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Abstract - This paper presents the design and FPGA 
implementation for a digital down converter for a WiMax 
Communication system. Multistage implementation approach 
has been used to reduce the hardware requirement. The results 
have been presented for a Xilinx xc3sd1800a-4fg676 FPGA 
device.  
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I. INTRODUCTION 
Digital communication refers to the transmission of 

information using discrete messages. There are noteworthy 
advantages of transmitting data using discrete messages. It 
allows for enhanced signal processing and quality control for 
example errors caused by noise and interference can be 
detected and corrected systematically. A typical digital 
communication system can be represented as given in 
Figure1. 

 

 
Figure 1 Basic diagram of digital communication system 

 
The input block contains the source, which produces data 

and it also includes all the operations that are required to 
convert the original signal waveform into a format suitable for 
transmission. The transmitter takes bits from the input block 
and sends them over a channel. Communication channels can 
be of different types. For example, a transmission can take 
place over an Ethernet cable, a coaxial cable, or free space. 
The role of the receiver is to recover the original message 
from the received signal. This unit requires extra circuitry to 
extract the signal from noise and to correct errors that may 
have occurred during transmission. Finally, the output block 
takes the received information and puts it back into a format 
that is appropriate for the end-users. A communication system 
uses multirate filters in several ways. Multirate processing 
finds application in shaping filters, in channelizers, in 
interpolators, in efficient bandwidth and sample rate reduction 
schemes, in anti-alias filtering, and in many other 
applications. A radio receiver down converts and demodulates 

a narrowband radio frequency (RF) signal embedded in a 
block of frequencies assigned to a particular radio service. To 
control the computational workload, the filtering and down 
sampling is usually performed in multi stages. Figure2 shows 
a multistage Digital Down converter (DDC) for a Wimax 
system T.K.Shahana et al [3]. The sampling rate is down 
converted from the oversampled rate of sigma-delta modulator 
to a data rate that can be conveniently processed by existing 
DSP processors. This minimizes the power consumption of 
DSP processors for demodulation and equalization. The 
purpose of decimation filter is to remove all the out-of-band 
signals and noise, and to reduce the sampling rate from 
oversampled frequency of the sigmadelta modulator to 
Nyquist rate of the channel. The decimation filter consists of a 
lowpass filter and a downsampler. It is possible to perform 
noise removal and downconversion with a single stage finite 
impulse response (FIR) filter. The power consumption of the 
filter depends on the number of taps as well as the rate at 
which it operates. So computational complexity is high for 
single stage implementation of decimation filter and consumes 
much power. This can be overcome by multi stage approach. 
Implementing decimation filter In several stages reduces the 
total number of filter coefficients. The filters operating at 
higher sampling rates have larger transition bands, and the 
filters with lower transition bands operate at reduced sampling 
frequencies. Subsequently, the hardware complexity and 
computational effort are reduced in multistage approach. This 
will lead to low power consumption. A multi stage sampling 
rate conversion (SRC) system consists of a cascade of single 
stage SRC systems as shown in Figure 2. 
 

 
Figure 2 Block Diagram of a Multistage DDC for a 

Wimax system [3] 
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Using hardware system to perform these DSP tasks is a 
competent solution to this problem. FPGAs are often used as 
coprocessors to perform all the high speed tasks that 

cannot be achieved by microprocessors. FPGAs are 
chosen because they are on-site programmable and are highly 
suitable for hardware implementations. The software solutions 
adapted by the microprocessors to implement trigonometric 
functions are computer intensive. They do not suit hardware 
platforms because they need complex Circuits to perform the 
mathematical operations. Hence hardware algorithms are 
adopted for the calculation of trigonometric functions. 

 

II. DIGITAL DOWN CONVERTER OR DDC 
A fundamental part of many communications systems is 

Digital Down Conversion (DDC). Digital radio receivers 
often have fast ADC converters to digitise the band limited 
RF or IF signal generating high data rates; but in many cases, 
the signal of interest represents a small proportion of that 
bandwidth. To extract the band of interest at this high sample 
rate would require a prohibitively large filter. A DDC allows 
the frequency band of interest to be moved down the spectrum 
so the sample rate can be reduced, filter requirements and 
further processing on the signal of interest become more 
easily realisable. Consider a radio signal lying in the range 39-
40MHz. The signal bandwidth is 1MHz. However, it is often 
digitized with a sampling rate over 100Msamples per Second, 
representing in the region of 200Mbyte/second. The DDC 
allows us to select the 39-40MHz band, and to shift its 
frequency down to baseband and in doing so reduce the 
sample rate, with a 1MHz bandwidth, a sample rate of 
2.5MHz would be fine - giving a data rate of only 
5Mbyte/second. This is shown in Figure 3.[2] 

 

 
Figure 3 An Overview of the DDC Function[2] 

 
The process of sampling rate reducing the sampling rate 

by a factor M is called decimation. Decimation is a process 
that transforms a discrete-time signal with sampling rate s f to 
another discrete-time signal with new sampling rate s f . A 
decimator realizes a sampling rate conversion (down-
sampling) by an integer factor M: s f = s f /M, by using only 
every Mth input signal sample in the output signal. The output 
signal is at a lower sampling rate, and thus has a lower 
bandwidth ( s f /2) than the input signal ( s f /2). To avoid 
aliasing and thus ensure correct reproduction of the signal 
spectrum in s f /2, the input signal has to be low-pass filtered 
before sampling rate conversion. The block diagram of a 

decimator and example spectra of input, intermediate, and 
output signal for a decimation factor M = 3 are shown in 
figure 3. Note the different scaling of the normalized 
frequency axis in the output signal spectrum. The input 
sequence x(n) is passed through a low pass filter, 
characterized by the impulse response & a frequency response 
H( w ) which ideally satisfies the condition by Proakis et al. 
[1] 

 

 
The output of the filter is a sequence u(n) given as by 

Proakis et al. [1] 
 

 
which is then down sampled by factor M to produce y(m) 

by Proakis et al. [1] 
 

 
The frequency domain characteristics of the output 

sequence y(m) can be conveniently defined as by Proakis et 
al. [1] 
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Figure 4 Spectral Characteristics of a decimator and 

example signal spectra for M=3by Proakis et al. [1] 
 
The final decimated output is given by by Proakis et al. [1] 
 

 
 

III. WHY LINEAR PHASE FILTERS? 
Communications systems often depend on the 

relationships between multiple carriers. These carriers may be 
the same frequency but with different phase; or they may be 
completely different frequencies. In either case, disturbing the 
phase relationships would be a bad thing  For this reason, 
most DDC designers will try to use linear phase filters 
exclusively. These appear as a simple delay to the signal, and 
as all elements of the signal are delayed by the same amount, 
the signal’s integrity is preserved. 

 

IV. WHY WOULD WE USE A DDC OVER ANALOGUE 
TECHNIQUES? 

The DDC is typically used to convert an RF signal down 
to baseband. It does this by digitising at a high sample rate, 
and then using purely digital techniques to perform the data 
reduction. 

Being digital gives many advantages, including: 
• Digital stability – not affected by temperature or 

manufacturing processes. With a DDC, if the system operates 
at all, it works perfectly – there’s never any tuning or 
component tolerance to worry about. 

• Controllability – all aspects of the DDC are controlled 
from software. The local oscillator can change frequency very 
rapidly indeed – in many cases a frequency change can take 
place on the next sample. Additionally, that frequency hop can 
be large – there is no settling time for the oscillator. 

• Size. A single ADC can feed many DDCs, a boon for 
multi-carrier applications. A single DDC can be implemented 

in part of an FPGA device, so multiple channels can be 
implemented – or additional circuitry could also be added.[3] 

 

V. IMPLEMENTATION OF DIGITAL DOWN 
CONVERTER 

 

 
Figure 5 System Generator setup for DDC 

 

 
Figure 6 Internal View of System Generator setup for 

DDC 
 
 
Figure 5 show the complete setup developed using system 

generator and Figure 6 shows the details of DDC module. 
 
Table 1: Resources utilized by DDC Module 
 

 
 
The setup shown in Figure 6 has been simulated and 

synthesized using ISE 9.2i software. Table 1 shows the 
resources used by the design for xc3sd1800a-4fg676 FPGA 
device. 

From Table 1, it has been concluded that the proposed 
design uses only very small number of FPGA resources.[5] 
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VI. CONCLUSION 
DDC is in integral part of a digital communication 

receiver and its multistage design leads to the requirement of 
less number of FPGA resources. This paper shows the 
successful implementation of DDC for a WiMAX system. The 
resources utilized by the proposed design are well below the 
hardware utilization reported in previous works. 
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