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MMIC DEVICES FOR ACTIVE PNASEJ ARRAYS

1. INTRODUCTION

During the past six months, considerable progress has been

made in the calculation and measurement of the scattering

parameters of printed circuit discontinuities.

These discontinuities occur in a variety of structures, such

as transitions between rectangular waveguide and printed

circuits, junctions between circuits of different dielectric

constants, and filters and impedance matching circuits. Because

of the variety of devices in which these discontinuities occur,

it is very useful to understand them in as great a detail as

possible.

As stated above, in this investigation we are considering

both theoretical and experimental studies of discontinuities. The

theoretical studies have focused on finding ways to predict the

scattering from discontinuities. The experimental studies have

concentrated on developing measurement techniques for determining

the scattering parameters of these discontinuities. It is

necessary to attack this problem from both points of view, since

experimental verification will be needed for the theoretical

results.
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In this report we will present both experimental and

theoretical results for a symmetrical double discontinuity in

strip width. It will be seen that there is good agreement

between the theory and experiment.

Since the theory has been described in a previous NASA report

113, we concentrate here on presenting the details of the

experimental design, and demon-trating the agreement between the

numerical and experimental results.

Let us proceed now to the experimental design.

2. DESIGN CONSIDERATIONS

In this section, a description of the design procedure for

microstrip lines is given. A diagram of uniform microstrip is

shown in Figure 1. The microstrip-line dimensions were

determined using closed -form expressions derived by Hammerstad

121:

For W/h 1 2,

W/h
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Figure 1. Microstrip cross-section.
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A 50 0 line on 0.031" thick Duroid and with a relative

dielectric constant of 2.2 resulted in a strip width of 0.093".

Table 1 shows the dimensions of microstrip lines with

characteristic impedances of 100, 75, 50, 40 and 30 Q based upon

equations (1) and (2).

To complete the design, the length of the microstrips had to

be determined. The dimensions of the circuit boards had to be

small to minimize loss through the guide, while, at the same

time, it had to be long enough to ensure that any perturbations

in the guide fields were confined to the vicinity of the

discontinuity under study. In addition, field perturbations,

causes' by the connectors and coaxial to microstrip transitions,

had to be minimized. The attenuation constant for the lowest

non-TEM mode was computed by Farr using a spectral Galerkin

technique, and it proved to be greater than 50 dB/cm at 10 GHz

13]. For a 2 cm long section, this attenuation constant provided

sufficient resolution between the individual step

discontinuities. Figure 2 shows the microstrip lines used in the

experiment. Sections with characteristic impedances of 100, 75,

40 and 30 9 were inserted in series with the 50 0 line; referring

to Figure 2, note that linss C through F have 2 cm long 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 50 Q

reference. Similarly, to isolate the discontinuity	 effects

created	 by	 the connectors, line segments leading to the

1
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Table 1

Microstrip dssi9n parae tars with h - 0.031"

LM W/h W	 (inches) C	 O.F.

30 6.23 .193 1.931
40 4.23 .132 1.907
50 3.08 .093 1.870
73 1.59 .049 1.803

100 0.89 .028 1.758
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Figure 2. Microstrip patterns printed on Duroid: A) 50 Q line,
B) 30 S2 short section, C) 30 Q section, D) 40 0
section, E) 75 S2 section., F) 100 0 section.
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discontinuity were made 2.81 cm long. Thus, the overall length of

the microstrips was 7.60 cm. For improved accuracy, the

microstrips were etched using photolithography and were gold

plated.

The test fixture, shown in Figures 3 and 4. 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 connectors utilized belong to 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 C41, [5]. As suggested by

Oldfield 161, the center pins were custom made to provide for an

optimum 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 * hat the diameter

of the pin had to be equal, or no less than one -third the

microstrip line width [7]. 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 line and a gap

between the microstrip board and the wall of the fixture provided

the required matching for the transition from coaxial cable to

the microstrip. The air line was designed using the known result

for coaxial cables 18 1; the outer diameter of the 50 S2 line is

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

0.092". These simple modifications were recommended by Wiltron

.ti
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2-56 HOLES

(6 PLACES)
GOLD PLATED MICROSTRIP
ON DUROID
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250
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.030 I	 .030
.030 	 .030
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.250-	 3.009
±.002	 ±.002
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(6 PLACES)

DETAIL OF
K-CONNECTOR , DIA..092

BORE .223 ±.003
TAP .25 - 36 x .14 DEEP
COUNTER,INK 82°x .260 DIA.

M IN.

140

–BASE

—.250
±.002

DIA..040

SOLDER
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.053

.055
AIR G^.P .015
.110

Figure 3. Machine drawing of test fixture. Note 0.015"
compensation gap; this provides matching between
connector and microstrip. All dimensions are in inches.
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Figure 4. Assembly drawing of test fixture. Note flanged seal to
avoid radiation to the outside. Also note that cover
presses board tightly onto base.



4^
in their assembly instructions l93. To insure repeatability, the

connectors were adjusted using a torque wrench.

3. MEASUREMENT PROCEDURE, RESULTS, AND COMPARISON WITH -HEORY

j A series of full band measurement%; for the various microstrip

lines was carried out using an HP8510 network analyzer. The

system was calibrated at 401 data points ranging from 45 MHz up

to 18.045 6H;e. The 18 CHz range contains all integer multiples

i
1	 of the 45 MHz fundamental frequency as required for computing the

'	 inverse Fast Fourier Transforms in the time-domain analysis.

A diagram of the experimental setup used to measure return

loss is shown ii. Figure 5. This setup includes the HP8510

Automatic Network Analyzer, test jig, microstrip board, and 50 Q

load. This setup was used in a number of experiments with

different boards, shown previously in Figure 2.I

I
We now present selected results from these experiments. In

Figure 6, the return loss is plotted as a function of frequency

for a uniform 50 f2 line.  Note that for most 	 of the frequency

range, the insertion loss is greater than 1-5 dB. This figure is

indicative  of the quality of the transition between the coax a:id

microstrip lines. Also shown in Figure 6 is the reflection

coefficient in the time domain. From this we again verif y the

quality of the transition, by noting that the reflection

coefficient is less than .025 over most of the bandwidth.
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Fi quro b. Gated reflection response of 50 si '.ins:  a) Return
loss, b) Reflection coefficient.
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is for a microstrip line with a 30 A

step in the middle, whose mask was shown previously in Figure 2c.

The results, shown in Figure 7, again show the reflection

coefficient in the frequency and time domains.

From plots such as these, we may compare the measured

insertion loss at specific frequencies to those obtained with

theory. These comparisons are shown in Table 2. The theories

used for comparison are the mode matching procedure that is being

worked on by Farr 131, and a simplified transmission line

approach. The results from the two theories are in good

agreement with each other, and with the measured values. We may

therefore conclude that the results obtained by experiments are

accurate to within a few percent of the predicted values.

4. CONCLUSIONS AND FUTURE WORK

With the results demonstrated in this r=port, we have

demonstrated a method of measuring microstrip discontinuities to

1
a high degree of accuracy. Furthermore, we have shown that these

1
experimental results agree well with results generated from the

theoretical methods that have been presented p-eviously. With

this correlation established, we may now study a variety of

structures from both an analytical aid theoretical point of view.

These structures will include multiple cascaded sections, taper,

and structures which include stepwise changes of the dielectric

substrate as are encountered when interfacing with MMIC chips. 	 `r

In ad( tion, work is being planned to study and characterize many 	 7

r!
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Figure 7. Reflection response of 30 q line: a) Return loss,
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FRED. 30a 4052 7552 0052
GHz

-10.8 L-126 -176 L-123 -13.9 L 5; -9.1 L 53

.990 -13.2 L-125 -19.2 L-123 -14.6 L 57 -9.6 L 54

-11.2 -18.3 -13.7 -9.4

-6.8 L-160 -13.1 L-157 -9.5 L 23 -5.3 L 21

2.025 -8.9 -1 -159 •14.7 L -157 -10.1	 L 24 -5.7 L 22

-6.9 -13.3 -9.5 -5.4

-8.6 L 140 -14.9 L 138 -10.7 L -37 -6.1 L-32

4.005 -10.8 L	 139 -16.5 L 138 -11.4	 L -37 -6.6 L-33

-e.9 -15.3 -11.1 -6.6

-6.4 L -179 -12.5 L-176 -8.9 L 10 -4.9 L	 1 1

8.010 -8.3 L-179 -140 L-176 -9.5 L 10 -5.3 L 12
-6.4 -12.6 -9.4 -5.2

-89 L -141 -15.9 L-133 -14.3 L 57 -10.7 L 59

12.015 -10.8 L-139 -17.4 L-133 -148 L 57 -111 L 60

-88 -16.4 -147 -10.3

1

FIN

Table 2

Return losses, theoretical and experimental.

Mode Matching	
Magnitude d8L(de;r°es)

Trans. Line

Measured
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types of discontinuit:	 and impedance transformations in finline

as ►.ell as microstrip.
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