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Abstract: The phase locked loop(PLL) has been widely used in wireless communication systems due to the high frequency
resolution and the short locking time. The Direct Digital Synthesis(DDS) is also an emerging and maturing signal generation
technology. But another advanced technique in which, DDS signal is mixed with the voltage-control oscillator output in the
PLL feedback path. This solution helps in avoiding some of the typical tradeoffs in PLL. In particular, it is possible to
achieve a very high-frequency resolution together with fast settling and spectral purity. The proposed design consists in
describing the mixed behavior of this DDS-based PLL architecture starting from the specifications of each building block.
The HDL models of critical PLL blocks have been described in VHDL-AMS to predict the different specifications of the
PLL. The effect of different noise sources has been efficiently introduced to study the system performance. The obtained
results are composed with transistor-level simulations to validate the effectiveness of the proposed models. The comparative
study showed the performances of different parameters. Finally, DDS- based PLL architecture is better than other architectures.
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1. INTRODUCTION

A Phase Locked Loop is a closed loop control system which
is used for the purpose of synchronization of the frequency
and phase of a locally generated signal with that of an
incoming signal. It is basically a nonlinear feedback loop.
The PLL consists of a voltage controlled oscillator (VCO),
a phase detector, a variety of dividers, and a loop filter. DDS
is an emerging and maturing signal generation technology.
DDS consists of Phase Accumulator, Lookup table and DAC
converter. In a general PLL synthesizer, the division ratio
becomes large if frequency resolution is increased. This
decreases the phase comparison frequency. Consequently,
the PLL output phase stability is degraded. Because here
the reference clock is converted once by the DDS, it is
possible to make the PLL phase comparison frequency large
enough. It is obvious that spurious components exist in the
DDS output, but they can be suppressed by the PLL low
pass characteristic. The DDS is installed in the PLL feedback
circuit. In this case, too, the PLL phase comparison frequency
can be raised by adjusting the DDS output frequency. This
also improves the PLL phase stability[1]-[2].

2. ARCHITECTURE

2.1. Phase Locked Loop

A Phase Locked Loop is a closed loop control system which
is used for the purpose of synchronization of the frequency

and phase of a locally generated signal with that of an
incoming signal. It is basically a nonlinear (the phase detector
is a nonlinear device) feedback loop, as shown in fig. 1. The
PLL consists of a voltage controlled oscillator (VCO), a
phase detector, a variety of dividers, and a loop filter.

The VCO is a device whose output frequency depends
on the input control voltage. The relation is nonlinear but
monotonic. However, when locked, the VCO can be assumed
to be linear; it is both practical and convenient for analytical
purposes.

Figure 1: PLL Block Diagram.

Variation in the VCO control characteristics (i.e., this
nonlinearity) affects the loop parameters, and loop
linearization (or compensation) is used extensively.
Generally, the VCO output waveform is given by

A
out

[t, ω(v)] = A(t, v) sin [ω(v)t + j] (1)

Where A is the signal amplitude and ω is the angular
frequency, both depending on time t , and control voltage v.
As a first approximation, we assume that A has a constant
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envelope (does not depend on t or v) and that ω is a linear
function of v.

Therefore we can write eq. (1) as

A
out

 (t) = A sin[ω
0
 + kνv)t + ϕ] (2)

Here K
v

is the VCO constant [rad/(Vs)]. Since we
assume that the frequency is linearly dependent on v and is
given by

ω(v) = ω
0
 + kνv (3)

As mentioned, the linearization is justified and is
assumed for the purpose of simpler analysis. In reality, when
the loop is locked, frequency variations are tiny, and the
constant-VCO assumption is correct as a piecewise
linearization of the graph in fig. 2. Since phase is the integral
of the angular frequency, we can complete the approximation
by writing that the VCO transfer function, given by

0 ( )ϕ s

V
= vK

s
(4)

As the Laplace transfer function of the VCO output
phase. The phase detector produces an output voltage
proportional to the difference in phase between its inputs
and is always a nonlinear function. Typical phase detector
output transfer functions are shown in fig. 3. However, close
to the locked position this function can be assumed to be
linear (this is also justified since in the locked condition most
frequency synthesizers operate with a very high signal-to-
noise ratio and the phase detector therefore operates mainly
at a fixed-phase position). Hence

V
d

= K
d
(ϕ

i
 – ϕ

0
)V/rad (5)

Where V
d
is the phase detector output voltage. Now the

loop transfer functions can be described as

V
d

= 0[ ( ) ( )] / radϕ − ϕd iK s s V (6)

Let

V
c
 = V

d
(s)F(s) control voltage

Where F(s) is the loop filter transfer function and V
c
is

the VCO control voltage. Solving these simple equations
yields

ϕ
0
(s) =

( ) ( )

( )

ϕ
+

i d v

v d

s K K F s

s K K F s
(7)

and the transfer function H(s)= ϕ
o
(s)/ ϕ

i
(s) is given by

H(s) =
( )

( )+
d v

v d

K K F s

s K K F s (8)

Also, following these equations will show that the error
transfer function, defined as

H
e
(s) =

( ) ( )

( )

ϕ − ϕ
ϕ

i o

i

s s

s
(9)

is given by

H
e
(s) = ( )+ d v

s

s K K F s (10)

Since we linearzed all components, given K
v

and K
d
,

the feedback loop behavior depends mainly on F(s). Also
note that the error function has high-pass characteristics, and
therefore a true direct-current (dc) modulation of a PLL
circuit is not possible. This function, however, also referred
to as dc frequency modulation, is possible in other synthesis
techniques [3].

2.2. Direct Digital Synthesis

DDS is an emerging and maturing signal generation
technology. Up to 10 years ago, this technique was rather a
novelty and was used in very limited applications. However,
due to the enormous evolution of digital technologies (speed,
integration, power, cost), digital signal processing (DSP),
and data conversion devices, it is becoming increasingly
popular, and its performance improves constantly [4]. There
is a fundamental difference between DDS and PLL. Although
both PLL and DDS techniques use digital devices, but the
PLL technique is fundamentally analog disciplines. The basic
signal generator in both techniques is an oscillator, which is
a feedback - tuned amplifier set to operate under specific
conditions (controlled instability). The oscillator is
manipulated to allow the generation of a range of
frequencies. In DDS, the signal is generated and manipulated
digitally from the “ground up,” and after all the digital
manipulations are completed, it is converted to an analog
signal via a digital-to-analog converter [5].

Figure 2: DDS Block Diagram and Waveforms

2.3. DDS–driven PLL Frequency Synthesizer
Architecture

Figure 3: Block Diagram of the DDS – driven PLL Frequency
Synthesizer



Comparative Study of PLL, DDS and DDS-based PLL Synthesis Techniques for Communication System 37

The block diagram of the DDS-driven PLL frequency
synthesizer is shown in fig. 3. The reference frequency of
DDS, f

ref
, is generated by a crystal oscillator. The output

frequency of DDS, f
DDS

, is controlled by the frequency tuning
words. The reference of the PLL is driven by the output of
DDS, f

DDS
. The output of VCO is controlled by the output of

Charge Pump (CP) of PLL. The output signal of this
frequency synthesizer of obtained by multiplying f

vco
.

The PLL module has a dual-modulus prescaler that has
the pulse swallow function. This enables the large division
ratio. The dual-modulus prescaler make it possible for the
frequency synthesizer to generate higher output frequency
while the frequency resolution is improved. The equation
for the VCO frequency is

f
vco

= ( )+ • DDSf
BP A

R
(11)

The frequency of DDS is controlled by the frequency
tuning word K, and

f
DDS

=
2

CLKN

K
f (12)

Where N is the phase accumulator resolution of DDS
and f

CLK
is the internal clock of DDS. Then equation (11)

can be written as

f
VCO

=
( )

2

+
• • CLKN

BP A K
f

R
(13)

In the scheme shown in fig. 3, since DDS module has
good frequency resolution, from (13) we can find that the
output signal has a better frequency resolution than
traditional scheme.

The output of DDS can be described as

f
DDS

=
( )

2

+ ∆ •
• CLKN

K K t
f (14)

Where ∆K is the changing rate of frequency tuning word
K.

Since the output of VCO is phase locked to the DDS,
the output frequency of VCO changes according to the
change of DDS. The output frequency of VCO can be
described as

f
VCO

=
( ) ( )

2

+ + ∆ •
•

N

BP A K K t

R
(15)

It determines the changing rate of the frequency of the
output signals. These parameters can be simulated / analyzed
by VHDL-AMS[6]-[9].

3. ANALYSIS AND SIMULATION

In order to analysis and evaluate the performance of the
frequency synthesizers we proposed in this paper, we
analyzed the frequency settling time and synthesized signal
of PLL and spectrum analysis of NCO using MATLAB.

Figure 4: Phase Locked Loop
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Figure 5: Reference Signal of Input of PLL Figure 6: Reference Signal of PLL

The result showed synthesized signal of PLL in fig. 6.
The amplitude of Input signal is 1v and time period is

1*10–5sec. in fig. 5. Frequency settling time is quite important
for the frequency synthesizer to generate signals. Here
settling time is 1*10–5 sec. in fig. 7.

Figure 7: Control Signal of PLL
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Figure 8: Numerically Controlled Oscillator

The spectrum analysis of Sine wave input is showed in
fig. 9, it shows peak response at frequency 0.29 KHz. The

spectrum analysis of Cosine wave input is showed in fig.
10, it shows peak response at frequency 0.3 KHz[10].

Figure 9: NCO Spectrum of Sine Wave.
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Figure 10: NCO Spectrum of Cosine Wave.

4. CONCLUSION

The proposed comparative study consists of PLL, DDS and
DDS- based PLL. A DDS- driven PLL frequency synthesizer
architecture is given in this paper. The result of DDS- based
PLL architecture describing the mixed behavior of this DDS-
based PLL architecture starting from the specifications of
each building block. The HDL models of critical PLL blocks
have been described in VHDL-AMS to predict the different
specifications of the PLL. The effect of different noise
sources has been efficiently introduced to study the system
performance. The comparative study showed the
performances of different parameters. Finally, DDS- based
PLL synthesis technique is better than other techniques.
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