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Direct Coupled Coaxial and

Waveguide Band-Pass Filters*

In this note, experimental results will

be presented for practical coaxial and wave-

guide band-pass filters. Filters of both types
were originally developed in the 1700 Llc

to 2300 MC frequency range for ~pplication
in a wide-band microwave radio relay com-
munications system. The specifications for

these filters called for very low input
VSWR’S over an appreciable part of the
filter pass bands. This is necessary to mini-
mize the degradation in system performance
due to intermodulation noise resulting from
feeder distortion of microwave transmission
linesl and/or group delay distortion within
the microwave filters.z Both the coaxial and
waveguide band-pass filters employed five

direct coupled resonators. Filters were de-

signed for Butterworth (maximally flat
amplitude) response shapes and nominal

filter 3 db bandwidths of 60 Mc.
The coaxial band-pass filter employed

open-ended k/4 resonators with cylindrical
center conductor coaxial to rectangular
outer conductors. (See Fig. 1.) A single
filter model was capable of covering the en-

tire 1700 M c to 2300 MC frequency range
using fixed circular apertures as interstage
coupling mechanisms, These apertures were
designed for minimum frequency sensitiv-

ity.3 Input/output coupling was achieved

using adjustable capacitive probes. At any

desired center frequency, the gaps between

the input/output probes and the coaxial
center conductors were varied and the

lengths of the five resonator tuning slugs
were adjusted for minimum pass band VSWR
of maximal tlatness. F~ass band VSWR vs
frequency for a typical alignment of the
coaxial band-pass filter is shown in Fig. 2.
Filter dissipation loss within the pass band
was less than + db so that Iossless filter
theory is applicable. INe,glecting dissipation,

the measured filter 3 db bandwidth can be

approximated by the VSWR = 6.0 band-
width which is 65 Mc. For a fi~,e resonator
maximally flat band-pass filter with a 65
Mc 3 db bandwidth, the theoretical 1.10

VSWR bandwidth is 35.7 Mc. The measured
1.10 VSWR bandwidth is 34 Mc.

The waveguide band-pass filters em-
ployed the same coupling mechanism for
both input/output and interstage couplings
(see Fig. 3). This was a pair of full height
inductive posts and an adjustable partial
height capacitive screw. Because this type
of coupling is cIuite frequency sensiti>-e, all

* Received by the PGMTT, December 22, t 961.

1 R. G. Medhurst, l<Echo-dmortlon m frequency
modulation, ” Electronic and Radio EnsY., Pp. 253-
259; July, 1959.

z L. E. Thompson, ‘<Distortion in multichannel
frequency-modulation relay systems, ” RCA ReII , vol.
11, pp. 453-464; December, 1950.

3 R. M. Kurzrok, “Design of interstate coupling
a&eerr#res for narrow band tunable coaxml bandpass

“ (Correspondence) IRE TRANS. ON MICRO.
WAVE’ THEORY AND TECHNIQUES, vol. MTT-1 O, P.
143; March, 1961.

1m“,,,.,s.,,,0,*, \,,,,,,,.,. ,,.,.,,, .,,.m u,,-

Fig. l—Coaxial band-pass filter couplings.
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Fig. 3—Waveguide band-pass filter couphng.

couplings were adjustable. Wavega ide reso-
nators were TE 101 mode cavities tuned with
a centered capacitive screw. Because ex-
cessive penetration of the capacitive tuning
screws can seriously degrade the resonator

unloaded Q’s, the 1700 MC to 2300 Mc fre-
quency range was di~”ided into three 200 Mc
bands and three different filter moclels were
employed. This limited maximum penetra-
tion of the tuning screws to less than 40 per
cent of the waveguide height. (b =2.150” in
RG-104/U waveguide). Typical plots of

pass band VSLX7R vs frequency are shown
in Figs. 4–6 for the three different waveguide
filter models. Filter 3 db bandwidths were
between 55 MC and 65 MC with 1.10 VSII’R
bandwidth in excess of 20 Mc. Filter dissipa-
tion losses in the pass bandwere aboutO..3 db.

Fig. 5.

Fig. 6.

The microwave filters discussed in this
paper were developed using the techniques
of Disha14,6 and Cohu.s Performance capa-
bilities of all filter coupling elements were
determined by experimental methods. The
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ability to achieve high quality performance

is a function of the instrumentation em-
ployed.7 Use of a swept oscillator and a high

directivity coupler is essential.
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A Microwave Power Limiter*

I. INTROD~CTION

Through the use of the familiar hybrid
directional coupler and two PIN junction
diodes as load impedances, the power de-
livered to the port not directly coupled to

the input may be limited to any desired
level, without rigid tolerances on the diode

impedances.

Starting with the scattering matrix of
the hybrid and specifying arbitrary load re-
flection coefficients, the general properties

of the de~,ice will be derived, and then its

power-limiting capabilities will be examined
in conjunction with the properties of the

PIN diode.

II. PROPERTIES OF TT+IZ H~BRII~ COUPLER

With the ports of the directional coupler
numbered as shown in Fig. 1, its scattering
matrix is
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Fig. l—Schematic representatlcm of 3-(lb hybrid

For the hybrid directional coupler, the
power delivered to ports 2 and 3 under
matched conditions is equal; hence,

and from the unitary conditions on the srat-

* Recelvecl by the PGMTT, December 27, 1961.

Correspondence

terins matrix of a Iossless network,

]a]’+lol’=1

:1 ud

/3(a’)t + C2(p)t= o

(m)t = – 46)1

arg~—arga= *7i+arga

“ arg~—arga=+~.. .

arg (3

‘I-his equation leads to the conclusion
that no power is rcflerted back at pm-t 1 if
ports 2 and 3 arc terminated in the same
impedance.

The power delivered to port 4 is of inter-
est now. The conventional notation will be

used for the incident and reflected normal-
ized voltages at the ports of the network,

i.e., a,, is incident voltage on a network at

port }J, and b,, is the voltage reflected from

the network at port n. The power delivered

to the load at port 4 is

Since U4= I’&, where r~ is the re~ection co-
efficient of the load at port 4

P,_ /b4/2(1_ ,r,l,)

2

Consider the scattering equations of the
network [(1 ) ]

Solving for I b, I in terms of the network
parameters and ] u, ~

p,=2]a\z lb] ’/rl’(l –[r41’)la11’

~~here I r I is the magnitude of reflection co-

efficient of identical loads at ports 2 and 3.
For a matched load at port 4, 1’1= O and

since]a\=l(3]=l/\/~,

P,=+lrl’lallz.

This equation underlines the fact that

the power delivered to a matched load de-
pends only on the reflection coefficient at
ports 2 and 3, if a = ~jb, and on the input

power.
Therefore, if the magnitude of the re-

flection coefficient at ports 2 and 3 should
decrease as the power incident on port 1 in-

creases, the power deli~ered to the load at
port 4 will remain constant. Of course, if an

exact functional relationship can be formu-
lated between I r ] and ~al ~, the expression
of Pq can be written exactly. This may or
may not be necessary depending on the ap-
plication. The PIN junction diode is a de-
~-ice w-hose imped~nce cfispla>-s this neces-
sary dependence on power.

III. PIN JUNCIIOX DIODES

.1 PIN junction diode is ouc in which a
high resistivity 1 layer is introduced be-

tween normally used P- and N-type semi-

f Denotes complex conj uizate.
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conducting materials. The presence of the
1 layer results in low ca~acitance Der unit
of al-ea, and thus at any given impedance
level, permits the use of larger diodes with
high burnout po~ver levels. Similar to the

PN junction, the PIN diode acts as a high

Q capacitor at low levels. At high levels, the

1-layer resistivity is greatly reduced by

conductivity modulation, resulting in a

lower overall resistance, The application of

a dc forward voltage also has certain effects
worth noting. In this case, electrons and
holes are injected into the practically in-

trinsic region and microwave power is ab-

sorbed by the mobile charge carriers thus
introduced into the intrinsic part. I’he
mechanism of transport of charge carriers
into this region is governed by diffusion and

recombination. Theory shows that the ex-

cess hole and electron concentrations are
almost homogeneous if the distance between

the P and N regions is not larger than

L = ~~;

where

L = diffusion-recombination length
D = ambipolar diffusion constant
~ = average life of electron-hole pairs.

The time necessary to establish a certain

concentration pattern is also of the order of

r. Hence, r determines the maximum modrr-

Iation of switching frequency obtainable. It
has been found that for germanium ~ is in

the order of five psecs.
The microwave equivalent circuit for

typical PIN junction diodes is illustrated in
Fig. 2. The values indicated are for a zero-

bias condition where resistivity of the 1
layer is in the neighborhood of 1800 ohm-cm.
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Fig. 2—PIN diode equivalent crcuit.

IV. DISCUSSION

Since the coupling variation between
arms of the hybrid can be controlled to
within + 0.1 db, the hybrid itself will not

cause any unbalances; however, in order to
avoid reflections at the input, the termina-
tions at ports 2 and 3 must be equal in mag-

nitude and phase angle (i.e., rz = I’s). This


