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Abstract 
A numerically Controlled Oscillator (NCO) was a digital oscillator signal 
generator that forms synchronous, clocked, discrete waveforms, normally sine. 
Numerically Controlled Oscillators were frequently utilized in combination 

with DAC at the outcome to generate a Direct Digital Synthesizer (DDS). A 
numerically Controlled Oscillator was utilized in several communications devices 
that were absolutely digital or assorted-signal, such as arbitrary waveform synthesis, 
the precise regulator at phase array radar systems, most digital Phase-Locked Loop, 
Digital Down/Up converters for Cellular and base stations and drivers for optical or 
acoustic transmissions and multi-level Frequency Shift Keying/ Phase Shift Keying 
modulators or demodulators (modem). In this analysis, the design and memory 
optimization of a hybrid Modified Gate Diffusion Input (M-GDI) numerically 
controlled oscillator is implemented. From the results, it can observe that compared 
with NCO-based 8-bit Microchip and Memory optimization of hybrid Gate Diffusion 
Input (GDI) NCO, Memory optimization of hybrid M-GDI NCO gives effective 
outcomes in terms of delay, MOSFET’s and Nodes. 
Discipline: Communication Engineering. 
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1 Introduction 

Several Digital Signal Processing (DSP) systems need the formation of sine waves/different periodic 
waveforms. A technique for forming the signals requires “Numerically Controlled Oscillators” in digital 
accumulators was utilized to form the address into a sine LUT. (Different operations save in the LUT, 
generating “arbitrary waveform generator”). This device was highly normal in hardware as well as in software 
[1]. That enables immediate modifications in the immediate frequency or phase of the formed waveform, 
during sustaining an uninterrupted phase property as result. If integrated with a DAC to generate an analog 
outcome waveform, the system was known as DDS. 

NCO was a digital signal generator that forms synchronous (clocked), discrete-time, and value 
presentation of the waveform, normally sine. Numerically Controlled Oscillators were frequently utilized in 
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conjunction with a DAC result to form DDS. NOCs produce many benefits from different kinds of oscillators 
are agility, accuracy, stability, and reliability. Numerically Controlled Oscillators were utilized in several 
communications devices involving digital up/down converters utilized in 3G wireless and software radio 
systems, digital Phase-Locked Loops, radar systems, drivers for optical or acoustic transmission, and 
multiphase Frequency Shift Keying/Phase Shift Keying modulators or demodulators [2-4]. NCO was an 
electronic device for the synthesis of a range of frequencies of a decisive time base. Dissimilar PLL-based 
analog frequency synthesizes are efficient in synthesizing the most extensive precise frequency ratio range. 

NCOs known as DDS was a strong method utilized by radio frequency signals formation operation in 
different approaches from radio receivers to signal generators and so on. A standard NCO utilizes a time 
domain amplitude sample to form a sine wave as the range was regulated by digital control words in the phase 
of a single clock cycle [5]. A Numerically Controlled Oscillator resultant frequency may modify immediately 
in the absence of accession and lock time delays combined with standard Phase Locked Loop (PLL) 
synthesizers. The Numerically Controlled Oscillators result frequency was regulated by an input count/integer 
value [6-14].  

The inner design of a Numerically Controlled Oscillator core normally contains a phase accumulator 
as well as Phase-to-Amplitude Converter (PAC). All PACs utilize 2 or many LUT and few combined logic 
produce PACs. For saw-tooth wave generation that utilizes the logic of a counter and for the formation of Sine 
/ Cosine wave that uses Rom (that saves the outputs of Sine and Cos) [15]. Based on the input counts if sent to 
this block, they will choose the numbers from the Read Only Memory that in turn was the Sin / Cos wave. In 
this analysis, they did the coding for here and explained the logic to form a saw tooth and a sine wave. 

2 NCO Overview and Derivation 
A numerically Controlled Oscillator will utilize to form a large kind of regular result waveform, and 

for the reason of record, cos result operation is guessed. 

y[n] = cos(φ[n]) (1). 

In this part, argument φ[n] was the immediate level for the resulting signal of nth outcome sampling 
[16-18]. As a sample, the stable outcome frequency for f0 cycles per cycle, and stable outcome level θ0 
radius, 

φ[n] = 2πf0n + θ0 giving y[n] = cos(2πf0n + θ0) (2). 

Anyhow, else frequency and phases were modified by ‘n’, instantaneous frequency fi [n] gives 
enhancement to φ[n] that might be collected before the period, and during instantaneous phase offset θi [n] 
gives an offset outcome was implemented alone with nth test [19]. 

 φ1[n] = φ1[n − 1] + 2πfi [n], φ[n] = φ1[n] + θi [n] (3) 

A Numerically Controlled Oscillator contains 2 basic blocks: a digital “phase accumulator” that 
executes an evaluation of (2), and a “phase-to-amplitude converter” [20-22] that changes outcomes φ(n) to 
form the result example numbers provided by (1). The numerically Controlled Oscillator framework is 
explained in Figure 1. 
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Figure 1: Numerically Controlled Oscillator Conceptual Structure. 

2.1 Phase-To-Amplitude Converter 
The capability of PAC generally contains a table for saved pre-evaluated outputs for cos() operation of 

phase outcomes enclosing one rotation. The input of φ[n] was obtained modulo-2π and circled to notice the 
nearby approach in table [23]. Index evaluation into the table was mostly easier when table length N was 
chosen with the integer power of 2: N = 2m. Here, the modulo function forming address into saved table 
includes easier choosing the accurate m bits of phase presentation. Suppose the outcomes saved in Table 1 
were provided by 

yk = cos(2πk/N), k = 0, 1, 2. . . , N − 1 (N = 2m) (4). 

Provided the required cos argument of φ[n], table index was acquired by keeping φ[n] = 2πk/N and 
resolving [24]: 

k = N/2π φ[n] (5). 

The output index was circled as well as provided modulo N. Equation (3) is unutilized[25-28]. Rather, 
equation (2) was calculated by the value of N/2π hence phase accumulation straightly produced the needed 
tabular index. 

2.2 Phase Accumulator 
The phase accumulator executes evaluation of (2), calculated by value N/2π thus, an accurate index in 

LUT was formed straightly. Let k1[n] and k[n] denotes the index that combines φ1[n] and φ[n]. Calculating 
(2) with N/2π provides needed addresses evaluation [29-30]: 

k1[n] = k1[n − 1] + Nfi [n], k[n] = k1[n] + N /2π θi [n] (6). 

The accumulator developed the integer register which enables the “wrap”, hence modulo function 
needs without excessive hardware or rules [31]. Phase accumulator accuracy can enhance by executing 
evaluation in the register that was greater than m bits, as well as later utilizing great-important m bits output 
for the formation of index into LUT. Predict M > m bits were utilized. (As a sample, M = 32 will be a normal 
alternative for design having 32-bit registers.) Verified accumulator evaluation was acquired by calculating (4) 
by the value of 2M−m. Explain k 0 [n] = 2M−mk[n] and k 0 1 [n] = 2M−mk1[n] as constantly formed at the 
M-bit register [32]. Calculating (4) by 2M−m, as well as recording the 2M−mN = 2(M−m)2 m = 2M provides 
M-bit register evaluation: 

k1 [n] = k 0 1 [n − 1] + 2Mfi [n], k0 [n] = k 0 1 [n] + 2M/ 2π θi [n] (7). 

An outcome of k[n] was acquired by a great important m bit of k 0 [n]. The output was utilized to 
index into LUT. The output of enhanced word size for phase accumulator, the frequency can identify accuracy 
with a single portion of 2M [33-34]. 
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Depending on the input frequency, the Numerically Controlled Oscillators phase accumulator provides 

an output that addresses a sine-cosine lookup table [35-38]. The Sin/Cosin Lookup block provides the actual 
difficult sinusoidal signal.  

 

 
Figure 2: Phasor Diagram of NCO. 

 
NCO was largely utilized in the generation of sinusoidal waveforms in DSP. An NCO is a system that 

provides a digital approximation to a sin or cos wave related to a modification in its input. The standard 
application to develop these oscillators is to use Look Up Tables (LUT) for forming the waveforms [39]. That 
developed a Numerically Controlled Oscillator by the similar p as explained in section 2 above as an input. 
Here, the needed frequency (f) of sin or cos signals was produced based on the input beta p that was presented 
as 8-bit 2's complement as shown in Figure 2 [40].  

3 Literature Survey 
3.1 An Improved Analog Waveforms Generation Technique using a Direct 

Digital Synthesizer 
In several types of apparatus, it was significant to provide quick control and appropriate waveforms in 

different frequencies and profiles like agile frequency sources with low phase noise and low spurious signal 
content for communications, as well as easily formed frequency for industries and biomedical approaches 
[41]. DDS produces more important benefits by the Phase-Locked Loop performances like Continuous-phase 
switching response; fine frequency resolution, Fast settling time, and low phase noise are parameters simply 
available in Direct Digital Synthesizer systems. This analysis goal begins with the Direct Digital Synthesizer 
device framework and explains the Direct Digital Synthesizer model technique depending on VHDL in 
particular [42-45]. 

3.2 Realization of FPGA Based Numerically Controlled Oscillator 
NCO was a significant element in several Digital Communication Systems like Digital Radio and 

Modems, Software Defined Radios, Digital Down/Up converters for Cellular and PCS base stations, etc. The 
general method for the digital generation of difficult or real-valued sinusoidal works as a LUT-based plan. 
Simulation and optimization of the Numerically Controlled Oscillator model were initially utilized software 
tool Xilinx 10.1 and later coded in VHDL for Hardware Realization. These models were examined on the 
Xilinx Spartan2 FPGA Development Platform. Examined outputs were similar to particular and simulated 
outputs. This analysis explains an FPGA-based development technique that could highly enhance the 
execution, shorten the development cycle, and decreases cost. 
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3.3 Design and Implementation of a Feasible Direct Digital Synthesizer to 
Eliminate Manual Tweaking 

This analysis explains designs and simulations of the programming model of the greatest and 
accessible DDS which avoids the requirement for non-automatic tuning and tweaking relevant to element 
condition and temperature drift in analog synthesizer solution. A DDS computed portion o DDC the DDC 
(Digital Down Converter) had turned into a cornerstone method in communication systems. DDC was an 
important element for RF systems in communications, sensing, and imaging. The analysis calculates the 
execution of the Digital Down converter by different programming aspects and ultimately executes the 
realization of the Digital Down Converter utilizing Virtex II Pro. 
 

3.4 An FPGA-based Spur Reduced Numerically Controlled Oscillator 
DDS or NCO are significant elements in several digital communication systems, like digital radios and 

modems, software-defined radios, digital down/up converters for cellular and PCS base stations, etc. The 
general technique for digital forming difficult/real-valued sine works as a LUT scheme. This analysis provides 
an FPGA-based technique that could important decrease the Spurious Free Dynamic Range (SFDR). A 
suggested model was developed on Xilinx Virtex 5 FPGA and simulated outputs were considered by earlier 
outputs to describe important improvements in decreasing SFDR. 

3.5 The Design of Digital Down Converter Based on FPGA 
The primary concept of DDC in the digital receiver is explained in this analysis. Xilinx ISE 13.3 

software is selected to sketch every module of DDC. Later utilizes Modelsim 6.5 simulated operation to check 
functionality exactness of design. The simulation result signals were examined in the outputs in Matlab. 

4 Modified GDI NCO 
One of the most important parts of digital down conversion is NCO. The NCO is most widely utilized 

in software radio systems as well as in radar wireless transceiver systems. Here the NCO major function is 
producing two path sine and cosine data samples with discrete time, variable frequency and mutually 
orthogonal. The main advantage of NCO is quick response and high-frequency precision.  The LUT and 
polynomial expansion are the traditional implementation methods of NCO. The LUT method data accuracy 
depends on the LUT size of ROM. The memory size and phase accuracy precision are the exponential 
relationships that will enlarge the consumption of resources and reduce the system processing speed. 

As known that NCO is one of the most utilized digital oscillators that generate signals like clocked, 
discrete and synchronous waveforms. The NCOs are more often utilized in combinations with the DAC at the 
outputs for creating DDS. The NCO is utilized in various communication systems that are fully digital or 
mixed signals such as synthesis of the arbitrary waveform, phased array radar and precise control. 

Figure 3 shows the schematic of the Memory optimization of hybrid GDI NCO. In this 16 MOSFET’s 
are utilized to design. 2 MOSFET’s geometries are utilized. Basically, total nodes are classified into two types 
boundary nodes and independent nodes.  1.70 seconds is taken to execute the entire second. 0.14 seconds is 
taken for parsing and 0.03 seconds is taken for setup of the design. 12 total nodes are utilized, and 5 boundary 
nodes and 7 independent nodes are utilized. Compared with NCO-based 8-bit microchip design, memory 
optimization of hybrid GDI-based NCO gives effective outcomes in terms of delay, MOSFET’s and nodes. 
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Figure 3: Schematic Design. 

 

5 Results and Discussion 
Table 1 shows the comparison table. In this NCO-based 8-bit Microchip, the Memory optimization of 

hybrid GDI NCO and Memory optimization of hybrid M GDI NCO parameters are given in a detail manner.   
 

Table 1: Comparison Table. 
S.No Parameters NCO Based 8 bit 

Micro chip 
Memory Optimization of Hybrid 

GDI NCO 
Memory Optimization of Hybrid M 

GDI NCO 
1 MOSFET’S 32 16 11 
2 MOSFET’S 

Geometries 
5 2 1 

3 Voltage Sources 8 4 2 
4 Total Nodes 26 12 9 
5 Boundary Nodes 14 5 4 
6 Independent Nodes 12 7 5 
7 Total Delay 2.51 Seconds 1.70 Seconds 1.40 Seconds 
8 Parsing Delay 0.43 Seconds 0.14 Seconds 0.11 Seconds 
9 Setup Delay 0.06 Seconds 0.03 Seconds 0.02 Seconds 
10 Overhead Delay 0.81 Seconds 0.78 Seconds 0.74 Seconds 
11 DC Operating Point 0.74 Seconds 0.70 Seconds 0.67 Seconds 
12 Transient Analysis 0.06 Seconds 0.04 Seconds 0.02 Seconds 

 
Figure 4 shows the comparison of nodes for an NCO-based 8-bit Microchip, Memory optimization of 

hybrid GDI NCO and Memory optimization of hybrid M GDI NCO. Compared with NCO-based 8-bit 
Microchip and Memory optimization of hybrid GDI NCO, Memory optimization of hybrid M GDI NCO uses 
less number of nodes.   

 
Figure 4: Comparison of Nodes. 

 
Figure 5 shows the comparison of delay for NCO-based 8-bit Microchip, Memory optimization of 

hybrid GDI NCO and Memory optimization of hybrid M GDI NCO. Compared with NCO-based 8-bit 
Microchip and Memory optimization of hybrid GDI NCO, Memory optimization of hybrid M GDI NCO 
produces less delay.  
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Figure 5: Comparison of Delay. 

 
Figure 6 shows the comparison of NCO-based 8-bit Microchip, Memory optimization of hybrid GDI 

NCO and Memory optimization of hybrid M GDI NCO. Compared with NCO-based 8-bit Microchip and 
Memory optimization of hybrid GDI NCO, Memory optimization of hybrid M GDI NCO uses fewer 
MOSFET’s. 

 
Figure 6: Comparison of MOSFET’S. 

 
Figure 7 shows the comparison of transient analysis, overhead delay, and DC operating point for 

NCO-based 8-bit Microchip, Memory optimization of hybrid GDI NCO and Memory optimization of hybrid 
M GDI NCO. Compared with NCO-based 8-bit Microchip and Memory optimization of hybrid GDI NCO, 
Memory optimization of hybrid M GDI NCO takes less time.  
 

 
Figure 7: Comparison of Transient Analysis, Overhead Delay and DC Operating Point. 
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6 Conclusion 
Hence in this paper design and memory optimization of a hybrid M-GDI numerically controlled 

oscillator was implemented. The NCO is an electronic architecture to incorporate the scope of frequencies 
from changing time bases. Unlike a simple recurrence synthesizer based on stage bolted circles, the NCO fits 
to combine the extensive varieties of exact recurrence proportions. In addition, the NCOs known as DDS is an 
intensive method utilized as a part of the radio recurrence signals era to apply in utilizations assortment from 
radio collectors for signs generators and certainly more. From the results, it can observe that compared with 
NCO-based 8-bit Microchip and Memory optimization of hybrid GDI NCO, Memory optimization of hybrid 
M GDI NCO gives effective outcomes in terms of delay, MOSFET’s and Nodes.   

7 Availability of Data and Material 
Data can be made available by contacting the corresponding authors.  
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