General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



ELECTROMAGNETIC COMMUNICATION LABORATORY
TECHNICAL REPORT NO. 85-6

CHARACTERIZATION OF MICROSTRIP DISCONTINUITIES
IN THE TIME AND FREQUENCY DOMAINS

U, Feldman
R. Mittra

Supported by

NASA Lewls Research Center
Contract No. NCC-3~38

Lt rteeti e *

(HASA-CR-176190} CHARACTERIZATION OF NB85-35342
MoCKDSTRIP DISCONTINUITIES IR THE TIME AND
FREQUENCY DOMAINS (Illinois Univ,) 49 E coc dnel
¢ Aa03/MF AC1 CcsC nclas
HC 203/ 33/33 27449

ELECTROMAGNETIC COMMUNICATION LABORATORY
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
UNIVERSLITY OF ILLINOTS AT URBANA~CHAMPAIGN
URBANA, ILLINOIS 61801

g



UILU-ENG~85~2565

Electromagnetic Comminication Laboratory Report No. 85-6
CHARACTERIZATION OF MICROSTRIP DISCONTINUITIES

IN THE TIME AND FREQUENCY DOMAINS

by
U. Feldman and R. Mittra

Technical Reporc

September 1985

Electromagnetic Communication Laboratory
Department of Electrical and Computer Engineering
University of Illinois at Urbana-Champaign
Urbana, Illinecis 61801

This report was supported by NASA Lewis Research Center under contract
NCC-3-38.



iid

ABSTRACT

Iq this experimental study, a number of impedance transitions
and interconnections to a microstrip were designed and
inpvestigated. The double-step discontinuity on a microstrip was
studied in detail, and a procedure was developed to design these
structures. Their response was determined by making measurements
in both the frequency and time domains in a consistent and
repeatable manner. The time-domain presentation of the data was
the most useful feature of the measuring system. All undesirable
signal companents were filtered out through the use af gating
functions. In +this study, theoretically computed results were

verified experimentally.
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1. INTRODUCTION

The operation of communication gystems at microwave
frequencies has created the need for adequate wavegquiding
circuitry. Hence, the shielded microstrip line is often used to
transfer micrawave signals between components and other
wavegquiding structures. Microwave circuits are often placed
within a cglosed cavity or inside a waveguide; Figure 1 shows &
shielded microstrip cross-section. This configuration offers
certain advantages: reduced size, weight, and cost combined with
improved electrical performance; manufacturing uniformity and
reliability [1]. Analysis of the discontinuities encountered when
using planar quides is quite difficult, because there are no
closed—form solutions Ffor the Ffields which can exist in these
structures. Ttus, the purpose of this project is to characterize
several stepwise discontinuities in the width of microstrip lines
from an experimental point of view.

In particular, the double-sided step was chosen for this
study far its simplicity to construct and for ease of
measurement. Such discontinuities are readily encountered in
filters, impedance transformers, and interfaces with active
devices.

Primary consideratians have been the consistency and
repeatability of the experiments. The linear dimensions of the
test fixture are within a tolerance of Q.002". The best materials

and comporents available were used in order to satisfy specific
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Figure 1. Microstrip cross-section.



electrical and mechanical requirements, namely, low loss,
uniformity, and ease of fabrication. érum the measured data of a
carefully constructed line, it 1s possible to determine the
capacitance at the discontinuity. The optimum parameters
determined by +this procedure could then be used to maximize the
effects of the step discontinuity over the frequency range, +from
43 MHz up to 18 GH=z.

The test setup utilized throughout this project included
sophisticated computer-controlled instrumentation. Preliminary
designs and evaluation of performance tests were made on an
HP8408 Automated Network Analizer (ANA) system. During the final
stage of the program, more accurate measurements were made on an
HPB510 ANA system. These systems provided reliable operation up
to 18 GHz. One of the most significant aspects of this
experimental program has been the study of the microstrip
discontinuities in +the time domain. From the reflection data
obtained, the corresponding time-domain responses could be
interpreted using conventional time domain reflectometer
techni ques.

The repeatability of the experiments was fundamental faor the
success of the study. For this reason, extreme care was LHaken in

conceiving the design, assembly and measurement procedures.



2. PRELIMINARY CONSIDERATIONS

There are some fundamental problems associated with
microstrips which have to be addressed before any designs are
completed. These effects, which generally increase in severity
as the operating frequency is raised [2], include dielectriec and

conductor losses, dispersion, and non-TEM mode propagation.

2.1 Dispersion

The analysis presented in this report has veen based on a
quasi—-TEM mode of proaopagation. This is a wvalid quasi-static
approximation of a dynamic structure at frequencies where the
guide dimensions are small relative to the gquide wavelength.
However, at frequencies where the dimensions of the structure are
comparable to the guide wavelength, the effective dielectric
constant and characteristic impedance of a microstrip begin to
decrease with fregquency, thus, making the microstrip dispersive.
This digpersive characteristic is due to propagation of non-«TEM
modes (3].

The propagation velocity and characteristic impedance for the
50 @ micrnsérip line designheo, as described in Chapter 3, were
calculated by Farr using a gpectral BGalerkin technique [41. From
the wvalues given in Table 1, it can be inferred that within the
operating range, up to 12 GHz, the fluctuations in propagation
velocity and characteristic impedance were well under 5%. For
this reascn, for frequencies under 12 GHz, the microstrip lines
used throughout the experiment can be considered to be

non—dispersive.



Tablae 1

Propagation characteristics for 50 @ microstrip

£ _(GHz) fi {rad/m) Ve (10Pm/zec)
g 229.9 2.19
10 288. 4 2.18
12 335.1 2.24
15 43641 2.14

2.2 Freguency of operation

The range of frequency over which measurements were taken was
determined by two factors. The upper limit was set by the effects
of the losses and by the increasingly dominant effect of non-TEM
mode propagation, Moreover, the equipment provided reliable
operation up to 18 GHz. Hence, it was decided to operate below
12 BHz since single-mode propagation was possible. For
frequencies under 12 GHz, losses remained at 0.05 dB per
centimeter, only the dominant TEM mode propagated, and the parts
could be machined to the specified tolerance. Even though it was
decided to operate up to 12 GHz, the measurements. were extended
up to 18 GHz to evaluate the effects of the non—-TEM modes.

In the design of the experimental setup, the effects of the
discontinuities had to be maximized relative to the other
existing anomalies, such as connectors and adapters. For
practical purposes, the connectors and adapters are not ideal and
will cause perturbations in the fields, though these effects can
be minimized or isolated by techniques that are explained in

Chapter 4.



2.3 Non—-TEM _mode of oropagation

In most microstrip applications,; only the dominant quasi-TEM
mode of operation is desirable; for this reason, guide dimensions
have to be maintained well under the guide wavelength. The
maximum frequency of operation in a microstrip line is limited by
the excitation of propagating non-TEM waves in the +form of
surface waves and transverse resonancesz within the guide; in this
tase, the guide dimensions become comparable to the quide
wavelength. Thig aeffect becomes predominant, for a +Fixed
characteristic impedance, when either the substrate thickness oar
dielectric constant is increased £5]1. For the configuration under
study, the cutoff frequencies for non-TEM modes were computed by
Farr using a spectral Galerkin technique [63. Within the usable
operating bandwidth up to 12 GHz, no higher-order modes will
propagate. At frequencies above 12 GHz, non-TEM modes start to
propagate. The effects of these modes are currently being

evaluated.

2.4 Losses
Two major dissipative effects occur in microstrip guides,
namely, conductor loss and substrate or dielectric loss. As shawn

by Pucel £7], conductor loss may be approximated by
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Referring back to Figure 1, W/h is the line width to substrate
ratio, Wg is the effective width, t is the strip thickness and Re
iz the surface resistance of copper. From these expressions it
can be seen that, four a fixed characteristic impedance, conductor
loss decreases inversely with substrate thickness, and increases
with the square root of the frequency. This is to be expected,
due te the skin effect.

Far a 20 # line, the conductor loss at 12 GH: was calculated

to be 0.0145 dB/cm.



The dielectric loss for a material carn be calculated using

the exprassion derived by Weleh and Pratt [B1:

€n Empwr—1 tand

Gp o 27.3. + dBsem (4)

€pnpr En-1 g

where C is the free-space wave propagation veloecity and tand is
the 1loss tangent Ffor the material. It can be seen from this
enpression that dielectric loss is directly proportional to the
relative dielectric constant. For a constant characteristic
impedance line, an increase in €m results in stronger fields,
which, in turn, produces increased chmic loss.

For the 50 R line, dielectric loss at 12 GHz, computed using
equation (4), was 0.0118 dB/cm.

Considering conductor and dielectric losses alone, the
overall losses total 1less than 0.03 dB/cm of attenuation at 12
GHz. This is a small number relative to the absolute magnitude
of the parameters being measured, i.e., 10 dB and higher and,
thus, can be neglected for frequencies below 12 GH=z.
| The chcoice of an adequate substrate material required an
evaluation of the losses. For a fixed characteristic impedance
and fixed thickness, a high relative dielectric constant results
in a narrow-line width and a short guide wavelength, with
inherently high 1loss. 0On the other hand, a low dielectric
constant results in a wide line and a long guide wavelength, with
significantly lower dielectric loss. Conductor loss remains

constant.



Another parameter having a significant effect on the loss is
the thickness of the substrate. In a wmicrostrip, the fiold
distribution is confined to the dielectric substrate; thae thinner
the substrate, the more dense and strong the field lines become,
and the higher the losses. For a fixed €m, a thin board results
in a bhighly lossy, narrow line, whereas a thicker board results
in a low loss, but wide line.

With all these considerations in mind, 1/2 ounce, copper
clad, RT/Duroid SB880 was selected as a substrate material. The
lew =m o0f 2.2 and thicknes of 0.031" represented a good
compromni s between loszc and size. Some added advantages in using
Duroid 5890 include a small loss tangent, 0.0009 at 10 GHz and

ease in machiping [9].
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3. DESIGN CONSIDERATIONS

In this section, a description of the design procedure for
microstrip 1lines is given. The microstrip-line dimensions were
determined using closed-form expressions derived by Hammerstad

C101:

For W/h § 2,

Beaxp (A)
W/ = {5
axp (2A) -2
For W/h 2z 2,
2 €—1 Q.61
W/t = --[5—1—1n<25-1) + -{}n(Bﬂ1)+0.39 - —— ] th)
r 2€ py &
wheoro
2 +1 - -
ﬁ"‘-: ~ o+ €m 1_¢°'23+0 11)
&0 2 Epet1 €
I77
2LavEpy

A SO0 ft linpe on 0.031" thick Duroid and with a relative dielectric
constant of 2.2 resulted in a étrip width of 0.093%, Table 2
shows the dimensions of microstrip lines with characteristic

impedances of 100, 75, S0, 40 and 30 2 hased upon equations (5)

and 16).
Table 2
Microstrip design parametaers with h = Q.031"
30 &.23 . 193 1.951
40 4.25 . 132 1.907
a0 3.08 « 093 1.870
75 1,59 . 049 1.805

igo 0.89 . 028 1.758
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To complete the design, the length of the microstrips had to
be determined. The dimensions of the ecircuit boards had to be
small to minimize loss through the quide, while, at the same
time, it bhad to be long enough to ensure that any perturbations
in the quide fields were confined +to the vicinity of the
discontinuity under study. In addition, field perturbations,
caused by the connectors and coaxial to microstrip transitions,
had +to be minimized. The attenuation constant faor the lowest
nan-TEM mode was computed by Farr using a spectral Galerkin
technique, and it proved to be greater than 50 dB/cm at 10 GHz
L11]. For a 2 cm long section, this attenuation constant provided
sufficient resolution between the individual step
digcontinuities. Figure 2 shows the microstrip lines used in the
experiment. Sections with characteristic impedances of 1¢0, 75,
40 and 30 f were inserted in series with the S0 ¢ line; referring
to Figure 2, note that lines C through F have 2 cm lang center
sections, whereas line B has a 1.25 cm center section. This line
was used to show how isolation between discontinuities depended
on their separation. The measuring system was based on a S0 @
reference. Similarly, to isolate the discontinuity effects
created by the connectors, line segments leading to the
discontinuity were made 2.81 cm long. Thus, the overall length of
the microstrips was 7.460 cem. For improved accuracy, the
microstrips were etched uwusing photolithography and were gold

plated.
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Figure 2. Microstrip patterns printed on Duroid: A) S0 2 line,
B) 30 Q@ short section, C) 30 Q section, D) 40 @
section, E) 75 @ section, F) 100 Q section.
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The test finture, shown in Figure 3, was designed to within
the specified tolerance of 0.002", A flanged seal was included
for shielding and for simplicity in aligning the boards during
assembly. The microstrip boards were firmly pressed against the
ground plane to insure good electrical connection and uniform
thickness. The connectars utilized belong (o the Wiltron
K-Connector series. The sparkplug female K102-F:SP42 connector
proved to be ideal for this application due to its outstanding
electrical and mechanical performances [12]1,[13]1. As suggested by
Oldfield [141, the center pins were custom made to provide for an
uptfmum transition from the coaxial line to the microstrip. The
custom—made center pins, supplied by Wiltron, had a diameter of
0.040" and were gold plated. It has been found that the diameter
of the pin had to be equal, or no less than one-third the
microstrip line width [151. A good transition was obtained by
soldering the 0.040" diameter pin onto the 0.093" wide microstrip
line. In addition, a short section of the air 1line and a gap
between the microstrip board and the wall of the fixture provided
the required matching for the transition from ceaxial cable to
the microstrip. The air line was designed using the krnown result
for coaxial cables [£1&1; the outer diameter of the S0 2 line is

2.3 times the inner one. For a 0.040" pin, the outer diameter is

o

.092"., These simple modifications were recommended by Wiltron
in their assembly instructions [17]. To insure repeatability, the

connectors were adjusted using a torgque wrench.
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Delicate handling, mounting, and soldering of components were
employed during the assembly stages. In order to fully utilize
the potential of +the test Ffixture, the parts were thoroughly
cleaned in sthanol and aligned with a 0.015" thickness gauge. The
pins were then carefully spoldered using a fine tip iron and high
temperature solder. To increase the flexibility of the setup, the
fixture was provided with interchangeable microstrip boards and
connectors. The assembly process was completed as shown in Figure

3,
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Figure 4, Asserifily drawing of test fixture. Note flanged seal to
avoid radiation to the outside. Also note that cover
presses board tightly onto base.
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4, MEASUREMENT PROCEDURE

The test setup utilized throughout this project included
sophisticated computer-controlled instrumentation. Preliminary
designs and evaluation of performance tests were made on an
HPB408 Automated Network Analyzer (ANA) system. During the final
stage of the study, mere accurate and thorough measurements were
made on an HPB8510 ANA system. These systems provided reliable
operation up to 18 GHz. A block diagram of the test setup
utilized is shown in Figure 5.

A series of full band measurements for the various microstrip
lines was carried out. The cystem was calibrated at 401 data
peoints ranging from 45 MHz up to 18.045 BHz. The 18 GH: range
containg all integer multiples of the 45 MHz fundamental
frequency as required for computing the inverse Fast Fourier
Transforms in the time-domain analysis. A precision APC-7mm
calibration kit, consigting of cpen— and short— circuit
terminations and fixed and sliding loads, was used to start up
the system. All adjustments were made using calibrated torque
wrenches.

One of the most significant aspects of this experimental
study has been the evaluation of the microstrip discontinuities
in the +time domain. This measurement simulated the traditicnal
time—damain reflectometer measurement and presented information
useful in determining the types of discontinuities present,
whether they were resistive, inductive or capacitive [183. From

the reflection data obtained, the corresponding time domain
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responses could be interpreted using conventional time-~domain
reflectometer techniques with precision and high-resclving powser
L121.

The frequency—-domain return loss measurement is a composite
response of all the discontinuities present in the line. To
obtain the time-domain response, the inverse Fast Fourier
Transform of the data was mathematically calculated. The intg.nal
high~speed computer in the HP8%10 made this caleculation using
Chirp-2Z FFT computation techniques £201. The resulting
measurement was the fully error—corrected, time-domain reflection
response of the microstrip displayed in near real time [21]. The
time—domain measurement showed the effects of each individual
discontinuity as a function of time, i.e., connectors, and step
change in impedance. This, in turn, could be interpreted as the
position aleng the 1line by multiplying the scale by the
propagation velocity along the guide.

In order to enhance the time—domain measurements, a gating
functiaon, internal to the HPB510, was utilized. This feature gave
added flexibility in selectively removing individual responses in
the time domain. The effects of the connectar—-to-microstrip
trangsitions were removed, while preserving the response of the
line, The gate utilized, shaown in Fiqgure 64, is a time filter with
a bandpass filter shape. In converting the data back to the
frequency domain, the effects of the responses outside the gate
were removed. The data enhancemené was achieved, however, at the
expense of an increased step rise time. The rise time, in turn,

was dependent upon the bandwidth of the measurement and was
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calculated using an approximate formula given by Hewlett-Packard

t22:l
For a normal window shape and for a frequency range from 495
MHz up to 18 GHz:

0.99

R {7)
FREQ. SPAN

STEP RISE TIME =

= 55 psac

The corresponding space resolution for this rise time was
ve ¥ STEP RISE TIME= (SS5psec) » (2.19x19%) = 1.2 cm.

Some of the side effects of this technique were increased
sidel ohes, overshoot, and ringing i the time-domain step
stimulus. It is ipportant to point out that the frequency-domain
measurement was bandlimited to 18 GHz, and, thus, caused the
slight diztortion in the time-domain response. Also, the presesnce
of the non-TEM modes above 12 GHz produced added distortion of
the time and frequency responses; thus, spacial care was taken in
evaluating these responses. The passband ripple and sidelobe
levels are descriptive of the gate shape; for the normal shape
gate the specified values were *0.04 dB of passband ripple and a
csidelobe level of -45 dB. For best results and minimum distortion
with the gating, it was necessary to center the gate around the
desired response and to make the gatz span wide enough to include

all of those responses.



5. DATA ANALYSIS

Tha microgtrip lines designed ware evaluated wusing thae
experimental methods cutlined 4in Chapter 4, The 50 @ line was
examined first, and some of the assumptions made during the
design process were validated.

The total loss through the line was evaluated using a
substitution measurement C237; Figure 7 shows a pleot of the
return leoss for the 5¢ f aicrostrip terminated in a short
circuit. Alternatively, the plot could be interpreted as the loss
incurred in a round-trip through the line; the loss incurred in
traversing the line once could then be read off the plot and
divided by two. Up to 12 GHz, the lasses remained under 0.4 dB,
The wvalue calculated in section 2.4 was 0.23 dB; it inpcluded the
effects of dielectric and conductor losses but excluded the
effects of mismatch losses.

Throughout the rest of the report, the reflection measurement
data are presented in both the time and frequency domains. These
responses can e related through the Fourier Transform.

The magnitude of the return loss for a full band measurement
from 45 MHz to 18,045 GBHz for the 50 2 line is displayed in
Figure Ba. The pattern shown in this plot corresponds to the
characteristic beating of two identica. discantinuit.es connected
to the ends of a transmission lipne, 1i.e., the connector—-to-

microstrip transitions.
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The separation betwren the nulls was computed using a result
{for +transmission lines L[241. For a line of lenght L and with a
propagation velocity of Vm, the nulls in the return loss occur at
frequencies where the electrical length aof the line is a multiple

of a quarter-wavelength, namely,

Ve
faN— (@)
2L

For a 7.62 ¢m line, and a Ve = 2.2 # 10° n/s, the nulls ocrcurred
at 1.44 BHz intervals. This value coincides with the observed
pattern.

The return loss pattern displaysd in Figure Ba was better
than -20 dB up to 12 GHz. For fraquencies above that, non-TEM
modaee start to propagate, and appear as sharp peaks at the upper
end of the return loss range. These modes were excited at
frequencies for which the quide dimensions bhecame comparable Lo
the quide wavelengths.

The details in the trace for the corresponding time-domain
response, shown in Figure 8b, deserve further explanation. This
time-domain response could be more easily interpreted by
proceeding from left to right, i.e., corresponding to position
along the line. The system®s +flat S0 4 reference was present
until the K—connector was reached; as specified by Wiltron, very
small reflections were observed [25]. The shart section wr S0 @
airline that followed produced some added ripple. This ripple
increased once the compensation gap was reached, and which, in

turn, made the free—floating connector center pin look inductives;

Eaalil ol

o

R R

SR
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this is shown by the rise in the trace. Once the microstrip was
reached, a 20 mUnit drop in the trace occurr-ed:t, and was due to
the capacitive nature of this type of transition. This
capacitance was largely determined by two factors: a step in the
groundplane from the circular coaxial geometry to the rectangular
microstrip qeometry, and the step associated with the change in
cross—section of the center conductor [24]1. After traversing the
microstrip, similar effects occurred at the other end, but in the
reverse order.

PDuring the design procedure, it was observed that the closed—
form expressions (5) and (6), used in calculating the microstrip
widths, resulted in slightly lower characteristic impedance than
desired. For this reason, the reflection coefficient for the 50 @
microstrip was 0.02, instead of 03 this value is still equivalent
to a =35 dB return loss, which, by all practical standards, is
very good for a planar waveguide.

In an attempt to iseolate the response of the microstrip line,
shown in Figure 9z, the g¢ating Feature on the system was
utilized. The electrical length of the guide was caleculated so
that the gate could be placed directly at the ends of the
microstrip, between the two connectors; their location is shown
in Figure 9b. 1t should be rnoted that the response outside the
gate stays constant at the level corresponding to a 50 @ line.

Referring back to the filtered return loss for the S0 @
microstrip 1line, shown in Figure Qa; the oeating pattern was

preserved, but with an improvement of 8 dB in the return loss.

AT e = R i —
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The transitions studied were classified by the relative
magnitude of the impedance step. The step-down cases, as with the
30 and 4¢ @ sections, were capacitive in nature and were modelled
by a shunt capacitance, with an equivalent circuit shown in
Figure 10a. This equivalent circuit includes all discontinuities
in the 1line. Conversely, the step—up cases, as with the 75 and
100 Q@ sections, were inductive in nature; this abrupt decrease in
width was modelled by a series inductance E27]1. The T-section
equivalent circuit is shown in Figure 10b.

To complete the study, the different impedance steps in the
microstrip lines were analyzed. The presence of the 34, 40, 75,
and 100 & section discontinuities in the 1ine produced vary
noticeable results, which are presented in Figures 11 through 19.

From +the observed time-domain responses, the lower-—impedance
sections, 30 and 40 £, produced a downward deflection of the
trace, whereas the higher impedance sections, 75 and 100 @,
produced an upward deflection of the pulse. The sharp edges were
effectively smoothed out by the junction capacitance and, thus,
no abrupt level changes were observed.

The responses followed the same trends as those far the S50 &
line but with a few peculiarities. Considering the responses in
the frequency domain first, the beating pattern was gtill
present, with the separation of nulls of 5.44 GHz, corresponding
to the 2 cm discontinuity sections of the line. The non-TEM mode
peaks were still present at frequencies above 12 §Hz; these were
dependent only upon the cavity dimensions and not upon the type

of discontinuity on the line.
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Consider the time dumain data nextjy the peak magnitudes of
the responses corresponded exactly to the values predicted by the

transmigssion line theory shown in Table 3.

Tabla 3

Calculatred and measured reaflection coefficiants,

Zo () TEM-model Measured opn_ TDR
30 -0, 25 -0, 256
S50 0.99 =0, 020
75 0.20 0.185
100 0.33 0.310

From these measurements, it can be concluded that the magnitude
of the discontinuity produced by the impedance steps was
significantly larger than that for the other discontinuities in
the 1line, including connectors. Thus, the effeckts of this
discantinuity were predominant in determining the overall
reflection characteristics of the microstrip lines.

Using time-domain gating, the responses of the individual
discontinuities in the lines were obtained. As expected, the
beating pattern is more clearly seen in the return loss; the
separation of nulls remained at 5.44 GHz, but with a more
periodic and predictable pattern.

To complete this study, the wvalues obtained Ffrom the
measurements were compared to the values computed by Farr using a
mode-matching technique E281 and to the values obtained wusing a

transmission—-line model. These results are summarized in Table 4.



Table 4

Bl S T il T ARt L ST TE R R TR S DMl SR N A

Return losses, theoretical and experimental.

¥

N 300 408 750 10080
GHz
108 L-126 | -176 L-123 | -13.3 L 56 -51 L 53
990 || -132 £-128 | -192 L-123 | -146 L 57 -96 L 54
.2 -18.3 ‘137 -94
-6.8 L-160 | -13) L-187 | -9.5 £ 23 53 L 2|
2025 || -89 L-159 | -1a7 L-157 | -101 L 24 57 L 22
-6.9 “13.3 -85 - 5.4
-86 L 140 | 1149 L 138 | -i07 L-37 -6 L-32
4005 || -l08 L 139 | -85 L 138 | -11.4 L-37 66 L-33
-8.9 -15.3 -1 66
-6.4L-179 | -125 L-176 | -89 L 10 -49 L 11
8010 || -83 L-179 | -140 L-176 | -95L 10 53 L 12
-6.4 -12.6 ~9.4 -5.2
-89 L-14] | -159 L~133 | -143 L 57 | -107 L 59
12015 || -168 £-139 | ~174 1~133 | -148 1 57 -1 L 60
-8.8 -16.4 -147 -10.3

-*| Mode Matching

-+ Trans. Line
-+ Megsured

Magnitude dB L (degrees)




a1

Far all cases, there was excellent agreement between the
experimental results and the mode-matching results, better than
5% correspondence. The results obtained from the transmission-—
line model differed from the others because the model does not
aceount Ffor the Jjunction capacitance. For this reason, it is
helieved that these experiments were very accurate at the

operating range up to 12 GHz.
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&. CONCLUSION

This report has discussed the application of modern design,
manufacturing and measuring techniques for the characterization
of discontinuities on a microstrip. Results have been presented
to show how the type of discontinuity inserted on the line
affected the overall response. The return loss patterns ocbserved
were periodic in nature, with a separation of nulls proportional
to the length of the discontinuity section.

The microstrip reflection characteristics were studied
axtensively. Special attention was paid to dispersion, loss and
non—-TEM mode propagation, effects, which were predominant, when
the guide dimensicns became comparable to the guide wavelengths.
Their effects are currently being evaluated, in an effort +to
extend the range of the experiments up to 18 GHz or above. In
selecting the optimal guide configuration, several compromises
had to be made in order to obtain the desired response, namely, a
convenient frequency range of operation and an adequate substrate
material.

Once the substrate material was selected, the design
considerations were established. For the purposes of this study,
the microstrip had to be placed inside a waveguide. The
perfarmance in this type of environment was duplicated by
utilizing a closed test fixture with a rectangular cross—section
to contain the microstrip. To avoid radiating modes, a flanged
seal was included in the design; this configuration provided

adequate RF shielding to the outside. To preserve a proper ground
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plane interface, the cover overlapped the microstrip board at the
edges, pressing it down tightly onto the base. Some time was
spent in finding a launcher which provided a good match between
the coaxial cable and the microstrip line. It was found that the
diameter of the connector center pin should be no less than one
third the microstrip line width. The K-connectors proved to be
ideal for the configuration under study. To insure uniformity in
the assembly of the test fixture, special tools were employed,
namely, torque wrenches, thickness gauges and high-temperature
soldering iron. For improved electrical performance, the
microgtrip lines were gold plated and cut precisely for mounting
onto the test fixture.

All of the. design, assembly and measurement technigues
discussed in this report were succesfully applied +to this
evperimental study, resulting in a controlled and reproducible
response. The results obtained from these measurements proved to
be in good agreement with those computed using a mode-matching
technique.

As a continuation of this study, some further experiments,
bagsed on the methadology presented in this thesis, include
cascaded step discontinuities, gaps in lines, tapered lines, and
transitions from one substrate to another. The effects of non—-TEM
modes of propagation on microstrip performance also deserve

further investigation.
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