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Abstract— A floating fully passive memcapacitor 

emulator, characterized by two MOSFETs and two 

capacitors, has been introduced. This proposed 

memcapacitor emulator circuit underwent simulation 

using GPDK 90nm CMOS technology in conjunction with 

Cadence Virtuoso Spectre software. The analysis 

encompassed transient behavior, hysteresis 

characteristics, and its nonvolatile properties. Notably, 

the circuit demonstrated an impressive operating 

frequency of up to 500MHz. Key advantages of this 

proposed memcapacitor emulator comprise its compact 

design, minimal power consumption, ability to operate at 

high frequencies in the MHz range, and dynamic 

threshold features. Finally, the study extends its 

applicability to prospective analog applications, notably 

in applications like High pass and Low Pass Filter, 

utilizing the proposed memcapacitor emulator. 
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I. INTRODUCTION  

 

In 1971, Leon Chua introduced the concept of a new 

fundamental passive circuit element—the memristor—

completing the symmetry between the four basic 

electrical quantities: current, voltage, charge, and flux 

[1]. This was more than just a theoretical addition; it 

opened the door to an entirely new class of circuit 

elements capable of storing and processing information 

in a fundamentally different way. A few years later, 

Chua and Kang expanded on this idea, presenting a 

general framework for memristive systems that 

incorporate memory into their behavior [2]. 

For decades, the memristor remained a theoretical 

curiosity—until 2008, when Strukov et al. physically 

realized it in a nanoscale titanium dioxide structure [3]. 

This landmark discovery validated Chua’s early 

predictions and sparked a renewed wave of interest in 

circuit elements that "remember" their history. 

Following this, the concept of memory elements 

evolved further. Chua, Pershin, and Di Ventra 

introduced two more such devices: the memcapacitor 

and meminductor—capacitive and inductive elements 

with memory [4]. Together, these elements form a 

broader family known as memory circuit elements, 

which are now being explored for their potential in 

neuromorphic computing, non-volatile memory 

systems, and even quantum and digital logic [5]. 

Beyond theory, researchers have begun to propose 

various physical implementations and behavioral 

models for these devices. For example, Biolek and 

colleagues developed SPICE-compatible models for 

simulating these elements [9], [10], while Yin et al. [11] 

and Radwan and Fouda [12] contributed in-depth 

mathematical insights that help distinguish their 

dynamic behaviors. 

Memcapacitors, in particular, have emerged as 

fascinating devices—offering nonlinear, history-

dependent charge-voltage behavior. They’ve been 

investigated for a variety of applications, from chaotic 

systems [7] to spintronic memory [6]. Several efforts, 

such as those by Setoudeh and Dezhdar, have even 

aimed at building memcapacitor emulators using 

practical circuit techniques [8]. 

The evolution of analog filter realizations, as illustrated 

in the table, reveals a systematic advancement in both 

circuit design philosophy and performance metrics. 

Beginning with [13], the design uses 2 VDCCs along 

with a modest set of passive elements, achieving a 10 

kHz operation with grounded components and full 
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tunability—representing a foundational, yet flexible 

architecture. Subsequently, references [14a] and [14b] 

employ combinations of CCIIs, OTAs, and multipliers, 

maintaining similar frequency ranges (~2 kHz), still 

grounded, and with simulation or experimental 

validation confirming their functionality. Reference 

[15] marks a significant improvement, employing an 

FDCCII-based design reaching 1 MHz, indicating a 

deliberate shift toward higher speed operation. The use 

of only capacitors as passive elements in [16] and [17] 

suggests a design emphasis on integrability and 

compactness, with [16] retaining tunability and [17] 

sacrificing it, likely for structural simplicity. 

References [20] to [25] introduce floating topologies, 

beginning with DXCCDITA ([20]) and continuing with 

hybrid combinations involving CBTAs, OPAMPs, and 

multipliers. These designs gradually increase 

complexity and passive element counts, while also 

covering a broader frequency range (from 25 kHz in 

[25] to 1 MHz in [20]), maintaining electronic tunability 

and simulation-backed validation. Notably, [26] and 

[27] stand out, with [27] achieving an impressive 24 

MHz using OTA, UGA, and MOS capacitors, indicating 

a leap in design capability and bandwidth efficiency. 

References [28] through [35] include various grounded 

and floating designs combining multipliers, OPAMPs, 

microcontrollers, and VDTAs. Frequencies vary 

drastically here—from as low as 5 Hz ([29]) to moderate 

MHz ranges ([26]), reflecting diverse application 

scopes. Entries such as [30] and [31] explore 

optoelectronic and mixed-mode OTA configurations, 

pushing the envelope on tunability and novel element 

integration. By [35], DVCC-based designs integrate 

multiple current conveyors and OTAs, underscoring the 

trend toward modular, reconfigurable circuits with 

sustained tunability. 

The final section, [36] through [44], represents a marked 

advancement in terms of high-frequency performance 

and integration level. Reference [36] reaches 80 MHz 

using parasitic capacitors, while [39] and [40] 

demonstrate designs pushing toward 100 MHz 

operation, showcasing minimal passive use and strong 

tunability. These implementations often rely on MO-

OTAs, advanced multipliers, and microcontroller-

assisted architectures. Floating implementations 

become dominant here, underlining their increasing 

relevance in modern filter design. These circuits 

frequently dispense with traditional resistive and 

capacitive networks, suggesting a move toward fully 

integrated, CMOS-compatible solutions, optimized for 

compactness and performance. 

The presented research paper goes through the 

following outlines such as Section II focuses on the 

proposed memcapacitor emulator schematic diagram 

and mathematical analysis, Subsequently, Section III 

presents the different analyses through simulation using 

the 90nm GPDK technology. The comparison is 

discussed in Section IV with the existing memcapacitor 

emulator circuits. Section V concludes the proposed 

work and the future scope. 
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Fig. 1. Relationship between terms related to fundamental elements. 

 

II. PROPOSED MEMCAPACITOR EMULATOR 

 

This study introduces a circuit as illustrated in Fig. 2. 

The proposed memcapacitor emulator is a hybrid 

CMOS-based analog circuit designed to replicate the 

fundamental characteristics of an ideal memcapacitor 

through voltage-controlled dynamics. It comprises a 

complementary pair of PMOS and NMOS transistors 

operating in the saturation region, with their gates driven 

by a combination of the input voltage Vin(t) and a bias 

voltage VB=-VC1⋅VC2. This bias voltage is generated 

using an analog multiplier that takes the product of the 

voltages across capacitors C1 and C2, effectively 

introducing a nonlinear, state-dependent feedback 

mechanism. Capacitor C2, connected at the output node 

VC2, captures the evolving state of the emulator, thereby 

exhibiting charge-voltage characteristics that vary with 

the system's past inputs—an essential feature of 

memcapacitive behavior. The unique structure enables 

the emulator to exhibit memory-dependent capacitance 

without relying on physical memory materials, offering 

a scalable, tunable, and energy-efficient approach for 
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neuromorphic computing, signal processing, and 

memory circuit applications. The aspect ratio (W/L) is 

illustrated in Table 1 

 
Fig. 2. Circuit diagram of proposed memcapacitor 

emulator. 
 

TABLE I W/L RATIO OF USED MOSFETS 

MOSFETs Type W/L Ratio (µm) 
M1 N-type MOS 5 µm/ 

0.5 µm 
P1 P-type MOS 12 µm/ 

0.225 µm 
 

III. SIMULATION RESULTS 
 

The simulation part of the proposed MCE is discussed 

in this section. CVS tool with 90 nm GPDK technology 

illustrates every observation. Supply voltages VDD = 

0.8V and VSS = -0.8 V and using C1 and C2 values of 10 

pF and 25 pF, respectively, the proposed MIE 

characteristic graphs were plotted using bias voltages 

VB = -0.8V. 

The objective is to observe the transient characteristics 

of the proposed MCE. The transient response for the 

memcapacitive behavior of this MCE is tracked with a 

sinusoidal input signal (Vin = 500 mV and fin = 50 MHz). 

Fig. 3 illustrates the phase lag between voltage (v) and 

input current, hence displaying the capacitive character 

of the proposed MCE. Figs. 3 and 4 show the waveform 

of input current (i), charge(q), and voltage (V), for the 

proposed MCE. 

 
Fig. 3. Transient behaviour of MCE (Input voltage and input 

current). 

 
Fig. 4. Transient behaviour of MCE (Integration of input current 

as input charge and input voltage). 

 

Non-volatile behavior of semiconductors is among 

their most significant features. It is expected that the 

memcapacitive will vary accordingly throughout the 

ON duration of a pulse signal and remain constant in 

its OFF duration. We observe this nonvolatile behavior 

using a pulse input signal (V1 =100 mV, V2 = 0 mV, 

TON =5 ps, and an TOFF = 5 ps). The ratio of charge (q) 

and the input voltage (v), Fig. 4 shows the 

memcapacitance. Fig. 5 makes clear that the 

memcapacitance stays constant throughout the OFF 

time of the input pulse and rises linearly during the ON 

time. This observation supports the non-volatile nature 

of proposed MCE. 

 
Fig. 5. Non-volatile characteristics of proposed MCE circuit. 

 

Under a sinusoidal signal, the proposed MCE also 

shows a key characteristic known as a pinched 

hysteresis loop (PHL) in the charge (q) against the 

voltage (v). The PHL curves are displayed in Fig. 6 to 

Fig. 11 for the input sinusoidal signal with the different 

frequencies and an amplitude of 500 mV. The 

dumbbell-shaped PHL curve with zero crossover 

supports even more the memcapacitive behavior of the 

proposed MCE. PHL curves over the range of  10 MHz 
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to 500 MHz, MIE are shown in Fig. 6 to Fig. 11. PHLs 

are also observed at some high frequencies over the 

range of 10 MHz to 500 MHz, as shown in Fig. 8 to 

Fig. 11. We can observe the non-ideal properties of the 

proposed MCE circuit and shifting of pinching at high 

frequencies. 

 
Fig. 6. PHL curve (fin: 10 MHz to 500 MHz, Vin =500mV) 

 
Fig. 8. PHL curve (fin =10 MHz, Vin = 500 mV).  

 
Fig. 9. PHL curve (fin =20 KHz, Vin = 400 mV).  

 

Many applications depend on capacitive tuning, 

hence the circuit's capacitance tunability has to be 

investigated. Variations in capacitance affect the PHL 

curve, therefore establishing the capacitance tuning of 

the circuit. The PHL curves of the proposed MCE with 

input signal (fin =50 MHz, Vin = 500 mV) at various 

values of C2 and C1 are examined. Fig. 13 shows the 

PHL curves with zero crossing for variations in 

capacitance C2 between 25 pF and 50 pF. These graphs 

show the really good capacitance tuning ability of the 

proposed MCE. Likewise, Fig. 12 shows the zero 

crossing PHL curves generated with a variation in 

capacitance C1 between 10 pF and 100 pF. 

 
Fig. 12. PHL curve (C1: 100pF to 1nF). 

 
Fig. 13. PHL curve (C2: 25pF to 50pF). 

 
Fig. 14. PHL curve (Vin : 50 mV to 1 V). 

Electronic tunability is another important feature of 

proposed MCE in reaction to changes in applied bias 



InRACS - International Conference on Recent Advancements in Computing ISSN: 2349-6002 

and System Design 
 

182951 © July 2025 | Volume 12 Issue 2 | IJIRT | www.ijirt.org 20 

InRACS 2025 

voltage or current. Fig. 15 illustrates the PHL curve over 

a range of VB values from -800 mV to -1 V. It illustrates 

the electronic tunability characteristic of the proposed 

MCE. With the range of 50 mV to 1 V at a frequency of 

50 MHz, Fig. 14 displays the PHL curve of the proposed 

MCE circuit for various input supply voltages. 

 
        Fig. 15. PHL curve (VB: -300 mV to -1 V). 

 
        Fig. 16. PHL curve (-700C to 700C). 

We have investigated the reaction of the proposed MCE 

for temperature fluctuations between -70°C and +70°C. 

The PHL curve is shown in Fig. 16 together with the 

expected memcapacitor behavior across the specified 

temperature range. Consistent shapes in the PHL curves 

supports the proposed MCE efficient operation as a 

memcapacitor emulator. 

 

IV. COMPARISON AND DISCUSSION 

 

Following this, a comprehensive comparison was 

undertaken to assess the proposed meminductor 

emulator circuit about existing counterparts [19-27] 

consisting of different parameters such as active 

devices, MOSFET counts, which is higher in  [19, 20, 

23, 26], passive components, operating frequency, 

tunability [19, 23, 24, 25] or non tunable [20, 21, 22, 

26], and power consumption which is higher with the 

more number of MOSFETs [24, 27].  
 

The most disadvantage of the existing memcapacitor 

emulator circuits is complexity. The proposed MCE has 

the following advantages: 

1. There is no active building block used. 

2. This is a very simple circuit. 

3. Only two MOSFETs are used with two capacitors. 

The consumption of power is few microwatts because 

of no use of active building blocks. The comparison is 

outlined in Table II. 
 

V. CONCLUSION 
 

In this work, a novel CMOS-based memcapacitor 

emulator has been proposed and analysed. The circuit 

leverages the nonlinear dynamics of a complementary 

PMOSNMOS configuration, with a feedback-controlled 

gate bias to emulate the charge-dependent behavior of a 

memcapacitive device. Simulation results reveal that the 

circuit performs satisfactorily. Moreover, the study 

evaluates the impact of temperature changes, therefore 

confirming the durability of the circuit in several 

conditions. The key outputs of this work are lower 

component count, more design simplicity, and 

consistent performance under several situations. These 

qualities make the proposed MCE a strong component 

for future applications in signal processing, 

neuromorphic computing, and programmable analog 

circuits. To verify the practicality of the circuit, 

experimental validation will be required for further 

research. 
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REF No of active elements No of passive 

elements 

Max 

operating 

frequency 

Grounded 

/floating 

Electronically 

Tunable 

Exp results/ 

Simulation 

results 

[13]         2 VDCCs 2R, 2C 10 kHz Grounded Yes Both 

[14a] 2 CCIIs, 1 multiplier 1R, 3C 2 kHz Grounded Yes Both 

[14b] 1 CCII, 1 OTA, 1 multiplier 3C 2 kHz Grounded Yes Simulation 

[15] 1 FDCCII, 1 multiplier, 2 

transistors 

3C 1 MHz Grounded Yes Simulation 

[16] 2 VDTA 2C 500 kHz Grounded Yes Both 

[17] 2 CCIIs, 1 OTA 2R, 2C 700 kHz Grounded No Both 

[20] 1 DXCCDITA 1R, 2C 1 MHz Floating Yes Simulation 

[21] 2 CBTA, 1 multiplier 2R, 2C 100 kHz Floating Yes Simulation 

[22] 2 VDCC 1R. 2C 700 kHz Floating Yes Simulation 

[23] 4 CCIIs, 2 OPAMPS, 1 

multiplier 

9R, 2C 86.6 kHz Floating No Both 

[24] 4 AD844s, 1 TL084 6R, 2C, 1 

varactor diode 

8 kHz Floating No Both 

[25] 2 CCIIs, 1 multiplier 1R, 2C 25 kHz Floating No Both 

[26] 1 VDTA, 1 OTA, 1 Buffer 1R, 3C 1.2 MHz Floating Yes Both 

[27] 2 OTA, 1 UGA, 2 MOS 

Capacitors 

1R 24 MHz Floating Yes Both 

[28] 1 Multiplier, 3 CCII 3R, 2C 5 kHz Grounded No Both 

1 Multiplier, 1 OPAMP, 5 

CCII 

5R, 2C 5 kHz Floating No Both 

[29] 1 OPAMP, 1 ADC, 1 

Microcontroller 

2R, 1C 5 Hz Grounded No Simulation 

[30] 5 OPAMP, 1 LDR 13R, 2C 10 Hz Grounded No Both 

[31] 1 Multiplier, 2 MO-OTA 2R, 2C 10 Hz Grounded Yes Both 

[32] 2 CCII, 1 ADC, 1 

Microcontroller 

2R, 2C 1 Hz Grounded No Simulation 

[33] 1 Multiplier, 2 CCII, 3 

OPAMP 

4R, 2C 900 Hz Grounded No Simulation 

[34] 1 Multiplier, 2 OPAMP, 1 

Diode 

1R, 2C 25 Hz Grounded No Both 

[35] 2 DVCC (2 OTA, 2 CCII) 2R, 2C 100Hz Grounded Yes Both 
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[36] 1 CCII, 2 CCCII, 2 buffers No ( Parasitic 

Capacitors) 

80 MHz Grounded Yes Simulation 

[37] 2 Multiplier, 2 MO-OTA, 4 

Transistors 

1R, 1C - Floating Yes Simulation 

[38] 1 Multiplier, 2 MO-OTA 2R, 2C 2 kHz Grounded Yes Simulation 

[39] 1 Multiplier, 4 Transistor - 100 MHz Floating Yes Both 

[40] 1 VDTA 2C 50 MHz Floating Yes Both 

[41] 1 VDCC 2C 50 MHz Floating Yes Simulation 

[42] 3 CFA 1R, 1C - Floating Yes Both 

[43] 1 VDCC 1R, 3C 50 MHz - Yes Both 

[44] 1 mVDCC, 2 Transistors - - Floating Floating Both 

Proposed 

Work 

2 Transistors 2C 500 MHz Floating Yes Simulation 


