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Abstract: 

The direct frequency synthesizers use the DDS technique which lets generating sine waves at very precise frequencies. As the 

name implies, the analog sine wave is completely generated by digital circu its in this technique. The digitally quantized samples 

of the desired waveform are generated at the input reference clock frequency. The generated digital samples of the waveform are 

converted to analog signals using the D/A converters and filter circuits. 
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1. Introduction: 

Period ical Waveform Generation is a key function for all the 

communicat ion systems. The periodical waveforms account 

for many of the RF and microwave signals in communication, 

radar and test systems. Since the communication market is in  

rapid development, various ways in order to generate 

periodical waveforms were discovered. The sine wave is a 

well known periodical waveform. For long years, analog 

circuits such as Phase Locked Loop (PLL) synthesizers were 

used to generate a sine wave. However, the developments in 

the high-density integrated circuit technology revolutionized 

the periodic waveform generation. In the last years, the 

periodic waveforms below 1 GHz in frequency are generated 

mostly by the digital technique which is known as the Direct 

Dig ital Synthesis (DDS). The new DDS chips with a 

capability of generating higher frequencies increased the 

popularity of DDS technique more and more in the last years. 

The frequency synthesizers use various periodical waveform 

production techniques and these can be grouped as  [1] Direct, 

[2] Indirect and [3] Hybrid.. The DDS technique has some 

superior advantages over the classical PLL synthesizers. Some 

of these advantages are as follows: 

[1] The DDS technique allows for very fast frequency 

switching at a low cost. The frequency switching time can be 

in nanoseconds level. 

 

[2] The waveform frequency is digitally adjustable with micro  

hertz frequency resolution. 

 

[3] The waveform phase and amplitude can be adjusted 

digitally. 

 

[4] The implementation of DDS is easier than the classical 

synthesizers. 

 

[5] The DDS core can be combined with additional signal 

processing blocks in order to make the clock generators and 

modulators. 

 

The DDS technique also has disadvantages as described 

below: 

[1] The maximum output frequency is less than the clock 

source frequency. 

 

[2] The digital generation of the sine wave results in 

distortion. 

[3] The spurious performance of DDS is dominated by the 

DAS. At higher speed, the DAC IC’s linearity is not good. 

 

2. Design Languages: 

2.1. VHDL: 

VHDL is an IEEE hardware description language. This 

language is developed with the goal to develop very high-

speed integrated circuits. VHDL is one of the industry’s 

widely used standard languages which is used to describe the 

digital systems. Another hardware description language 

Verilog is also widely used. Both of these languages allow 

describing and simulating complex d igital systems. VHDL is 

used main ly for the development of Application Specific 

Integrated Circuits (ASIC’s). The synthesis tools transform the 

written VHDL code to gate-level net list. This net list defines 

the layout of the ASIC’s. VHDL codes are also written for 

FPGA’s in order to describe the internal hardware structures. 

Since the synthesis of the codes gives suboptimal results, 

VHDL is not used for design of non-complex Programmable 

Logic Devices (PLD’s). The digital systems can be 

represented by using different levels of abstraction.  There are 

four abstraction levels of a digital circuit. These levels can be 

ordered as behavioural, register transfer level (RTL), gate-

level and layout. The functional description of the model is 

defined in the behavioural level. The behavioural descriptions 

can be simulated but they may not be synthesized. The design 

is then divided into concurrent and sequential elements in 

RTL. In this level, the concurrent statements are executed in 

parallel as soon as the data arrives at the input. The sequential 

statements are executed in the sequence that they are 

specified. The RTL description uses only the little VHDL 

language constructs. A strict methodology is followed to write 

the design codes. The generated codes using RTL 

methodology are in synthesizable code format. The third  

abstraction level is named as the gate-level. The design is 

represented as a net list with the logic gates and storage 

elements in this level. The last abstraction level is the layout 

level. The different cells of the target technology are placed on 

the chip and the connections are routed. After the layout has 

been verified, the circuit is ready for the production process. 

The entity is the main concept of the digital designs in VHDL. 

A design entity can be divided in two parts which are the 

entity declaration and the architecture body. The entity 

declaration defines the external interfaces of the design entity. 

It defines the interaction of the different VHDL modules in a 

straightforward manner. The architecture body represents the 

internal description of the design entity. The architectures can 

contain signals, processes and instantiations of the other 

entities. The statements within the architecture operate 

concurrently. This leads us to define the VHDL constructs 

(processes) in order to achieve the necessary sequential 

behaviour. A process consists of a sequence of statements, 
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which are executed sequentially like in the conventional 

programming languages, whereas the process themselves are 

treated concurrently like other statements. The signals are used 

for passing the informat ion among VHDL processes or 

entities. A process may read and write signals. It may be 

sensitive to the signals. The signal assignments require a delay 

before the signal assumes its new value.  

 

2.2. DDS Memory Utilization: 

 
FIGURE 1 Block Diagram of DDS Memory Utilization  

 

The function generators utilize the DDS in order to generate 

the periodic signals at precise frequencies by choosing the 

samples from the memory rather than generating all the samples 

of a waveform. By contrast, the arbitrary waveform generators 

(AWG’s) generate each sample of a waveform that is stored into 

the memory. While the AWG’s allow a user to precisely define 

the waveform that is being generated, they are limited in the 

frequency precision they can achieve, particularly at the high 

frequencies. By contrast, we illustrate how a function generator 

is able to generate a 21 MHz sinusoid, even though its 

frequency is not a direct multiple of the sample rate. Th is is 

illustrated with the graph which is shown above: 

From the figure above, we noticed that the frequency of the 

sinusoid is not a divisor of the sampling rate. As a result, 

generating a 21 MHz sinusoid would be difficult with an AWG 

sampling at 100 MS/second. The function generators on the 

other hand use the DDS in order to store a 16384 sample 

waveform in the memory. W ith each clock cycle, the 

appropriate sample is chosen from a look-up table and then 

generated. As a result, we are able to generate the signals at the 

precise frequencies while supplying the digital-to-analog 

converter (DAC) with a constant 100 MHz clock.  

 

2.3. DDS Module Design: 

In the direct dig ital synthesis based function generator design 

the direct look-up table method is utilized. Th is method is a 

trivial way of obtaining not only the sinusoidal samples, but 

also any periodical function. In this approach, the sampled (or 

calculated) amplitude values of one full period are stored in 

the memory. The phase output, which is obtained from the 

phase accumulator, is connected to the address inputs of the 

look-up table and the output samples are obtained from the 

data outputs of the memory. The frequency resolution may be 

increased by adding more address lines to the memory. By  

increasing the number of data output lines, the output 

resolution may also be increased. But increasing the number 

of address or the data lines means the increase of the storage 

capacity of the memory device, which is an undesired 

situation. The samples of one full period sine wave in order to 

generate a sine wave, there is no need to hold all the samples 

in a memory. The symmetry properties of the sine wave can 

be used to reduce the memory size. The quarter sine wave is 

enough in order to represent the full period sine wave. Thus, 

the memory  requirement is reduced to 1/4
th

. Additionally, the 

maximum amplitude value of the quarter wave is half of the 

full wave. This property also results in one bit resolution for 

the memory width and the total memory reduces to 1/8. In this 

study, the quarter wave samples of a sine wave are loaded into 

the DDS RAM module. However, one bit amplitude reduction 

is not applied. The DDS RAM module holds the look-up table 

256-word in length and 12-b it in width. The data flow d iagram 

of the designed DDS module, the frequency control register 

and the phase accumulator output are in 32-bit length. The 

designed DDS module can blocked up to 125 MHz when it is 

implemented by using the Xilinx Virtex 4 FPGA technology 

and it can produce a sine wave around 40 MHz. When this 

chip is clocked with a 100 MHz reference clock, the output 

frequency can be adjusted with a 0.023 Hz (= 100 MHz/232) 

resolution. 

 

3. Functional Overview: 

 
FIGURE 2 Block Diagram of DDS System 

 

The actual implementation of the DDS requires a look-up 

table in order to determine the phase output signal at any point 

in time. The above figure shows the building blocks for direct 

digital synthesis-based waveform generation. A phase 

accumulator compares the sample clock and the desired 

frequency in order to increment a phase register. Again, the 

fundamental idea is that we can generate the signals with 

precise frequencies by generating an appropriate sample based 

on the phase of that frequency at any point in time. In  

addition, by representing our waveform with 214 (16384) 

points, we are able to represent exactly 16384 phase 

increments with our look-up table. The phase accumulator 

uses simple arithematic operations in order to calculate the 

look-up table address for each generated sample. It does this 

by dividing the desired frequency by the sample clock and 

multip lying the result by 248. This number is based on the bit 

resolution of the phase register. For signal generators, a 48-bit  

phase register is used for maximum precision. Of these, 34 

bits are used to store the remainder phase and 14 bits are used 

to choose a sample from the look-up table. 

 
FIGURE 3 Block Diagram of Phase Accumulator in the 

DDS System 

 

Thus, the phase accumulator produces a 14 bit address that 

corresponds to the exact phase of the signal. For example, an 
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address of ‘00000000000000’ corresponds to ‘0’. On the other 

hand, an address of ‘11111111111111’ corresponds to 

359.978’. Thus, the signal generator can use this address in 

order to control the phase of the signal at any point in time. In  

shown in Figure 3, the computation of the phase register as the 

diagram suggests, the phase accumulator is able to represent 

the phase of the generated signal with 248 points of precision. 

However, because we only have 214 available points in our 

waveform, only the 14 most significant bits of the phase 

register are used in the look-up table. The remaining 34 bits 

are used to store the remainder of the phase increments. This 

remainder enables the DDS precision by ensuring that the 

look-up table will return the appropriate phase informat ion 

after the phase register rolls over (once per period of the 

waveform). 

 

4. Applications: 

Because the direct digital synthesis technique enables the 

generation of the periodic signals at very precise frequencies, 

it is useful for applications which require phase-continuous 

frequency sweeping. One common application is filter 

characterizat ion. In th is application, a function generator is 

used to sweep a sinusoid across a wide frequency range in the 

discrete frequency steps. By using the direct digital synthesis 

technique, we are able to ensure that the signal generated at 

each step in the frequency sweep is accurate to within 0.355 

µHz. 
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