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              Abstract 

The paper presents a single Operational Trans-resistance Amplifier (OTRA) based novel, low 

power and a high multiplication factor achieving, grounded capacitance multiplier. The 

multiplicative gain is tunable with high precision over decades. The proposed structure enjoys two 

degree of freedom in terms of simulating a multiplied capacitance adding to its versatility. The 

circuit also portrays a high nature of uniformity and compactness by utilizing a single active block 

along with a voltage buffer thereby, reducing the silicon area consumption on the chip making it 

ideal for integration purpose. The design proposed imposes only a single matching condition. 

Temperature independence can be ensured by replacing the floating impedance by Operational 

Trans-conductance Amplifier (OTA) simulated floating resistor. Thus, it would contribute towards 

the circuit robustness and support large number of applications in areas ranging from industries to 

military discipline. The theoretical estimates mentioned above are justified through spice 

simulation using 180nm CMOS technology. Various filter topologies have been implemented 

utilizing the simulated multiplied capacitance. Frequency response has been presented in order to 

justify the soundness of the presented circuit. 

 

 

1. Introduction 
Lots of research has been done recently on integrating systems 

having varied nature on the same silicon chip to gain compactness 

and low power consumption. The foremost motivations behind this 

include low cost, higher speed, portability and putting more 

functions on the same silicon piece. Areas which use capacitive 

sensors or deal with low frequency signal processing applications 

require bulky capacitors [1-2] which occupy large silicon area so 

their usage is limited though they provide better results. A 

capacitance multiplier circuit, which multiplies the small 

capacitance embedded on chip to emulate a large capacitance value, 

can prove to be a credible solution.  

The voltage-mode capacitance multipliers [3-4] employing 

operational amplifiers (op-amp) have slew rate and gain limitations. 

Different capacitance multiplier circuits [5-15] have been designed 

using current mode building blocks. These circuits-  

a) use of extensive number of active blocks or passive circuit 

elements [6, 8, 18-19].  

b) consume larger power [7-8]. 

c) achieve limited multiplication factor [5,11-12,15]. 

d) have capacitor associated with a terminal that results in an 

extra pole. It leads to smaller operational bandwidth [12-14]. 

Operational Trans-resistance Amplifier (OTRA) is a multi-purpose 

active block [16-17] which has been utilized in applications like 

current mode filters, phase detectors and admittance simulators [18]. 

A capacitance multiplier circuit directing around the use of 

Operational Trans-resistance Amplifier (OTRA) is put forward in 

this paper. The proposed circuit comprises of two active elements 

and uses single floating capacitor to produce a large grounded 

capacitor. The 

main highlight of the circuit is its low power operation that gives it a 

superiority over other works. Different values of the resistors can be 

chosen to obtain the desired multiplication factor. The proposed 

circuit comes with high bandwidth and a resolution close to 1pF.  

2. The Operational Trans-resistance Amplifier 

(OTRA) 
Recently, OTRA is being used extensively as an alternate analog 

building block owing to its inheritance of advantages from current 

mode techniques. Parasitic resistance and capacitance have been 

nullified to a large extent by internal grounding of both input 

terminals of OTRA.   
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The circuit symbol of OTRA is given in Figure 1. The terminal 

characteristic of OTRA are given by Eq(1)    

Vp = 0, Vn = 0, Vo =  Rm(Ip − In)                                     (1) 

Where Ip and In  represent currents in the positive and negative 

terminals, 𝑅𝑚  represents the trans-resistance of OTRA and 𝑉𝑜 

represents the output voltage.  

For most cases it can be assumed that Rm  →  ∞  and thus from 

Eq(1) it can be concluded that: 

Ip =  In                                                                           (2) 

Fig. 1: OTRA circuit symbol 

3. Proposed Capacitance Multiplier Design 
The circuit of proposed capacitance multiplier is depicted in Figure 

2. It emulates a grounded capacitor. The main advantage of the 

proposed circuit is its clarity and simplicity. Considering Eq(2) the 

input impedance of proposed circuit is computed as: 

From Eq(3) we have two degrees of freedom, i.e. anyone Z1 or Z3 

can be selected as the capacitor to form the capacitance multiplier. 

Selecting Z3  as capacitor of value Cs, and Z1  and Z2  as resistors of 

values R1 and R2 the input impedance is capacitive and the value of 

capacitance is obtained as 

 
Fig. 2. Proposed Capacitance Multiplier   

𝑍𝑖𝑛 =  
𝑍1𝑍3

𝑍2
                                                                (3) 
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Ceq =
CsR2 

R1
                          (4)                                       

or 

Ceq  = KmCs                                                                          (5) 

where 𝐾𝑚 is the multiplication factor and its value is given by:   

Km =
R2 

R1
                                                                                                                                     (6) 

To add the functionality of electronical tunability in the circuit the 

floating resistors can be implemented using Operational 

Transconductance Amplifier (OTA). The small signal equivalent of 

OTA is presented in Figure 3(a) and resistor configuration is 

depicted in Figure 3(b). The value of resistor is reciprocal of tunable 

transconductance (gm) possessed by the OTA where,  gmα √IB (IB 

is bias current). 

Since the transconductance ( gm ) is directly proportional to the 

square root of the biasing current (IB) , so by varying the bias 

currents we can vary the gain over several decades. 

 
(a) 

 
(b) 

Fig. 3. OTA (a) Equivalent circuit (b) as floating resistor 

The effective capacitance of the circuit thus becomes:  

Ceq =
Csgm2 

gm1
            (7)                                        

Substituting the value of gm in Eq(7) yields in Eq(8) 

Ceq = Cs√
IB2

IB1 
             (8)                              

From Eq(8) it can be seen that the proposed multiplier becomes 

temperature independent. Also, it is electronically tunable and a 

wide range of capacitance values may be obtained by varying bias 

currents over the range of nano-amperes to milli-amperes. 

4. Simulation and Discussions 
The functionality of the proposed circuit is examined through 

SPICE simulations using 180nm CMOS technology with ±1.5V 

supply voltages. CMOS based schematic OTRA is shown in Figure 

4 and aspect ratios for various transistors are enlisted in Table 1. 

Table 2 enlists the measured values of the performance parameters 

for the OTRA used for implementing the circuit. The bias current 

has been adjusted to 22.02 uA and the bias voltage tuned to -0.83 V. 

Table 1.  Aspect ratio (W/L) of transistors for otra 

Transistors W(um) L(um) 

M1-M3 14.4u 0.36u 

M4 1.44u 0.36u 

M5-M6 4.32u 0.36u 

M7 1.44u 0.36u 

M8-M11 7.2u 0.36u 

M12-M13 14.4u 0.36u 

M14 7.2u 0.36u 

 

 
Fig. 4. CMOS schematic of OTRA [17] 

The open loop gain and the phase plot are also being 

portrayed in Figure 5 to accept the robust functionality of the 

circuit. 

 
Fig. 5(a). Open-loop gain of the OTRA depicted in Figure 4 

 
Fig. 5(b). Phase of the OTRA output voltage depicted in Figure 4 

Table 2. Performance parameters of OTRA 

Parameter Value 

Technology 180 nm 

Supply(VDD,VSS) 1.5V, -1.5V 

No. of Transistors 14 

DC Open loop Trans-resistance Gain 107dBΩ 

Input Resistance (Differential) 4.35KΩ 

Gain Bandwidth Product 4.915x1012THzΩ 

Figure 6, shows the magnitude and phase plot simulations of the 

proposed circuit for various values of  Km . Figure 7 shows the 

transient response at the input impedance node where it is seen that 

the phase difference between the current and voltage is +90o, hence, 

it matches with the phase property of a capacitor.  
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Some insignificant errors are observed which are mainly due to 

internal parasitic elements and the error tends to increase at higher 

frequencies. Hence, the multiplier circuit has a practical frequency 

range from 100Hz to 1MHz. 

The SPICE results shown in Figure 6 verify the theoretically 

proposed results. The power consumed by the multiplier circuit with 

±1.5V supply voltages and multiplication factor of 160 is 

approximately 0.531mW. 

 
Fig. 6. (a): Magnitude (in dB) of input impedance for various Km 

values with Cs=1 nF 

 
Fig. 6. (b): Phase (in degrees) of input impedance for various Km 

values with Cs=1 nF 

The performance of proposed circuit in terms of number of active 

and passive elements used, multiplication factor, frequency range 

and power consumption is summarized in Table 3.  

 
Fig. 7.Transient Response for the Input impedance depicting current 

leading the voltage by 90 degrees. 

5. Application 
To formally accept the performance of the proposed capacitance 

multiplier using OTRA, a band reject filter (Figure 8(a)) and a band 

pass filter (Figure 8(b)) is implemented. In both the cases the 

Capacitor C is replaced by the simulated capacitor. The values of 

the passive components used of simulation of filters are mentioned 

in Table 4 and Table 5 for BPF and BRF respectively. A 

multiplication factor of 160 is generated by utilizing the proposed 

capacitance multiplier.  The central frequency lies in the Very Low 

Frequency (VLF) range apt for navigation, tracking and audio 

telephonic systems. 

Table 3. Performance comparision 
Paper No. of 

Active 
Elements 

No. of 

Passive 
Elements* 

Multiplicati

on Factor 

Frequency 

Range 

Power 

Consumpti
on 

REF[3] 3 0 NA NA NA 

REF[4] 2 4 NA ~1 MHZ NA 

REF[5] 2 2 100 Upto 
1MHz 

NA 

REF[6] 4 0 100000 Upto 3 

MHz 

0.565mW 

REF[7] 3 0 214 Upto 10 
kHz 

3mW 

REF[8] 4 0 NA Upto 

3MHz 

7.32mW 

REF[9] 3 0 1000 NA NA 

REF[10] 2 0 100000 Upto 

1MHz 

0.822mW 

REF[11] 1 2 Upto 50 100KHz – 
6MHz 

NA 

REF[12] 1 0 100 NA 700nW 

REF[13] 2 2 100000 NA NA 

REF[15] 3 0 Upto √10 Upto 
10MHz 

NA 

REF[18] 

 

3 5 100000 10Hz – 

1MHz 

51.22uW 

 

REF[19] 3 6 NA Upto 
10MHz 

NA 

P.C. 2 3 160 100Hz-

1MHz 

0.531mW 

*Excluding source Capacitor 

The transfer function of the band reject filter and band pass filter is 

given by: 

𝐻𝐵𝑅(s) = 
s2 + 

1

LC

s2 + s
 R

 L
 + 

1

LC

                                                                (9) 

𝐻𝐵𝑃(s) = 

𝑠

𝑅𝐶

s2 + s
 1

 RC
 + 

1

LC

                                                            (10) 

The central angular frequency is given by: 

ω0
2 =

1

LC
       (11)                                                                        

      And the Quality factor is given by: 

QBR =
1

R
√

L

C
,          QBP = R√

C

L
                 (12) 

 

 

 

 

 

 

 

 

 

 

Fig. 8 (a) Band Reject Filter (b) Band Pass Filter 

Table 4. Passive component values used for BRF 

Component/Centre Frequency fo= 3.98 kHz 

C 160nF (1nF*160) 

L 10mH 

R 100Ω 

Table 5. Passive component values used for BPF 

Component/Centre Frequency fo= 3.98 kHz 

C 160nF (1nF*160) 

L 10mH 

R 2kΩ 
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The magnitude and phase plots for the band reject filter and band 

pass filter is shown in Figure 9(a) and Figure 9(b) respectively. The 

center frequency is fixed to 3.98 kHz for both the filters. The 

simulated value Figure 9 and the calculated value are very close to 

each other. For the band reject filter the quality factor obtained is 

2.5 and the total power consumption is 0.749mW and with 

bandwidth of 159.15 Hz. For the band pass filter, bandwidth is 

found to be 49.73Hz, with quality factor of 8 and power dissipation 

of 0.755mW. Thus, decent performance of the proposed capacitance 

multiplier circuit is verified by the simulation results with both filter 

having a quality factor of greater than unity. 

 
Fig. 9(a): Frequency Response for notch filter centered at 3.98 kHz  

 
Fig. 9(b): Frequency Response for band pass filter centered at 3.98 

kHz  

6. Conclusions 
This communication proposed a grounded capacitance multiplier 

using Operational Trans-resistance Amplifier (OTRA). The circuit 

consists of single OTRA block along with a floating capacitor. The 

PSPICE simulation results also support the stated advantages. The 

power consumed at ±1.5V supply voltages is about 0.531mW. The 

use of OTA based floating resistor is also suggested to make the 

circuit temperature insensitive and electronic tunable which are 

striking features for IC production. Finally, a band reject filter and a 

band pass filter is implemented using the simulated capacitor.  
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