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Filter Design at High-Frequencies

Lumped inductors and capacitors are unsuitable for
frequencies above 500 MHz

At high-frequencies, we use distributed elements

An impedance-normalized low-pass filter is the basic
building block

We also use a normalized frequency (2

Transformations are used to convert lumped elements to
distributed elements (e.g. Richards transformation,
Kuroda identities, etc.)

Transfer function is usually attenuation or insertion loss
(instead of voltage gain)
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Types of Filtering Profiles
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Filter Response Parameters
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Filter Response Parameters (cont.)
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General Methods for Filter Design

= The Image Parameter method
= The Insertion Loss method

= CAD techniques
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The Insertion Loss Method

= It uses network synthesis techniques from a completely
specified frequency response

= The characterizing response is the power-loss ratio (or
the insertion loss)

= General procedure:

Low-pass
| PIOLOLYPE e
design

Filter
specifications

Scaling and

=1 Implementation
conversion

Dr. J. E. Rayas-Sénchez (D. M. Pozar, Microwave Engineering, Wiley, 2005)

Power-Loss Ratio Characterization

P. power from the source P. -~
 power delivered to theload P, —P
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Power-Loss Ratio Filtering Profiles

= Maximally Flat profile (or Binomial or Butterworth)
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Normalized Low-Pass Prototypes
= Series source
Ry=gp=1 Ly=¢
Y'Y .
T Ci=5 = G=¢ v+
Ly=g;
Yy
— CE =g SN+t
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Normalized Low-Pass Prototypes (cont.)

= Series source
Ry=go=1 Ly=¢
Y TY L —_——

= C =g = G3=g3 En+1

o R —

= Shunt source

Li=g Ly=g;3
LYY L —_———

Go=go=1 - G=g N4

o

Scaled load resistance if g, 1s a shunt capacitor
Ona = . . ..
" |Scaled load conductance if g, is a series inductor
Dr. J. E. Rayas-Sanchez (D. M. Pozar, Microwave Engineering, Wiley, 2005)

Attenuation for L-P Prototypes (Butterworth)
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Element Values L-P Prototypes (Butterworth)

(Assuming g, =1 and @, = 1)

N o @ g2 g g4 g5 g6 g7 g8 90 410 g1
1 2.0000 1.0000
2 14142 14142 1.0000
3 1.0000  2.0000 1.0000 1.0000
4  0.7654 1.B478 1.8478 0.7654 1.0000
5 0.6180 1.6180 2.0000 1.6180 0.6180 1.0000
6 05176 14142 19318 19318 14142 05176 1.0000
7 04450 1.2470 1.8019 2.0000 1.8019 1.2470 0.4450 1.0000
8 03902 11111 1.6620 1.9615 19615 1.6629 1.1111 03902 1.0000
9 03473 1.0000 1.5321 1.8794 2.0000 1.8794 1.5321 1.0000 0.3473 1.0000
10 03129 09080 1.4142 1.7820 1.9754 1.9754 1.7820 1.4142 (.9080 ) 1.0000
Source: Reprinted from G. L. Matthaei, L. Young, and E. M. T. Jones, Microwave Filters, impedance-Marching
Networks, and Coupling Structures (Dedham, Mass.: Artech House, 1980) with permission.
Dr. J. E. Rayas-Sanchez (D. M. Pozar, Microwave Engineering, Wiley, 2005)
Attenuation for L-P Prototypes (Chebyshev)
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Attenuation for L-P Prototypes (Chebyshev)
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Element Values L-P Prototypes (Chebyshev)

(Assuming g, =1 and @, = 1)

0.5 dB Ripple
N o oq a g3 g4 gs g6 g7 g8 g9 g1o gn
I 0.69%8 1.0000
2 14029 0.7071 1.9841
3 1.5963 1.0967 1.5963 1.0000
4 16703 1.1926 23661 0.8419 1.9841
5 17058 1.2296 2.5408 1.2206 17058  1.0000
6 17254 12479 2.6064 13137 24758 0.8696 1.9841
7 17372 1.2583 2.6381 13444 26381 1.2583 1.7372 1.000
8§ 17451 12647 2.6564 13590 2.6964 1.3389 25093 0.8796 1.9841
9 17504 12690 2.6678 13673 27239 1.3673 26678 1.2690 1.7504 1.0000
10 1.7543 1.2721 2.6754 13725 27392 13806 27231 1.3485 25239 0.8842 1.984]

Dr. J. E. Rayas-Sanchez

(In this case, @ 1s at —0.5dB)

(D. M. Pozar, Microwave Engineering, Wiley, 2005)
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Element Values L-P Prototypes (Chebyshev)

(Assuming g, =1 and o, = 1)

3.0 dB Ripple
& g2 g3 g4 gs ge g7 gs o G0 gu

<

1.9953  1.0000

3.1013 0.5339 5.8095

3.3487 0.7117  3.3487  1.0000

0.7483 4.3471 0.5920 5.8095

0.7618 4.5381 0.7618 3.4817 1.0000

0.7685 4.6061 0.7929 44641 06033 5.8095

0.7723 4.6386 0.8039 4.6386 0.7723 3.5182 1.0000

0.7745 4.6575 0.8089 4.6990 0.8018 4.4%90 0.6073 5.8095

0.7760 46692 0.8118 47272 08118 4.6692 0.7760 3.5340 1.0000
07771 4.6768 0.8136 47425 0.8164 47260 0.8051 4.5142 06091 5.8095
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Source: Reprinted from G. L. Matthaei, L. Young, and E. M. T. Jones, Microwave Filters, Impedance-Matching
Networks, and Coupling Structures (Dedham, Mass.: Artech House, 1980) with permission.

Dr. J. E. Rayas-Sanchez (D. M. Pozar, Microwave Engineering, Wiley, 2005)

De-Normalized Element Values L-P Prototypes

The final element values for a low-pass prototype are obtained
from:

L =Rl g aLor,

k
a)C
Ck = 9 «~ g=(0.CYR,
Roa)c

R,/ 9., 1f gy, corresponds to a load conductance

ROy, 1if g,., corresponds to a load resistance

R, 1s the actual source resistance = reference impedance Z,,

Dr. J. E. Rayas-Sanchez
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Example: Low-Pass Filter Prototype

Design a low-pass filter with the following specifications:
= Cut-off frequency at 3 GHz
= Fora 75-Q system

= Minimum attenuation of 20 dB at 5 GHz

Butterworth filtering profile

Use a series voltage source topology

Dr. J. E. Rayas-Sanchez

Example: Low-Pass Filter Prototype (cont.)

ADS simulation:

L L

L1 L2

L=644nH  L=6.44 nH

w2 YY) ;O v Y .
e Tl | | 2
erm erm

Term1 e L C L C Term2
Num=1 Ct c2 co Num=2
o S + Ec=o,437 DF Ic-tm pF Ic-o.437 pF | o8 Ohm

&% | S-PARAMETERS

S Param
SP1

Start=1 MHz
Stop=9 GHz
Step=25 MHz

L v. L. Nayas-oanivs
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Example: Low-Pass Filter Prototype (cont.)

ADS simulation results:

0 0
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0 1 2 3 4 5 6 7 8 9 0 ] 2 3 4 5 6 7 8 9
freq, GHz freq, GHz
Dr. J. E. Rayas-Sanchez 23

Example: Low-Pass Filter Prototype (cont.)

ADS simulation results (cont.):

.1.0 1.0
0.8 0.8
go.e— = 06
[ @
& 0.4 2 0.4+
£ £ |
0.2+ 0.24
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0 1 2 3 4 5 6 7 8 9 01 2 3 4 5 6 7 8 9
freq, GHz freq, GHz
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Example: Low-Pass Filter Prototype (cont.)

ADS simulation results (cont.):

aps 1.0

mag(S(2,1))
mag(S(1,1))

0‘0 LA L L L L L L L L O L B
o 1 2 3 4 65 6 7 8 89

freq, GHz
|811 |2 + | S21 |2:1
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