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MOBILE RADIO TESTING
USING THE CUSHMAN CE-50A SERIES AND CE-5110
COMMUNICATIONS MONITORS

PART 3 - SPECTRUM MONITOR AND TRACKING GENERATOR
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To the two-way radio service technician. ..

This booklet is the last in a series designed for use as a training manual on the CE-50A
Series Communications Monitor. It is important to note that becoming familiar with Part

1 — TRANSMITTERS and Part2 — RECEIVERS will help in the set-up and performance
of the more advanced level SPECTRUM MONITOR and TRACKING GENERATOR tests
described in this booklet.

The most significant things that will become evident when you learn how to effectively use
the spectrum monitor and tracking generator is the time savings, improved dynamic range,
and better accuracy when dealing with frequency sensitive elements, whether it is a circuit
in the radio or some element of the transmission system.

In order to control the costs of producing and mailing each series of handbooks, your
cooperation is requested. If you want to receive the next handbook free of charge, fill out
and return the attached reply card. Only cards that are completely filled out will be hon-
ored. If you would like additional copies, contact your local Cushman representative, or
make your request in writing to Cushman Electronics, Customer Relations, 2450 North
First Street, San Jose, California 95131.

It is our sincere desire that each of these handbooks will help you to fully utilize the many
capabilities of Cushman’s service monitors, and in so doing improve your service
effectiveness.



A Few Words About
Measuring Harmonics

When you want to measure the
harmonics of a transmitter you must
use an HP filter or high “Q” notch
filter to extend the dynamic range of
input attenuator. Figure1 shows the
correct test set up to measure
transmitter harmonics. The reason
you need the coupler is to keep
from blowing out the input to the
spectrum analyzer. Figure 2 shows
a typical response curve for a
highpass filter.

TEST PROCEDURE:

1. Connect the transmitter to the
spectrum monitor through an RF
coupler or atee and dummy load,
as shown in Figure 1. Temporarily
remove the high pass or band
reject (notch) filter.

2. Tune the Spectrum Monitor to
the transmitter frequency and
display the signal peak at the top
of the CRT (don't worry about
any distortion you see at this
point; you're temporatily over-
loading the instrument).

3. Adjust the coupler or tee for
maximum allowable signal level
to the Spectrum Monitor. (0 dBm
for the CE-50A-1)

4. Insert the high pass or band-
reject filter in front of the
Spectrum Monitor to reduce the
transmitter signal. In this case,
the filter must provide at least
60 dB attenuation at the carrier
frequency to keep the input level
below -60 dBm.

You must add -5 dB to the reading
on the CRT for the frequency re-

5. Tune the Spectrum Monitor
through the band of interest,
measuring the levels of harmon-
ics and other spurious signals.

6. Correct the measured levels for
the frequency response of the
coupler or tee and the filter. For
example, the correction factor for
a capacitive tee is 6 dB per
octave. If you're not sure about
the correction factor, you can
easily use the Spectrum Monitor
to measure the frequency
response. Insert coupler between
a flat (calibrated) signal generator
and the Spectrum Monitor. Then
vary the frequency of the signal
generator to measure the fre-
quency response.

EXAMPLE:

1. You know the transmitter carrier
is hitting the filter at 0 dBm
because you set it up that way.

2. The measured second-harmonic
levelis, say, -75 dBm. That's
-75 dB below the carrier.

3. In measuring the frequency
response of the coupler, you find
that is attenuates the funda-
mental by 30 dB, but offers only
25 dB attenuation to the second
harmonic. Therefore, the har-
monic level should be corrected
to -80 dBm. That puts it 80 dB
below the carrier.

4. But you also find that the filter
attenuates the harmonic by 1 dB.
And that's a correction in the
other direction. So the harmonic
is actually 79 dB below the

OQutput Level ponse of the harmonic through the carrier.
f, =+50 dBm R.F. coupler and subtract -1 dB
f, =-29dBm for the insertion loss through
ﬁ;—:—:.—,—g—&ﬁz the H.P. filter. HIGH PASS
DUMMY LOAD
I ¥
I
TRANSMITTER 1 RF COUPLER | FILTER
\& \
\

w50 B loss at f; =0 dBm
— —45dB loss atf, =-74 dBm

f, =60 dB loss through filter > __
f; =1 dB loss through filter

-~

—

s/

/

Attenuation DB

If in doubt about whether to add
or subtract, write in the signal levels
as shown in figure 1. You can easily
work backward knowing the losses
through the coupler and filter to
determine the corrected levels at the
transmitter.

Remember off the air measure-
ments of spurious harmonics or
transmitter intermodulation levels
using the monitor's antenna are
totally invalid because of the lack
of signal control. When you are
chasing interference remember to
set the frequency level to the strong-
est signal in the band which may not
be the frequency of interest. This
will prevent overloading the front
end of the monitor producing IM
inside the monitor.

Figure 2 Typical Highpass Filter Response

o -
10 - Less than
0.5 dB
20 attenuation
30 at 54 MHz
40
50
60 1 | | | 1 1 |
25 30 35 40 45 50 55 60
Frequency MHz
f, =-60 dBm
f, =-75dBm
1] E:‘L___j

Figure 1 Test set-up to extend the dynamic range of a spectrum monitor. Level diagram helps you remember whether
to add or subtract in correcting the spectrum monitor readings.
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SPECTRUM MONITOR TEST SPEC-1
Recommended Test Equipment:

CE-5110, CE-50A-1 Transmitter Har
CE-50A-1/TG, CE-46A

CE-15
(r CE-50A FM/AM COMMUNICATIONS MONIT r N TEST PROCEQUQE:
O g&a‘:tvso'n‘::?%? FOCUS ) A Y ' AT O
- 7 O L periemes @)) @ Connect the transmitter to the test
NTEN s s s b SENSITIVITY
™ 5 - Y R @ setup.
e o o e —— - (@) setthe FUNCTION switch to
© i - : R —— SPECTRUM.
515 r — SELECTIVITY .
RANGE kst 'Ongé; "“’@ wie meTER Fu?:l::oms @ Set the HORIZ switch to
N SPECTRUM MONITOR: 1 MHz.
@ - (® setthe FREQUENCY select
o e tops o e T switches to the transmit frequency.
@ - o TN S PEVIATION —— (5) Setthe REF LEVEL to0 dBm.
10 L YTITp——

mmwwm e O T wen ) = Q o ©® (®) Temporarily remove the highpass

. = filter to set the carrier reference

voue wrreny cono [o] m level.
@ . T SIGGENLEVEL @ Key transmitter and adjust the RF

coupler so the signal is at the top
of the CRT.

Reinsert the high pass filter and
set the spectrum monitor to the
second harmonic of the carrier.

9 Key the transmitter and measure
the harmonic level relative to the
carrier. Remember to algebraically

20

e ODUL AT ION FUNCTION
FREQUENCY (Hz}

PFM
G
GEN am
cw
GEN ¥1 kH2 =0t

ENABLE Suﬂs'ﬂm) MOD ADY 1 KK MOD ADS

O@@@

conT Fing 816G GEN OUT

B M

Pt
A Man

SPECTRUM

EXT SCOPE INPUTS s

~\ s o ’ add the attenuation of the high
s,cé’éim . a0 m‘ Y =] o) pass filter at the harmonic fre-
£ quency and also the attenuation
of the RF coupler at these
frequencies. (See A Word About
Measuring Harmonics)
Coupler Loss HP Filter }— ATTEN 40 dB )
20-50d8B — D‘[:! CAUTION: Do not apply more than
0 dBm signal to the input of the
Transmitter Coupler |—{Dummy Load spectrum menitor or damage may
occur. Place an attenuator between the
I O HP filter and the input if the coupler
output is more than 0 dBm. (See

test set-up.)

Harmonics like other spurious radiation are most often produced by
defective or inexpensive transmitters. The FCC specifies harmonic
suppression of 80 dB or 43 +10 Log10 (output power in watts),
whichever is less at frequencies greater than 250% of the authorized
bandwidth from the assigned frequency.

It is important that the carrier is attenuated enough so that it does not
overload the front end of the analyzer creating intermodulation dis-
tortion in the first mixer. These suprious signals clutter the screen
and confuse the display making it difficult to tell whether or not a real
signal is being examined.

A quick check to see if internal intermod is present is to put 10 dB of
attenuation between the antenna and the ANT IN connector. All real
signals will drop 10 dB. All intermods will drop 20, 30 dB or more,
depending upon the “order” of the intermod. If the instrument is
displaying excessive intermodulation products, change the level
settings to increase RF attenuation.

Cughmeam
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SPECTRUM MONITOR TEST SPEC-2
Recommended Test Equipment:
CE-5110, CE-50A-1

CE-50A-1/TG, CE-46A

CE-15
(rO feg) Gushman TF-50A FM/AM COMMUNICATIONS MONITOJ 4 6‘1 TEST PROCEDURE:

Elecuomcs inc. FoCUs A
T T N
3 9f. . 1 -40 __-20
= ] A
13 o
remrs : T 3
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o ¥ ¥ ot

s
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s 1 oy
f o
I DEV
uARROW A o
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rEK‘l FEA DIV lis g
DEVIATION memqmce
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[T r—
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e e O /1 e ) = e @ o ©®

on BATTERY -

4
oer /
SIGNAL LEVEL
VOLUME BATTEHY COND MHz O
@ SI1G GEN LEVEL
J

wssrersaesasen. ODULATION  somomemsmammonss
FREQUENCY ivtz]

316

EnABLE BURST e MOD ATY 1 KHZ MOD ADI

© @

0 cont

FUNCTION -

Mo Em

Y
am MON

SPECTRUM

o EXTSTOPE NPT

FINE $9G GEN OUT

catour  swapw
aF.N
o0
o;r
16 GeNITG -20.00m (o]
L] O

> e

@

MOD N INTERRUPT MOD auT QEMOD OUT VERT oe  HORIZ

Coupler
Loss - 40 dB
20to 50 dB Pad
f =
Transmitter Sampleror | _ RF .| Dummy
Coupler Wattmeter Load

When you align a transmitter by peaking the RF wattmeter, you know
you're getting maximum power out, but you don’t know if all the power
is concentrated in the output signal. The wattmeter is not frequency
selective, it sees not only the fundamental frequency, but also any
spurious RF power. With a modern, well-designed transmitter this
shouldn’t be a problem if the transmitter is operating properly.

But a transmitter may have a problem that isn’t readily apparent. The
wattmeter may be reading the main signal plus a lot of “garbage” that
will eventually go on the air. When adjusting the transmitter, look for
sidebands that are created by the basic crystal frequency. For
example—If the basic crystal frequency is 13.2 MHz look 13 MHz

or some multiple of that frequency either side of the transmitter
frequency to see their levels relative to the carrier. For measuring
carrier harmonics see SPEC-1 for the proper test set up.

@ Connect transmitter through an
RF coupler to a directional watt
meter and dummy load.

@ Connect the sampling port of the
RF coupler to a40 dB pad and
connect the pad to the ANT IN
connector.

Set FUNCTION switch to
SPECTRUM.

Set HORIZ to SPECTRUM
MONITOR 1 MHz/Div.

Set FREQUENCY SELECT
switches to transmitter frequency.

SetREF LEVEL to 0 dBm and
adjust RF coupler so the transmitter
signal is at the top of the CRT.

Adjust transmitter stages for maxi-
mum power out while observing
spurious output. Look 10 to 50 Mhz
either side of the output frequency
while adjusting the transmitter
stages to ensure most of the output
power is concentrated in the output
frequency.

CAUTION: Never key direcily inio the
ANT IN connector. Always use a
sampler and {or) atlenuator capable of
handiing the power betwesn the
transmitter and ANT IN connector.

Q ®©O®E

CRT Photo 1 shows the output of a
transmitter that has broken into oscillation.
Sweep dispertion is 1 MHz/Div.
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A Few Words

About RF Probes

Effects of Probe impedance

The generally accepted rule is that
probe impedance should be at least
10 times the impedance of the
circuit being tested to avoid loading
the circuit. it should be noted,
however, that internal shunt cap-
citance makes the probe impedance
dependent of frequency. A 5k ohm
probe, for example, offers its full
impedance only at dc. The higher
the frequency, the lower the
impedance.

To calculate the probe impedance
at a specific frequency, first calcu-
late the capacitive reactance, X,
of the probe’s shunt capacitance

X (inohms) = 27r1fC'

where f is the frequency in Hertz
and C is the capacitance in Farads.

Example: for1 pF at a frequency
of 200 MHz,

1

X = =796 ohms

(6.28)(200 x 108)(10-3)
If the nominal probe impedance
(resistance) is 5 kohms, the resis-
tance and the reactance must be
combined using the parallel circuit
formula:

RXc _ (500)(796)
R2+ X2 50002+ 7962
Thus, at 200 MHz, this probe will
result in significant level-measure-
ment errors when used on circuits
with impedance of more than ~80
ohms. :

The following table lists probe
impedance at various frequencies
for a 5k ohm probe with shunt
capacitance of 1 pF:

2=

Frequency, MHz Impedance, Ohms
10 4770
100 1517
200 786
300 527
400 397
500 318

Cushmemn

=786 ohms

Probe Impedance
Vs
Frequency

Impedance (Ohms)

Ko
| | | |

100 200 300 400
Frequency (MHz)
Figure 1 Effect of capacitance causes

probe impedance to decrease as frequency
increases

500

600
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SPECTRUM MONITOR TEST SPEC-3

Recommended Test Equipment:
CE-5110, CE-50A-1
CE-50A-1/TG, CE-46A

CE-15

Using The

Spectrum Monitor For
Stage Gain Measurements

(ro Cushman

Electronics, inc. Focus
> i
I S A SENSITIVITY
3 el . -40__-20
I - 17 fa B
orr s

© i E
& -
@ ) i

ch SQUELCH
o sececTiviTy
VER WiDE METER FUNCTIONS
, en
AANGE i) Zmen .
s M
15 -
ot
VERT NaBROW s x10
5 rEXTlPEH DIV PE
¢ " L. aneo
oven unLoCK e 15 sv 1045 INT TONE Lever et
s A, 6 Somy 100ps [T — o ion
O O [ sy o oo SPECTRUM

MORITOR LEVEL SET PEAKS +
10 kHz

POWER nea O / . O /C AL @ O @

‘

oFF

VOLUME BATTERY COND

VoLTS e
— FUNCTION —

s MO DUL AT ION
FREQUENGY 1H2)

EnABLE BURST ol MOD ADS

@

fi,

cont

=
3
]
3
z
3

N /
X E MHz sigNaL (O LEVEL
@ IEU EU Eﬂ !q} [q] Eﬂ ] $IG GEN LEVEL

SIG GEN OUT

INFERRUPT  MODOUT  OEMOD OUT vear eatour simap
® © © © © 2 & © =
20 aom
O \ = / SIG GENITG O)

Transmitter Dummy Load

Using a spectrum monitor yields far more information than just
using an RF voltmeter when signal tracing through a circuit. The
spectrum analyzer gives you simultaneous level and frequency
information. In addition, its sensitivity is much greater than that of

an RF voltmeter. Typical sensitivities are in the order of 1-2 mV while
the spectrum analyzer has a sensitivity of 1 uV or less. This difference
of 60 dB or more is important when working with low level signals in
the RF section of a receiver. Getting accustomed to using the spec-
trum monitor wili in the long run save hours of troubleshooting time,

40 dB
Probe

D

TEST PROCEDURE:

(D set FUNCTION switch to SPEC-
TRUM MONITOR and HORIZ. to
SPECTRUM MONITOR: 1 MHz.

(@ setthe FREQUENCY SELECT
switches to the frequency of
interest.

@ Attach 20 or 40 dB 1 pF probe to
ANT IN connector (refer to probe
tips for more information and
considerations).

(@ Check the gain of the circuit by
first monitoring input noting level
then check the output and noting
its level. A 20 dB amplifier shouid
deliver 20 dB of gain. The spectrum
analyzer will also show any distor-
tion that may be present.

@ Connect a sniffer to the antenna
and hold or lay it close to the circuit
to view the frequency of interest
without loading down the circuit.
You can't get an absolute level
measurement but you can see that
LO, for instance, is working and
multiplier and injection chains are
functioning.

CAUTION: Be sure to observe power
levels in transmitter stages to prevent
damage to the front end of the spectrum
monitor input. Use an RF coupler or
attenuator where necessary.

Cugnmen
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SPECTRUM MONITOR TEST SPEC-4
Recommended Test Equipment:
CE-5110, CE-50A-1

CE-50A-1/TG, CE-46A

CE-15

CE-50A FM/AM COMMUNICATIONS MONITJGR

”O Cu man

Elec(romcs inc. rOCUS AT
+ @ REF LEVEL 008 0 (
........
L - SENSITIVITY
INTEN s ’5 L AEF LEVEL abm
38 - 3 40 __-20
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TS ; 7

FREQ ERROR

@ i -
S o =

veRr, METER FUNCTIONS
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RANGE s 0
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.
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N
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e 41 ey
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rEx‘(WFR v
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Lo ,-._-. 5
o @ LEVEL CAL
Somy [
0O l—-\ s smy vy SPECTRUM DEVIATION s

© MONITOR  LEVEL SET N

m [rr— @ pEAKS g

VOLTS agm

s MODULATION FUNCTION p—.
aen FREQUENCY (H7)
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516
oFF GeN
Gen T wh 01

ENABLE aunsr fsect oD ADS 1 K4z MOD ADS

@@@

cont

e

pEM
M MoN

SPECTRUM

w—XT SCOPE INPUNG e

FINE SIG GEN OUT
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o

- //
SIGNAL LEVEL
[o] | o
@ o— S1G GEN LEVEL

MOD IN INTERRUPT MOD oUY DEMOD OUT VERT 8¢ HORIZ caL oUT SINAD N @
" 2 N

(N 200 e ‘
os;
SIG BENITG ?“h'" |MWMAX
1 ssc MAx

Field strength is expressed in terms of voltage per unit length. If a
particular field induces a potential of one millivolt in a wire one meter
long, the field strength is 1 mV/meter. This definition assumes that
the wire is parallel to the electric lines of force in the received wave.
To assure that the wire is parallel to the lines of force, you simply turn
the antenna until you have maximum induced voltage.

it is easier to use a calibrated non-directional broad-band antenna.

An antenna that is broad-band will allow simultaneous field strength
measurements of a number of frequencies. To find field strength you
must know the antenna factor of the antenna you select or the antenna
gain. If you know the gain of the antenna find the antenna factor by
using the chart or calculate the factor by using the formula:

K =20logf-Ggg - 29.8 dB (for 50 () system)

K =20log f- Gdg - 31.5 dB (for 75 () system)
where: K = antenna factor in dB/meter

f = frequency of measurement in MHz

G = antenna gain in dB (power ratio)

Field Strength dBuV/m
{without Antenna Factor)

TEST PROCEDURE:

@ Connect a calibrated antenna to
ANT IN connector.

(2) setthe FUNCTION switch to
SPECTRUM.

@ Set the HORIZ switch to SPEC-
TRUM MONITOR 1 MHz/Div.

(® set FREQUENCY SELECT
switches to frequency of antenna
or signal to be measured.

(5) SetREF LEVEL t00 dBm, -20 dBm,
-40 dBm or as needed.

@ Adjust antenna for maximum
reading.

@ Calculate field strength of received
signal.

Field strength is normally measured in
dB uV/m. dBuV means dB reference to
1 microvolt. Take the reading from the
Spectrum Monitor and add 107 dB
(108.75 for a 75 ohm system) to get
dBuV andthen add the antenna factor
to dBuV/m. (see chart)

110

100 g

90 7

80

70

50

40

30

AN

20

N

10 44

o

-100  -80 -60 -40 -20
Spectrum Monitor reading, dBm
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Measuring
Field Strength

Example 1: If the spectrum monitor
reads -75 dBm and the antenna factor
is 3.8 dB/m the field strength is:

E=-75dBm+107 dB +
3.8dB/m
E =35.8 dBuV/m
E =615 uV/m
Remember: 0 dBuV =1 uV; +20 dBuV =
10 uV; +40 dBuV =100 uV.
To convert dBuV/m to uW/m use the

formula:
(dBuV/m)

E=10

Example:
E =35.8 dBuV/m
(35.8 dBuV/m)

E =10(1.79)
E =61.5 uV/meter

Antenna

Gain-6aB ] C C CCCCcc

1Km— >

Tx

Figure1 Field strength measurement set up.

Example 2: Suppose you want to
measure the field strength of a transmit-
ter located 1 K meter from the receiver.

The signal measured on the CE-50A-1
C.RT.is-80dBm.

ReflLevel -40 dBm

Center Frequency 155 MHz

To convert the antenna gain to antenna
factor use this formula:
K=20logf-GdB-29.8dB
K=20log155MHz -6 dB -
29.8dB
K=8dB/m
To convert the spectrum analyzer
reading to dBuV simply add 107 dB.

-80 dBm + 107 dB =27 dBuV
The field strength, E, is the sum of the

adjusted spectrum analyzer reading and

the antenna factor:

E=27dBuwV + 8dB/m =35dBuv/m
W et

Antenna
Factor

Analyzer
Reading

If you want to convert the field strength
reading from dBuV/meter to uV/meter,
use this formula:

(dByv/m)
20
E=10

30

20

10

dB/m O

10 20

Example:
(35 dBuv/m)
E=10 20
E =10(1.75)
E =56.2 yV/m
i G=0dB
. i 10
f 18
0 20 dB
Antenna Factor (K)
vs.
Frequency & Antenna Gain
(50 (1)
i
i i
6070 100 200 300 400 500
Frequency (MHz)

Antenna factor (K) may be obtained
from the antenna gain figure and frequency.
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SPECTRUM MONITOR TEST SPEC-5
Recommended Test Equipment:
CE-5110, CE-50A-1

CE-50A-1/TG, CE-46A

Determining
Antenna Patterns

CE-15
(’O e Cushman CE-50A FM/AM COMMUNICATIONS MONITOR Oﬂ TEST PROCEDURE:
Etectronics, inc. Focus ANT
+ Q) e EVEL O 28 1 Set the monitor up to make field
EQ) N - ‘; Sef?s'ﬁ}’}fl’ @' strength measurements (See
Y s "N Spec-4 for the test set-up).
@ o = 3 SouELen 2 Make a series of measurements
& < o SRR enerions equi-distant from the antenna and
M. a2 0O o . - record the levels on graph paper
VERT womz | NARROW vy o as in Figure 1.
5 N ’ v J— L. 3 For a mobile antenna, a practical
1 N o m» o @ ““D‘EL;;‘;TION___ distance would be at least 100 feet
© '" m_; CEE sy and for a base station antenna
JoER e B N o about 5 to 1 mile.

20 (e
-

5 o UMM Eﬂ ulk

VOLTS dBm

MHz sigNaL O LEVEL

SIG GEN LEVEL s

(_._.._l

Laboratory calibrated antennas can be
expensive but if chosen correctly give
the advantage of determining the
direction of received signals for

wmmmmnmenss MODULATION FUNCTION p—
aen ki 10 I chasing down intermod, surveillance
- ZL”@’AM won purposes, or determining accurate
@:ﬂ Eﬂ | o srecTaum signal strength over a broad band of
=A frequencies.
* 8 w—EXT SCOPE INPUTS o
@ @ @ h ’ In Figure 2 half inch copper tubing
G I 3 AN e weon BN wired to a board is used to form the
© ,\ . ‘ ‘ ‘ ‘m‘ . dipole. Be sure to use a75 (1 t0 50
0 X 6 GanrTG »e S [z o) transformer or minimum loss matching
~ pad to obtain accurate field intensity
measurements. In Figure 3 the antenna
is made with RG-59 coax. The braid is
folded back over the outer cable jacket
150-170 MHz . .
/2 (905 em) Fasten " to form one side of the dipole. The other
;Tcoppenumng leg is formed by the center conductor.
e { D (I T to board
{
A4 {45 cm)i Outer shield connected | gaium o
Use RG-59 Cable Outer shields connected together <
Antenna correction Figure 2 shows how to make a test antenna N :
factor = 10 dB 75 () to Spectrum Analyzer for 150-170 band. \\“> : / P
v «
\k\\l;\ ,’é .
‘*\‘#,. \\\',, -
806-900 MHz 270fj ' g /Ax\\"? 4:/ %0
P \«

A/4 (8 cm) | A/4 (8 cm)

Fold braid
over outer
insulation

Center conductor
with insulation

RG-59  Secure with
coax wire

750

| >l » antennas constructed from coax cable for
450-470MHz M4 162cem A4 16.2 cm 450 and 900 MHz bands.
450-470 MHz
Antenna correction factor = 19 dB
806-900 MHz

Antenna correction factor = 25 dB

Cughmamn

Figure 3 shows how to make homemade test

Figure 1 Plot of antenna pattern for typical
roof mounted mobile antenna.
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SPECTRUM MONITOR TEST SPEC-6
Recommended Test Equipment:
CE-5110, CE-50A-1

CE-50A-1/TG, CE-46A

Analyzing External
Transmitter intermod
Receiver Desense

CE-15
(ro CE-BOA FM/AM COMMUNICA 'ONS MONIT 2 r 6‘ TEST PROCEDURE:
ectrcmcs Iﬂc FOCU5® ] Al ( [51TA%]
@
//““-\+ ! EN.W 1 Measure the forward and reverse
" Q) - M @ insertion loss of the isolator tuned
sk - to the band of interest.
FREQ ERAOR nomiz 3 - - M ]
2 @ j_ = _— : Y I @ Connect the monitor and connect
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@ Setthe REFERENCE LEVEL switch
to0 dBm.

(®) setthe FREQUENCY SELECT
switches to the frequency of the
receiver being interfered with.

Temporarily remove the isolator
and note the level of the intermod
when it appears in order to set a
reference level of the Intermod
signal on CRT. (CAUTION: Do not
overload the front end of the
spectrum analyzer.)

Reinstall the isolator, and observe

@

the level of the intermod signal
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H you've run the tests for receiver intermod with an antenna pad

and have determined that the receiver is seeing an on-channel signal
then the chances are that the intermod is being generated in a nearby
transmitter. Using the spectrum monitor in combination with your
knowledge of how intermods are produced, and a directional
antenna, you can come up with some likely suspect.

For example, let's say that the receiver frequency is 156.3 MHz, and
the spectrum monitor is showing an interfering signal right on that
frequency. Checking around you find a transmitter at 156.4 and
another transmitter at 156.5, a 2A-B intermod product

(2 x 156.4 - 156.5 = 156.3) could be hitting the receiver. With the use
of an isolator you can determine which transmitter is producing the
interference.

Remember that intermodulation products are separated from the
main signal by the amount of the main-signal spacing— whether it's
25 kHz or 1 MHz away.

when it appears again.

a) Ifthesignalis reduced by the
amount of the forward insertion
loss of the isolator then the
intermod is not being generated
in this transmitter.

b) Ifthe signal is reduced by the
amount of the reverse insertion
loss of the isolator then the
intermod is in this transmitter.
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A Few Words On Swept
Frequency Measurements

There are two basic kinds of
swept frequency measurements
that are made using a tracking
generator. The first kind is called
transmission, the other is called
reflection.

Figure 1 shows the basic test
setup for transmission type testing.
The swept tracking generator is
connected to the input of the device
under test (D.U.T.} and the output
from the D.U.T. is connected to the
input of the spectrum monitor.
Since the swept frequency of the
generator is tracking with the L.O.
of the spectrum monitor the fre-
quency response of the output is
displayed on the CRT. The center
of the CRT “fo” is the frequency
dialed up on the front panel fre-
quency select switches.

The type of tests that can be
made are Frequency Response,
Gain, Insertion Loss, Attenuation,
Rejection, and Isolation.

Figure 2 shows the basic test
set-up for reflection measurements.
To do this kind of testing requires
the use of a VSWR bridge. The
bridge is a directional device used
to measure the amount of reflected
power from the D.U.T.

The swept Tracking Generator
(TG) output is connected to the RF
input port on the VSWR bridge. The
RF output port on the bridge is
connected to the input to the
spectrum monitor. The antenna,
preselector, cable or D.U.T. is
connected to the test port, some-
times referred to as unknown.

The advantage of using a bridge
to measure VSWR over a bi-
directional wattmeter is the visual
display of the frequency response
and level of reflected power from
the D.U.T. Also smaller amounts of
reflected signal can be measured
that a bi-directional wattmeter can
not. (See chart on page 21 for return
loss vs. VSWR vs. forward and
reflected power conversions).

CuSshimpan

The type of test that can be made
are: Reflected Power, VSWR, and
Return Loss.

It is important to note that when
making swept frequency measure-
ments the test set-up should be
carefully constructed. All con-
nectors should be carefully soldered
and coupled tightly to minimize
VSWR and power loss. Double
shielded coax like RG-223 or RG-142
should be used with shields properly
fitted to the connectors to minimize
stray coupling at low signal levels.

FIGURE 1. TRANSMISSION
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TRACKING GENERATOR TEST TG-1

Recommended Test Equipment:
CE-5110, CE-50A-1/TG

Receiver RF
Filter Alignment
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TEST PROCEDURE:

(D setthe FUNCTION switch to
SPECTRUM.

Set the HORIZ switch to
SPECTRUM MONITOR:
1MHz/Div.

Setthe SIG GEN LEVEL to

~20 dBm; FINE -10 dBm.

Setthe REF LEVEL (dBm) to
-20dBm.

Set center frequency on monitor to
filter center frequency.

Connect probe from SIG GEN
OUT to ANT IN connector on
monitor to null out cable loss.
Adjust SIG GEN OUT level to
trace at top of CRT.

Connect SIG GEN OUT to receiver
input.

Connect probe to ANT connector
on monitor and place probe on
filter output test point.

Adjust filter for flat passband
response and maximum out-of-
band rejection.

For IF alignment set monitor

to IF frequency.

Inject signal with 20 dB probe and
look at output of filter with 40 dB
probe.

® @0 ® 066

® ©

For best results when aligning Filters use Cushman’s 20 dB probe for
injecting the signal and use the 40 dB probe for viewing the output
response. (See “A Word About Probes” in Part 3—Spectrum Analyzer
for tips on using the probe). For a more complete explanation of
Spectrum Monitor Applications read “Using the Spectrum Monitor”
published by Cushman Electronics.

CRT Photo 2 shows the filter response after
being properly aligned using the TG. The
sweep width is 1 MHz/Div. The filter
response was improved by 15 dB with an
overall flatness of about 3 dB over the band-
width of this filter, which is tuned about

5 MHz wide. Testing the filter in the circuit is
a quick way to check its relative response
and tune it for a precise frequency band
pass.

CRT Photo 1 shows a badly aligned RF filter
that is located in the front end of a receiver.

Cusimam
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TRACKING GENERATOR TEST TG-2

Recommended Test Equipment:
CE-5110, CE-50A-1/TG
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This test is used when installing an antenna on a tower, building or
vehicle that has more than one antenna present. By checking the
isolation between 2 antenna systems, you can decrease potential
interference problems before they become troublesome. Be sure to
check the VSWR of the antenna connected to the SIG GEN OUT to be
sure it is tuned to the frequency of the transmitter. Too much VSWR
will show up as more isolation than you really have. Also, be sure that
before any antenna is connected to the ANT IN connector, that the
antenna transmission line has been shorted to ground to relieve any
static buildup, and that any antenna that is in a close proximity to the
test antenna has been disabled. The maximum input to the ANT IN is
.5 V max. See Appendix D for Free-Space Loss Calculations in the
booklet, “Using the Spectrum Monitor,” published by Cushman
Electronics. Damage to the front end of the monitor’s receiver can
occur if too much power is coupled to the input from any nearby
radiated source.

Note: This method may not work if there is a high level of ambient RF
which might be desensitizing the front end of the spectrum monitor.

TEST PROCEDURE:

(D Setthe FUNGTION switch to
SPECTRUM.

@ Set the HORIZ switch to SPEC-
TRUM MONITOR, 1 MHz/Div.

(@ SettheSIG GEN LEVEL to 0 dBm
FINE -10 dBm.

(® Setthe REF LEVEL (dBm) to
0dBm.

@ Set center frequency on monitor
to the TX frequency.

(® ConnectSIG GENOUT to
Antenna 1.

@ Connect ANT IN connector on
monitor to Antenna 2.

Adjust antennas for maximum
isolation as displayed on the CRT.

9 NOTE: This application can also
be useful when installing car
repeater system or two radios on
different bands.

CAUTION: Disable any transmitter in
close proximity to the antenna under
test. Too much RF signal can overload
or burn out the input to the spectrum
monitor. This is especially true on
building tops where there is little vertical
or horizontal isolation.
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Measuring

Antenna Isolation
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CRT Photo 1 shows a typical display for an
isolation measurement. The test setup shows
how to measure the isolation between a 4
element collinear array at 155.35 MHz and
another 4 element collinear array at 154.30
MHz. The REF LEVEL dB was set to -20 dBm,
and the dispersion is 1 MHz/Div. The total
isolation at 155.35 MHz is 65 dB between the
two antenna systems.

CRT Photo 2 is showing the test setup for
testing the 154.30 MHz antenna. Note that
the connections are reversed, and the center
frequency of the tracking generator is 154.30
instead of 155.35 MHz. The REF LEVEL dB
was set to 20 dB with a 1 MHz sweep width.
Total isolation is 55 dB. The blips on the trace
are signals that are being received by the
155.35 MHz antenna.

Cushnnan
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TRACKING GENERATOR TEST TG-3

Recommended Test Equipment:
CE-5110, CE-50A-1/TG

Measuring
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Bad contacts on a T-R switch can cause more than just poor sensi-

tivity of the receiver. Intermod spurious responses in the receiver can
be formed by semiconductor type joints caused by corrosion on the

contacts. The corroded contacts can act like a diode at radio fre-

quencies and generate spurs when strong RF signals are picked up

by the antenna. The CRT photo is displaying the isolation between
the transmitter and receiver port with the antenna terminated with
50 Q). In this case the isolation is 37 dB at 450 MHz =5 MHz.
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TEST PROCEDURE:

(D Setthe FUNCTION switch to
SPECTRUM MONITOR.

(@ set the HORIZ switch to SPEC-
TRUM MONITOR 1 MHz/Div.

(® settheSIG GEN LEVEL to -30
dBm: FINE -10 dBm.

Setthe REF LEVEL to -40 dBm.

(® setthe FREQUENCY SELECT
switches to the transmitter
frequency.

Connect the SIG GEN OUT to the
ANT IN through the test cables or
probes and set the CRT trace to
the top of the CRT display to nuil
out any cable loss.

Connect the SIG GEN OUT to the
transmit port; the ANT IN to the
receiver port; terminate the
antenna port with 50 Q) and
measure the isolation between
the two ports.

Move the coax at the receiver port
to the antenna port and measure
insertion loss thru the switch from
TX port to antenna.

(® Connect the SIG GEN OUT to the
antenna port and move the coax
from the transmit port to the
receiver port and again measure
insertion loss thru the switch from
the receiver port to the antenna
port at the receiver frequency.

Q

CRT Photo 1
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TRACKING GENERATOR TEST TG-4 Swept Tuning

Recommended Test Equipment:

CE-5110, CE-50A-1/TG of \/4 Coaxial Filters

9 10 @@

(rO g Gushman CE50A FW/AM COMMURICATIONS MONTOR r ) TEST PROCEDURE:
Al

Electronics, inc. FOCUS. } .
) ﬁ\Jr O o e Ve, [N (@ Connect the SIG GEN OUT to the
OIS - 1o [ @ ANT IN through a“tee.” (See

Figure 1).

@ C) of E @ Set the FUNCTION switch to
o Vm@ T SPECTRUM MONITOR.
e ) (® set the HORIZ switch to SPEC-
wonon G s o) TRUM 1 MHz/Div.
rExYkPEN Dy 4 L " aao
e oo j (®) Setthe SIG GEN LEVEL to -20
‘ - g -!— pEVIATION dBm, FINE to -10 dBm.
O 10 kHe PEAKS *
powe . " o (5) Setthe REF LEVEL switch to
stoey extoc e) uncat ca
@0 ° © ©® —@ -20 dBm.
[0] SonAL O LeveL (6) Setthe FREQUENCY SELECT
L M — switches to the center frequency
Q of the coaxial filter.
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7 Calculate the electrical A/4 length
of the frequency of interest for
the coax filter by using the formula:
1/Fo MHz x 11811 x 10%in/sec xK
4

Where: Fo = Frequency in MHz

M4 =

€XT SCOPE INPUTS e

FINE SIG GEN OUT

woow  wresor  woour  omwovour f vemr ST wome Towr smeom { 1181 in/sec = Speed of light in
A (AN DN A/ A A — @/ inches '
o) \@/ 16 GenrTe ‘ ”. Og K = Propagation constant of the
£ coax.
@ 8 Install a connector on one end of
Antenna the coax to be tuned and cut the
A4 coax just a littie longer than the
' A - ~ calculated A4 wavelength.
. @ Connect the coax to the “tee” and
:] [:] [:] 2-3 loops observe the CRT display.
c';g‘a For a ¥4 notch filter the end of
Tx 0 the coax is open. For a 44 band-
2-3 knots | * pass filter the end of the coax is
inpower  Steel M4 shorted.
O cord '33:;3: Cut the coax in short increments
- ofbuilding = = iz gggg{a§:1e notch or bandpass on
. Figure 2 Typical application of A4 wave Remember that the electrical
Figure 1 bandpass tuned stub used as a lightning length of the tuned stub will be

arrestor on the antenna. from the center of the “tee” to the

end of the coax.

NOTE: Use high quality coax with a
high propagation constant for better
rejection or bandpass characteristics. If
two or more coax filters are connected
in paraliel, be sure that the coax cable
between them is M long.

CRT Photo 1 shows a typical response of 2 CRT Photo 2 shows the response of the
A/4 open end notch tuned stub coaxial filters same coax filter as Photo 1 except the tuned
in parallel. LOG REF LEVEL is -20 dBm and stubs have been shored to form a bandpass

horizontal dispersion is 1 MHz. Depth of filter 55 MHz wide at the 3 dB points.
notch is -72 dB. m@m
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TRACKING GENERATOR TEST TG-5

Recommended Test Equipment:
CE-5110, CE-50A-1/TG
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Be sure when you are tuning up an isolator on the bench that it is not
lying on a metal surface, as this will affect the tuning of the isolator.
The same holds true when installing an isolator; do not mount it
directly to a steel plate or wall, use stand offs to keep the ferrite
components in the isolator from interacting with a metal surface that
may be too close to the case of the isolator. After installation check to
see that the tuning has not been affected.

TEST PROCEDURE:

(D Setthe FUNCTION switch to
SPECTRUM.

(@) Setthe HORIZ switch to SPEC-
TRUM MONITOR 1 MHz/Div.

(3 Setthe SIG GEN LEVEL to -20
FINE -10 dB; SENSITIVITY to
~20 dB.

@ Set frequency on monitor to
frequency of transmitter.

@ Connect one test coax cable to
ANT IN and one to SIG GEN OUT.
Now connect both coax cables
together.

Adjust SIG GEN LEVEL to set trace
at the top of the CRT display com-
pensating for cable loss.

Connectthe SIG GEN LEVEL to
the RF In Port on the isolator and
the ANT IN to the RF OUT port.
(See Figure 1).

Tune the coupling adjustments for
maximum output on the CRT. Start
with the adjustment that is closest
totheR.F. input port and tune in
sequence to the adjustment that
nearest the output port, i.e., 1,2,

3, 4. Retune for interaction between
coupling elements.

Connect the SIG GEN OUT to the
RF output port. Remove the load
closest to the input port and con-
nect the ANT IN coax. (See figure
2). Terminate RF input port with
50 Q.

Tune the coupling adjustment 5
closest to the output port for
maximum dip on the CRT. Set
HORIZ. to 100 kHz/Div for more
resolution. (see CRT Photo 1)

Connect the SIG GEN OUT to the
load closest to OUTPUT port and
ANT IN to the INPUT port, (see
figure 3) and tune for adjustment 6
maximum dip on CRT. Terminate
RF output with 50 Q.

Connect SIG GEN OUT to OUT-
PUT port and the ANT IN to the
INPUT port (see Figure 4) and
retune adjustments 5 and 6 for
maximum dip on the CRT. Check
forward insertion loss again.
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Aligning Tunable
isolators & Circulators
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Figure 2 TRK GEN CRT Photo 1 shows 27 dB of rejection for
9 out reverse power in the first section of a
two section isolator.
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CRT Photo 2 shows the total isolation from
TRK GEN output to input to be 55 dB after being
. ouT properly tuned. Be sure to re-check the
Figure3 forward insertion loss for a slight interaction
between the ferrite elements after the first
tuning.
ANT IN
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TRACKING GENERATOR TEST TG-6

Recommended Test Equipment:
CE-5110, CE-50A-1/TG

Tuning Antenna

For Minimum VSWR
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CRT Photo 2
ment collinear array at 454.3 MHz. Reference
level was set to the top cradicule on the CRT.

CRT Photo 1 shows the reponse for a4
element collinear array at 152.8 MHz, while

Cushmamn

shows the response of 4 ele-

TEST PROCEDURE:

(D Set the FUNCTION switch to
SPECTRUM.

(@ set the HORIZ switch to SPEC-
TRUM MONITOR 1 MHz/Div.

(3 SetthetSIG GEN LEVEL to -10
dBm: FINE -10 dBm.

(® set the REF LEVEL to -20 dBm:

(® setthe FREQUENCY-SELECT
switches to the transmitter
frequency.

Connect the SIG GEN QUT to RF
IN on the VSWR bridge.

Connect the ANT IN to RF OUT on
the bridge.

Set the REF LEVEL on CRT by
leaving D.U.T. port on VSWR
bridge open and adjusting trace to
the top of the CRT display.

9 Connectantennato D.U.T. portand
tune the antenna for maximum
return loss.

® 0 G

NOTE: All measurements are made
with Wiltron VSWR bridge model
62NF50. Remember, when using a
VSWR bridge maximum return loss
means that most of the power is being
absorbed by the D.U.T. orthe VSWR is
minimum. Minimum return loss means
that most of the power is being reflected
back from the D.U.T. and the VSWR will
be high.

o
(-]
i

0 10 20 30 40 dB
Return Loss
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TRACKING GENERATOR TEST TG-7

Recommended Test Equipment:
CE-5110, CE-50A-1/TG

Tuning Pre-Selectors
for Minimum VSWR
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TEST PROCEDURE:
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'/—‘\J' O . A o e (D Set the FUNCTION switch to
o - et @ SPECTRUM.
—+++ ° — | (@ Setthe HORIZ switch to SPEC-
@ © : ) _® TRUM MONITOR 1 MHz/Div.
s Q) ‘ (® settheSIG GEN LEVEL to-10
- =1 dBm FINE -10 dBm.
VER NARROW oev w0
. A (® set the REF LEVEL to -20 dBm.
L e g J ) Y (5) Setthe FREQUENCY SELECT
o O T o TR S e a switches to middie of the pre-
vowen R S QO o ® @ selector range.
@0 @-= | (® Connect the SIG GEN OUTPUT to

siGNAL O LEVEL the RF IN on VSWR bridge and
connect the RT OUT port on the
bridge to the ANT IN on the

monitor.

Calibrate out the insertion lgss of
the bridge by leaving the DUT port
open and adjusting the trace to the
top of the CRT with the coarse and
fine controls of the generator.

Connect the preselector to the

VOLUME BATTERY COND MHz

O

R S A

FUNCTION

$1G GEN LEVEL

MODULATION

FREQUENCY {Hl

Gl

MOD ADJ

et

Q

2 MoN

| oy OFN

0

SPECTRUM

1 kH2 MOD ADY

©

m—EXT SCOPE INPUTIG s

©

SIG GEN OUT

MO IN INTERHUPT MO0 OUT DEMOD OUT VERT CAL OUT SINAD IN @ e DUT port Of the brldge and Vlew
© /\ © © © ) S the return loss on the CRT. Tune
0O X Y & Y N\~ .
= - /) the preselector for maximum return
@ loss over its bandwidth.
LI CRT Photo 1 shows the VSWR bridge
BRIDGE OR response of a3 MHz wide, 455 MHz
COUPLER preselector connected between the antenna
and a preamplifier. Dispertion is 1 MHz/Div.,
Oo——»{j L. l'}—d }—D fgn and the LOG REF was set at the -10 dB
PRESELECTOR AD graticule. Remember to terminate the output
REFZ port with 50 ) when testing passive filters.

Using the VSWR bridge when tuning up a preselector will help
minimize mismatch losses and optimize preselector frequency
response over the range of the filter. With the TG it is easy to adjust
and observe the effect of each adjustment at different frequencies.

Conversion of Return Loss to VSWR

dB | VSWR | % FOR |%REFL] dB | VSWR| % FOR |%REFL] dB | VSWR |% FOR|% REFL] dB | VSWR | % FOR|% REFL
46.0 ] 1.01 [99.995] 005 f240| 113 | 9965 | 035 f155]| 140 | 972 | 28 95 200 | 889 | 111

400 | 102 | 9999 | .01 235 | 114 | 9960 | 040 J 150 143 | 968 | 32 9.0 210 | 875 | 125
37.0| 103 | 9997 | 03 f230] 115 | 9950 | 050 f140§ 150 | 960 | 40 8.0 232 | 840 | 160
340 104 | 9996 | 04 fo220] 117 | 9940 | o060 J130| 158 | 949 51 7.0 261 80.0 | 200
320 105 | 9994 | .06 f215] 118 | 9930 | 070 f126| 160 | 945 | 55 6.0 300 | 750 ] 250
310 1.06 | 99.91 .09 Q207 120 | 9910 | 090 §120]| 167 | 936 | 64 5.0 357 | 685 | 315
29.0 107 | 9988 | .12 J200] 122 | 9900 | 100 J11.7]| 170 | 932 | &8 40 442 | 600 | 400
280 | 108 | 9984 | .16 Ji190| 125 | 987 | 130 J113) 175 | 925 75 3.0 580 | 500 | 500
270 109 | 9980 | =20 §177 | 130 | 983 | 170 J110}| 178 | 921 79 2.0 872 | 370 | 630
264 | 110 | 9977 | 23 f170| 133 | 980 | 200 J109| 180 | 918 | 82 10 | 1800 | 199 | 801

260 | 111 | 9975 | 25 Q165 135 | 978 | 220 f101] 190 | 902 | 98 05 | 3478 | 115 | 885
250 112 [ 9968 | 32 Q160 138 | 975 | 250 f100| 192 | 900 | 100 § 00 © 0.0 100

Cugnmmeanm
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A Few Words About

Cavity Testing

Testing Cavity Filters

There are typically 5 tests that
should be considered when install-
ing or servicing a duplexed system.
These are:

1. Center frequency alignment
2. Receiver degradation

3. Receiver isolation at transmit
frequency

4. Transmitter noise suppres-
sion at receive frequency

5. Insertion loss

After alignment of the center
frequency CAV/DUP tests 1-4, then
the next test that should be per-
formed is the receiver degradation
test. This test will measure the
receiver’'s sensitivity when the
antenna is connected to the duplex-
er, and the transmitter is keyed
(effective sensitivity). Tests 6 & 7
will measure the amount of isolation
between the receiver and the trans-
mitter. The insertion loss can be
measured by placing a watt meter
and a 50 () load on the output of the
transmitter or isolator if one is
present and measuring the power
(see Figure 1). Then measure the
power out of the cavities. The inser-
tion loss can then be calculated by
the formula:
insertion loss in dB = 10 log Pout/Pin
EXAMPLE: dB =10 log 35/ 46
db =10 log .76
insertion loss =1.2 dB

Before performing any align-
ment procedure it is recommended
that the manufacturer’s data sheet
and maintenance manual be con-
sulted since each cavity manufac-
turer will have his own method for
tuning. This will enable the service
technician to more easily use the
Tracking Generator and Spectrum
Monitor with the particular kind
of cavities under test.

Cavity and Duplexer Theory

There are 3 major categories for
cavity filters. They are:

1. Band reject cavities

2. Band pass cavities

3. Band pass/band reject

cavities

Band reject cavities act like a
parallel resonant filter with the high
attenuation at the center of the
notch. These fiiters work well on a
mobile duplexer because of their
high Q and smali size. They also
work well filtering out one particular
frequency that might be interfering
with the receiver.

Band pass cavities act like a
series resonant filter with a mini-
mum attenuation at the operating
frequency, and high attenuation
above and below the operating fre-
guency. These cavities are found in
repeater and base station duplexers,
antenna combiner systems, and on
the output of transmitters to sup-
press spurious output as well as
transmitter intermod.

Sud

Band pass/band reject cavities
act like series/parallel resonant
filters and produce a combination of
pass and reject responses. In aleg
of a duplexed system two or more of
these cavities will product the best
transmitter to receiver isolation and
intermod suppression of the 3 major
types.

A duplexer system is made by
interconnecting the combination of
cavities together in various ways to
provide isolation between the
transmitter and receiver. This will
allow a repeater, base station, or
mobile radio that transmits and
receives on different frequencies to
operate with the same antenna.

50 O
Load

Tx
500
— Load
Rx
Figure1

|

Al2

50 O
l.oad

®)

Watts

NOTE: The CE-5110 with 1 dB/Div. on
the spectrum monitor will perform this
test directly. (See “Total System
Testing” Application booklet).
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TYPICAL RESPONSE CURVES OF CAVITY FILTERS

BAND REJECT BAND PASS BAND PASS/BAND REJECT
IN ouT IN ouTt iN I ouT
Equivalent —O O—"""—A+—-90 O A | O
Circuit , ,
Parallel resonant Series resonant Series/parallel resonant
0 0 0
o
8
Cavity s /
Response 8
Curve <
max Y MAX max Y
'fo fo +fo "fo 'o Ho f1'X fRX
0 T T 1 0 . .
| I
‘S I 1
Duplexed E : :
Response 8
Curves <
MAX max Y
Tx Rx Tx Rx
0
Cavity H
Adjustment ®
Response 8 ¥ v
of center < ! 1
frequency i :
fO
Cavity
Adjustment
of notch
frequency
0 0 -
Cavity 5 AN
Adjustment = K A “ "
Response g AW\
for z SN\
insertion y - A N\~
loss MAX MAX

Cushmen
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CAVITY TEST CAV/DUPLEX-1

Recommended Test Equipment:
CE-5110, CE-50A-1/TG
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Figure 1

Note: 1. Draw a diagram of the system
with frequencies indicated.
Label alf cables.

2. Construct and carefully
inspect all connectors and
cabling using double shielded
coax.

Always connect

the coax test leads
together and calibrate
for the insertion loss
of the cables at each
frequency of interest

3. Some types of cavities are
tuned together so consult the
manufacturer’s tuning proce-
dure before beginning any
alignment.

4. Terminate unused ports with
50 Q) load.

2{

®

TEST PROCEDURE:

(D set the FUNCTION switch to
SPECTRUM MONITOR.

(@ set the HORIZ switch to SPEC-
TRUM MONITOR, 1 MHz/Div.

(® Setthe SIG GEN LEVEL to -10
dBm; Fine control to -10 dBm.

(® Setthe REF LEVEL to-20 dBm.

@ Set the FREQUENCY SELECT
switches to the receiver frequency.

Connect two double shielded coax
test leads together and connect the
other ends to the SIG GEN
OUT/RF IN and the ANT IN con-
nector. (See Figure 1).

Adjust the SIG GEN FINE control
to set the trace at the top of the
CRT, nulling out the cable insertion
loss.

Connect the SIG GEN OUT to the
antenna connector on the duplex-
er. (See Figure 2).

Connect the ANT IN to the trans-
mitter input connector on the-
duplexer. Terminate the receiver
port with 50 (1. (See Figure 2).

Tune the Tx side of the duplexer to
put the notch in the center of the
CRT. Set the HORIZ switch to

100 kHz/Div. for more resolution
(see CRT Photo 1). Try and keep
the bottom of the display above the
-60 graticule on the CRT. This will
keep the display out of the noise.

Move the coax connected to the
ANT IN connector to the receive
port and set the FREQUENCY
SELECT switches to the trans-
mitter frequency. Terminate the Tx
port with 50 (). (see Figure 3).

Tune the Rx side of the duplexer
to put the notch in the center of
the CRT. Same as step 10.

Connect the SIG GEN OUT to the
Tx port and the ANT IN to the Rx
port. Terminate the Antenna port
with 50 (). Set the HORIZ switch
to 1 MHz/div. (see Figure 4).

View the two notches in respect
to each other. (see CRT Photo 2).

Q

® @
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Notch Filter
Duplexer Alignment

50 ()
Load
:] P X rL| ANT r'] RX
[:]': <
CRT Photo 1 shows the rejection notch of
Notch Duplexer the receiver frequency looking into the
Figure 2 transmitter port. Sweepwidth is 100 kHz/Div.

REF level is -40 dBm. The total dynamic
range of the notch filter when properly tuned
is 110 dB.

50 O
Load

—J — X ANT[[ ] RX

CRT Photo 2 shows both transmit and
receive notches properly tuned fora 5 MHz
Figure 3 split. REF LEVEL is max. (approximately

Notch Duplexer

-60 dBm) and sweepwidth is 1 MHz/Div.

50 Q
Load

X I ] ANT RX

E:]D{:

Notch Duplexer
Figure4

CUshinan
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CAVITY TEST CAV/DUPLEX-2
Recommended Test Equipment:

CE-5110, CE-50A-1/TG
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Figure 1

Note: 1. Draw a diagram of the system
with frequencies indicated.
Label all cables.

Always connect

the coax test leads
together and calibrate
for the insertion ioss
of the cables at each
frequency of interest

2. Construct and carefully
inspect all connectors and
cabling using double shielded
coax.

The proper installation and maintenance of antenna sites is a must in
today’s 2-way radio world. Keeping RFI out of your neighbor's receiver
or transmitter is just as important as keeping RFl out of your own
equipment. Keeping your equipment, cavities, isolators, antennas,
etc., well maintained will help do both. When tuning up cavities check
all mechanical connections to make sure they are tight and free of
corrosion. Use double shielded coax, especially with duplex systems.
Make sure the antenna is flat or tuned to the transmitter frequency.
Use an isolator on the output of the transmitter to keep the transmitter
sidebands from being reflected back from the cavity, mixed in the
output amplifier, and being retransmitted out as intermod.

TEST PROCEDURE:

(D set FUNCTION switch to
SPECTRUM.

() SetHORIZ switch to SPECTRUM
MONITOR 1 MHz/Div.

(® SetSIG GEN LEVEL to -10 dBm;
FINE control to -10 dB.

(® SetREF LEVEL switch to -20 dBm.

(® Set FREQUENCY SELECT
switches to transmitter frequency.

@ Connect two double shielded coax
cables together and connect the
other ends to SIG GEN OUT and
ANT IN (See Figure 1).

Adjust the SIG GEN FINE control
to set the trace at the top of the
CRT to compensate for the inser-
tion loss of the coax test cables.

Connect SIG GEN OUT to Tx side
of cavities, (do not tune cavities
through an isolator.) Disconnect
cable between the cavities and
connect the ANT IN to the cavity
that the monitor is connected to
(See Figure 2).

9 Tune each cavity independently
and then together. (See Figures 2,
3, 4) Reduce sweep width to 100
kHz/Div. for better resolution. (If
double peaking occurs and cavities
will not tune on each other, suspect
wrong cable length between
cavities).

10 Before measuring the return loss
when the antenna is connected to
cavities it's a good idea to perform
the antenna VSWR test first (See
Figure 5 and TG-5).

11 Connect antenna to the cavities
and perform return loss measure-
ment (VSWR) with VSWR bridge.
Tune cavities for maximum return
loss, then repeat step 9 (See
Figure4).
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Transmitter Cavity

Alignment

E:l[__rF:i

L .
Tx
50 O
Rx Load
Figure2 -

e
O

Tx
50 O
Rx Load
Figure3
- DG
L,
Tx
500
Rx Load
Figure 4

INPUT

L=
O

TRK GEN
ouT

Figure5

[:I[:]-E:I

Tx

Rx

Figure 6

o1

Figure 6 shows how to minimize the VSWR
between the transmitter and the first cavity
if an isolator is used in the system. This test

is performed after the cavities have been

aligned.

1. Remove the load on the isolator and
connect the SIG GEN OUT/RF IN to the

isolator in place of the load.
2. Setthe METER FUNCTION switch to

X1-PWR.

3. Key the transmitter and adjust the cavity
closest to the isolator for minimum power

on the watt meter.

Cusiimeamn
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CAVITY TEST CAV/DUPLEX-3
Recommended Test Equipment:

CE-5110, CE-50A-1/TG
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Always connect

the coax test leads

together and calibrate
for the insertion loss

of the cables at each

O |

frequency of interest

TRK GEN
Figure 1 out
Note: 1. Draw a diagram of the system 3. Some types of cavities are

with frequencies indicated.
Label all cables.

tuned together so consult the
manufacturer’s tuning proce-
dure before beginning any

2. Construct and carefully alignment.
inspect all connectors and
cabling using double shielded 4. Terminate unused ports with
coax. 50 () load.

TEST PROCEDURE:

(D Set FUNCTION switch to
SPECTRUM.

@ Set HORIZ switch to SPECTRUM
MONITOR 1 MHz/Div.

(3) SetSIG GEN LEVEL to -10 dBm;
FINE control to -10 dB.

(® SetRF LEVEL switch to -20 dBm.

(5 setFREQUENCY SELECT
switches to transmitter frequency.

@ Connect two double shielded coax
together and connect the other
ends to SIG GEN OUT and ANT IN
(See Figure 1).

(D Adijust the SIG GEN FINE control
to set the trace at the top of the
CRT to compensate for the inser-
tion loss of the coax test cables.

Connect S1G GEN OUT to the
input of the first transmitter cavity
and connect ANT IN to the output
of the cavity. Tune each cavity
independently then together (See
Figure 2). DO NOT tune through
an isolator.

9 Tune the other cavities as described
in step 8. (See Figure 3).

Connect the ANT IN to the output
port on the duplexed system and
tune all the cavities together. (See
Figure 4).

@ Set the FREQUENCY SELECT
switches to the receiver frequency.

12 Repeat step 8-9 on the receiver
cavities. (See Figure 5 & 6).

13 Connect a VSWR bridge to the
input of the first transmitter cavity
and adjust the center frequency
of that cavity only for maximum
return loss on the CRT. (See
Figure 7 and TG-6 for return loss
measurement).

14 Perform VSWR test of antenna.
(See TG-6 for return loss
measurement).

15 Perform duplexer desense test
CAV/DUPLEX-5.
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Figure 2

1 [__I'S
Q——@J
Tx
50 0

= Load

Rx

Figure3

=

O
Tx [(: :)’

50 ()
1) oad
Rx —= i ¥
Figure 4
Tx
Rx |—

Figure5

Figure 6

Figure7

. -

CRT Photo 1 shows the response fora
single cavity. Insertion loss is about 2 dB.
Note the broad bandpass response which
reduces selectivity.

CRT Photo 2 shows the response 0of 3
cavities connected together. Note how the
selectivity has been greatly increased. The
trade off for increased selectivity is an
increase insertion loss to about 5 dB.

Cugmam
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CAVITY TEST CAV/DUPLEX-4

Recommended Test Equipment:
CE-5110, CE-50A-1/TG
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Note: 1. Draw a diagram of the system
with frequencies indicated.
Label all cables.

2. Construct and carefully
inspect all connectors and
cabling using double shielded
coax.

Always connect

the coax test leads
together and calibrate
for the insertion loss
of the cables at each
frequency of interest

3. Onsome types of cavities,
you tune through both
cavities at the same time.
Consult the manufacturer's
alignment procedure before
starting.

4. If double peaking of the
bandpass occurs suspect
wrong cable lengths between
cavities.

(D set FUNCTION switch to
SPECTRUM.

(2) SetHORIZ switch to SPECTRUM
MONITOR 1 MHz/Div.

Set SIG GEN LEVEL to -10 dBm;
FINE control to 10 dB.

SetR LEVEL dBm switch to
-20 dBm.

Set FREQUENCY SELECT
switches to transmitter frequency.

Connect two double shielded coax
together and connect the other
ends to SIG GEN OUT and ANT IN
(See Figure 1).

Adjust the SIG GEN FINE control
to set the trace at the top of the
CRT to compensate for the inser-
tion loss of the coax test cables.

Connect the SIG GEN OUT to the
cavity closest to the transmitter.
(Do not tune through an isolator).
Disconnect the cable between the
cavities and connect the ANT IN
to the other connector on the
cavity. (See Figure 2).

@ Align each cavity independently
tuning the bandpass first changing
the FREQUENCY SELECT
switches to the receiver frequency
and tuning the band reject (notch)
second. Retune each cavity a
second time (elements in the
cavities will interact slnghtly on
the first tuning).

10 Connect the cavities to the
duplexed system. (See Figure 3).
Terminate the receiver side with
50 (1 and retune (first the bandpass
and then the band reject).

11 Align the receiver cavities the same
way as the transmitter cavities
repeating steps 8-10 (See Figure 4).
The bandpass is tuned to the re-
ceiver frequency.

12 Perform return loss measurement
on cavity closest to transmitter
(See Figure 5 and TG-6).

13 Connect the duplexed system to
the repeater and perform the
receiver desense test. (See
CAV/DUPLEX-5).

Q@ © 0606

®
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Band Pass/Band
Reject Duplexer
Alignment

ANT IN
= ,
|
O TRK GEN |
I
! !
|
1 1
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P
Rx I
O TRK GEN b
Figure 2 out —_— — — _! _!
Figure4
ANT IN ANT IN

TRK 7 Ref.50 0

TRK GEN GEN —
O O*-(E-{-\ P

VSWR BRIDGE
Tx Tx
50 O
--Load
Rx }p— Rx p—
Figure 3 Figure 5

CRT Photo 1 shows a typical band pass CRT Photo 2 shows the notch display for the
display two pass/notch cavities. Center two pass/notch cavities. The center
frequency is 454.3 MHz with 1 MHz/Div. frequency is 459.3 MHz with 1 MHz/Div. For

more resolution switch to 100 kHz/Div. and

recenter the notch.
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CAVITY TEST CAV/DUPLEX-5

Recommended Test Equipment:

CE-5110, CE-50A Series
CE-45A, CE-46A
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Tuning up a duplexer is not compiete until this receiver desense
measurement had been made. There are several things that can
cause desense in a duplexed system when the transmitter is key.
Inadequate shielding of the Tx and Rx sections in the repeater can
cause desense, as well as running the Tx cable from transmitter to
the duplexer too close to the duplexer antenna or receiver cable.
Another cause of receiver desense is a bad joint beyond the antenna
port of the duplexer. The noise generated in the bad joint comes
back into the duplexer and desenses the receiver. Last there are the
many sources of IM. Transmitier IM is produced by one transmitter
mixing with another transmitter, generating a signal on or near the

receiver frequency.

Cusmam

TEST PROCEDURE:

@ Connect RF coupler to output of
duplexer and terminate output of
coupler with 50 . Connect
SIG GEN OUT to sampling port on
coupler. (See Figure 1).

Set FREQUENCY SELECT
switches to the receiver frequency.

Set FUNCTION switch to FM.

Increase SIG GEN LEVEL until the
12 dB SINAD sensitivity of the
receiver is obtained (see RX-4
Receivers Part 2, on how to
measure 12 dB SINAD ona
receiver). Record this level. Mote:
Disable audio bus to transmitter.
(Alternate method is to use 20 dB
quieting).

Key the transmitter and again
measure the 12 dB SINAD
sensitivity.

Subtract the level recorded in step
4 from the level recorded in step 5.
This is the receiver degradation
due to transmitter sideband noise.
EXAMPLE:

©)
®
®

®
®

50 (1 12 dB SINAD Tx unkeyed =80 dBm
50 2: 12 dB SINAD Tx unkeyed =74 dBm
Receiver degradation due

to Tx side band noise. =6 dB

@ Attach the antenna to the duplexer
key transmitter and again measure
the 12 dB SINAD sensitivity.
Record this level.

Subtract the level in step 4 from the
level in step 7. This is the receiver
degradation due to the Tx side
band noise and the antenna system.

EXAMPLE:

50 : 12 dB SINAD step 4 =80 dBm
Ant.: 12 dB SINAD step 7 =68 dBm
Receiver degradation =12dB

@ Subtract degradation calculated in
step 6 from total system degrada-
tion calculated in step 8 to get
antenna system degradation.

Effective sensitivity of receiver
equals total system degradation
calcuiated in step 8 minus basic
receiver 12 dB SINAD sensitivity.

EXAMPLE:

Basic 12 dB SINAD =-1183dBm =5 uVv
Total system

degradation =14 dB

Effective sensitivity =-99dBm =25 uV
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CAVITY TEST CAV/DUPLEX-6

Recommended Test Equipment:
CE-5110, CE-50A-1/TG
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Isolation, expressed in dB, is one of the most important considerations
in the design and maintenance of duplex systems. Suificient isolation
must be provided between the receiver and the transmitter in order to
prevent the sensitivity of the receiver from being adversely affected by
transmitter side band noise.

Figure2

TEST PROCEDURE:

(D Set FUNCTION switch to
SPECTRUM.

@ Set HORIZ switch to SPECTRUM
MONITOR 10 kHz/Div.

(3) SetFREQUENCY SELECT
switches to transmitter frequency.

(® Connect ANT IN to SIG GEN OUT.
(See Figure 1).

(5) SetREF LEVEL dBmto0.

(6) SIG GEN LEVEL to 0 dBm out.

@ Set trace on CRT to 0 dBm using
FINE RF adjust. (This sets a cali-
brated reference level compen-
sating for the loss in the test
cables).

Connect ANT IN to receiver side
of dupiexer and connect SIG GEN
OUT to the transmitter side.
Terminate antenna port with 50
ohms (See Figure 2).

Increase REF LEVEL dBm switch
to max. The top of the CRT is now
=60 dBm and record level of
insertion loss. Example: if level
reads -50 dBm add -60 dBm +
~-50 dBm = 110 dBm.

Repeat steps 3 through 10 only set
FREQUENCY SELECT switches
to receiver frequency to obtain
isolation to transmitter noise at
receiver input.

While viewing the CRT, replace the
50 () load with the antenna and
view the level of the noise floor on
the CRT and look for on or adja-
cent channel desense. Key up any
nearby transmitters suspected of
external transmitter intermod
interference.

Connect the transmitter to the
duplexed system and key both
suspect transmitter and yours and
look for on or adjacent channel
desense. Internal transmitter inter-
mod. (See SPEC-6 “Analyzing
External Transmitter Intermod” to
determine which transmitter is at
fault.)

CAUTION: Never key the transmitter
directly into the ANT IN conneclor.

Cusgimmamn
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CAVITY TEST CAV/DUPLEX-7
Recommended Test Equipment:
CE-5110, CE-50A Series
CE-45A, CE-46

Measuring

Tx Noise Suppression

At Rx Frequency

(7

© Gushman

CE-50A FM/AM COMMUNICATIONS MONITOR
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The basic rule of thumb in two-way radio is never assume anything.
Be sure to perform incoming inspection of all new equipment for
proper frequency of operation insertion loss, etc. Whether it's from a
well known manufacturer or small unknown company. This important
step can in many ways save you time and money by not having to do a
lot of unnecessary system troubleshooting of a new installation. Be
sure to keep a maintenance log of all your installations including such
data as power out, frequency, insertion losses in transmission line,
duplexers, and VSWR measurements of antennas, etc. These, along
with time and dates of repairs and modification, will be infomation
appreciated by service persons working on the equipment in the

future, as well as the present.

Cughmeam

TEST PROCEDURE:

(D Perform 12 dB SINAD test on
receiver. (See PART 2 RX-4 for test
procedure.) Record sensitivity of
receiver. An alternate method
would be to use the 20 dB quieting
sensitivity.

(@ ConnectSIG GEN OUT to input of
cavity closest to output of Tx, or to
the isolator if present. (See
Figure 1).

® Increase SIG GEN OUT until
receiver is at 12 dB SINAD sensi-
tivity. Record this level.

4 Subtract step 1 from step 3.

EXAMPLE:
12 dB SINAD of
receiver -103 dBm

12 dB SINAD of
step 3 -5 dBm

Transmitter noise
@ suppression: 98 dB

50 O
Load
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CAVITY TEST CAV/DUPLEX-8

Recommended Test Equipment:
CE-5110, CE-50A Series

Measuring Cavity
insertion Loss

CE-45A, CE-46
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SIG GEN OUT
=]
SINAD,

('O Cushman CE-50A FM/AM COMMUNICATIONS MONITOR I @] TEST PROCEDURE:
™ Etectronics, inc. Focus ANT,
—f\"‘ @ o e priEsw il @ To measure transmit side of
e 55 [ - Jo SENSITIVITY
Q S of 1o @ duplexer, connect the output of
s - 1= "Ny tranmitter to the SIG GEN OUT/RF
(D 2 = - saueLn IN connector (See Figure 1).
I A = SR A ,@ (@ Set the METER FUNCTION switch
am (M R - @ r to PWR x10.
] I Homiz  Nenmow wod @ Key the transmitter and read the
" " L. power on the meter in watts.
o o Z"ZJ o 333'1» - T L;g—'g\;E\j:/:noN__ ® (record the 'es"fé)G .
ams e Connect the Sl ENQUT/RF IN
s MCP;’W“ @ N T e Bt @ © @ to the antenna port on the duplexer
> e (See Figure 2).
IE MHz siGNAL (O LEVEL .
Eﬂ EU EU_EU EU EH ] @ Key the transmitter and read the

power out of the duplexer on the
meter. (record the level)

6 Calculate the insertion loss of the
cavities by the formula;
dB =10 Log Pout/Pin.

EXAMPLE:
step 3 meter reads 48 watts

@ 203 @ 516 Gen ouT o step 5 meter reads 35 watts
woow  wremRueT  WoDOUT  oEMODOUT % womiz - @ M Rm' ?nsert?on loss in dB =10 Log 35/48
o ] s cenrrs N/ SN/ 0 o insertion loss = 1.37 dB.
: £ 4 (@) Setthe FUNCTION switch to
SOBNG @ 0 e
SIG GEN To measure the insertion loss of the
[y [ receiver side of the duplexer
OUT, _RFInput connect the SIG GEN OUT/RF IN
= to the input of the receiver and
SINAD connect the SINAD input across
IN the speaker, “observe polarity”

(See Figure 3).

Perform SINAD sensitivity
measurement. (See Rx 4 Part Il
Receivers) Read the receiver
sensitivity in dBm on the VOLTS
dB meter. Note: Use 20 dB quieting
if monitor is not equipped with
SINAD meter.

Connect the SIG GEN OUT/RF IN
to the antenna port on the duplexer

and measure SINAD sensitivity in
dBm on the VOLTS dBm meter.

IN 11 Subtract the sensitivity measured
in step 10 from step 8 to get the
Speaker insertion loss.
Figurea Output EXAMPLE:
. SINAD sensitivity

Figure2 step 8: -113. dBm
NOTE: The CE-5110 with 1 dB/Div. on SINAD :fg’;;‘gf"y _110.5 dBm
the spectrum monitor will perform this insertion loss: 25dB

test directly. (See “Total System
Testing” Application booklet).

Cusghmeamn

Page 35



The following applications notes are available upon request. Use the enclosed response card to indicate which item(s) you
would like to receive, along with a short form catalog of Cushman’s products.

A Poriable Test Set for Microwave Radio
Insialiation and Maintenance

Shows how to utilize the combination of
test instruments in the Cushman Commu-
nications Monitor to maintain and verify
the proper operation of microwave radio
systems to 1000 MHz.

Mobile-Radio Repeaters: Save Time on
Audio Alignment

Describes a method of diagnosing mis-
alignment of modulation circuits in one
step instead of the normal two-step
approach, and then aligning them for a-
total elapsed on-site time of five minutes
or less.

Speeding Up With Sweep Testing
Describes how to use swept frequency
tuning techniques with a Communications
Monitor having a CRT display to easily
and quickly align receiver IFs and other
tuned circuits.

TheOthier Halt of Spectrum Monitoring:

The Other Half of Spectrum Monlioring

Tells how tracking generators (TG) work,
and their use with a spectrum monitor as
an exceptionally useful troubleshooting

aid for frequency-sensitive circuit elements
such as duplexers, receiver RF and |F
circuits, transmitter output filters and
combiners.

Duplexer Testing is Easy and Accurale
With All Cushman Service Monilors

The test set-up and methods of testing
transceiver duplexers using the Cushman
Communications Monitor.

T-Carrier Fault Localing: Automaling

the Art

To understand why the fault-locating
scheme has remained virtually unchanged
through 17 years of system hardware
evolution, and to find out what can be
done to improve the situation.

Spectrum Display Helps Troubleshoot

FDM Carrier Systems

Rapidly changing conditions on a carrier
system are impossible to follow using only
a Frequency Select Levelmeter (FSLM).
This Product Application shows how to
utilize a suitable spectrum display systemto
swiftly, easily and accurately track these
conditions in troubleshooting FDM systems.

Economical New Tester for Pagers
Frees Other Monilors for Fleld Use
Shows a simplified test set-up for pager
repair and describes how to use the
CE-31A FM Radio Test Set to measure
basic pager parameters.

The CE-70 Levelmeter: A Multi-Purpose
FDB Carrier Test Set

Explains the procedures for using the
CE-70 Frequency Select Levelmeter to
make NPR, phase jitter, frequency re-
sponse and frequency comparison tests
as well as standard level and noise
measurements.
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