.9 kHz, 13 kHz.
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Fig. 2: Demodulation of Subcarrier Signal, Mod. Freq: 10 kHz 
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Fig. 3: Demodulation of Subcarrier Signal, Mod. Freq: 5 kHz 
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Fig. 4: Demodulation of Subcarrier Signal, Mod. Freq: 15 kHz 
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Fig. 5: Subcarrier Signal from the Output of the Subtractor 

III. Conclusion
We have reported a novel dual Mach-Zehnder phase-lock receiver 
capable of demodulating intensity modulated subcarrier signals. 
The subcarriers are available from the output of the subtractor 
followed by a post-processing filter outside the loop shown in 
Fig. 5. It is to be noted that the authors did not find any literature 
relevant to this work. Excellent results are obtained as shown in 
Fig. 2-4 in support for the theory. 
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