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Abstnm 

Th• influence of tim• delay on the smi,tical behavior of the lim•order 
phase-locked-loop is investigated in VHF and UHF synchronous 
communication systems. The Fokker-Plank equation has been !'"°posed to 
estimate the probability density function (pdO of phase tluc1uat1ons •• well 
as the average time to toss lock in the presence of noise. The resuh reveal 
that the degradatiM in the loop perfonnance occurs under varcous 
cnndrtions of detuning wlten the inhcreot time delay i• present 

I- (,ttrftductidP 
First-order PLLs have been exrensively 

studie<I and their behavior have been well 
analrzcd I 1-5). In sucn loops, the 
equivalent noise bandwidth is directly 
proportional to the loop gain. On the ot~er 
hand. the tracking performance and 
acquisition r~nge are directly improved 
when the loop ~n is increased. Such 
conflicting . propenics indicate lhat chese 
loops have no adequate immunity againSI 
the eff..:1 of the presence of additive noise. 
This is an essentiol reoson for n01 using 
firs!•order PLLs e:x1ensively in various 
svnchronou!- 11.vstems. 
, However. - 1n modern synchronous 

ce>mmunica1ion systems operating ac high 
frcquem:ie:s. as well as. in microwave 
fmiuency bands, fim - order loops are 

implemented to achie,e synchronous such 
as in radar systems. L3-S]. In this type of 
applications. the ilU!erent response of tho 
loop clements oan be neglected This is due 
to the fact that rhe response of .<uch devices 
when operating at higher frequcneies 
becomes cc,mparable with the cycle 
duration of che operating frequency. Thus at 
these frequencies when anatyiing the PLL 
performance. one should take into account 
the presence of the inherent time delay as it 
cause s1snificant deterioration in the loop 
pmpe<ties. 

tn chis paper, an exacl analysis is 
employed to describe the exact behavior of 
the noise fluctua1ioris in the phase of 
reconstructed carriers at the output oflhe 
loop The analysis is based on l-'okker­
Planck {FP) equation ro es1imate the steady-
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