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Abstract: This study proposes a current-mode KHN universal filter design that can 
perform three standard functions simultaneously: low-pass, high-pass, and band-
pass. The circuit is built around a multiple-output operation transconductance 
amplifier (MO-OTA), which allows for electronically adjustable pole frequency and 
quality factor by modifying input bias currents (IB). The circuit layout is 
straightforward, with two MO-OTAs and two grounded capacitors, eliminating the 
need for external resistors and depending entirely on grounded components. Because 
of its simplicity, the circuit is suited for use in a tiny, efficient design. The proposed 
circuit's operation was validated using LT-Spice simulations, and the results were in 
line with theoretical expectations. The circuit used around 298μW of power at ±0.2V 
power supply voltages. These results demonstrate the circuit's potential for low-
power applications, which are crucial in many modern electronic devices.  The 
suggested current-mode KHN universal filter offers a viable option for combining 
various filter functions in a single circuit with customizable parameters. Its simplicity, 
efficiency, and performance qualities make it a feasible choice for incorporation into 
a variety of electronic systems, allowing for more filter design freedom 

  
  

Modu KHN Evrensel Filtre Uygulamaları için Çok Çıkışlı Operasyonel 
Transiletkenlik Amplifikatörüne Dayanan Düşük Voltajlı, Yüksek Performanslı CMOS 

Transistör Tasarımı ile Gerçekleştirilmesi 
 
 

Keywords 
çoklu çıkışlı çalışma 
transiletkenlik 
amplifikatörü (MO-OTA), 
akım modu KHN üniversal 
filtre, 
 LT-Spice simülasyonları 

Özet: Bu çalışma, aynı anda üç geleneksel işlevi yerine getirebilen akım modlu KHN 
evrensel filtre tasarımını sunmaktadır. Bunlar; düşük geçişli, yüksek geçişli ve bant 
geçişli filtrelerdir. Devre, giriş yanlılık akımlarını (IB) ayarlayarak elektronik olarak 
değişken kutup frekansı ve kalite faktörüne izin veren çoklu çıkışlı işlemsel 
transiletkenlik amplifikatörü (MO-OTA) temel alınarak tasarlanmıştır. Devre 
topolojisi, iki MO-OTA ve iki topraklanmış kapasitör kullanılarak inşa edilmiştir; bu, 
harici direnç gereksinimini ortadan kaldırır ve yalnızca topraklanmış bileşenlere 
dayanır. Basitliği nedeniyle, devre küçük ve verimli bir tasarım için idealdir.  Önerilen 
devrenin işleyişi LT-Spice simülasyonlarıyla doğrulanmış ve sonuçlar teorik 
beklentilerle uyumlu bulunmuştur. Devrenin en yüksek güç tüketimi, ± 0,2V güç 
kaynağı voltajlarında yaklaşık 290μW olarak tespit edilmiştir. Bu bulgular, devrenin 
düşük güç tüketiminin kritik olduğu birçok mevcut elektronik cihaz için uygun 
olduğunu göstermektedir.  Önerilen akım modlu KHN evrensel filtresi, çeşitli filtre 
işlevlerini tek bir devrede özelleştirilebilir parametrelerle birleştirmek için uygun bir 
seçenek sunmaktadır. Sadeliği, verimliliği ve performans nitelikleri, onu farklı 
elektronik sistemlere dahil etmek için cazip bir seçenek haline getirerek daha fazla 
filtre tasarım özgürlüğü sağlamaktadır. 
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1. Introduction  
 
Over the past two decades, in the design of electronic 
circuits, efforts have been made to reduce the supply 
voltage for circuits, especially portable devices, 
reducing the voltage supply. It is therefore necessary 
with the design technique of current-mode circuits 
that are more characteristic of the voltage mode, so it 
is the purpose of synthesizing current-mode circuits, 
since they have a dynamic amplitude range. Assumes 
(Lager dynamic range) has a higher signal band width, 
greater linearity, easy circuit design (simple circuitry) 
and low power consumption [1-2].  
 
Analog frequency filtering circuits are very important 
in the field of electronic engineering and have wide 
applications in many fields, such as communication, 
instrumentation, especially in medical meters and 
control systems [3-8]. 
 
KHN (Kerwin Huelsman Newcomb) universal 
frequency filter circuit is popular because it uses fewer 
active and passive devices, less sensitivity to devices, 
and good stability [9-10]. 
 
According to the survey, a research paper has been 
published related to universal frequency filtering 
circuits in current mode. There are many active 
devices that can operate in current mode, such as 
Operational Transconductance Amplifier (OTA), 
Current Conveyor (CCII). Current Differential Buffer 
Amplifier (CDBA), Current Differential Buffer 
Amplifier (CDBA), Current Differential 
Transconductance Amplifier.  (CDTA), according to 
the report some of the disadvantages of various 
articles are found below. 

1) Very active and passive devices are used, 
especially external resistors. 

2) The partial frequency response, the output is 
low impedance [16-17] in current mode, so it 
is difficult to implement 

3) cannot be controlled electronically. [11-14], 
[16]  

4) 4) The circuit must be changed to achieve full 
response effect. [17-18]  

5) 5) Floating capacitors [19] are required to do 
so. It is suitable for use as IC. 

 
Operational Transconductance Amplifier (OTA) is a 
popular device for signal processing circuits, as it can 
operate in both voltage and current modes and can 
control the operation of the circuit electronically. 
Therefore, in this article, it is proposed a universal 
frequency filtering circuit in KHN current mode with 
MO-OTA coupled with two ground-coupled capacitors, 
which are characterized by three basic frequency 
filtering, low frequency through high pass frequency 
and bandpass frequency. In the same structure, pole 
frequency and quality value can be controlled. The 
factor is obtained electronically, free of external 

resistors and simulated with the PSpice program to 
test the performance of the circuit presented. 
 
2. The Principle of Operation of the Circuit 
 
2.1. The principle of operation of OTA 
 
Due to the circuit offered, the circuit device extends 
the conductivity of the current. It is an active device 
that operates in a voltage-controlled current supply 
(Voltage Controlled Current Source: VCCS) manner. 
The conversion of voltage value into current is called 
(transconductance) or gm. The characteristic is that it 
has a high impedance input and output value, while 
the conductivity value can be controlled by the bias 
current from external relationship of current and 
voltage of OTA according to Equation 1. 
 

𝐼0 = 𝑔𝑚(𝑉(+) − 𝑉(−))        (1) 

 
by gm can be expressed as . 
 

 𝑔𝑚 = √𝐾𝐼𝐵   (2) 

and  
𝐾 = 𝜇𝑜𝐶𝑜𝑥(𝑊/𝐿)        

 
The values k and IB are the conductivity parameters of 
the device used to make an MO-OTA. Here, this is a 
transistor. In Figure 1, the symbol and equivalent 
circuit of MO-OTA are shown. 
 

 
Figure 1. OTA (a) Symbol (b) Symbol (b) Equivalent circuit 
 

2.2. Structure of KHN universal filter circuit 
 
The circuit structure of the KHN frequency filter 
circuit consists of 2 lossless integrator circuits and an 
integrated circuit. As shown in Figure 2, from the 
diagram, the transfer equation of high frequency 
through, through frequency band and low frequency 
through can be written as equation (3) - (5), 
respectively. 
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From equations (3) — (5), the value of the pole 
frequency and the value of the quality factor can be 
written as equations (6) and (7). 

𝑤0 = √
1

𝜆1𝜆2
   (6) 

 

And 

𝑄0 = √
𝜆1

𝜆2
         (7) 

 

 

Figure 2. The structure of the KHN universal filter circuit 

 
2.3. KHN universal filter circuit with OTA offered 
 
This section is an important part that presents the 
KHN universal filter circuit with MO-OTA, which 
consists of 2 integrator circuits. Thus, it does not 
consume the equipment, so the KHN universal 
frequency filter circuit with OTA presented in Figure 3 
can be written as follows:  
 

 

Figure 3. KHN universal filter circuit presented 
 

 
𝑀𝐻𝑃

𝑁𝑖𝑛
=

𝑠2

𝑠2+𝑠
𝑔𝑚1

𝐶1
+

𝑔𝑚1𝑔𝑚2

𝐶1𝐶2

    (8) 

 

𝑀𝐵𝑃

𝑁𝑖𝑛
=

𝑠
𝑔𝑚1

𝐶1

𝑠2+𝑠
𝑔𝑚1

𝐶1
+

𝑔𝑚1𝑔𝑚2

𝐶1𝐶2

     (9) 

 

𝑀𝐿𝑃

𝑁𝑖𝑛
=

𝑠
𝑔𝑚1𝑔𝑚2

𝐶1𝐶2

𝑠2+𝑠
𝑔𝑚1

𝐶1
+

𝑔𝑚1𝑔𝑚2

𝐶1𝐶2

          (10) 

 

𝑤0 = √
𝑔𝑚1𝑔𝑚2

𝐶1𝐶2
       (11) 

and 

𝑄0 = √
𝑔𝑚1𝐶1

𝑔𝑚2𝐶2
    (12) 

 

When replacing gm with √𝐾𝐼𝐵  into Equations (11) 

and (12) 
 

𝑤0 = √(𝐾1𝐾2𝐼𝐵1𝐼𝐵2)
1
2

𝐶1𝐶2
      (13) 

 

𝑄0 = √
(𝐾1𝐼𝐵1)𝐶1

(𝐾2𝐼𝐵2)𝐶2
          (14) 

 
From the equations ω0 and Q0, the pole frequency 
values, and the quality factor values can be adjusted 
electronically. Moreover, the ratio, if the current 
values IB1 and IB2 are given constant, the pole 
frequency can also be adjusted. At the same time, if a 
high Q value is desired, this can be done by giving C1 
more than C2 and BW can be obtained as in equation 
(15). 
 

𝐵𝑊 =
𝑤0

𝑄0
= √

𝐾1𝐼𝐵1

𝐶1
          (15) 

 
2.4. The sensitivity of the presented circuits 
 
The sensitivity value of the presented frequency filter 
circuit is obtained by equations (16) and (17). 
 

𝑆𝐼𝐵1
𝑤𝑜 = 𝑆𝐼𝐵2

𝑤𝑜 = 0,5   , 𝑆𝐼𝐵2
𝑄𝑜 = 𝑆𝐶2

𝑤𝑜 = −0.5 (16) 

 
and 
 

𝑆𝐼𝐵1
𝑄𝑜 = 𝑆𝐶2

𝑄𝑜 = −0.5,  𝑆𝐼𝐵2
𝑄𝑜 = 𝑆𝐶2

𝑤𝑜 = −0.5 (17) 

 
The sensitivity of all active and passive devices must 
always be equal to or less than 1. 
 
3. Simulation Results 
 
To confirm the performance of the presented circuit, 
the operation of the circuit was simulated with the LT-
Spice program for the PaMOS and NMOS transistors 
used to simulate the operation of the circuit, using the 
parameters of the company TSMC CMOS with 65 nm 
technology. [20] 
 
Figure 4 shows the internal structure of OTA by the 
conditions of this simulation. The supply of the circuit 
is ±0.2V. The resistance at the circuit load is equal to 2 
ohms. Capacitor values C1=C2=2nF and IB1=IB2=10nA 
will obtain a pole frequency of 6MHz from the 
simulation. 
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Figure 4. Internal structure of OTA 

 

As a result of Figure 5, let's try to do the task of 
frequency response of a general-purpose filter circuit. 
KHN with MO-OTA to clearly demonstrate the 
simulation results of the circuit, low-pass filtering, 
high-pass filtering, and band-pass filtering. In the 
structure of the presented circuit, it has not changed, 
and in the operating condition there is a power 
consumption of 298μW, as Figure 6 shows the 
frequency response in dB threshold form in the 
frequency range. 100KHz-100MHz.  
 
Figure 7 shows the response of the bandpass filtering. 
From adjusting IB1=25nA, 60nA, 125nA to IB2=25nA, 
it was found that the pole frequency value 
corresponds to the value obtained from the calculation 
in Equation (12), and the calculation results are 
consistent and can be practically applied. In Figure 8. 
The frequency response was demonstrated by giving 
IB1=IB2, which adjusted the values of 25nA, 
60nA,125nA, resulting in the pole frequency values 
consistent with the values obtained from the 
simulation, namely the polarity values of 6.104MHz, 
7.8071MHz and 8.991MHz, respectively. It was found 
that the adjustment of the current IB1=IB2 causes 
Bandwidth and polarity change accordingly and have 
no effect on the quality factor value and THD= 2.1%. 
 

 
Figure 5. Frequency response effect of the filter circuit 

presented 
 

 

 
Figure 7. Response effect of bandpass filtering by adjusting 

IB1=25nA, 60nA, 125nA, and IB2=25nA 

 

 
Figure 8. Response effect of bandpass filtering by setting 

IB1=IB2 to be equal to 25nA, 60nA, and 125nA 
 

4. Discussion and Conclusion 
 
A study was done on a multi-purpose universal filter 
circuit in KHN current mode which employed a 

multiple-output operational transconductance 
amplifier (DO-OTA). This circuit can also be used as an 
integrated circuit (IC) as it was designed to function 
with two grounded capacitors. Its ability to 
independently adjust the pole frequency without the 
need for additional resistors or components that are 
floating-mounted is one of this circuit's unique 
features. Better flexibility and control over its usage 
are made possible by the suggested circuit, which 
permits electrical modification of the pole frequency 
and quality factor value. 
 
The LT-Spice program's simulation results were 
discovered to be closely consistent with theoretical 
predictions. With its low consumption of 298μW and 
need for a supply voltage of ±0.2V, this circuit is a cost-
effective option for various electrical uses. When used 
with a DO-OTA, KHN current mode enhances 
performance and versatility in frequency filtering 
applications.  
 
The research study focuses on the potential and 
viability of incorporating the proposed multi-purpose 
frequency filter circuit into integrated circuit designs. 
Changeable pole frequency and low power 
consumption are two of the circuit's unique features 
that make it a desirable option for a range of electronic 
systems that need accurate frequency filtering. The 
study highlights how innovative circuit designs 
contribute to the advancement of electrical technology 
and enhance performance across a range of 
applications. 
 
Declaration of Ethical Code 
 
In this study, we undertake that all the rules required to 
be followed within the scope of the "Higher Education 
Institutions Scientific Research and Publication Ethics 



H. DEMİREL. / L-V, H-P.C.T.B.M.O.T.A.F.C.M.KHN. U.F. A 

239 
 

Directive" are complied with, and that none of the 
actions stated under the heading "Actions Against 
Scientific Research and Publication Ethics" are not 
carried out. 
 
References 
 
[1] Mohammed, A.A., Mahmood, Z.K. &amp; Demirel, 

H. (2024). New Z copy-current differencing 
transconductance amplifier active filter using 
FinFET transistor based current Mode Universal 
Filter. Global Journal of Engineering and 
Technology Advances, 18(02),001-005.  

 

[2] Demirel, H., & Ahmed, A. (2024). New FinFet 
Transistor Implementation of Floating and 
Grounded Inductance Simulator Based on Active 
Elements. Global Journal of Engineering Science, 
9(3), 647–653.  

 

[3] Mohammed, A. A., Demirel, H., & Mahmood, Z. K. 
(2023). Analysis fin field-effect transistor design 
with high-k insulators. Nexo Revista Científica, 
36(06), 892-905.  

 

[4] Mohammed, A.A. & Demirel, H. (2023). 
Integration of Quadrature Oscillator and Floating 
Inductor in FinFET Transistor Design: 
Innovations and Applications. Iranian Journal of 
Electrical & Electronic Engineering, 19(04), 1.  

 

[5] Shaik, M. H., & Kumari, R. P. (2022). Design and 
Analysis of Analog Filters for Signal Processing 
Applications. International Journal of Electronics 
and Communication Engineering, 10(3), 145-157.  

 

[6] Smith, J., & Brown, L. (2020). Design and Analysis 
of Analog Frequency Filtering Circuits. Journal of 
Analog Electronics, 35(2), 123-134.  

 

[7] Sedra, A. S., & Smith, K. C. (2016). Microelectronic 
Circuits. IEEE Transactions on Circuits and 
Systems I: Regular Papers, 63(5), 1410-1422.  

 
[8] Demirel, H., (2017). Elektronik II, Birsen Publish 

House, İstanbul. 
 

[9] Ahmed, A., & Demirel, H. (2023). DESIGN Third 
order Sinusoidal Oscillator Employing Current 
Differencing Cascaded Trans conductance 
Amplifiers. Gazi University Journal of Science Part 
C: Design and Technology, 11(3), 735-743.  

 
[10] Shakir, A. M. (2017). Design of Voltage Mode 6th 

Order Elliptic Band-pass Filter Using Z-Copy 
Current Follower Transconductance Amplifier) 
ZC-CFTA. Kirkuk University Journal-Scientific 
Studies, 12(2), 271-285.  

 

[11] Demirel, H., & Ahmed, A. (2023). A Low-Power 
30MHz, 6th Order Bandpass Differential Gm-C 
Filter on Chip Utilizing Floating Current Source. 
Kastamonu University Journal of Engineering and 
Sciences, 9(2), 96-103.  

 

[12] Jaikla, W., & Lahiri, A. (2012). Resistor-less 
current-mode four-phase quadrature oscillator 
using CCCDTAs and grounded capacitors. AEÜ–
Int. J. Electron. Commun., 66, 214–218.  

 

[13] Sa-Ngiamvibool, W., & Jantakun, A. (2014). 
Quadrature oscillator using CCCCTAs and 
grounded capacitors with amplitude 
controllability. International Journal of 
Electronics, 101, 1737–1758.  

 

[14] Demirel, H., (2017), Elektronik II. İstanbul Birsen 
Publishing. 

 

[15] Horng, J.W. (2011). Current/voltage-mode third 
order quadrature oscillator employing two 
multiple outputs CCIIs and grounded capacitors. 
Indian Journal of Pure and Applied Physics, 49, 
494–498.  

 

[16] Prommee, P., & Dejhan, K. (2002). An integrable 
electronic controlled sinusoidal oscillator using 
CMOS operational transconductance amplifier. 
International Journal of Electronics, 89, 365–379.  

 

[17] Jaikla, W., & Lahiri, A. (2012). Resistor-less 
current-mode four-phase quadrature oscillator 
using CCCDTAs and grounded capacitors. AEÜ–
Int. J. Electron. Commun., 66, 214–218.  

 

[18] Bhaskar, D.R., Sharma, V.K., Monis, M., & Rizvi, 
S.M.I. (1999). New current-mode universal 
biquad filter. Microelectronics Journal, 30, 837-
839.  

 

[19] Senani, R., Bhaskar, D. R., Singh, V. K., & Sharma, 
R. K. (2016). Sinusoidal Oscillators and 
Waveform Generators Using Modern Electronic 
Circuit Building Blocks. Cham, Switzerland: 
Springer.  

 

[20] Horng, J.W., Lee, H., & Wu, J.Y. (2010). 
Electronically tunable third-order quadrature 
oscillator using CDTAs. Radio Engineering, 19, 
326–330.  


