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The high selectivity and compact form of digital-e liptic filters [1-2] makes

them attractive for use in wideband diplexers. The theory of diplexers has been

described in several references [3-6] where it is shown that a perfect match at

the input of a diplexer requires the camponent filters to be complementary. Fil-

ters with equal-ripple response in both pass band and stop band can be designed

ta be complementary; however, it has been pointed out [4] that this places an

undesirable restriction on the isolatian characteristic. The use af “pseuda -

complementary” filters [4-5] atlaws the achievement of equol-ripple designs with

high isolation characteristics at the cost of a slight increase in input VSWR. The

performance of such filters is discussed in detail in [41 where it is shown that for

proper operatian the component filters should:

(1) be designed on a single-terminated or transfer

immitance basis ( IZ1212 for series connection and IY1212 for parallel can-

nect ion),

(2) Have attenuation characteristics that “cross over” at the 3-db level,

(3) have component attenuation characteristics whose slopes are equal and of

opposite sign at the craes over point, and

(4) have a tatal real part input immitance that is approximately constant (to

within 20%, far example) and devoid of extremely rapid variations.

Under the above conditions, the maximum input VSWR of the resultant network is

given approximately by [4].

VSWRmax=antilog]O 1=0 (1)

where a is the transfer immitance prototype ripple value in db.

Digital-elliptic filter prototypes contain anly distributed L-C type elements

(i.e., no unit elements) and a suitable diplexer pratotype can be obtained by band-

width scaling the appropriate low-pass and high-pass transfer immitance values in

the conventional manner [3-5] to produce the required 3-db level cross over. Ele-

ment values far singly-terminated elliptic-function filters are given in [ 7] for filters

of three through seven branch es(from one to three finite transmission zeros). The

particular filter configuration to be described used a parallel connection of digital-

elliptic component filters and thus requires the input admittances to be minimum

susceptive [4]. This requires the low-pass prototype filter to begin with a series

inductance and the high-pass prototype filter to begin with a series capacitance

and consequently limits the basic prototype to filters with an even number of
branches (i.e., 4, 6, etc.). Although filters of four or six branches are of sufficient

complexity to satisfy most requirements, higher-order filters are sometimes needed.

To satisfy these requirements , element value tables for even-order prototype filters

with greater than six branches are being obtained by synthesis [8]. Because the
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digital-elliptic filter prototype contains only L-C elements, the basic design is

bandwidth scalable in a simple manner and only a few tables are required. The

camputer generated tables of element values [81 are bandwidth scaled ta achieve

the required 3-db level cross over and also include the maximum theoretical input

VSWR as computed by direct analysis. In all cases computed, this maximum input

VSWR was in agreement with equation (1) demonstrating the validity of conditions

(1) thraugh (4) given abave.

As an example, the basic protatype circuit and typical respanse characteristics

far n = 6 branches are shown in Figure 1. An element value table far the six branch

protatype is given in Figure 2. An experimental diplexer has been constructed us-

ing the above table for the case of 2.25:1 bandwidth and selectivity parameter

k = 0.7065. The design procedure is quite simple, a detailed description af the ap-

plicable techniques being given in [2]. The experimental filter was designed to

have cross over frequencies at 1.5 and 3.375 GHz. A perspective drawing of the

diplexer is shown in Figure 3, and a photograph of the trial device is shown in

Figure 4. The results are seen to be in excellent agreement with theory at the

first crass aver and are quite good even beyond the second cross aver. The struc-

ture is extremely compact in comparison with previous diplexers of comparable

characteristics and provides an attractive solution ta the wideband, high selectivity

diplexer problem.
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FIG, 1- Digital-Elliptic Diplexer Prototype Circuit and Response

Characteristics for n.6 Branches
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FIG. 2- Element Value Table for n-6 Branches
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FIG. 3- Perspective Drawing of Experimental Wideband Digital-Elliptic Diplexer
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FIG. 4. Experimental Digital-Elliptic Diplexer
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FIG. 5- Measured Re$~nse of Expetimeatal Digital-Elliptic Diplexer
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