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Abstract 

The objective of this study is to present four new universal biquad filters, two voltage-mode 

multi-input-single-output (MISO), and two current-mode single-input-multi-output (SIMO). The filters employ one 

voltage differencing current conveyor (VDCC) as an active element and two capacitors along with two resistors as 

passive elements. All the five filter responses, i.e., high-pass, low-pass, band-pass, band-stop, and all-pass responses, 

are obtained from the same circuit topology. Moreover, the pole frequency and quality factor are independently 

tunable. Additionally, they do not require any double/inverted input signals for response realization. Furthermore, 

they enjoy low active and passive sensitivities. Various regular analyses support the design ideas. The functionality 

of the presented filters are tested by PSPICE simulations using TSMC 0.18 µm technology parameters with ± 0.9 V 

supply voltage. The circuits are also justified experimentally by creating the VDCC block using commercially 

available OPA860 ICs. The experimental and simulation results agree well with the theoretically predicted results. 
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1. Introduction 

Analog filters are one of the most important parts of the field of electronics. They find wide applications in high-speed 

communication, instrumentation, sound system, control engineering, and electroacoustics [1]. A filter that offers all the five 

filter responses, i.e. high-pass (HP), low-pass (LP), band-pass (BP), band-stop (BS), and all-pass (AP), in a single circuit 

configuration is known as universal filter. Due to several distinct advantages of current-mode active devices, such as high 

speed, high dynamic range, low power dissipation, high slew rate, better linearity, low cross-talk, etc. [2], analog circuit 

designs using current-mode active devices have gained increasing interest.  

Several universal filters using various current-mode active devices, such as differential voltage current conveyor (DVCC) 

[1], voltage differencing buffered amplifier (VDBA) [3], extra X current conveyor transconductance amplifier (EXCCTA) [4], 

current differencing buffered amplifier (CDBA) [5], multiple-output current controlled current conveyor transconductance 

amplifier (MO-CCCCTA) [6], differential difference current conveyor transconductance amplifier (DDCCTA) [7], 

four-terminal floating nullor (FTFN) [8], dual X current conveyor differential input transconductance amplifier (DXCCDITA) 

[9], differential voltage current controlled conveyor transconductance amplifier (DVCCCTA) [10], current controlled 

differential difference current conveyor transconductance amplifier (CCDDCCTA) [11], operational transconductance 

amplifier (OTA) [12-13], second generation current conveyor (CCII) [13], fully differential second generation current 
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conveyor (FDCCII) [14], voltage differencing transconductance amplifiers (VDTA) [15], differential difference current 

conveyor (DDCC) [16], extra X current controlled conveyor (EXCCCII) [17], voltage differencing extra X current conveyor 

(VD-EXCCII) [18], etc. have already been reported in literature. However, these filters suffer from one or more of the 

following disadvantages: 

� Use two or more active devices [3-5, 12, 14-16]. 

� Comparatively large supply voltage is needed [4, 6-7, 9-10, 12, 18]. 

� Use double/inverted input signals [3, 6, 8-9, 13, 17]. 

� Unsuitable for IC implementation [4-5, 8-9, 13-14, 17-18]. 

� Pole frequency and quality factor are not independent of each other [8, 11, 13]. 

� Pole frequency and quality factor are not electronically tunable [1, 5, 8, 14]. 

� Dissipate comparatively large power [1, 3-18]. 

� Use mixed active devices [13]. 

Presently, the voltage differencing current conveyor (VDCC) has emerged as an alternative analog device incepted by 

Biolek in 2008 [19]. The advantageous features of VDCC are that it offers electronically tunable transconductance gain, large 

bandwidth, and high accuracy. 

Though several biquad filters employing VDCC as an active device are reported earlier, they are not free from limitations. 

For example, in [20], three filters employing a single VDCC have been reported, but all these circuits perform only in 

voltage-mode. Furthermore, the second and third circuits cannot realize all the five types of filter responses. The VDCC based 

universal biquad filter reported in [21] works only in current-mode. Despite that, the center frequency of that circuit is 

comparatively low. A universal current-mode Kerwin-Huelsman-Newcomb (KHN) biquad filter has been mentioned in [22], 

but two VDCCs are necessary for this circuit. A current-mode universal filter has been described in [23]. The circuit also needs 

two VDCCs. The voltage-mode Tow-Thomas filter reported in [24] requires two VDCCs, two capacitors (2C), and five 

resistors (5R). Additionally, the circuit offers only the BP and LP filter responses.  

The single VDCC based filter circuit proposed in [25] offers only LP, BP, and HP filter responses. Moreover, the quality 

factor and center frequency are not independently tunable. In [26], a voltage-mode biquad filter based on VDCC has been 

reported. However, three active blocks, 8R, and 2C are required to realize it. Also, this circuit cannot deliver all the five filter 

responses. A biquad filter using VDCC has been reported in [27]. The circuit provides only HP, LP and BP filter responses. 

The VDCC based universal filter reported in [28] offers only voltage outputs. The pole frequency and quality factor are not 

independently tunable for this configuration. In [29], a ladder filter has been reported. The circuit uses two VDCCs, 4R, and 5C. 

It offers only HP and LP filter responses. The VDCC based current-mode universal filters reported in [30-32] employ two 

active building blocks and four passive components. The center frequencies of these circuits are comparatively low. Besides, 

they offer comparatively large distortions. In [33], another current-mode universal filter has been reported. It also uses two 

VDCCs. Despite that, a large power supply is needed to realize this circuit. The transconductance-mode universal filter 

informed in [34] has the limitation that it employs multiple VDCCs and a large number of passive components. Furthermore, it 

needs a large power supply. 

In this paper, four new configurations of the universal biquad filter (two voltage-mode MISO and two current-mode 

SIMO) using VDCC and four passive components (two resistors and two capacitors) are introduced. The circuits are fit for 

integrated circuit implementation. They are capable of delivering all basic filter responses without any alternation in the circuit 

topologies. The pole frequency (ωo) and quality factor (Q) are independently tunable. Also, the value of ωo and Q can be 

adjusted electronically without hampering bandwidth. There are no requirements for double/inverted input signals in the MISO 
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configurations. Moreover, all the circuits possess low active and passive sensitivities. It is worth mentioning that the 

voltage-mode configurations offer three different BP responses (two non-inverting and one inverting). The current-mode 

configurations also provide two distinct and different BP as well as LP responses (one inverting and one non-inverting for the 

second topology and all non-inverting for the first topology).  

2. Voltage Differencing Current Conveyor (VDCC) 

VDCC is a six-terminal active device. It is basically the combination of an OTA and a CCII. The block diagram of VDCC 

is shown in Fig. 1, where p and n are high impedance input ports, z, ωp, and ωn are high impedance output ports, and x is the 

low impedance output port. 

 
Fig. 1 Block diagram of VDCC 

The ideal matrix equation of VDCC is defined as: 
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(1) 

where gm is the transconductance gain of the device and can be tuned electronically by changing the bias current (IB1). CMOS 

implementation of VDCC is shown in Fig. 2 [22]. In Fig. 2, the terminals zc and zc- are the two z-copy terminals carrying 

complementary differential current available at the z-terminal. The currents at those terminals are given by ��� � �� � �����. 

 
Fig. 2 Internal structure of CMOS VDCC [22] 

3. Proposed Filter Circuits 

3.1.   Voltage-mode filters 

Figs. 3(a) and 3(b) represent the proposed first and second voltage-mode filter circuits respectively. The output voltage Vo 

of these two filters are expressed as: 
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Depending on the status of the five voltages in the numerator of Eq. (2), various filter functions can be realized for the 

circuits of Fig. 3. The filter responses for different status of input voltages are shown in Table 1. 

  
(a) Proposed first topology (b) Proposed second topology 

Fig. 3 The proposed voltage-mode biquad filters 

Table 1 The selection of input voltages for different filter responses of voltage-mode filters 

Filter responses V1 V2 V3 V4 V5 

HP Vin 0 0 0 0 

BP1 0 Vin 0 0 0 

BP2 0 0 0 Vin 0 

BP3 0 0 Vin 0 0 

LP 0 0 0 0 Vin 

BS Vin 0 0 0 Vin 

AP Vin 0 Vin 0 Vin 

It is worth mentioning here that the proposed voltage-mode configurations offer three different BP responses. BP1 and 

BP2 give non-inverting outputs, and BP3 gives inverting output.  

3.2.   Current-mode filters 

Considering the circuits of Fig. 3 with the following changes as shown in Fig. 4, by grounding all the voltage inputs in Fig. 

3 and exciting them with the current input, the routine analysis of the circuits of Fig. 4 yields the various filter transfer functions 

as depicted in Table 2. The common denominator polynomial [D(s)] in Table 2 is expressed as: 

2

1 2 1 2 2 2 1
( )

m
D s s C C R R sC R g R= + +  (3) 

It is worth mentioning here that the proposed current-mode configurations offer two distinct and different BP as well as 

LP responses. All the responses for the first configuration provide non-inverting outputs, whereas the responses for BP2 and 

LP1 provide inverting outputs. The gain of the BP2, LP1, and LP2 responses for both the proposed current-mode 

configurations can be adjusted electronically.  

It is noted that, for both of the reported current-mode filters, the currents I1, I2, I3, and I4 are flowing through grounded 

passive elements. Thus, additional current followers with virtually grounded inputs will be needed to extract them explicitly. 

Due to this, the corresponding passive elements will not be physically grounded, but still will be grounded virtually [15]. 

The filter parameters—pole frequency (ωo), quality factor (Q), and bandwidth (BW) for all the proposed voltage and 

current mode biquad filters are obtained as: 
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(a) Proposed first topology (b) Proposed second topology 

Fig. 4 The proposed current-mode biquad filters 

Eq. (4) reveals that the value of Q and ωo can be adjusted electronically by means of gm without hampering the value of 

BW. Eq. (4) also reveals that the value of Q and ωo can be tuned independently without affecting each other as the value of Q 

can be controlled with the help of R1 without disturbing ωo. Since the Q value is tuned by using passive resistance (R1) rather 

than using active resistance restricted in its operating range, a high value of Q, which is a desirable property for any filter circuit, 

can be achieved for the proposed structures. The value of ωo can be adjusted for a particular Q value by selecting the following 

arrangements: 

1 1 2
1 and

m
g R R R= =  (5) 

Table 2 The transfer function for different filter responses of the proposed current-mode filters 

Filter responses Fig. 4(a) Fig. 4(b) 
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4. Non-Ideal and Sensitivity Analysis 

The non-ideal characterizing equation of the VDCC block is expressed as: 
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(6) 

where α, γp, and γn are the current tracking errors, and β is the voltage tracking error of the VDCC. By reanalyzing the circuits 

for the above non-ideal values, the expression of the common denominator polynomial for all the proposed filters becomes: 

( ) 2

1 2 1 2 2 2 1
'

i m
D s s C C R R sC R g R= + + αβγ  (7) 

where γi = γn for the circuits of Figs. 3(a) and 4(a), and γi = γp for the circuits of Figs. 3(b) and 4(b). 



International Journal of Engineering and Technology Innovation, vol. 11, no. 2, 2021, pp. 146-160 151

From Eq. (7), the pole frequency, quality factor, and bandwidth of the reported circuits are found as: 
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Eq. (8) shows that though the bandwidth of the circuits remains unaltered due to the non-ideality errors of the VDCC, the pole 

frequency and quality factor are slightly changed. However, the pole frequency and quality factor are still electronically 

tunable. Also, they are still independently controllable under the same conditions mentioned earlier. 

The active and passive sensitivities of the parameters pole frequency, quality factor, and bandwidth for the proposed 

filters are given as: 
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Eqs. (9) to (11) confirm that all the active and passive sensitivities do not exceed unity in magnitude. Therefore, the designed 

circuits indicate a satisfactory sensitivity performance. 

5. Influence of Parasitics 

A usual parasitic model of VDCC [2] is illustrated in Fig. 5. It displays the practical VDCC with a small series parasitic 

resistance Rx at X terminal, the parasitic resistance Rp (high) in parallel with parasitic capacitance Cp (low) at Wp terminal, the 

grounded parasitic resistance Rz (high) at Z terminal, and the parasitic resistance Rn (high) in parallel with parasitic capacitance 

Cn (low) at Wn terminal. 

 
Fig. 5 Parasitic model of VDCC [2] 

By reanalyzing the circuits and considering the parasitics of the VDCC, the modified transfer functions of the reported 

filters are given in Table 3. 

The expression of the modified common denominator polynomial [��
�′′] in Table 3 is given by: 
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where i represents n for Figs. 3(a) and 4(a), and represents p for Figs. 3(b) and 4(b). 
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Table 3 The transfer function of the reported filters under the parasitics of VDCC 

Filter 
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Fig. 3(a) Fig. 3(b) Fig. 4(a) Fig. 4(b) 
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From Eq. (12), the modified pole frequency ((�′′), quality factor ()′′), and bandwidth (BW′′) for the designed filters are 

obtained as: 
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Though the filter parameters are affected because of the inclusion of VDCC parasitics, it is not obsessive as Rz, Rp, Rn are 

very high, and Rx, Cp, Cn are very low. Still, the pole frequency and quality factor can be tuned electronically by means of gm 

without disturbing the bandwidth.  

6. Simulation Results 

The proposed filters are simulated through PSPICE program using TSMC CMOS 0.18 µm process parameters (level 7). 

The VDCC in Fig. 2 has been used for this purpose. The biasing currents are taken as IB1 = 50 *A and IB2 = 100 *A (gm= 277.8 

*A/V); supply voltages are chosen as VDD = − VSS = 0.9 V. The aspect ratios of MOS transistors have been taken same as in 

[22]. The passive components are selected as R1 = R2 = 3.6 kΩ, and C1 = C2 = 4.7 pF. The frequency responses for HP, LP, BP, 

and BS functions of proposed filters are shown in Fig. 6. The pole frequencies are found to be 8.91 MHz for the circuits of Figs. 

3(a) and 4(a). The same for the circuits of Figs. 3(b) and 4(b) are found to be 9.12 MHz. These are close to the theoretically 

predicted values (percentage errors are just 5.32% and 3.1 %, respectively). The gain and phase responses of AP function for 

the reported filters are demonstrated in Fig. 7. The power dissipation is less than 0.72 mW for all the proposed circuits. 

  
(a) For the circuit of Fig. 3(a) (b) For the circuit of Fig. 3(b) 

Fig. 6 The simulated results of the gain-frequency response 



International Journal of Engineering and Technology Innovation, vol. 11, no. 2, 2021, pp. 146-160 153

  
(c) For the circuit of Fig. 4(a) (d) For the circuit of Fig. 4(b) 

Fig. 6 The simulated results of the gain-frequency response (continued) 

Figs. 6 and 7 depict that the reported circuits enjoy all the standard filter functions very well. The results of BP filter 

outputs are taken to justify the mutual independence of pole frequency and quality factor. The variations of the quality factor 

with fixed pole frequency are shown in Fig. 8. To set the value of Q as 1, 2, 3, and 4, the resistance R1 is chosen as 3.6 kΩ, 7.22 

kΩ, 10.8 kΩ, and 14.4 kΩ respectively. 

  
(a) For the circuit of Fig. 3(a) (b) For the circuit of Fig. 3(b) 

  
(c) For the circuit of Fig. 4(a) (d) For the circuit of Fig. 4(b) 

Fig. 7 The gain and phase-frequency responses of AP function 

  
(a) For the circuit of Fig. 3(a) (b) For the circuit of Fig. 3(b) 

  
(c) For the circuit of Fig. 4(a) (d) For the circuit of Fig. 4(b) 

Fig. 8 The variation of quality factor for a fixed pole frequency 
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Similarly, the orthogonal adjustment of fo with fixed Q value is depicted in Fig. 9. To obtain these graphs, the value of 

resistances 
1 is taken the same as 
2 and selected as 5.3 kΩ, 3.6 kΩ, 2.88 kΩ, and 2.3 kΩ. The bias currents are adjusted to 

keep gmR1 = 1 for each case.  

  
(a) For the circuit of Fig. 3(a) (b) For the circuit of Fig. 3(b) 

  
(c) For the circuit of Fig. 4(a) (d) For the circuit of Fig. 4(b) 

Fig. 9 The variation of pole frequency for a fixed quality factor 

  
(a) input (b) output 

Fig. 10 Time domain responses of proposed voltage-mode BP filters 

  
(a) input (b) output 

Fig. 11 Time domain responses of proposed current-mode BP filters 

In addition, to test the dynamic range of the reported filters, a sinusoidal voltage signal of frequency 9.12 MHz and 

amplitude 300 mVp is applied as input (V3) of the reported voltage-mode filters, whereas a sinusoidal current signal of 

frequency 9.12 MHz and amplitude 50 µAp is applied as an input of the reported current-mode filters. The simulated input and 

output waveforms in the time domain for the voltage-mode BP responses are illustrated in Fig. 10, whereas those for the 

current-mode BP responses are shown in Fig. 11. It is found that the input and output signals are almost equal in magnitude. 
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Fig. 12 depicts the variation of total harmonic distortion (THD) against the variation in amplitude of sinusoidal inputs of 

the proposed filters. The input voltage is varied up to 400 mV for the circuits of Figs. 3(a) and 4(a), whereas the input current is 

varied up to 200 µA for the circuits of Figs. 4(a) and 4(b). The THD is found to be less than 2.4%, 2.22%, 2.37%, 2.27%, and 

2.48% for all the HP, LP, BP, BS, and AP responses, respectively. 

  
(a) For Fig. 3(a) (b) For Fig. 3(b) 

  
(c) For Fig. 4(a) (d) For Fig. 4(b) 

Fig. 12 Input amplitude versus THD curves 

In order to illustrate the variations in center frequency due to the deviation in passive components used in the circuits, 

Monte-Carlo simulations are performed for 100 samples taking 5% Gaussian deviations for the resistances and the capacitors. 

The results are presented in Fig. 13, which clearly shows that the standard deviations of center frequency for the circuits of Figs. 

3(a) and 4(b) are just 178.04 kHz and 121.79 kHz, respectively. Thus, the proposed structures show excellent sensitivity 

performance. 

  
(a) For the circuit of Fig. 3(a) (b) For the circuit of Fig. 4(b) 

Fig. 13 Monte-Carlo Simulation result of proposed BP filter 

7. Comparison with Previous Works  

The performance parameters of the designed filters are summarized and compared with other previously published related 

works [1, 3-18, 20-34] in Table 4. It depicts that the designed filters consume least power among all the other circuits. The 

comparison is done based on the following important criteria: i) the number and the name of the active block, ii) the number of 
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passive elements used, iii) the mode of operation, iv) the ability to provide all five filter responses, v) use of all grounded 

passive elements, vi) the provision to control Q independent of ωo, vii) the electronic tenability of Q and ωo, viii) the 

requirement for double/negative input signals, ix) the availability of the experiment result, x) the pole frequency, xi) THD of 

BP filter, xii) the quality factor, xiii) the power consumption in mW unit, xiv) the supply voltage in volt unit, and xv) the 

technology used.  

It is clear from Table 4 that the circuits in [3-5, 12-16, 22-24, 26, 29-34] employ multiple active blocks. Although single 

active block is employed as the proposed structures in the works in [1, 6-11, 17-18, 20-21, 25, 27-28] , the pole frequency 

(except the one in [17]) is comparatively low. Despite that, a comparatively large number of passive components is used in [18, 

25, 27]. Moreover, the circuits in [6-11, 18] need a comparatively large power supply. In addition, not all of the basic filter 

responses can be provided in references [25, 27] and in parts of references [7, 20]. Furthermore, the quality factor in [1, 8, 25, 

27-28] is not independently tunable with the pole frequency. Also, double/inverted input signals are required in [6, 8, 9, 17, 20, 

21, 28]. A relatively large pole frequency with a lower power supply is offered in [17], but to achieve this one, it is necessary to 

pay for THD (2.5% up to 50 µA in [17]; 2.37% up to 200 µA for proposed works) and power consumption. Also, the quality 

factor and pole frequency of this circuit are not electronically tunable. Moreover, as mentioned earlier, this circuit needs 

double/inverted input signals. Contrarily, the filters in [3, 6, 14, 21, 25] offer better THD performances at the cost of lower pole 

frequency and additional power dissipation. Besides, the works in [3, 6] are based on BJT/ higher CMOS technology. The 

circuits in [14, 25] cannot provide the electronically tunable quality factor and pole frequency. Evidently, none of the previous 

works mentioned in Table 4 can simultaneously achieve the advantageous features of the filters, i.e., simple architecture, low 

component count, capability of delivering all the basic filter responses, least power dissipation, independent and electronic 

tunability, low supply voltage, higher pole frequency, low THD, and no requirement for double/inverted input signals in MISO 

filters. 

Table 4 The comparison between the suggested and previously reported related works [1, 3-18, 20-34] 

Ref. No. 

/Year 
i ii iii iv v vi vii viii Ix x xi xii xiii xiv xv 

[1]/2013 1 DVCC 4 VM Yes No No No No No 318.13 kHz NR 1 NR ±0.9 0.18 µm 

[3]/2012 2 VDBA 
2 (Fig. 3) 

3 (Fig. 4) 
VM Yes No Yes Yes Yes No 1.19 MHz 1% 1 NR ±1.5 0.35 µm 

[4]/2020 2 EXCCTA 6+Switch MX Yes No Yes Yes No No 7.622 MHz 7.5% 0.696 NR ±1.25 0.18µm 

[5]/2013 2 CDBA 6 VM Yes No Yes No No No 6.29 MHz NR 1 NR ±12 IC 

[6]/2020 1 MO-CCCCTA 3 CM Yes Yes Yes Yes Yes No 570.164 kHz 0.65% NR NR ±1.5 BJT 

[7]/2011 1 DDCCTA 3 
VM 

CM 

No 

Yes 
Yes Yes Yes No No 1.59 MHz NR 1 NR ±1.25 0.25µm 

[8]/2018 1 FTFN 4 VM Yes No No No Yes No 1 MHz NR 1/3 6.33 ±1.65 0.35µm 

[9]/2017 1 DXCCDITA 4 MX Yes No Yes Yes Yes No 318.3 kHz 16 % 1 NR ± 5 0.35 µm 

[10]/2013 1 DVCCTA 2 
VM 

CM 
Yes 

No 

Yes 
Yes Yes No No 58.21 kHZ NR 1 4.21 ±1.5 BJT 

[11]/2013 1 CCDDCCTA 2 CM Yes Yes Yes Yes No No 1.28 MHz 5% 1 NR ±1.25 0.25 µm 

[12]/2018 6 OTA 2 VM Yes Yes Yes Yes No Yes 10 kHz 3.4% 0.707 NR ±15 IC 

[13]/2003 2 OTA + 1 CCII 2 VM Yes No NR Yes Yes No 15.92 kHz NR 1 NR NR IC 

[14]/2018 2 FDCCII 6 MX Yes No Yes No No No 1.59 MHz 0.84% 1 1.32 ±0.9 0.18 µm 

[15]/2014 2 VDTA 2 TC No Yes Yes Yes No No ≈1 MHz NR 0.5 NR ±0.9 0.18 µm 

[16]/2017 3 DDCC 4 VM Yes Yes Yes No No No 3.18 MHz 6% 1 2.62 ±0.75 0.13 µm 

[17]/2020 1 EX-CCCII 3 MX Yes No Yes No Yes No 22.9 MHz 2.5% 1 1.35 ±0.5 0.18 µm 

[18]/2021 1VD-EXCCII 5 MX Yes No Yes Yes No No 8.0844 MHz 7.5% 1.015 5.76 ±1.25 0.18 µm 

[20]/2015 1 VDCC 
3 (Fig. 2) 

4 (Fig. 3) 
VM 

Yes 

No 
No Yes Yes Yes Yes 1.165 MHz 3% 

1.34 

1.86 
NR ±0.9 0.18 µm 

[21]/2015 1 VDCC 3 CM Yes Yes Yes Yes Yes No 1.2 MHz 0.7% 1 0.87 ±0.9 0.18 µm 

[22]/2016 2 VDCC 4 CM Yes Yes Yes Yes No No 1.59 MHz 6% 1 1.77 ±0.9 0.18 µm 

[23]/2017 2 VDCC 4 CM Yes Yes Yes Yes No Yes 1 MHz 8% 0.5 NR ±0.9 0.18 µm 
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Table 4 The comparison between the suggested and previously reported related works [1, 3-18, 20-34] (continued) 

Ref. No. 

/Year 
i ii iii iv v vi vii viii Ix x xi xii xiii xiv xv 

[24]/2016 2 VDCC 7 VM No No Yes Yes No No 3.02 MHz NR 0.707 NR ±0.9 0.18 µm 

[25]/2015 1 VDCC 5 VM No No No No No No 5 MHz 2% 0.707 0.85 ±0.9 0.18 µm 

[26]/2015 3 VDCC 10 VM No No Yes No No No 159.15 kHz NR 1 NR ±0.9 0.18 µm 

[27]/2018 1 VDCC 5 VM No Yes No Yes No No 5.3 MHz NR NR 0.9 ±0.9 0.18 µm 

[28]/2018 1 VDCC 3 VM Yes No No Yes Yes No 1 MHz 2.5% 0.851 0.91 ±0.9 0.18 µm 

[29]/2015 2 VDCC 9 VM No No NR NR NR No 774 kHz NR NR NR ±0.9 0.18 µm 

[30]/2019 2 VDCC 4 CM Yes Yes Yes Yes No No 1.09 MHz 7.2% 1 NR ±0.9 0.18 µm 

[31]/2020 2 VDCC 4 CM Yes Yes Yes Yes No No 1 MHz 6% 0.707 2.27 ±0.9 0.18 µm 

[32]/2019 2 VDCC 4 CM Yes Yes Yes Yes No No 1.06 MHz 10.8% 0.75 2.16 ±0.9 0.18 µm 

[33]/2020 2 VDCC 3 CM Yes Yes Yes Yes No No 1 MHz NR 1 NR ±5 IC 

[34]/2020 3 VDCC 5 TC Yes Yes Yes Yes Yes Yes 105.45 kHz 6.5% 1 NR ±5 IC 

Proposed 

filters 
1 VDCC 

4 (Fig. 3) 

4 (Fig. 4) 

VM 

CM 
Yes 

No 

Yes 
Yes Yes No Yes 

8.91 MHz (Figs.

3(a) & 4(a)) 

9.12 MHz (Figs. 

3(b) & 4(b)) 

2.37% 1 0.72 ±0.9 0.18 µm 

CM = Current mode; VM = Voltage mode; TC = Transconductance mode; MX = Mixed mode; NR = Not reported 

8. Experimental Results 

For experimental verification of the performances of the proposed structures, the VDCC block is created by using 

commercially available IC OPA860 from Texas Instruments as shown in Fig. 14. As recommended in datasheet [35], the 

resistors of 100 Ω are connected in series to the bases of OTA and buffers inputs. For space convenience, only the results of the 

circuit of Fig. 3(a) are presented here. Although four OPA860s are needed for a single VDCC implementation, the designed 

filter requires only three OPA860s, as WP terminal is grounded for this particular implementation. Fig. 15(a) shows the 

schematic diagram of the realization of the proposed filter configuration of Fig. 3(a) using discrete components, and the actual 

hardware arrangement is depicted in Fig. 15(b). 

 
Fig. 14 VDCC using OPA860 

 

  
(a) Schematic diagram (b) experimental set up 

Fig. 15 The experimental arrangement for the circuit of Fig. 3(a) by using discrete components 

For hardware implementation, METRAVI Multiple power supply (RPS3002-2), RIGOL function generator (DG1022) 

and AGILENT Oscilloscope (350 MHz, 54641A) are used. The passive components selected for experimentation are C1 = C2 = 

220 pF, R1 = R2 = 330 Ω, Roffset = 100 Ω, and Rm = 1/gm = 330 Ω. The experimental and simulation (using OPA860 IC) results 
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for the HP/BP1/LP1 filter functions are depicted in Fig. 16(a), and the other BP2/LP2/BS filter functions are shown in Fig. 

16(b). The simulated (using OPA860 IC) and experimental natural frequency is found to be approximately 2.14 MHz and 2.05 

MHz respectively. These are close to the expected values (the percentage errors are just 2.4 % and 6.5 % respectively). The 

gain and phase responses of AP function are demonstrated in Fig. 17. 

  

(a) HP/BP1/LP1function (b) BP2/LP2/BS function 

Fig. 16 The simulation and experimental result for the filter of Fig. 3(a) 

 
Fig. 17 The simulation and experimental result for AP filter of Fig. 3(a) 

Universal filters are used in numerous applications, e.g. in FM stereo demodulators, sound systems, phase locked loop, 

and touch-tone telephone decoders, etc. Noise pollution can be minimized by using universal filters. Houses and offices at the 

noise prone places can use filters to minimize the external noise. People working in noisy areas can use particular types of 

earplugs fitted with filters to stop the high-frequency noises. After mixing all the outputs, universal filters are also used in 

guitar to operate it easily. 

9. Conclusions 

Four new (two voltage-mode MISO and two current-mode SIMO) electronically tunable universal biquad filters using 

VDCC and four passive components (two resistors and two capacitors) are proposed. They have very simple structures with 

independently tunable pole frequency and quality factor. Moreover, they can be tuned electronically without hampering 

bandwidth. They can realize all the five filter responses without changing the circuits’ configuration. PSPICE simulator and 

TSMC 0.18 µm CMOS parameters are used to test the workability of the proposed filters. All these circuits perform well and 

consume less power. The experimental results, which are based on VDCC implemented from the commercially available IC 

OPA860s, confirm the theoretical performances. The active and passive sensitivities are found to be low.  
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