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Abstract: In the recent decade, different researchers have performed hardware implementation for different applications covering various areas of experts. In this research paper, a novel analog design and implementation of different steps of fuzzy systems with current differencing buffered amplifier (CDBA) are proposed with a compact structure that can be used in many signal processing applications. The proposed circuits are capable of wide input current range, simple structure, and are highly linear. Different electrical parameters were compared for the proposed fuzzy system when using different membership functions. The novelty of this paper lies in the electronic implementation of different steps for realizing a fuzzy system using current amplifiers. When the power supply voltage of CDBA is 2 V, it results in 155 mW, power dissipation; 4.615 KΩ, input resistance; 366 KΩ, output resistances; and 189.09 dB, common-mode rejection ratio. A 155.519 dB, voltage gain, and 0.76 V/μs, the slew rate is analyzed when the power supply voltage of CDBA is 3 V. The fuzzy system is realized in 20 nm CMOS technology and investigated with an output signal of high precision and high speed, illustrating that it is suitable for real-time applications. In this research paper, a consequence of feedback resistance on the adder circuit and the defuzzified circuit is also analyzed and the best results are obtained using 100 K resistance. The structure has a low hardware complexity leading to a low delay and a rather high quality.
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1  Introduction

Circuits produce output based upon input stimulus. There are advantaged crossover points in both circuit types where one approach is better than another. The crossover points are based on the composite requirements of precision, speed, noise, power, physical size, and cost. In 1965, Gordon Moore realized a striking trend for the growth in memory chip performance. Each new memory chip comprises approximately twice the capacity of its precursor. Every chip was realized in 18–24 months of the preceding chip. He observed that if this trend remains then computing power can rise exponentially in a small time. The increase in trend towards low power systems and high performance leads to innovative design methodology [1]. This helps in meeting the stringent system requirements and many of them are performing stream data processing. Many of the processes in image/signal processing have complex, or nonstationary signals/images which are difficult to model and significantly influenced by immense parameters [2]. Thus, precise models of the system become inconvenient to produce output as operation complication increases. This is, nevertheless, sometimes impractical in signal processing, since precise models are needed to provide better systems. Complex circuits are not easy to design. It requires special design or methodologies. To overcome this problem Integrated Circuits (IC) technology helps in producing chips using a different number of transistors. An IC design imparts challenges in choosing the circuit topology and size due to the presence of active devices. Every active device has different electrical characteristics. The flexibility for the design of the circuit is high. Despite the flexibility, there are some limitations of one level of the design to compensate for the shortcomings at higher levels. These limitations occur due to inherent constraints in the technology specifying speed, power, performance, throughput, complexity, etc. Performance is an issue that is addressed at all levels of the design. The optimized and design decisions are more important at higher levels than that at low levels. The system design and Very Large-Scale Integration (VLSI) circuit processes are similar to the traditional software design. The VLSI technology development, with completely integrated systems or never decreasing demand for substantial analog circuits and number of digital circuits on one chip [3]. In general, analog is best when input stimulus signals are small and/or continuously variable (i.e., a microphone), or output load power requirements are high (i.e., a 150 W off-line power supply). The digital circuits are best in the middle between the analog input and output circuits (i.e., filtering and waveshaping via digital signal processing). With the invention of IC, the operational amplifier (op-amp) has functioned as the building block in analog circuit design [4]. In the area of analog signal processing, a significant quantity of literature has been dedicated to the awareness of a selection of active devices. The future may mostly be digital but wide swaths of technology will always be analog. A new idea in this field helps to give further improvements to get more engrossing and efficacious circuits. There are numerous novel active elements established out of which numerous of them are just theoretical components that offer further research.

There are different modes of operations like voltage mode (VM), trans resistance mode, current mode (CM), or transconductance mode. Analog circuits like sinusoidal oscillators, voltage comparators, converters, amplifiers, etc. are circuits that cannot be used by any other digital techniques [3,4]. Analog circuit design is a voltage-controlled form of signal processing and guaranteed that the circuits should be compatible with the CMOS technology. The voltage feedback operational amplifier is one of the direct-coupled high gain voltage amplifiers that help in the amplification of ac/dc input voltage [5]. During the last few decades, CM processing has emerged as a viable alternative over VM processing due to its inherent advantages like wider bandwidth, greater linearity, larger dynamic range, higher bandwidth, high slew rate, and better signal linearity. The −3 dB bandwidth of the current amplifier is independent of closed-loop gain, because of using negative feedback [6]. The circuits are designed for lower voltage swings; due to this reason small voltage supplies are used. Current amplifiers have theoretically infinite output impedance, and a rated load must always be connected. They will always drive an output current that is proportional to the input voltage. Frequently they are used in DC power supplies. The output current is sensed by a shunt or a generously rated heat sink-resistor which creates a voltage that is feedback to the input circuit. The regulation of a current amplifier can be calculated by shorting out the output terminals and measuring the drop in current a few percent. Advancements in current mode processing have led to the materialization of new analog building blocks. In addition to the preferment in CM signal processing, new current-mode analog building blocks are developed. In practical cases, the output load impedance is allowed to change within a range of values [6]. The current amplifier is a power amplifier that has zero input impedance and an ideally (dynamically) infinite out impedance [7]. In contrast, a voltage amplifier has zero output impedance and infinite input impedance, and it produces an output voltage that is proportional to the input voltage. Current amplifiers have theoretically infinite output impedance, and a rated load must always be connected. They will always drive an output current that is proportional to the input voltage. Frequently they are used in DC power supplies [8,9]. The output current is sensed by a shunt or a generously-rated heatsink-resistor which creates a voltage that is feedback to the input circuit. The regulation of a current amplifier can be calculated by shorting out the output terminals and measuring the drop in current–a few percent [10]. The different current amplifiers are current-feedback operational amplifiers (CFOA), two-stage CMOS operational amplifiers (2SCOA) [11,12], current conveyors (CCII), operational transconductance amplifiers (OTA) [13,14], current differencing buffered amplifier (CDBA) [15–18], and current differencing transconductance amplifier (CDTA) [19]. This research paper mainly deals with the designing of different circuits used in designing a Fuzzy system using CDBA. CDBA is simple in implementation, has a high slew rate, no parasitic capacitance, and wide bandwidth [20]. Different applications found on CDBA are reported in the literature namely CM filters [21], VM filters [22–24], oscillators [25–28], fully integrated gyrator circuits. Due to unity gain voltage amplifier and current differencing, the CDBA is a flexible active building block that helps in signal processing applications.

The concept of fuzzy logic was introduced by Zadeh (1968) that explains the human reasoning model considering numerous rules to varying degrees of membership. Fuzzy logic is inspired by two objectives [29–31]. First, it focuses to reduce problems in analyzing and developing intricate systems experienced by traditional mathematical tools, and another is inspired by monitoring human motivation that utilizes knowledge and concepts which are not well defined and have tapered limitations. The first motive is linked to solving real-world problems and requires fuzzy logic to effort in numeric & quantitative domains. While the second motivation is related to Artificial Intelligence (AI) to have a qualitative and descriptive form. These two motivations make fuzzy logic unique and different from other techniques [31]. The fuzzy system consists of five main steps [32]. In fuzzification inputs are defined and each input is assigned with linguistic variables (low, medium, high) and every linguistic variable is assigned with different membership functions (MF) like S, Z, triangular, pi, Gaussian, etc. [33]. The shape of each MF is similar to the name. Fuzzy operators are used to making rules using the IF-ELSE statement. Combining all the rules is known as aggregation and finally, the defuzzification process is implemented to get crisp (one) value. For the evaluation of the fuzzy system, different electrical parameters are calculated [32,33].

The op-amp-based circuits depict numerous disadvantages in their accomplishment like limited bandwidth and slew-rate. Therefore, the current-mode method has been considered in this research work as a means to conquer the op-amp stumbling block and to perceive high-speed systems. In this paper, a novel analog design and implementation of different steps of fuzzy systems using CDBA are presented with a compact structure that can be used in many signal processing applications. Different electrical parameters were compared for the proposed fuzzy system when using different membership functions. The effect of supply voltages and feedback resistance on the proposed fuzzy system was analyzed. The novelty of this paper lies in the electronic implementation of different steps for realizing a fuzzy system using current amplifiers. The authors are unable to do the simulations below 2 V and above 5 V. The Fuzzy system was realized in 20 nm CMOS technology and investigated with an output signal of high precision and high speed, illustrating that it is appropriate for real-time applications.

This paper is divided as Section 2 explains materials and methodology for the designing of a fuzzy system for various power supply voltages of CDBA. The results were compared with different current amplifiers. Section 3 illustrates the results and discussion which was concluded in the last section.

2  Materials and Methods

An operational amplifier is the principal building block for the implementation of analog signal circuits or different image processing circuits. The bandwidth of the operational amplifier is reliant on closed-loop voltage gain. To conquer this difficulty, current mode circuits are preferred [23]. In this paper, a novel analog design and implementation of different steps of fuzzy systems using CDBA are presented with a compact structure that can be used in many signal processing applications. The implementation steps for designing the fuzzy system are shown in Fig. 1.
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Figure 1: Proposed methodology for designing of fuzzy system using CDBA

The current feedback operational amplifier (CFOA) (AD-844) [34] has high-speed, high slew rate, and high gain-bandwidth that can be used for low/medium frequency applications [35,36]. The CFOA is a four-terminal device while the voltage operational amplifier is a three-terminal device. Acar et al. [15] proposed an analog component utilizing two inputs (ip and in) and two outputs (iz and iw) as a current difference buffered amplifier (CDBA) which is designed using CFOA as shown in Fig. 2.
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Figure 2: Design of CDBA using CFOA [35]

In Fig. 2, n and p are the negative & positive current input terminals respectively. Z and w are the current and voltage output terminal. Due to this reason, CDBA can work in current and voltage mode. This enables the different circuit designs. The voltage and current equations are explained using Eq. (1).

[izvwvpvn]=[001−1100000000000][vziwipin](1)

The characteristics equation of CDBA is given by Eqs. (2)–(4).

Iz=Ip−In(2)

Vp=Vn=0(3)

Vw=Vz(4)

As per Eq. (2), the output current (Iz) is the difference between the two input terminus currents. Eq. (4) explains that the voltage at terminus w is equal to the voltage at z terminus. CDBA is also known as the cascade relation of the current subtractor and a voltage follower.

2.1 Execution of CDBA Using Different MOSFETs

CDBA is considered as a distinctive type of current feedback amplifier with grounded y input and differential current input. The input impedance at the terminus n and p is ideally zero because the input currents In and Ip are internally grounded. The CDBA can be used for high-frequency performance and are free from parasitic capacitances. CDBA is used by many researchers for designing different analog signal processing circuits. CDBA comprises of two circuits namely Differential Current Controlled Current Source (DCCCS) and a voltage buffer. DCCCS consists of finite input resistance. The internal diagram of CDBA is displayed in Fig. 3.
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Figure 3: Execution of CDBA using different MOSFETs

2.2 Design Steps of Calculation of Aspect Ratio of Different MOSFET's

For any design appropriate (W/L) sizing of the circuit element should be considered. The problem is related to the finding of optimal length and width values of different MOSFETs. For designing CDBA circuit, W and L values of each MOSFET has been calculated by considering the following physical parameters : GB = 5 MHz, VDD = −VSS = 2.5 V, k`P = 50 μA/V2, k`N = 110 μA/V2, VTN = 0.7 ± 0.15 V, VTP = −0.7 ± 0.15 V, λP = 0.05 V−1, λN = 0.04 V−1, SR > 10 V/μs, CL = 10 PF, GAIN > 5000 V/V, −1.5 V < ICMR < 2.5 V, PDIS < 1 MW, VT0 (max) = 0.85 V, VT0 (min) = 0.55 V, Vin(max) = 2 V, Vin(min) = 1 V, VTI (max) = 0.85 V. For calculating (W/L)3 and (W/L)4, Eq. (5) is used.

(WL)3=2I3K3′[VDD−Vin(max)−|VTo|max+VT0(min)]2(5)

For Eq. (5), the current is calculated by using, Eq. (6)

I15=Slewrate.CC(6)

where CC > 0.22 CL = 2.2 pF

Putting values of SR and Cc in Eq. (6) we get I =10V/μs×2.2pF=30μA. If I is 30 μA than I3 = I4=15μA.

Putting all values in Eq. (5), values of (W/L)3 and (W/L)4 is calculated as

(WL)3=(WL)4=15(7)

M17,M18,M19,M21,M22=15

For calculating (W/L)13 and (W/L)14, Eq. (8) is used.

(WL)13=(WL)14=gm122KN′I13(8)

In Eq. (8), gm1 is calculated by using Eq. (9)

gm1=GB.CC(9)

Assuming CC = 3 pF, gm1 is analysed as

=(2π×5×106)(3×10−12)=94.25μS

Placing values in Eq. (8) values of (W/L)13 and (W/L)14 is evaluated as :

(WL)13=(WL)14=3(10)

(W/L)1, (W/L)2, (W/L)6, (W/L)8, (W/L)10 is also equal to (W/L)13.

For calculation of (W/L), 15 Eq. (11) is used

(WL)15=2I15K15′(VDS15sat)2(11)

In Eq. (11), initially, VDS15 sat has to be calculated this is analyzed by Eq. (12).

VDS15(sat)=Vin(min)−VSS−I15K1−VT1(max)(12)

Putting physical parameter values in Eq. (12), VDS15 sat is calculated as 0.35 V and placing this value in. Eq. (11), (W/L)15 is analyzed as

(WL)15=4.5(13)

M5=M7=M9=M12=M15=M16=4.5.

Considering all the positive aspects of CDBA, in this paper different membership functions, fuzzy operators, adder circuits, and defuzzified circuits were designed and simulated using CDBA [35–38] in SPICE software. The comparison has been done considering various current amplifiers based on different electrical parameters. The comparison of different electrical parameters was evaluated based on various power supply voltages for one membership function and later in the combination of different membership functions were analyzed. Lastly, the effect of feedback resistance (RF) was also evaluated on the designed adder and de-fuzzified circuit. All the simulations were carried out using SPICE software [39–41] in Intel Core i3-2120 CPU @ 3.30 processor, 4 GB RAM.

3  Results and Discussion

As the requirement for mixed-mode integrated circuits rises, the design of analog circuits’ like op-amps using CMOS technology turns out to be more analytical. In this research paper, the authors have suggested a new system for deciding the aspect ratio and transistor dimensions for current-mode CMOS op-amps. The proposed model is explained using Algorithm 1.

[image: images]

The technique holds a broad variation of constraints and specifications, exceptionally fast, and consequence in optimal outlines. The performance of the op-amp is evaluated using different electrical parameters. In this paper, the CMOS amplifier design problem is considered for determining the different design parameters. This design issue can be approximated in various ways, like computer-aided design methods.

3.1 Design of Membership Functions

The main aim is to design and simulate S, Z, and triangular MF's using CDBA.

Sigma (S) MF: The concept of implementing S MF by CDBA is the same as used for implementing op-amp [33]. Fig. 4 exhibits the block diagram of the implementation of the S function where the two inputs to the amplifier are shown as variable crisp input (Vx ) and constant input voltage (Vc.). In this paper, S MF is designed for gain 2 for VC as 1 V and VX as 3 V (assuming saturation voltage 4 V) [9,14].

[image: images]

Figure 4: Design of S MF

Anti Sigma (Z) Membership function: The Z MF output is an inversion of the output of S MF. Fig. 5, displays the block diagram of the Z function. In this paper, Z MF is designed to gain 4 and by considering VC : 1 V, saturation voltage as 4 V, and VX as 2 V [9].

[image: images]

Figure 5: Design of Z MF

Triangular MF: The triangular MF is a combination of S and Z MF. Zadeh Berkeley et al. [33] show the designing of triangular MF.

In this paper, the authors have discussed the effect of feedback and resistance. Figs. 6–8 show the output of triangular MF using RF = 0.0001, 0.001, and 0.01 K respectively.

[image: images]

Figure 6: Triangular MF using RF 0.0001 K
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Figure 7: Triangular MF using RF 0.001 K
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Figure 8: Triangular MF using RF 0.01 K

For any circuit, the loading effect can be reduced by keeping input impedance high and output impedance low. To raise the speed of the circuit, CMRR and slew rate should be high, but power dissipation should be low.

3.2 Implementation of Fuzzy System

The linguistic variables with different membership functions were defined for every input and output. Rules were made for input/output (rule composition and implication). All the rules were aggregated and finally, defuzzified output is obtained. The circuits for rule composition, fuzzy operators, and defuzzified circuits were implemented and the final result is shown in Fig. 9. It shows the result of designed aeration and defuzzified circuit output designed using CDBA with the same reference voltage and power supply voltage of 2 V. In Fig. 9, V(63) and V(65) are the aggregated and defuzzified circuit output respectively.

[image: images]

Figure 9: Final output of the fuzzy system using 2 V

The effect of power supply and feedback resistance is studied for the proposed circuits for designing the fuzzy system.

3.2.1 Effect of Power Supply on the Proposed Circuits for Designing of Fuzzy System Using CDBA

The various electrical parameters of fuzzy systems using CDBA are evaluated & comparison is done with other current and voltage amplifiers (operational amplifier (op-amp), 2SCOA, and OTA). Tab. 1 shows the comparison of electrical parameters for S MF using various power supply voltages of different current amplifiers and Tab. 2 tabulates the comparison table of different electrical parameters for S and Z MF using a variable power supply voltage of different current amplifiers.

[image: images]

[image: images]

The power dissipation of 155 mW, the input resistance of 4.615 KΩ, the output resistance of 366 KΩ, CMRR of 189.09 dB for different membership functions, and the same power supply voltage of CDBA & reference voltage of 2 V shows the remarkable results. The voltage gain of 155.519 dB and slew rate of 0.76 V/μs is obtained when 3 V is used.

3.2.2 Effect of Feedback Resistance on the Proposed Circuits for the Designing of the Fuzzy System Using CDBA

Figs. 10a–10d shows the effect of feedback resistance (values from 1, 10, 100 K, 1 M) on the proposed circuit using CDBA. V(168), V(68), and V(63) show the implication, aggregation, and defuzzified output respectively. Results with 100 K show remarkable performance as its CMRR and voltage gain is high. A comparison of the effect of feedback resistance on CMRR and voltage gain is depicted in Fig. 11.

[image: images]

Figure 10: Effect of feedback with (a) 1 K resistance (b) 10 K resistance (c) 100 K resistance (d)1 M resistance
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Figure 11: Effect of feedback resistance on the design of the de-fuzzified circuit

To authenticate the theoretical analysis, all the recommended circuits have been imitated using the PSPICE program. Theoretical analysis and simulation results were verified by experimental testing. A novel analog fuzzy system is designed and implemented using CDBA that can be used in many signal processing applications.

4  Conclusion

This paper focused on hardware taxonomy and highlights the attributes of the distinct applications covering the afore-mentioned paradigms covered over the last two decades and the source of the current decade. Therefore, the current-mode approach has been considered in this research work as a way to overcome the op-amp stumbling block and to perceive high-speed systems. In this paper, a novel analog design and implementation of different steps of fuzzy systems using CDBA are presented with a compact structure that can be used in many signal processing applications. Different electrical parameters were compared for the proposed fuzzy system when using different membership functions. The effect of feedback resistance was also analyzed on the designed circuits for the fuzzy system. The results of this research give strong motivation for the IC design of CDBA, a current-mode analog signal processing circuit. The simulation results are found in close agreement with the theoretical results. The Fuzzy system was investigated with an output signal of high precision and high speed, illustrating that it is suitable for real-time applications.
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27. S. O¨zoǧuz, A. Toker and C. Acar, “Current-mode continuous time fully-integrated universal filter using CDBAs,” ElectronicsLetters, vol. 35, no. 2, pp. 97–98, 1999.

28. A. U. Keskin and E. Hancioglu, “Current mode multifunction filter using two CDBAs,” Internatioanl Journal of Electronics and Communications, vol. 12, pp. 1–9, 2005.

29. R. C. Berkan and S. L. Trubatch, Fuzzy System Design Principles, 1st ed., New Jersey, USA: Wiley-IEEE Press, pp. 31–57, 1997.

30. D. Drankov., H. Hellendoorn and M. Reinfrank, An Introduction to Fuzzy Control, New York: Springer-Verlag, pp. 87–111, 1993.

31. M. Gupta, K. K. Gupta, M. R. Khosravi, P. K. Shukla, S. Kautish et al., “An intelligent session key-based hybrid lightweight image encryption algorithm using logistic-tent map and crossover operator for internet of multimedia things,” Wireless Personal Communications, vol. 121, no. 3, pp. 1–22, 2021.

32. J. Yen and R. Langari, Fuzzy Logic: Intelligent Control and Information, 1st edition, USA: Prentice Hall, pp. 21–46, 1998.

33. L. A. Zadeh Berkeley and CA January 10, 1995. http://radio.feld.cvut.cz/matlab/toolbox/fuzzy/fuzzytu3.html, last accessed on 25th September, 2021.

34. S. Jain and D. S. Chauhan, “Implementation of fuzzy system using different voltages of OTA for JNK pathway leading to cell survival/death,” Network Biology, vol. 5, pp. 62–70, 2015.

35. S. Jain, “Design and simulation of fuzzy membership functions for the fuzzification module of fuzzy system using operational amplifier,” International Journal of Systems, Control and Communications (IJSCC), vol. 6, pp. 69–83, 2014.

36. W. Tangsrirat, W. Surakampontorn and N. Fujii, “Realization of leapfrog filters using current differencing buffered amplifiers,” IEICE Trans Fundamentals, vol. 86, pp. 318–326, 2003.

37. W. Tangsrirat, T. Pukkalanun and W. Surakampontorn, “CDBA-Based universal biquad filter and quadrature oscillator,” Active and Passive Electronic Components, vol. 2008, pp. 1–7, 2008.

38. C. Bhargava and G. M. Khanal, Advanced VLSI Technology Technical Questions and Solutions, in 1st ed., Denmark: Rivers Publishers, pp. 27–31, 2020.

39. C. Acar and H. Sedef, “Realization of nth-order current transfer function using current differencing buffered amplifiers,” Int. J. Electronics, vol. 90, pp. 277–283, 2003.

40. M. A. Nguyen, Pspice Tutorial, Class: Power Electronics, 1st ed., Colorado: Colorado State University, pp. 1–56, 2014.

41. M. H. Rashid, Introduction to PSICE Using OrCAD for Circuits and Electronics, 3rd ed., India: PHI, pp. 55–90, 2008.







	[image: images]
	This work is licensed under a Creative Commons Attribution 4.0 International License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.






Table of Contents


	
Fuzzy System Design Using Current Amplifier for 20 nm CMOS Technology






Guide


	
Fuzzy System Design Using Current Amplifier for 20 nm CMOS Technology





OEBPS/Images/CMC_24004-fig-3.png
\"DD

(4]

Mg

Mz

I—(dMH

—

Mis

My, |— o

w






OEBPS/Images/CMC_24004-fig-8.png
119.059485mV

85948 6mU

119.

859475mu

119

85947 6mU

119

859465my

119

6.6V

4.6V

v

(1]

o U(47)

U2





OEBPS/Images/table-1.png
Table 1: Comparison of electrical parameters using S membership functions

CDBA OTA 2 stage CMOS op-amp

S5V 4V 3V 2V S5V 4V 3V 2V S5V 4V 3V 2V

Voltage  440.84 445.62 457.134 359.937 261.89 277.27 244.61 3354 5622 49591 535.04 571.12
gain (dB)

Input 4.8 4.8 4.8 6.04 45.01 4501 45.01 45.01 4255 4.255 4255 4255
inpedance

(K<)

Output 181.3 2189 2746 3679 115 165.5 104.6 78.85 1629 2696 26.63 2.842
inpedance

(€2)

CMRR 1798 2276 34274 137.076 10.092 5.313 12.65 56.56 313.36 244.07 286.20 322.29
(dB)

Slew rate 2.4 1.9 1.3 0.2 2.5 5.2 1.9 0.59 1.7 2.03 1.87 1.77
(Vius)

Power dis- 679 422 241 81.5 7.22 4.39 3.98 2.95 254 18.4 11.7 8.01
sipation

(mW)
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Algorithm 1: Optimized Fuzzy System Design using Current Mode Amplifier

Input: #» and p are the negative & positive current input terminals

Output: Optimised Fuzzy system using CDBA

Start

Step 1: Calculation of aspect ratio of each transistor of CDBA circuit.

Step 2: Design of membership functions like S, Z, and triangular using CDBA.
Step 3: Design of rule composition step using CDBA circuit.

Step 4: Design of Implication using Mamdani, aggregation using MAX function.
Step 5: Design of defuzzification circuit to get one output.

Step 6: Effect of power supply on the proposed circuits for designing of Fuzzy System.
Step 7: Effect of feedback resistance on the proposed circuits using CDBA.

End






OEBPS/Images/logo.png





OEBPS/Images/table-2.png
Table 2: Contrast of different electrical parameters using S and Z membership functions

CDBA OTA 2 stage CMOS op-amp

S5V 4V 3V 2V S5V 4V 3V 2V S5V 4V 3V 2V

Voltage 83.464 119.948 155.519 140.198 344.3 399.33 363.21 360.07 130.93 353.33 325.39 358.03
gain (dB)

Input 4.615 4.615 4.615 4615 459 45.9 459 459 45.9 459 459 45.9
resistance

(KQ)

Output 1843 2189 2746 366 109.9 1655 104.6 788.5 19.58 29.78 27.6 26.11
resistance

()

CMRR 252.36 248.84 204.42 189.09 20.9 2586 2199 25.132 11791 104.70 76.55 109.19
(dB)

Slew rate  0.33 0.48 0.76 0.74 1.64 1.54 1.65 1.43 1.11 3.37 4.25 3.28
(Vius)

Power dis- 85 528 302 155 11.8 7.31 5.76 3.88 10.8 6.35 4.68 3.02
sipation

(mW)
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