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ABSTRACT 

In this paper various techniques for frequency synthesis are described with their advantages and disadvantages, 

some design example for frequency synthesis for RF application are then reviewed. The review suggest that direct analog 

frequency synthesizer gives very pure output spectrum but it is bulky and consumes more power. Direct digital frequency 

synthesizer has fast locking time, less phase noise but it generate frequencies less than reference frequency. Fractional- N 

Phase locked loop based frequency synthesizers are best suited in modern communication in terms of low power 

consumption and high frequency resolution.  

KEYWORDS: Direct Analog Frequency Synthsizer, Direct Digial Frequency Synthesizer, Frequency Synthsize,           

R Phase Locked Loop 

INTRODUCTION  

Phase-locked loops (PLLs) are a well established and very widely used circuit technique in modern electronic 

systems, which are used primarily in communication systems. In essence, PLLs are circuits in which the phase of a local 

oscillator is maintained close (or locked) to the phase of an external (reference) signal. The limited bandwidth available to 

each user in wireless systems mandates the precise definition of the carrier frequency in both the transmitter and receiver. 

Therefore the frequency synthesizer becomes ubiquitous in modern communication system because of their remarkable 

versatility. It generates periodic signals with accurately defined frequencies thus serving as an integral part of RF 

transmitter and receiver. As an important example, a Phase locked loop (PLL) based frequency synthesizer may be used to 

generate an output signal whose frequency is programmable and a rational multiple of a fixed input frequency [1-5]. The 

output of such frequency synthesizers may be used as a local oscillator signal in super-heterodyne transceivers. PLL may 

also be used to perform frequency modulation and demodulation [6-7], as well as to regenerate the carrier from an input 

signal with suppressed carrier. PLLs are often part of a very large-scale integrated system on a chip extending their 

versatility to purely digital systems also. 

FREQUENCY SYSTHESIZER 

The limited bandwidth available to each user in wireless systems mandates the precise definition of the carrier 

frequency in both the transmitter and receiver. Frequency synthesizers generate periodic signals with accurately defined 

frequencies thus serving as an integral part of RF transmitter and receiver. 

The term frequency synthesizer generally refers to an active electronic device (Figure 1) that accepts some 

frequency reference (FREF) input signal of a very stable frequency fref and then generates frequency output as 

commanded by the frequency command word (FCW), whereby the stability, accuracy, and spectral purity of the output 
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correlate with the performance of the input reference. The desired value of the output frequency is an FCW multiple of the 

reference frequency according to the equation. 

𝑓𝑜𝑢𝑡 = 𝐹𝐶𝑊. 𝑓𝑟𝑒𝑓  

 

Figure 1: Frequency Synthezer 

FREQUENCY SYNTHESIS TECHNIQUES 

There are Four major conventional frequency synthesis Techniques: 

 Direct analog mix/filter/divide 

 Direct digital 

 Indirect or phase-locked loop 

 Hybrids: any combination of the three methods above 

Each of these methods has advantages and disadvantages; hence, each application requires selection based on the 

most acceptable combination of compromises. 

Direct Analog Synthesis 

Direct analog synthesis, also called mix/filter/divide, uses chain of frequency multipliers, dividers, and other 

mathematical manipulations to produce the desired new frequency. The desired signal is created directly, without 

regeneration by mixing base frequencies followed by switching filters as conceptually shown in figure 2. The process is 

called direct because the error correction process is avoided hence, the quality of the output correlates directly with the 

quality of the input. The base frequency can be obtained from low-frequency or high-frequency oscillators. 

 

Figure 2: Direct Analog Frequency Synthesis 

Direct Digital Synthesis 

Direct digital frequency synthesis (DDFS) is the most recently developed frequency synthesis technique, dating 

from the early 1970s [8]. A DDFS system uses logic and memory to construct the desired output signal digitally, and a data 

conversion device [a digital-to-analog converter (DAC)] to convert it from the digital to the analog domain [9][10-14].     

as shown in Figure 3.  
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Figure 3: Direct Digital Frequency Syntheses 

If the word length of the accumulator be W. For a given frequency command word FCW and clocking (FREF) 

frequency fref, the output frequency fout of the synthesizer will be  

𝑓𝑜𝑢𝑡 =
𝑓𝑟𝑒𝑓  𝐹𝐶𝑊 

2𝑤
 

and the frequency resolution is  

∆𝑓 =  
𝑓𝑟𝑒𝑓  

2𝑤
 

Indirect Sysnthesis Using Phase Locking 

Phase lock loop(PLL) as a frequency synthesizer is the dominant method in the wireless communication 

industry[19-21][26]. The ability to execute all PLL functions on a single integrated circuit(IC) has created an economical 

mass production solution to meet the need of industry. A PLL is a negative feedback control system circuit. As the name 

implies, the purpose of a PLL is to generate a signal in which the phase is the same as the phase of a reference signal. This 

is done after many iterations of comparing the reference and feedback signals. The overall goal of the PLL is to match the 

reference and feedback signals in phase—this is the lock mode. After this, the PLL continues to compare the two signals 

but since they are in lock mode, the PLL output is constant. PLL can be categories based on Frequency divider Circuit. 

Integer-N and Fractional-N frequency synthesizer. 

Integer- N Frequency Synthsizer 

The frequency division ratio is made variable to set the output Frequency. In the division ratio is integer, Where 

the VCO frequency is divided using a fixed programmable frequency divider shown in figure 4. In an integer-N frequency 

synthesizer, the frequency resolution is reference frequency, and its phase-locked loop bandwidth should be set to lower 

than 1/10 of the reference frequency, and low-frequency VCO phase noise is not effectively suppressed by the PLL loop 

gain. Therefore, standard frequency synthesizers with integer-N dividers have difficulties in meeting various specifications 

due to their fundamental tradeoffs between loop bandwidth and channel spacing. 

 

Figure 4: Block Diagram of Integer-N Frequency Synthesizer 
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Fractional – N Frequency Synthsizer 

In Fractional-N frequency synthesizer the division ratio is fractional. Fractional-N frequency synthesizer 

interpolates fractional division ratios using a multi-modulus divider controlled by a modulator as shown in figure 5. 

Fractional-N frequency synthesizers can generate any frequencies with wider loop bandwidth using higher reference 

frequencies than integer-N frequency synthesizers. Therefore, the fractional-N frequency synthesizers offers high 

switching speed, low phase noise, and finer frequency resolution [27], which are required in most modern wireless 

systems. Fractional-N frequency-synthesizers techniques are more suitable in the wireless communication system as a local 

oscillator to generate accurately frequencies [28].  

 

Figure 5: Block Diagram of Fractional-N Frequency Synthesizer 

In many recent efforts, fractional frequency division ratios are shown to be interpolated using modulation 

techniques. For fractional-N frequency synthesis, two types of modulators have been used. One is a single-loop modulator, 

and the other is a cascaded modulator called MASH. The single-loop modulator has a choice of a single-bit or a multi-bit 

output depending on the quantity while the MASH architecture outputs only multi-bits. Comparing the output bit patterns 

of the multi-bit modulator and the MASH, the former can achieve a more desirable noise shaping for frequency synthesis, 

but the latter offers simpler high-order architecture with no stability problem.  

A basic form of a PLL based Fractional -N frequency synthesizer consists of f six main blocks [17]: 

 Phase Detector or Phase Frequency Detector (PD or PFD) 

 Charge Pump (CP) 

 Low Pass Filter (LPF) 

 Voltage Controlled Oscillator (VCO) 

 Frequency Divider (FD) 

 Sigma Delta modulator  

Phase Frequency Detector: PFD detector is used to find the phase difference and frequency difference between the input 

signal and feedback signal from the output of voltage-controlled oscillator. There are three types of PFD such as XOR 

PFD, D-Flip Flop Phase Frequency Detector, and Gate-Level Phase Frequency Detector 

Charge Pump: In the low-pass filter the average value of the PFD output is obtained by depositing charge onto a capacitor 

during each phase comparison and allowing the charge to decay. 

If the output lags the input, speed up the VCO. If the input lags the output, slow down VCO.  
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Loop Filter: Loop filters translate between the phase detector’s measurement signal and the VCO’s control voltage(s). The 

loop filter used with phase frequency detector is simple RC low-pass filter.  

Voltage Controlled Oscillator (VCO): VCO is simply the voltage to frequency converter. The frequency of the clock 

generated is controlled by one or more voltage inputs. There are various type of VCO as Ring Oscillator, LC VCO, Current 

starved VCO and many more.  

Frequency Divider: A frequency divider enables the frequency of the VCO to be some multiple of the reference signal. 

The divider performs frequency division on the output signal to generate a signal, which has the frequency of the input but 

the phase of the output.  

Sigma Delta Modulator: The multi-modulus frequency divider is controlled by a simple accumulator in traditional 

fractional-N synthesizer. However, this architecture will cause the fractional spurious problem. These fractional spurious 

can be reduced and suppressed by a delta-sigma modulator technology [29].The MASH or cascade 1-1-1 modulator is easy 

to integrate in CMOS and is unconditionally stable. MASH architecture uses a cascade-type structure where the overall 

higher-order modulator is constructed using lower-order ones. The advantage of this approach is that higher-order noise 

filtering can be achieved using lower-order modulators. The overall cascaded system should remain stable in contrast to 

other high-order modulator structures because the MASH lower-order modulators are more stable.  

MASH delta-sigma modulator produces a multi-bit output, which used as modulus controller for fractional-N 

frequency synthesizer. The delta-sigma modulator output controls the instantaneous division modulus of the multi-modulus 

divider, such that the mean division modulus is N div. 

The corresponding phase changes at the divider output are quantized, leading to possible spurious tones and 

quantization noise. The delta-sigma modulator noise transfer characteristic is known to be high pass in nature and results in 

very low in-band noise levels, along with higher out-of-band noise levels which can be suppressed by the filtering of the 

phase-locked loop.  

The phase frequency detector, PFD, measures the difference in phase between the reference and feedback signals. 

If there is a phase difference between the two signals, it generates ―up‖ or ―down‖ synchronized signals to the charge 

pump/ low pass filter. 

If the error signal from the PFD is an ―up‖ signal, then the charge pump pumps charge onto the LPF capacitor 

which increases the control voltage, Vctrl. On the contrary, if the error signal from the PFD is a ―down‖ signal, the charge 

pump removes charge from the LPF capacitor, which decreases Vctrl. Vctrl is the input to the VCO. 

Thus, the LPF is necessary to only allow DC signals into the VCO and is also necessary to store the charge from 

the CP. The purpose of the VCO is to either speed up or slow down the feedback signal according to the error generated by 

the PFD. If the PFD generates an ―up‖ signal, the VCO speeds up. On the contrary, if a ―down‖ signal is generated, the 

VCO slows down. The output of the VCO is then fed back to the PFD in order to recalculate the phase difference, thus 

creating a closed loop frequency control system.  

Frequency Synthesis Based on Hybrid Structure 

In certain applications it is necessary to combine two (rarely, three) major synthesis techniques such that the best 

features of each basic method are emphasized [15-17]. Generally, it is a hybrid of DDFS and PLL structures that is used in 

certain wireless devices.  
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Figure 6: DDFS–PLL Hybrid 

As shown in Figure 6, the wideband modulation and fast channel-hopping capability of the DDFS method, which 

now operates at lower frequency, could be combined with the frequency multiplication property of a PLL that up-converts 

it to the RF band.  

In this section, Advantages and Disadvantages of various frequency synthesizers are tabulated 

Table 1: Direct Analog Frequency Synthesizer 

Advantage Disadvantage 

Possibility for rapid frequency change Difficult layout of the circuit 

Very pure output spectrum High power consumption 

 Costly 

 bulky 

 

Table 2: Direct Digital Frequency Synthesizer 

Advantage Disadvantage 

Fast settling time 
 Fast D/A converters are difficult to make 

accurately  

Continuous – phase frequency switching  Discrete narrow band spurious  

Low phase noise 
Reference source must operate at a higher 

frequency than that synthesized 

Very high frequency resolution  High power consumption  

Very high tuning range Phase quantization noise problem 

Low cost and less complex  
Ratio of D/A settling time to cycle time is a 

limiting factor 

 

Table 3: Indirect Frequency Synthesizer Using PLL 

Advantage Disadvantage 

Useful in narrow spacing between operating frequencies  Expensive  

Easily configured for complex synthesis using multi loop High phase noise  

Possible to down convert input frequency Spurious is sever 

Possible to generate a jitter free sine wave at the output Vast amount of filtering required  

Phase noise degradation of a signal passing through a filter 

is possible only if the noise level of the input is very low 

and if mixers are not optimized  

Lock-up time is related to the 

smallest frequency component  

 

Table 4: Comparison of Various Frctional-N Frequency Synthesizers Based on PLL 

 [30] [31] [32] [33] [34] [35] 

Technology 0.18µm 0.18µm 0.18µm 0.18µm 0.18µm 65nm 

Power Supply voltage 1.5V N/A 2V 1V 1V N/A 

Reference frequency 28MHz 50MHz 20MHz 48 MHz 50MHz 40MHz 

Phase noise 

-116 

dBc/Hz

@1MHz 

-106.2 

dBc/Hz

@1MHz 

-117.6 

dBc/Hz

@1MHz 

-155 

dBc/Hz@

20MHz 

-148 

dBc/Hz@

20MHz 

-104 

dBc/Hz

@40kHz 

Power consumption 20mW 61mW 299mW 67mW 110mW 80mW 

Die Area NA 6.25mm
2
 4.4mm

2
 4.84mm

2
 7.29mm

2
 0.4mm

2
 

 

The designing of fractional-N PLL has been referred by many researchers during the last decade as mentioned in 

the literature review but few contributions from several researchers are having a considerable impact on this research 

domain.  
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Chin – Ying Chen [30] reported fractional-N frequency synthesizer with a MASH delta-sigma modulator. This 

architecture allows higher reference frequency than the frequency resolution. Phase noise calculated is -116 dBc /Hz at 

1MHZ offset frequency which is contributed only by VCO is considered. Frequency resolution step is of the order of 27 

kHz is poor.  

Pin–En Su and Sudhakar pamarti [31] presented delta- sigma fractional-N synthesizer in which they inserted a 

phase generator to reduce quantization error they also suggested spur suppression technique. Shih –An yu et al. [32] 

presented signal source with frequency 125 MHz to 5.2 GHz. chip is fabricated in a 0.18 um SiGe BiCMOS technology. 

The phase noise performance achieved is – 117.6 dBc/Hz at 1 MHz. die area reported is 4 mm2 which is large. Scott E 

Menninger and Michael H. Parrott [33] reported a topology with hybrid phase / frequency detector and digital to analog 

converter for mismatch compensation to perform active cancellation of fractional – N quantization noise.  

This design shows high closed loop bandwidth of 1 MHz which is high but consuming nose power of the order of 

110mw. Xueyi Yu et al. [34] described a noise filtering method for ΔΣ fractional- N PLL clock generators to reduce out-

of-band phase noise and improve short-term jitter performance. A hybrid finite impulse response (FIR) filtering technique 

based on a semi digital approach enables low-OSR ΔΣ modulation with robust quantization noise reduction despite circuit 

mismatch and nonlinearity.  

A prototype 1-GHz ΔΣ fractional-N PLL is implemented in 0.18 um CMOS. Method effectively suppresses the 

out-of-band quantization noise, resulting in nearly 30% reduction in short-term jitter. Proposed design showed phase noise 

-148 dBc/Hz but at the cast of high power consumption and die area. Marzo Zanuso et al. [35] reported a digital sigma data 

fractional-N frequency synthesizer for 4G communication standards. Design is able to achieve wide loop bandwidth while 

producing low fractional spurs.  

They uses correlation algorithm to correct the phase interpolator mismatches. This architecture relaxes the typical 

trade off among fractional spurs, noise and loop bandwidth. Reported design resulting in maximum bandwidth 3200 kHz, 

reference spurs -57 dBc and in band noise -104 dBc/Hz. Sudhakar Pamarti et al. [36] presented fractional N PLL with 

phase noise cancellation  

Technique that and charge pump linearization technique. There Techniques relaxed the fundamental tradeoff 

between phase noise and band width in conventional fractional – N PLL s reported loop bard with of 460 kHz and        

phase –noise – 127 dBc/Hz at 3 MHz offset. 

CONCLUSIONS 

In this paper we have compared and analyzed the recent fractional-N PLLs. It is found that most of frequency 

synthesizers used fractional-N PLL for various applications. Phase noise, jitter and fractional spur is main concern of 

designing. It is also found that there is a trade of among phase noise, power dissipation, speed and area. Various designs 

worked to get best results for all above mentioned parameters  
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