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Future satellite antennas may be implemented as active phased array antennas based on a large 
number of active microwave array elements. The  signal distribution is a difficult task and con- 
ventional feeds using waveguides or coaxial cables will not be feasible for antennas with a large 
number of beams. By contrast, fibre optic links offer an attractive solution for the distribution of 
the signals in a phased array antenna system [l]. 

The basic principle of the coherent optical beam forming network (OBFN) is the generation of 
the microwave carrier by the beating of two lasers as shown in Fig. 1. Unfortunately, the carrier 
phase stability requirements in a microwave satellite link are very high [2] .  It is therefore, important 
to know the influence of the laser phase noise. Consequently, the required total laser linewidth were 
calculated by relating the rms phase error in the microwave receiver t o  the phase noise of the lasers 
in the coherent OBFN [3]. Results are listed in Table 1 for two of the bit rates normally used in 
satellite links. Clearly, these requirements are not easily fulfilled with semiconductor lasers. 

When the two lasers are phase locked, as shown in Fig. 1, the phase fluctuations of the difference 
frequency will be modified with the transfer function of the locking loop [4]. Consequently, the 
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phase noise reduction (PNR) obtained with 
ideal first and second order phase locked 
loops (PLLs) has been calculated. The re- 
sults are shown in Fig. 2 together with the 
maximum theoretical limit of the PNR. 33 
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Figure 1: Schematic of a coherent optical 
beam forming inetwork (OBFN) consisting of 
an optical phase locked transmitter module, 
an optical phase modulator, a fibre optic dis- 
tribution network, and an active phased ar- 
ray antenna wjth n subarrays. 

Table 1: Total laser linewidth requirements in 
coherent OBFNs. 

pNi61 lo4 

Maximum theoretical limit / 

Figure 2: Phase noise reduction as a function of 
normalized loop bandwidth f,T. 
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The limit of the PNR is reached when all the phase noise below the normalized loop bandwidth f,T 
is removed. Here f, is the open loop zero dB frequency and T is the symbol time which corresponds 
to  the bit rate as Rb = 

From Fig. 2 it  is seen that a large amount of phase noise can be suppressed by the use of 
broadband PLLs. However, when designing broadband PLLs the loop propagation delay Td may 
have a large influence on both the PNR and the loop stability. Therefore, the PNR has been 
calculated taking the loop propagation delay into account. The PNR is shown in Fig. 3 for the 
second order loop, which seems the most interesting for obtaining high PNRs. In addition, the 
demand placed on the laser linewidth to ensure stable locked loop operation has been calculated 
and is shown in Fig. 4. It is obvious that the loop propagation delay has a large influence on the 
PNR obtained with broadband PLLs. Furthermore, the loop propagation delay drastically limits 
the area of stable locked loop operation. Therefore, the loop propagation delay cannot be neglected, 
making careful loop design very important. 

The results from Fig. 3 and Fig. 4 shows that it is possible to  optically generate highly stable 
microwave carriers by the use of phase locked semiconductor lasers with linewidths in the order of 
MKz. Unfortunately, DFB lasers tend to have a dip in the frequency response at  low frequencies 
which will disturb the PLL. Multi-electrode DFB lasers on the other hand seem very promising 
since both narrow linewidth, uniform frequency response and high modulation sensitivity can be 
obtained [5] .  

In conclusion the strict demands placed on linewidth of the lasers in a coherent OBFN seem 
possible to  fulfil with narrow linewidth semiconductor DFB lasers when using PLLs, thereby making 
the coherent approach realistic for optical generation of high quality microwave signals. 

(QPSK modulation). 
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Figure 3: Phase noise reduction obtained with 
a second order loop as a function of normalized 
loop bandwidth for different values of normal- 
ized loop propagation delay. 
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Figure 4: Laser linewidth demand for stable 
locked loop operation as a function of prop- 
agation delay and loop bandwidth for an av- 
erage time to cycle slip of 10 years. 
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