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Correspondence .——

Tables of Maximally Flat

Impedance-Transforming Networks

of Low-Pass-Filter Form

In previous papers, Szentirmai [1] and
klatthaei [2] present design theory for syn-
thesis of lumped-element Chebyshev imped-
ance transforming networks. In the paper of
Nlatthaei [2] extensive tables of element
values for the impedance-transforming net-
works are also presented. These networks
are of low-pass ladder form cousis ting of
series inductances and shunt capacitances.
They gi~-e impedance match in the Cheby-
shev sense between resistor terminations of
arbitrary ratio (designs with resistor termi-
nation ratios from 1..5 to 50 are tabulated).
The responses of these networlcs have mod-
erately high attenuation at dc (the amount
of attenuation depends on the termination
ratio); their attenuation falls to a very low
level in the impedance-matching band, and
then rises monotonically and steeply above
the operating band in a manner typical of
low-pass filters. The impedance-transform-
ing networks can be realized in lumped-ele-
ment form for low-frequency applications,
and in semi-lumped-element form (using
short sections of transmission line of alter-
nating high and low impedances) at micro-
wave frequencies.

In this correspondence the design tables
of Matthaei are extended to include im-
pedance-matching filter designs having a
maximally-flat transmission characteristic
in the matching band. Figure 1 shows the

general form of the impedance-transforming
structures under consideration. It should be

noted that the structure is of the form of a
conventional low-pass filter structure. The
main difference between these structures

and those of conventional low-pass filters is

that conventional 10w-pass filters have termi-
nating resistors of equal (or nearly equal)

sizes at each end. For the filters discussed

here, the terminating resistors may be of
radically different size, which means there
will be a sizable reflection loss at zero fre-

quency. As a result of this sizable attenua-
tion L~dO at zero frequency, the transmission
characteristics of maximally flat filters of
this type have the form in Fig. 2. The maxi-
mally flat matching band extends from the

lower and upper frequencies of 3-dB attenu-

ation, aa’ and b-%’, reSpeCtiVel~.l
Note that the matching band is not sym-

metrical about 00’, the frequency of maxi-
mum flatness. However, for narrow to mod-

erate bandwidths, the matching band rea-
sonably approximates a symmetrical re-

sponse in the sense that ti~’ =coo’. Above
w,’, the attenuation rises steeply in a manner

typical of low-pass filter structures. The
:~ttenuation 1-A indicated in Fig. 2 is trans-
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1 The attenuation at ma’ and cob’ is in fact 3.0103
dB. For the cases where LAdc is less than 3.01 dB.
a.’ is undefined.
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Fig. 1. Definition of normalized prototype element values for impedance-transforming networks of low Dass
filter form. (The tabulated element values are normalized so that gO = 1 and q,’= 1,, as in Fig-. 2.)

Fig. .2. De firntlon of response parameters for km-pass
impedance-trans formmg filters. (The frequency
scale for the tabulated design is normalized so that
Ub’ =1, aS mdlcated shove.)

ducer attenuation expressed in decibels, i.e.,
it is the ratio of the available power of the

generator to the power delivered to the load,

expressed in decibels.

PARAMETERS OF THE ATTEiWATION
CHARACTERISTICS

The frequency scale of the networks

tabulated herein has been normalized as
indicated in Fig. 2 so that

where tit,’ is the upper frequency of 3-dB
attenuation, and

~mt =
M’ + CO.’

2
(2)

where Qn’ is the arithmetic mean of the

upper and lower frequencies of 3-dB attenu-

ation.z The frequency variables and element
values used in the normalized prototype cir-
cuits will be primed to indicate that they
are normalized, and corresponding un-

primed quantities will be reserved for the

same parameters scaled to suit specific appli-
cations. tl~ith the normalization in ( 1) and

z For LAdc less than 3 dB, Wn’ IS undefined.

693

(2), the fractional bandwic[th w is given bys

(3)

and the lower 3-dB freque [Icy is given by

u.’ = 1 – wcdm’ (4)

or

The attenuation
given by

. —— . (5)

L-4d0 at zero frequency is

L. = 10 log,, ~Y dBd. 4r
(6)

where r is again the impedance or admit-
tance transformation ratio.

In some cases it will be desired to cleter-

mine the attenuation accurately over a

range of frequencies, possibly for making use

of the strong attenuation band of this type

of structure above frequency ~b’. The at-
tenuation characteristic in Fig. 2 is given by

the expression

LA(J) = 10 log,, {1 + A [(co” – we’’)]”] (7)

where n is even and equal to the number of

reactive elements in the impedance-trans-
forming filter. The frequency coo’ at which

the attenuation is maximally flat is given by

The constant A is related to QO’ and the im-

pedance ratio r by

J-v
~ (.(;)-2’. (9)

The fractional bandwidth. w, is given in
graphical form in Fig. 3. Note in Fig. 3 that
w is undefined for r less than 5.83, since in
these cases LAdC is less than 3 dB. (Use of the
graph of Fig. 3 will be explained by

means of an example given later. )

; For LAdo less than 3 dB, w i/3 undefined.
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Table 1

u; VS. r AND n

@o’

6

0 60876

0 64359

0 66194

0 67406

0 68996

0 70050

0 708?1

0 71955

0 72757

0 74106

u 749Q7

0 75660

0 76186

0 76990

0 77595

0 41173

0,51108

0 56721

0 60500

0.65t6S

0 68712

0.710:1

0 74368

0 76635

0 80237

0 82458

0 84017

0 85195

0 86896

0 880q2

s,

o 9n. LQ

1 u1?62

1 08328

1 13,85

1,? 1009

1.2:”12

1.3?36Q

l.?~::fl

1 i5&c43

1 55Q2.

l, b:438

1,tJ93b2

1 7L2:Q

1 82?03

1,88$08

,,.
1,5

20

>5

30

40

so

60

80
10 0

1s 0

20 0
25 ~

30 0

40 0

50 0

r

15

?0

25

30

40

50

bo

80

10 0

15 0

20 u

25,0

3U o

$0 0

;0,0

4

0 55785

0 61064

0 63862

0,65709

0,68125

0,69718

0 70891

0 72568

0 73755

0 15727

0 77012

0 17956

0 78699

0,79821

0 80655

8

0 63401

0 65983

0,673t4

0 682%4

0 69428

0 70216

0 70801

0 71646

0 72252

0 7327S

0 73956

0 74465

0 7~870

0 754q3

0 75964

10

0 64901

0 669$8

0 68028

0 68743

0 69686

0 70315

0 70783

0 11460

0 71947

u :2771

0 73%?1

0 73731

0 74062

0 ?4570

0 74954
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Fig. 3. Fractional bandwidth vs. impedance transformation ratios.

Table 2

EI,MIEhT ‘vALuF,5 ~, vh. , FOR n . 2

Table 3

t.lJ:\o.Y r \ ALuF.b 8, \s r Flw ,, = L Table 4

IELENEVT VALIIES g, !S. , l:OR n = .

r

15

2.0

2.5

]U

4.0

5,0

60

80

10 0

15,11

?0,0

25 0

;0 u

40 0

5(, u

81

1.71741

1,95664

!2, 1592?

2 33754

?,64575

2.91069

3 1$626

3.55765

7 91461,

4 66326

5 28621

5 83095

6, 32093

?,18673

7 q162U

g2

1.14494

0.97832

0 86360

U,77918

0, 66144

0 58214

0 52438

0 44471

0 .39147

0 31088

0 !6431

o 233?,4

0,?1070

0,17Q67

0 158q2

r

15

2,0

:f

?,0

lU

5.0

,, 0

80

10 (1

15 0

20 0

:5, U

3U o

L(I. 0

;0.0

g, 6,

1, 504?8

1 43227

1,37541

1 ~,29q7

1 2608’4

1,20972

1 1094~

1 10883

1 ObAob

0 9874.

0 .366,

u 80911

n 8bCJj7

,1,82496

[) :Qlu -

g,
2,?q77b

2,58638

2.83408

3.05407

3,43742

3, 76900

4 06475

4,:8216

5 03129

5 97114

6, 75001

7 42817

8 03585

‘) ,0416

10 fl’i5uu

g,
1 53184

1 29319

1.13363

1.01802

0 8<Q36

0 75380

0 67746

0,5727?

0 5031{

0.3q808

0,~3730

0 2Q:13

fl 26786

0,22760

0 20[)-:

g, gc

2,25717 0 60132

2 86453 0 5nb’31

3,43853 0 43331

3 98991 0 37895

5 04356 o,3u417

6 01859 0 ?5522

: 01693 0, 22062

8, 87062 0 l? t;!

10 64057 u 145&9

14 81236 0 103.:

18 73328 0 081:?

~: ,,~7~~ u 0,?7L

26 087u4 O 0;8UG

3?,9Q84’J 0 045573

39 $Q84Q [1 03770

1 57792

1,41661

1,30S11

1,22174

1 10269
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@,80511

0 70116

0 5414i

O 59721
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0 51508
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0, 78:83
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n :bo’)1
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0,21661

U 15050
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0 107Q8
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r
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Fig. 4. Transmission response for example in text
where r =2o, n =4.
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the corresponding resistance of the normal-

ized design. Similarly, let Q* be the radian

frequency of the upper 3-dB frequency of

the desired operating band, while @b’= 1 is

the corresponding frequency for the nor-
malized design. Then the scaled element

values are computed using

and where k,= YO,/ I’O is the nortnalized
characteristic admittance of the rth stub.

For example, in a tww-stub filter, n =2,

and symmetry demands that the charac-
teristic impedances of the two stubs be
equal, hence

For convenience, tiO’ in (8) is given in

tabular form in Table 1 for several \alues of

r and n.

TABLES OF PROTOTYPE ELEMENT VALUES4

Tables 2 to 6 (p. 694) give element values

for prototype maximally flat impedance-

transforming networks for ?2=2, 4, 6, 8,

and 10 reactive elements. After the de-

signer has arrived at values frn-~, TV, and n,
the normalized element \,alues can be ob-

tained from the tables. Since the networks

presented in Tables 2 through 6 are anti-
metric [3], i.e., half of the nettvorlc is the
inverse of the other half, only half of the
network element values need be presented;
the remaining elements can be computed
from single equations [2]. However, for the

convenience of the reader, all element values
of the networks are presented in Tables 2
through 6.5

(11)

The insertion loss is gil,en by ( 1),

Thefollowiugt zblesgive 10log Kn, and
the required normalized characteristic ad-
mittances of the stubs for various pr,~ctical

values up to ten stubs. Since the filters are
symmetrical, only the values for the first

half of the iilter are tabulzted.

~vhere RL’, C~’, and Ll,’are forthenormdized

design and Rk, Ck, and Lkarefor the scaled
design.
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EXAMPLE
‘Three-Stub Filter

———_———

10 log K, kj kz
A numerical example will serve to dem-

onstrate the use of Tables 2 through 6

and Fig. 3, and Table 1. Suppnse that a
designer desires a maximally flat impedance-

transforming network for an 7=20 im-
pedance ratio, over the band from 500 to
1000 Me/s. The required fractional band-
\vidth is given by

–12.728
– 0.944
+ 5,46
W::j$

+zi,lso
+27.604
+31 .904
+35 ,563

0.100
0.300
0.500
0,700
1. [)00
1. W.)
2,000
2.5
3.0

0 200
(1,600
1.000
1 400
2 0[10
2.800
4. (lull
5.IJ
60
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[1]

~= fb–ja Z(fb–fn)
——. —

f.–= fb+f=

(lo)

[2]

[3]

[4]

2?our-Stub Filter
—— —

10 log K, k, /?,
\vhich for this example gives F r.. C,isf .1. L. A. Ro-binson. B. M. Schiffma n,

and L. Young, “Novel microwave filter design
techniques,” Seventh Quarterly Progress Rent.,
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2(1000–500) =0667
~=

1000+500 “ “
– 5.17
+ 3.253
+13.329
+25.668
+35.9(I9
+44.873
+56.734

0.1
0.’2

0.4
0.8
1.3

;:

0.293
0.571
1.10<)
2.1411
3.39.$
4.877
7.56X

From Fig. 3, it is found that this value of
fractional bandwidth and impedance ratio

lies between the n=2 and n=4 curves, so

that i-L=4 reactive elements are necessary.
(Two reactive elements would give a frac-
tional bandwidth of only 0.5. ) This will give

an operating bandwidth somewhat larger

than is actually required (w= O.79), which
is often desirable.

N-ext, from Table 3, for rz=4 reactive

elements, the element values

—-—. —

Five-Stub Filher
—

10 log ?G k, ki k:,

+ 3.452
13.577
20.523
26.002
30.601
38.16
44.324
54.17.2
66.970
77.874

(1.366
0,694
I .005
1.304
1 ,5!)6
2.166
2,724
3.819
5 702
7 .82~

0.532
(). 989
1.410
1.808
2.193
‘z.933
3. (>48
5.038
‘7.403

10.058

Tables of Stub Admittances for

Maximally Flat Filters Using )

Shorted Quarter-Wave Stubs

g, = 2.56209

gz = 0.64144

g, = 12.82873
Consider a symmetrical filter consisting

of lossless shorted quarter-wave stubs spaced

a quarter wavelength apart on a uniform,

lossless line. The tables given here list the

normalized characteristic stub admittances

k. necessary for a maximally flat response.
The insertion loss, when the filter is in-

serted between a generator and a load, both

of which have real admittances equal to the
characteristic admittance of the transmis-
sion line, is given by tbe relation

g, = 0.12810
—

are obtained; and from Table 1 [or (9)] ao’

is found to be 0.77012. The computed trans-

mission response of the network is graphed
in Fig. 4.

Slx-Stllb FdtW
—.

10 10% 8:6 k, k, k,

+13.378
2.5.469
33. s05
40.388
50.721
58.863
65.668
76.755
S5,687
96 571

0.100
0.200
0.300
0.400
0.600
0.800
1.0
1.4
18
‘2.4

0.419
0,774
1,105
1.422
2.031
2.621
3.202
4.343
5.468
5 141

0 7!55
1.329
1 838
2.314
3.207
4.055
4.8;78
6.487
8.045

10.359

SCALING OF THE NORMALIZED DESIGN

After a designer has selected a normal-

ized design, the element values required for
a specific application are easily determined

by scaling. Let R be the desired resistance
level of one of the terminations, while R’ is

P, COS2’ e
_=l+~-n—

PL

(1)
sin2 6’

where n is the number of shorted stubs of
length 1,

e = 2rrl/k (2)
Seven-Stllb Filter4 The derivation of the tables is given in Cristal,

et al. [41.
s The element values were obtained by a continued

fraction expansion of the input impedance of the net-
work. Because of a loss of significant digits in the con-
tinued fraction expansion, the element values for
second half of the network as given in the tables may
be in error in the fourth decimal place. In those cases
where the error is significant the element values of the
second half of the network should be obtained from
the element values of the first half of the network by
the relationships given in Matthaei [2].

k,

o 9269
1 5687
z .6514
4.5506
5.4458
9.03Y8

1:!.2306

ko,

24.03
38.78
56,’24
77.83
85.77

104.521
125,5.21

01
02
04
0.8
1.0
1.6
26

——

0.4556
0.8259
1.49.$9
2,7308
3,3269
;::s);:

1 14?25
1 8?>56
3 112V
5.2.3c)6
6.2379
9.124Y

13.7282?
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