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ABSTRACT 
 

The current-mode devices play a vital role in the designing of the analog signal processing applications. 

Since the introduction of these devices, the continuous improvement in the performance parameters has 

been the most important aspect of research. As current differencing transconductance amplifier (CDTA) 

is used as a versatile circuit for designing different applications of analog signal processing like filters, 

oscillators, Schmitt triggers, monostable multivibrators etc., hence there has been a need of enhancing 

the performance of conventional CDTA. If all the performance parameters of the CDTA, the 

transconductance plays the most important role in deciding the performance of the designed 

applications and thus the enhancement of transconductance of CDTA is required while keeping in mind 

the other parameters. 
 

Thus, this research works includes the techniques to boost the transconductance of the conventional 

current differencing transconductance amplifier. Four different circuits to enhance the transconductance 

are proposed. All these circuits use a common source amplifier and merged it with some of the 

techniques to boost the transconductance. The different techniques applied are the use of parallel n-

MOSFETs in the differential pair and a pair of cross-coupled n-MOSFETs across the differential pair. 

All the circuits are operated at the supply voltages of ±0.9 V. The comparison between all the proposed 

circuits is also done on the basis of transconductance and dynamic power and the best circuit was chosen 

as PCCDTACS. The maximum transconductance of 6.75 mS was achieved for PCCDTACS at a bias 

current of 200µA with the dynamic power of 3.44 mW. The proposed circuits have been designed and 

simulated in Cadence Virtuoso Analog Design Environment using BSIM3V3 180 nm CMOS 

technology. The comparison of the proposed PCCDTACS circuits with circuits available in literature 

shows that the proposed PCCDTACS circuit can be extensively used in the designing of analog signal 

processing applications. 
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CHAPTER 1 

INTRODUCTION 

The voltage-mode devices have dominated the field of the analog signal processing for many years. The 

performance of these circuit was determined by the voltage levels at the input and output nodes. But 

these circuits suffer from the disadvantages like no sudden change in the output voltage when the input 

voltage suddenly changes because of the stray and other parasitic capacitances, low bandwidth due to 

unity gain bandwidth in the operational amplifier based circuits, dependence of the slew rate on time 

constants of the circuit, low voltage swings, high voltage supply for better signal-to-noise ratio etc. 

Thus, voltage-mode devices were not suitable for high frequency applications because a dominant pole 

is created by the high valued resistance at the low frequency which limits the bandwidth of the circuit. 

Therefore, the voltage-mode devices are being replaced by the current-mode devices. From the last few 

decades current-mode devices are being extensively used in this field of analog signal processing 

because of the advantages they offer over their counterparts. Some of the advantages of the current-

mode devices are better linearity, wider bandwidth which is independent of the closed loop gain of the 

circuit, high slew rate, larger dynamic range of operation, less power consumption, lesser number of 

passive components to perform a specific function, better feedback mechanism etc. For these reasons, 

the current-mode devices have dominated the field of analog designing from past few decades. Some 

of the current-mode active building blocks introduced to meet these properties are operational 

transconductance amplifier (OTA) [1], current conveyors [2-4] (CCII) [5] and current differencing 

buffered amplifier [6]. Since the introduction of the current differencing buffered amplifier (CDBA), it 

has been considered as the most active building block for the designing of analog circuits. It consists of 

current-mode and voltage-mode unity gain amplifiers. The circuit offered a wide bandwidth and larger 

dynamic range when compared to the second generation current conveyors but the voltage-mode of 

operation served as the main disadvantage to the CDBA amplifier. Hence, they were replaced by the 

current differencing transconductance amplifier. Some of the other problems include the high input 

impedance and high parasitics in the circuits based on CDBA and OTA. These circuits also suffered 

from the problem of impedance matching when they were cascaded. To overcome these problems, a 

new current-mode active building block, namely Current Differencing Transconductance Amplifier 

(CDTA) has been recently introduced [7] by Biolek. The CDTA is a combination of well-known 

advantages of current differencing buffered amplifier along with the transconductance amplifier to 

achieve the implementation of the current-mode filters. It is most versatile and popular current-mode 

device used in almost all the analog signal processing applications like filters, oscillators, Schmitt 

trigger, waveform generators etc.  

The CDTA is composed of two structures the current differencing unit (CDU) and operational 

transconductance amplifier (OTA) [1]. The block diagram of conventional CDTA circuit is shown in 

Figure 1.1. The CDU is a current differencing unit. The currents Ip and In are applied as inputs to the 
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input terminals of them to pass through a current mirror network. The current is then converted to the 

voltage at the output terminal of CDU i.e. the Z terminal by connecting a resistance (Rz). The output 

current of current differencing unit is equal to the difference between the input currents Ip and In. The 

voltage produced at the output of CDU is then given as input to the operational transconductance 

amplifier. The OTA comprises of the differential pair and few current mirrors. The output of the CDTA 

is in the form of two currents Ix+ and Ix- generated at the two output terminals of the OTA. 

Thus, the CDTA can be considered as a five terminal device with two input and two output 

terminals and one intermediate terminal. The CDTA has low input impedance and high output 

impedance because of this reason it is considered as the most versatile element in the field of analog 

signal processing applications. 
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Figure 1.1 Block Diagram of CDTA 

 

 

Since the introduction of applications based on analog signal processing, the voltage-mode circuits have 

dominated but as timed passed, there has been a tremendous modifications in the conventional circuits. 

The voltage-mode circuits suffered from many drawbacks and thus recently, they were replaced by the 

current-mode circuits as they have noted advantages. Thus, the current-mode circuits have almost 

replaced their voltage counterparts. Some of the current-mode circuits are the operational 

transconductance amplifier, current conveyors and current differencing buffered amplifier. 

All these voltage mode circuits suffered from the disadvantages like low bandwidth, high signal-to-

noise ratio, low frequency of operation etc. so, they were replaced by a new active current-mode element 

known as CDTA. From the past few decades, the CDTA has been considered as the most commonly 

used current-mode active element in the field of analog signal processing. The modifications in the 

basic structures of the CDTA to enhance the performance parameters of the circuit such as input 

impedance, bandwidth, linearity, output impedance, low power consumption, electrical tuning 

capability, transconductance etc. has been a topic of research from the past few years. 

 To improve the bandwidth and input impedance of the circuit, a flipped voltage follower circuit 

[8-10] has been used in the CDU unit of conventional CDTA. Although, the circuit offered the noted 

advantages but also lead to the disadvantages of larger MOSFET sizes and DC offset. A differential 

1.1 MOTIVATION 
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current controlled current source [11] had the better linearity but the disadvantages were limited 

transconductance and less tunability. Some other circuits to enhance the output impedance and the 

tuning capability of the circuit were the Z copy CDTA [12, 13], Modified CDTA [14], Multifunction 

cascaded CDTA [15] etc. Although, all these circuits helped in improvement of the conventional circuit 

of the CDTA but some of the disadvantages included complex design circuitry, no electrical tuning of 

frequency of oscillator etc. All these circuits improved some of the parameters of the circuits but the 

boosting of the transconductance has not been a topic of research lately. The conventional methods to 

enhance the transconductance lead the high power consumption, low voltage swings, lower bandwidth 

etc. thus there was a need to boost the transconductance of the CDTA as it serves as one of the most 

important parameter to control the center frequency of the filter and the frequency of the oscillator. But 

recently, some techniques to boost the transconductance were reported. Some of these are replacement 

of the differential pair of the OTA with the n-MOSFETs connected in parallel [16, 17], cross-coupled 

p-MOSFET based CDTA circuit [18] etc. But all these techniques suffered from the drawbacks of 

limited range of transconductance and higher power dissipation. Thus, the future research in this field 

can be in the context of boosting the transconductance of the OTA and thus enhancing the performance 

of the CDTA.  

Therefore, the motivation behind the research work recorded in this report was to design a high 

transconductance based Current Differencing Transconductance Amplifier (CDTA) while keeping in 

mind the drawbacks of the proposed structures. A comparison of performance parameters of proposed 

high transconductance Current Differencing Transconductance Amplifier (CDTA) with the 

conventional ones is also presented.  The advantages offered by proposed structure are also mentioned. 

 

 

 

Chapter 1 introduces some of the reasons for the use of current-mode devices instead of the conventional 

voltage-mode devices, few current-mode active elements along with the basic structural description of 

the conventional CDTA. 

Chapter 2 presents a brief description of the research that has been reported in literature for the 

modification of conventional CDTA circuit and the CDTA based circuits used in the field of analog 

signal processing. 

Chapter 3 describes the proposed Current Differencing Transconductance Amplifier circuits and their 

applications. 

Chapter 4 addresses the simulation results of the proposed circuits. The simulation results have been 

compared with the similar circuits available in literature. 

Chapter 5 concludes the report and also mentions the future possibilities to carry forward the research 

in this domain. 

1.2 ORGANIZATION OF THE THESIS 
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CHAPTER 2 

LITERATURE SURVEY 

This chapter aims at discussing the research work carried out on the conventional Current Differencing 

Transconductance Amplifier (CDTA) by various authors over the years. A number of the modifications 

have been done on the conventional CDTA to enhance its performance parameters. Different designs 

of the conventional CDTA have been introduced to modify the parameters of the circuit like input 

impedance, bandwidth, linearity, output impedance, low power consumption, electrical tuning 

capability, transconductance [8-21] etc.  

A modified CDTA presented in [8] used a flipped voltage follower (FVF) based current-mode 

circuit in place of conventional current mirrors in the CDU. The FVF is made to work as a current sink. 

The circuit has a low input impedance because of the feedback provided by FVF. But the design had 

the disadvantage that the channel lengths of the MOSFETs had to be large to compensate the effects 

due to the Channel Length Modulation but increasing the size of the MOSFETs resulted in DC offset 

at the input stage. This in turn reduced the bandwidth of the circuit. One of the solutions to enhance the 

bandwidth was to use more accurate current mirror circuits but that lead to the high supply voltages, 

thus altering the configuration of the circuit.  

Some of the disadvantages offered by the circuit briefed in [8] were removed by using a FVF 

structure to obtain the difference of input currents in the CDU region and a multi output OTA, as 

suggested in [9]. In this circuit, the FVF is used as a current follower circuit. The circuit offers the 

advantages of very low input impedance, very high output impedance, unity voltage and current gains, 

high bandwidth, low power consumption, transconductance tuning by using bias current, better dynamic 

range than the one designed in [8] and high accuracy. 

The work presented by Maktoomi et al. [10] showed the modified version of the circuit described 

in [9]. The main difference between these circuits is that a current source and a current sink is used to 

perform the differencing action of the input currents. The current sink used is same as that used in [9] 

except the fact that no external voltage supply is applied. The current source consists of a dual flipped 

voltage follower cell. The complete CDTA circuit composed of three blocks i.e. a FVF which is 

configured as the current follower or current mirror and works as a current source, the current 

differencing stage which contains two similar FVF configured current followers, out of which one 

works as a current source and the difference of the current is taken at the node Z. The current sink is 

converted to the current source with the help of ‘copy and invert’ stage. This reduces the number of 

transistors as there is no need to use extra stage for performing the current differencing action. This 

results in better frequency response due to the reduction in the number of nodes in the circuit. The 

circuits offers the advantages of wider bandwidth and use of lesser number of transistors. 

A Current Differencing Transconductance Amplifier was introduced by Alaybeyoglu et al. in [13]. 

The circuit consists of two stages i.e. the current differencing unit and dual output transconductance 

amplifier. CDTA differs in construction from the conventional CDTA by the fact that third generation 
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current conveyors were used to copy the current at the intermediate Z terminal, instead of the classical 

current mirrors. The circuit has two input terminals and four output terminals. The input impedances of 

the circuit are low and output impedances are high. The third generation current conveyor acts as an 

active floating current sensing element. The operation of current sensing is perfectly achieved with the 

current conveyors.  

A current-mode active element named as the multifunction current differencing cascaded 

transconductance amplifier (MCDCTA) is reported in [15]. It is an independent and systematic building 

block which is the combination of current differencing buffered amplifier and the operational 

transconductance amplifier. MCDCTA greatly improves the flexibility and accuracy of current-mode 

circuit designs. By cascading two inputs and (n+1) transconductance amplifiers, a MCDCTA can be 

designed to operate as a lossy integral and a current amplifier. The circuit works on two principle 

modules i.e. a low input impedance CDU and (n+1) OTA stages. Some of the advantages of the circuit 

include low input impedance, no parasitic capacitances and wide bandwidth. 

  A high performance CDTA with qualities such as good linearity, high accuracy, low input 

resistance, high output resistance, wider bandwidth etc. is suggested in [11]. The circuit also offers a 

high input/output gain ratio for current transfer. In this circuit, a differential current controlled current 

source (DCCCS) is used in the CDU which is used for obtaining the difference in current inputs and 

transforming the difference of currents to the Z terminal. After converting this current to voltage at the 

Z terminal, a Dual Output OTA (DO-OTA) is used to convert that voltage to the two currents achieved 

at the two output terminals of the OTA. The resistance connected at the Z terminal of the DCCCS is 

used to attain the gain of the circuit. The circuit offered a wide bandwidth. 

 A high performance CMOS implemented CDTA was introduced by Kacar et. al [19] with high 

output impedance and good input/output current tracking. The reported circuit was verified using a 

transadmittance mode biquad containing two CDTAs, capacitors and resistors. 

Xu et. al.  [20] presented a low voltage high linearity wideband CDTA amplifier. The main design 

modification presented in the circuit is the use of only n-MOSFETs. The circuit consists of two principle 

blocks: a CDU and the cross coupled transconductance amplifier circuit. The CDU performs the current 

differencing action and the OTA offers a high transconductance. The circuit has the advantages such as 

high linearity, wide frequency bandwidth, low power consumption, high transconductance, low input 

impedance, high output impedance and tuning of transconductance.   

A structure termed as the multi output current controlled CDTA (MOCDTA) was presented in 

[12]. This structure consisted of two blocks Z copy CDTA and OTA. An extra transconductance 

amplifier and current mirrors are used in the conventional CDTA circuit to extend the number output 

ports of the circuit. It has high output impedance and low passive sensitivities even when the non 

idealities of the circuit were considered. The main difference between the CDTA and MOCDTA lies in 

the fact that the two blocks of the circuit are relatively independent of each other. The example of the 

suggested circuit as a current mode quadrature sinusoidal oscillator with high output impedance had 
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been realized but it has the disadvantage is that the condition of oscillation cannot be electronically 

adjusted. Another Z-copy CDTA is reported [13] which used third generation current conveyors. 

Malcher [14] introduced a modified current differencing transconductance amplifier. The circuit 

has been modified by making changes in the conventional CDTA circuit such as the addition of an extra 

terminal in place of the grounded reference node of CDU and the implementation of the OTA as the 

differential output circuit with the possibility of duplication of the output currents. This circuit had the 

advantage of providing electrical tuning of input resistance, resistance at the Z terminal and the 

transconductance at the output stage. Some of the disadvantages of the circuit are the difference in the 

input impedance of the p and the n terminals of the CDTA, which could be reduced by using the 

MOSFETs with larger aspect ratios, the tuning range of the bias current is not large enough and the 

addition of all the structures increase the complexity of the circuit. 

Although, a number of structures have been designed to enhance the performance parameters of 

CDTA circuit but there are only a few available which deal with increasing the transconductance of the 

OTA and thus improving the transconductance of CDTA. In all the above mentioned circuits, the 

transconductance was varied by changing the bias current of the circuit but it lead to higher power 

dissipation and a limited range of transconductance. The second method to vary the value of 

transconductance was by increasing the aspect ratios of the transistors used to form the differential pair 

but it had the limitation of low input/output swing and lower bandwidth. The main reason to increase 

the transconductance of the OTA resides in the fact that in all the applications of analog signal 

processing, transconductance is used to control different parameters of the circuits such as the center 

frequency of the filter and the frequency of oscillations of the oscillator circuits. Also, in logarithmic 

amplifiers and waveform generators a high value of transconductance is required as the output current 

in these circuits depends on the transconductance. Further, in order to achieve a lager bandwidth of 

inductance, the grounded capacitors and the floating inductor circuits require a wider range of 

transconductance values. So, some new techniques were suggested.  

 

 

 

The first technique to enhance the transconductance of the CDTA was proposed in [16]. In this 

technique, the value of bias current was kept constant. The number of MOSFETs in the differential pair 

were increased by connecting a number of perfectly matched n -MOSFETs in parallel. Thus, two 

networks of n-parallel MOSFETs were placed in place of the conventional differential pair n-MOSFETs 

to boost the transconductance of CDTA and hence named as transconductance boosted current 

differencing transconductance amplifier. The increased number of MOSFETs led to the increase in the 

current of the circuit as all the MOSFETs were connected to a same gate-to-source voltages. The 

transconductance of the circuit was increased as the number of MOSFETs were increased in the 

differential pair. Thus, the output of the TBCDTA will be the summation of currents flowing through 

2.1 GM BOOSTING TECHNIQUES  
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the networks formed in differential pair of the circuit. The circuit offered a high value of 

transconductance along with the wider range of the transconductance by keeping the power dissipation 

in the acceptable range as that of a conventional CDTA. The circuit has the disadvantage of using large 

area but that can be reduced by using an appropriate number of MOSFETs in the design. Another 

approach with similar concept of parallel n-MOSFETs in differential pair with current copying method 

is used in [17]. 

 The transconductance of the circuit reported in [18] was boosted without altering bandwidth 

and input/output swing of the circuit by using a pair of cross-coupled p-MOSFETs across the 

conventional PMOS active loads. The idea behind the use of cross coupled p-MOSFETs lie in the fact 

that they formed the positive feedback which resulted in increased gain. The advantage of the circuit 

were the improved tuning range and input/output swing. 

The technique reported in [21] used n-MOSFETs in parallel which were used to form the 

differential pair and a pair of cross coupled p-MOSFETs along with the active load p-MOSFETs. The 

cross coupled p-MOSFETs generate a negative resistance by feedback from the output node to enhance 

the DC gain. By applying the positive feedback technique, achieving a large DC gain becomes partially 

dependent on matching of parameters of different transistors that are involved in the positive feedback. 

The circuit offers the advantage of increased transconductance. 

  Another technique is CDTA based on this technique used a source degenerated differential pair 

with constant biasing current. The main advantages of the circuit was enhanced transconductance, high 

linearity and improved tuning range.  

Apart from all these structures and available techniques to modify the conventional CDTA 

structures, a large number of applications based on the CDTA in the field of analog signal processing 

have been proposed over the years of time. The various applications developed by CDTA from its 

inception are monostable multivibrators [22], semi Gaussian shaper [23], Schmitt trigger [24-26], 

comparator [27], multipliers [28-30], power detector [31], current limiters [15], oscillators [32, 33], 

rectifiers [33, 34], square rooter [35], tunable phase shifter [36], filters [37, 38], logarithmic amplifier 

[39], modulators [40], Wein bridge oscillator [41], Wheatstone bridge [42] etc. 
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CHAPTER 3 

PROPOSED CDTA AND ITS APPLICATIONS 

 In this chapter, four current differencing transconductance amplifier (CDTA) structures such as 

CDTACS, PCDTACS, CCDTACS and PCCDTACS are proposed. The main objective of these circuits 

is to show the increased transconductance along with keeping the power dissipation to the optimum 

levels. The KHN filters are used the applications to show the effectiveness of the proposed structures. 

In the section 3.1, the operation of conventional CDTA is explained. Section 3.2 describes the structure 

of CDTACS and the advantages of connecting a common source (CS) amplifier in the OTA of proposed 

CDTACS. Section 3.3 addresses PCDTACS in which the advantage of connecting a number of n-

MOSFETs in the differential pair is discussed. A  CCDTACS is proposed in Section 3.4, in which the 

OTA is modified by connecting a pair of cross coupled n-MOSFETs in the differential pair. In the last 

section 3.5, a proposed PCCDTACS is designed by using a CS amplifier, two networks of parallel n-

MOSFETs and the cross-coupled n-MOSFETs in the OTA.  

 

 

 

Figure 3.1 shows the circuit diagram of a conventional CDTA. It consists of the two units namely 

Current Differencing Unit (CDU) [8] and the Operational Transconductance Amplifier (OTA) [3]. The 

CDU acts as a differencing unit of two input currents. The difference of input currents is calculated at 

the output terminal of the CDU. This current is then converted to a voltage across the connected 

resistance. This voltage then acts as an input to the differential pair in the OTA and the output is 

generated in the form of two currents. 
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Figure 3.1 Conventional CDTA 
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The CDU consists of MOSFETs M1-M6 which are in the form of three current mirrors. The input 

currents are applied to the drain terminal of M1 & M3 and the difference of currents is generated at the 

Z terminal with the help of current mirrors.  This current is then converted to a voltage by connecting a 

resistance at the Z terminal. All the MOSFETs in the circuit operate in the saturation region. The OTA 

is composed of the MOSFETs M7-M18. The voltage produced at Z terminal is given as the input to 

MOSFET M7 of the differential pair. This voltage is again converted to the current via the network of 

current mirrors formed by MOSFETs M9-M14. The output of CDTA is generated at the drain terminals 

of M18 and M15.  

 

 

 

The operation of both the conventional CDTA and the proposed CDTACS is same except from the fact 

that the transconductance of the proposed circuit has been boosted. The proposed CDTACS has been 

developed from the conventional CDTA and a Common Source (CS) Amplifier. The common source 

amplifier has been used to boost the transconductance of the conventional CDTA as the CS amplifier 

produces an out-of-phase voltage at the output terminal which is given to the source of one of the 

MOSFETs in the differential pair thus increasing the overall gate-to-source voltage of the MOSFET.   
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Figure 3.2 Proposed CDTA with Common Source (CDTACS) 

 

Figure 3.2 shows the proposed CDTACS circuit. The proposed CDTACS consists of two units i.e. the 

CDU and the OTA with CS amplifier. The CDU consists of six MOSFETs M1-M6. These MOSFETs 

form three current mirror networks. The MOSFETs M1 & M2, M3 & M4 and M5 & M6 are perfectly 

matched. All the MOSFETs operate in the saturation region. The two currents Ip and In are given as 

inputs to the drain terminals of the MOSFETs M1 and M3, respectively. This current is then passed 

through the current mirror circuits and the difference of current is created at the Z terminal of the CDU 

unit. The value of the resistor connected at the Z terminal is chosen so as to provide a proper operating 

3.2.  PROPOSED CDTA WITH COMMON SOURCE AMPLIFIER (CDTACS) 
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range to the OTA. The OTA consists of MOSFETs M7-M22. These MOSFETs are also made to operate 

in saturation region. The p-MOSFET i.e. M9-M14 and n-MOSFETs M15-M17 form current mirrors. 

The CS amplifiers are designed by using MOSSFETs M19-M20 and M21-M22. These are connected 

on both the sides of OTA to make the circuit symmetrical.  The CS amplifier is connected across gate 

and source terminals of the MOSFET M7 of the differential pair. Same input voltage is applied at the 

gate terminals of MOSFETs M20 and M7. The output of CS amplifier is given to the source terminals 

of the MOSFETs M7 and M8 of the differential pair. This in turn, increases the gate-to-source voltage 

of the MOSFETs of the differential pair. The output of the OTA is in the form of two currents named 

as Ix+ and Ix-. These two currents are taken from the drain terminals of the MOSFETs M15 and M18.  

 

A small signal model of CDTACS as shown in Figure 3.3. 

Applying KCL at the node A: 

                                           ix+  =  −gm10. vgs10 − gm15. vgs15                                                                  (3.1) 

where, ix+ represents the output current, gm10 and gm15 are the transconductances of MOSFETs M10 & 

M15 and vgs10 & vgs15 are the gate-to-source voltages of M10 & M15.  
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Figure 3.3 Small signal model of CDTACS 

 

Applying KCL at the node vx to calculate the output voltage produced by the CS Amplifier. The output 

voltage vx is given as:  

vx =  −gm20. vgs20 (
1

gm19
 ll ro19 ll ro20)                                                    (3.2) 

where, gm19 and gm20 represent the transconductances of MOSFETs M19 & M20, ro19 & ro20 are the 

output impedances of M19 & M20 and vgs20 is the gate-to-source voltage of M20. The value of 1/gm19 

is smaller than the ro19 and ro20. So, the parallel combination of 1/gm19, ro19  and ro20 reduces to 

1/gm19 . Therefore, vx equals to: 

                                                vx = −
gm20

gm19
 . (

vz

2
)                                                                                          (3.3)  

where vz = 2. vgs20 is because of the half symmetry of the circuit. 

 

The gate-to-source voltage of the MOSFET M10 i.e. vgs10 in terms of vz. 

vgs10 =  −gm7.vgs7. (
1

gm9
 ll ro9 ll ro7)                                                    (3.4) 
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where, gm7 and gm9 represent the transconductances of M7 & M9, ro7 and ro9 are the output impedances 

and vgs7 is the gate-to-source voltage. The value of 1/gm9 is smaller than the ro9 and ro7. So, the parallel 

combination of 1/gm9, ro9  and ro7  yeilds to 1/gm9 . Therefore, vgs10 is equal to:   

vgs10 =  −
gm7

gm9
. vgs7                                                                     (3.5) 

= −
gm7

gm9
. (

vz

2
−

vx

2
)                                                         (3.6) 

            = −
gm7

gm9
. (

vz

2
+

gm20

gm19
.
vz

2
)                                            (3.7) 

                                                                           = −
gm7

gm9
. (1 +

gm20

gm19
) .

vz

2
                                             (3.8) 

 

The gate-to-source voltage of the MOSFET M13 i.e. vgs13 in terms of vz is given as: 

vgs13 =  −gm8 . vgs8. (
1

gm12
 ll ro12 ll ro8)                                (3.9) 

where, gm8 and gm12 represent the transconductances of M8 & M12, ro12 and ro8 are the output 

impedances and vgs8 is the gate-to-source voltage of M8. The value of 1/gm12 is smaller than the ro8 

and ro12. So, the parallel combination of 1/gm12, ro8  and ro12  yeilds to 1/gm12 . Therefore, vgs13 is 

equal to: 

vgs13 =  −
gm8

gm12
. vgs8                                                                      (3.10) 

= −
gm8

gm12
. (−

vz

2
+

vx

2
)                                                         (3.11) 

 =
gm8

gm12
. (

vz

2
+

gm20

gm19
.
vz

2
)                                                     (3.12) 

                                                                         =
gm8

gm12
. (1 +

gm20

gm19
) .

vz

2
                                                      (3.13) 

 

The gate-to-source voltage of the MOSFET M15 vgs15 in terms of vgs13 is given as: 

vgs15 =  −gm13 . vgs13. (
1

gm17
 ll ro17 ll ro13)                           (3.14) 

where, gm13 and gm17 represent the transconductances of M13 & M17, ro17 and ro13 are the output 

impedances of M13 & M17 and vgs13 is the gate-to-source voltage of M13. The value of 1/gm17 is 

smaller than the ro17 and ro13. So, the parallel combination of 1/gm17, ro17  and ro13  yeilds to 

1/gm17. Therefore, vgs15 equals to: 

                                                             vgs15 =  −
gm13

gm17
. vgs13                                                                   (3.15) 

 

Substituting the value of vgs13 in Equation (3.15).  

                                                 vgs15 =
gm13

gm17
.

gm8

gm12
. (1 +

gm20

gm19
) .

vz

2
                                         (3.16) 
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The MOSFETs M13 and M12 are perfectly matched. Thus, gm13 = gm12. 

Therefore, 

                                                                  vgs15  =
gm8

gm17
. (1 +

gm20

gm19
) .

vz

2
                                             (3.17) 

 

Substituting Equation (3.8) and (3.17) in Equation (3.1). 

Therefore,  

ix+  = gm10

gm7

gm9
. (1 +

gm20

gm19
) .

vz

2
  + gm15  

gm8

gm17
. (1 +

gm20

gm19
) .

vz

2
            (3.18) 

 

The MOSFETs M7 & M8, M9 and M10, M15 and M17 are perfectly matched. Thus, their respective 

transconductance are also equal i.e. gm7 = gm8 = gm,   gm9 = gm10 and  gm15 = gm17. Therefore, 

the current ix+  can be represented as shown in equation 3.12. 

ix+     = gm7. (1 +
gm20

gm19
) .

vz

2
  + gm8. (1 +

gm20

gm19
) .

vz

2
                                (3.19) 

                                          ix+     = gm. (1 +
gm20

gm19
) . vz                                                                              (3.20) 

The value can be (
gm20

gm19
) can be denoted by a constant A. Thus, 

                            ix+   = gm. (1 + A). vz = gmCDTACS. vz                                                                       (3.21) 

Similarly, the ix− can be shown as:  

                            ix−   = −gm. (1 + A). vz =  −gmCDTACS. vz                                                               (3.22) 

 

The gmCDTACS represents the new transconductance of the proposed CDTACS in which the 

transconductance of the conventional CDTA is boosted by a factor of (1+ A).  

 

3.2.1 KHN Filter based on proposed CDTACS 

  A  Kerwin-Huelsman-Newcomb (KHN) filter designed using the proposed CDTACS 

is shown in Figure 3.4. The KHN filter is constructed by cascading of two proposed CDTACS 

circuits with passive elements to obtain the frequency response of High Pass (HP), Low Pass 

(LP) and Band Pass (BP) filters.  The center frequency of the KHN filter (fo) is given as:   

                                     fo =  
1

2π
 . √

gmCDTACS1. gmCDTACS2

C1 .  C2
                                                                     (3.23) 

where, gmCDTACS1 = gmCDTACS2 = gmCDTACS are the transconductances of the proposed 

CDTACS, C1and C2 are the two equal value grounded capacitances connected across the 

terminals of the KHN filter. 
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Figure 3.4 KHN Filter using proposed CDTACS 

 

     

The proposed PCDTACS is a modification of the proposed CDTACS circuit. In this circuit, the basic 

structure of the CDTA remains the same except that in place of a single n-MOSFET in differential pair, 

a number of n-MOSFETs are connected in parallel to enhance the transconductance of the CDTA.  In 

the proposed PCDTACS, five n-MOSFETs are connected in parallel to form two symmetrical networks 

i.e. N1 and N2 on each sides of the OTA. These networks N1 and N2 of MOSFETs increases the total 

current in OTA as the total drawn by the current will be the summation of all the individual currents 

drawn by the MOSFETs and thus increasing the transconductance of circuit.  

The PCDTACS is shown in the Figure 3.5. The proposed PDTACS consists of two units i.e. 

the CDU and the OTA with CS amplifier. The CDU consists of six MOSFETs M1-M6. These 

MOSFETs form three current mirror networks. The MOSFETs M1 & M2, M3 & M4 and M5 & M6 

are perfectly matched. All the MOSFETs operate in the saturation region. The two currents Ip and In 

are given as inputs to the drain terminals of the MOSFETs M1 and M3, respectively. This current is 

then passed through the current mirror circuits and the difference of current is created at the Z terminal 

of the CDU. The value of the resistor connected at the Z terminal is chosen so as to provide a proper 

operating range to the OTA. The OTA consists of MOSFETs M7N-M22. These MOSFETs are also 

made to operate in saturation region. The p-MOSFET i.e. M9-M14 and n-MOSFETs M15-M17 form 

current mirrors. The CS amplifiers are designed by using MOSSFETs M19-M20 and M21-M22. The 

CS amplifier is connected across gate and source terminal of the MOSFET M7 of the differential pair. 

The network of parallel n-MOSFETS N1 and N2 is used to improve the transconductance of the 

PCDTACS. These are connected on both the sides of OTA to make the circuit symmetrical.  Same input 

gate voltage is applied to the MOSFETs M20 and M7N. The output of CS amplifier is given to the 

source terminals of the MOSFETs M7N and M8N of the differential pair. 

3.3. PROPOSED CDTA WITH CS AMPLIFIER AND PARALLEL N- MOSFETS  

(PCDTACS) 
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This in turn, increases the gate-to-source voltage of the MOSFETs of the differential pair. The output 

of the OTA is in the form of two. These two currents are taken from the drain terminals of the MOSFETs 

M15 and M18.  

 

A small signal model of PCDTACS as shown in Figure 3.6. 

The gain of the CDTACS can be calculated by applying the KCL on the different nodes. 

Applying KCL at the node A: 

                                           ix+  =  −gm10. vgs10 − gm15. vgs15                                                                (3.24) 

where, ix+ represents the output current, gm10 and gm15 are the transconductances of MOSFETs M10 & 

M15 and vgs10 & vgs15 are the gate-to-source voltages of M10 & M15. 

Applying KCL at the node vx to calculate the output voltage produced by the CS Amplifier. The output 

voltage vx is given as:  

vx =  −gm20. vgs20 (
1

gm19
 ll ro19 ll ro20)                                                    (3.25) 

where, gm19 and gm20 represent the transconductances of MOSFETs M19 & M20, ro19 & ro20 are the 

output impedances of M19 & M20 and vgs20 is the gate-to-source voltage of M20. The value of 1/gm19 

is smaller than the ro19 and ro20. So, the parallel combination of 1/gm19, ro19  and ro20 reduces to 

1/gm19 . Therefore, vx equals to: 

                                                vx = −
gm20

gm19
 . (

vz

2
)                                                                                       (3.26)  

where, vz = 2. vgs20 is because of the half symmetry of the circuit. 

The gate-to-source voltage of the MOSFET M10 i.e. vgs10 in terms of vz. 

vgs10 =  −gm7N.vgs7N. (
1

gm9
 ll ro9 ll ro7N)                                                    (3.27) 

where, gm7N is summation of transconductances of network N1 i.e. gm7N = gm7,1 + gm7,2 + gm7,3 + gm7,4 

+ gm7,5, gm9 represent the transconductances of M9, ro7N  is the parallel combination of output 

impedances of MOSFETs M71-5, ro9 are the output impedances of M9 and vgs7N is the gate-to-source 

voltage applied to the gate terminals of the MOSFETs M71-5 . The value of 1/gm9 is smaller than the 

ro9 and ro7N. So, the parallel combination of 1/gm9, ro9  and ro7N  yeilds to 1/gm9 . Therefore, vgs10 

equals:   

vgs10 =  −
gm7N

gm9
. vgs7N                                                                     (3.28) 

  = −
gm7N

gm9
. (

vz

2
−

vx

2
)                                                              (3.29) 

            = −
gm7N

gm9
. (

vz

2
+

gm20

gm19
.
vz

2
)                                              (3.30) 

                                                                    = −
gm7N

gm9
. (1 +

gm20

gm19
) .

vz

2
                                               (3.31) 
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The gate-to-source voltage of the MOSFET M13 i.e. vgs13 in terms of vz is given as: 

vgs13 =  −gm8N . vgs8N. (
1

gm12
 ll ro12 ll ro8N)                                (3.32) 

where, gm8N is summation of transconductances of network N2 i.e. gm8N = gm8,1 + gm8,2 + gm8,3 + gm8,4 

+ gm8,5, gm12 represent the transconductances of M12, ro8N  is the parallel combination of output 

impedances of MOSFETs M81-5, ro12 are the output impedances of M12 and vgs8N is the gate-to-source 

voltage applied to the gate terminals of the MOSFETs M81-5 The value of 1/gm12 is smaller than the 

ro8 and ro12. So, the parallel combination of 1/gm12, ro8N  and ro12  yeilds to 1/gm12 . Therefore, 

vgs13 is equal to: 

vgs13 =  −
gm8N

gm12
. vgs8N                                                                      (3.33) 

= −
gm8N

gm12
. (−

vz

2
+

vx

2
)                                                            (3.34) 

        =
gm8N

gm12
. (

vz

2
+

gm20

gm19
.
vz

2
)                                                        (3.35) 

                                                                     =
gm8N

gm12
. (1 +

gm20

gm19
) .

vz

2
                                                         (3.36) 

 

The gate-to-source voltage of the MOSFET M15 vgs15 in terms of vgs13 is given as: 

vgs15 =  −gm13 . vgs13. (
1

gm17
 ll ro17 ll ro13)                           (3.37) 

where, gm13 and gm17 represent the transconductances of M13 & M17, ro17 and ro13 are the output 

impedances of M13 & M17 and vgs13 is the gate-to-source voltage of M13. The value of 1/gm17 is 

smaller than the ro17 and ro13. So, the parallel combination of 1/gm17, ro17  and ro13  yeilds to 

1/gm17. Therefore, vgs15 equals to: 

                                                             vgs15 =  −
gm13

gm17
. vgs13                                                                   (3.38) 

Substituting the value of vgs13 in Equation (3.38).  

                                                 vgs15 =
gm13

gm17
.
gm8N

gm12
. (1 +

gm20

gm19
) .

vz

2
                                         (3.39) 

 

The MOSFETs M13 and M12 are perfectly matched. Thus, gm13 = gm12. 

Therefore, 

                                                                  vgs15  =
gm8N

gm17
. (1 +

gm20

gm19
) .

vz

2
                                               (3.40) 

 

Substituting Equation (3.31) and (3.40) in Equation (3.24). 

Therefore,  

𝑖𝑥+   = gm10

gm7N

gm9
. (1 +

gm20

gm19
) .

𝑣𝑧

2
  + gm15  

gm8N

gm17
. (1 +

gm20

gm19
) .

𝑣𝑧

2
          (3.41) 
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The MOSFETs M7N & M8N, M9 and M10, M15 and M17 are perfectly matched. Thus, their respective 

transconductance are also equal i.e. gm7N = gm8N = gmN,   gm9 = gm10 and  gm15 = gm17.  

Therefore, the current 𝑖𝑥+ as: 

𝑖𝑥+     = gm7N. (1 +
gm20

gm19
) .

𝑣𝑧

2
  + gm8N. (1 +

gm20

gm19
) .

𝑣𝑧

2
                                (3.42) 

                                      𝑖𝑥+     = gmN. (1 +
gm20

gm19
) . 𝑣𝑧                                                                                (3.43) 

 

The value can be (
gm20

gm19
) can be denoted by a constant A. Thus, 

                                    𝑖𝑥+   = gmN. (1 + A). 𝑣𝑧 = gmPCDTACS. 𝑣𝑧                                                            (3.44) 

 

Similarly, the 𝑖𝑥− can be shown as:  

                            𝑖𝑥−   = −gmN. (1 + A). 𝑣𝑧 =  −gmPCDTACS. 𝑣𝑧                                                            (3.45) 

where, the gmPCDTACS represents the transconductance of the proposed PCDTACS in which the 

transconductance of the CDTACS is boosted by a factor of gmN. 

 

3.3.1 KHN Filter based on proposed PCDTACS    

A  Kerwin-Huelsman-Newcomb (KHN) filter designed using the proposed PCDTACS 

is shown in Figure 3.7. The KHN filter is constructed by cascading of two proposed PCDTACS 

circuits with passive elements to obtain the frequency response of High Pass (HP), Low Pass 

(LP) and Band Pass (BP) filters.  

 

The center frequency of the KHN filter (fo) is given as:     

                                     fo =  
1

2π
 . √

gmPCDTACS1. gmPCDTACS2

C1 .  C2
                                                                 (3.46) 

 

where, gmPCDTACS1 = gmPCDTACS2 = gmPCDTACS are the transconductances of the proposed 

PCDTACS, C1and C2 are the two equal value grounded capacitances connected across the 

terminals of the KHN filter. 
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Figure 3.7 KHN Filter using proposed PCDTACS 

 

The proposed CCDTACS is a modification of the proposed CDTACS circuit. In this circuit, the basic 

structure of the CDTA remains the same except from the fact that in CCDTACS, a pair of n-MOSFETs 

is connected in cross coupled configuration across the differential pair of OTA. These cross coupled 

MOSFETs form a positive feedback in the circuit which leads to the improved transconductance of the 

circuit. Thus, the overall transconductance of the OTA becomes dependent on the cross-coupled 

MOSFETs and by selecting their suitable ratios, a high gain can be achieved.  

The CCDTACS is shown in the Figure 3.8. The proposed CCDTACS consists of two units i.e. 

the CDU and OTA with CS amplifier and cross-coupled MOSFETs M9 and M10. The CDU consists 

of six MOSFETs M1-M6. These MOSFETs form three current mirror networks. The MOSFETs M1and 

M2, M3 and M4, M5 and M6 are perfectly matched. All the MOSFETs operate in the saturation region. 

The two currents Ip and In are given as inputs to the drain terminals of the MOSFET M1 and M3, 

respectively. This current is then passed through the current mirror circuits and the difference of current 

is created at the Z terminal of the CDU. The value of resistor connected at the Z terminal is chosen so 

as to provide a proper operating rate to the OTA. 

 

 

 

 

 

3.4. PROPOSED CDTA WITH CS AMPLIFIER AND CROSS COUPLED N-   

  MOSFETS (CCDTACS) 
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The OTA consists of MOSFETs M7-M24. These MOSFETs are also made to operate in saturation 

region. The p-MOSFETs M11-M16 and n-MOSFETs M17-M20 form current mirrors. The CS 

amplifiers are designed by using MOSSFETs M21-M22 and M23-M24. The CS amplifiers are 

connected on both sides of the OTA to make the circuit symmetrical. The CS amplifier is connected 

across gate and source terminal of the MOSFET M7 and the drain terminal of M7 is connected to the 

drain of MOSFET M9 to form a cross-coupled pair on one side of OTA. Similarly, on the order side 

drain of MOSFETs M8 and M10 are connected together. Same input gate voltage is applied to both the 

MOSFETs, M22 and M7. The output of CS amplifier is given as to the source terminals of the 

MOSFETs M7 and M8 of the differential pair. This in turn, increases the gate-to-source voltage of the 

MOSFETs of the differential pair. The cross coupled MOSFETs M9 and M10 are connected to a third 

current source. These MOSFETs also operate in saturation region. The output of the OTA is in the form 

two currents and is taken from the drain terminals of the MOSFETs M17 and M20. 

 

The small signal model of the proposed CCDTACS is shown in Figure 3.9.  

Applying KCL at the node A: 

                                            𝑖𝑥+  =  −gm12. vgs12 − gm17. vgs17                                                               (3.47) 

where, 𝑖𝑥+ is the output current of the CCDTACS, gm12 and gm17 are the transconductances of 

MOSFETs M12 and M17 and vgs12 and vgs17 are their respective gate-to-source voltages.  

Applying KCL at the node 𝑣𝑥 to calculate the output voltage of CS Amplifier. The output voltage 𝑣𝑥is 

equal to: 

𝑣𝑥 =  −gm22. vgs22 (
1

gm21
 ll ro21 ll ro22)                                                  (3.48) 

where, 𝑣𝑥+ is the output voltage of the CS amplifier, gm21 and gm22 are the transconductances of 

MOSFETs M21 and M22, vgs22 is the gate-to-source voltage of MOSFET M22 and ro21and ro22 are 

the output impedances of MOSFETs M21 and M22. The value of 1/gm22 is smaller than the ro21 and 

ro22. So, the parallel combination of 1/gm21,   ro22 and ro21 yeilds to  1/gm22. 

Therefore, 𝑣𝑥 reduces to: 

                                            𝑣𝑥 = −
gm22

gm21
 . (

𝑣𝑧

2
)                                                                                            (3.49) 

where, 𝑣𝑧 = 2. vgs22  is because of the half symmetry of the circuit. The 𝑣𝑧 is the gate voltage of the 

MOSFETs M7 and M22. 

The gate-to-source voltage of the MOSFET M12 i.e. vgs12 in terms of 𝑣𝑧. 

vgs12 =  −gm7 . vgs7. (
1

gm11
 ll ro11 ll ro7 𝑙𝑙 (−

1

𝑔𝑚9
))                          (3.50) 

where, 𝑣𝑔𝑠12 is the gate-to-source voltage of M12, gm11 and gm9 are the transconductances of 

MOSFETs M11 and M9, vgs7 is the gate-to-source voltage of MOSFET M7 and ro11and ro7 are the 

output impedances of MOSFETs M11 and M7 respectively. The value of  (
1

𝑔𝑚11
) 𝑎𝑛𝑑 (−

1

𝑔𝑚9
)  is 
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smaller than the ro11 and ro7. So, the parallel combination of (
1

𝑔𝑚11
) , (−

1

𝑔𝑚9
), ro11 and ro7 yeilds 

to (
1

gm11−𝑔𝑚9
) .   

Therefore, vgs12 equals to: 

vgs12 =  −
gm7

gm11 − gm9
. vgs7                                                               (3.51) 

= −
gm7

gm11 − gm9
. (

𝑣𝑧

2
−

𝑣𝑥

2
)                                                       (3.52) 

            = −
gm7

gm11 − gm9
. (

𝑣𝑧

2
+

gm22

gm21
.
𝑣𝑧

2
)                                           (3.53) 

                                                                  = −
gm7

gm11 − gm9
. (1 +

gm22

gm21
) .

𝑣𝑧

2
                                           (3.54) 

 

The gate-to-source voltage of the MOSFET M15 i.e. vgs15 in terms of 𝑣𝑧. 

vgs15 =  −gm8. vgs8. (
1

gm14
 ll ro14 ll ro8 𝑙𝑙 (−

1

𝑔𝑚10 
 

) )            (3.55) 

where, 𝑣𝑔𝑠15 is the gate-to-source voltage of M15, gm8 and gm14 are the transconductances of 

MOSFETs M8 and M14, vgs8 is the gate-to-source voltage of MOSFET M8 and ro8 and ro14 are the 

output impedances of MOSFETs M8 and M14 respectively. The value of   (
1

𝑔𝑚14
) 𝑎𝑛𝑑 (−

1

𝑔𝑚10
)  is 

smaller than the ro8 and ro14. So, the parallel combination of  (
1

𝑔𝑚14
) , (−

1

𝑔𝑚10
) , ro8  and ro12  yeilds 

to ( 
1

𝑔𝑚14−𝑔𝑚10
)  . Therefore, vgs15 reduces to:  

vgs15 =  −
gm8

gm14 − gm10
. vgs8N                                                             (3.56) 

= −
gm8

gm8 −  gm10
. (−

𝑣𝑧

2
+

𝑣𝑥

2
)                                                  (3.57) 

            =
gm8

gm14 −  gm10
. (

𝑣𝑧

2
+

gm22

gm21
.
𝑣𝑧

2
)                                             (3.58) 

                                                                 =
gm8

gm14 −  gm10
. (1 +

gm22

gm21
) .

𝑣𝑧

2
                                             (3.59) 

 

The gate-to-source voltage of the MOSFET M17 i.e. vgs17 in terms of vgs15. 

vgs17 =  −gm15 . Vgs15. (
1

gm19
 ll ro19 ll ro15)                                                (3.60) 

where, 𝑣𝑔𝑠15 is the gate-to-source voltage of M15, gm15 and gm19 are the transconductances of 

MOSFETs M15 and M19 M7 and ro15 and ro19 are the output impedances of MOSFETs M15 and M19 

respectively. The value of 1/gm19 is smaller than the ro19 and ro15. So, the parallel combination of 

1/gm19, ro19  and ro15  yeilds to 1/gm19 . Therefore, vgs17 is:   

                                       vgs17 =  −
gm15

gm19
. vgs15                                                                                         (3.61) 
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Substituting the value of vgs15 in Equation (3.61).  

                                      vgs17 = −
gm15

gm19
.

gm8

gm14 − 𝑔𝑚10
. (1 +

gm22

gm21
) .

𝑣𝑧

2
                                             (3.62) 

 

Substituting Equation (3.54) and (3.62) in Equation (3.47). 

Therefore,  

𝑖𝑥+  = gm12.
gm7

gm11 −  gm9
. (1 +

gm22

gm21
) .

𝑣𝑧

2
+ gm17.

gm15

gm19
.

gm8

gm14 − 𝑔𝑚10
. (1 +

gm22

gm21
) .

𝑣𝑧

2
     (3.63) 

 

The MOSFETs M17 and M19 are symmetrical. Thus, their respective transconductance are also equal 

i.e. gm17 = gm19  and they will be cancelled. Hence, the current 𝑖𝑥+can be represented: 

 

𝑖𝑥+   = gm12.
gm7

gm11 −  gm9
. (1 +

gm22

gm21
) .

𝑣𝑧

2
    + gm15.

gm8

gm14 − 𝑔𝑚10
. (1 +

gm22

gm21
) .

𝑣𝑧

2
             (3.64) 

= (
 gm12.gm7

gm11 −  gm9
+

 gm15. gm8

gm14 − 𝑔𝑚10
). (1 +

gm22

gm21
) .

𝑣𝑧

2
                                                                    (3.65) 

 

The terms 
 gm12.gm7

gm11− gm9
 and 

 gm15.gm8

gm14−gm10
 are equal as the OTA is symmetrical. So, we can write: 

 gm12.gm7

gm11− gm9
=

 gm15.gm8

gm14−gm10
 = gmCCDTACS                                                            (3.66) 

Simplifying further, 

   gmCCDTACS =  
 gm12.gm7

gm11− gm9
                                                                                  (3.67) 

The MOSFETs M11 and M12 are symmetrical, thus gm12 =  gm11 

Therefore,  

   gmCCDTACS =  
 gm7

1− 
gm9

gm11

=  
 gm8

1− 
gm10
gm14

                                                                    (3.68) 

The factor 
gm9

gm11
 is due to the cross coupled n-MOSFETs. As the positive feedback makes the circuit 

unstable but by choosing the appropriate values of MOSFETs M9 and M14, the overall 

transconductance of the CCDTACS can be improved without effecting the stability of the circuit. Also, 

the value (
gm22

gm21
) can be denoted by a constant A. Thus, 

                                  ix+   = gmCCDTACS. (1 + A). vz                                                                                   (3.69) 

 

Similarly, ix−  can be represented as shown: 

                                    ix− = −gmCCDTACS. (1 + A). vz                                                                              (3.70) 

The gmCCDTACS represents the new transconductance of the proposed CCDTACS in which the 

transconductance of the proposed PCDTACS is boosted by the ratio 
gm9

gm11
or 

gm10

gm14
. 
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3.4.1 KHN Filter based on proposed CCDTACS 

   A  Kerwin-Huelsman-Newcomb (KHN) filter designed using the proposed 

CCDTACS is shown in Figure 3.10. The KHN filter is constructed by cascading of two 

proposed CCDTACS circuits with passive elements to obtain the frequency response of 

High Pass (HP), Low Pass (LP) and Band Pass (BP) filters.  The center frequency of the 

KHN filter (fo) is given as:  The center frequency of the KHN filter (fo) is given by:   

                                     fo =  
1

2π
 . √

gmCCDTACS1. gmCCDTACS2

C1 .  C2
                                                                 (3.71) 

where, gmCCDTACS1 = gmCCDTACS2 = gmCCDTACS are the transconductances of the 

proposed CCDTACS, C1and C2 are the two equal value grounded capacitances 

connected across the terminals of the KHN filter. 
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Figure 3.10 KHN Filter using proposed CCDTACS 

 

        

 The proposed PCCDTACS circuit is a combination of all above three proposed CDTA circuits i.e. 

OTA of this proposed circuit consists of a CS amplifier, a pair of cross-coupled n-MOSFETs and 

two networks N1 and N2 consisting of five parallel equal sized n-MOSFETs. The constructional 

difference between CCDTACS and PCCDTACS is that in place of a single differential pair, a 

network of MOSFETs is connected on both sides of OTA. This enhances the overall current in the 

circuit. The cross coupled MOSFETs generates a positive feedback which further leads to the 

improved transconductance of the circuit because the overall transconductance of the OTA becomes 

dependent on the cross coupled MOSFETs and the summation of transconductances of the parallel 

MOSFETs.  

The Figure 3.11 shows the circuit diagram of PCCDTACS. 

3.5. PROPOSED CDTA WITH CS AMPLIFIER, CROSS COUPLED N-MOSFET 

AND PARALLEL N-MOSFETS (PCCDTACS) 
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The proposed PCCDTACS consists of two units, the CDU and OTA with CS amplifier and cross 

coupled MOSFETs M9 and M10. The CDU consists of six MOSFETs M1-M6. These MOSFETs form 

three current mirror networks. The MOSFETs M1 & M2, M3 & M4 and M5 & M6 are perfectly 

matched. All the MOSFETs operate in the saturation region. The two currents Ip and In are given as 

inputs to the drain terminals of the MOSFETs M1 and M3, respectively. This current is then passed 

through the current mirror and the difference of current is created at the Z terminal of the CDU. The 

value of resistor connected at the Z terminal is chosen so as to provide a proper operating range to the 

OTA. The OTA consists of MOSFETs M7-M24. These MOSFETs also operate in saturation region. 

The p-MOSFETs M11-M16 and n-MOSFETs M17-M20 form current mirror networks. The CS 

amplifiers are designed by using two MOSSFETs M21-M22 and M23-M24. The CS amplifiers are 

connected on both sides of OTA to make the circuit symmetrical.  Also, drain terminal of these 

MOSFETs is connected to the drain of MOSFET M9 and MOSFET M10 to form two cross-coupled 

pairs. The M7N and M8N represent the number of MOSFETs connected in the differential pair of OTA 

to further boost the transconductance of the circuit.  Same gate voltage is applied to both the MOSFETs 

M22 and M7N. The output of CS amplifiers is connected to the source terminal of the MOSFETs present 

in network N1 and N2. This in turn, increases the gate-to-source voltage of the MOSFETs in the 

differential pair. The cross coupled MOSFETs M9 and M10 are connected to a third current source, Ic. 

These MOSFETs operate in saturation region. The output of the OTA is in the form of two currents. 

These two currents are taken from the drain terminals of the MOSFETs M17 and M20. 

 

The small signal model of PCCDTACS is shown in Figure 3.12. 

Applying KCL at the node A: 

                                            𝑖𝑥+  =  −gm12. vgs12 − gm17. vgs17                                                               (3.71) 

where, 𝑖𝑥+ is the output current of the CCDTACS, gm12 and gm17 are the transconductances of 

MOSFETs M12 and M17 and vgs12 and vgs17 are their respective gate-to-source voltages. 

Applying KCL at the node 𝑣𝑥 to calculate the output voltage of CS Amplifier. The output voltage 𝑣𝑥is 

equal to: 

𝑣𝑥 =  −gm22. vgs22 (
1

gm21
 ll ro21 ll ro22)                                                  (3.72) 

where, 𝑣𝑥+ is the output voltage of the CS amplifier, gm21 and gm22 are the transconductances of 

MOSFETs M21 and M22, vgs22 is the gate-to-source voltage of MOSFET M22 and ro21and ro22 are 

the output impedances of MOSFETs M21 and M22. The value of 1/gm22 is smaller than the ro21 and 

ro22. So, the parallel combination of 1/gm21,   ro22 and ro21 yeilds to  1/gm22 .  

Therefore, 𝑣𝑥 reduces to 

                                            𝑣𝑥 = −
gm22

gm21
 . (

𝑣𝑧

2
)                                                                                            (3.73) 

where, 𝑣𝑧 =  vgs22 due to half symmetry of the circuit. 
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The gate-to-source voltage of the MOSFET M12 i.e. vgs12 in terms of 𝑣𝑧. 

vgs12 =  −gm7N . vgs7N. (
1

gm11
 ll ro11 ll ro7N 𝑙𝑙 (−

1

𝑔𝑚9
)) 

where, 𝑣𝑔𝑠12 is the gate-to-source voltage of M12, gm11 and gm9 are the transconductances of 

MOSFETs M11 and M9, vgs7N is the gate-to-source voltage of all the MOSFET connected in network 

N1, ro11 are the output impedances of MOSFETs M11, ro7N is the output impedance of the parallel 

combination of all MOSFETs connected in N1 and gm7N  is the summation of transconductances of all 

the MOSFETs in N1 ie. gm7N = gm7,1 + gm7,2 + gm73 + gm7,4 + gm7,5 . The value of 

 (
1

𝑔𝑚11
) 𝑎𝑛𝑑 (−

1

𝑔𝑚9
)  is smaller than the ro11 and ro7N. So, the parallel combination of 

(
1

𝑔𝑚11
) , (−

1

𝑔𝑚9
), ro11 and ro7N yeilds to (

1

gm11−𝑔𝑚9
) .  Therefore, vgs12 equals: 

vgs12 =  −
gm7

gm11 − gm9
. vgs7N                                                               (3.74) 

= −
gm7N

gm11 − gm9
. (

𝑣𝑧

2
−

𝑣𝑥

2
)                                                         (3.75) 

            = −
gm7N

gm11 − gm9
. (

𝑣𝑧

2
+

gm22

gm21
.
𝑣𝑧

2
)                                            (3.76) 

                                              = −
gm7

gm11 − gm9
. (1 +

gm22

gm21
) .

𝑣𝑧

2
                                             (3.77) 

 

The gate-to-source voltage of the MOSFET M15 i.e. vgs15 in terms of 𝑣𝑧. 

vgs15 =  −gm8N. vgs8N. (
1

gm14
 ll ro14 ll ro8N 𝑙𝑙 (−

1

𝑔𝑚10 
 

) ) 

where, gm14 and gm10 are the transconductances of MOSFETs M14 and M10 respectively, vgs8N is 

the gate-to-source voltage of all the MOSFET connected in network N2, ro14 are the output impedances 

of MOSFETs M14, ro8N is the output impedance of the parallel combination of all MOSFETs 

connected in N2 and gm8N  is the summation of transconductances of all the MOSFETs in N2 ie. 

gm8N = gm8,1 + gm8,2 + gm8,3 + gm8,4 + gm8,5 .The value of   (
1

𝑔𝑚14
) 𝑎𝑛𝑑 (−

1

𝑔𝑚10
)  is smaller than 

the ro8N and ro14. So, the parallel combination of  (
1

𝑔𝑚14
) , (−

1

𝑔𝑚10
) , ro8  and ro12  yeilds 

to ( 
1

𝑔𝑚14−𝑔𝑚10
)  . Therefore, vgs15 reduces to:  

vgs15 =  −
gm8N

gm14 − gm10
. vgs8N                                                             (3.78) 

= −
gm8N

gm8 −  gm10
. (−

𝑣𝑧

2
+

𝑣𝑥

2
)                                                  (3.79) 

            =
gm8N

gm14 −  gm10
. (

𝑣𝑧

2
+

gm22

gm21
.
𝑣𝑧

2
)                                             (3.80) 

                                                                 =
gm8N

gm14 −  gm10
. (1 +

gm22

gm21
) .

𝑣𝑧

2
                                             (3.81) 
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The gate-to-source voltage of the MOSFET M17 i.e. vgs17 in terms of vgs15. 

vgs17 =  −gm15 . Vgs15. (
1

gm19
 ll ro19 ll ro15)                                                (3.82) 

where, 𝑣𝑔𝑠15 is the gate-to-source voltage of M15, gm15 and gm19 are the transconductances of 

MOSFETs M15 and M19 M7 and ro15 and ro19 are the output impedances of MOSFETs M15 and M19 

respectively. The value of 1/gm19 is smaller than the ro19 and ro15. So, the parallel combination of 

1/gm19, ro19  and ro15  yeilds to 1/gm19 . Therefore, vgs17 is:   

                                       vgs17 =  −
gm15

gm19
. vgs15                                                                                         (3.83) 

 

Substituting the value of Vgs15 in Equation (3.83).  

                                      vgs17 = −
gm15

gm19
.

gm8N

gm14 − 𝑔𝑚10
. (1 +

gm22

gm21
) .

𝑣𝑧

2
                                             (3.84) 

 

Substituting Equation (3.77) and (3.84) in Equation (3.71). 

Therefore,  

𝑖𝑥+  = gm12.
gm7N

gm11 −  gm9
. (1 +

gm22

gm21
) .

𝑣𝑧

2
+ gm17.

gm15

gm19
.

gm8N

gm14 − 𝑔𝑚10
. (1 +

gm22

gm21
) .

𝑣𝑧

2
     (3.85) 

 

The MOSFETs M17 and M19 are symmetrical. Thus, their respective transconductance are also equal 

i.e. gm17 = gm19  and they will be cancelled. Hence, the current ix+can be represented: 

 

ix+   = gm12.
gm7N

gm11 −  gm9
. (1 +

gm22

gm21
) .

vz

2
    + gm15.

gm8N

gm14 − gm10
. (1 +

gm22

gm21
) .

vz

2
             (3.86) 

= (
 gm12.gm7N

gm11 −  gm9
+

 gm15. gm8N

gm14 − gm10
). (1 +

gm22

gm21
) .

vz

2
                                                                    (3.87) 

 

The terms 
 gm12.gm7N

gm11− gm9
 and 

 gm15.gm8N

gm14−gm10
 are equal as the OTA is symmetrical So, we can write: 

 gm12.gm7N

gm11− gm9
=

 gm15.gm8N

gm14−gm10
 = gmPCCDTACS                                                            (3.88) 

Simplifying further, 

   gmPCCDTACS =  
 gm12.gm7N

gm11− gm9
                                                                               (3.89) 

The MOSFETs M11 and M12 are symmetric, thus gm12 =  gm11 

Therefore,  

   gmPCCDTACS =  
 gm7N

1− 
gm9

gm11

=  
 gm8N

1− 
gm10
gm14

                                                                  (3.90) 

The factor 
gm9

gm11
 is due to the cross coupled n-MOSFETs. As the positive feedback makes the circuit 

unstable but by choosing the appropriate values of MOSFETs M9 and M14, the overall 
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transconductance of the CCDTACS can be improved without effecting the stability of the circuit. Also, 

the value (
gm22

gm21
) can be denoted by a constant A. Thus, 

                                  ix+   = gmPCCDTACS. (1 + A). vz                                                                                 (3.91) 

 

Similarly, ix−  can be represented as shown: 

                                    ix− = −gmCCDTACS. (1 + A). vz                                                                              (3.92) 

 

The gmPCCDTACS represents the new transconductance of the proposed PCCDTACS in which the 

transconductance of the proposed CCDTACS is boosted by the ratio of 
gm9

gm11
or 

gm10

gm14
. 

 

3.5.1 KHN filter based on proposed PCCDTACS  

A Kerwin-Huelsman-Newcomb (KHN) filter designed using the proposed 

PCCDTACS is shown in Figure 3.13. The KHN filter is constructed by cascading of 

two proposed PCCDTACS circuits with passive elements to obtain the frequency 

response of High Pass (HP), Low Pass (LP) and Band Pass (BP) filters.   

The center frequency of the KHN filter (fo) is given as:   

 

                                     fo =  
1

2π
 . √

gmPCCDTACS1. gmPCCDTACS2

C1 .  C2
                                                             (3.93) 

where, gmPCCDTACS1 = gmPCCDTACS2 = gmPCCDTACS are the transconductances of 

the proposed PCCDTACS, C1and C2 are the two equal value grounded capacitances 

connected across the terminals of the KHN filter. 

 

PCCDTACS2

z z

n

p

x+

C1

x- p

n

x-

x+

C2

RIIN

PCCDTACS1

HP BP

LP

 

Figure 3.13 KHN Filter using proposed PCCDTACS 

 



32 

 

CHAPTER 4 

SIMULATION RESULTS  

This chapter describes the simulation results of all the proposed CDTA circuits. The proposed circuits 

are designed and simulated in Cadence Virtuoso Analog Design Environment using BSIM3V3 180nm 

CMOS technology. The Section 4.1 describes the simulation results of proposed current differencing 

transconductance amplifier with common source amplifier (CDTACS). A KHN filter based on 

proposed CDTACS is also presented. The simulation results of proposed CDTA with parallel n-

MOSFETs (PCDTACS) along with a KHN filter as an application are presented in Section 4.2.  Section 

4.3 addresses the simulation results of proposed CDTA with cross-coupled n-MOSFETs (CCDTACS). 

The simulation results of a KHN filter based on CCDTACS for different values of capacitances are also 

addressed. The simulation results of proposed CDTA with CS amplifier, Cross-coupled n-MOSFETs 

and parallel n-MOSFETs (PCCDTACS) are discussed in section 4.4. The chapter concludes with 

Section 4.5, which presents the comparison of different CDTA structures available in literature with the 

proposed CDTA circuits. 

 

 

 

The bias currents of the proposed CDTACS circuit are chosen as Ibias = 30µA and Ibias2 = 200 µA. The 

supply voltages are selected as VDD = -VSS = 0.9V. The aspect ratios of the MOSFETs used to design 

CDTACS is given in the Table 4.1.   

 

Table 4.1 Aspect ratios of MOSFETs 

S.No. MOSFETs Aspect ratio (µm/µm) 

1. M1 - M4 32/2 

2. M5, M6 42.5/0.36 

3. M7, M8 50/036 

4. M9 – M14 20/0.36 

5. 

6.   

7. 

M15 – M18 

M19, M21 

M20, M22 

10/0.36 

5/0.36 

6/0.36 

 

For AC analysis, two input sinusoidal currents Ip and In are applied to the CDTACS. The AC 

magnitudes of the input currents are 40µA and 30µA with a DC offset of 100mV. The current transfer 

characteristics are plotted over a range of frequency from 1 Hz to 10GHz. These plots show the variation 

of the currents at output ports with respect to the input ports. The graphs are plotted for different current 

ratios such as Ix+/Ip, Ix+/In, Iz/Ip and Iz/In are shown in Figures 4.1, 4.2, 4.3 and 4.4 respectively. The 

-3dB bandwidth of the circuit for these different current gains is also observed. Figure 4.1 shows the 

variation of the Ix+/Ip and the -3dB bandwidth is observed as 48.91MHz.   

4.1 SIMULATION RESULTS OF PROPOSED CDTACS 
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Figure 4.1 Variation of Ix+/Ip at bias current of 200µA 

 

Figure 4.2 shows the frequency response of the CDTACS for the Ix+/In current gain. The -3dB 

bandwidth is observed to be 48.91 MHz. 

 

 

Figure 4.2 Variation of Ix+/In at bias current of 200µA 
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Figures 4.3 and 4.4 show the variations of the current at the Z terminal to the input currents over a range 

of frequency from 1 Hz to 10 GHz. The biasing current Ibias2 is kept constant at a value of 200µA. The 

-3dB bandwidth of the circuits for these current gains are observed as 49.16 MHz each. 

 

Figure 4.3 Iz/Ip versus frequency  

 

 

Figure 4.4 Iz/In versus frequency 
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Figure 4.5 shows the plot between the transconductance (in dB) of the CDTACS over a frequency range 

of 1 Hz to 10 GHz for constant Ibias2 of 200µA. The -3dB bandwidth of the CDTACS is found to be 

637MHz. 

 

Figure 4.5 Gain vs frequency plot of CDTACS 

 

The -3dB bandwidth of the CDTACS can be observed from the Figures 4.1, 4.2, 4.3, 4.4 and 4.5. The 

different values of bandwidth are 48.91 MHz, 48.91 MHz, 49.16 MHz, 49.16 MHz and 637 MHz. Thus, 

the bandwidth of the CDTACS is the minimum of the mentioned values i.e. 48.91 MHz. 

Figure 4.6 shows the range of transconductance for different values of bias current (Ibias2). The 

bias current is varied from 1µA to 200µA with selected values of 1 µA, 2 µA, 3 µA, 4 µA, 5 µA, 10 

µA, 20 µA, 30 µA, 40 µA, 50 µA, 60 µA, 70 µA, 80 µA, 90 µA, 100 µA, 150 µA and 200 µA. From 

the Figure the maximum value of transconductance of the CDTACS is 2.74mS for 200µA of bias 

current.  

 

Figure 4.6 Transconductance of CDTACS 
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The transient analysis of the circuit is performed by applying two square input current pulses at the 

nodes ‘p’ and ‘n’. The currents Ip and In are chosen as 40µA and 20µA peak-to-peak, respectively with 

time period of 1µs and the pulse width of 0.5µS. Figure 4.7 shows the transient response of the proposed 

CDTACS circuit. The transient analysis concludes that the two output currents are out-of-phase with 

each other and amplified. The peak-to-peak magnitude of the output currents Ix+ and Ix- are found out 

to be 120mA and 120mA. 

 

 

Figure 4.7 Transient response of CDTACS 

 

The Table 4.2 shows the comparison between the conventional CDTA and the proposed CDTACS on 

the basis of transconductance and dynamic power. From the table, it is observed that the dynamic power 

of CDTACS remains in close proximity to the dynamic power of conventional CDTA but the 

transconductance (gm) is increased by 2 times. Thus, the proposed CDTACS offers better 

transconductance than the conventional CDTA.  
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Table 4.2 Comparison between conventional CDTA and proposed CDTACS 

Ibias2 (µA) Conventional CDTA 

 

Transconductance       Dynamic 

Power 

            (µS)                         (mW) 

Proposed CDTACS 

 

Transconductance          Dynamic Power 

   (mS)                                 (mW) 

1 10.68 2.06 1.684 2.03                       

2 20.19 2.07 1.69 2.04                       

3 29.15 2.073 1.696 2.044                        

4 37.73 2.076 1.7 2.048                       

5 46.02 2.079 1.708 2.05                       

10 84.71 2.09 1.73 2.07                        

20 154.66 2.12 1.79 2.11                        

30 219.44 2.16 1.84 2.15                        

40 281.07 2.19 1.9 2.19                        

50 340.39 2.22 1.95 2.23                        

60 397.86 2.25 2.01                        2.27                        

70 453.77 2.28 2.06                        2.31                        

80 508.3 2.31 2.12                        2.35                        

90 561.57 2.35 2.17                        2.39                        

100 613.71 2.38 2.23                        2.43                        

150 859.51 2.54 2.49                        2.64                        

200 1080 2.74 2.74                       2.85                        

 

4.1.1 Simulation results of KHN Filter using proposed CDTACS 

The KHN Filter has been simulated using four different values of capacitances selected 

as 50pF, 100pF, 150pF and 200pF with a low valued resistance of 1Ω. The values of 

transconductances of CDTACS are chosen as gmCDTACS1 = gmCDTACS2 = 2.74mS by keeping the 

bias current at 200µA.  The frequencies of KHN filter for different values of capacitances are 

shown in Figure 4.8 (a), (b), (c) and (d). 

 

                           

(a) C1 = C2 = 50pF                              (b) C1 = C2 = 100pF  
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(c) C1 = C2 = 150pF                 (d) C1 = C2 = 200pF 

Figure 4.8 Frequency response of KHN filter with R=1Ω 

 

Table 4.3 Center frequency at different values of capacitances 

S. No. Capacitance (pF) Theoretical value of center 

frequency (fo)                                                                                 

(MHz) 

Actual value of center 

frequency (fo)                                                                                 

(MHz) 

1. 50 8.72 8.13 

2. 100 4.36 4.21 

3. 150 3.12 3.0 

4. 200 2.18 2.05 

 

From Figures 4.8 (a), (b), (c) and (d), the obtained center frequencies are listed in Table 4.3 which 

compares the actual value of center frequency to the theoretical value for different values of the 

capacitances. The dynamic power of the proposed KHN filter based on proposed CDTACS is 15.2mW 

which is less than that of the conventional CDTA (19.31mW). 

 

 

 

The bias currents of the proposed PCDTACS circuit are selected Ibias = 30µA each and Ibias2 = 200 

µA. The supply voltages are chosen as VDD = -VSS = 0.9V. The aspect ratios of the MOSFETs used to 

design PCDTACS is given in the Table 4.4.   

Table 4.4 Aspect ratios of MOSFETs 

S.No. MOSFETs Aspect ratio (µm/µm) 

1. M1 - M4 32/2 

2. M5, M6 42.5/0.36 

3. M71-N, M81-N 50/036 

4. M9 – M14 20/0.36 

5. 

6.   

7. 

M15 – M18 

M19, M21 

M20, M22 

10/0.36 

5/0.36 

6/0.36 

 

For AC analysis, two input sinusoidal currents Ip and In are applied to the PCDTACS. The AC 

magnitudes of the input currents are 40µA and 30µA with a DC offset of 100mV. The current transfer 

characteristics are plotted over a range of frequency from 1 Hz to 10GHz. These plots show the variation 

4.2 SIMULATION RESULTS OF PROPOSED PCDTACS 
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of the currents at output ports with respect to the input ports. The graphs are plotted for different current 

ratios such as Ix+/Ip, Ix+/In, Iz/Ip and Iz/In are shown in Figures 4.9, 4.10, 4.11 and 4.12 respectively. 

The -3dB bandwidth of the circuit for these different current gains is also observed. Figure 4.9 shows 

the variation of the Ix+/Ip and the -3dB bandwidth is observed as 33.42MHz.   

 

Figure 4.9 Frequency response of Ix+/Ip at bias current of 200µA 

 

Figure 4.12 shows the frequency response of the PCDTACS for the Ix+/In current gain. The -3dB 

bandwidth is observed to be 34.32MHz. 

 

 

Figure 4.10 Frequency response of Ix+/In for bias current of 200µA 

 

Figures 4.11 and 4.12 show the variations of the current at the Z terminal to the input currents over a 

range of frequency from 1 Hz to 10 GHz. The biasing current Ibias2 is kept constant at a value of 200µA. 

The -3dB bandwidth of the circuits for these current gains are observed as 36.44 MHz and 36.78 MHz. 
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Figure 4.11 Variation of Iz/Ip at bias current of 200µA 

 

 

Figure 4.12 Iz/In versus frequency at bias current of 200µA 

 

Figure 4.13 shows the plot between the transconductance (in dB) of the PCDTACS over a frequency 

range of 1 Hz to 10 GHz for constant Ibias2 of 200µA. The -3dB bandwidth of the PCDTACS is found 

to be 295.99MHz. 
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Figure 4.13 Gain vs frequency plot of PCDTACS 

The -3dB bandwidth of the PCDTACS can be observed from the Figures 4.9, 4.10, 4.11, 4.12 and 4.13. 

The different values of bandwidth are 33.42 MHz, 34.32 MHz, 36.44 MHz, 36.78 MHz and 295.99 

MHz. The bandwidth of the PCDTACS is the minimum of all these values i.e. 33.42 MHz. 

Figure 4.14 shows the range of transconductance for different values of bias current (Ibias2). 

The bias current is varied from 1µA to 200µA with selected values of 1 µA, 2 µA, 3 µA, 4 µA, 5 µA, 

10 µA, 20 µA, 30 µA, 40 µA, 50 µA, 60 µA, 70 µA, 80 µA, 90 µA, 100 µA, 150 µA and 200 µA. From 

the Figure the maximum value of transconductance of the PCDTACS is found out to be 4.21mS for 

200µA of bias current.  

 

Figure 4.14 Transconductance of PCDTACS 

 

The transient analysis of the circuit is performed by applying two square input current pulses at the 

nodes ‘p’ and ‘n’. The currents Ip and In are chosen as 20µA peak-to-peak, respectively with time 

period of 1µs and the pulse width of 0.5µS. Figure 4.15 shows the transient response of the proposed 

CDTACS circuit. The transient analysis concludes that the two output currents are out-of-phase with 
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each other and amplified. The peak-to-peak magnitude of the output currents Ix+ and Ix- are found out 

to be 750mA and 750mA. 

 

Figure 4.15 Transient response of PCDTACS 

 

Table 4.5 shows the comparison between the proposed CDTACS and the proposed PCDTACS on the 

basis of transconductance and dynamic power. From the table, it is observed that the dynamic power of 

CDTACS remains in close proximity to the dynamic power of proposed PCDTACS but the 

transconductance (gm) is increased by 1.5 times. Thus, the proposed PCDTACS offers better 

transconductance than the CDTACS.  

Table 4.5 Comparison between proposed CDTACS and proposed PCDTACS 

Ibias2 

(µA) 

Proposed CDTACS 

 

Transconductance          Dynamic Power 

(mS)                         (mW) 

Proposed PCDTACS 

 

Transconductance        Dynamic Power 

        (mS)                                    (mW) 

 

1 1.684 2.71 2.32 2.03                       

2 1.69 2.718 2.334 2.04                       

3 1.696 2.72 2.338 2.044                        

4 1.7 2.73 2.342 2.048                       

5 1.708 2.74 2.346 2.05                       

10 1.73 2.77 2.36 2.07                        

20 1.79 2.85 2.41 2.11                        

30 1.84 2.93 2.45 2.15                        

40 1.9 3.0 2.49 2.19                        

50 1.95 3.09 2.54 2.23                        

60 2.01                        3.16 2.58 2.27                        

70 2.06                        3.23 2.62 2.31                        

80 2.12                        3.31 2.67 2.35                        

90 2.17                        3.39 2.71 2.39                        

100 2.23                        3.46 2.75 2.43                        

150 2.49                        3.84 2.97 2.64                        

200 2.74                       4.21 3.2 2.85                        
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4.2.1 Simulation results of KHN Filter using proposed PCDTACS 

The KHN Filter has been simulated using four different values of capacitances selected 

as 50pF, 100pF, 150pF and 200pF with a low valued resistance of 1Ω. The values of 

transconductances of PCDTACS are chosen as gmPCDTACS1 = gmPCDTACS2 = 4.21mS by keeping 

the bias current at 200µA.  The frequencies of KHN filter for different values of capacitances 

are shown in Figure 4.16 (a), (b), (c) and (d).  

 

                   

                              (a) C1 = C2 = 50pF                             (b) C1 = C2 = 100pF 

 

                       

(c) C1 = C2 = 150pF      (d) C1 = C2 = 200pF 

Figure 4.16 Frequency response of KHN filter with R=1Ω 

 

Table 4.6 Center frequency at different values of capacitances 

S. No. Capacitance (pF) Theoretical value of center 

frequency (fo)                                                                                 

(MHz) 

Actual value of center 

frequency (fo)                                                                                 

(MHz) 

1. 50 13.4 10.4 

2. 100 6.7 6.6 

3. 150 4.46 4.16 

4. 200 3.16 3.0 
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From Figures 4.18 (a), (b), (c) and (d), the obtained center frequencies are listed in Table 4.6 which 

compares the actual value of center frequency to the theoretical value for different values of the 

capacitances. The dynamic power of the proposed KHN filter using PCDTACS is 5mW which is less 

than that of the proposed CDTACS (15.2mW). 

 

 

 

The bias currents of the proposed CDTACS circuit are selected as Ibias = 30µA each and Ibias2 = 200 

µA. The supply voltages are chosen as VDD = -VSS = 0.9V. The aspect ratios of the MOSFETs used to 

design CDTACS is given in the Table 4.7.   

Table 4.7 Aspect ratios of MOSFETs 

S.No. MOSFETs Aspect ratio (µm/µm) 

1. M1 - M4 32/2 

2. M5, M6 42.5/0.36 

3. M7, M8 50/036 

4. M9 – M10 15/0.36 

5. 

6.   

7. 

8. 

M11 – M16 

M17 – M20 

M21, M23 

M22, M24 

20/0.36 

10/0.36 

5/0.36 

6/0.36 

 

For AC analysis, two input sinusoidal currents Ip and In are applied to the CCDTACS. The AC 

magnitudes of the input currents are 40µA and 30µA with a DC offset of 100mV. The current transfer 

characteristics are plotted over a range of frequency from 1 Hz to 10GHz. These plots show the variation 

of the currents at output ports with respect to the input ports. The graphs are plotted for different current 

ratios such as Ix+/Ip, Ix+/In, Iz/Ip and Iz/In are shown in Figures 4.17, 4.18, 4.19 and 4.20 respectively. 

The -3dB bandwidth of the circuit for these different current gains is also observed. Figure 4.17 shows 

the variation of the Ix+/Ip and the -3dB bandwidth is observed 49.11MHz.   

 

Figure 4.17 Plot of Ix+/Ip versus frequency at Ibias2 = 200µA 

4.3 SIMULATION RESULTS OF PROPOSED CCDTACS 
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Figure 4.18 shows the frequency response of the CCDTACS for the Ix+/In current gain. The -3dB 

bandwidth is observed to be 50.11 MHz. 

 

Figure 4.18 Variation of Ix+/In at at Ibias2 = 200µA 

 

Figures 4.19 and 4.20 show the variations of the current at the Z terminal to the input currents over a 

range of frequency from 1 Hz to 10 GHz. The biasing current Ibias2 is kept constant at a value of 200µA. 

The -3dB bandwidth of the circuits for these current gains are observed as 55.11 MHz and 49.41 MHz. 

 

Figure 4.19 Current transfer characteristics of Iz/Ip at biasing current of 200µA 

 



46 

 

 

Figure 4.20 Iz/In versus frequency at biasing current of 200µA 

 

Figure 4.21 shows the plot between the transconductance (in dB) of the CCDTACS over a frequency 

range of 1 Hz to 10 GHz for constant Ibias2 of 200µA. The -3dB bandwidth of the CDTACS is found 

to be 309.32 MHz. 

 

Figure 4.21 Frequency response of CCDTACS at Ibias2 = 200µA 

 

The -3dB bandwidth of the CCDTACS can be observed from the Figures 4.17, 4.18, 4.19, 4.20 and 

4.21. The different values of bandwidth are 49.11 MHz, 50.11 MHz, 55.11 MHz, 49.41 MHz and 

309.322 MHz. The bandwidth of the CCDTACS is the minimum of the mentioned values i.e. 49.11 

MHz. 

Figure 4.22 shows the range of transconductance for different values of bias current (Ibias2). 

The bias current is varied from 1µA to 200µA with selected values of 1 µA, 2 µA, 3 µA, 4 µA, 5 µA, 

10 µA, 20 µA, 30 µA, 40 µA, 50 µA, 60 µA, 70 µA, 80 µA, 90 µA, 100 µA, 150 µA and 200 µA. From 

the Figure the maximum value of transconductance of the CCDTACS is found out to be 4.73mS for 

200µA of bias current.  
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Figure 4.22 Transconductance versus frequency plot of CCDTACS 

 

The transient analysis of the circuit is performed by applying two square input current pulses at the 

nodes ‘p’ and ‘n’. The currents Ip and In are chosen as 40µA and 20µA peak-to-peak, respectively with 

time period of 1µs and the pulse width of 0.5µS. Figure 4.23 shows the transient response of the 

proposed CCDTACS circuit. The transient analysis concludes that the two output currents are out-of-

phase with each other and amplified. The peak-to-peak magnitude of the output currents Ix+ and Ix- are 

found out to be 700mA and 700mA. 

 

Figure 4.23 Transient response of CCDTACS 
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Table 4.8 shows the comparison between the PCDTACS and the proposed CCDTACS on the basis of 

transconductance and dynamic power. From the table, it is observed that the dynamic power of 

CCDTACS is less than that of proposed PCDTACS but the transconductance (gm) is increased by 1.14 

times. Thus, the proposed CCDTACS offers better transconductance and has less dynamic power than 

the proposed PCDTACS.  

Table 4.8 Comparison between proposed PCDTACS and proposed CCDTACS 

` Proposed PCDTACS 

 

Transconductance           Dynamic Range 

        (mS)                                      (mW) 

Proposed CCDTACS 

 

Transconductance         Dynamic Power 

(mS)                                         (mW) 

 

1 2.71 2.32 3.65 2.27 

2 2.718 2.334 3.66 2.281 

3 2.72 2.338 3.65 2.285 

4 2.73 2.342 3.65 2.289 

5 2.74 2.346 3.65 2.29 

10 2.77 2.36 3.65 2.31 

20 2.85 2.41 3.65 2.35 

30 2.93 2.45 3.65 2.39 

40 3.0 2.49 3.65 2.43 

50 3.09 2.54 3.65 2.47 

60 3.16 2.58 3.65 2.51 

70 3.23 2.62 3.65 2.55 

80 3.31 2.67 3.65 2.59 

90 3.39 2.71 3.65 2.63 

100 3.46 2.75 4.19 2.67 

150 3.84 2.97 4.47 2.88 

200 4.21 3.2 4.73 3.0 

 

4.3.1 Simulation results of KHN Filter using proposed CCDTACS 

The KHN Filter has been simulated using four different values of capacitances selected 

as 50pF, 100pF, 150pF and 200pF with a low valued resistance of 1Ω. The values of 

transconductances of CDTACS are chosen as gmCCDTACS1 = gmCCDTACS2 = 4.73 mS by keeping 

the bias current at 200µA.  The frequencies of KHN filter for different values of capacitances 

are shown in Figure 4.24 (a), (b), (c) and (d).  

                   

                              (a) C1 = C2 = 50pF                                             (b)   C1 = C2 = 100pF 
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(c) C1 = C2 = 150pF                                                         (d)  C1 = C2 = 200pF                                                

Figure 4.24 Frequency response of KHN Filter with R=1Ω 

 

Table 4.9 Center frequency with different capacitances 

S. No. Capacitance (pF) Theoretical value of center 

frequency (fo)                                                                                 

(MHz) 

Actual value of center 

frequency (fo)                                                                                 

(MHz) 

1. 50 15.05 15.19 

2. 100 7.52 7.42 

3. 150 5.01 4.95 

4. 200 3.76 3.63 

 

From Figures 4.26 (a), (b), (c) and (d), the obtained center frequencies are listed in Table 4.9 which 

compares the actual value of center frequency to the theoretical value for different values of the 

capacitances. The dynamic power of the proposed KHN filter using CCDTACS is 6mW which is in 

close range to that of proposed PCDTACS (5mW). 

 

 

 

The bias currents of the proposed CDTACS circuit are chosen as Ibias = 30µA each and Ibias2 = 200 

µA. The supply voltages are selected as VDD = -VSS = 0.9V. The aspect ratios of the MOSFETs used 

to design PCCDTACS is given in the Table 4.10.   

Table 4.10 Aspect ratios of MOSFETs 

S.No. MOSFETs Aspect ratio (µm/µm) 

1. M1 - M4 32/2 

2. M5, M6 42.5/0.36 

3. M7N, M8N 50/036 

4. M9 – M14 20/0.36 

5. 

6.   

7. 

M15 – M18 

M19, M21 

M20, M22 

10/0.36 

5/0.36 

6/0.36 

 

4.4 SIMULATION RESULTS OF PROPOSED PCCDTACS 
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For AC analysis, two input sinusoidal currents Ip and In are applied to the PCCDTACS. The AC 

magnitudes of the input currents are 40µA and 30µA with a DC offset of 100mV. The current transfer 

characteristics are plotted over a range of frequency from 1 Hz to 10GHz. These plots show the variation 

of the currents at output ports with respect to the input ports. The graphs are plotted for different current 

ratios such as Ix+/Ip, Ix+/In, Iz/Ip and Iz/In are shown in Figures 4.25, 4.26, 4.27 and 4.28 respectively. 

The -3dB bandwidth of the circuit for these different current gains is also observed. Figure 4.25 shows 

the variation of the Ix+/Ip and the -3dB bandwidth is observed as 20.511 MHz.    

 

Figure 4.25 Variation of Ix+/Ip at bias current of 200µA 

 

Figure 4.26 shows the frequency response of the PCCDTACS for the Ix+/In current gain. The -3dB 

bandwidth is observed to be 20.02 MHz. 

 

Figure 4.26 Ix+/In versus frequency at bias current of 200µA 
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Figures 4.27 and 4.28 show the variations of the current at the Z terminal to the input currents over a 

range of frequency from 1 Hz to 10 GHz. The biasing current Ibias2 is kept constant at a value of 200µA. 

The -3dB bandwidth of the circuits for these current gains are observed as 21.51 MHz and 21.07 MHz. 

 

 

Figure 4.27 Variation of Iz/Ip with frequency for Ibias2 = 200µA 

 

 

Figure 4.28 Iz/In versus frequency at constant bias current of 200µA 

 

The Figure 4.29 shows the plot between the transconductance of the PCCDTACS over a frequency 

range of 1 to 10 GHz for constant Ibias2 of 200µA. The -3dB bandwidth of the PCCDTACS is found 

to be 208.93 MHz. 
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Figure 4.29 Frequency response of PCCDTACS at Ibias2 = 200µA 

 

The -3dB bandwidth of the PCCDTACS can be observed from the Figures 4.25, 4.26, 4.27, 4.28 and 

4.29. The different values of bandwidth are 20.51 MHz, 22.02 MHz, 21.51 MHz, 21.07 MHz and 208.93 

MHz. The bandwidth of the PCCDTACS is the minimum all the values of bandwidths, mentioned i.e. 

20.51 MHz. 

Figure 4.30 shows the range of transconductance for different values of bias current (Ibias2). 

The bias current is varied from 1µA to 200µA with selected values of 1 µA, 2 µA, 3 µA, 4 µA, 5 µA, 

10 µA, 20 µA, 30 µA, 40 µA, 50 µA, 60 µA, 70 µA, 80 µA, 90 µA, 100 µA, 150 µA and 200 µA. From 

the Figure the maximum value of transconductance of the PCCDTACS is found out to be 6.75mS for 

200µA of bias current. 

 

Figure 4.30 Transconductance of PCCDTACS 
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The transient analysis of the circuit is performed by applying two square input current pulses at the 

nodes ‘p’ and ‘n’. The currents Ip and In are chosen as 40µA and 20µA peak-to-peak, respectively with 

time period of 1µs and the pulse width of 0.5µS.  

Figure 4.31 shows the transient response of the proposed CDTACS circuit. The transient 

analysis concludes that the two output currents are out-of-phase with each other and amplified. The 

peak-to-peak magnitude of the output currents Ix+ and Ix- are found out to be 500mA each. 

 

 

Figure 4.31 Transient response of PCCDTACS 

 

Table 4.11 shows the comparison between proposed CCDTACS and proposed PCCDTACS on the basis 

of transconductance and dynamic power. From the table, it is observed that the dynamic power of 

PCCDTACS remains in close proximity to the dynamic power of CCDTACS but the transconductance 

(gm) is increased by 1.6 times.  

Thus, the proposed PCCDTACS offers better transconductance than the CCDTACS.  
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Table 4.11 Comparison between proposed CCDTACS and proposed PCCDTACS 

Ibias 

(µA) 

 

Proposed CCDTACS 

 

Transconductance    Dynamic Power 

          (mS)                           (mW) 

Proposed PCCDTACS 

 

Transconductance           Dynamic Power 

             (mS)                                (mW) 

 

1 3.65 2.27 5.07 2.572 

2 3.66 2.281 5.08 2.576 

3 3.65 2.285 5.09 2.581 

4 3.65 2.289 5.1 2.585 

5 3.65 2.29 5.109 2.589 

10 3.65 2.31 5.14 2.61 

20 3.65 2.35 5.23 2.65 

30 3.65 2.39 5.31 2.69 

40 3.65 2.43 5.4 2.74 

50 3.65 2.47 5.48 2.78 

60 3.65 2.51 5.57 2.82 

70 3.65 2.55 5.65 2.87 

80 3.65 2.59 5.75 2.91 

90 3.65 2.63 5.82 2.95 

100 4.19 2.67 5.92 3.0 

150 4.47 2.88 6.37 3.22 

200 4.73 3.0 6.75 3.44 

 

4.4.1 Simulation results of KHN Filter using proposed PCCDTACS  

 

The KHN Filter has been simulated using four different values of capacitances selected 

as 50pF, 100pF, 150pF and 200pF with a low valued resistance of 1Ω. The values of 

transconductances of CDTACS are chosen as gmPCCDTACS1 = gmPCCDTACS2 = 6.75 mS by keeping 

the bias current at 200µA.  The frequencies of KHN filter for different values of capacitances 

are shown in Figure 4.32 (a), (b), (c) and (d).  

 

                                    

                     (a) C1=C2= 50pF                                                    (b) C1=C2= 100pF 
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                               (c) C1=C2= 150pF                                                (d) C1=C2= 200pF 

Figure 4.32 Frequency response of KHN Filter for R=1ohm 

 

Table 4.12 Center Frequency with different values of capacitances 

S. No. Capacitance (pF) Theoretical value of center 

frequency (fo)                                                                                 

(MHz) 

Actual value of center 

frequency (fo)                                                                                 

(MHz) 

1. 50 20.7 21.48 

2. 100 10.13 10.74 

3. 150 7.16 7.5 

4. 200 5.21 5.37 

 

From Figures 4.32 (a), (b), (c) and (d), the obtained center frequencies are listed in Table 4.12 which 

compares the actual value of center frequency to the theoretical value for different values of the 

capacitances. The dynamic power of the proposed KHN filter based on PCCDTACS is 6mW which is 

equal to that of proposed CCDTACS (6mW) but the corner frequency of the KHN filter using proposed 

PCCDTACS is 1.4 times for C1 = C2 = 50pF than that of proposed CCDTACS.   

 

 

 

In this section, a comparative study of PCCDTACS with those mentioned in literature is discussed. 

Table 4.13 shows the comparison on the basis of performance parameters such as transconductance, 

dynamic power, bandwidth at the bias current of 200µA etc. 

 

 

 

 

 

 

4.5 COMPARISON  
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  Table 4.13 Comparison between proposed PCCDTACS and reported CDTA circuits  

 

Parameters 

 

 

Conventional 

CDTA [7] 

Low 

Voltage 

CDTA 

[9] 

A  

CMOS 

CDTA  

[19] 

 

 

TBCDTA 

[16] 

CDTA with 

gm boosting 

technique 

[18] 

 

Proposed 

PCCDTACS 

 

Supply Voltage 

 

 

±2.5 

 

 

±0.75 

 

±1.5 

 

±2 

 

±2 

 

±0.9 

 

Bias current (µA) 

 

85 
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100 

 

85 

 

85 

 

30 

Maximum 

Transconductance 

at bias current of 

200µA 

 

 

1.08mS 

 

210µS 

 

833 µS 

 

7.88mS 

 

3.85mS 

 

6.75mS 

Dynamic power 

(mW) 

 

2.7 

 

 

0.37 

 

4.96 

 

8.75 

 

4.85 

 

3.4 

Bandwidth at 

200µA bias 

current 

 

 

110 

 

- 

 

- 

 

26 

 

221 

 

208.93 

Center frequency 

of KHN filter 

(MHz) 

 

1.48 

 

- 

1.08  

with  

C1=C2 

=0.1pF 

 

24.98  

with  

C1=C2 

=100pF 

8  

with 

C1=C2 

=100pF 

20.7 

with 

C1=C2 

=50pF 

Dynamic power 

of KHN filter 

(mW) 

 

 

21.48 

 

- 

 

- 

 

19.49 

 

24.14 

 

6 

 

From the Table 4.13, it can be seen that the proposed PCCDTACS offers a high value of 

transconductance with lesser power dissipation as compared to the other CDTA structures available in 

literature. Although, the CDTA structure presented in [17] has larger transconductance than the 

proposed PCCDTACS but with higher dynamic power.  The circuit reported in [9] has low dynamic 

power but offers a very low transconductance. Also, it can be concluded that the KHN filter using 

proposed PCCDTACS offers a center frequency (fo) of 20.7MHz which is 14 times more than that of 

the conventional CDTA.  
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CHAPTER 5 

CONCLUDING REMARKS AND FUTURE SCOPE 

 

 

 

The research work in the thesis presents four transconductance boosted circuits namely CDTACS, 

PCDTACS, CCDTACS and PCCDTACS. All the proposed circuits offers high transconductance 

because of the use of a common source (CS) amplifier as the main component in the OTA unit. The 

dynamic power was kept in close range to that of conventional CDTA. The KHN filters based on all 

the proposed circuits are also presented. The proposed circuits are simulated in Cadence Virtuoso 

Analog Design Environment using BSIM3V3 180 nm CMOS technology. Based on the comparison 

with the CDTA circuits available in literature, it is concluded that the proposed PCCDTACS circuit has 

higher transconductance and acceptable dynamic power. A higher value of the center frequency, 

approximately 14 times, than that of the conventional CDTA is achieved by the KHN filter using 

PCCDTACS circuit.  

 

 

 
The research work in the thesis concludes that PCCDTACS circuit can be used as an analog basic 

building block in the designing of various analog circuits such as filters, oscillators, multivibrators etc. 

The future work of research will include improvement of linearity, reduction in power supply and power 

consumption because the low voltage/low-power circuits are used as an integral part of the design for 

any modern electronic device.  

 

 

5.1 CONCLUSION 

5.2 FUTURE SCOPE 
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