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FIGURE 9.24  Low-pass tilter prototype. .V = 2.
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FIGURE 9.25  Ladder circuits for low-pass filter prototvpes and their element

Prototype beginning with 1 shunt element. {b) Protot
element.

definitions. (a)
ype beginning with a series
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TABLE 9.3 Element Values for Maximaily Flat Low-Pass Filter Prototypes (go = 1, _. = 1.
N =1to IO

v g1 UK ki g4 as e T U] P Ji0 i

| 2.0000 1.0000

2 14142 14142 1.0000

3 1.000G 2.0000 1.0000 1.0000

4 0.7634 1.8478 1.3478 0.7634  1.0000

5 06180 1.6180 2.0000 1.6180 0.6i80 1.0000

6 05176 14142 19318 19318 {4142 03176 1.00CO

704430 12470 1.8019 20000 13019 1.2470  0.4430  1.0000

3 0353902 L1 1.6629 19615 19615 1.6629 [.111! 0.3902 1.0000

9 03473 1.0000 1.5321 13794 20000 1.83794 1.5321 1.0000 0.3473  1.0000

10 0.3129 05080 14142 1.7820 19754 1.9754 1.7820 1.1142 0.9080 03129  1.0000

Source: Reprinted from G. L. Matthaei. L. Young, and E. M. T. Jones. Microwarve Filters. Impedance-Marching
Networks, and Coupling Structures {Dedham, Mass.: Artech House, 1980) with permission.
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FIGURE 9.26

Attenuation versus normalized frequency for maximally flat filter prototypes.
Adapted from G. L. Matthaei. L. Young. and E. M. T. Jones. Microwave Fil-
ters. Impedance-Matching Nerworks. and Coupling Structures (Dedham. Mass.:

Artech House, 1980) with permission.

kN



Mgttty xakmottiratd  Quizpas Cheby Moy
TABLE 9.4 Element Values for Equal-Ripple Low-Pass Filter Prototypes (go = I, we = 1, N =
1 to 10, 0.5 dB and 3.0 dB ripple)

0.5 dB Rippie
N g 7 73 g4 s 36 a7 a8 99 q10 an
1 0.6986 1.0000
2 14029 0.7071 1.9841
3 15963 1.0967 1.3963 1.0000
4 16703 11926 23661 0.8419 1.984]
5 17058 1.2296 25408 1.2296 1.7058 1.0000
6 1.7254 1.2479 26064 1.3137 2.4758 0.3696 1.9841
7 17372 1.2583  2.6381 13444 26381 12383 1.737° 1.000
8§ 1.7451 1.2647 26564 1.3590 2.6964 1.3389 23093 0.8796  1.984]
9 17504 1.2690 2.6678 13673 27239 13673 2.6678 1.2690  1.7504  1.0000
10 1.7543  1.2721 26754 1.3725 27392 1.3806 27231 13483 2.5239  (0.884> 1.9841
3.0 dB Rippie
N g 92 g3 g4 gs g6 g gs 9 Jio g
] 1.9953  1.0000
2 3.1013 0.5339 5.8095
3 33487 0.7117 3.3487  1.0000
4 34389 0.7483 43471 05920 5.8095
5 34817 0.7618 43381 0.7618 3.4817 1.0000
5 3.5045 0.7683 4.6061 0.7929 44641 0.6033 5.8095
7 3.5182 07723 1.6386 0.8039 1.6386 77230 35182 1.0000
8 35277 0.7745 4.6575 0.8089 4.6990 0.8018 44990 0.6073 5.8095
9 35340 0.7760 4.6692 0.8118 4.7272 08118 4.6692 0.7760 3.5340 1.0000
10 3.5384 0.7771 4.6768 08136 4.7425 0.8164 47260 0.8051 4.5142 0.6091 5.8095
Source: Reprinted from G. L. Mathaei. L. Young, and E. M. T. Jones. Microwave Filters. Impedance-Matching
Networks. and Coupling Structures (Dedham, Mass.: Artech House. 1980) with permission.
TABLE 9.5 Element Values for Maximally Flat Time Delay Low-Pass Fiilter Prototypes (gy = 1,
we=1,¥=1to10)
N 91 A g3 ga gs g6 a T P gio gn
1 2.0000 1.0000
2 15774 04226 1.0000
3 1.2550 05528 0.1922  1.0000
4 10598 0.5116 03181 0.1104 1.0000
5 09303 04577 0.3312 0.2090 0.0718 1.0000
6 0.8377 04116 03158 02364 0.1480 0.0505 1.0000
7 07677 0.3744 02944 0.2378 0.1778 0.1104 0.0375 1.0000
8 0.7125 0.3446 02735 0.2297 0.1867 0.1387 0.0855 0.0289 1.0000
9 0.6678 0.3203 0.2547 0.2184 0.1859 0.1506 O0.1111 0.0682 0.0230 1.0000
10 0.6305 0.3002 0.2384 0.2066 0.1808 0.1539 0.1240 0.0911 0.0557 0.0187 1.0000

Source: Reprinted from G. L. Matthaei, L. Young, and E. M. T. Jones. Microwave Filters. Impedance-Marching
Nerworks, and Coupling Structures (Dedham, Mass.: Artech House, 1980) with permission.
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FIGURE 9.27  Auenuation versus normalized frequency for equal-ripple filter prototypes. (a)
0.5 dB rippte level. (b) 3.0 dB ripple level.

Adapted from G. L. Mauhaei, L. Young, and E. M. T. Jones, Microwave Fil-
ters, Impedance-Matching Networks, and Coupling Structures (Dedham, Mass.:
Artech House, 1980) with permission.
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Hivarac 2.3 Sroryeia tawv TAPAUETHWV

ia pidtpa tomov Chebyshev yia n=1-10, [3,0eA 100]

VALUE
OF n £l §2 £3 £y £ fs f1 d: %9 f10 11
0.01 db ripple s
1 0.0960 | 1.0000
2 0.4488 1 0.4077 {1.1007
3 0.6291 10.9702 | 0.6291 | 1.0000
4 0.7128 |1.2003 [1.3212 |0.6476 | 1.1007
5 0.7563 | 1.3049 [1.5773 | 1.3049 | 0.7563 | 1.0000
6 0.7813 1 1.3600 [ 1.6896 | 1.5350 | 1.4970 |0.7098 | 1.1007
7 0.7969 | 1.3924 [1.7481 | 1.633L [ 1.748L [1.3924 | 0.7969 |1.0000 .
8 0.8072 [1.4130 | 1.7824 | 1.6833 |1.8529 |1.6193 | 1.5554 |0.7333 | 1.1007
9 0.8144 11.4270 11.8043 | 1.7125 |1.9057 |1.7125 | 1.8043 |1.4270 | 0.8144 | 1.0000
10 0.8196 | 1.4369 }1.8192 | 1.7311 |1.9362 [1.7590 | 1.9055 |1.6527 | 1.5817 | 0.7446 1.1007
0.1 db tipple
1 0.3052 [ 1.0000
2 0.8430 §0.6220 | 1.3554
3 1.0315 {1.1474 }1.0315 | 1.0000 {.
4 1.1088 | 1.3061 }1.7703 [0.8180 | 1.3554
5 1.1468 {1.3712 | 1.9750 {1.3712 {1.1468 |1.0000
6 1.1681 1 1.4039 12.0562 | 1.5170 {1.9029 |0.8618 [ 1.3554
7 1.1811 | 1.4228 [2.0966 | 1.5733 {2.0966 | 1.4228 | 1.1811 | 1.0000
8 1.1897 | 1.4346 [2.1199 | 1.6010-{2.1699 | 1.5640 | 1.9444 |0.8778 | 1.3554
9 1.1956 | 1.4425 [2.1345 | 1.6167 | 2.2053 | 1.6167 | 2.1345 1.4425 [ 1.1956 |{1.0000
10 1.1999 | 1.4481 | 2.1444 | 1.6265 | 2.2253 | 1.6418 | 2.2046 |1.5821 | 1.9628 | 0.8853 | 1.3554
0.2 db rippla
1 0.4342 {1 1.0000
2 1.0378 | 0.6745 | 1.5386
3 1.2275 [ 1.1525 [ 1.2275 1 1.0000
4 1.3028 | 1.2844 | 1.9761 | 0.8468 | 1.5386
5 1.3394 | 1.3370 | 2.1660 | 1.3370 {1.3394 |1.0000
6 1.3598 { 1.3632 | 2.2394 | 1.4555 {2.0974 |0.8838 | 1.5386
1 1.3722 11.3781 {2.2756 | 1.5001 | 2.2756 *.NNQH w.mwmm H.momo \ es
: e LR R R I R IR an3 2 |~ qoTn TI0¢
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FIGURE 9.31  Bandpass und Sandstop freguency ranstormations. ta) Low-pass diter prototype

response for .. = |. 1b) Transformation 10 bandpass response. (¢) Transtorma-
tion to bandstop response.

TABLE 9.6 Summary of Protetype Filter Transformations

Low-pass High-pass Bandpass Bandstop
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FIGURE 9.32  Bandpass filter circuit for Example 9.5.

FIGURE 9.33
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Amplitude response for the bandpass filter of Example 9.5.



