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 In this paper, a complementary metal oxide semiconductor (CMOS) 

instrumental amplifier was designed and implemented in order to provide the 

possibility of controlling the current and voltage gain. The proposed 

instrumentation amplifier consists of three conveyors with active resistor. The 

parasitic resistance value (Rx) was reduced with a large bandwidth level in 

addition to achieving a high common mode rejection ratio (CMRR). 

Simulation was performed by using 0.35 µm CMOS technology by using the 

advanced design system (ADS) software. The results obtained prove that the 

proposed circuit has a good efficiency with higher degree of CMRR in 

comparison with other amplifiers designed and implemented in other similar 

works. 
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1. INTRODUCTION 

The transferring and processing of bio potential reliably considered as a basic tasks in the biomedical 

systems [1]. For this purpose, the instrumentation amplifiers have a wide utilizations in the analog signal 

processing in biomedical applications that often used in the voltage-mode as an important block [2]. Voltage-

mode instrumentation amplifiers can be implemented by utilizing operational amplifiers often have a high 

transfer function [3]. Therefore, a main problem of such circuits is the great common-mode rejection ratio 

(CMRR) to the resistor mismatching [4].  

The CMRR was considered as the main parameter in designing of instrumentation amplifiers. The 

main disadvantage of these circuits is the needed for several matching resistors to achieve a desired high level 

of CMRR [5]. In addition, the limitation of voltage gain that produced by voltage-mode amplifiers is dependent 

on the gain-bandwidth parameter [6]. On the side, in current-mode of these amplifiers, the CMRR is 

independent of the resistor mismatching, while, the voltage gain is not limited by the gain-bandwidth [7]. 

Currently the second generation vector current (CCII) is becoming popular because it can be used to 

obtain good electronic tuning and very wide operating frequency in the most applications in high frequency 

analog signals [8]. CCII can be used as main parameter of servomotors, oscillators and other current mode 

applications [9]. The parasitic resistance that appears in circuits for the mentioned current carriers is one of the 

defects of electronic circuits [10]. On the other hand, it is needed in transmission circuits which are current 

controlled because it can be controlled by bias current [11]. It is directly proportional to the surface mobility 

value (μ), the oxide amplitude level (Cox), as well as the relationship to channel length and width (W/L) in the 

so-called complementary metallic oxide semiconductor (CMOS) technique [12]. 
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In some literature, topologies using the CCII technique have been studied and presented. For example, 

the design and implementation of an amplifier that is based on current carriers was presented in 1989 by Erkan 

et al. [13] who proposed 4 instrumentation amplifier topologies, one is current-mode and the other three are 

voltage-mode based on the current feedback operational amplifier. Some models of CCIIs based on the 

principle of amplification in current mode with passive resistors were announced [14]. These designs often 

contain passive components as well as low bandwidth which required some specifications which led to some 

increasing in the fabrication costs [15]. Circuits that used for the processing of biomedical signals must have a 

higher safety level with the attenuation ability of the interfering signal [16]. Therefore, the implementation of 

high-performance circuit, such as analog filters or low noise amplifiers, are needed in order of improving the 

system performance [17]. For the implementation of bio medical systems, some of important considerations 

are needed such as current levels and low noise voltage, low harmonic distortion [18]. 

Amplifying devices (AI) are widely used in industrial applications and in low voltage medical 

applications. The low and high voltage signals must be driven by common mode voltage and direct current. 

The traditional instrument amplifier is shown in Figure 1 [19]. The objective of this paper will focus on the 

design and implementation of a CMOS current mode instrumentation amplifier in order to provide the 

possibility of controlling the current and voltage gain for biomedical applications. 
 

 

 
 

Figure 1. Traditional instrumentation amplifier 

 

 

2. METHOD  

The wiring diagram of the proposed device is shown in Figure 2. The proposed instrumentation 

amplifier consists of three current conveyors with active resistor based on CMOS technology. These amplifiers 

are often used to remove unwanted noise and amplify the signal in order to adapt it to the desired signal [20]. 

Also, the common mode rejection ratio (CMRR) is the most important parameter for instrument amplifiers. 

Today, there are still many ongoing physical processes for human survival. The instrument is the foundation 

of several electromyography (EMG) systems [21]. 
 

 

 
 

Figure 2. The proposed instrumental amplifier 
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Figure 3 illustrates the steps of biomedical signal processing, which pass through an electrode, 

amplifier, low-pass filter, sample and Hold and analog-to-digital converter (ADC) [22]. The processing of these 

signals is important because they often have very low amplitude and very high noise levels. It has a low 

frequency range, roughly less than 1 kHz.  
 

 

 
 

Figure 3. Steps of physiological signal processing 
 
 

The current of each transistor drain can be calculated by using [23]: 
 

𝐼𝐷1 = µ𝑛𝐶0𝑥
𝑊

𝐿⁄ {(𝑉𝐴 − 𝑉𝑡ℎ)𝑉𝐴 −
𝑉𝐴

2

2
⁄ )} (1) 

 

𝐼𝐷1 = µ𝑛𝐶0𝑥
𝑊
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2

2
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The active resistance RA can be calculated as (3).  
 

𝑅𝐴 =
1

µ𝑛𝐶0𝑥
𝑊

𝐿⁄ (𝑉𝐶−𝑉𝑡ℎ)
 (3) 

 

VC represent the adjusting voltage used to adjust the active resistance RA. The proposed instrumentation 

amplifier will supplies the following current: 
 

𝐼0 =
𝑉1−𝑉2

𝑅𝑋1+𝑅𝑋2+𝑅𝑋3
 (4) 

 

The voltage Vx, can be calculated as (5).  
 

𝑉𝑋1 = 𝐾1 𝑉1,                     𝑉𝑋1 = 𝐾1 𝑉1,                     𝑉𝑋1 = 𝐾1 𝑉1 (5) 

 
when changing the bias current of the conveyors as well as the control voltage of its active resistance, we can 

control its differential gain. Also, the value of the parasitic resistance can be controlled by changing the value 

of the bias current. The error caused by tracking the current and voltage between both ports X-Z and ports X-

Y can also be calculated as (6) [24]. 
 

𝛼 = 1 − 𝜀𝐼

𝐾 = 1 − 𝜀𝑉

𝐼𝑧 = 𝛼𝐼𝑋

] (6) 

 

Where α and K represent current and voltage transfer gains and εI and εV represent errors transfer of current 

and voltage of the conveyors, respectively. Therefore, the voltage at the output will be: 
 

𝑉0 =
𝑅𝐴(𝑉1−𝑉2 )

𝑅𝑋1+𝑅𝑋2+𝑅𝑋3
 (7) 
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3. RESULTS AND DISCUSSION 

The main problem is the minimization of resister and maximization the cutoff frequency, so, the 

objective function (OF) can be expressed as (8) [25]. 
 

𝑂𝐹 = 𝛼𝑅𝑥 + 𝛽𝑡𝑐𝑖            , 𝛼 + 𝛽 = 1 (8) 
 

Table 1 illustrates the dimensions of the CMOS Transistor. By using the MATLAB software program, it can 

be easily draw the objective function (OF). Figures 4 and 5 show the values of the OF and the parasitic 

resistance Rxmin value respectively. 
 
 

Table 1. Dimensions of the CMOS transistor 
Parameter Value (µm) 

Ln 0.580 

Lp 0.350 
Wp 36 

Wn 19.76 

 
 

Figure 4 shows the objective function of the amplified signal. From Figure 4, we can notice that the 

amplifier signal bandwidth remains at a stabile cutoff frequency value which stay constant at (1.20 GHz). 

Figure 5 illustrates the value of the parasitic resistance (Rxmin). From Figure 5, we can notice that the parasitic 

resistance (Rxmin) tends to stabilize at a value of about (458 Ω). 

Figure 6 shows that the common mode rejection ratio (CMRR) which dependent on the current 

transfer error (εI ) and voltage transfer error (𝜀𝑉 ) has a value of (183.09 dB) at a frequency of (10 Hz), which 

points the importance of the proposed circuit in the biomedical devices. Table 2 illustrates a comparison 

between a proposed current controlled and other voltage and current controlled conveyor in different studies. 

Table 2 illustrates the comparison results of the CMRR value between the proposed current controlled 

instrumental amplifier and voltage controlled instrumental amplifier design in other works. 
 

 

 
 

Figure 4. Objective function 

 
 

Figure 5. Result of Rxmin 
 

 

 
 

Figure 6. CMRR simulation result 
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Table 2. Comparison between the proposed curren t controlled and voltage-controlled conveyor 
 Voltage controlled conveyor 

 BJT [11] CMOS [11] 

Vin 2.50 V 3.30 V 

CMMR 146 (dB) 143 (dB) 

 Proposed current controlled conveyor 
Vin 2.80 V 3.80 V 

CMMR 77 (dB) 183.09 (dB) 

 

 

4. CONCLUSION 

In this paper, an instrumentation amplifier design has been implemented which consists of three 

conveyors, suitable for applications of medical devices. The proposed amplifier circuit has been simulated by 

using the advanced design system (ADS) software with a parameters of (0.35 µm) CMOS technology. The 

obtained results indicate that the proposed amplifier is very suitable for bio-medical application. The 

Comparison between a proposed current controlled mode and a voltage-controlled mode implemented in other 

studies indicates that the proposed current controlled mode has a better CMRR value than the voltage controlled 

mode. 

 

 

REFERENCES 
[1] M. N. Anas, A. N. Norali, and W. Jun, "On-line monitoring and analysis of bioelectrical signals," Procedia Computer Science, vol. 

42, pp. 365-371, 2014, doi: 10.1016/j.procs.2014.11.075. 

[2] W. M. E. A. W. Jusoh, and S. H. Ruslan, ”Design and analysis of current mirror OTA in 45 nm and 90 nm CMOS technology for 

bio-medical application,” Bulletin of Electrical Engineering and Informatics, vol. 9, no. 1, pp. 221-228, 2020, doi: 
10.11591/eei.v9i1.1860.  

[3] M. W. Gifari, H. Zakaria, and R. Mengko, “Design of ECG homecare:12-lead ECG acquisition using single channel ECG device 

developed on AD8232 analog front end,” Int. Conf. Electrical Engineering and Informatics (ICEEI), Denpasar, 2015, pp. 371-376, 
doi: 10.1109/ICEEI.2015.7352529.  

[4] W. M. E. A. W. Jusoh, S. H. Ruslan, N. Ahmad, W. M. Jubadi, and R. Sanudin, “Comparative study of symmetrical OTA 

performance in 180 nm, 130 nm and 90 nm CMOS technology,” Indonesian Journal of Electrical Engineering and Computer 
Science (IJEECS), vol. 14, no. 1, pp. 230-240, 2019, doi: 10.11591/ijeecs. Vol.14.i1. pp.230-240.  

[5] S. Joshi, V. Thaker, A. Amaravati, and M. Shojaei-Baghini, ''low-power low-noise analog signal conditioning chip with on-chip 

drivers for healthcare applications,'' Microelectron. J., vol. 43, pp. 828-837, 2012, doi: 10.1016/j.mejo.2012.06.008.  
[6] G. T. Hasan, A. H. Mutlaq, and K. J. Ali, “Comparative evaluation of SiC/GaN “MOSFT” transistors under different switching 

conditions,” Bulletin of Electrical Engineering and Informatics, vol. 11, no. 2, pp. 681~690, April 2022, doi: 

10.11591/eei.v11i2.3445. 
[7] M. H. Nornaim, N. A. Abdul-Kadir, F. K. C. Harun, and M. A. A. Razak, “A wireless ECG device with mobile applications for 

android,” 7th International Conference on Electrical Engineering, Computer Sciences and Informatics (EECSI), Proc. EECSI 2020-

1-2 October 2020, doi: 10.23919/EECSI50503.2020.9251871.  
[8] J. J. Ocampo-Hidalgo, J. A. Castillo, I. Vazquez, and J. E. Molinar-Solis, “A CMOS low-voltage super follower using quasi-floating 

gate techniques,” Journal of Circuits, Systems and Computers, vol. 27, no. 7, 2017, doi:10.1142/S0218126618501116. 

[9] V. H. Ahgajan, Y. G. Rashid, and F. M. Tuaimah, “Artificial bee colony algorithm applied to optimal power flow solution 
incorporating stochastic wind power,” International Journal of Power Electronics and Drive System (IJPEDS), vol. 12, no. 3,  

pp. 1890-1899, September 2021, doi: 10.11591/ijpeds.v12.i3.pp1890-1899.  

[10] A. Banharnsakun, T. Achalakul, and B. inaovakul, ''The best-so-far selection in artificial bee colony algorithm,'' Applied Soft 
Computing, vol. 11, no. 2, pp. 2888-2901, 2011, doi: 10.1016/j.asoc.2010.11.025. 

[11] H. Bouyghf, B. Benhala, and A. Raihani, “Artificial bee colony technique for a study of the influence of impact of metal thickness 
on the factor of quality-Q in integrated square spiral inductors,” 4th International Conference on Optimization and Applications 

(ICOA 18), April 2627, 2018, doi: 10.1109/ICOA.2018.8370503.  

[12] S. J. G. Gift, B. Maundy, and F. Muddeen, ''High-performance current-mode instrumentation amplifier circuit,'' International 

Journal of Electronics, vol. 97, no. 11, pp. 1015-1024, 2007, doi: 10.1080/00207210701751188.  

[13] H. Ercan, S. Tekin, and M. Alçi, ''Voltage-current-controlled high CMRR instrumentation amplifier using CMOS current conveyors,'' 

Turkish Journal of Electrical Engineering and Computer Sciences, vol. 20, pp. 547-556, 2012, doi: 10.3906/elk-1011-939.  
[14] H. Bouyghf, B. Benhala, and A. Raihani, ''Optimization of 60-GHZ down-converting CMOS dual-gate mixer using artificial bee 

colony algorithm,'' Journal of Theoretical and Applied Information Technology, vol. 95, no. 4, pp. 890-902, 2017.  

[15] S. Abi, H. Bouyghf, B. Benhala, and A. Raihani, "An optimal design of a short-channel RF low noise amplifier using a swarm intelligence 
technique," Embedded Systems and Artificial Intelligence, vol. 1076, pp. 143-153, 2020, doi: 10.1007/978-981-150947-6_14.  

[16] X. S. Yang, ''A new metaheuristic bat-inspired algorithm,'' Nature Inspired Cooperative Strategies for Optimization (NICSO),  

pp. 65-74, 2010, doi: 10.1007/978-3-642-12538-6_6.  
[17] S. Wang et al., ''Feed-forward neural network optimized by hybridization of PSO and ABC for abnormal brain detection,'' Int. J. 

Imaging Syst. Technol. vol. 25, pp. 153-164, 2015, doi: 10.1002/ima.22132. 

[18] B. Benhala, P. Pereira, and A. Sallem, "Focus on swarm intelligence research and applications," Nova Science Publishers, 2017.  
[19] W. L. Chang, D. Z. Zeng, R. C. Ching, and S. Guo, "An artificial bee colony algorithm for data collection path planning in sparse 

wireless sensor networks," International Journal of Machice Learning & Cybernetics, vol. 6, no. 3, pp. 375-383, 2015, doi: 

10.1007/s13042-013-0195-z.  
[20] Y. H. Ghallab, W. Badawy, K. V. I. S. Kaler, and B. J. Maundy, ''A novel current-mode instrumentation amplifier based on 

operational floating current conveyor,'' IEEE Transactions on Instrumentation and Measurement, vol. 54, pp. 1941-1949, 2005, doi: 

10.1109/TIM.2005.854254.  

https://doi.org/10.1016/j.procs.2014.11.075
https://doi.org/10.11591/eei.v9i1.1860
https://doi.org/10.11591/eei.v9i1.1860
https://doi.org/10.11591/eei.v9i1.1860
https://doi.org/10.11591/eei.v9i1.1860
https://doi.org/10.11591/eei.v9i1.1860
https://doi.org/10.1109/ICEEI.2015.7352529
https://doi.org/10.1109/ICEEI.2015.7352529
https://doi.org/10.1109/ICEEI.2015.7352529
https://doi.org/10.1109/ICEEI.2015.7352529
https://doi.org/10.1109/ICEEI.2015.7352529
https://doi.org/10.1016/j.mejo.2012.06.008
https://doi.org/10.1016/j.mejo.2012.06.008
https://doi.org/10.1016/j.mejo.2012.06.008
https://doi.org/10.1016/j.mejo.2012.06.008
https://doi.org/10.1016/j.mejo.2012.06.008
https://doi.org/10.1016/j.mejo.2012.06.008
https://ieeexplore.ieee.org/xpl/conhome/9251346/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9251346/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9251346/proceeding
https://doi.org/10.23919/EECSI50503.2020.9251871
https://doi.org/10.23919/EECSI50503.2020.9251871
https://doi.org/10.23919/EECSI50503.2020.9251871
https://doi.org/10.23919/EECSI50503.2020.9251871
https://www.researchgate.net/scientific-contributions/J-J-Ocampo-Hidalgo-2046497270?_sg%5B0%5D=0vO2kaeUCeRPiUMtNlMiFqhDxZyzEI7pOUKMm7QxY1PpR_kU6WX-d_wQT_fvElioeJiLNU4.oZ7ix5l9Fe8XlFl-846PMkyi-imr5YC82iTVFlDBOBt6WN1pPE3xZSU13Amiim0CmXTbG1OUL7D5tVMFQQFoJA&_sg%5B1%5D=M80iuwDeLihd6pyx7pF0MKIoJpJy5g48ECwwuqY4F2LcofIjFfFNrsXbJ0OYW6vmFnT4PQA.xxCGsBvlaFOxGkFiCnLOgillpyeSt5eXvdCiFNnV9WLkXG5v8Ggp6Dk0xXMr3YTUYIeperqPyHJfpCBBNyT6YA
https://www.researchgate.net/profile/Javier-Alducin-Castillo?_sg%5B0%5D=0vO2kaeUCeRPiUMtNlMiFqhDxZyzEI7pOUKMm7QxY1PpR_kU6WX-d_wQT_fvElioeJiLNU4.oZ7ix5l9Fe8XlFl-846PMkyi-imr5YC82iTVFlDBOBt6WN1pPE3xZSU13Amiim0CmXTbG1OUL7D5tVMFQQFoJA&_sg%5B1%5D=M80iuwDeLihd6pyx7pF0MKIoJpJy5g48ECwwuqY4F2LcofIjFfFNrsXbJ0OYW6vmFnT4PQA.xxCGsBvlaFOxGkFiCnLOgillpyeSt5eXvdCiFNnV9WLkXG5v8Ggp6Dk0xXMr3YTUYIeperqPyHJfpCBBNyT6YA
https://www.researchgate.net/profile/Jesus-Molinar-Solis?_sg%5B0%5D=0vO2kaeUCeRPiUMtNlMiFqhDxZyzEI7pOUKMm7QxY1PpR_kU6WX-d_wQT_fvElioeJiLNU4.oZ7ix5l9Fe8XlFl-846PMkyi-imr5YC82iTVFlDBOBt6WN1pPE3xZSU13Amiim0CmXTbG1OUL7D5tVMFQQFoJA&_sg%5B1%5D=M80iuwDeLihd6pyx7pF0MKIoJpJy5g48ECwwuqY4F2LcofIjFfFNrsXbJ0OYW6vmFnT4PQA.xxCGsBvlaFOxGkFiCnLOgillpyeSt5eXvdCiFNnV9WLkXG5v8Ggp6Dk0xXMr3YTUYIeperqPyHJfpCBBNyT6YA
https://www.researchgate.net/journal/Journal-of-Circuits-Systems-and-Computers-0218-1266
http://dx.doi.org/10.1142/S0218126618501116
https://doi.org/10.1109/ICOA.2018.8370503
https://doi.org/10.1109/ICOA.2018.8370503
https://doi.org/10.1109/ICOA.2018.8370503
https://doi.org/10.1109/ICOA.2018.8370503
https://link.springer.com/book/10.1007/978-3-642-12538-6
https://link.springer.com/book/10.1007/978-3-642-12538-6
https://link.springer.com/book/10.1007/978-3-642-12538-6
https://link.springer.com/book/10.1007/978-3-642-12538-6
https://link.springer.com/book/10.1007/978-3-642-12538-6
https://doi.org/10.1109/TIM.2005.854254
https://doi.org/10.1109/TIM.2005.854254
https://doi.org/10.1109/TIM.2005.854254
https://doi.org/10.1109/TIM.2005.854254
https://doi.org/10.1109/TIM.2005.854254


Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

 Design of current controlled instrumental amplifier by using complementary … (Ghanim Thiab Hasan) 

657 

[21] D. S. Masmoudi, S. B. Salem, M. Loulou, and L. Kamoun, ''A radio frequency CMOS current controlled oscillator based on a new 
low parasitic resistance CCII,'' International Conference on Electrical, Electronic and Computer Engineering, 2004, pp. 563-566, 

doi: 10.1109/ICEEC.2004.1374532.  

[22] T. Ettaghzouti, N. Hassen, K. Garradhi, and K Besbes, "Wide bandwidth CMOS four-quadrant mixed mode analogue multiplier 
using a second generation current conveyor circuit," Turkish Journal of Electrical Engineering and Computer Sciences,  

pp. 1708-179, 2018.  

[23] N. Hassen, T. Ettaghzouti, K. Garradhi, and K. Besbes, "MISO current mode bi-quadratic filter employing high performance 
inverting second generation current conveyor circuit," International journal of electronics and communications, 2017,  

doi: 10.1016/j.aeue.2017.08.044. 

[24] M. H. Tarek and A. M. Soliman, “New CMOS DVCC realization and applications to instrumentation amplifier and active-RC 
filters,” International Journal of Electronics and Communications (AE¨U), vol. 64, pp. 47-55, 2010, doi: 10.3906/elk-1011-939. 

[25] G. Zamora-Mejía, J. Martínez-Castillo, J. Miguel, R. Pérez, and A. D. Sánchez, "A current mode instrumentation amplifier based 

on the flipped voltage follower in 0.50 µm CMOS," Analog integrated circuits and signal processing, vol. 87, no. 3,  
pp. 389-398, 2016, doi: 10.1007/s10470-016-0731-3. 

 

 

BIOGRAPHICS OF AUTHORS  

 

 

Ghanim Thiab Hasan     he is an Associate Professor at the Department of 

Electrical Engineering, Al-Shirqat Engineering College, Tikrit University, Iraq, where he 

has been a faculty member since 2006. He graduated with a first-class honours B.Eng. 

degree in electrical and Electronic Engineering from Belgrade Universityy, Serbia, in 

1984, and M.Sc. in Electrical Engineering from Belgrade University, Serbia in 1986. His 

research interests are in the area of electrical and electronic engineering. He can be 

contacted at email: ganimdiab@yahoo.com. 

  

 

Kamil Jadu Ali     he is an Associate Professor at the Department of Electrical 

Engineering, Al-Shirqat engineering college, Tikrit University, Iraq, where he has been a 

faculty member since 2006. He graduated with a first-class honours B.Eng. degree in 

Electrical and Electronic Engineering from Belgrade Universityy, Serbia, in 1984, and 

M.Sc. in Electrical Engineering from Belgrade University, Serbia in 1986. His research 

interests are primarily in the area of electrical and electronic engineering. He can be 

contacted at email: kamil.ali78@tu.edu.iq. 

 

 

  

 

Ali Hlal Mutlaq     he is a lecturer at the Medical Instrumentation Technical 

Engineering Departmen, Al-Kitab University, Iraq, where he has been a faculty member 

since 2005. From 2015-2018. He graduated with a first-class honours B.Eng. degree in 

Electronic Engineering from Belgrade Universityy, Serbia, in 1982, and M.Sc. in 

Electrical Engineering from Belgrade University, Serbia in 1984. His research interests 

are primarily in the area of wireless communications and networks as well as in the area 

of electrical engineering. He can be contacted at email: ali.h.mutlag@uoalkitab.edu.iq. 

 

mailto:kamil.ali78@tu.edu.iq
mailto:ali.h.mutlaq@uoalkitab.edu.iq
https://orcid.org/0000-0001-7893-9534
https://scholar.google.com/citations?hl=id&user=ScIOpQUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=46161162700
https://orcid.org/0000-0001-9367-9099
https://scholar.google.com/citations?hl=id&user=IFYfv9gAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57209964012
https://orcid.org/0000-0003-0067-7049
https://scholar.google.com/citations?hl=id&user=7ZjZtS4AAAAJ

