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Classes of Sub-Miniature Microwave Printed
Circuit Filters with Arbitrary Passband
and Stopband Widths

BRIAN J. MINNIS

Abstract —Four new classes of microwave bandpass filters are defined
herein. They are realized in triplate stripline and are exceedingly small
devices as a result of using transmission line elements which are a
quarter-wavelength well above the frequency of the passband. Each filter
corresponds to a bandpass S-plane prototype which is derived using exact
synthesis procedures from a specification of transmission zero locations.
Passhband and stopband widths may be independently specified and an
extremely high degree of selectivity can be achieved when necessary. The
slope of a filter skirt can be chosen to be such that 60 dB of attenuation is
reached at a frequency < 3 percent from the corner of the passband.

I. INTRODUCTION

ODERN MICROWAVE receiver systems have a clear
requirement for small, highly selective, bandpass filters
whose passbands and stopbands can be independently
specified and, most importantly, whose phase and ampli-
tude characteristics are closely consistent within batches of
the same device. Four new classes of bandpass filters have
been recently defined which together cover these require-
ments. They are printed circuit devices to give the neces-
sary performance tracking, and are constructed in triplate
stripline to give low loss and low cost of manufacture.
Most common bandpass filters realized in triplate con-
sist of capacitively or directly coupled transmission lines,
one quarter-wavelength long at the center of the passband.
They can be derived from highpass S-plane prototypes
_using the Richards transformation [1] S = jtan(xf/2f;),
where f and S are the real and complex frequency variables
respectively, and f;, is the center frequency of the passband.
The high-pass characteristic of the prototype becomes a
periodic bandpass characteristic in the f-plane as a result of
the change in sign of the reactance of all the resonators at
f, and all multiples of f,. The stopband width is thus
determined by the specified passband width. To permit
independent specification of the width of pass and stop-
bands, a bandpass S-plane prototype can be synthesized so
that in the f-plane a periodic bandpass characteristic can
be achieved with all the transmission line resonators a
quarter-wavelength at the center frequency of the stop-
band. The frequency transformation is illustrated in Fig. 1.
As a further bonus, such filters will be physically small as a
result of the reduction in length of the resonators. All the
classes of filter to be described will correspond to bandpass
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Fig. 1.

Richards transform for BP prototypes.

prototypes in the S-plane. They will be classified in terms
of their prototypes.

At one time the synthesis by exact procedures of LP,
HP, or BP S-plane prototypes with prescribed insertion
characteristics was a considerable problem both in theoreti-
cal and computational terms. This is not the case today,
now that exact synthesis procedures are well éstablished
[2], [3] and modern computers offer the necessary speed
and precision. However, the availability of such techniques
does not render the design of practical microwave filters a
fait accompli. The equally significant task of identifying
classes of S-plane prototypes which correspond to physi-
cally realizable filters for a useful range of electrical specifi-
cations still remains, and is by no means trivial. It is in this
regard that this paper makes its contribution. Of a number
of classes of prototype identified, the four which are to be
described and designated A, B, C, and D are relevant for
triplate. They enable filters to be designed for passband
widths in the range 10-100 percent and stopband widths
which correspond to the specification of the next higher
order passband at up to seven times the center frequency
of the first.

To demonstrate the design procedures, a number of
experimental bandpass filters have been constructed, two
of which are shown in Figs. 2 and 3. The first has a
4-8-GHz passband with a stopband extending to 28 GHz
and the second has a 2-6-GHz passband with a stopband
extending to 22 GHz. They are very much smaller than the
alternative LP/BP combinations of more conventional
filters that would be required for the same electrical speci-
fications, and they are found to be extremely consistent in
manufacture. The circuits are etched on one side of a
double-sided copper clad dielectric material using conven-
tional photolithographic techniques and require no short
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Fig. 2. 4-8-GHz bandpass filter.
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Fig. 3. 2-6-GHz bandpass filter.

circuits. Small lumped capacitors are required however,
though these are easily mounted in place using thermal
compression bonding equipment. The electrical perfor-
mances of the filters are close to theoretical predictions and
they are expected to meet the usual military environmental
specifications.

II. PrROTOTYPE CLASSIFICATION

The principle advantages of printed circuit filters are
high repeatability and low cost in production. Once the
photographic mask of a finished circuit is correct, a great
number of near identical devices can be produced. How-
ever, in view of the relatively labor intensive and time-con-
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suming aspects of producing the mask, it is important to
achieve a final design with a minimum of iteration. It is
therefore equally important to keep the circuit simple by
striving 1) to avoid complicated sections consisting of
multiple, capacitively coupled strips, and 2) to try to
separate shunt or series elements with lengths of transmis-
sion line (unit elements in S-plane) so that each element
corresponds to preferably one or no more than two trans-
mission zeros. This helps in the association of an error in
performance with a particular circuit element and in the
confident determination of the necessary modification that
must be made. It also ensures the most reliable stripline
models are employed. In addition to keeping the circuit
simple, short circuits must be avoided if at all possible
since these are difficult to make and are not easily ad-
justed. '

Both the above practical considerations have a strong
influence on the choice of transmission zero locations.
Firstly, to provide the separation of shunt or series ele-
ments, approximately equal numbers of zeros at S=1
(corresponding to unit elements) and zeros on the jw axis
should be specified. This also helps to keep the dynamic
range of element values small. Secondly, to avoid short
circuits and corresponding shunt inductors in the proto-
type, only a single transmission zero may be specified at
S = jO. If the appropriate canonical form is chosen such
that the input impedance Z,_(S) tends to infinity at S = j0,
then this ensures that the only high-pass elements which
the prototype contains will be series capacitors. There can
be more than one series capacitor resulting from partial
pole removals from Z, (S).

Each of the four classes of prototype A, B, C, and D are
consistent with the above constraints. They are defined as
follows.

A. Class A

The network configuration for prototypes of this class is
given in Fig. 4(a). It consists of an alternating cascade of
the two basic sections shown in Fig. 4(b) and (c); the first,
a BP section providing two half-order zeros at §=1 and
contributing to single zeros of transmission at S = j0, and
S = joo; the second, a fourth-order section providing a pair
of first-order jw axis zeros, one at each side of the pass-
band. The specification of all the transmission zeros is

a=1 number of zeros at S = 0
b=1 number of zeros at S = joo
¢=(p+1)X2 number of zeros at S =1
d=p number of zeros at § = jw,,
e=d number of zeros at S = jw,,

where p is the number of fourth-order elements and the
degree of the network is 2 X (3p +2).

Though not essential, it is strongly advisable to locate all
the pairs of finite, nonzero transmission zeros (loss poles)
at the same frequencies on both sides of the passband as
this leads to a smaller dynamic range of element values.
The precise location of the zeros should be chosen to be as
close to the passband edges as is necessary to give the
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Fig. 5. Stripline circuit element for a pi section.

required skirt selectivity. It is also advisable to choose the
zero locations so that they are equally displaced from
the center frequency of the passband as this tends to assist
the realization of the fourth-order elements. Finally, the
‘realization of fourth-order elements is known to become
more difficult as the zeros in the S-plane move away from
S = j1.0 and are completely unrealizable if one of the zeros
is specified below § = j0.2.

The unit elements of the network map directly into
lengths of transmission line of the same value but scaled by
the appropriate system impedance, usually 50 . The
capacitive pi sections are realized using stripline elements
of the form shown in Fig. 5. When tight coupling is
required, the total series coupling capacitance is shared
between the edges of the strips (i.e., the distributed frac-
tion) and a lumped capacitor mounted across the center of
the section. The sharing of the coupling must be chosen to
give an optimum combination of gap and capacitor dimen-
sions. Mixing lumped and distributed elements in this way
within all four classes of filter is only possible because of
the lumped character of all the circuit elements at frequen-
cies in the vicinity of the passband. A similar technique
was used by Wenzel in designing combline filters {4]. In
addition, there are other important advantages to be gained
from this property, to which further reference will be made
in Section IV-B.

Each fourth-order element is realized in one of two
different forms depending on the location of the pair of
transmission zeros each produces. As shown in 2) of Ap-
pendix I, the fourth-order element can be transformed into
four-unit elements and realized as a cascade of four lengths
of transmission line which would then appear in shunt with
the ‘main’ line of the filter. From 3) in Appendix I,
however, the fourth-order element can be transformed to
consist of two second-order elements in parallel, each of
which using 1) of Appendix I can be realized as a cascade
of two lengths of line. It is the separation of the jw-axis
zeros about the passband that will determine their realiza-
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Fig. 6. The Class B prototype.

tion as either four lengths of line or as two double-length
lines in paraliel. The former will be found to be most
appropriate for passband widths > 50 percent, especially
if one of the transmission zeros is close to the minimum of
j0.2. The latter will be most appropriate for passband
widths < 50 percent. This will also depend to some extent
on the stopband width since the stopband width affects the
separation of the S-plane zeros. All lengths of transmission
line in this and the other three classes of filter are a
quarter-wavelength at f;, the center frequency of the stop-
band.

Broadly speaking, filters of this class are realizable for
fractional bandwidths in the range 50-100 percent and for
stopbands specified up to seven times the center frequency
of the passband. However, in general, the realization prob-
lem is eased as the specified stopband width decreases and
it may be possible to realize devices for bandwidths outside
the above range if a small stopband width is acceptable. It
should be noted that choosing a stopband width such that
the second passband is as low as even three times the
center frequency of the first (i.e, m=3) could still be
worthwhile.since the physical realization may be smaller or
more desirable than a conventional filter design with the
same performance.

It will usually be necessary to scale the internal imped-
ance of the complete network by adjusting the symmetry of
the two outermost pi sections. This is easily achieved using
Y matrix transformations or the simple equations given in
(4) and (5) in Appendix 1. For narrowband cases, it may
also be necessary to move some series and /or shunt capa-

* citances through the end-unit elements using Kuroda iden-

tities, but this should be avoided if possible since it is
convenient to begin the circuit at both ends with a length
of transmission line. Indeed, it is one of the most signifi-
cant advantages of this class of filter that a design can be
produced with a simple length of line at the input and
without the addition of redundant unit elements.

B. Class B

The network configuration for prototypes of Class B is
shown in Fig. 6. It consists of an alternating cascade of the
two basic sections shown in Fig, 6(b) and (c) between end
sections of the type shown in Fig. 6(d). Fig. 6(b) provides
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four half-order transmission zeros at S =1 and contributes
to single zeros at § = jO and S = joo. Fig. 6(c) is a fourth-
order section which, as in Class A, provides first-order
zeros on each side of the passband. The end sections are a
result of moving a series inductor and capacitor through a
redundant unit element at each termination and the unit
element does not, therefore, correspond to an extra trans-
mission zero at S = 1. The specification of all the transmis-
sion zeros is

a=1 number of zeros at S = ;0
b=1 number of zeros at S = joo
¢=(p—1)x4 number of zeros at S =1
d=p number of zeros at S = jw,,
e=p number of zeros at S = jw,,

where p is the number of fourth-order elements and the
degree of the network is 2X(4p —1).

Realization of the elements of these networks follows the
same pattern as for Class A networks and the same consid-
erations concerning the lumped capacitors, the fourth-order
elements and the scaling of internal impedances must be
made. However, one advantage and one disadvantage dis-
tinguish Class B from Class A networks. Class B networks
are realizable over a considerable range of fractional band-
widths, a range which probably extends from below 10
percent up to around 100 percent for m (see Fig. 1)
specified up to 7. This versatility is a worthwhile ad-
vantage. The disadvantage is associated with the necessary
introduction of a redundant unit element into each end of
the network, which at the input end results in a loss of
control of the phase of the reflection coefficient. This may
not be acceptable especially if more than one such filter is
to be designed with a view to a parallel connection at a
common junction in a multiplexer.

C. Classes C and D

Both these classes of prototype will be described together
for the sake of brevity. They are in effect duals of the
capacitively loaded interdigital filter. Their network config-
urations are described in Figs. 7 and 8, respectively, and
their similarity is at once apparent. In fact, they are
distinct from each other in respects similar to those dis-
tinguishing Classes A and B, namely:

1) Class C types are most suitable for broadband appli-
cations where fractional passband widths are > 50 percent,
while Class D types are most suitable for bandwidths of an
octave or less.

2) Class C types usually do not require the introduction
of redundant unit elements at each end of the network and
therefore do not incur the associated disadvantages. Class
D types necessitate the introduction of unit elements.

Class C types are an alternate cascade of unit elements
and capacitive pi networks. The set of transmission zeros
are specified

a=1 number of zeros at S = j0
b=gq number of zeros at § = joo
¢=gq+1 number of zeros at S=1
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where ¢ is the number of transmission zeros at infinity and
the degree of the network is 2 X (g +1). Class D types can
be derived from the exact network dual of the capacitively
loaded interdigital filter. Their networks differ from the
Class C networks in the center and at each end. Their
transmission zeros are specified

a=1 number of zeros at § = ;0
b=gq number of zeros at § = joo
c=q—1 number of zeros at S=1

where ¢ is the number of transmission zeros at infinity and
the degree of the network is 2 X ¢. The dual of the interdig-
ital filter includes series inductors between each unit ele-
ment, and the absence of either one or two pi sections in
the center of the D networks is a result of moving all the
series inductors out from the center through the adjacent
unit element. Two pi sections will be absent from the
center if the degree of the network is divisible by 4.
Realization of the elements of these prototypes is the
same as for the corresponding elements in Class A and B
prototypes. Unit elements map directly to lengths of trans-
mission line and the pi sections map to pairs of capaci-
tively coupled strips which may or may not require the
addition of a lumped capacitor. In fact, it is likely. that for
narrowband ( <20 percent) Class D types, the distributed
coupling between the strips will be adequate and no lumped
capacitors will be required throughout the circuit.

1L

It is assumed that filters are to work into a 50-Q load
and source impedances and, therefore, all the normalized
element values of the prototypes must be scaled accord-
ingly. The three basic physical elements to be considered
are then the simple length of transmission line, the capaci-

CALCULATIONS OF CIRCUIT DIMENSIONS
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tively coupled lengths of line, and the lumped capacitor.
Each unit element value in the prototype will usually
correspond to the characteristic impedance of a simple
length of line in the stripline circuit. The width of these
lines is calculated using Cohn [5], allowing for a finite
thickness of metalization. As mentioned in Section II-A,
each pi section of the prototype will correspond to a
stripline circuit of the form shown in Fig. 5. The shunt stub
in the circuit, enables an asymmetrical pi section to be
realized with a symmetrical pair of coupled-lines. This is an
important facility since accurate models for asymmetrical
coupled-lines are not readily available in the literature. The
innermost pi sections, which are usually symmetrical, will
not require the extra stubs. Distributed capacitances and
the value of the lumped capacitor for Fig. 5 are given by

C,=aC, C,=a(C;—-C,) -
_ _ (C,~C,,/a) tan(7fy /2f,)
Cb - Ca Cs - 27Tf0 (1)
Z,=a/C

where C,, C,, C,, and C; are distributed capacitances
normalized to ¢, C;, C,, and C; are the values of the
S-plane elements normalized to 50 2, C, is the value of the
lumped capacitor, a = 377 /¢, and where € and ¢, are abso-
lute and relative permittivities, respectively.

C,, should be chosen somewhere in.the range 1-2.5 to
give a desirable gap between the coupled strips. The cou-
pled-strip dimensions are then derived from C, and C,,
using Cohn’s papers [6], [7}. The shunt stub dimensions are
derived from Z, using Cohn [5]. The lumped capacitor
consists of a 5-p thick strip of gold foil, thermocompression
bonded to one of the coupled strips; and insulated from the
adjacent strip with a thin film of dielectric material as
shown in Fig. 9. The strip forms a square, parallel-plate
capacitor whose linear dimension is

1=/(C,xd)/e ()

where d is the thickness of the dielectric and ¢ is the
permittivity of the dielectric.

Lines and stubs throughout the circuit are required to be
an electrical quarter-wavelength at the chosen stopband
center frequency.f,. The corresponding physical length is
easily calculated knowing the phase velocity in the relevant
dielectric material but the effects of edge capacitances and
junctions at the ends of real resonators necessitate the
application of corrections. For junctions, the main objec-
tive is to determine the position of the reference plane for
each radial arm and some.guidance for this can be ob-
tained from [8, ch. 5]. Junction susceptance will not usually
present a problem unless the junction area is excessively
large, in which case an attempt should be made to remove
it by removing an appropriate quantity of conductor
material from the junction. This type of discontinuity is
indeed difficult to characterize/model in the general case,
but satisfactory results can be obtained quickly by experi-
ment. For edge capacitances, length corrections are made
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using

A2 Yo
Al—4{l — tan {ZWfon} (3)

where Al is the reduction in length required, A is the
wavelength in the substrate at f,, C; is the total fringing
capacitance at the relevant edge, and Y is the characteris-
tic admittance of the resonator. If the resonator is one of a
pair in a capacitively coupled section then Y is taken to be
Y,., where Y, is the even mode characteristic admittance
for the section.

IV. DEsiGN EXAMPLES

The 4-8 GHz and 2-6-GHz filters are derived from
Class A prototypes and have stopbands which extend
beyond 20 GHz. Specifications and expected and measured
responses are presented for both filters, but owing to their

intrinsic similarity, details of the design procedures will be

given for only the 4-8-GHz device.

A. Specifications

The electrical specifications of the two filters are as
follows.

1) 4-8 GH: Filter:

Insertion loss <1.0 dB, 4-8 GHz
Insertion loss > 45 dB, 0-3.6 and 8.4-25 GHz
Passband ripple 0.1 dB for 15 dB return loss.

2) 2-6-GH: Filter:
Insertion loss <1 dB, 2-6 GHz

Insertion loss > 65 dB, 0-1.8 and 6.2-20 GHz
Passband ripple 0.1 dB for 15 dB return loss.

B. 4-8-GH: Filter Design Details

A Class A prototype was chosen to meet the high skirt
selectivity required and the possibility of a future multi-
plexer application. Two pairs of transmission zeros were
provisionally placed at 3.5 and 8.5 GHz, respectively,
which, referring to Section II-A, results in an overall degree
of 16. An arbitrary choice of m =5 gives zero locations in
the S-plane of

latS=j0
latS= joo
2 at S = j0.3153
2 at = j0.9163

6atS=1.0
and passband edges of
S = j0.364
S = j0.839.
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Fig. 10. 4-8-GHz filter—Equivalent circuits. (a) S-plane prototype. (b)
Stripline circuit.

The basic network was then synthesized using these zero
locations. On analysis, its frequency response was found to
meet the specifications of Section IV-A-1, and only minor
modifications were required for the network to be physi-
cally realizable. The final form of the transformed proto-
type is given in Fig. 10(a). Being symmetrical, only half of
the network need be shown.

Fig. 10(b) gives an outline sketch of half of the stripline
circuit and the dimensions of the individual stripline ele-
ments. The range of line and gap widths required in this
design does stretch the capabilities of the photolitho-
graphic technology, but a number of these devices have
been made without difficulty and it should be possible to
reduce the range of the dimensions in future designs.
Indeed, the smallest gap and line dimensions in the 2-6-
GHz filter were nearer 100 p. The dimensions apply to a
circuit constructed using 1/32-in thick RT Duroid 5870
material with a dielectric constant of 2.32 and a 1/2-0z
copper cladding. All the lines are a quarter-wavelength at
18 GHz and suitable length corrections have been applied
to allow for the effects of junctions and end capacitances.
In addition to the length corrections, it was necessary to
remove the corners from the wide sections of the fourth-
order elements so as to compensate for the large discon-
tinuity capacitance at each end. Because of the lumped
character of the elements around the frequency of the
passband, such discontinuities are easily treated by assess-
ing the excess capacitance of the section from insertion loss
measurements. The excess is then removed by suitable
trimming. In the case of the fourth-order elements, it is the
position of the transmission zero above the passband which
determines what changes must be made to the wide sec-
tions.

The value of the lumped capacitors required for the end
coupled strips was calculated to be 0.146 pF. Using a
dielectric film of Kapton (a polyimide) with a thickness of
0.008 mm and a dielectric constant of 3.0, (2) gives the
linear dimension of the square patch as 0.210 mm.

It is worth noting that sections with what would be
considered unacceptable aspect ratios in more conventional
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filter designs can usually be accommodated in these classes
of filter. Furthermore, the task of fine tuning these filters
in the final stages of a design is particularly easy. Again,
the lumped character of the circuit elements is responsible
for both these significant advantages. As far as the pass-
band is concerned, any shunt element can be considered as
requiring a particular shunt capacitance and an excess can
be compensated by reducing either the length or the width
of the element.

C. Results

The measured and theoretical insertion loss responses of
the 4-8 GHz filter are given in Fig. 11. Outside the
passband, the measured response can be seen to track the
theoretical response with admirable precision and no fur-
ther passband can be observed above the noise floor of the
measurement system up to 18 GHz. Inside the passband
the insertion loss is mostly under 1 dB but rising to a less
attractive figure of approximately 3 dB at the passband
edges. Return loss measurements in the passband of the
filter suggest that some of this loss is due to reactive
mismatches and it should, therefore, be possible to reduce
the losses by further circuit trimming/tuning. However,
additional practical experiments have indicated that a high
proportion of the losses are copper losses which in turn are
associated with the narrow gaps between capacitively cou-
pled lines. They can be reduced by silver plating the
circuits and /or using a larger ground-plane spacing and it
is estimated that after suitable circuit trimming it should be
possible to reduce inband losses to nearer 0.5 dB, rising to
2 dB at the passband edges. It must be stated that this
2-dB figure refers to the loss at the edge of a passband
defined by the passband ripple, and if such a figure is
unacceptable for the edge of a real passband, a filter
should be designed with a ripple bandwidth slightly greater
than that which is called for in the specification.

The measured and theoretical insertion-loss responses of
the 2—6-GHz filter are given in Fig. 12. There is exception-
ally close agreement between theory and practice.
Throughout the stopband, attenuation is in excess of the
noise floor of the basic measurement system used to test
the 4-8-GHz filter, and to verify that the stopband rejec-
tion was greater than that called for in the specification,
the 2-6-GHz filter was tested on a more sensitive system.
The rejection throughout the stopband is greater than the
now lower noise floor of approximately 65 dB. Insertion
loss is considerably lower than 1 dB over most of the
passband and as low as 0.6 dB in the center. The loss at the
2- and 6-GHz corner frequencies is around 6 dB, indicating
that the passband width is fractionally narrow but the
error in width can only be of the order of a few megahertz
in view of the extreme slope of the filter skirts. It should
not be difficult to reduce this figure by further circuit
trimming and by increasing the ripple bandwidth slightly,
as previously suggested. Even allowing for the 6-dB loss at
2- and 6 GHz, the present design results in a device with an
exceptional performance in the triplate medium. As practi-
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cal evidence of the ease with which such circuits are tuned,
only one single iteration was required after definition of
the first photographic mask.

Both the 4-8-GHz and 2-6-GHz devices and all the four
classes of filter that have been described should have no
difficulty in meeting military environmental specifications.
To check at least the temperature stability of the devices,
the 4-8-GHz filter has been temperature cycled between
—20 and +80°C. There was less than 0.05 percent peak
drift in the passband center frequency and the center
frequency returned to its original value at the ambient
room temperature after the experiment.

V. CONCLUSIONS

The growth in the power and distribution of small and
inexpensive computers will undoubtedly result in a more
widespread use of exact synthesis procedures for micro-
wave filters. This potential can be heavily exploited by the
identification of the four classes A, B, C, and D of BP
prototypes that have been described. The prototypes are
synthesized from a simple specification of transmission
zero locations and together the classes cover most of the
pass and stopband requirements likely to be encountered
in microwave receiver systems. They are particularly suita-
ble, however, for broadband, highly selective filters with
wide stopbands.
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Physical realization in triplate is simple, inexpensive, and
ideal for applications which require close amplitude and
phase tracking of a batch of devices. The tuning of all the
elements to resonate well above the passband also results

" in an exceedingly small device.

The first two of what now number five different and
successful Class A devices have been described, both of
which perform close to theory. Though no examples of
Class B, C, or D devices have been constructed, their
ranges of realizability have been otherwise thoroughly in-
vestigated.

APPENDIX I

TaE FOLLOWING NETWORK TRANSFORMATIONS
WILL BE RELEVANT.
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On Design and Performance of Lossy Match
GaAs MESFET Amplifiers

KARL B. NICLAS, SENIOR MEMBER, IEEE

Abstract —The noise figure, the gain, and the reflection coefficients of
lossy match amplifiers and their dependence on circuit elements are
studied. Theoretical results are supported by measured data taken on a
two-stage unit. In addition, the performance characteristics of a 100-8800
MHz four-stage lossy match amplifier are discussed. The unit exhibits
233+ 1.1 dB of gain over the nearly 6-1/2 octaves. Its maximum noise
figure is 10.9 dB from 100-8800 MHz and 6.6 dB from 2000-8000 MHz.
The amplifier’s overall circuit dimensions are 10 X5.7 mm.

1. INTRODUCTION

HE BALANCED amplifier concept has dominated
solid-state amplifier design for nearly two decades [1].
While it is expected to continue its dominating role, it will
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not go unchallenged by three single-ended amplifier con-
cepts that have made great progress in the field of broad-
band amplification over the last few years. These three
principles, which are presently competing for the best
single-ended amplifier performance, are [2]-[7] 1) the
matched feedback amplifier; 2) the lossy match amplifier;
and 3) the distributed amplifier. They all are characterized
by their compact size and, at least the first two by their
simplicity and low cost. It is for these reasons that the
matched single-ended amplifier concepts are very attractive
whenever an economical solution to wide-band amplifica-
tion is of primary concern.

The application of dissipative gain compensation in in-
terstage matching networks [8] and amplifier stabilization
by means of resistive-loaded shunt networks [9] have been
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