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PREFACE

Much of the material presented in this report has been
extracted from a thesis for the degree of Electrical Engineer
by E. J. Curmins, Jr.* 1In addition, material has been used
from field laboratory notebooks and working papers prepared
during and after measurements of signals and noise at a
number of CDAA (Circularly Disposed Antenna Array) sites in
the U.S., Europe, and the Pacific. During these visits
parasitic oscillations and intermodulation products from
multicouplers were found to be a major source of undesired
and harmful RFI which severely limited the usefulness of the
CDAAs for special measurements. The parasitic oscillation
and intermodulation product data obtained during these field
measurements have been assembled for presentation in this

report.

*E. J. Cummins, Jr., "High Frequency Radio Interference,"
Thesis, U.S. Naval Postgraduate School, Monterey, California,
March 1979.
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1. INTRODUCTION

Large—-scale receiving sites generally have a
multiplicity of antennas which drive a 1large numdber of
receivers. Fach antenna must be abdble to drive several
receivers, and multicouplers are employed as the interface
tetween each anteana and 1its receivers. In addition
multicouplers are often employed ¢to combine signals from
various antenna elements to form monitor beams, sector
beams, omnidirectional patteras, and other special

arrangements.

An HP multicoupler normally coasists of a preamplifier
of modest gain followed by 1isolators for 1its various
outputs. A typical multicoupler might have one iaput and
eight outputs with ar overall zain of about 3 4dE. It s
obvious that if one or more multicoupiers generate spurious
signals, 21 ther 1intermodulation products or 9parasitic
oscillations, wundesired and false signals will be irnput to
the receivers. BReceiving equipment and operators must taen
be capadle of discriminating tetween real and false signals.
In addition, these false signals are often large encuga to

mask out the desired signals.

¥ield measurements were recently ccmpleted at a number

of CDAA sites where parasitic woscillations and




intermodulation (IM) products originating from multicouplers
were an important and unwanted source of interfering signals
and noise. ZExamples of in-band and out-of-band parasitic
oscillations and IM products are provided to illustrate the
problems encountered during the field measurements. In
addition, lavoratory measurements of intermodulation product
generation in multicouplers were made to supplement the

field measurements.

Techniceal specifizations for multicouplers were
reviewed to better understand equirment design features and
to provide recommendations for possible future units which
would be more immune to parasitic oscillations and
intermodulation product generation. Since large aumbers of
multicouplers are employed in communications sites (390@ to

19280 per site), the cost per unit must also be coansidered.




2. PARASITIC OSCILLATIONS

During measurements at CDAA sites 9parasitic
oscillations were encountered in two types of multicouplers:
the CU-1999/FRR Antenna Coupler and the CU-1289 Beamforming
Coupler. Several examples of these parasitic oscillaticns
are given to illustrate the types of ©Dbroadband signal
structures found. Parasitic oscillations in the <CU-1282
coupler were discovered towards the end of the field
measurement effort; thus the full-extent of the prodlem mav
not be known. ZExamples are also provided to illustrate tae

out=of-band oscillations found.

Parasitic oscillations in the CU-1283 mocel coupler
were fourd while employing a CDAA in the Pacific area for
broadtarcd measurements. Mr. James Tomitazawa, a
NAVSEEACTPAC engineer, was aware of the parasitic
oscillations. and he intended to continue tne investigation
peyond the examples reported ip this paper. Flzure 1 snows
two views of the output 0?2 a CU=-12R%¢. In the upper view
multicoupler output signals are shown over the 2 to 120 M3z
band. HF signals received by the antenna are shown in the 1
to 33 MEz portion of the view. In addition strong parasitic

oscillations are shown spaced at abdout 1.3 MHz increments

across the entire 3 to 124 MHz frequency range. The

stronzest component had an amplitude of -4 d3m at 75.332




MHz. This frequency was outside the normal operating range
of the CU-1283 (and outside the HF band). The frequency
region around the strongest parasitic oscillation was
further examined in the bottom view of Figure 1 to define
the fine scale spectral structure of the 75.339 MH:z
parasitic component. Additional structure was found at a
level of abdout -5 dBm along with the numerous weax

background parasitic sizgnals at abcut -72 d4dEBEm.

A second example of CU-1288 coupler self-oscillation
is shown in the upper view of Figure 2. Again, tne maximum
amplitude of the self-oscillation was in the 75 to 88 Mi:z
region, ©but the spectral stiructure was considerably
different than the previous example. Most parasitic
oscillation energy was confined to the 68 to S4 MHz region
and the 1lower frequencies appeared free from undesired
oscillations. The maximum oscillation level was atout -18
dBm, somewhat lower than shown 1in Figure 1. Additional
tests were made on the two CU-128@ couplers to ascertain
that the undesired signals were generated in the
multicoupler. The oscillations continued when the 1input
cables were removed; all other signals received from the

antenna disappeared.

There was neitner the time nor the opportunity to

study the CU-1258 9parasitic oscillation problem further.



The offending multicouplers were removed and replaced so
other measurements could proceed. Thus. no explanation can
be offered for the mechanism creating the CU-1280

self-oscillations.

Figures. 3 through &S show examples of parasitic
oscillations found in the CU-1299/FRR multicouplers employed
at a number of <communications sites. In ¥igure 3 thae
signature 02 an 1in-bdand oscillation found near 18 MEz is
shown in a 3-axis format. When first observed it was
assumed that the siznal originated from an external scurce,

and considerable effort was expended to locate tne source of

=

(ad

this unusual and complex signal. However, the effor
revealed that the signal originated from a specific
CU-19G69/FER unit. When identified, the offending unit was

removed and marxed for repair.

The distinctive signature of the C(CU-1499/FFER
self-oscillations on the J3-axis display enabdled <field
measurement personnel to rapidly identify and 1locate sucnho
parasitic oscillations. Upon arrival at a new CDAA or other
site, the display was first wused to find parasitic
oscillaticns and to 1identify and replace all improperly

operating CU-1299/FRR multicouplers.




Most CU-1899/FRR oscillations generated spectral
components over about a 208 to 500 XHz wide band. At times
these spectral component ©bands are so numerous and are
clustered so <closely that they present the wide band
spectrum of Flgure 4, where amplitude varied across the 2.5
to 7.5 MHz band. The peak amplitude was about -123 dBm near
2.5 MHz, decreasing to about -2 d3m at 7.5 MHz. Three very
strong normal signals can be seen which exceeded the
oscillation amplitude level. All other HF signals were
covered up by the oscillation. #hen one considers that a
signal of -12¢ d3m 1is normally of? sufficient level for
satisfactory reception, and the widevand oscillation was &¢
to 9@ 4B stronger than thls, the magnitude of the

self-oscillation problem becomes evident.

Figure 5 shows another example of a self-oscillation
from a CU-186S/FRR multicoupler. The distinctive pattern of
the oscillation {in the bottom view was easily recognized.
The oscillation was abdout 5928 kHz wide with maximum
amplitude near 5.4 MHz. Amplitude variations across the 323
kdz wide tand of the view are shown in the upper view of
Figure S. The amplitude rear 6.4 MHz was atout -54 dBm.
Two =55 dBm siznals can also te seen at 6.4 aad 6.45 MHz. &
third signal can be seen near 6.7 MHz at a level of -75 dBm
which was about 19 4B bdelow the parasitic oscillation level.

All three signals should have been received witah excellent

1¢



signal-to-noise ratios, ©but the presence of the parasitic
oscillation prevented their reception witn a modern H?F

receiver.

During a subsequent visit to another site an attempt
was made to further investigate the characteristics of the
CU-12S¢9/7RR oscillations. An oscillating nmulticoupler was
located during the initial tests with the 3-axis display.
and the offending unit was removed for bench testing.
Nermal operation was achieved during initial benca tests.
Aeeted air was applied to the unit to better simulate the
operational environment, and parasitic oscillations began to
form. Figure 6(a) shows the oscillations when heat was
TS applied. A few seconds later the oscillation
increased in level and frequency width to that shewn 1in
Pigure 5(b). Further measurements revealed that two cf tae
three power supPly voltages had excessive ripple, which was
related to the cscillation. Figure 6(c¢) shows tke ripple orn
the =19 volt supply ard Figure 6(d) shows the ripple on tae

-3 volt btias power supply.

11




"1t was concluded that four factors contributed to the
generation of 9parasitic oscillations in the CU-19099/FRR

multicouplers. They were:

a. Variations in transistor parameters and poor

physical layout.

b. Teterioration of transistor parameters due to age.

¢. Heat.

d. Power suppvly ripple.

In summary, parasitic oscillations within the
operating frequency ranze of the multicouplers (usually 1.8
to 3@ MHz) had a disastrous impact on the reception of HY
signals ty receivers fed with a faulty multicoupler. ¥nile
detection of these oscillations can bdbe a normal and
straizhtforvard procedure, site personnel were not equipped
with adequate instrumentation for the rapid identification

and isolation of offending multicouplers.

Qut-of-band parasitic oscillations did not always
cause direct 1interference to received signals. However,
such signals altered the normal operating conditions of the

amplifier’s transistors and 1lowered their dynamic range.

12



This made multicouplers with out-of-tand oscillations much
more susceptidle to intermodulation effects from normal
signals within the HF bvand. Again, the 1identification of
intermodulation effects and their source required equipment

not always available to site personnel.

13
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Figure 1, Parasitic oscillations across 100 MHz spectrum

from CU-1280 multicoupler.
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Figure 2. Parasitic oscillations hetween 60 and 90 MHz
from CU-1280 multicoupler,

1S



dBm

AMPLITUDE,

18.161 18.261 18.361

FREQUENCY, MHz

Figure 3. Parasitic oscillations in a 200 kHz bandwidth
from a CU-1099 multicoupler.
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Figure 4. Parasitic oscillations in a 5 MHz bandwidth from
a CU-1099 multicoupler.
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Figure 5. Signals in presence of parasitic oscillations
from CU-1099 multicoupler.
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Pigure 6. Bench tests on CU-1099 multicoupler.
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3. INTERMODULATION PRODUCTS

Serious intermodulation (IM) product levels have been
identified at the outputs of multicouplers employed at many
BHF receiving sites. Examples of such undesired signals are
provided, along with comments on receiver performance
degradation from these undesired signals. 1In addition some
common misconceptions about IM susceptibility specifications

are discussed.

3.1 MULTICOUPLER-GENERATED INTERMODULATION PRODUCTS

An example of an IM product observed at the output of
a CU-1¢99 antenna coupler, at a site on the east coast of
the U.S., is shown in Figure 7. The very wide DbYand signal
found pear 29.2 MHz contained distinct modulation components
over a 299 k3z wide band which are visible in the 3-axis
view. The IM signal strergth was c¢n the order of -68 to -72
dBm. The dat; in ¥igure 7 were taken durinzg the late
evening hours, at a time when HF signals above 24 MH:z
normally did not propagate. Yet an R399 receiver tuned to
the signal 1identified the modulation as program material
broadcast by the British Broadcasting Corporation (3BC) from
a London transmitter, on a frequency of approximately 5 MHz.
Assuming that an HF BBC broadcast signal is typically 6¢€ to

€ kHz in width, the 26.2 MHz IM signal was spread to at

2¢



least 25 times the original bvandwidth. Tais would imply
that the data in PFPizure 7 represented about a twenty-fifth
order IM product. The 29.2 MHz IM signal was one of several
distinct and separate IM products with the same program
material identified throughout the HF band. Probably these
sigrnals were <caused by nonlinear intermixing of the very
strong 6 M3z BBC transmission with several other strong

signals rather than as a product of only two suca signals.

These intermodulatisn products bezan to apprear in the
multicoupler output during the 2arly evening hours. WwWith
darkness over the Atlantic Ocean, ionospheric avbsorpvtion of
JF signals from Zurope decreased and received signal
strengths 1increased. Very stronz HF signals were observad
from the BBC, Radio-Free Europe, Radio Netherlands, Radio
Prague, Radio Moscow, and other HF brcadcast transmitters.
Most organizations were simulcasting oprogram material on
multiple frequencies. Many were e2rploying antennas beamed
toward the North American audience. Cbricusly transmitter
powar levels were 1aigh. Tnis corzlomerate ccllection ¢f
very strong BY signals simply exceeded the dynamic range of
the <(CU-19¢9 multicoupler operation. The IM products in
Tigure 7 show only one example of hundreds of IM »products

found at the multicoupler ocutput during the evening aours.



To further investigate the IM product generation
phenomena, a relatively quiet portion of the HF spectrum was
found between 3.47¢ and 3.490 Mdz. Multicoupler outputs for
six 1low-band sector beams of the CDAA antenna were examined
(see Figure 8). Sectors 1 and 3 showed a few low level
signals and short duratiomn bursts of atmospheric noise.
Sectors 4 and 5 showed some signal activity. Sector 6 was
very quiet. Sector 2, which pointed toward Turope. showed
continuous IM signal activity across the band being
observed. Sector 2 was saturated with IM products across

most of the HF barnd.

Intermodulation products found 1in the multicoupler
output at a European HF site are shown in Figure 9. The
spectrum analyzer displayed the @ to 16 MHz band and the
view shows ©both ZF signals and intermodulation products.
The taoree strongest signals were in the 1 to 2 MHEz raage,
and they were identified as originatinz from two AM
broadcast stations and a radio teletype transmitter. All
three transmitters were within 12 miles of the receiving
site. All three transmitters produced signal levels which
exceeded -2¢ d3m at the multicoupler output. All other
signals exceeding -59 d4Bm in Figure 9 were examined with an
EF receiver, and they were all identified as IM products of
the three strong signals in the 1 to 2 MHz region. IM
products exceeding -55 d3m were identified up to 18 MHz.

22



Other signals of primary interest were all at lower signal

levels and were often obliterated by the IM products.

Another view of HP signals and IM products at the
suropean site is shown in Figure 13. The 3-axis view covers
the ¢ to 129 MHz band of frequencies and shows the signal
and IM procuct population at the output of a typical
multicoupler. The multicoupler had & low-pass filter with a
nominal cut-off frequency of 35 MHz in its input stages. 1In
normal operation nc siganals shculd appear avcove 35 MHz.
dowever, the lower view of Figure 12 shows signals up to zand
prebably well beyond 12¢ MEz. The entire sigral anc IM
product poprulation appeared to fade up and down in strenzgta
across the frequency range observed as IM product generation
changed. All signals above about 35 MHz were IM 9products
from strong signals inside the multicoupler frequency ranze.
A large portion of the signal population below 35 MEz was
also from I opreoducts. The IM product population was far
too large to consider individual analysis of products. The

3-axis view provided a surmary tvpe of pvprasentation which

'd

was composed of many bundreds and perhaps even thousands of

IM products.
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3.2 SPECIFICATIONS FOR IM PRODUCT SUSCEPTIBILITY

Three standard methods of testing an amplifier for IM
product susceptibility have been used. These are (1) a
single signal test, (2) a two-signal test, and (3) a
broadband white noise test. The single signal test is
generally considered to te 1inadequate, and will not be
discussed. The wideband whkite noise test 1is tae most
comprehensive type of test. It provides an accurate means
of determining how a wideband amplifier will respond to an
actual orperating environment containing a multiplicity of
signals where a large number of strong signals approach the
dynamic range of the amplifier. THowever, a suitable white
noise test requires highly specialized equipment and trained

test personnel.

The most common method for IM product generation by an
amplifier involves injecting two strong discrete frequency
sigznals into the amplifier 1{input a&and measuring discrete

frequency outputs over the total bandwidth of the amplifier.

A major 4ifficulty with the two-signal test is in the
proper interpretation of test results. A two-sizral test
does not duplicate the effect of the multiple frequency IF
environment on an amplifier. When an amplifier’s IM
susceptibility is specified in terms of two discrete

frequency signals at a given 1input voltage 1level, the

24



implication 1is that as 1long 4as no siznal exceeds that
specified voltage no harmful IM products should be
generated. However, multiple signals, widetand signals, or
wideband noise at the specified input voltage or at a lower
voltage will produce more serious IM products than implied

by a simple two-signal test.

To accurately interpret the results of a two-siznel IM
test, the amplifier being tested must be viewed as an iaput
power limited device. & certain level of input power (or a
certain wideband rms voltige at the input) can be acceptad
by the amplifier without Ybecoming nonlinear. Wwhen input

power exceeds this lavel, IM products are produced.

The maximum input power level that an amplifier can

(g4}

ned from e

e

accept without IM distortion <can te deternm
twe—signal test by calculatianz or measuring the total input
power of the two imput signals. This power level must 210t
he exceeded by the total sum of the iaput 9Dpower of all
actual signals for wunits 1installed in field operations.
Thus, a satisfactory two-signal IM test specification nrust

account for the actual total ©power level ¢f the signal

environament supplied to the amplifier by an antenna.

Given a test specification that two signals of rms

voltage V will not produce amplifier IM products exceediag X




dB below the output signal levels, the maximum input power

level, PIN(max) , can be calculated by:
= 2
PrN(max) = 2(Vv?* Re {Y} )
where PIN(max) is in watts, V¥ is ia volts, and Y,

the amplifier input admittance, in mhos. A more common form

of this equation gives the input power level in d43Bm:

v 2
PIN(max) dBm = 10 log(V* Re{Y}) + 33
In actual practice the total rms iaput
voltage, VIN(T) 2 can be measured during either a

two-tone test or during actual operation by connecting an
appropriate RP rms voltmeter across the amplifier input
terminals. #hen the maximum acceptadle value of

VIN(T) is determined for a two- signal test,

then any actunal measure from an

VN (T)
antenna which exceeds the two—-tone test value will produce

excessive IM products. For IM products tc be witain the

26



specified limits,

Vinem) ¢ VIN(T) (max)

where

VIN(T)(max)

Field measurements from a typical field antenna have
indicated that total rms signal levels from a 7¢ oam
feedline into a multicoupler were often as high as 58d mV
rms. In this case a suitable two—tone test voltage, V, must
be at least 259 nVrms, and the total rms input voltage.

, Must be at least 323 mV rms.
VIN(T) (max) S

The performance specifications from tae manual for the

CU-129S/FRR Antenna Coupler are coansidered next. The rmanual

states that IM products from a pair of 232 mV izput siznals

txd

#ill not exceed -63.3 dBm. With a nominal gaiop of 1.2 d

=

the two output siznals will have a Dpower level of 1.8 43
and the nominal dynamic range for the CU-1295/FAR
multicoupler at the specified input level is 61.5 4dB3. Now
consider a practical application where field persoanel wist
to functicen with signal levels at -122 4Bm. If two otaer
signals at the level specified for the IM tests are also
veing received, then IM products exist at 5¢.5 dBm or 3&.5

d3 higzher than the low 1level signal wizich must also ©be

27



received. I£ the two strong signals produce IM products at
the frequency of the weak desired signal, then the weak
signal <clearly cannot ©be received because of IM

interference.

Ensuring that all IM products will be below the 1level
of weak received signals may not be practical in all cases.
Given the fact that some received signals have a power level
of -12 dBm, a requirement to keep all IM products below -119
dBm presents a requirement for an amplifier with a 149 4B
dynamic range. An amplifier with a 199 43 dynamic range
would have eliminated all cases of IM products described in
earlier sections of this report. While such an amplifier
can probvably be constructed, the cost would almost certainly
be higher than the <cost of a CU-1299/FRR or equivalent
multicoupler. Some compromise Thetween the 82 dB3 dynamic
range of the CU-189S/FRR and the desired 19¢ dB dynamic
range probably represents a more practical, cost effective

solution.
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Figure 7. Intermodulation product at 29 MHz from
signal at 6 MHz
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Figure 8. Comparisons of multicoupler outputs from
60 degree sector beam antennas.
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Figure 9. Intermodulation products across a 10 MHz
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Figure 10. Intermodulation products across a 100 MHz
spectrum as overdriving signals fade in and out.
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4. LABCRATORY TESTS OF INTERMODULATION PRODUCTS

A multicoupler’s specifications indicate that signals
of a certain voltage can be applied to the amplifier and IM
products will not exceed prescribed levels at the output.
Yet during field measurements, under normal conditioas,
serious IM  products were found, which exceeded their
prescribed levels even though no input signal exceeded tne
maximum level specified. To bvetter define the probdlem,
latoratory tests were performed on the generation of IM
products {in typlcal multicouplers arcd amplifiers wunder

controlled conditions.

Four models of amplifiers were examined. They were:

a. CU-1099/FRR Antenna Coupler;

b. CU-1382F/FRR Antenna Coupler:

Q

CU-1322G/FRR Antenna Coupler;

d. Hewlett-Packard Model HP 461A Amplifier.

A fifth unit, tne CU-E72/FRR Antenna Coupler, a vacuum tubde

multicoupler, was examined, dut not in the same depth as the

others.
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The test equipment configuration is saown in Figure
Al During initial tests a resistive noise generator was
used as a wideband signal source. The noise was amplified
by €2 to 88 dB, as required. However, the broadbtand
amplification of noise was found to be a major
instrumentation problem. During later tests a pseudo-noise
source was used which consisted o2 a ladoratory signal
generator waicn was frequency modulated by noise. Signals
from discrete frequency and wideband noise sources were
added irn a resistive summing network. The summing networx
output voltage was then wused as the input signal for tae

ampli?ier under test.

Apother instrumentation difficulty encountered during
the tests was the summing of input signals without
generating intermodulation products in the summiag process.
Careful construction practices and instrumentation operation
minimized this problem, but did not entirely eliminate
unwanted IM oproducts in the input signal. Filgures 12
through 18, which document IM tests, all show some degree of
input signal IM product effects. While these undesired
signals complicate the examination of results somewhat, taey

do not prevert the analysis of amplifier IM.

Pairs of ©photographs are presented in TFigures 12

through 18 representing the amplifier irnput signal (left
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photograpn) and the amplifier output signal (right
photograph). A frequency range of 3 to 5@ MEz is covered in
each view and signal levels are shown in d3m.
Instrumentation operation, including spectrum analyzer
performance, was monitored during all tests to ensure that
test equipment-generated IM products were controlled and

Xxnown.

Figure 12(a) shows the performance of a CU-1@899/FRE
multicoupler at its IM product specification condition. Two
252 mV signals were applied to the amplifier input.
Harmoaic and IM o»products were at least 53 d3 down at the
input. At the output at least three products exceeded tae
-39 dB level. This particular CU-1289/FRR did not meet

specifications.

Figure 12(b) shows the vperformance of this same
multicoupler with three 2339 mV signals applied to the input.
Input IM products were at least 43 4B dewn from the ipput
siznals. At the output five spurious componerts =2xceeded
the -43 4B level. Figure 12(c) shows this amplifier with
input signals decreased to the point where the total rms
input voltage equaled that of Figure 12(a). In Figure
12(c) the naumober of IM products was greater than the aumbder
in Fizure 12(a), but their severity more closely resembled

-

Figure 12{(a) than TFizgure 12(b). The amplifier was less
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saturated in Figure 12(c) than in Figure 12(b).

Figures 13(a) through (c) parallel Figures 12(a)
through (c). but the test signals into the CU-1399 were
reduced to 22¢ mV. Even so, this amplifier still produced

IM products which exceeded allowadble levels.

Figures 14 and 15 document tests run on the (CU-13&2F
and CU-13£2G multicouplers. Figures 14(a) and 15(a) snow
each amplifier”s performance at the specified input voltage
(two 5@@ mV sigrals). Fizures 14(b) and 15(b) show the
amplifier’s performance with the number of input signals
increased to three. Even with the three-signal conditiorn,
no discernidtle IM products were found. Althousgn the
measurement system arrangement did not permit the
examination of 1levels more than 59 d3 below the signal
levels, it appeared that both the (CU-1282F and CU-1382G

amplifiers met and exceeded their IM specifications.

Tests of the CU-872 multicoupler were 1limited to
subjective comparisons with the CU-1995. The observations
suggested that conditions that caused the CU-12G6S tc degrade
also caused the (CU-£72 to generate IM products. Zowever,
the degradation of performance of the CU-872 was muca more

gradual than that of the CU-18GS.



A general-purpose wideband amplifier, the HP-461a, was
tested under a range of input signal conditions. Figures
16(a} through (d) show the HP-451"s performance with two,
three, four, and finally five 2 mV input signals. As the
number of signals increased, the total rms input voltage and
the total 1input power increased. At the output the amount

of intermodulation also increased.

In Pigures 17(a) through (4) the number of signals
again 1increasel from two to five, The total rms irnput
voltage remained <constant at 4 mV. The ameunt of
intermodulation 4id not increasa as the rnumder of signals

increased because the total input power did not increase.

In Figure 18 the EP-461A amplifier was tested witn
four signals and wideband noise. Ia Figure 18(a) tae four
discrete frequency sigznals can te seen in the {zput and
output views. The input level of taese sigrnals was hizgh
encugh to cause discernible IM products in the output.
Figure 181(b) shows Dband-limited ©but relatively wideband
noise into and out of the amplifier, Figure 1&8(c) shows
this noise plus the four siznals of Figure 18{a . The

~ ! )

output photograph of TFizure 18{(¢c) shows the effect of
wideband noise on IM product generation. The effect of this
zombined multiple signal and nonise environment at tae

saturation level of a typical amplifier is rather demonic.
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Figure 18 is a laboratory test. The sector 2 photograph of
Figure 8 is a real-world field measurement bearing striking

similarities to Figure 18.

During the labdoratory testing program out-of-band
attenuation specifications for multicouplers were reviewed.
A specification for attenuation at frequencies above tae HF
band is shcwn in Figure 19(a) for the CU-13282 multicouplers.
A 4@ d3 miaimum attenuation value is given, except at the &2
to 95 MHz frequencies where 1less attenuation 1is allowed.
This was also the frequency range of maximum amplitude of
parasitic asscillations of the C(CU~1282 multicoupler (see
Figures 1 and 2). This curious relationship obviously needs
careful examination, and some aspect of the multicoupler
specifications and design needs to be altered to avoid the

harmful out-of-~band parasitics.

Attenuation at frequencies above the HF band is shown

(2%}

in Figure 1¢(a) for the standard CU~1382F multicoupler. The
allowadle attenuatiorn for the phase coherent version
CU-1382G multicoupler is shown in Figure 19(b). The minimum
attenuation adbove 49 MHz is 33 dB at all test frequencies,

and the relarxation in attenuvation near 78 MEz 4did not apply

to the phase coherent version.

For both versions of the (CU-1382 multicoupler
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attenuation requirements below the HF band are shown in
Figure 19(c). The standard CU-1382 model provides 306 4B of
attenuation at frequencies telow 1.5 MHz while the ©phase
coherent version provides 38 dEBE. The 1less stringent
attenuation specifications both above and below band for the
phase coherent version of the CU-1382 multicoupler is
certainly wundesirable. The phase <coherent version s
emploved in critical beamforming applications where maximum
rerformance is desired. 3But it is much more susceptible to
unwanted intermodulation and mixing oproducts from

out-of-band siznals.

The CU-1382F and CU-1282G (phase <coherent
multicouplers performed much btetter in laboratory tests than
the other multicouplers and amplifiers =xamined. Jowever,
at a European site equipped with the C(CU-1382 series
multicouplers, IM products were found during late afteranoon
and nignttime hours. Apparently, the actual signal
environment at a CDAA site produced more total siznal input
power than specifiec for CU-1382 tests. This suggests that
improved data needs to be collected on the maximum
multicoupler input power at such sites, and that this pewer
level needs to be integrated into multicoupler
specifications. The generation of excessive IM products in

the C(CU-1382 multicouplers in actual field operation but not

in the laboratory tests emphasized the need for realistic




relationships between field operation and laboratory tests.
The latoratory tests were conducted at specified levels.
These levels adequately represented daytime signal levels at
the European site, but not nighttime conditions. A two-tone
level of about 12¢¢ mV and a dynamic range at least 89 dB

might have been a more appropriate specification value.
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Figure 11l. Laboratory test configuration for study of

intermodulation products.
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IM performance of CU~-1099 multicoupler.
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Figure 13. IM performance of CU-1099 multicoupler, derated
to 80% of specification level.
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Figure 15. IM performance of CU-1382G multicoupler.
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Figure 16. IM performance of HP-461lA general purpose
amplifier, with all input signals at specific level.
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Figu;e 17. 1IM performance of HP-461A general purpose
amplifier with rms total input signal held at constant level.
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FPigure 18. 1IM performance of HP-461A general purpose
amplifier with both signals and wide band noise.
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Figure 19b. RF filter high frequency specification
for CU-1382G multicoupler.
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5. CONCLUSIONS

A number of specific conclusions were reached during
the field and 1laboratory measurements. These are as

follows:

a. The current specifications for multicouplers are
inadequate, and they shoud be revised to Dbetter
represent practical field signal environments. Tae
peak signal 1input for two-tone IM tests, the dynamic
range, and the out-of-band attenuation specificatioas

all need to be increased.

b. Parasitic cscillations, both in-band and
cut-cf-band, seriously reduce the cperational dynamic
range 02 many multicouplers in field sites and
increase IM susceptibility. In addition, in-band
parasitic oscillaticas causzs serious and strong RFI
which prevents the reception of signals over widetands

of frequencies.

¢. IM products observed at sites were so severe at
nighttime as to almost negate site operational
capability. In addition, at one Eurcpean site,
below-band strong sizgnals caused IM procduct levels

which rendered the omni antenna derived from CDAA

Sie



elements virtually unusable, both day and night.

d. All sites visited needed improved test equipment
to identify parasitic oscillations and IM products and
aid maintenance personnel in minimizing these unwanted

and harmful signals.



6. RECOMMENDATIONS

The following actions are recommended in order to

improve the multicoupler‘situation:

a. A comprehensive study be made to determine the
full-extent of the parasitic oscillation and

intermodulation problems at all CDAA sites;

b. A comprehensive set of measurements be made to
determine the dynamic range of signals to te
encountered wunder normal conditions, at all points in

the RF chain, at all CDAA sites;

c. A policy be estatlished to determine the dynamic
range o0f signals to be received at proposed receiving

sites before site construction;

d. Further procurements of multicouplers spezify a
dynamic range in the 9passband of 8¢ to S9 d3, and
attenuation out-of-tand of 52 dB at all frequencies

above 2@ mc and telow 1.5 mc;

e. TFurther procurements of multicouplers specify
intermodulation component susceptibility fizures ia

terms of total rms input wvoltage or total input power:
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f. Maintenance procedures and field tests be
promulzated to permit timely discovery of parasitic

oscillations and intermodulation products;

g. All CU-1¢99/FRR multicouplers be replaced or

modified to improve performance.
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