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Summary: This p aper p resents a  n ew f requency s ynthesizer t o r ealize co herent 

communication in frequency hopping spread spectrum FHSS multiple access communication 
systems. The proposed structural design of frequency synthesizer with FHSS is based on using 
a terminal CCD delay line as a signal generator. 

 1.INTRODUCTION 

To realize coherent detection in a frequency hopping system, the frequency 
synthesizers always must reproduce the phase of synthesized signals with accuracy. 
Conventional frequency synthesizers cannot control the phase. This paper presents a new 
frequency synthesizer to realize coherent communication in hopping spectrum systems. 

 2.PROPOSED SYNTHESIZER PRINCIPLE 

If a sinusoidal signal of frequency   f   is transferred through the devise, the gain and 
phase shift are given by [1]:  
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where ε  is the transfer inefficiency of CCD and cf is the clock frequency. 
The proposed synthesizer consist of a standard signal source, a CCD delay line and as 

witching circuit shown in Fig.1. 
The switching circuit is synchronized to one of the primitive signals through the 

divider as shown in Fig.1. 
For the primitive signal generator a CCD delay line can be used (Fig.1). 
The proposed method consist in getting the signal with different angle frequency from 

the standard signal with the same angle frequency 0ω . Many signals (called primitive signals) 
with the same angle frequency of the standard signal and the phases shifted θ  - sequentially 
are prepared. These primitive signals are guided to the output through a switching circuit in 
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the phase shifting order. The circuit is synchronized to one of the primitive signals and 
switching after each k cycle of the primitive signal is done. 
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Fig.1 Frequency synthesizer 
 

Let TS, called sampling interval, be the time interval between switching. The 
synthesized signal ( )ts is expressed by (2): 

 
(2) ( ) ( ) ( )θω kTkTtrectts s +−=∑ 0sin   

 
For simplicity, the amplitude of the synthesized signal is unity. The phase difference 

between the synthesized signal and standard signal increases by θ per time TS. Therefore, the 
synthesized signal through this method can approximate the signal with angle frequency  

STθω +0 .  
Let dω be the object angle frequency of desired signal, then sequential phase shift 

amount θ should be determined by (3): 
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Especially when Nπθ 2= , N =2,3,4…synthesized signal can be maintained for 
arbitrary time length by using N  primitive signals iteratively. 

Since  π2− <θ < π2 , the synthesizable angle frequency satisfies (4): 
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The synthesized signal has a type of distorted wave. Trough Fourier expansion, the 

desired signal component is calculated. 
Supposing Nπθ 2= , the period dT  of synthesized signal ( )ts is equal to sNt  and its 

Fourier expansion is given by (5): 
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In synthesized signals, only frequency components corresponding to ( ) lNlKk ±+= , 
,...2,1,0 ±±=l exist [1]. Their angle frequency ±

lω is expressed by (6), using 
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Substituting 0=l , 0ω   equals the desired angle frequency dω . Then, the 
amplitude of the desired signal included in the synthesized signal dA is evaluated by (7), [1]: 
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The phase of the synthesized desired signal ϕ  is determined by the phase of primitive 

signal at the synthesis start time. 
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 The phase of the desired signal can be varied by starting synthesis using a primitive 

signal with the corresponding phase. Letting the phase of a primitive signal be θn , the phase 
of the desired signal ϕ  also is shifted by θn , 
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Since a switching circuit is synchronized to one of primitive signals, the desired signal 

with the same phase is obtained every time the synthesis start. Thus, this method can control 
the phase of the synthesized desired signal freely and always reproduces the phase. An 
interval sT1  exist between the desired signal and each spurious component. If sT is small   
enough, then the spurious components are put out of the communication channel band. That 
is,  sT should be set satisfying (10): 
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Thus no spurious components are considered to exist within the communication 

channel band. 
Let the delay time be m cycle of primitive signal, 02 ωπm , ,...2,1=m (Fig.2), and N 

taps be placed at an equal interval.  If  m  and N are prime to each other, then all the N waves 
of primitive signals satisfying Nπθ 2=  can be obtained. .  If  m  and N have common 
divider except for one, duplication exists among N waves of primitive signals. Especially if 

1±= lNm , ( ),...2,1,0=l , the shifting order of primitive signals by θ and the tab sequence 
order agree. 
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Using all these primitive signals sequentially, a desired signal with angle frequency θd 
satisfying (2) can be synthesized. If every other primitive signal is selected, then each phase is 
shifted by 2θ. The angle frequency in this case differs by θ/Ts from the former case. In 
general, if primitive signals are selected so that each phase is shifted by nθ, then the angle 
frequency of synthesized signal ωd is, through (3), evaluated by (11): 
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Those many frequency groups can be obtained by controlling the switching circuit. 
From (11), the synthesizable frequencies range on the frequency axis with ω0/2π as center and 
Ad are placed at the interval θ/2πTs=1/NTs  (Fig.2). Those frequencies are as accurate as the 
original standard signal frequency. Even if some errors in the primitive signal phase exist, 
since the same primitive signals are used periodically, there are no variations in the 
synthesized signal period and no effects on the synthesized frequency. 
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Fig.2. Frequency components 

By controlling the switching circuit, the phase of the output signal can be changed. 
The minimum controllable phase is equal to θ = 2π/N. Since the switching circuit is 
synchronized to one of the primitive signals, a signal with the same phase can be generated by 
different synthesized both in the transmitter and the receiver. 

3.CONCLUSION 
For realization of coherent communication frequency hopping spread of the spectrum 

multiple access, a frequency synthesizer based on a new principle is proposed. 
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