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Abstract
This paper presented a methodology for implementing a new 
automatic frequency control loop or split digital phase lock loop 
in presence of the frequency discriminator section and the phase 
modulation input with help of MATLAB Simulink and Xilinx 
System Generator. The presence of the phase modulation input 
in Digital Control Oscillator (DCO) was entirely a new idea in 
split Digital Phase Lock Loop (DPLL) design with frequency 
discriminator section. The use of rapid prototyping tools such 
as MATLAB Simulink and Xilinx System Generator becomes 
increasingly important because of time-to-market constraints. In 
Simulink, the Xilinx system generator block set allows for easy 
fixed-point simulation, system testing, and implementation on 
FPGA. Beside the above mentioned phase modulation input and 
the frequency discriminator section, the frequency modulation 
input was also present in the new loop. The new model was capable 
of reduce the noise bandwidth and eliminating the deleterious 
effects of narrowband Gaussian noise in frequency demodulated 
signal and achieved faster accusation time of input signals such 
as frequency step and frequency ramp. Furthermore here radio 
frequency filtering is done using an IQ Voltage Controlled 
Oscillator in order to avoid interaction between the loop filter 
and radio frequency filter.  The proposed design was implemented 
on Spartan 3E Field Programmable Gate array (FPGA) using the 
VHDL language on Xilinx ISE 13.1.
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I. Introduction
Since the mid 1950’s a great deal of effort has been expended 
in studying the analog phase lock loop .In recent years the 
emphasis has been shifting into the area of digital phase lock 
loops. Today’s consumer electronics such as cellular phones and 
other multi-media and wireless devices often require Digital Signal 
Processing (DSP) algorithms for several crucial operations in 
order to increase speed, reduce area and power consumption. 
With the recent trend toward digital processing of signals and the 
advances in digital circuit technology, various digital designs of 
phase-locked loops have emerged [l-9]. These designs range from 
a partially to a completely digital operations. A digital phase locked 
loop with split-loop configuration, where two digital controlled 
oscillators with appropriate filter network are used [1-4], is one 
of the methods to obtain fast acquisition with relatively small 
noise bandwidth. This basic philosophy has been implemented 
in a digital split-loop [6]. The present paper analysis the split 
digital phase lock loop or AFC (Automatic Frequency Control) 
loop with presence of frequency discriminator section and phase 

modulation input. In section II, the proposed design is described 
and the numerical analysis is carried out. Section III, contains 
the hardware implementation using Xilinx System Generator and 
finally verifies the results using hardware co-simulation method 
in Spartan 3E FPGA board.

II. Design and Numerical Analysis 
The AFC (Automatic Frequency Control) loop that is presented 
here is a second order Digital Phase Lock Loop (DPLL) where the 
output signal is fed into two different DCOs. The output signal is 
fed into the frequency modulation input of one Digital Controlled 
Oscillator (DCO1) through an integrating filter, an amplifier of 
gain G1 and the frequency discriminator [9-11] block which has 
an amplifier of gain G2. On the other hand, the output signal 
is fed into the frequency modulation input of DCO2 through 
an amplifier of gain G3 and into the phase modulator input [2, 
4-5] through the integrating filter, and an amplifier of gain G. A 
possible configuration of the novel AFC in presence of narrow 
band Gaussian noise and the I-Q signal oscillator are shown in 
fig. 1. 
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Fig. 1: Proposed Novel AFC Loop With Frequency Discriminator and Phase Modulation (a) With inbuilt I-Q Signal Generator Shown 
Separately (b). Now, if we consider  as input signal phase in IQ mixer, φ1 is signal phase of DCO1 and φ2 is signal phase of DCO2 
from fig. 1, then the phase equations of DCO1 and DCO2  can be written as  [1-5],

        (1)

    (2)
The phase modulation gain G in DCO2 is the new term introduce in our new architecture. The error arising due to noise in input 
signal can be minimized by choosing appropriate phase modulation gain G.  
Here the noise bandwidth has been calculated and compared with earlier version. The accusation behavior for frequency step, 
frequency ramp and frequency modulated signals are compared with earlier versions [9-11].
The equivalent open loop transfer function can be written from (1)and (2) as
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Again the one-sided loop bandwidth BL for a digital PLL is in [8] defined by 

              (5)
Where, Bi/2 is the bandwidth of the input signal.
Using [8] the noise bandwidth of the new AFC loop can be derived from (4).
The reduction of noise bandwidth can be seen in the presence of phase modulation input in the proposed AFC loop over the earlier 
one. The incorporation of frequency discriminator and phase modulation simultaneously show the better noise reduction capabilities 
in this new AFC loop in fig. 2 & fig. 3.

Fig. 2: Variation of Noise Bandwidth in Presence of G with G2 as a Parameter

From fig. 2, it is observed that noise bandwidth reduces considerably with increasing value of phase modulation gain G for three 
different values of frequency discriminator gain G2. Fig 3 shows us that for higher values of phase modulation gain G the noise 
bandwidth is smaller for a particular value of G2, but when G2, increases the noise bandwidth also increase to achieve the smaller 
accusation time.

Fig. 3: Variation of Noise Bandwidth in Presence of G2 with G as a Parameter
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The acquisition performance also depends upon the closed loop 
bandwidth; the general trade off of having a particular value for 
the closed loop bandwidth is the trade off between the steady 
state and the acquisition performance. Larger values for the loop 
bandwidth give better performance during acquisition and smaller 
values for the loop bandwidth give better performance during 
tracking. A smarter way to gain advantage is to dynamically vary 
the loop bandwidth by detecting the acquisition and the tracking 
modes of the DPLL.

III. Hardware Implementation

A. AFC Loop Using Xilinx System Generator
The Xilinx Integrated Software Environment (ISE) [13] is a 
powerful design environment that is working in the background 
when implementing System Generator blocks. The ISE environment 
consists of a set of program modules, written in implement digital 
designs in a FPGA or CPLD target device [12-14]. The synthesis 
of these modules creates netlist files which serve as the input to 
the implementation module. After generating these files, the logic 
design is converted into a physical file that can be downloaded 

on the target device VHDL.
The new AFC model has been illustrated in Fig.4 using the System 
Generator tool in Matlab Simulink. In the design of Digital 
Control Oscillator (DCO) the counter is used to design the clock 
signal. Two Read Only Memories (ROM) are used in DCO, one 
ROM stores sine waveform samples and the other stores cosine 
waveform samples.
Simulation responses in fig. 5 and fig. 6 of System Generator 
model shows that the accusation times are much less when phase 
modulation input is incorporated with frequency discriminator. It 
is observed from fig. 5, that for the frequency step input signal the 
simple AFC loop is not  able to demodulate the input signal where 
as introduction of the frequency discriminator successfully track 
the input signal. Subsequently in this proposed design presence 
of the phase modulation input further reduce the acquisition time 
by 64%. Again in case of frequency ramp input the reduction 
of acquisition time is 58%. From fig. 8, it can be observed that 
introduction of phase modulation input reduce the deleterious 
effect of narrowband Gaussian noise and help to achieve the faster 
accusation when frequency modulated input is given.
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Fig. 4: System Generator Model of AFC Loop with Additive Wideband Gaussian Noise (a) With Digital Control Oscillator Shown  
Separately (b). 
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Fig. 5: VHDL Simulation Responses of the AFC Loop to Frequency Step Signal

Fig. 6: VHDL Simulation Responses of the AFC Loop to Frequency Ramp Signal

Fig. 7: VHDL Simulation Responses of the AFC Loop to Frequency Modulated Signal in Presence of Narrowband Gaussian Noise
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B. Hardware Co-simulation on Spartan 3E Starter Kit Board
Co-simulation refers to the simulation of heterogeneous systems whose hardware and software components are interacting. The available 
techniques for Hardware/Software co-simulation trade off among a number of factors such as performance timing accuracy and model 
availability. System Generator [12-14] provides several methods to transform the models built using Simulink into hardware. Among 
those methods Hardware/Software co-simulation enables building a hardware version of the model and using the flexible simulation 
environment of Simulink we can perform several tests to verify the functionality of the system in hardware. HW/SW co-simulation 
supports FPGAs from Xilinx on boards that support JTAG connectivity.  Here we used Spartan 3E (xc3s500e-5fg320) Starter board. 
From Fig.11 we can observe the setup of Spartan 3E kit board and computer to validate our simulation results with experimental 
one. The system clock frequency on the board is 50 MHz and the pin location of the system clock is C9.
Fig. 4 shows the model that uses the top level VHDL module and its Xilinx blokset for our new AFC loop. This model can be used 
for co-simulation. Once the design is verified, a hardware co-simulation block can be generated and then it will be used to program 
the FPGA for hardware implementation. The generated bitstream downloaded to board from computer and the simulated data back to 
computer from FPGA board via using a JTAG cable. The VHDL-based circuit design flow is completed with the Xilinx ISE 13.1[14] 
tool to perform synthesis, implementation, place & route and device programming for the whole design. Fig.8 and Fig.9 show that 
the hardware co-simulation of the new AFC loop give the same result as fig. 5 and fig. 6 for frequency step and frequency ramp input 
signals respectively. It is observed that the new model gives the better result compare to conventional one in hardware platform. 
Comparision between fig. 7 and fig. 10, prove that the contaminated frequency modulated input with narrowband Gaussian noise is 
perfectly demodulated in hardware platform in the proposed AFC loop.

Fig. 8: Hardware Co-simulation Response of the AFC Loop to Frequency Step Signal

Fig. 9: Hardware Co-simulation Responses of the AFC Loop to Frequency Ramp Signal
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Fig. 10: Hardware Co-simulation of the AFC Loop to Frequency Modulated Signal in Presence of Narrowband Gaussian Noise.

Table 1, Represents the Design Summary Which Represents the Utilization of Flip-Flops, LUTs, Slices and IOB Etcetera Used from 
the Capabilities of the Spartan 3E Board

Table1. Design Summary

Device Utilization Summary [-]

Logic Utilization Used Available Utilization Note(s)

Number of Slice Flip Flops 179 9,312 1%  

Number of 4 input LUTs 354 9,312 3%  
Number of occupied Slices 271 4,656 5%  
    Number of Slices containing only related logic 271 271 100%  
    Number of Slices containing unrelated logic 0 271 0%  
Total Number of 4 input LUTs 488 9,312 5%  
    Number used as logic 354    
    Number used as a route-thru 134    
Number of bonded IOBs 50 232 21%  
    IOB Flip Flops 32    
Number of RAMB16s 16 20 80%  
Number of BUFGMUXs 1 24 4%  

Number of MULT18X18SIOs 17 20 85%  

Average Fanout of Non-Clock Nets 1.66    
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Fig. 11: Hardware Setup with Spartan 3E Kit Board

IV. Conclusion
We have proposed and demonstrated a simulation and a new 
methodology of design for an AFC loop. Presence of frequency 
discriminator in AFC loop is not a new idea but introduction of 
phase modulation input along with the frequency discriminator 
section is an entirely new idea.  A distinct comparison between 
the new AFC loop and the earlier one can be witnessed from the 
simulation results and FPGA implementation. From simulation 
results it is observed that acquisition time is remarkably improved 
in presence of phase modulation. The study of noise bandwidth 
established that the proposed AFC loop or split-loop DPLL has 
better noise squelching properties compare to conventional split-
loop DPLL. The FPGA implementation of new AFC loop proves 
that the proposed model is working in real hardware setup with 
same accuracy.
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