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ABSTRACT 

This paper presents different designs of configurable logic block (CLB) in positive feedback source coupled 

logic (PFSCL) style that exhibits high impedance state at its output. The basic structure of the existing CLB is 

modified by introducing an additional control signal ENABLE. Three topologies (CLB_1, CLB_2, and CLB_3) 

are presented wherein the load section, current source section and both the sections are altered to attain high 

impedance. The functionality of the proposed topologies is verified by configured them as two input XOR gate 

and simulating using TSMC 90nm CMOS technology parameters in SymicaDE version: 3.1.0.0209. 

Performance comparison of topologies and the conventional reveals that proposed CLB_3 topology achieves 

the lowest the power delay product values. 
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I. INTRODUCTION  

In last few decades, most of the research efforts are being directed towards embedding of digital and analog 

circuits on a single die for complete electronic system realization. This resulted in a paradigm shift towards 

mixed-mode circuit design. The conventional static CMOS logic is not employed in a digital circuit in mixed 

mode circuit design due to noise generated during switching event which degrades the resolution of the sensitive 

analog circuits via a supply line and substrate coupling [1]. This problem alleviates further with scaling down of 

CMOS technology due to higher integration levels and operation frequencies. The conventional CMOS static 

logic is no longer an amenable solution; therefore an alternative logic style named as positive feedback source 

coupled logic (PFSCL) is used [2]. 

PFSCL belongs to a single-ended source coupled logic family and is preferred over conventional due to its high-

speed operation [3]. This style implements NOR/OR representation of a Boolean function by employing PFSCL 

NOR/OR gates [4, 5]. A better alternative to implement function is to use PFSCL configurable logic block 

(CLB) [6]. Its usage reduces the gate count and in turn enhances the performances of the circuit significantly. 

In this paper, the basic aim is to introduce a high impedance state in the CLB operation. This is achieved by 

restricting the current flow in the circuit by modifying the load and the current source sections of the 

conventional CLB. Three new topologies are proposed and their performance is compared. 

The paper is organized into five sections. The first section briefly describes the conventional CLB architecture. 

In the next section, the three CLB topologies are proposed. The third section presents the simulation results 
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related to the functional verification and the performance comparison. All the simulation are carried out using 

TSMC 90nm CMOS technology parameters in SymicaDE version: 3.1.0.0209. 

II. PFSCL CONFIGURABLE LOGIC BLOCK 

The positive feedback sourced coupled logic configurable logic block consist of a PDN, load and current source 

section [6]. The MOS schematic of the configurable cell is shown in Fig. 1. The PDN has two triple tails TT-1 

(MP1, MP2, MF1) and TT-2 (MP3, MP4, MF2) to evaluate the logic function. The load provides the required voltage 

swing by performing current to voltage conversion through PMOS (M3-M6). The transistors M1-M2 maintains a 

constant current in the circuit. An additional PFSCL inverter is used to generate the complement of M signal, to 

drive the middle transistor (MP2, MP4) of the two triple tail cells. The inputs X and Y drive the transistor MP1 and 

MP3. Each triple tail cell has two output nodes (O1, O2: TT-1 and O3, O4: TT-2), out of which any one output node 

from each triple tail cell can be connected to generate the expected output. 

The functionality of the CLB is based on the activation/deactivation of the triple tail cells via the signal M and 

its complement. When the signal M is high, MP2 turns on, such that the bias current flows through it and 

negligible current flows through the two outermost transistors MP1, MF1. This condition does not allow the 

output to be generated according to input X, thus PDN-1 of TT-1 is deactivated. Conversely, in TT-2, MP4 turns 

off, and activates PDN-2 such that the input Y influence the output of the CLB. Similarly, for the low value of 

M signal, TT-1 is activated, TT-2 is deactivated and the output is produced according to PDN-1. It is worth 

mentioning here that the proper activation and deactivation of the triple tail cells require the aspect ratio of the 

middle transistor to be made greater than the outermost transistor by „N', where N can be between 1 to 10. 

The PFSCL CLB can be configured for various functionality. A mapping table illustrating the connections of the 

CLB inputs with the gate actual inputs are shown as Table I. It is been proved that functions using CLB has 

better performance in comparison to the NOR-based PFSCL circuits [7].  

               

 Fig.1 Conventional PFSCL configurable logic block. 
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TABLE-I: CLB INPUTS MAPPING TABLE 

Function Inputs 

Mapping in 

PFSCL CLB 
Output Nodes 

M X Y Q  

OR A,B B B A O2,O4 O1,O3 

NOR A,B B B A O1,03 O2,O4 

NAND A,B B A B O1,O3 O2,04 

AND A,B B A B O2,O4 O1,O3 

XOR A,B B A A O1,O4 O2,O3 

XNOR A,B B A A O2,O3 O1,O4 

MUX SEL,I0,I1     SEL I0 I1 O2,O4 O1,O3 

III.  PROPOSED PFSCL CONFIGURABLE LOGIC BLOCK 

In this section, new topologies of PFSCL configurable logic block exhibiting high-impedance at the output are 

proposed. The fundamental concept is to restrict the current flow in the circuit by using a control signal, 

ENABLE. The topologies are developed by modifying the load, current source and a combination of both 

sections. 

3.1 PFSCL CLB with modified load section (proposed CLB_1) 

This topology assists in modifies the load section by driving the load transistors (M3-6, and ME1) with ENABLE 

signal. An additional transistor ME1 is used to inhibit the current sourcing/sinking process in the gate. For a low 

value of ENABLE signal, the load transistor and ME1 turn on, and CLB work as normal PFSCL CLB, but for the 

high value of ENABLE signal the load transistors and ME1 turn off and do not draw any power from the power 

supply, and output goes to high impedance state.  

 

Fig.2  Proposed CLB_1  

3.2 PFSCL CLB with modified current section (proposed CLB_2) 

This topology is another way to ameliorate the performance of PFSCL block in germane to high impedance 

state. In this topology, two extra PMOS (ME2, ME3) are connected between the PDN of triple tail cells and 

source terminal of the constant current source, and an ME1 transistor at the output. All the three transistors are 

driven by ENABLE signal. For high of ENABLE, ME2, ME3, and ME1 get turn off, and the path between the 

current source and PDN is disconnected thus making the circuit idle and not allowing the output to corresponds 
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to the changes in the input. Although, for the low value of ENABLE signal, the CLB performs regular 

operations similar to the conventional PFSCL CLB. 

 

Fig.3 Proposed CLB_2 

3.3 PFSCL CLB with modified load and current source section (proposed CLB_3) 

A closer examination of topology 1 and 2 indicates that the additional transistor ME1 employed at the output 

may increase the delay in comparison to the conventional CLB. So to optimize the proposed CLB topologies 

further, a new topology 3 is proposed wherein ME1 is removed from the output by modifying both the load and 

the current source sections. The circuit diagram is represented in Fig. 4. The proposed CLB_3 now drives the 

load transistors with ENABLE signal as well as employs the transistors ME2-3. This modification is capable of 

producing the high impedance state as well as isolates the cell.  

 

Fig.4 Proposed CLB_3 

IV. SIMULATION RESULTS 

In this section, functional verification and performance comparison between the topologies is carried out. The 

simulations have been done using voltage supply of 1.1 V, with bias current 80 𝜇A, and voltage swing of 300 mV 

using TSMC 90 nm CMOS technology parameters in SymicaDE version: 3.1.0.0209. 

The functionality of the proposed PFSCL CLB topologies with conventional PFSCL CLB is verified in Fig 5, by 

configuring them as two input XOR gate. Inputs to the outermost transistor and middle transistors are A and B, as 
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shown in Fig. 6. The waveform depicts that for the low value of ENABLE signal, the gate exhibits the 

functionality of XOR gate whereas when ENABLE is low, the gate does not respond to the changes in the input, 

thereby representing a high impedance state at the output. 

The performance of the proposed PFSCL CLBs (1, 2 and 3) is compared with conventional PFSCL CLB, with a 

load capacitance of 100ff. The simulation results are listed in Table II. The following observation can be drawn 

from the results. 

  For one clock cycle of the Enable signal, the conventional CLB consumes 88 uW while the proposed CLBs 

consume half of the power. This is due to the fact that for half of the ENABLE time period, the CLBs are in 

high impedance state and no current flow in the circuit. 

 The delay of  CLB 1-3 is greater than the conventional CLB as they all use additional transistors to attain 

high-impedance state.  

 The performance of the CLBs in terms of the power delay product reveals that the proposed CLB_3 shows a 

reduction of 22.15%, 53.28% and 20.18% with respect to the conventional CLB, CLB_1, and CLB_2. 

 

Fig. 5. Waveforms for the functional verification of the proposed CLBs.

TABLE-II: PERFORMANCE COMPARISON 

Parameter Conventional 

CLB 

Proposed CLB 

CLB_1 CLB_2 CLB_3 

Propagation delay (ps) 411 1370 800 640 

Output enable time (ps) - 1190 803 

 

806 

Power (uW) 88 44 44 44 

Power delay product(f J) 36.17 60.28 35.28 28.16 
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V. CONCLUSION 

In this paper, new PFSCL CLBs design that exhibits a high impedance state at the output is presented. Three CLB 

topologies by modifying the load, current source and both of these are proposed. These topologies use a control 

signal ENABLE to isolate the CLB output. The functionality of the proposed topologies is verified, configured 

them as two input XOR gate, using TSMC 90nm CMOS technology parameters in SymicaDE version: 

3.1.0.0209. Performance comparison of among the topologies and the conventional reveals that proposed CLB_3 

exhibits high impedance state at the output as well as achieves the lowest the power delay product values. 
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