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Abstract: The fundamental building block of FPGA (Field Programmable Gate Array) is the CLB (Configurable Logic 

Block). The sequential component of a CLB is a Configurable register. The goal of this paper is to show how to 

reduce the area of a low delay configurable register without significantly affecting its latency. To achieve this, we 

employed the GDI (Gate Diffusion Input) approach, which is well known for drastically reducing the transistor count. The 

GDI logic operates slightly different than a 2x1 mux. The primary issue with this technique is that it produces weak signals 

(weak 0s and weak 1s), while reducing the number of transistors. In this paper, we cleverly addressed the issue. 
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1. Introduction 

 In an FPGA, the configurable logic block serves as the 

fundamental core circuit. Cornerstones of the intricate 

FPGA implementation relies on both its combinational and 

sequential logic [2] [3] [4]. Configurable registers are 

essential to the execution of the sequential logic function. 

To ensure programmability, it is necessary to configure the 

customisable registers as latches or registers based on the 

demands and must have characteristics such as global 

initialization, synchronous as well as asynchronous reset. The 

addition of capture and write back functions is also 

important to achieve quick calculation. 

1.1. Configurable Register  

For better routing, performance, and power, CLB enables 

accessing the register inputs independently. A consequence 

of this trend leads to a greater impact on the adjustable 

registers timing parameters. Previously, to realize various 

operations, the adjustable registers worked in conjunction 

with other configurable logic cells using  D flip-flops as 

master-slave configuration [2]. However, excessive control 

circuitry increased the total circuit’s delay, took up more 

space, with reduction in usage of combinatorial logic [7]. 

The Fig. 1depicts the configurable register 

implementations in which the input D a n d  r e s e t  signal 

are combined using a combinational circuit in this 

approach to create the desired signal [3]. Due to the series 

connection between the register input and the control 

signal, the master circuit’s state is changed by the D input 

more slowly, increasing setup time. To mitigate this 

negative effect [3], the relevant combinational logic can be 

implemented using a transistor-level unbalanced circuit, as 

shown in Fig. 2 However, this approach makes the D 

input load heavier and cannot significantly shorten setup 

time. 

 

Fig. 1. Slow setup time Configurable register [3] 

 

Fig. 2. Improved transistor-level circuit [3] 

1.2. Low Delay Configurable Register 

The master-slave D flip-flop is still the design’s foundation 

due to its overall stability and adaptability. The desired 

signal is subsequently added to carry out the 

responsibilities of latches, registers, global initialization, 

both asynchronous and synchronous resets, capture, and 

write-back. The transmission gate on the key nodes is 
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utilised to regulate the register mode. To prevent the 

control circuit from impacting the register timing settings, 

the control and the D input signal are isolated. The primary 

circuit design of the programmable register is shown in 

Fig3, and it can be accessed via three ports.  

The diagram shows that the primary circuit can be entered 

through ports (a, b, and c). A conventional D input 

signal is input through port a. Synchronous and 

asynchronous reset signals are input through ports b and c, 

respectively. Global initialization and write back signals 

that require asynchronous computation are also available 

through port c. 

 

Fig. 3. Primary Circuit design of Low Delay 

Configurable Register [1] 

 

Fig. 4. Control Circuit of Low Delay Configurable 

Register [1] 

The following control circuit, which has three input ports, 

can choose one of them to setup the circuit by using the 

key nodes of  transmission gates to switch it into 

synchronously / asynchronously overwritten, register mode, 

or latch mode, and then execute various operations with 

the control signals The following four approaches are 

listed below: 

• Latch Mode: This mode chooses Port A among the 

three ports. At this stage, when the CE, SYNC, and 

ASYNC signals are all at logic0, the circuit is modified to 

resemble Fig. 5, that achieves a transparent latch. 

 

 

Fig. 5. Latch Mode of Low Delay Configurable Register 

[1] 

Register Mode: T he Register Mode selects Port A from 

the three available ports. The customizable register circuit 

is now simplified to look like Fig. 6, which depicts a 

fundamental clock falling edge trigger register. The CE is 

set with the inverted clock signal, the SYNC and ASYNC 

signals are all at logic0. 

 

Fig. 6. Register Mode of Low Delay Configurable 

Register [1] 

• Synchronous Overwrite Mode: In this mode, the 

circuit is streamlined by setting CE and SYNC to logic1, 

and selecting port b from the available three ports, as 

shown in Fig. 7. The only difference between this circuit 

and the master-slave D flip-flop is that the input port is 

switched from D to X. 

 

 

Fig. 7. Synchronous Overwrite Mode of Low Delay 

Configurable Register [1] 

• Asynchronous Overwrite Mode: The asynchronous 

overwrite mode simplifies the circuit by selecting Port C 

from the three ports, setting CE and ASYNC to logic1, as 

illustrated in Fig. 8. The flip-flop’s master and slave 

circuits are now disconnected, and three inverters capable 
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of asynchronously overwriting the output connect the 

input X to the output port Q. The master and slave 

circuits are disabled to avoid their stored values from 

interfering with the asynchronous overwrite input X signal 

and leading to a logic error. 

 

 

Fig. 8. Asynchronous Overwrite Mode of Low Delay 

Configurable Register [1] 

1.3. GDI Technique 

The GDI, or Gate Diffusion Input, approach provides 

reduction in digital circuit size, power consumption, and 

propagation latency while retaining a minimal level of 

complexity in the logic architecture. The GDI approach 

depends on a simple cell, as seen in Fig. 9. 

 

Fig. 9. GDI basic cell [9] 

The GDI basic cell initially resembles a typical CMOS 

inverter, but there are some notable differences: 

1) There are three inputs to the GDI cell: G represents  the 

common gate input for both nMOS and pMOS,                       

P represents  the source/drain input for pMOS, and                

N represents  the source/drain input for nMOS.  

2) In contrast to a CMOS inverter, it can be freely biased 

because the majority of both nMOS and pMOS are linked 

to N or P [9]. Each GDI unit functions as a 2x1 mux with 

G as the selection line. This logic is used throughout this 

paper.  

2. Design Methodology 

2.1 GDI implementation 

We managed the mode of operation in this paper using a 

different strategy [1].The mode of operation will be 

controlled by three signals: Y (which toggles between latch 

and register modes), Z (which toggles between 

asynchronous and synchronous reset), and R (which 

allows the reset value to function in line with Z).  

 

Fig. 10. GDI Circuit 

Additionally, we constructed the circuit using the GDI 

method, which reduced the required number of transistors 

by half. For our design strategy, no control circuit has been 

developed. Instead, we have employed the following 

alternative control scheme shown in Table1. 

Tabl

e 1. 

GDI 

Circ

uit 

Mod

es  

 

Fig. 11. GDI Circuit Latch Mode 

 

Fig. 12. GDI Circuit Register Mode 

Y Z R Mode 

1 X X Latch 

0 X 0 Register 

0 0 1 Synchronous 

Reset 

0 1 1 Asynchronous 

Reset 
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Fig. 13. GDI Circuit Synchronous Overwrite Mode 

 

Fig. 14. GDI Circuit Asynchronous Overwrite Mode 

2.1 Improvised circuit  

The primary problem was that, on sometimes, GDI logic 

yielded weak logics (weak 0 when P and G are both 0 and 

weak 1 when N and G are both 1) [8], [9]. In order to 

overcome these weak signals, the P of one GDI unit is 

connected to the N of the second GDI unit, and vice 

versa. The complimentary signals are applied to each G pin 

individually as shown in the Fig. 15. If we consider the 

TGL is not necessary (for instance, if N is linked to 0, 

there is no need to connect a pMOS in parallel to it as it 

always outputs a strong 0), we remove it. As a result, the 

circuit’s current transistor count ranges from 50% to 100% 

of the original circuit’s transistors. 

 

Fig. 15. Improvised GDI Block 

 

 

Fig. 16. Improvised Circuit 

 

Fig. 17. Improvised Circuit Latch Mode 

 

Fig. 18. Improvised Circuit Register Mode 

 

Fig. 19. Improvised Circuit Synchronous Overwrite Mode 
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Fig. 20. Improvised Circuit Asynchronous Overwrite 

Mode 

3. Results 

3.1. Transistor count 

Low Delay Configurable Register: 

Main Circuit: 19 pMOS 19 nMOS(11 TGL units and 8 

inverters) 

CE circuit: 3 pMOS 3 nMOS(3 TGL units).  

Intermediate States: 25 pMOS and 25 nMOS (3 pMOS 

and 3 nMOS for the circuit constructions of ‘a’ and ‘c’ 

respectively to be utilized in the CE circuit and other 19 

pMOS and 19 nMOS for the circuit constructions of other 

miscellaneous circuits such as X, y). Total = 94 transistors 

GDI circuit: 

 8 pMOS 8 nMOS(8 GDI units)  

Total = 16 transistors. 

Improvised circuit:  

16 pMOS 19 nMOS (3 inverters, 5×2 GDI units connected 

as TGL and 3 nMOS connected as TGL to 3 pMOS of the 

3 GDI units which are not paired as TGL) 

Total = 35 transistors. 

3.2 Outputs of Improvised Circuit 

 

Fig. 21. Latch Mode Output 

We can see that we got a high level triggered output for the 

specified data signal. Thus the circuit functions as a latch. 

 

Fig. 22. Register Mode Output 

We can observe that we received a negative edge triggered 

output for the given data signal. Thus the circuit is behaves 

as a register. 

 

Fig. 23. Synchronous Overwrite Mode Output 

We can notice that the output Q processes the data signal 

synchronously with respect to X and Clock Signal. 

Therefore the circuit works as a synchronous reset register. 
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Fig. 24. Asynchronous Overwrite Mode Output 

We can find that the output Q takes the data signal      

asynchronously with respect to X. Therefore the circuit is 

operates as an asynchronous reset register. 

3.3 Delay Calculation 

Dealy time [1] GDI 

TClk - TQ 20.22ps 42.77ps 

TD - TQ 39.56ps 45.77ps 

Table 2. Latch mode Delay comparison 

Dealy time [1] GDI 

TClk - TQ 19.36ps 21.69ps 

TD - TQ 27.12ps 27.07ps 

 

Table 3. Register mode Delay comparison 

Dealy time [1] GDI 

TClk - TQ 53.64ps 27.297ps 

TD - TQ 54.64ps 26.51ps 

TX - TQ 63.28ps 44.84ps 

Table 4. Synchronous overwrite mode Delay comparison 

 

Dealy time [1] GDI 

TClk - TQ 53.65ps 58.9ps 

TD - TQ 54.65ps 63.583ps 

TX - TQ 37.56ps 94.33ps 

 

Table 5. Asynchronous overwrite mode Delay comparison 

 

Power 

Consumption 

[1] GDI 

Latch Mode 659.7 nW 285.6 nW 

Register Mode 389.3 nW 9.446 uW 

Synchronous 

overwrite Mode 

861.6 nW 8.083 uW 

Asynchronous 

overwrite Mode 

783.9 nW 5.007 uW 

 

Table 6. Power Consumption comparison 

4. Conclusion 

The goal of this paper is to demonstrate how to minimize 

the area of a low delay programmable register without 

drastically altering its latency by decreasing the amount of 

transistors. To achieve this, we used the GDI approach, 

however the main drawback with this technique is that it 

produces weak signals (weak 0s and weak 1s), while 

reducing the number of transistors. So in this paper the 

GDI circuit was implemented using the TGL approach to 

remove weak signals. This subsequently doubled the 

transistor count. To address this, redundant transistors were 

removed wherever possible, leading to a reduction in 

transistor count compared to the base paper. In addition, 

the modification in control strategy helped to reduce the 

number of transistors. The delay increased slightly, ranging 

from 15ps to 46ps, but it was not significant. However, the 

power consumption decreased for the latch mode but 

increased significantly for the other three modes. 

Ultimately, this approach proved successful in reducing the 

transistor count with minimal impact on delay. 
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