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UNIT II : Passive LC Filters Analysis and design of Low pass, high pass, band pass and band 

elimination filters, m-derived filters, composite filters, Filter specifications, Butterworth 

approximation, Chebyshev approximation, elliptic function approximation, frequency 

transformation. 

  

Filter fundamentals – Pass and Stop bands. 

 

Filters of all types are required in a variety of applications from audio to RF and across the whole 

spectrum of frequencies. As such RF filters form an important element within a variety of scenarios, 

enabling the required frequencies to be passed through the circuit, while rejecting those that are 

not needed. 

The ideal filter, whether it is a low pass, high pass, or band pass filter will exhibit no loss within the 

pass band, i.e. the frequencies below the cut off frequency. Then above this frequency in what is 

termed the stop band the filter will reject all signals. 

In reality it is not possible to achieve the perfect pass filter and there is always some loss within the 

pass band, and it is not possible to achieve infinite rejection in the stop band. Also there is a 

transition between the pass band and the stop band where the response curve falls away, with the 

level of rejection rises as the frequency moves from the pass band to the stop band. 

 

Basic types of RF filter 

 

There are four types of filter that can be defined. Each different type rejects or accepts signals in a 

different way, and by using the correct type of RF filter it is possible to accept the required signals 

and reject those that are not wanted. The four basic types of RF filter are: 

• Low pass filter 

• High pass filter 

• Band pass filter 

• Band reject filter 

As the names of these types of RF filter indicate, a low pass filter only allows frequencies below 

what is termed the cut off frequency through. This can also be thought of as a high reject filter as it 

rejects high frequencies. Similarly a high pass filter only allows signals through above the cut off 

frequency and rejects those below the cut off frequency. A band pass filter allows frequencies 

through within a given pass band. Finally the band reject filter rejects signals within a certain band. 

It can be particularly useful for rejecting a particular unwanted signal or set of signals falling within 

a given bandwidth. 

 

Filter frequencies 

 

A filter allows signals through in what is termed the pass band. This is the band of frequencies 

below the cut off frequency for the filter. The cut off frequency of the filter is defined as the point at 

which the output level from the filter falls to 50% (-3 dB) of the in band level, assuming a constant 

input level. The cut off frequency is sometimes referred to as the half power or -3 dB frequencies. 

The stop band of the filter is essentially the band of frequencies that is rejected by the filter. It is 

taken as starting at the point where the filter reaches its required level of rejection. 

 

Filter classifications on the basis of characteristics: 

Response 

 

 

 

               

 Low pass filter 
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             Frequency 

Response 

 

 

 

 

High pass filter   Frequency 

 

 

Response 

 

 

 

 

Band pass filter           Frequency 

 

Response 

 

 

 

 

Band reject filter           Frequency 

 

 

 

Analysis and design of Low pass, high pass, and band pass and band elimination filters: 

 

Constant k filter 

 

Constant k filters, also k-type filters, are a type of electronic filters designed using the image method. 

They are the original and simplest filters produced by this methodology and consist of a ladder 

network of identical sections of passive components. Historically, they are the first filters that could 

approach the ideal filter frequency response to within any prescribed limit with the addition of a 

sufficient number of sections. However, they are rarely considered for a modern design, the 

principles behind them having been superseded by other methodologies which are more accurate 

in their prediction of filter response. 

 

The prototype low pass & high pass T or π filters: 
 

The p ototype lo  pass T o  π filte s a e sho  i  Dia. . Si e the total series and shunt impedance 

of oth T a d π a e the sa e, they ill ha e the sa e desig  i peda es a d utoff f e ue y. 
 

  

 

 

 

 

 

Since, the product of Z1 and Z2 is constant i.e., independent of frequency, the filter is a constant-K 

type. And we know that 

Here, = ��  
          =  − ��� 

Hence, =  ��   X − ��� = �  
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That is characteristic impedance ZOT is eal if ω2LC/4 <  a d i agi a y if ω2LC/4 > 1 and since the 

cut-off frequency fC is the frequency at which ZOT change from being real to imaginary. 

 
CIRCUIT DIAGRAM: 

 

   
 

The prototype high pass filters are shown in fig.2. Since total series and shunt impedance of both T 

a d π a e the sa e, they ill also ha e the sa e utoff f e ue y a d design impedance. 

 

     

 

 

 

 

 

 

  

 

 

 

 

 

 
L /2 
2mH 

L/2 
2mH 

INPUT O/P R2 

150
Ω

    
C 

 

Fig.1. Circuit Diagram of K-Type Low 
Pass Filter 

Hence, 
�� �� =  

             �� =  �√ � 

And therefore we can calculate the value of L & C, these values are  

             = ���� 
             � =  �� �� 

 =  � =  � 

Hence, � =  √� 

And ZOT i.e., Z0 of T-network is given by, 

 �� =  √ � +   

Putting the value of Z1 and Z2, we have 

 �� =  √ ��� +  ��  − ���  

          =  √− �� +  � + √�  √ − � ��   

OUTPU
T 

INPUT 

C 

Z1/2 
C 

Z1/2 

L  

Z2 

Fig.2. Constant K-Type High Pass Filter 
(T-type) 
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Here, = − ��� 

          =  ��   
Hence, =− ���  X  ��  =  �  

 

Hence, �� � =  

             �� =  ��√ � 

And therefore we can calculate the value of L & C, these values are  

             = ����� 
             � =  ��� �� 

 

 

 

 

 

 

 

Since, the product of Z1 and Z2 is constant i.e., independent of frequency, the filter is a constant-K 

type. And we know that 

 
That is characteristic impedance ZOT is eal if /4ω2LC <  a d i agi a y if /4ω2LC > 1 and since the 

cut-off frequency fC is the frequency at which ZOT change from being real to imaginary. 

 

 

 

 

 

 

 

 

CIRCUIT DIAGRAM: 

 

 
 

The prototype/Constant K-Type Band Pass filters: 

 

Sometime it is desirable to pass a band of frequencies and to attenuate other frequencies at both 

side of this pass band. This filter can be done with the help of Constant K-Type filter. This can be 

eithe  as T o  π se tio  if the se ies a  o tai s a se ies eso a t i uit hile the shu t a s 

INPUT 

C1 

2µ
C2 

2µ
 

Fig.3. Circuit Diagram of Constant K-Type 
Filter 

OUTPU
T 

0.3165 
   mH 

 
R2 

Ω

 

 =  � =  � 

Hence, � =  √� 

And ZOT i.e., Z0 of T-network is given by, 

 �� =  √ � +   

Putting the value of Z1 and Z2, we have 

 �� =  √ ��� +  ��  − ���  

         =  √− �� � +  � + √�  √ − �� � 
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contain parallel resonant circuit as shown in Fig.4 (in this T-type is shown). If the series arms occur 

at the frequency at which the shunt parallel circuit is resonant the section will have band pass 

characteristics. For this condition of equal resonant of frequencies: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

L1/2 L1/2 2C1 2C1 

C2 L2 INPUT          
O/P 

Fig.4. Constant K-Type Band Pass 
Filter 

2.535mH 2.535m
H 

60.87m
H 

0.2 µf 0.2 
µf 

0.008 µf 
50Ω 

 � =  √ � =  √ � … . − .  

 � =  �   ……-(1.b) 
The series and shunt arm impedances, 

 = �� +  ��� = � � − �� = � � � −��  

 =  ��(��� )�� +��� =  ��−� �  

If the filter is to be constant K-type, 

 =  � = � � � −��  . ��−� � =  �  

           − �  � � −−� � =  � . 
Or, 
From Eq. (1.b) 
 � =  �  
Hence � =  �  =  �  

If the filter is terminated in a load of RK as is customary, 
Then at lower cutoff frequency, 
 =  − ��   

 �� � +  �� =  − ��   

 � � � +  � =  − ��   

 − � � = � � �   

 − �� = � �� �  

 − �� = �� �� �  

 − �� � = �� �� �  

 
� −�� =  �� �� �   
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Thus � =  � −���� � �  

Similarly, 

 =  �� � −�  

 =  � � −���� �  

 � =  �� � −�  

So, all these four equations are the design equation of the band pass filter. 

 

 

 

 

 

 

 

 

 

 

Band Reject Filter 

 

A a d stop filte  o sta t K=Type  a  e eithe  as T o  π se tio  if the se ies a  o tai s a se ies 
resonant circuit while the shunt arms contain parallel resonant circuit as shown in fig.5 (in this 

T-type is shown). If the series arms occur at the frequency at which the shunt parallel circuit is 

resonant the section will have band pass characteristics. For this condition of equal resonant of 

frequencies: 

 
 

 

CIRCUIT DIAGRAM:  

 

 

For the equal frequencies and constant-K condition 
 

 � =  �  =  �  

And � =  √� � . 
 And cutoff frequencies, 
 = �  
Or =  −� =  �  
 

Thus =  ±� �
 

 
If the filter in a load of RK, then at the lower cutoff frequency, 

 � = � � � −  � = � �
 

But � =  �  

 ∴  − �� =  �� � �  

 � =  ��  � −�� �  

Also � = √� � =  �√ �  

 Then, =  ��� � −�  

 Therefore here we have 

 =  � � −��� �  

 � =  ��� � −�  
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M-derived L.P.F :The constant K-type has disadvantage that attenuation does not rise very rapidly at 

cutoff, so that frequency just outside the pass-band are not attenuate with the respect to 

frequencies just inside the pass-band. Therefore m-derived filters are generally used. 

For satisfactory matching of several such types of filters in series, it is necessary that the Z0 of all be 

identical at all point in the pass-band. Assuming that: 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

L1/2 L1/2 

L2 

C2 

2C1 2C1 R
0 

3.98m
H  

3.98m
H  

11.93mH 

600Ω 

0.066µf 0.066µf 

0.022µf 

Fig.5. Band Reject Filter 

INPUT OUTPU
T 

�′ = ��  
Setting characteristics impedance equal �′ =  �  ��� +  �� �′ =  �   � +  � �  �′ =  �� +  − ���  �  

The value of m always line between 0 & 1 
0<m<1 
And for low pass filter ��∞�� =  − � ��∞ ���  �∞ =  � ( −� )��    ,       �∞ = �√( −� )�� 

Since cutoff frequency for low pass filter is �� = ��√�� 

The m-derive low pass filter can be designed �∞ =  ��√ − �  

� =  √ − (���∞)  
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The constant K-type has disadvantage that attenuation does not raise very rapidly at cutoff, so that 

frequency just outside the pass-band are not attenuate with the respect to frequencies just inside 

the pass-band. Therefore m-derived filters are generally used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

M-derived filter advantage & drawback: 

 

The m-type filter section has a advantage that there is a rapid transition from the cut-off frequency 

of the pass band to a pole of attenuation just inside the stop band. Despite these advantages, there 

is a drawback with m-type filters; at frequencies past the pole of attenuation, the response starts to 

rise again, and m-types have poor stop band rejection. 

 

Composite filters 

 

M-derived filters or m-type filters are a type of electronic filter designed using the image method. 

They were invented by Otto Zobel in the early 1920s. This filter type was originally intended for use 

I/P 

L/2 
1.4 mH 

L/2 
1.4 mH 

mC=0.
7μF 

   L = .37 

m H 

 

Fig.6. Circuit Diagram of 
M-derived L.P.F 

      O/P            
       
50Ω 

′ = �  
Setting characteristics impedance equal  

′ =   �� +  � ′ =    � +   

′ =  � +  − ���   

The value of m always line between 0 & 1 
0<m<1 
And for high pass filter 

 �∞ =   � ��−�  =  −�� �  

 �∞ =  √ −���√�� . 
Cut off frequency fc of a prototype H.P. filter is given by 

 �� =  ��√��. 
 ∴  �∞ =  √ −���√�� . 
 and  

 � =  √ − �∞��  
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with telephone multiplexing and was an improvement on the existing constant k type filter. The 

main problem being addressed was the need to achieve a better match of the filter into the 

terminating impedances. In general, all filters designed by the image method fail to give an exact 

match, but the m-type filter is a big improvement with suitable choice of the parameter m. The 

m-type filter section has a further advantage in that there is a rapid transition from the cut-off 

frequency of the pass band to a pole of attenuation just inside the stop band. Despite these 

advantages, there is a drawback with m-type filters; at frequencies past the pole of attenuation, the 

response starts to rise again, and m-types have poor stop band rejection. For this reason, filters 

designed using m-type sections are often designed as composite filters with a mixture of k-type and 

m-type sections and different values of m at different points to get the optimum performance from 

both types. 

 

Cascading sections 

 

Several L half-sections may be cascaded to form a composite filter. Like impedance must always face 

like in these combinations. There are therefore two circuits that can be formed with two identical L 

half-sections. Where ZiT faces ZiT, the se tio  is alled a Π se tio . Whe e )iΠ faces ZiΠ the section 

formed is a T section. Further additions of half-sections to either of these forms a ladder network 

which may start and end with series or shunt elements 

It should be born in mind that the characteristics of the filter predicted by the image method are 

only accurate if the section is terminated with its image impedance. This is usually not true of the 

sections at either end which are usually terminated with a fixed resistance. The further the section 

is from the end of the filter, the more accurate the prediction will become since the effects of the 

terminating impedances are masked by the intervening sections. It is usual to provide half 

half-sections at the ends of the filter with m = 0.6 as this value gives the flattest Zi in the pass band 

and hence the best match in to a resistive termination. 

 

Terminology 

 

Some of the impedance terms and section terms used in this article are pictured in the diagram 

below. Image theory defines quantities in terms of an infinite cascade of two-port sections, and in 

the case of the filters being discussed, an infinite ladder network of L-sections. Here "L" should not 

be confused with the inductance L – in electronic filter topology, "L" refers to the specific filter 

shape which resembles inverted letter "L". 

 

  Series-shunt          Series- shunt     mid series           series shunt   mid 

  Half section            section        section             half section    section 

 

   

       Z                2Z             Z        Z       Z      Z           2Z 

 Y    Y          2Y                 2Y               Y Y      Y 

  

 

 

 

 

 

 

 

  

ZIT          ZI∏        ZIT          ZI∏            ZIT          ZI∏          ZIT          ZI∏      ZIT          ZI∏ 
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The sections of the hypothetical infinite filter are made of series elements having impedance 2Z and 

shunt elements with admittance 2Y. The factor of two is introduced for mathematical convenience, 

since it is usual to work in terms of half-sections where it disappears. The image impedance of the 

input and output port of a section will generally not be the same. However, for a mid-series section 

(that is, a section from halfway through a series element to halfway through the next series element) 

will have the same image impedance on both ports due to symmetry. This image impedance is 

designated ZiT due to the "T" topology of a mid-series section. Likewise, the image impedance of a 

mid-shunt section is designated ZiΠ due to the "Π" topology. Half of su h a "T" o  "Π" se tion is 

called a half-section, which is also an L-section but with half the element values of the full L-section. 

The image impedance of the half-section is dissimilar on the input and output ports: on the side 

presenting the series element it is equal to the mid-series ZiT, but on the side presenting the shunt 

element it is equal to the mid-shunt ZiΠ . There are thus two variant ways of using a half-section. 

Prototype transformations 

The presented plots of image impedance, attenuation and phase change correspond to a low-pass 

prototype filter section. The prototype has a cut-off f e ue y of ω  =  ad/s a d a o i al 
i peda e k =  Ω. This is p odu ed y a filte  half-section with inductance L = 1 Henry and 

capacitance C = 1 farad. This prototype can be impedance scaled and frequency scaled to the 

desired values. The low-pass prototype can also be transformed into high-pass, band-pass or 

band-stop types by application of suitable frequency transformations. 

Cascading sections 

 
 

Gai  espo se, H ω  fo  a hai  of  lo -pass constant-k filter half-sections. 

Several L-shape half-sections may be cascaded to form a composite filter. Like impedance must 

always face like in these combinations. There are therefore two circuits that can be formed with two 

identical L-shaped half-sections. Where a port of image impedance ZiT faces another ZiT, the section 

is alled a Π se tio . Whe e )iΠ faces ZiΠ the section so formed is a T section. Further additions of 

half-sections to either of these section forms a ladder network which may start and end with series 

or shunt elements. 

It should be borne in mind that the characteristics of the filter predicted by the image method are 

only accurate if the section is terminated with its image impedance. This is usually not true of the 

sections at either end, which are usually terminated with a fixed resistance. The further the section 

is from the end of the filter, the more accurate the prediction will become, since the effects of the 

terminating impedances are masked by the intervening sections. 

 

n=1 
n=2 
n=3 
n=4 
 

ω rad/s 

H (ω) 
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Crystal filter 

 

A crystal filter is a special form of quartz crystal used in electronics systems, in particular 

communications devices. It provides a very precisely defined centre frequency and very steep band 

pass characteristics that is a very high Q factor— far higher than can be obtained with conventional 

lumped circuits. 

A crystal filter is very often found in the intermediate frequency (IF) stages of high-quality radio 

receivers. Cheaper sets may use ceramic filters (which also exploit the piezoelectric effect), or tuned 

LC circuits. The use of a fixed IF stage frequency allows a crystal filters to be used because it has a 

very precise fixed frequency. 

The most common use of crystal filters is at frequencies of 9 MHz or 10.7 MHz to provide selectivity 

in communications receivers, or at higher frequencies as a roofing filter in receivers using 

up-conversion. Ceramic filters tend to be used at 10.7 MHz to provide selectivity in broadcast FM 

receivers, or at a lower frequency (455 kHz) as the second intermediate frequency filters in a 

communication receiver. Ceramic filters at 455 kHz can achieve similar bandwidths to crystal filters 

at 10.7 MHz 

 

Filter specifications 

 

RF filters are widely used in RF design and in all manner of RF and analogue circuits in general    

as they allow though only particular frequencies or bands of frequencies, they are an essential tool 

for the RF design engineer.  

 

Filters can be designed to meet a variety of requirements. Although using the same basic circuit 

configurations, the circuit values differ when the circuit is designed to meet different criteria. In 

band ripple, fastest transition to the ultimate roll off, highest out of band rejection are some of the 

criteria that result in different circuit values 

These different filters are given names, each one being optimized for a different element of 

performance.  

 

Three common types of filter are given below: 

 

• Butterworth: This type of filter provides the maximum in band flatness. 

• Bessel: This filter provides the optimum in-band phase response and therefore also provides 

the best step response. 

• Chebyshev: This filter provides fast roll off after the cut off frequency is reached. However 

this is at the expense of in band ripple. The more in band ripple that can be tolerated, the 

faster the roll off. 

• Elliptical: This has significant levels of in band and out of band ripple, and as expected the 

higher the degree of ripple that can be tolerated, the steeper it reaches its ultimate roll off. 

 

 

Butterworth approximation: 

 

Butterworth approximation is a special type of Taylor series approximation which in the 

approximation function h (f) & i.e. specified function f (f) are identical at f =0 for this approximation 

Kn(f) is selected as 

 Kn f = βo + β f + β f +-------+β  fn         ---------1 

 

For a Taylor series approximation the function Kn �  

Must be maximally flat at the origin (i.e., f=0). Hence as many derivatives of Kn(f) as possible must 
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vanish at f=0. Hence for Butterworth approximation 

 

Kn(f) = fn 

 

The ag itude fu tio  │H f  │2 = 1 / (1 + a2 f 2n)     --------- 2 

 

α (f) = 10 log  (1 + a2 f 2n)                       ---------- 3 

 

Case 1) If n = log k1 / log k, then value of a obtained from both the equation 

 

a = √  .  αp – 1                           ----------------- 4 

 

Case ) If n ≠ log k  / log k, then value of satisfy either the pass band edge or the stop band edge. 

 

a = √ K2n (10 .  αp – 1)                        ----------------- 5 

 

This type of filter provides the maximum in band flatness. 

 

Chebyshev approximation: 

 

For obtaining the best approximation to the ideal filter characteristics from a polynomial of a given 

degree, the Butterworth function does not do as well as may be done because it concentrates all of 

the approximating ability of the polynomial at f = 0, instead of distributing it over the range. 

  0 = < f < 1.  

A better result in this regard may be obtained if we look for a rational function that approximates 

the constant values unity. 

 

Chebyshev polynomials are defined as linearly independent solutions of different equation. 

 

(1 – f2 ) y .. – f y . – h2 y = 0                  ---------------------- 6 

 

This filter provides fast roll off after the cut off frequency is reached. However this is at the expense 

of in band ripple. The more in band ripple that can be tolerated, the faster the roll off. 

 

Elliptical approximation: 

If we are to improve the performance of a filter beyond that which is achieved by Chebyshev filter 

we have to allow equipped response in both the pass band & stop band. This leads to narrower 

transition band. This is achieved by select Kn 
2

 (f) in given equation 

 

The ag itude fu tio  │H if  │2 = 1 / (1 + E2 Kn 
2

 (f))     --------- 7 

 

Here Kn (f) = Rn (f) 

 

Rn (f) is called chebyshev rational function. This function determine by cauer(Network). 

 

Rn (1/f) = 1 / Rn (f)     --------------------------------------------------------- 8 

 

This has significant levels of in band and out of band ripple, and as expected the higher the degree 

of ripple that can be tolerated, the steeper it reaches its ultimate roll off. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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