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Abstract

The analysis of microwave network circuits by time and frequency~-domain comparison will be demonstrated

by actually producing theoretical time domain plots from their calculated frequency reflection response.

In the

time domain, the shape of an impulse and step response for different networks will be discussed.

Introduction

When actual microwave components are measured
and the design goals are not achieved, the designer
must make changes in order to improve performance.
Many times these changes are experimentally derived
and optimum results never achieved and the design is
accepted as "good enough".

This new technique of analysis allows the design-
er to isolate and calculate the heretofore hidden
reflection areas and get quickly the optimum designed
results.

The description of the theory involved has been
published " where frequency-domain measurements
are translated into a time domain display. Examples
of experimental data were published at the IMTT-74
Symposium at Atlanta, Georgia“®-. It is now possible
to produce similar time-domain display from purely
mathematical modeling programs 3. of the desired cir-
cuit., By comparing the theoretical and experimental
time display analysis, the effects demonstrated by the
impulse and step response show the location of
undesired or not-accounted-for connector and junction
reflections.

Oscillographic plots of various time-domain
responses of microwave networks have been generated
by computer simulation. In order to demonstrate one
of the elements in the circuit, the value was varied
and the output frequency responses translated to time
and superimposed upon the others. Figure 1 shows the
theoretical I, C, R circuit where each are separated
by 2 cm in order that each may be seen as individual
impulse responses. In this case, the resistor was
varied from 5 to 10 to 15 ochms and located at 6 cm
from the input terminal. Figure 2 shows the same
three elements when the capacitor-to-resistor dis-
tance is zero and the resistor is varied. Figure 3
shows the resistor fixed at 15 ohms and the capacitor-
to resistor distance varied from 0 to 2 cm in 1 cm
steps. In this case, the step analysis is displayed
showing the displacement in time of the change in
impedance. It should be noted that when D = 0, the
change of impedance is not exactly at 4 cm, but is
displaced in time by the presence of the capacitor.
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Figure 4 and 5 demonstrate the ability of the analy-
sis program to separate as individual elements similar
capacitive elements located 2 cm apart. The impulse
and step domain is shown in Figure 4, while the scan
from 1 to 3 cm is reconstructed into the VSWR-frequency
domain and shown with the calculated VSWR of the two
capacitors. Figure 6 shows the effect on both the im-
pulse and step responses when the capacitors are only
1 cm apart (i.e. ~ A/2 at 15 GHz).

Figure 7 shows the interactive impulse responses
of a variable series inductance located 1 cm from a .05
pF shunt capacitor. Then in Figure 8, when they are
adjacent to each other, their responses merge.

In Figure 7, the first dip produced by the capacitor
is not affected by the inductor located 1 cm awavy,
while in Figure 8, the capacitor is quickly reduced and
disappears when the inductive impulse time display is
increased. However, it is noted that the zero reflec~
tion magnitude crossing point is displaced approximately
.1 cm by the capacitor location at the 2 cm mark.

When lumped circuit elements are located near
each other they will compensate or if separated they
may cancel each other only over a narrow band as in the
case of Figure 5. It has been found with actual mea-
sured circuit components that these effects can be
separated and when models which are ideal are com-
pared with experiments that many junction effects are
not considered. Several examples of such diagnostic
interpretations will be explained in the oral presen-
tation.

It is possible to do a partial frequency domain
analysis using only the higher harmonics which elimi-
nates the high VSWR effects produced by shorted stubs
or series capacitors, When this partial frequency
domain analysis is done to both experimental theoretical
models the time domain picture may become distorted,
but the most interesting portion of the circuit will not
be time distorted. In this way it is also possible to
make comparison of actual velocity and loss values to
the theoretical desired lengths of line with assumed line
losses.



Conclusions

It is possible for a circuit to be tested and a
desired model that theoretically should work, to com-
pare the time-impulse and time-step domain of both
to determine quantitative differences and identify
where to place compensation to correct the circuit.
Actual measurements on accurately located capacitive
tabs make it easy to identify velocity, effective die-
lectric permittivity and loss.
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