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dBasic Filters and Terminology
¢ Low-pass, High-pass, band-pass and band-stop
Passive Filters Synthesis

“*Image Parameter Method

s Insertion L.oss Method

dMicrowave Filters
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Introduction

JA Filter

“*is a two-port network

“*used to control the frequency response at a certain point in an RF
Of microwave system

“*by providing transmission at frequencies within the passband of the
filter and

“*attenuation in the stopband of the filter.
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Basic Filter Types

dTypical frequency responses include:
“*low-pass,
“*high-pass,
“*bandpass, and

“*band-reject characteristics.
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Basic Filter Types

Filter Type T-Section Tt-Section

Low-pass L2 L/2 L
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Basic Filter Types

| bandpass
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Filter Frequency Response
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Important Terminologies

dInsertion Loss (in dB)

“*The ratio of the power delivered by a source to a load with and
without a two-port network inserted in between.

JReturn Loss (in dB)

“*The fraction of the input power that is lost due to reflection at its in
put pofrt

J Attenuation (in dB or Nepers)

“*The ratio of the power delivered to a matched load to that supplied
to it by a matched source

(ICNhSYS LAE



S2o KNUST
L) Telecomm.
Engineering

Filter Classification

L Active filters

“*can amplify the signal besides blocking the undesired frequencies

dPassive filters
‘ . .
**are economical and easy to design.

“*perform fairly well at higher frequencies
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Filter Design Methods

A Image parameter method
“*provides a design that can pass or stop a certain frequency band but

“*its frequency response cannot be shaped.

A nsertion-loss method

“*Is more powerful in the sense that

“*it provides a specified response of the filter.

& - 11
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Image Parameter Method

dConsider the two-port network

' |

%/, and Z, are the image impedance of the network
I, =Al", + BI,
I, =CV, + DI,

AV, +Bl, AZ,+B

Z

" I CV,+DI, CZ,+D
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Image Parameter Method

(1t can be shown that

7, =Dl — Bl
I,=—CV, + AI
,__V,__DV\-Bl, _DZ+B
T, V. + Al CZ, + A
** Note that
=
Zn =——
Il
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Image Parameter Method

ATt can further be shown that;
“ForZ, =7 and Z,= 7,

AB
Zz'l — \/7
CD

BD
AC

s*and

72
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Image Parameter Method

JFurthermore;

“*The transfer characteristics is given by

“ = A+BI—2 = A+£
VZ VZ ZZ'Z
Sor
Ly \/g(\/AD +~/BC)
, \'D
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Image Parameter Method

 Or 5
ﬁz\/;(@—ﬁ)

* Note that, | AD — BC =1| for reciprocal networks

dSimilarly

>
. LA ap-vme)

A/ D is X’former ratio

taken as 1 in this case

wAnd ¢ =~vAD—-~BC or coshy=~AD
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Image Parameter Method

s¢Parameters for T and Pi-networks
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n-Network T-Network
Z Z,2 Z)\2
222 222 Zg
z A=14 2
. _ 1 —
ABCD parameters A=1+ 37 27,
23
B =17 B=27 '
'tz
1 Z) I
Z 425 C = l_z
A
_ Z
YAV A L2

Image impedance

Propagation constant, y

Zii = _
YN 1+ 2Z,/47, Zit

Z
coshy =1+

27,
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s*Constant A-filter sections
Filter Type T-Section mt-Section
Low-pass L2 L2 L
TI C cr2 TI cn TI
High-pass 2C 2C C
| [~ | |
BN AN AN
18
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Image Parameter Method

dFor the low-pass T-section,

1
/. =iwl. 7 =——
1=/ 2 e

“*Therefore, the image impedance from Table is

2
L :\/Eil— @ LC]
C 4

**In the case of D.C.

g L
TN ¢ (Nominal Impedance)
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Image Parameter Method

“*For Z..to be equal to 0, (Cut-off frequency, )

2
@ L.C 2

% =] ) @ =——

4 JLC

4
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Image Parameter Method

dFor the high-pass T-section,

Z, = L Z,= jolL
JoC

“*Therefore, the image impedance from Table is

1
Zz'T — E(l_ > j
C 4" 1.C

“*The cut-off frequency is

(IChSYS L.AB 21



Image Parameter Method

“ Example
» Design a low-pass constant-k T-section that has a nominal
impedance of 75 Q2 and a cut-off frequency of 2 MHz.

*»* Solution

2

D
7 :7592‘/—  w =2%x2rx10° = —=—
T C ¢ /LC

L.=11.9366 uH and C = 2.122 #F
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Image Parameter Method

D 0.

5.9683 uH 5.9683 uH

T~ 2.122 nF
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L L2
L=5.9683 uH L=5.9683 uH
R= R=
s—2 Y Y = » s—2 Y Y\ -
: l Term . g1 - l Term
Term1 _ Term2
— C=2.122 nF °
Num=1 k3 Num=2
£=50 Ohm = Z=50 Ohm
- ‘ AX ‘ S-PARAMETERS I -
S _Param
SP1
Start=1.0 MHz
Stop=3 MHz
Step=
24
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Image Parameter Method

pos O

-2—

m1

4] freq=2.000MHz
= _ dB(S(2,1))=-1.597
=
» 57
o
©

-8—

10—

T T T T T T ]
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Image Parameter Method

dDisadvantage of Image Parameter
“*The signal attenuation rate after the cut-off point is
not very sharp,
“*The image impedance is not constant with frequency.

“*From a design point of view, it is important that it is
constant, at least in its pass-band.

Solution:

**M-derived Filter Section

(ICNhSYS LAE o



M-Derived Filter Section

dConsider the following two T-sections

— z2 Z,/2 Z4/2 z2 —

(IChSYS AR 27
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M-Derived Filter Section

1 ZZ _ZIZ
Z; - 22, + 1 1
Z, 4
Let Z{ = le
Z A=
Zy="24—27,
Z A

* Thus, an 7-derived section 1s designed from the values of
components determined for the corresponding constant-£ filter.

* The value of 7 1s selected to sharpen the attenuation at cut-off

* or to control the image impedance characteristics in the pass-band.
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M-Derived Filter Section
dFor the low-pass T-section,
7. = joml. Z;:1_w2 Jol. + — :
41m JomC
s Therefore, the transfer function is
Z W’ m’L.C  do'w’ @
7z _1—[(1—7772)/4]@2LC -(1-2" )0’/ &
2
W = NiTe
29
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M-Derived Filter Section

JdFrom the table of parameters on slide 17,

, 2
COSh7/=1+il’=1— 2(7%&)/&)6) >
22, 1-(1-2")(0/)

7 ' AR 30
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M-Derived Filter Section

] [coshy > 0| if

dCondition used to sharpen asennation cut-off

“*Small 77 means o= @,

\/

** @, seclected slightly higher than @,
** 7 1s then determined from the above condition

% 7. and Z] can then be determined from equations
on slide 21
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M-Derived Filter Section

d Note: image impedance of m-derived T-section

“*is same as that of corresponding constant-£ network

J1n the case of Pi-network

“*1t is a function of »
JA characteristics used to design input and output

network of the filter so that:

“*Image impedance of composite network stays
constant in its pass band
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M-Derived Filter Section

Engineering
1 Note: an infinite cascade of T-networks
“*Can be considered as Pi-network after splitting shunt
_— = —— Ty
()
33
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M-Derived Filter Section

JAlso two halves of the series arms give

JdNote:  of thz![-network is replaced by

JFrom the table of parameters on slide 13,

Z

17T

77, L +[(1-

)/ 4]

Z

/T

Z

/T

27!

2

dFor the low-pass constant k-filter

L

77, ==

C

— 7
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M-Derived Filter Section

and,
[-(2)
Zit = Zo,| 1 — (—)
We
Therefore,
12 2
7 - I = —m") (v/w) Z,
V1= (0/w)’
— -
— 1-(1-2")e Zin=2,/Z,
or Lir = —
l—o O=0/0
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251
- The normalized image impedance is close to unity for
»ol— nearly 90% of the passbhand if mis kept around 0.6.
9 1.5
z
1.0
05 1 | | | | | | | | I | ] 1 I | | I
0.0 0.2 0.4 0.6 0.8 1.0

Normalized frequency

Normalized image impedance of 11 -network versus normalized frequency for three values of m.

36
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M-Derived Filter Section

“* Example
»Design an m-detrived T-section low pass filter with a cut
-off frequency of 2 MHz and a nominal impedance of

75 Q. The infinity frequency £, 1s 2.05 MHz.

*»* Solution

L 2
Z.,.=75Q=,[|— w =2x7x10° = —=
C JLC

[.=11.9366 uH and C = 2.122 »F

2
=2 :wwjl—mzz(f”j
S
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M-Derived Filter Section

ij :J1_(Lj:o.2195
£ 2.05

ml.[2=0.2195%5.9683=1.31 uH
mC =0.2195x2.122 =465.78 nFF

1— 7772 1.31 uH 131 uH
[1.=1294 uH
. sH| ? T
12.94 uH
7~ 465.78 pF

(IChSYS LAE 38



Composite Filters

dz-derived filter provides sharp attenuation at cut-off
“*but attenuation in its stop-band is unacceptably

low
dconstant-£ filter shows a higher attenuation in its stop-band,

“*but the change is unacceptably gradual

dComposite Filters: cascading these two filters
“*Taking advantage of each.

(ICnSYS [.AB 7



Composite Filters

dSince image impedance stays the same in two cases,
*“*this cascading will not create a new impedance matching problem.
“*However image impedance varies with frequency

at the input and output ports of the network.

~Input and output matching therefore required

(ICNhSYS LAE 10
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Composite Filters
dConsider the bisected pi-section below
—1 7z
Ziyi —p . %
A=1+2o g 2 1 poy
47, 2 27!
41
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Composite Filters

JThe image impedances are:

- ZrZ
L= \/lez + Tl =2

7 = Z{’Zé _ 2298
1+ 7! /4Z)  Z,

**the bisected © -section can be connected at the input and output ports
of cascaded constant-k and 7-deri-ved sections to obtain a composite
filter that

dsolves the impedance problem.

(ICNhSYS LAE 1
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TABLE 9.3 Design Relations for Composite Filters
Low-Pass High-Pass
Constant-k T-filter Constant-k T-filter
Zon=JL/C Zo=/L/C
I I w. = 2/+/LC w. = 1/2/LC
T C L =27Z)/w, L =05Zy/w,
C =2/Zym, C =0.5/Zym,
m-derived T-Section m-derived T-Section
(Values of L and C are the same {(Values of L and C are the same
as above) as above)
=B -5
fwo fe
mld2 mif2 20m 2CIm
| £ | £
s s
Lim
dm C
I —m T
‘(”* 43
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Input & Output
Matching Sections

Low-Pass High Pass
Input and Output Matching Sections Input and Output Matching Sections
C/0.3 C/0.3
0.3L 0.3L /0.3 103
— L 8 L

15 15 15a 15

3 -

0.3C 0.3C ]
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Composite Filters

“* Example
» Design a high-pass composite filter with a nominal impedance of 75Q. It must
pass all signals over 2 MHz. Assume that f,, = 1.95 MHz.
“* Solution

From Table 9.3 (slide 31), we find the components of its constant-£

section as followre:

75
L= H = 2.984 uH
2x2x T x2x 106

and
1

C =
2x2x T x2x100x 75

F = 530.5 pF

LA 45
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Composite Filters

Similarly, the component values for its m-derived filter section are determined as

o () ()

follows:

P
2C 4 7750F
m
L
= —1343uH
m
m
C = 0.496 nF
1 — m?
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Composite Filters
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The component values for the bisected 7 -section to be used at its input and output
ports are found as

C 0. 6631 nF 0. 8681 nF 1.2903 nF
| \ |\
L
m = 0.947 LLH 9.947uH 2.984 uH 13.43 uH 9.947 uH
0.9947 nF " AT 0496 nF T 0.9947 nF

%C = 0.9947 nF
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