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ABSTRACT 
This paper introduces three new OTA-C universal biquad filters which offers almost all of the desirable 

features (as expected in a good biquad) simultaneously with any major tradeoffs. The two biquads (a VM-

based biquad and a CM-based biquad) are combined efficiently to form a hybrid biquad that can be digitally 

controlled to convert into either of the two with similar responses. The workability of the new circuits has 

been well established by SPICE simulation results of their CMOS-implementable versions. 
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I. INTRODUCTION 

Filters are one of the most important circuits in the field of instrumentation, communication, 
control, neural network etc. As filter’s function is to capture required frequency and curtail undesired one, it is an 

integral part of a signal processing circuit. With the advancement of integrated circuit (IC) design technology, 

there is need to shrink the circuit size along with programmable compatibility to make it more compact, more user 

friendly and suitable for IC design. Universal filter is a filter which can be used to implement a various filter 

functions depending on user needs from the same topology. In last few decades, operational transconductance 

amplifiers (OTAs) perform very well in circuit design due to its various advantages i.e. electronic tunability of 

transconductance gain, larger bandwidth, high slew rate, low power consumption etc. Moreover, OTA does not 

need any resistance, as a result, it is suitable for integrated circuit implementation.OTA-C structures are highly 

suitable for realizing electronically tunable continuous time filters in a variety of technologies such as bipolar, 

CMOS and BiCMOS, and therefore have been widely investigated for designing voltage-mode (VM) as well as 

current-mode (CM) filters [10] . Although a number of VM and CM OTA-C biquads have been reported in earlier 

literature referenced above but none has reported a hybrid OTA-C filter 

A good MOTA type CM /VM biquad filter should simultaneously exhibit the following desirable features, without 

trade-offs [1]:  

(i) Realisability of all the standard filter functions namely, low pass (LP), band pass (BP), high pass 

(HP), notch and all pass (AP)  

(ii) Realisability of all the five functions without requiring any design constraint/matching conditions  

Independent tunability of ω0 and Qo 
 

II. THE PROPOSED STRUCTURE 
1. Universal VM biquad realization: The proposed structure is shown in fig.1.A straight forward 

analysis reveals the following transfer functions for the configuration in fig 1. 
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Figure 1: OTA Voltage Mode Biquad Filter obtained from 4 OTAs and two capacitors. 

 

 

V01

Vin
= (

gm1

gm2
)

S2

D(s)
=

H0S2

D(s)
                       (1) 

V02

Vin
= (

gm1

gm2
)

(
gm3
C1

) S

D(s)
=

H1S

D(s)
                (2) 

 

V03

Vin
= −(

gm1

gm2
)

(
gm3gm4

C1C2
)

D(s)
=

H3

D(s)
        (3) 

 

Where 

 D(s) = S2 + (
gm1

gm2
) (

gm3

C1
) S +

gm3gm4

C1C2
     (4) 

 

 

2. Universal CM biquad realization: The proposed structure is shown in fig.2.A straight forward 

analysis reveals the following transfer functions for the configuration in fig 

 
Figure 2: OTA Current Mode Biquad Filter 4 OTAs and 2 capacitors. 
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It is easy to verify that all pass filter can be achieved in the CM-based biquad filter by a connecting the appropriate 

terminals without requiring any design constraints or matching conditions. Furthermore in both the case, various 

filter parameters can be electronically tuned by varying the transconductances of the various OTAs as follows. IN 

the circuit of fig W0 can be varied by varying gm3 while keeping all others constant and Q0 can be varied by 

varying gm2 while keeping all others constant. 

 

W0 =  √
gm3gm4

C1C2
                                          (10) 

 

Q0 =
gm2

gm1
√

gm4C1

gm3C2
                                      (11) 

 
Figure 3. Hybrid biquad filter with both V-mode and C-mode operation is obtained from 4 OTAs and 2 capacitors. 

 

III. CMOS IMPLEMENTATION AND SPICE RESULTS 

 

Figure 4: CMOS OTA circuit for the design of Biquad filters [7]. 
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Figure 5: Gm graph of CMOS OTA given in SPICE [7]. 

The circuits were designed using 0.5um MIETEC CMOS process technology in spice. The CMOS multiple input 

OTA(MOTA) structure shown in fig. 2 which was biased with ±2.5v DC power supply, with bias currents for four 

OTA’s taken as Ibias1 = Ibias2 = Ibias3 = Ibias4  = 25uA.The aspect ratios(W/L) for the MOSFETs were taken as: 

 

Table 1: Transistor sizing 

 

                                                                                                                           

 

 

 

 

 

 

All the filter circuits employed C1= 10pF and C2= 20pF resulting in identical filter parameters as: 

fo =1.8 MHz   , Qo= 0.598, Gm=480uS 

VM-biquad: TOTAL POWER DISSIPATION   1.89E-03 W   

CM-biquad: POWER DISSIPATION   3.47E-03 W  

Hybrid Biquad: POWER DISSIPATION   8.14E-03 W. 

 

With gm1=gm2 and gm3=gm4, Qo can be fixed at 0.5 while we can vary fo by varying gm3.This could offer a n 

ease of tunability with just one transconductance variation. 

Fig1, 2 shows the frequency response of VM-based biquads and CM-based biquads. The modified circuits for 

both the modes is shown in fig 3.The frequency response is same as the individual frequency responses of VM 

and CM-mode biquads as shown in fig 6,7. The circuit acts as CM-based biquad when ɸ = 0 and as VM-based 

biquad when ɸ = 1.The tunability properties of all the three circuits have also been confirmed by SPICE simulation 

by changing the various transconductances through respective DC bias currents. The SPICE simulation results 

have been found to exhibit very close correspondence with the theoretical values which establish the workability 

of the new circuits. 

 

Transistors W/L 

Ratio 

M1,M2 10/1 

M3,M4,M5,M8,M13,M15,M17,M31 15/1 

M6,M7,M10,M12,M14,M16,M30 8/1 
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Figure 6: VM-biquad Filter responses for various Ibiases. (10ua, 20ua, 50ua) 
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Fig 7: CM-biquad Filter responses for various Ibiases (15ua, 50ua, 100ua) 

 

IV. CONCLUSION 
A CMOS OTA based programmable and electronically tunable MOTA resistor less analog universal filter has 

been proposed theoretically and verified by PSPICE simulation using CMOS 0.5 μm technology. All simulation 

results shown here agreed well with the theoretical expectation. The proposed universal filter is well suited for IC 

fabrication, because of having only two grounded passive components and no resistor. The three new OTA-C 

universal Current mode, Voltage mode and hybrid mode biquads have been introduced which offer all the 

desirable features highlighted without any tradeoffs. With applying a logic 1or 0 at the gates of the control 

transistors added in the third circuit, we can easily switch between the two modes. This offers a high portability 

to the user in a single circuit with many functions. The workability of all the proposed structures has been 

established SPICE simulation results of their CMOS implementable versions. Because of their advantageous 

features, the proposed circuits appear to be eminently suitable for integrated circuit implementation in bipolar, 

CMOS and BiCMOS technologies. 
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