
 
 

 

 
Comprehensive Survey on mGDI Technology for 

Programmable Frequency Dividers 
 

Bhavya Doshi1 and Dr. Anuja Askhedkar2 
1-2Department of Electrical & Electronics Engineering, Dr. Vishwanath Karad MIT World Peace University, Pune, India 

  
 

Abstract—This paper is a comprehensive review of Modified Gate Diffusion Input (mGDI) 
technology and its use in Programmable Frequency Divider Design. A modified version of the 
original Gate Diffusion Input (GDI) technique, mGDI technology has generated much interest 
as it can optimize area, increase speed, and reduce power consumption in digital circuits. This 
study methodically explains the development of mGDI technology its basic concepts that guide 
its functioning, and its particular use in programmable frequency dividers. Furthermore, the 
paper present a thorough examination of different design strategies, simulation outcomes, 
performance comparisons, and implementation challenges. Lastly an overview of current 
research initiatives, forthcoming developments, and possible future approaches for mGDI 
technology in programmable frequency dividers are covered in the conclusion. 
 
Index Terms—mGDI Technology, Programmable Frequency Dividers, Digital Integrated 
Circuit Design, Power-Performance-Area (PPA) Optimization, Process Variation Tolerance. 

I. INTRODUCTION 

The need for innovative circuit design methods is increasing because of increasing demand for high-
performance, low-power electronic systems. Frequency dividers are very important blocks in many applications, 
such as digital signal processing, clock generation circuits, and communication systems. In addition, the 
efficiency of these circuits affects electronic system's overall performance and power consumption. An 
encouraging solution is generated by mGDI technology, which is a modification on GDI technique and allows 
for the design of high-speed, low-power circuits with smaller footprints. This review paper attempts to provide a 
comprehensive overview of mGDI technology and applications in programmable frequency dividers, along with 
information on design approaches, performance advantages, and different paths for future research. 

II. EVOLUTION OF MGDI TECHNOLOGY 

A. Origin and Development of GDI Technology 
Gate Diffusion Input (GDI) technology was first presented as a low-power design technique for simplify the 
implementation of logic gates while lowering power consumption and area. The main focus of GDI is to operate 
complex logic functions with a fewer amount of transistors than the traditional CMOS logic method, which uses 
a larger number of transistors. Dynamic power consumption is a key feature of low-power design, and GDI 
technology does well at lowering it. Fig. 1 shows the configuration of the basic Gate Diffusion Input (GDI) cell, 
showing the connections between the source, drain, gate, and body terminals of the nMOS and pMOS 
transistors, which are essential for implementing various logic functions [1]. 
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Figure 1. Basic GDI cell 

B. Introduction of mGDI Technology 
The original GDI technique is further enhanced with mGDI, or Modified Gate Diffusion Input, to solve some of 
its inherent limitations, such as problem of noise margin and degraded signal levels. mGDI technology optimizes 
the threshold voltages and transistor configurations to make GDI circuits more robust. Due to process variances 
and low supply voltages, traditional GDI is not much effective in deep-submicron technology nodes such as 45 
nm. This improvement allows mGDI circuits to operate more efficiently on these nodes. Fig. 2 shows the basic 
modified Gate Diffusion Input (mGDI) cell structure, highlighting the changes from the standard GDI cell to 
allow fabrication in standard CMOS processes, reducing complexity and improving efficiency in logic circuit 
design [7]. 

 
Figure 2. Basic mGDI cell 

C. Advantages and Limitations of mGDI Technology 
By reducing the number of switching transistors and related parasitic capacitances, mGDI circuits significantly 
reduce power consumption. mGDI designs are well suited for high-frequency applications because of their 
excellent switching dynamics and reduced number of transistor count, resulting in faster circuit operation[2][3]. 
mGDI designs take up less silicon area because they simplify the use of logic gates, which is useful for densely 
packed integrated circuits. 
mGDI circuits can be more difficult to design and optimize, especially when it comes to guaranteeing adequate 
noise margins and signal integrity. Variations in the process may cause mGDI circuits to become more sensitive, 
which can impact the consistent operation between manufacturing units. When integrating mGDI designs into 
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conventional CMOS processes it required additional design considerations, especially with regard to layout and 
fabrication process [6]. 

III. PROGRAMMABLE FREQUENCY DIVIDERS 

A. Basic Principles 
Frequency dividers are circuits that produce an output signal at a frequency that is an integer part of the 
frequency of the original signal. They are important for maintaining system synchronization in a different 
electronic systems, especially in clock generator circuits. A frequency divider works by reducing the frequency 
by a predetermined factor and toggling the output state after a predetermined number of input cycles. Fig. 3 is 
frequency Division Divide-by-2 Counter that depicts the architecture of the frequency divider counter, 
illustrating how the input frequency is divided into lower frequencies using flip-flops to generate the desired 
output signal [13]. 

 
Figure 3. Frequency divider counter 

B. Programmable Frequency Dividers 
Significant flexibility is possible with programmable frequency dividers because the control inputs can be used 
to dynamically change the division ratio. This programmability is important in applications where output 
frequency needs to be precisely controlled, such as phase-locked loops (PLLs) and frequency synthesizers. The 
choice of technology is important in the design of programmable frequency dividers such as it trade-off between 
speed, power consumption, and area [14][15]. 
C. Role in Modern Electronics 
The need for precise and flexible frequency control in modern electronic systems drives the sales for 
programmable frequency dividers. This requirement is particularly evident in communication systems, which 
necessarily require the capacity to instantly change frequency ratios to preserve synchronization across various 
channels and frequencies. The design of these dividers must change to meet increasing performance and power 
requirements because devices get smaller and more power-efficient. 

IV. MGDI TECHNOLOGY IN PROGRAMMABLE FREQUENCY DIVIDER DESIGN 

A. Design Methodologies 
When mGDI technology is used in programmable frequency dividers, there are several important design factors 
to-be taken into consideration such as to take advantage of speed and power efficiency of mGDI technology 
while resolving the inherent problem of process variability and noise margin, Various design approaches have 
been proposed to incorporate mGDI technology into frequency divider circuits, with focusing on the main goal 
of decreasing parasitic effects by fine-tuning the layout, adjusting threshold voltages, and optimizing transistor 
configurations[7]. Fig. 4 shows by little modification in GDI cell the mGDI cell can be generated. 
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   Figure 4. Basic modification logic 

A. Logic Gate Implementation using mGDI 
Compared to traditional CMOS logic, mGDI technology describe the implementation of logic gates with a 
significantly less number of transistor. For programmable frequency dividers this reduction in number of 
transistor directly translates into lower area and power consumption. In order to create the necessary logic 
functions, like flip-flops, counters, and multiplexers, the design process includes selecting suitable mGDI cells 
and optimizing them for the required frequency division ratios. Various logic function that can be implemented 
using mGDI cell is shown in Table I. Gate level diagram for implementation of logic function is shown in Fig. 
5[7]. 

TABLE I. LOGIC FUNCTION IMPLEMENTED WITH MGDI 

N P G OUT Function 
A B B A+B OR 

B A A AB AND 

B A C C`A+CB MUX 

‘0’ ‘1’ A A` NOT 

 
Figure 5. Logic gate implementation using mGDI 

B. Optimization Techniques 
During the design phase, several optimization techniques are used to fully realize the benefits of mGDI 
technology:  
Threshold voltage adjustment can be made by adjusting the threshold voltage of an mGDI transistor, to achieve a 
balance between speed and power consumption. To increase speed and reduce power loss can be achieve by 
optimizing the layout to reduce parasitic resistances and capacitances. To further reduce power consumption, 
power gating techniques can be used to selectively disable circuit portions when they are not in use [8]. 
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II. SIMULATION AND PERFORMANCE ANALYSIS 

In-depth simulation studies are necessary to evaluate the effectiveness and the functionality of mGDI based 
programmable frequency dividers. In these simulations, the power consumption, speed, and area of the mGDI 
designs are often compared with those of traditional CMOS-based designs. The Cadence tool suite is widely 
used for these kinds of analyses, In particular the Specter simulator can accurately simulate deep-submicron 
effects. Table II. Frequency Divider Performance Summary of a Low Power 1MHz Fully Programmable 
Frequency Divider in 45nm CMOS Technology shows comparative analysis of the frequency divider's 
performance, including key metrics such as power consumption, propagation delay, and output frequency across 
different design implementations and process technologies [15]. 

TABLE II. FREQUENCY DIVIDER PERFORMANCE SUMMARY 

Specification Simulation Result 

Technology 45nm 

Supply voltage 1V 

Frequency Band 2.46GHz-2.541GHz 

Ref. Frequency 1MHz 

Power Dissipation 

2 Prescaler 59.15µW/ 

3 Prescaler 61.47µW/ 

32 Prescaler 85.62µW/ 

33 Prescaler 86.42µW/ 

Frequency Divider 613.39µW 

The potential to reduce power consumption is one of the biggest benefits of mGDI technology. According to 
simulations, mGDI-based frequency dividers can achieve power consumption reductions of up to 30% compared 
to their CMOS counterparts. Especially since they have fewer active transistors and dissipate less dynamic 
power. Since mGDI-based designs have faster switching times and less capacitance than traditional CMOS 
designs, they can operate at higher frequencies. For example, mGDI frequency dividers have demonstrated 
operating frequencies above X GHz in 45nm technology node, making them suitable for high-speed applications 
in modern communication systems [16]. Area requirement is another important advantage of mGDI-based 
frequency dividers, which is very useful in specific applications where silicon real estate is limited. mGDI 
designs can take up to 20% less space in a layout configuration than CMOS designs, which helps to reduce the 
overall size of the system[17]. 

III. PRACTICAL IMPLEMENTATIONS 

The mGDI-based programmable frequency dividers and its real-world application is explained through a series 
of case studies involving their practical implementation. These studies provides light on the difficulties 
encountered during the design and manufacturing phases as well as the trade-offs between various performances 
metrics. 

A. Case Study 1: High-Speed Communication Systems 
mGDI based frequency dividers have been used in high-speed communication systems to provide low-power 
performance without compromising speed. As part of the design process, the mGDI cells were optimized for 
high-frequency operation and simulation results revealed a significant reduction in area and power consumption 
compared to the CMOS designs [18]. 

B. Case Study 2: Low-Power IoT Devices 
Low-power Internet of Things devices aimed to reduce power consumption while keeping speed high enough to 
ensure dependable operation [19]. Using mGDI technology a programmable frequency divider with a flexible 
division ratio was created, allowing the gadget to adjust to various operating situations. The outcomes showed 
that the mGDI-based design could increase battery life by consuming less power when the battery is idle means 
not in working condition. Fig. 6 mGDI-based 4-bit parallel adder shows the design of a 4-bit parallel adder using 
modified Gate Diffusion Input (mGDI) logic, showcasting the schematic diagram of adder [18]. 
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   Figure 6. mGDI based 4-bit parallel adder 

C. Case Study 3: Embedded Systems and SoCs 
mGDI technology is used to design small, low-power frequency dividers that could be integrated into larger 
digital systems in embedded systems and system-on-a-chip (SoC) designs. The implementation of integration 
with different low-power design techniques and the feasible area conservation was possible with mGDI[20]. 

V. RECENT ADVANCEMENTS IN MGDI TECHNOLOGY 

A. Innovations in Transistor-Level Design 
The latest developments in mGDI technology have been concentrated on improving transistor-level designs for 
good performance in deep-submicron technology nodes. New mGDI cells with enhanced noise margins, 
increased drive strength, and enhanced resistance to process variations are some of these innovations. A several 
mGDI cell designs that have been proposed by researches addressing some of the shortcomings of the initial 
mGDI method.[11] These design aims to increase performance metrics like speed, power consumption, and area 
efficiency through techniques like transistor stacking, adaptive biasing, and dynamic threshold voltage 
adjustment. 

B. Integration with Advanced Technology Nodes 
mGDI technology is being modified for use with more sophisticated nodes, like 22nm and 14nm, as technology 
advances. The opportunities and difficulties of scaling mGDI designs to these smaller technology nodes are 
covered in this section. Process variations is reinforced at smaller technology nodes, impacting mGDI circuit 
performance and reliability. Researchers are investigating a number of strategies, to reduce these effects, 
including adaptive biasing, error correction, and redundancy. It is possible to further enhance power, 
performance, and area (PPA) metrics by scaling mGDI technology to advanced nodes. These benefits, have to be 
weighed against the additional challenges or complexity and potential yield issues that come with manufacturing 
at smaller nodes [9]. 

C. Emerging Applications of mGDI Technology 
In addition of being used in programmable frequency dividers, mGDI technology is also being applied in various 
emerging fields such as neuromorphic computing, quantum circuits, and low-power artificial intelligence (AI) 
accelerators. These applications utilize mGDI's low-power features to achieve energy-efficient operation in 
environments that require less area, high parallelism and intense computation. 

VI. CHALLENGES AND FUTURE DIRECTIONS 

A. Design and Fabrication Challenges 
Although mGDI technology offers benefits, it also poses various challenges in terms of both design and 
fabrication. The challenges encompass the complexity of optimizing mGDI circuits for various operating 
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conditions, the sensitivity to process variations and the requirement for specialized design tools and 
methodologies. When designing mGDI circuits a profound deep understanding of the fundamental principles and 
trade-offs is essential. Designers face a significant challenge in optimizing mGDI circuits for various 
applications, especially in achieving a balance between power consumption, speed, and area. The fabrication 
flow may need to be changed in order to integrate mGDI technology with conventional CMOS processes [22]. 
This is especially true for layout and doping profiles.  
To guarantee the financial sustainability of mGDI-based designs, these alterations may result in extra expenses 
and complications that need to be properly controlled. 

B. Potential Research Directions 
Future mGDI technology research may concentrate on the following important areas: Tolerant design is creating 
strong design processes that can account for process variances and guarantee consistent performance across 
various manufacturing batches.  
Investigating how to combine conventional CMOS logic with mGDI technology to produce hybrid designs that 
take advantage of both methodology’s advantages even know as Hybrid mGDI-CMOS Designs. Examining the 
possibility of bringing mGDI technology down to even smaller technology nodes means scaling down to 5nm 
and 7nm, where there might be further opportunities and challenges [22]. 

C. Industry Adoption and Standardization 
Standardizing design procedures, instruments, and fabrication techniques is necessary for mGDI technology to 
become widely used in the present industry. In order to drive this standardization and guarantee that mGDI 
technology can be successfully integrated into mainstream design flows, partnerships between academia, 
industry, and EDA tool vendors by only the support of them [20]. 

VII. CONCLUSION 

This comprehensive review has examined the development, benefits, and difficulties associated with mGDI 
technology, and highlights potential applications in programmable frequency dividers. The experimental 
research and real-world applications for obtaining high-speed, low-power, and area-efficient frequency division 
demonstrate the great potential of mGDI-based architectures in modern electronic systems. However, there are 
many issues that need to be resolved, especially related to process integration, design complexity, and sensitivity 
to process variation. To overcome these obstacles and realize the complete potential of mGDI technology in 
sophisticated digital circuits, future research and development initiatives will be essential. 
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