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Abstract 
 

The paper describes notch type filter using uniformly 
distributed RC line (herein after called URC). The proposed 
circuit configuration consists of one notch type filter using 
lumped URC with three capacitive layers with bridging 
capacitor ( )aC  parallel connected across it and a positive 
single amplifier. The structure reduces an amount of circuit 
complexity and is simple to use for applications.
Experimental results of SPICE simulations are carried out 
and sensitivities of circuit parameters are also investigated. 

 
1. Introduction 
 

It is known that URC circuits have several advantages 
over lumped RC circuits. For example it structure of 
distributed RC elements in this film is built using smaller 
substrate area, less isolation and parasitic problems at high 
frequency. 

We have presented papers on active notch filter using a 
single capacitive layer URC [1] and double capacitive 
layers URC [2]. In this paper, the notch filter using three 
capacitive layers URC are proposed. 

The structure of the three capacitive layers URC is 
shown in Fig. 1-a .  The circuit symbol of Fig. 1-a and      
Fig. 1-b are illustrated in Fig. 1-c. This type of URC 
consists of 3 layers. It is makes up of a uniform resistive 
sheet, a uniform dielectric sheet and a conducting sheet 
where a dielectric sheet is located between resistive sheet 
and conductive sheet. The capacitance ( )C  is divided into 3 
parts where 0C , 1C  and 2C  deposited on a dielectric sheet.  

Analysis of Fig. 1-c as an distributed RC transmission 
line for one of the bottom conductive plate 5 is grounded. 

The admittance parameter [ ijY ] of the URC in Fig. 1 is 

given as follows: 
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Fig. 1 Structure and circuit symbol of URC 
with three capacitive layers 

 
where 
 

( ) ( ){ }121 111 −+−= YPsinhP αααϑ , 
 

( ) ( ){ }121 222 −+−= YPsinhP αααλ , 
 

( ){ }PsinhPY −−= 1221ααψ , 

  

PsinhR
P

X = , PcoshY = , SRCP = , 

 
CC 11 α= , CC 22 α=  and 321 CCCC ++=  

 
R  and C  are the values of total resistance and 

capacitance of the multilayer URC structure. 1α  and  2α  

are the ratio of 1C  and 2C  with respect to C . S  is the 
complex frequency. 
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2. Notch Filter Circuit 
 

Fig. 2 shows the proposed notch filter circuit using one 
distributed RC elements with three capacitive layers and 
one lumped element ( )aC . The filter realized form Fig. 1-c. 
Where the edge point 4 contacted at 1, edge point 3 is 
floating and 5 is grounded. aC  is a bridging capacitance. 

The proposed passive notch filter circuit using are 
distributed RC with three capacitive layer and a bridging 
capacitor aC  are shown in Fig. 2. 
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Fig. 2 Passive notch filter circuit 
 

The voltage transfer function ( )
1

2
V

VpT =  of the circuit 

is given as follows: 
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Where 
 

( ) ( ){ }121 11 −+−= PcoshPsinhP ααγ , 
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Fig. 3 shows the proposed active notch filter scheme 

with a feedback amplifier. 
 

The voltage transfers function of the proposed circuit is 
given as follows: 
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Where 
 

( ) ( ){ }121 11 −+−= PcoshPsinhP ααγ , 
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210 CCCCt ++= , tSRCP =  

 
And K  is positive gain. 
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Fig. 3 Proposed active notch filter circuit  
 

It is of interested to consider the parameters 1α  and 2α  
of notch filter characteristic in Fig. 3. If we assumed that 
one of the capacitive layer 01 =C  ( )01 =α , it becomes a 
double capacitive layers URC reported in literature [3]. If 

021 == CC  or 021 == αα , it becomes a conventional active 
notch filter [4]. shows in Fig. 4a and Fig. 4b respectively. 
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Fig. 4a an active notch filter with 01 =α  
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Fig. 4b a conventional active notch filter with 021 == αα  
 
3. Simulation results 
 

With an appropriate choice the parameters given 
below. 
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The simulation results by P-SPICE of the frequency 

response of Fig. 3. and Fig. 4. is shown in Fig. 5. 
 

 
 

Fig. 5 Frequency response of Fig. 3 and Fig. 4 
 
Fig. 5 shows the behaviour of the proposed active 

notch filter in comparison with the notch filter of Fig. 4a 
and the conventional active notch filter. It is seen that the 
proposed circuit has a steeper rate response than does the 
notch filter of Fig. 4a and the conventional notch filter in 
Fig. 4b. 

4. Sensitivity 
 

The sensitivity is defined as a ratio of the normalized 
incremental change of the transfer function ( )pT  due to the 
normalized change of circuit parameter iX  
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The results in Fig. 6 and Fig. 7 show the sensitivities of 

( )pT  with the change of capacitance 0C  and resistive R  
respectively. It is seen that sensitivities of the proposed 
circuit is lower than the conventional notch filter. 
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Fig. 6 Sensitivity ( )pT
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Fig. 7 Sensitivity ( )pT
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5. Stability 
 

The stability of the circuit can be obtained from the 
denominator of Eq.(3). For stability considerations the 
Nyquist contour is encircled at origin as shown in Fig. 8. It 
is seen that the positive gain 1≥K  the circuit is 
conditionally unstable. 
 

 
 

Fig. 8 Stability of the proposed circuit  
 
6. Conclusion 
 

The active notch filter using three capacitive layers 
URC is proposed and discussed. It is shown that capacitive 
ratio 1α  and 2α  are used to improve the magnitude 
response. Thus the magnitude response of the notch filter 
has steep slope at notch frequency with high Q  than does 
the conventional notch type filter. In addition, Sensitivities 
and stability are investigated. The proposed circuit can be 
suitable to fabricate by LSI process.  
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