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                                     Abstract 
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In this work, a novel capacitor multiplier based on the 

Current Difference Transconductance Amplifier (CDTA) is 

introduced and constructed by using NMOS and PMOS 

transistors. The CDTA-based design integrates two primary 

stages: a Current Follower and a Dual-Output Operating 

Transconductance Amplifier (DO-OTA). Operating within a 

±0.9V range, the structure particularly features a PMOS 

transistor functioning between -0.5V to -0.9V. Notably, the 

capacitor multiplication factor exhibits tunability via the 

PMOS gate voltage, targeting low-frequency operations 

where large capacitor values are in demand. Performance 

investigation of the multiplier is given in basis of a 𝟐𝐧𝐝 order 

low-pass filter, revealing a cut-off frequency ranging from    

2.7 kHz to 7.1 kHz, suitable for the speech processing 

applications. The filter's power consumption is found as 1.5 

mW. Furthermore, by changing the 𝐕𝐆𝐒  of the PMOS, the 

multiplication factor varied from 120 to 300. To evaluate the 

robustness and efficacy of the design, a set of analyses are 

presented, including Monte-Carlo simulations, total 

harmonic distortion (THD) measurements, and noise 

assessments with the filter performance outcomes. A 

comparative analysis shows the improvements of the 

proposed design over the previous studies. 
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1. Introduction 
       

       In recent decades, there has been a marked surge in the 

demand for portable and wearable technologies. Such 

technologies encompass a broad spectrum, ranging from smart 

watches to diverse wireless devices common in modern consumer 

electronics [1,2]. Beyond traditional consumer utilities, speech 

recognition has emerged as a critical application, driving 

innovation and necessitating specific device requirements [3]. 

Speech recognition systems, especially in portable formats, 

demand high computational capabilities while being constrained 

by limited power budgets and form factors. All these factors listed 

herein collectively constitute the motivation for the inception of 

this study. 

       To address the challenges of minimal chip real estate, 

capacitor multipliers have been extensively explored [4,5]. By 

employing feedback mechanisms, these multipliers have 

demonstrated enhanced multiplication factors in both voltage and 

current mode designs [6,7]. In previous studies, active elements 

such as OTA, OPAMP, DVCC, CDTA, CFTA and VDTA have  

 

been integrated into capacitor multipliers to achieve desired 

performance metrics [8-16]. Meeting these requirements presents 

a unique set of challenges but also opens the door to countless 

opportunities in creating efficient, responsive and user-friendly 

interfaces.   

      It is necessary to underscore that these advanced devices often 

necessitate specific design criteria, particularly in the studies of 

low voltage, low power consumption, and minimized form factor 

to ensure optimal performance and user convenience. 
      In the studies of multiplier studies, designs can predominantly 

be categorized into voltage and current modes [4-15]. 

Specifically, within current mode designs, the multiplication 

factor, denoted as “k”, modulates the base capacitance as per the 

relation “CM = (1 + k) CB”. In this equation, “CB” represents the 

based capacitor value, whereas “ CM ” gives the enhanced 

capacitor value. 

       It is mandatory to highlight that the primary objective of this 

study is to achieve significant capacitance values crucial like as 

speech recognition functionalities operating at low frequencies in 

wearable devices, all while ensuring minimal power 

consumption. In this context, various methodologies have been 

proposed like as reducing the power supply requirements, 

tunability of multiplication factor, and working with specific 

frequency intervals [17].g  
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Fig. 1. Frequency Interval Of Voices 

spacing 

       This paper introduces a tunable capacitance multiplier 

realized through the use of CDTA as a primary active block. The 

design was entirely realized using TSMC 0.18µm CMOS 

technology. One of the critical features of this research is the 

capability of achieving multiplication factors coupled with 

minimal power consumption in specific frequency intervals. The 

multiplication factor is tunable, ranging from 120 to 350, based 

on the VGS voltage of external PMOS. 



      The proposed capacitance multiplier architecture is based on 

a CDTA, harmonizing performance, and efficiency. To verify the 

multiplier impact, a 2nd order low-pass filter, adapted for low-

frequency applications, was introduced as a demonstrative 

application. Comprehensive Monte-Carlo and temperature 

analyses were conducted to validate the multiplier robustness 

across varied operating scenarios. A noteworthy finding was the 

adjustability of the "k" multiplication factor in conjuction with the 

VGS of external PMOS, which ranged from -0.5V down to -0.9V. 

The entirety of the simulations was executed within the LT-Spice 

environment, ensuring consistent and reproducible results. 

       The organization of this paper is articulated as follows: 

Section II explores into the characteristics of CDTA, establishing 

its foundational role within the proposed design. Section III 

defines the proposed capacitance multiplier. Section IV presents 

a comprehensive set of simulation results for the proposed 

structure, providing empirical evidence of its performance. This 

section also incorporates a comparative analysis, compared 

studied work against previously studies to highlight 

advancements and improvements. Concluding remarks and 

potential future directions are summarized in Section V. 
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                   2. Characteristics Of CDTA with single 

spacing 
       The Current Differential Transconductance Amplifier 

(CDTA) provides as a fundamental building block in designs 

based on active elements. Conventional CDTA configurations are 

typically characterized by the integration of two blocks. Current 

Follower stage and Dual Operational Transconductance 

Amplifier (DO-OTA) blocks can be given as explained in [15]. A 

block representation of the CDTA can be found in the Fig.2. The 

generalized characteristics of CDTA are giaven Eq.1. 
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Fig. 2. Block Representation Of CDTA 
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       The complete architecture of the CDTA is represented in 

Fig. 3. Fundamentally, the CDTA occurs two primary modules: 

the current follower block and the DO-OTA configuration. The 

entire block diagram experienced modifications customized to the 

capacitor multiplier structure. To achieve optimal performance, 

the W/L ratios of the circuit were carefully determined. These 

W/L ratios for each transistor are represented in Table 1. The 

proposed CDTA architecture contains two seperate current 

sources, with each providing to a unique structure. It's remarkable 

that the current IB is lower than IC. The W/L ratios of the CDTA 

have been carefully determined to align with the design 

specifications of the proposed configuration. 

 

 

 

 

 

ng 

Table 1. Dimensions Of Transistors 
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TRANSISTOR Dimensions 

W L 

𝑀1𝐵 1 µm 0.36 µm 

𝑀2𝐵, 𝑀3𝐵, 𝑀4𝐵, 𝑀5𝐵 2 µm 0.36 µm 

𝑀6𝐵, 𝑀7𝐵, 𝑀8𝐵, 𝑀9𝐵 6 µm 0.72 µm 

𝑀1, 𝑀2, 𝑀3, 𝑀8 1.5 µm 0.36 µm 

𝑀4, 𝑀7, 𝑀9, 𝑀10 3 µm 0.36 µm 

𝑀5, 𝑀6 6 µm 0.36 µm 

𝑀1𝐶 , 𝑀2𝐶 9 µm 0.36 µm 

𝑀3𝐶 , 𝑀4𝐶 , 𝑀7𝐶 , 𝑀8𝐶 54 µm 0.36 µm 

𝑀5𝐶 , 𝑀6𝐶 , 𝑀11, 𝑀12 20 µm 0.36 µm 

𝑀13 10 µm 0.36 µm 

𝑀14 18 µm 0.36 µm 
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3. Proposed Capacitor Multiplier 
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       The block diagram of the proposed capacitor multiplier is 

represented in Fig. 4. This design functions effectively as a 

current mode capacitor multiplier. As illustrated in Fig. 4, a 

current determined as “k.I” crosses the feedback loop, while the 

base capacitance is primarily engaged by a current magnitude of 

“I” [6]. 

       A significant feature of the proposed architecture is its 

tunability, facilitated by the VGS voltage of the external PMOS. 

This PMOS provides the RO resistor within the circuit. It is 

relevant to note that the RO value is adjustable and dependent on 

the VGS voltage associated with the external PMOS. 

       Operating within the linear region, the behavior of the 

external PMOS can be mathematically expressed as detailed in 

Eq. 2 and Eq.3. 
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Fig. 3. Proposed Capacitor Multiplier 
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                                      RO ≅
1

kP  
W
L

(VSG − |VT|)
                         (3) 

 

                                  Z ≅
1

sCB + sCBgm(RZ//RO)
                       (4) 

                                             
       The impedance and multiplication factor of the proposed 

architecture are analytically expressed in Eq.4 and Eq.5, 

respectively. These mathematical representations were derived 

through strict analysis of both the block diagram and the internal 

configuration of the study. It is important to remember that these 



equations were provided without comprehensive parasitic effects 

of proposed structure. 

                                  k ≅ 1+ gmRO                              (5) 

 

4. Simulation Results 
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       In the present study, simulation results are obtained using the 

LT-Spice tool based on the 0.18µm TSMC CMOS technology. 

The proposed structure is worked by supply voltages of ±0.9V, 

with the exception of the external PMOS transistor, which 

operates in the range of -0.5V to -0.9V. Moreover, the specified 

current values are denoted as IB = 2µA  and IC = 30µA.  

       For the CDTA configuration to function as an effective 

capacitance multiplier, it is critical for the structure to present 

stable current transitions across the X+ and X- terminals. At the 

same time, the Z terminal should have a high impedance value. 

The transition characteristics and impedance values of the 

proposed circuit are simulated in LT-Spice simulation tool. 

       The shown that proposed structure can be work robustneslly. 

The transconductance values of the CDTA are determined as 

gm = 1000 µ𝑆 corresponding to the bias currents of  IB = 2µA  

and IC = 30µA.  

       And impedance value of Z terminal is measured 550 kΩ from 

1 Hz to 1 MHz. Additionally, RP =  7.2 kΩ and RN = 5 kΩ are 

measured from 1 Hz to 100 MHz.  

       The primary characteristic of the proposed circuit is its 

function as a capacitance multiplier. The multiplication factor is 

adjustable based on the VGS  voltage, which in turn modulates the 

RO resistance component of the impedance at Z terminal.  

1  
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Fig. 5. Tunability And Multiplier Features Of The Proposed 

Circuit 

      As indicated in Eq.4, the RZ value plays a significant role in 

influencing the multiplication factor. The factor can be adjusted 

robustly within a range of 120 to 300. This functionality is 

illustrated in Fig. 5. The variation due to temperature is depicted 

in Fig. 6. It is critical to note that the gain-frequency response of 

the proposed capacitance multiplier remains within acceptable 

limits when subjected to a temperature range changes from -40°C 

to +80°C. Both phase and amplitude responses exhibit minor 

deviations within this operating range. 
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Fig. 6. Temperature Effect On The Capacitance Multiplier 

Characteristics 
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      The filter application of proposed circuit is very important for 

demonstrate of success of the proposed structure. The different 

features of proposed circuit were investigated in different 

conditions. The capacitance multiplier based on CDTA 

implementation has been explored using a 2nd  order filter, as 

represented in Fig. 7. 

       In this research, the multiplication factor, denoted as k, is 

adjustable, ranging from 120 to 300. With this consideration, 

when RIN is set at 10 kΩ and VSG voltage changes between -0.5 

V and -0.9 V, the cut-off frequency of the 2nd order filter varies 

between 2.7 kHz and 7.1 kHz, as illustrated in Fig. 8.  

       Further, the filter exhibits a power dissipation of 

approximately 1.5 mW. Given its characteristics, the filter circuit 

proves to be operated for low-frequency applications such as 

speech recognition, where attributes like narrow bandwidth, 

minimal power consumption, and compact chip area are 

imperative. 
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Fig. 4. CMOS Implementation Of CDTA 
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Fig. 8. 2𝑛𝑑Order Low Pass Filter Response With Regard To 

Different 𝑉𝑆𝐺  

font with single spacing 

       The other important point of proposed filter is temperature 

sensitivity. The sensitivity of proposed filter changes is in the 

acceptable bounds when temperature changes from -40 °C to    

+80 °C. 
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Fig. 9. Temperature Effect On The Proposed Filter 
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      The linearity of the proposed 2nd order low pass filter can be 

verified by examining its transient response and total harmonic 

distortion (THD). Across a wide input amplitude spectrum, 
reaching up to 500mV Vp  @1kHz, the THD remains within 

acceptable levels, below 3%.  
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Fig. 10. THD Value With Regard To Input Signal 
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      As the cut-off frequency transitions from 2.7 kHz to 7.1 kHz, 

the total input-referred rms noise shifts from 61.4 mV to 25.5 mV. 

A detailed representation of the input-referred noise behavior can 

be observed as given in Fig. 11. 
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Fig. 11. Input referred noise behavior of the 2𝑛𝑑   
order filter 
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       The proposed second-order filter was subjected to testing 

using 100 independent Monte-Carlo seeds, varying passive 

elements and voltage supplies by ±10%. As illustrated in Fig. 12, 

the standard deviation of the filter's cut-off frequencies remains 

below 5%. Monte Carlo analysis was conducted to evaluate the 

lower and upper bounds of the cut-off frequency, demonstrating 

robust performance across diverse operating conditions. 

 

Fig. 7. 2𝑛𝑑 Order Filter Structure Based On The Proposed Multiplier Circuit 
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Fig. 12. Monte Carlo Analysis Of The 2𝑛𝑑 Order Low Pass 

Filter Lower Cut-Off Frequency 

ing 

5. Conclusions 
 

       In this paper, a novel capacitance multiplier structure based 

on the Current Differencing Transconductance Amplifier 

(CDTA) is presented. Considered specifically applications 

demanding high capacitance values within a restricted layout, 

such as speech recognition systems, the proposed solution is fully 

realized using 0.18um TSMC CMOS technology and performed 

using LT-Spice simulations. Remarkably, the multiplication 

factor “k” can be tuned between 120 and 300 based on the Vgs 

voltage, while minimally affecting power consumption, which 

finds as low as 720 μW. Moreover, the structure adaptability for 

a 2nd order low pass filter, exhibiting cut-off frequencies ranging 

from 2.7 kHz to 7.1 kHz, underscores its potential for low-

frequency applications, notably in the bounds of speech 

recognition systems. The comparative analysis as shown in     

Table 2, focusing on the Figure of Merit (FoM), further underlines 

its competitive performance. The chosen values for the Figure of 

Merit (FOM) have been selected with practical application in 

mind. Key parameters relevant to speech applications, namely 

OFR and MF, are specified in the numerator, while values 

associated with the area of layout and power consumption are 

placed in the denominator. It should be noted that the proposed 

circuit can be used for suitable frequency interval and 

multiplication factors in speech processing applications.  Future 

works aim to enhance the multiplication factor while 

simultaneously optimizing power consumption and post layout 

analyses. 

  FoM =  
max(MF) 𝑥 OFR

𝑃𝐶 𝑥 (𝐴𝐷+1) 𝑥 (𝑁𝑅+1) 𝑥  𝐶𝐵
 ( 

𝑀𝐻𝑧

𝑚𝑊 𝑥  𝑝𝐹 
 )     (6) 
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1 Hz 
30 KHz 

10 kHz 
8 MHz 

# of Active Devices (AD) 1 FVF 
2  

OTA 

1 VCII± 

1 E-DVCC 

1  
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1 

VDTA 

1 
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1 OTA 
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1 

ICFOA 
1 CDTA 
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