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HOW TO USE THIS BOOK | qm

Application TITLE box

Thisication Note book contis actual field applications
of the IFR FM/AM-1500 Communications Service Monitor.

Overview... highlights of application -.

| DETALLS |
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DETAILED SETUP
IFR FM/AM-1500

XMTR or RCVR in FREQUENCY window
indicates that you select proper frequency for
the equipment under test. This facing page shows connection

information and the position of
pertinent controls.

INTENSITY ANTENNA

Those controls, readouts or indicators
shown in BLUE affect the operation in
this particular application.

SYMBOL EXPLANATION
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CONCEPT

Check local oscillators & xtals
without opening radio case

There is nothing fancy or complicated about an inductive
pickup. The concept is to connect the high sensitivity
spectrum analyzer (2 pv) to an antenna that only picks up
a small percentage of signal, obviously you don't want to
look at all of the signals that are present in your shop. A
2 turn pickup loop works well from about 100 kHz
through VHF. With the spectrum analyzer set to one of
the wider dispersion settings, you can quickly determine
the operation of the local oscillators.

:iﬂ%_ |

A SNIFFER LOOP lets you
ol _ use the high sensitivity of the
o L TEH | . spectrum analyzer to show you if
| : [ the local oscillators are running
w _ !
: | without opening the case.

+

0 -
L

EXAMPLE

Suppose that a hand-held VHF radio operating at 150 MHz
comes across your bench. You know from experience that it
probably has a first IF on or near 10.7 MHz. If you set the
analyzer center FREQUENCY at 150.0000 MHz and the
ANALYzer DISPeRsion to 5§ MHz per horizontal division,
the analyzer will scan from 125 to 175 MHz. Most radios
radiate enough to pick up the high frequency local oscillator
easily with the SNIFFER LOOP anywhere close to the radio.
The Hi Freq L.O. should show up about two divisions to the left
or right of the center frequency of 150 MHz. Exact frequency
of any signal you can see on the analyzer is easily measured
by jogging the FREQUENCY until the unknown signal is
within 10 KHz, then use the emor meter to get an exact
reading.

Checking the Lo Freq local oscillator would be just as easy by
sefting the FREQUENCY of the analyzer on  10.7 MHz and
ANALY DISPR to .2M. MNow the analyzer will sweep from
9.7 to 11.7 MHz. The Lo Freq oscillator would typically be
about 2.25 divisions {455 kHz) above or below center, The
SNIFFER LOOP is less sensitive at the lower frequencies
and the Lo Freq oscillator coil is usually shielded better than
HF coils €0 you may have to hunt around the case a little to
find the signal.

Local oscillator picked up with sniffer loop

If you haven't used a SNIFFER LOOF we suggest you build yourself two of them
and keep them with your 1500. One is used for SMIFFING , the second one is useful
for non-contact signal injection. You may want to COLOR CODE both ends with vinyl
tape to keep track of which one is injecting and which one is receiving.

A SNIFFER LOOP is such a useful tool when attached to your spectrum analyzer
and tracking generator that you'll wonder how you've done without it.

A SNIFFER LOOP s nothing more than one or two turns of insulated wire on oné
end of a convenient length of coax. Install a male BNC connector on the other to
connectto the 1500°s ANTENNA input.

SNIFFER LOOP diagram

(EXTREMELY UN-CRITICAL DIMENSIONS)

RG-58A/U

(Single turn, 1/4" dia. loop best above VHF)

72 Ga. Solid
Ingulated

SHAINK FIT INSULATION o
_—
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IFR FM/AM-1500

Check local oscillators & xtals
without opening radio case

Connect SNIFFER LOOP to ANTENNA port
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CAUTION: When using the SNIFFER LOOP on transmitters, bring the loop towards the radio after keying.

Couple loop to the radiating coil
to get at least a -80dBm
response on the analyzer
screen. -80dBm will guiet the
FM/AM-1500's receiver section
sufficiently to get a good FREQ
ERROR reading once you have
centered the signal near the
center of the screen at an
ANALY DISPR setting of less
than 10K.

REMEMBER.. you are dealing
with 2 receivers in the 1500, the
spectrum analyzer and the
monitor receiver. Both use the

same front end and connect to
the outside world via the
ANTENNA port.

Don't couple closely untilyou see the signal on the analyzer to avoid overloading or possible front end burn out.

Keep the signal on the analyzer screen below the top (-30dBm) to prevent spurious generation due to overloading.




Measuring audio frequency
response with tone sweep

APPLICATION NOTE

The 1500's Tone sweep menu can simplify audio frequency response testing by stepping
through the 300-3000 Hz range quickly in octave steps so that receiver de-emphasis or
transmitter pre-emphasis response may be checked.

If we set the audio output at 300 Hz to fill the 8 vertical divisions of the
scope, then each octave increase in frequency should be half as many
divisions if the receiver audio output meets the standard 6dB per
octave de-emphasis curve.

PROCEDURE

Set DISPLAY to TONES Key ENTER, MENU, A, A this
should bring up the TONE SWEEP MENU on the CRT.

Key ENTER, 4, >, the cursorwill now flash under START
FREQ. Setthe frequency to 300.

> will move the cursorto STOP FREQ. Set it at 3000.

= movesthe cursoronto INCRemental STEP. Keythe A until it
reads X.

In the next position enter the factor 2.0, this indicates that at each step
the frequency will be doubled (an octave).

Setthe INCRemental RATE to 5000 msec.

To start the TONE SWEEP running, use the following sequence.

ENTER, EXECUTE, 2ND, T.SWP, 4, * (loop), ENTER.

TONE generator 1 will begin automnatically stepping every 5 seconds
through the following frequencies: 300, 600, 1200, 2400, 3000 Hz. -
The loop (e) repeats the function. Neat, but not real handy unless you
have a plotter for the output. Even with a plotter you would still have to
take the 6dB per octave decrease into account.

Now, How do | stop the darn thing?

2nd, STEP will haltthe cycle and leave the tone on.

Now, » will step the frequency up an octave at a time.(300 to 2400) If
you step to 300 Hz and use the VERT VERNIER to fil the scope
with the 300 Hz sine wave, each stroke of the # key will double the
frequency which should cut the audio amplitude in half if it fits the de-
emphasis curve. The top step to 3000 Hz gives you a final check at
the top of the audio passband to check for excessive roll off even
though itisn't an octave step.

300 Hz =8 div.
600 Hz = 4 div,
1200 Hz = 2 div.
2400 Hz =1 div.
3000 Hz = 0.8 div.

Peak to peak levels
required to conform
to 6dB per octave
de-emphasis curve

Once programmed, this function will remain in the TONE SWEEP
MENU as ITEM #04 for future use. (We selected item 4 so it won't &
be changed as easily when you call up the menu)




DETAILED SETUP
IFR FM/AM-1500

Measuring audio frequency
response with tone sweep

e ey

RECEIVER RESPONSE

The setup shown is for measuring
receiver audio response as described
onthe facing page.

— e

TRANSMITTER RESPONSE
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Transceiver

Antenna
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Measuring 12dB SINAD Sensitivity,
Receiver Center Frequency and
Modulallon Acceptance Bandwldth

Measurement of MQD

MODULATION ACCEPTANCE BANDWIDTH
while set up to do the normal 12dB SINAD SENSITIVITY test will

quickly determine the radio's overall low level signal

performance. The IVE FRE test will

tell you if the local oscillators are close to their design frequency
and ifthe IF is aligned properly.

The 12dB_SINAD SENSITIVITY, RECEIVER CENTER
FREQUENCY and MODULATION ACCEPTANCE BANDWIDTH

all contribute to a receiver's performance at low signal levels.

SINAD SENSITIVITY

SINAD is the acrenym for Slgnal + Noise And Distortion. SINAD is
the voltage ratio of signal, noise and distortion to noise and distortion
and is expressed in dB. 12dB is the most commeon SINAD specification
point. SINAD is a more accurate method of measuring the readabifity of
a signal because it measures distortion in the 1 kHz signal in addition to
quieting. A badly distorted audio signal will fail a SINAD test.

RECEIVER CENTER FREQUENCY

The receiver center frequency is the frequency that produces the best
SINAD reading,

MODULATION ACCEPTANCE BANDWIDTH
Modulation acceptance bandwidth is measured by increasing the

deviation until distortion occurs in the 1 kHz tone due to bandwith
[imitations.

10
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RECEIVER RESPONSE CURVE

MODULATION
ACCEPTANGE
BANDWIDTH

RECEIVER CENTER FREQUENCY




DETAILED SETUP Measuring 12dB SINAD Sensitivity,

Receiver Center Frequency and
IFR FM/AM-1500 Modulation Acceptance Bandwidth

‘ SINAD SENSITIVITY and

1 RECEIVER CENTER FREQUENCY
After setting Tl to 1000.0 Hz and adjusting
1 TONE 1 level to 3 kHz of deviation, switch
i‘"‘.’ﬂ.?.‘““‘ Jet [l DEV PWR to SINAD.

. R iy (A || S . TN Increase RF output from  minimum until
= S e T || Hemares |—— = : needle on SINAD meter reads about 12dB.

Advance the GEN control clockwise from

l TREQERROR  ANALYDISPR the LOCK position to get the highest SINAD

HORIZ DEV-TPWR i
— WO = VERNIER | o @ UEIHIM ronsiY — b= il % 0| WATTS reading possible. That is the RECEIVER
| AL Ly nlr PN P o W - B N g g z'\if s m-\Wwl| | CENTER FREQUENCY, leave the GEN
= Tmlm Ta R TG E#:_:/ -y = e ST =g =y control at that position,
AUDI0 Ha, 1((Ju 108 UNCAL L] g AL UNCAL F I |
p—— —— DVERTENP) Readjust the RF level to get 12dB SINAD,
JGEN,  INTTOME  VOLUME | B HC\"FI 1l i (0] reading the RF dial at the cursor to determine
Llpek AGYA TOMNE 1 ml[ 2 DFFS!T FREQUENCY W
ECTFMMOD  TONE!  TONEZ  SOUELCH e b

MODULATION ACCEPTANCE
BANDWIDTH

EXT AM MOD
S—

-
W LEWP

With controls in the same position as abave,
increase the RF level 6dB. The SINAD
reading will increase due to the stronger

Y

'_Jj signal.
Increase deviation with the TOME 1 control
until SINAD returns to 12dB as the distortion w

©
o

increases due to bandwidth limitations., The

A Receiver deviation as read on the MODULATION
Speaker A meter is the MODULATION ACCEPTANCE

l Audio Output [EehTa EﬁgﬂkﬂHﬂz llanng! He‘ MNormal readings are in the

11



Checking Receiver I.F.

Bandwidth and Symmetry

e Y — S
The IF. filtering network determines the
receiver's selectivity. If it is too narrow, audio
distortion will be produced. If it is too wide,
there is apt to be adjacent channel interference.
Symmetry of the LF. filter is important for
recovering audio with the lowest distortion.
—

TO MEASURE LF. BANDWIDTH (60dB skirt width)

Open the squelch fully on the receiver under test.
Setthe 1500's FREQUENCY to the receiver frequency.
Set TONE 1 frequency to 1000.0 Hz.

SetDEV / PWR 102 Khz.

Set TOME 1 level fo produce 1KHz deviation on MODULATION meter.
Reset DEV / PWR to SINAD.

Adjust RF outputto achieve a 12dB SINAD reading.

Note the dBm reading on the RF output dial, that's your BEFERENCE
SENSITIVITY. (typical example: -110dBm)

Raise RF outputto 60 dB above REF. SENS. (example: -50dBm)

Move the cursor in the FREQUENCY window tfo the last position on the
right, the hundred hertz position.

Jog the frequency up in hundred hertz steps with the # key until the SINAD
meter again reads 12dB. Note the upper frequency. .

Jog the frequency down with the v key through center and to the point on
the low side where 12dB SINAD is again achieved.

12

Distortion should begin at approximately the same + frequency offsets.
The difference between the high and low SINAD points is the 60 dB
“skirt width".

By listening to the receiver's audio you can hear the distortion and loss
of the recovered 1kHz tone. The fone should be gone at +15kHz on
narrow band FM radios, indicating good adjacent channel rejection.

Distortion should begin at approximately the same + frequency offsets.

TO MEASURE LF. SYMMETRY

|.F. symmetry is good if the 1 kHz audio starts breaking up at the same
frequency offset either side of the center frequency.

Reset the FREQUENCY to the receiver's center frequency.

Advance the frequency to full offset by rotating the GEN control
clockwise just past the detent. (out of the LOCK position)

Reset the squelch on the receiver under test to squelch the audio (just
below threshold).

While monitoring the FREQ. ERROR meter, swing the frequency
either side of center with the GEN control.

The receiver should break squelch at about the same + frequency
offsets if the |.F. is symmetrical.




DETAILED SETUP
IFR FM/AM-1500 Bandwidth and Symmetry

Checking Receiver I.F.
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APPLICATION T—
NOTE I

Receiver RF filter alignment

RF alignment using the tracking generator as a source and the
analyzer as an indicator can provide an insight into tuning flaws
that are otherwise invisible.

Inside is a case history of how the tracking generator was used
to isolate a bad part, the problem that an unavoidable part
substitution caused and how it was resolved.




THE SAD STORY

A dual diversity wireless microphone
receiver came into the shop with one
channel essentially dead.

By using a SNIFFER LOOP with the tracking
generator, a bad RF FET was found quickly. It was
replaced with the radio manufacturers substitute
pan. (the original FET was no longer manufactured)

After the FET replacement, the tuning just didn't
act right, it was too broad and didn't want to peak-up
property.

THE PLOT THICKENS

Feeding the ftracking generator directly into the
front end and using the sniffer loop to sniff the RF
output coil, the analyzer showed a double hump
response. The output coil resonance was too high
in frequency when the slug was centered in the
coil, ::\dicating that more capacity was necessary to
tune it.

After adding a small capacitor across the RF output
coil, the output increased as expected as the
resonance approached the receive frequency.
Resonance was still too high so some more "C" was
added.

—

RF STAGE REGENERATIVE?

As the output coil was tuned toward the receive
frequency, the shape of the peak got sharper, an
indication that there was regeneration. The stage
was about to take-off into self-oscillation.

RF STAGE TAKES OFF

As the ouput stage reached resonance at the
receive frequency, it went into sustained oscil-
lation. All of this was the result of replacing a FET
in the RF stage with a substitute. (Remember, the
original part was no longer manufactured) The new
FET had considerable more gain and had to be
degenerated by raising the drain resistance.

HAPPY ENDING  (you cont rink we'd el you a sad one da you?)

Once the gain was reduced, both coils could be
peaked at the receiver frequency, providing a
good RF response curve with stable gain. The
regeneration would have been impossible to see
without an analyzer. Just peaking for maximum
signal wasn't enough to provide proper cperation.

A single turn sniffer loop was found to be easier to
use in this application at 33 MHz than an RF probe
because it could be left in position over each coil
form during the tuning process and didn't require
an extra hand to hold it in place as the RF probe
did.




Sniffer leop on RF inputcoll as a
reference.

200 pv fed into radio antenna jack.
DISPLAY: TRACK
ANALY DISPR: 1MHz / DIV

10 dB/DIV
FREQUENCY: 33.4 MHz

38.4 MHz

Shniffer loop on RF cutput coil.

FETT TRy PP

Obwious loss of gain.

!
|

B S I

Replaced RF FET with substitule.

Shiffar loop stll on RF output eoil.
Lefthump is RF input coil response.

Right hump is RF output coil
respanse. Output coil tuning shug at
maximum inductance in middla of coll.

Output coll resenance 4 MHz too high,

Sniffer loop still on RF output coil.

Added small "C" to output coil to lower
resonant frequency.

Cutput coll resonance closer to 33.4 but
peak gets sharper. Why?7?

Suspect regeneration.

Sniffer loop still on output eoil,
More "C"is added to output coil to tune it.
RF stage goes into sustained oscillation.

Sniffer loop still on cutput coil.

FET degenerated with higher drain
resistance.

Double exposure photo;

Top trace = RF output coil with 200uv into
antenna.

Bottom trace = RF output coil with no signal
input.

Slight nolse hump shows amplifier stable
with some normal noise amplification.




DETAILED SETUP _ : e
IFR EM/AM-1500 Receiver RF filter alignment
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High accuracy FM deviation
measurements using the
Bessel null technique.

Very accurate FM deviation measurements are possible using the —g0— ] f | 4

narrow dispersion capability of the 1500's Spectrum Analyzer to ) - L |

determine the Bessel function null. o LA
a0 - — e b == .

WHY?? The fi i it s Ll FL \ S

e first null will occur when the deviation is L i

The Bessel null  technique Is | 2.4048 times the modulating frequency. L!L_-—"‘B'L—l‘!hl——

useful to determine accurately Carrier with no modulation B

the deviation of any FM device 3

that you can feed an accurate B T

frequency  modulating  tone Desired Deviation Modulating { !

into... @ transmitter, another — Frequency ol |

signal  generator, even the = (required 1o produce i

1500's signal generator may be 2.4048 first null.) : Al

checked for FM  deviation f A f

accuracy. I

HOW?22 Example: Desired Deviation = 5 kHz N

Set controls as shown. Program RF to 5000 Hz_Deviation = 2079.2 Hz
transmitter frequency so that the =

analyzer is centered on transmitter freq. 2.4048 Modulating freq. i

Program T1 Modulating Frequency | Caution: ::E - |

ga::;bz" *::,”z sult;c?;a:;e.rg?ér ef Some transmitters' deviatior_l iimiter§ are -0

level from zero until first null appears. fooled witen they are Rai 0o wii) B CONLOIE . | -

Crosscheck on analog MODULATION sine wave 5|gngl. Recheck peak d_ewatmn by -u)

meter or on digital readout by switching Moving - OENIRon Oh SCENE Wih. spescl 1 j :
DISPLAY to METER. i i '

il ]
——

18 Deep null appears at exactly 5 kHz




DETAILED

SETUP

High accuracy FM deviation
measurements using the
Bessel null technique.

Direct connection

Connect the TONES OUTPUT fo the
microphone input of the transmitter.

Optional acoustical
coupling to microphone

..1 TS Acoustical coupling provides non-

O fingon mtrn ;

[ invasive testing of the transmitter by

“---;“ holding the microphone up to the

1500's speaker (on right side of case).

=
nlo .u .n .a

B0 8- |-

=~
=

Feed the 1500's fone generator to the
speaker by swilching to INT TONE.
Speaker output level is controlled by the
TONE 1 and VOLUME controls.

Antenna

XMITTER

Mic. input




Measuring the output of

very low power transmitters

Wireless microphones and low power telemetry

transmitters are a challenge when it comes to
measuring their RF output power.

The calibrated spectrum analyzer ANTENNA
input provides the sensitivity required to make
accurate low level power measurements,

The FREQUENCY must be set to the transmitter
output frequency so you can see the signal
centered on the analyzer display.

TWEAKING NOTE:

When you are trying to peak up a low power transmitter with the
analyzer display, the logarthmic response compresses any
change, making it difficult to see small changes in amplitude.
Switch the dB/DIV switch to the 1dB position and re-center the
top of the signal with the VERT POS control, In this 1dB per
division mode,you can see small changes much better.

CONVERSION TABLE
dBm to WATTS

APPLICATION NOTE

100 mw

10 mw
1mw

100 pw

10 pw

1 uw

10 mw

mw

+50 dBm = 100 watts -10 dBm = 100 pw
+40 dBm = 10 watts -20 dBm = 10 uw
+30 dBm = 1 watt -30dBm =1 pw
+20 dBm = 100 milliwatts | -40 dBm = 100 nw
+10dBm = 10 mw -50 dBm =10 nw
0dBm=1mw -60 dBm = 1nw

20

1w

100 uw

10 pw

Tpw
100

10 nw

1nw

—| ;:r(a\_mr
. Qnﬂﬂ!%x -

100 mw - 100 watts = Feed direct

into TRANSmit port. (80dB path to
analyzer switched in by power detector)

{1048 pac | mm

—

ﬁ
=

10 mw - 100 mw = Use 10dB external
aftenuator into ANTENMA. Switch
in 40dB internal ATTENUATOR.

— ANTENNA

=L

| ST
| | ATTENUATOR
| ADdE

7 o | 2008 | L‘

Less than 10 mw = Feed direct info
ANTENNA port. Switch in 40dB
internal ATTENUATOR .




DETAILED SETUP
IFR FM/AM-1500

Measuring the output of
very low power transmitters

_ \\ PROCEDURE:

A Connect ANY transmitter to the
TRANS jack first. Set the DEV [
PWR switch to 15 watt position. Key
the transmitter and confirm that the
power is LESS THAN  1/4 wall
(This step is important to guarantee that

8IG PEAK PEAKY

FAETERAGR  AWACTBISPR — BEFCCVENT — VERT ~DISPLAY wan(HORT LT 1 you Idon't Sm?'lfe the front endlby
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@" o o TONE1 TONEZ OFFSET FREQUENCY REC B « If the transmitter power is at least
EXTEMMOD  ToNE! Lt Saer el He Hz MHz Mz DUPLEX 100 milliwatts, the 1500 will detect it and

switch in a -80dB internal path to the
spectrur  analyzer. The spectrum
analyzer can then be used as a power
indicator with the top (-30) graticule line
indicating 100 watts. (See top scope
photo on facing page for power
correlation.)
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How to cross check spectrum analyzer sensitivity:

The 1500's DUPLEX cutput may be used to check the sensitivity of the analyzer. Set OFFSET to 00.00.
Connectthe DUPLEX OUTPUT to the ANTENNA port, Using the RF output dial as a dBm reference,

Set GEN/REC to GEN. Set DUPLEX / SIMPLEX to DUPLEX. the top of the signal shown on the analyzer
(this disconnects the internal signal crossfeed from the generator) display should read the same.
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Measuring transmitter .
harmonics

The spectrum analyzer is useful for measuring harmonic outputs. A quick check
of harmonic output is easily accomplished on transmitters in the 0.2 to 100 watt )
range by keying them directly into the TRANS port as described on the facing

page.

For those instances outside the 200 milliwatt - 100 watt range or where more
dynamic range is required, the range expanding techniques inside this fold-out
should be used. '




Procedure for wider dynamic range measurements:

1. Connect as shown, With the ATTENUATOR swilch in the 20 dB
position, key the transmitter to view the signal at the transmitter frequency.
Adjust coupler to get a full scale signal on the display. If you can't get the
signal down to the top line, switch to 40 dB. Additional pads in the coupler to
antenna line may be necessary depending on the loss of the coupler and the
transmitter power. It is important that the transmitter fundamental level be as
near the top of the screen as possible without exceeding it to obtain the
maximum dynamic range.  The internal ATTENUATOR needs to be in either
the 20 or 40 dB position with the fundamental signal at the top graticule line.
The ATTENUATOR switch will be switched back to 0 dB to extend the
dynamic range cnce the high pass filter is installed.

2. Measure combined loss of coupler, high pass fiter, & Attenuator at Fq.

Install the high pass filter, Disconnect the coax from the transmitter and
reconnect it to the 1500's TRANS jack. Switch the DISPLAY to TRACK.
Increase the RF output level to center the fuzzy trace on the -80 dBm line at
center screen.  Subtract the black dial dBm reading from -90 dBm. The
difference is the loss at Fy.

3, Measure coupler, HP filter, & Aftenuator loss at Fa.

Change the analyzer center frequency to the second harmonic (Fp) and
readjust level to center the trace at -90 dBm. Subtract dial reading from -90 to
determine the loss at Fo. MNow you have calibrated your measurement system
at the fundamental and second harmenic.

Warfable Coupler

4, Measure harmonic output of transmitter,

Reconnect the coupler coax to the transmitter. Key transmitter, reading
display ta determine the level of the harmonic. The attenuation of the high
pass fiker and the coupler at the harmonic frequency must be added
algebraically to the result to accurately reflect the harmonic level.




Measuring transmitter
harmonics

VERY LOW & HIGH POWER SITUATIONS
Transmitters with output power above 100 watts will require the use of a coupler? to prevent

overloading the analyzer. Transmitiers with outputs below 100 milliwatts will not switch in the
80dB path and will require a coupler or external attenuator to reduce their output to -30dBm or
below so that it can be coupled directly into the ANTENNA port without overloading. A variable
coupler is desirable so you can adjust the coupled level to the top of the analyzer screen and
utilize all of the analyzer's dynamic range.

ANALYZER DYNAMIC RANGE

The 1500's spectrum analyzer has a usable dynamic range of 70dB, from -30 (top of screen) down
t0-100dBm. Below -100, signals become noisy enough to make measurements more difficut.

EXPANDING ANALYZER DYNAMIC RANGE

To measure signal levels beyond the 70dB dynamic range of the analyzer, a notch filter or high
pass fiter! must be used to cut the transmitter fundamental so it doesn't overload the analyzer
front end.  Signals above the top of the screen (-30 dBm) will overload the 1st mixer and cause
spurious signals (intermodulation products) to be generated in the analyzer. These intermod
"spurs” clutter the display with extra signals, often causing great confusion and heartburn.

SPURIOUS?
To quickly determine if the signal you are looking at is a spurious generated within the analyzer ...

1. Switchinthe 20dB ATTENUATOR. Ifthe signal level drops more than 20dB, it is a "spur”.
The amount of the drop depends on the "order” of the intermodulation product.

2. Center the signal on a major vertical graticule mark by jogging the frequency up with the * key.
After noting that frequency, jog the frequency to the next major vertical line. The difference in
frequency should be the setting of the DISPR knob. If the signal moves more than the knob
setting, it is a "spur”. If you have several signals on the analyzer display, watch the distance each
one moves as you jog the frequency. Those that move faster than others are high order "spurs”.
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APPLICATION NOTE

FCC Requirements

For land mobile services at power
levels below 1,000 watts, the F.C.C.
harmonic specification requires that
all emissions beyond 250% of the
authorized bandwidth be atten-
uated by 43+10(Logqg output power
in watts)dB.

Minimum attenuation for signals

2250% of authorized bandwidth.
(harmonics & spurious)

Transmitter ~ Minimum [Transmitter  Minimum

er attenuation, power attenuation,

watts dB below carrier | Inwatts  dB below carrier
1 43 100 63
5 50 150 65

10 53 200 66

25 57 250 67

50 60 300 68

75 62 500 70

1H' h filter source;

Mln?mrwn: P.O. Box 166,
n, NY 11235, (718} 934-4500
BNO— NC connectors, price $2‘f QSea. (June '86)
30-54 MHz transmitters = BHP-
144-174 MHz transmitters = BHPASOO
450-470 MHz trans mitters = BHP-700

2 ariable coupler sourca
Bird Elactronic Corp., 3030 Aurora Rd.,

Clew.land OH 44139 (216) 248-1200
Madel 4275-20 Oouplar 1000 MHz,

"N" male & female, prica $84.00 (June BE}
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Transmitter
200 mw to 100 watts

(20 fext for usage outzide This power ranga)

QUICK HARMONIC CHECK

A quick check of harmonic output is
easily accomplished on transmitters in
the 0.2 to 100 watt range by keying
them directly into the TRANS port.
The top horizontal line of the analyzer is
100 watts because there an
automatic 80dB path switched in
between the TRANS port and the
analyzer when the input power
threshold of 100 milliwatts is exceeded.

Look first at the fundamental (Fq) level
by setting the center frequency of the
analyzer at the transmitter frequency.
Jot down the amplitudea.

(10 watts would read about -40dBm)

Reset the FREQUENCY to center the
second harmonic {2x Fy = Fo). The
difference in amplitude is the second
harmonic level below the carrier.




Stage gain measurements

using the spectrum analyzer

The spectrum analyzer is a useful tool for measuring relafive stage gains to
isolate problem areas. Defective RF devices frequently cannot be found
easily by DC measurements. Probing the input and output will show when
there is a major signal loss. We speak of relative stage gain measurements
because absolute measurements are very difficult due to circuit loading
and the detuning effect of any measurement device.

Analyzer input methods

Some method of coupling the signal from the individual RF and |.F. stages to the
ANTENNA (spectrum analyzer) input is necessary to do stage gain
measuraments. It can frequently be done with a sniffer loop or an RF probe for
direct probing.

RF Probes

Because the spectrum analyzer input impedanca is 50 ohms, a low impedance RF
probe is required to feed it. A typical 10X probe (20 dB) has an input resistance of
500 ohms at DC with an input capacity of 1 pf. A 100X probe (40 dB) looks like
5K with 1 pf. (10X & 100X RF probes are available from Tektronix and others.}

The input impedance of these probes decreases as the frequency increas-= due
to the 1 pf shunt capacity. 1 pf looks like 1600 ohms at 100 MHz but o1 160
ohms at 1 GHz.

Which Probe?

Deciding which probe ta buy should be influenced by the trade-offs involved.

The 10X probe provides flatter frequency response but circuit loading is greater
due to the low DC resistance. Generally the 10X probe is the most useful.

The 100X probe loads high impedancs circuits less but its 40 dB loss makes low
level signal measurement difficult. The effect of the 1 pf shunt capacity above 300
MHz reduces the input impedance to just slightly more than that of the 10X probe.
The 100X probe is best for lo freq |.F.s and H.F. RF work.

A DC block must be used with any probe to
prevent analyzer damage due to DC inputs.
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APPLICATION NOTE

Shiffer loops

Pickup of RF energy is sometimes more controllable with an inductive pickup or
sniffer loop, especially at VHF and UHF. It is not unusual to get considerable
capacitive coupling into an RF probe before you touch a tuned circuit. You are
actually building a capacitive voltage divider circuit as the pointed probe tip
approaches the RF voltage source. Once you actually touch the circutt, it is
usually detuned appreciably. A sniffer loop on the other hand, inductively
couples energy into the analyzer and usually has less of a detuning effect.
You don't have to worry about DC ratings because the sniffer loop element is
fully insulated.

The construction of sniffer loops varies slightly depending on the frequency
range of intended use. A 2-turn loop is good from about 100 kHz to 50 MHz.
Above 50 MHz, just connecting the center connector back to the shield with a
1/4 inch diameter partial turn is sufficient. (See page 6 for sniffer foop details)

Stage Gain Measurements

Radios that are separated into modules with coax connectors are the easiest
fo troubleshaot utilizing stage gain techniques. Some manufacturers even
specify the input and output levels of the modules, simplifying the
troubleshooting process.

Rarely are commercial radios built with stage gain measuramants in mind. Real
world stage gain measurements are easiest when you have a good radio to
compare with the bad one you're working on.

Injecting a signal into the stage from the generator and measuring the output of
that stage with the analyzer in the TRACK mode is a straightiorward process
for receivers. Of course, injecting into the front end at the RF frequency is the
easiest. The analyzer can then be used to "sniff* the RF input and output coils,
looking for the amplitude increase produced by each "gain” stage.

At the same time, if you have the analyzer on a wide enough dispersion setting,
you will also see the HF Local Oscillator above or below the receive frequancy.
Once you've determined that the RF stage has gain, "sniff* for signal at the 1st
|.F. frequency around the mixer. You should see a hump of noise at the I.F.
frequency coming from the RF amplifier even if there is no specific signal at the
receiver frequancy. S




DETAILED SETUP
IFR FM/AM-1500

Using a xmit loop

Now comes the need for the 2nd Sniffer Loop. We're not
going to use it to "sniff", instead we'll use it as a source to
couple some LF. signal into the mixer from the 1500's
tracking generator. Reset the FREQUENCY to the 1st
I.F. frequency.

Injecting the LF. signal, you can now sniff for it down the
I.F. strip to locate trouble spots quickly without trying to
find test points or breaking into the circuit.

CAUTION:  As you couple the output into
the analyzer, you will also radiate some
signal. I is possible to produce enough
feedback to the Input to produce osc-
illation, especially if you're coupling from
end to end through several stages of gain.
Watch for narrow, steep-sided peaks in the
response curve, a sure sign of regen-
eration and a precursor to sustained oscil
lation.

Stage gain measurements
using the spectrum analyzer

Sniff Input coll for reference.

Sniff cutput coil for gain in amplituda.
Look for HF Osc. +1st L.F. away.

I_I Receiver under test

Suggestion: To reduce confusion, color code each sniffer
loop assembly with colored vinyl tape on both the loop and
connector end, With all of those BNC's on your bench,
anything to reduce confusion is helpful. They DO multi-
ply and interweave in the night while you're gone.

I_I Refeiver under test

Inject inlo mixer coil at 1st LF.
Sniff outpul coil Tor gain in amplitude.
Look for LF Osec. £2nd LF. away.




Analyzing receiver desense
caused by
intermodulation distortion

APPLICATION NOTE

When intermodulation problems occur, you must first determine whether they are generated
within the receiver by mixing products or if they are produced by mixing in an external non-linear
device such as corroded antenna connections or in a nearby transmitter.

Externally or internally produced?

Eliminate the receiver first by splitting the signal from the antenna and
feeding both the receiver in question and the 1500's receiver. Listen to
the receiver for the intermod and look for it in the analyzer display at the
receive frequency. If you hear it from the receiver and do not see it on
the analyzer, you've only determined that it is not an on channel intermod
produced extemally. It still could be a mixing product generated
externally and interfering on a spurious response frequency within the
receiver or it could be a mix within the receiver.

To determine if the mix is within the receiver:

Next, lightly couple the receiver's 1st IF output into the 1500's
ANTENNA port with a sniffer loop. Tape the sniffer loop down so that
the snified signal will be constant. When the interfering signal is heard,
switch to 1 dB/DIV and set the top of the signal to the top of the screen
with the VERT POS control.

Install a 3 dB attenuator in the outside antenna line. If the analyzer signal
level drops appreciably more than 3 dB, the intermod is produced within
the receiver. If it only drops 3 dB, the source is external, probably in a
nearby transmitter or antenna system.

To determine if the mix is within
the suspected transmitter:

A tuned isolator is needed in the suspected transmitter's output line to
provide different forward and reverse loss factors.

Measure the forward and reverse loss at the intermod frequency.
(more on insertion loss measurements on pages 44-45)

Connect the RF Coupler's output to the 1500's ANTENNA input.

Adjust the coupler o establish a reference level of the intermod when
it next appears.

Install isolator and note the attenuation in the intermod.

If the intermod signal drops by the forward attenuation of the isolator,
the intermod is not being caused by this transmitter.

If the intermod signal drops by the reverse attenuation of the isolator,
you've found the offender.
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Measuring isolation and insertion loss

in Tx-Rx switches

T-R relays can be a source of several problems.
Low transmitter power, poor receiver sensitivity

APPLICATION NOTE

TRANSMITTER POWER LOSS

Transmit power loss caused by the relay is

easily isolated by measuring output power with
and without the relay.

and even intermod interference problems. RECEIVER SENSITIVITY LOSS

- g . .|
Receiver sensitivity loss is isolated by
measuring the transmission loss at the receiver

Set reference level with cables on 1 dB/DIV
to compensate for cable & connector losses.

frequency. Sensitivity loss

i is more apt to be an
| | | | intermittent problem due to
h ANT the lack of power to punch
through the thin corrosion
@ layer on the receive
\ contacts.

[(oiRe
| . |
T-R RELAY MAY BE AN

Transmission loss in receive mode:

Power Loss: Determine wattage
loss by eliminating relay.

Use 1 dB/DIV for highest resolution. INTERMOD SOURCE
I Corrosion on contacts may
4 act as a diode, creating an

£ :] % unwanted mixer when
ANT

=< excited by strong RF
@ signals from the antenna.

Receiver isclation
during transmit.
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Measuring isolation and insertion loss
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See facing page for actual
connections.
Use 10dB/DIV for loss

measurements of 10dB or more.

Use 1dB/DIV for higher resolution

measurements.(<10dB)
Use VERT POS to re-center
reference.

Always “calibrate out" cable and
connector loss at each frequency
of interest.




Monitoring SSB & ACSB testing

SSB

Single Sideband signals are easily monitored
with the 1500's MODULATION switch in the
SSB position. An accurate phase locked beat
frequency signal [BFO] s automatically
injected on the 1500's last IF frequency.

SSB Frequency error

Setting the frequency of a SSB fransmitter is
easiest when the transmitter can be switched
or jumpered into a CW mode. Sometimes the
carrier balance control can bs misadjusted
slightly to produce a small CW signal. The
frequency can then be read conventionally on
either the digital or analog Error Meter. (See
pages 34-35 for 0.1 Hz resolution method.)

If CW cperation is not practical, the precision
frequency audio generator capabilty of TONE
1 is used to modulate the SSB transmitter with
a 1,000.0 Hz tone.

The 1500 FREQUENCY is then set 1
kilohertz above or below the suppressed
carrier frequency depending upon whether the
uppar or lower sideband is used.

The frequency error can then be read directly
on the digital DISPLAY in the METER
position or on the analog FREQ. ERROR
meter,

Marine radio note: To achieve the +20 Hz
accuracy required by FCC for marine HF
radios, the oven option must be installed in the
1500.
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ACSB TRANSMITTER TESTS

To confirm compressor performance:

Monitor through the ANTENNA port as shown on
facing page.

Sst FREQUEMNCY to suppressed camier of ACSB
signal.

With modulation tured off, key transmitter and note
that FREQ ERROR meter reads the frequency of
the pilct tone.

Medulate transmitter with TONE 1 at 1000.0 Hz.
When modulation is at maximum, the FREQ
ERROR meter should read 1 kHz.

ACSB Frequency error

Use either digital or analog FREQ ERROR meter
to measure the frequency error of the unmodulated
ACSB signal. The unmodulated signal will be 3.1
kHz abovethe suppressed carrier,

Viewing transmitter modulation envelope

Reset DISPLAY to SCOPE.

Modulate the transmitter with TOME 1 set at

1800 Hz

Adjust TONE 1 level to display a modulation
envelope. Adjust HORIZ VERNIER for a stable
display.

Overdriving the transmitter output causes flattening
of peaks. Waich for parasitic oscillations which
appear as a fuzzy halo on the envelope,

APPLICATION NOTE

| Chacking receiver expander

ACSB RECEIVER TESTS

SRTM (Standard Receiver Test Modulation)

[test signal with pilot and 1 kHz test tone.]
Set FREQUENCY MHz to the suppressed carrier +1kHz.
Set MODULATION switch to AM1.
Set TONE 1 1o 2100.0 Hz. Setthe modulation level to 63%.

To measure SINAD:

Connect audio cutput to SINAD input.

Increase RF level to achieve 12 dB SINAD. 1
Checking pilot capture & AFC tracking I

After achieving 12 dB SINAD, vary TONE 1 frequency in

hundred hertz steps from 1400 Hz to 3000 Hz to make sure I
that recaiver tracks the pilot tone. SINAD indication should

remain constant.

Receiver capture of pilot: Set radio squelch to threshold with = I
no AF. Increase RF leval until squelch opens.

Vary FREQUENCY MHz +500 Hz.
SINAD should remain constant.

Set FREQUENCY MHz to suppressed carrier fraquency-

Set TONE 2 to 1000 Hz. Set modulation 1o 20% with 1
TOMNE 2 level contral.

Set TONE 1 to 3100.0 Hz. Increase TONE 1 to obtain
40% total modulation.

View radio's 1 kHz speaker audio on SCOPE.

Increase / decrease 1 kHz (TONE 2) level. Audio level |
should change correspondingly.
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Sensitivity is measured using the same
connections as any other radio.
(see page 10-11 for SINAD setup)

TRANSMITTER TEST SETUP

A coupler and an external load are
necessary on SSB & ACSB if the RF
output with no modulation is fess than
100 miliwatts.
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The 1500's TRANS port has a 100 mw
power detector that switches in an 80 dB

path between the TRANS and
ANTENNA ports for viewing transmitter
signals on the analyzer.

With average power levels varying
through this 100 milliwatt threshold
during modulation, the 1500 will toggle
back and forth.

. @ :.

SSB or ACSB
Transmitter

Transmitter

500 Load

output

Variable coupler
Sou page 24 for sourca inio




Synchronizing Simulcast
Transmitters

Simulcasting requires that the RF frequency of all of the
transmitters be set very close to each other. The 1500 is
capable of measuring the frequency direct or off the air with a
resolution of £ .1 Hz. The needle trend of the analog FREQ.
ERROR meter makes coarse frequency setting easy. The
digtal FREQ ERROR shown on the DISPLAY in the
METER position provides +1 count resolution.

Off-the-air checking would of course require that you have control of gach
individual transmitter from the measurement site or be able to discriminate
between received signals so you know which transmitter you're receiving.

Note: The standard 1500 will resolve RF signals to 0.1 Hz, but the
frequency stability required for simulcast testing requires the oven
oscillator option be installed.

Allow the 1500 at least 15 minutes warm-up from a cold start before
attempting accurate frequency setting. The oven can be kept hot between
transmitter sites by using the cigarette lighter plug to run the 1500 on the
service vehicle battery,

CAUTION: It is wise to unplug the cord during the
vehicle starting process to protect the 1500 from
those brutal transients!

APPLICATION NOTE

For 1 Hz resolution

The 30 Hz FREQ. ERROR position on the analog FREQ. ERROR
meter provides 1 Hz resolution so it's as easy as setting the 1500's
FREQUENCY to the desired and tweaking first cne transmitter to
zero and then the other to zero on the error meter.

The digital error display shown when the DISPLAY switch is in the
METER position will also reflect the frequency error+1 Hz.

For 0.1 Hz resolution.

Tenth Hertz resolution is available by switching the MODULATION to
SSB. In the SSB position a phase locked beat frequency oscillator is
injected into the 1500's last IF. This BFO produces an audio beat note
which may then be compared to TONE 1 with the difference displayed
on the FREQ. ERROR meter and read out on the CRT digital
DISPLAY inthe METER position.

EXAMPLE

Suppose that you wanted to set a transmitter to a frequency that was
not on an even hundred herz step, say 155.500145. 145 Hz above

155.5.

Sefting the 1500's FREQUENCY MHz wil get you to 155
With the FREQ. ERROR switch in the 100 Hz position you Ca
the +45 Hz error on the meter.

5001
n see

OR switch 10
canter 1
the 3

Key in 45.0 Hz in TONE 1 and switch the FREQ. ERR
300 Hz AUDIO. Tweak the transmitter frequency 10
needle on the FREQ. ERROR meter. Switch down 1o
position to center it within a tenth hertz.
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Measuring Antenna Isolation

S

With antenna site space a valuable commodity,
multiple antennas in close proximity are a fact of

life.  Isolation between antennas becomes import-
ant to reduce the possibility of intermod inter-
ference.

To measure the isolation between antennas, one antenna is fed with the
tracking generator (TRANS port) and the 1500's receiver / spectrum
analyzer (ANTENNA) is connected to the other antenna.

The transmission loss versus frequency curve is then displayed directly on
the analyzer.

For most UHF and low gain VHF antennas, one measurement is usually
sufficient because the antenna selectivity doesn't affect the measurement
appreciably. Inthe adjacent example, there was essentially no difference in
the measurement curves because both antennas were cut the same.

When high gain/narrow band antennas are used, the measurement
procedure should be done twice. Swap coax lines and re-measure the
loss. The curves will be different due to the selectivity of each antenna.

Check for possible front end overload levels before making this
measurement by sefting the FREQUENCY to 500 MHz and the
ANALY DISPR to FULL. Look for any signals that exceed the fop of the
display. Ifthere are any, switch in the 20dB ATTENUATOR.

Re-couple the connecting coax test cables to each other and increase the
RF output to re-establish a "top of the screen" reference.

36

APPLICATION NOTE

EXAMPLE

A single four stack collinear array was split into two 2 °
stack collinear UHF arrays, separated by about 10 feet
vertically.

DOUBLE EXPOSURE PHOTO TO RLUSTRATE REFERENCE

Referenca =

-0
-100
10dB/DIV | -nl

UHF TV

452.0 462.0 472.0

The 35-40 dB isolation between these two antennas proved to be
marginal and created some intermod problems.

Control settings for the above measurements:
DISPLAY: TRACK
FREQUENCY: 462.0 MHz
ANALY DISPR: 2 MHz/DIV
DB/DIV: 10

GEN/REC: GEN
ATTENUATOR: 0dB

RF OUTPUT:= -30 dBm
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DETAILED SETUP
IFR FM/AM-1500

CAUTION:
Be sure io discharge any outside
antenna coax before connecting 1o

the 1500's ANTENNA port to reduce
the ossibil::! of static damage to
the front end.

Antenna Isolation. 1
30156

506
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8 APPLICATION
Tuning Antennas for NOTE

Minimum VSWR

Using a VSWR BRIDGE

A VSWR bridge! used with the tracking generator / spectrum analyzer can provide more useful
antenna information than a directional wattmeter. The VSWR bridge method will tell you the
frequency where resonance occurs. By knowing the resonant frequency, you'll know which way to
tune it. You won't have to tell the boss, "l cut it off and cut it off and it's still oo short.”

NORMAL procedure

The bridge method is simple, just connect the bridge as shown leaving the DUT ("DEVICE UNDER
TEST") port open. Raise the RF output to set the trace to the top line at the center of the screen for
your REFERENCE. Connect the antenna to the DUT port and read the return loss at center screen.
The deeper the dip, the more power is being absorbed. The width of the dip is determined by the
bandwidth of the antenna. A "broadbanded" antenna will have more than one tuned element and will
display more than one dip.

HIGH RESOLUTION procedure

The 10 dB/DIV scale will show major antenna deficiencies. Definitive measurement of VSWR of less
than 2to1 is best accomplished by using the 1 dB/DIV setting to increase the display resolution.

The return loss is then read using the dB
scale of the RF output dial. [T RETURN LOSS - VSWR - REFLECTED POWER
CONYERSION CHART

Connect the bridge as shown leaving the [[ Return Reflected | Return Reilected

P L Power
DUT port open. Set the RF output to || S5 vewr omert | ‘985 vswr 9%RERL
4]

-40dBm. Bring the frace back to mid-screen 174 794
with the VERT POS control, this becomes | 20 872 631
your REFERENCE POSITIOMN . Connect the
device being fested to the DUT port. Bring
the trace back to the REFERENCE
POSITION by increasing the RF level to
compensate for the RETURN LOSS.
Subtracting the new RF dial reading from
the -40 dBm reference gives you the
RETURN LOSS. Use the CONVERSION
CHART to determine VSWR.
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450 MHz

39

550 MHz

Reference = Bridge with open N to BNC adaptor.

Scope photos are double e;poaures to show
| both reference and unknownVEWR.

50 £ BNC termination connected directly through
Nto BNC adaptor.

FREQUENCY = 500 MHz
ANALY DISP = FULL

Reference = 17 ft. RG-58 with open BNC barrel.
Reference droop due to coax loss.

Same 50 Qtermination as above except it's on the end of
17 ft. of RG-58 coax.

Reflected power ripples, caused by summing of reflection
vectors, must be averaged to approach accurate VSWR.

MORAL: Connect bridge DIRECT to antenna If
possible.

Reference = 17 ft. RG-58 with open BNC barrel.
Reference droop due to coax loss.

Same 50 Qtermination at the end of 17 ft. of RG-58 coax.

ANALYzer DISPersion set at 10 MHz / DIV.

Dotted line indicates average of ripple.




[—ne =

Same window mounted Cellular
antenna.

Window mounted Cellular antenna
fed with 7 ft. of RG-58.

Fed with short coax (34") to reduce
ripple effect.

Reference = Bridge with open

N to BNC adaptor.

FREQUENCY = 500 MHz = e e e = Note that there are only two tuning
1 dips. They will both move when the J

ANALY DISP = FULL - i
£ L L L L tuning screw on the antenna is
5 0 | S R -nnl—'— e adjusted.
1 T 1 | 1 1
0MHz 500 1,000 MHz 800 MHz 850 900 MHz 4
Blank screens for plotting your own custom VSWR images for reference.
Same window mounted Cellular e Notes
antenna. P [ [ 0 > — 1
Sl B i [N
zie|lip JI J i |

Analyzer center frequency moved : ==t
to 850 MHz to center response
curve.

FREQUENCY = 850.00

i e e

NOTE: The analyzer response Is inactive
above 1 GHz.

Same window mounted Cellular
antenna.

ANALY DISPRresetto
10 MHz / DIV.

Of the 3 dips shown,one is caused
by coax ripple, but overall VSWR
is considerably better than

manufacturer's 1.9to 1 spec.




DETAILED SETUP
IFR FM/AM-1500

Tuning Antennas for
Minimum VSWR

ible 1o reduce ripple

Keep this line

If possible,connect
antenna directly to

DUT port to n

INTENSITY |

| oty
| I ine. If no

| rFocus ATTEAbTOR 1 BRIDGE ossible,ripple will

| 1 oa || ave to ba averaged

| A

| WVERTPDS HORIZ POS |_’—

LOCK

ANALY DISPR DEY — VERT WVERT | AMAL
f—lL-_'iD'I‘U;ﬂ mkH DY/ OV=—  VERMIER | =

A w 19 b
P e
1=~ -

HORI DEV—T- PR
.—r-a.rnle—| AN S50 —Fl- e 10 WATTS

i 1 1 1 1 &b 18
T, e g TRl
A mi e 2 L el

D.U.T

Yy

- -0 o= - = L E
1" L3 UNCAL /
A ﬁ(i_‘_ INT TONE VOLUME | XMTR‘) GEN HA].:;ES'I ! i e o A DUT feedline cozx cut o
/ : ——— = 1 © one half wavelength or

L S0k = TONE1 TOMEZ DOFFSET FREQUENEY e/ mui‘llpﬁtm&‘r\sofwd_l lace
EXTFMMOD  TONE TONEZ SOUELCH LE ka ":’ = LD DUPLEX sidaecsf r:sol-ll'lrgj?ltsfreéqincy

:- - = - |- 1 and reduce measurement

= = confusion

S L3 & | memn SIMPLEX B

EXTAM MOD — M — L B B B

@ —-w- g g P

b=y —an— ETEF

TONES DEMOD  SCOPE/SINAD LI e iy
f k! i * &
©
TPUT INPUT
I
1 VSWR bridge source:
Model B2NF50, 10-1000 MH
HEMEMBER $30256: June 1986 £
The overall VSWR will be no better than the W e
poorest element in the measurement. POBm0
Beware of inter-series adaptors, especially home-made ones. {415) 969-6500

i) e | — [T f— J — . el J - | S— el




Cable Fault Location

e —— .
APPLICATION NOTE

and
Finding Tuned Stub Lengths

The tracking generator plus the computation power in the 1500 simplifies |
cable fault location. With the cable fault locator,you can pinpoint the exact |

distance to a fault,
Fortunately most cable faults are shorts or opens, rarely are they 50Q. You :
know that when you look into a shorted half wave stub at ils resonant
frequency, it looks like a short. Conversely, an open quarer wave stub

looks like a short.
The cable fault locator counts on the fact that a discontinuity, normally

either a short or open, wil

reflect a short every half

=S

|
wavelength when a swept
frequency is applied.

Unknown cable attached with "T"
at TRANS port.

FREQUENCY: 500,00 MHz

ANALY DISPR: FULL

RF Output: -40 dBm

Hz

Same unknown cable as left column scope
photos.  Further horizontal expansion by

setting ANALY DISPR o 1M. !
T

Jog FREQUENCY down .1 MHz per step to
bring the closest dip to center screen.

Aecord FREQ. (example: 496.9)

Jog FREQUENCY up until next dip is
centered, Hit ENTER key to save that freq.

and release keypad.

Switch DISPLAY to FREQS.

Key MENL. A A to bring up CABLE 1
FAULT MENU. ke

ENTER, >, then key in the freq. you
recordedin FREQ #1. {
Example: 496.9 s ]

>, then key in the freq. saved in the
FREQUENCY window in FREQ #2. '
Example: 516.4

Same unknown cable as abova
but the horizontal resolution has
been expanded by resettng
ANALY DISPR to 10M.

Wertical resclution is increased
by switching to
1dB/DIV.

ez TSR >, then key in the two digit VEL. FACTOR
—E“'!LT %E‘U k844 based on cable dielectric, see table on facing

—su'» TTEMS | | o1
| EN] 1# ;
B0 = e 4

page. (example: 66%)

ENTER will complete the function and the
calculated distance to the faultin feet and

meters will be displayed.

8 P
—THE FADLT IS TLOCATED >

| RS RO LT
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DETAILED
IFR FM/AM-1500

SETUP

Cable Fault Location
and
Fmdlng Tuned Stub Lenglhs

‘/3““’@@“

Note:

The Cable Fault
Locator accuracy is
dependent on the
exact frequency of
the center of the dip.
Use 1dB/DIV and a
narrow DISPR
setting for highest

ky
resolution. Fon

FREQ ERAOR _ ANALYDISPR _ DEV - VEAT
WimI R M B | VE::IHI .—u-. g“'_“? lﬂ.ﬂ’ m.““?‘i
RN |/ ST 7 |g_\l/_3;n_\.",_—m
w— | :n = D~ 3_— -_|
S o] 1x " : ~ ' M0
AUDIO M, u"fglu\:u_“ uNECAL
— = A
Ceen_ mrvawe  vowme | | ]
Lok RCVR TONE 1 TONE 2 OFFSET FREQUEMCY
Hz Hz MKz MH:
TONET TONEZ  SOUELCH L L,
I AL L A L]
N0
T [] [ [] W MENU
. - - - - - e
%’l" 1 2 3 -
—_— > EXEC I
e e AL I AL A B ]
AM ELAN STEF
RF . -
Tomes oemoo  score/SNAD| | o | ol | o | [ [ . o
o | Emlmlls
..'-\ /8 p s ’ '
—

Using the Cable Fault calculator for determining coax stub length:

Suppose you want to cut a half wave stub of RG-58 coax at 153 MHz. Just enter 0 MHzin FREQ #1 and
153MHz in FREQ #2. You know from experience that RG-58 is polyethelene, so enter 66 inthe VEL.
FACTOR window. When you hitthe ENTER key,the actual coax length for the half wave stub will be

displayed. Fine tuning: Setthe FREQUENCY to 153.00 and cut coax to center the dip.

VELOCITY FACTOR
Cable Dielectric Velocity

Solid Polyethelene............. 65.9%
Foam Polyethelene.. .. 80.0%
Foam Polystyrene.............. 91.0%
Air Space Polyethelene..... 84-88%
Solid Teflon........cc v 69.4%
Air Space Teflon................ 85-80%
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Measuring Center Frequency APPL'CAT'ON NOTE i

Insertion Loss
and 3dB Points on Cavities - | — .

The tracking generator/spectrum analyzer These photos show various curves
provides an instant graphic readout of loss produced by a single VHF bandpass
across the band for duplexers and cavity which is also usable at UHF.
cavities. The 1 dB/DIV range allows (All photos are multiple exposures to
resolution to .5 dB. show reference.)
FULL DISPR shows filter's pass
Conversion Chart capability at 3 frequencies.
dB down vs % power loss
% dB % dB Lk
1.0 20.6 25 Triple exposure photo 3 Falatorca
24 88 251 | FREQUENCY s resetto desired
13 259 || 50 448.4MHz.
14 27.6 6.0
15 29.2 7.0 ] When DISPR is reduced to 10 MHz,
1.8 30.8 8.0 twao different coupling loop positions are
[ 9.0 found that provide about the same

18 338 || 100 s : :
19 34 50 insertion loss but produce a difference in

20 36.9 20.0 ; the shape of the curve.

10dBDIV

cﬂn\rershlrl Chart Tn’pi’e exposursphorg
Lottt DISPRis reduced to 2 MHZ/DIV.

dB Ratio dB/DIV resetto 1dB.
__-10 1.00 VERT POS. used to re-reference

8 1.26 cables.

g = It now becomes evident that the coupling

i loop positions also pull the frequency

slightly.

o

|

i

6 281
5 3.16
= 4.00
501
2 || sal
-1 7.94
10.00

Coupling loops are set for the sharper
peak andthe frequency is retuned to the
center with the tuning rod.

e

e o o 1dB/DIV

O |~ |m|;| & |- oo




Measuring Center Frequency

DETAILED SETUP
Insertion Loss
IFR FM/AM-1500 and 3dB Points on Cavities

Be sure to calibrate out the combined
] e : slight wariations of connecting cable
s | losses, generator output and analyzer
g HET| ’7 sensitivity when you change frequency if
pocas (fal 1L ELLLE | ATEMION you're trying fo splt hairs on a
] o [ e | | = measurement.
A PR $
verTeos | Hozeos | : Test setup for swept frequency
] e | N 5 S . i T | measurement
LOCK | -==__ — 516 ﬁ PEAR  FEnl
FREDQ ERROR I.III'\_‘DISPH Dg\f VERT YERT ili_l. DISPLAY HORIZ HORIZ I"ég 1 u DEV—PWR
————— — He/BV —— DYV —  VERNIER | YERNIER —mg/a — A= FWS KHa Nel0| WATTS
| g Bt Al e P TS 2R e | (]
M= = | 1= —1H - - ANALY ~METER TONEE— AUTD = C 3 = —~Ei
S| e S T el { “2':3 Bl S o
e JAEI i CALIBRATE
] - I'lll'_ INT TONE VOLUME B XMTH
‘lﬁl ACVA : TOME2Z OFFSET FREQUENCY RELC -
sl e et He Mz Hiz i Calibrate out the test cable loss at
JEAy R N S 1 each frequency. Connect your iest
7. - T [ S e cables fiogether and reset the RF
—— ol Rl B B output control to bring the trace back
e SETE S a to your reference point.
L — - £
TONES DEMOD  SCOPE/SINAD a1 DUPLEX
G = 7N . e ol .
© R ©= " "©, @
] & ouTRUT AT oTen g T //
[
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Transmitter Cavity
Alignment

APPLICATION

The tracking generator / spectrum analyzer function provides an instantaneous display
of all the information needed to tune cavities and duplexers quickly and accurately.

]
i
i
i
i
]
]
]
'
'
]
]

Connect test cables together and set trace
1o top of display with AF output contrel.

Re-connect as shown by *A" and tune cavity closest lo ransmitter first.
Re-connect as shown by "B* and tune second cavily.
Advance to graphic below for next step.

Run antenna VSWH test.
Connect VSWR bridge as shown.

Laavlng the D.U.T. port open as a reference, adjust RF output control
to position display trace on top graticule line at center screen,

Connect antenna to measure return loss. Reter to pages 38-41 for
VSWR measurement details,

Advance to graphic below.

I:!l:l:l
©

Re-connect cavities together and retune twice
= to reduce interaction effects.

If an isclater is used in the system, the first cavity may ba
retuned to minimize the transmitter / cavity VSWR.

Disconnect the isclator load resistor and connect the

Advance to "D" graphic for antenna VSWR check.

isolator load port lo the TRANS port.

Setthe DEV /PWR switch ta 15 WATTS,
Key transmitter and tune cavity closest to fransmitter for
minimum reflected power as read on the wallmeter,




DETAILED SETUP
IFR FM/AM-1500

Transmitter Cavity i
Allgnment

For any loss measurements, Yyou
should always "callbrate out” the
1est cable loss at each
frequency. Connect your test
cables together and reset the RF
output control to bring the trace
back to your reference point.

Connect as shown in graphic A on
] INTENSITY facing page.
With 1500's FREQUENCY set to the
e transmitter frequency, an obvious peak
| should be visible on the display.
venrpas | " | =i | = ——
oS 1 e ey | i — _smewn FINE TUNING
(’ % 5 5 R oo e T :
] LI ETTTT] Iﬁ Hk If peak is close to center of screen,
b S— — % bl decrease ANALYzer DISPeRsion to
RO ANLTIVTL, o VERRER | 5 | e eens | | VERN RO CAL increase resolution so you can tune the
l AT om0 At o L P e -/ i cavity to center the peak exactly on
N S, o o b= N, ~hetp - o frequency.
1K FULL 108 AL
BN, INTTONE  VOLUME [——\,m' Can RATERE OVERTEW Inclrealse the wvertical resolutiop Iby
/ — e t Vo)) switching to 1 dB/DIV and bringing
3 Ay VR TONE1 TONEZ OFFSET FREOUENGY nee / trace back on screen with VERTical
He Ha MHz MH:z s
EXTEMMOD  ToMEY TOME2 SOUELCH = 5 e B DUPLEX POSition control.
:. - - |-
i, / OTMF IND
e 4 3
EXT AM MDD N Tﬁp - | . é - "gﬂ SIMPLEX .
—-tn- 4= FRBEIDE
1 — M — | gcan ] Fir ML wer
TONES DEMOD  SCOPE/SINAD| L 2 = £ | DUPLEX
© © © | == @ M6
] I'II.ITFLIT y \- /‘IPHE \ -



Bandpass / Band Reject

Duplexer Alignment

Guidelines for cavity testing
Read and follow cavity maker's tuning recommendations.

Make an outline of the system compenents and frequencies and label
all cables.

Use double shielded or semi-rigid coax.

Use GOOD connectors, avoid PL-259's / UHF connectors and inter-
series adaptors. Keep connectors bright and clean.

Double peaking is usually caused by incorrect length connecting coax.

APPLICATION NOTE

D it

B

1

ALLALALLAL AR

XMTR

AreELALAR:

.

5

RCVR

Align each cavity in the A1- A2- B1- B2 sequence shown. Go through
the tuning sequence at least twice to minimize interaction effects.
Advance to top right graphic for next step

I:IDL__J
ACK:

XMTR

RCVR =

500
Load

Connect to the duplexed system as shown. Load recsiver output.
Retune in the C1- C2 - C3 - C4 sequence shown at least twice.
Advance to graphic below for receiver cavity tuning.

XMTR

e T

RCVR

[Rsrrey

L]
§
el

7
4
1
1
1

ol B B

T T

Tune receiver cavities in the E1 - E2 - F1- F2 sequence shown (twice).
Re-connect the duplexer system and run a desense test. (see page 50-51)

48
46
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DETAILED

SETUP

IFR FM/AM-1500

INTENSITY

= b=
4 SINAD

OVERTEMF)

DUPLEX

SIMPLEX

INT

FREQEAROR  AWALYDISPR  DEV-—VERT  VEAT TISPLAT
BN B T N e | ey YERMIER | @ | FRES
LIS r LN B0V wRAck—, | / ~TowEg
A ol N —1 ANALY~ gy =METER
M= = | o T il
el 10 2V /1 \“--5u ? =
m IR FuLL i0M
..IE\\ _BEN,  INTTOME  VOLUME
[y
() o —
SRR A RCVA TONE1 TOMEZ OFFSET FREQUENCY
EXTEMMOD  TONET TONEZ  SOLELEH L "‘s "é" = M
" - |- |-
R\ ‘.' i ")
" - -
EXT AM WOD —m—
S —
i A —0FF— 2 3 > | extc
A= iy SITE = op— = o ow |
EXTACT e — STEP.
TONES DEMOD  SEOPE/SINAD - | (e [0
@) ©®© ©® © —
© © ©
] IKPUT

Bandpass / Band Reject
Duplexer Alignment

By using the RF SCAMN function, you only
need program the transmitter and receiver
frequencies once. When you run the RF
SCAN program and stop the scan, a single
keystroke will toggle the 1500 from the
transmitter to the receiver frequency.

Switch the DISPLAY to FREQS.

Call up the RF SCAN MENU by keying
MENU, and the * key untli RF SCAN
MENU appears.

Enterthe menu by ENTER, >.

Key in the transmitter fraquency. Example:
454.4, ENTER.

Advance to ITEM 02 by keying A.

A > willget you into the FREQ: field.

Key in the receiver frequency. Example:
459.4, ENTER.

Mow that you have the two frequencies
programmed In, switch the DISPLAY back
to TRACK.

Run the RF SCAN program by EXEC,
2ND, SCAN, 1, - (THRU), 2, -« (LOOP).
ENTER will start the scan which will alter-
nate between the two center frequencies
continously.

Stop tha scan by keying 2ND, STEP.

Now you can step from transmit to receive
with a single * keystroke.

For any loss measurements, you
should always 'calibrate out" the l:l D l:}
test cable loss at each
frequency. Connect Yyour tast

cables together and

reset the RF

©

output control to bring the trace

back to your reference point.




APPLICATION NOTE

Measuring receiver desense

! in a duplexed system TEST PROCEDURE
gguaneglas shown below with the 5062 load and run SINAD test. (see pages 10-11 for SINAD
ng
>
I Duplexer tuning is not complete until a receiver Record the RF level required to produce 12dB SINAD sensivity. -
s transmitier, The t that edtoi the RF level to get back to 12dB SINAD
|| | desense test has been co g leted is ds:g':sarﬁgure gge%nthe ?rayrgm;er sidénbgsgﬁ:isg. . 3
There are several possibilities that can contribute to EXAMPLE
| desensitization when the transmitter is keyed. 500: 1208 SINAD Transmitter unkeyed -85 dBm
i : . 500 12d8 SINAD, Transmitter ke: =-80dBm
M Rguting the transmitter coax too close to the receiver. Receiver desense due to sideband naise = 5d 4
L i i ieldi i Connect the antenna and the SINAD test with the transmitier to determnine
| Cable lacking sufficient shielding, use double shielded coax. Py ol Loyl M S0k 1611 I . bebibatiopls keyed
| EXAMPLE
- . . . .
| Inadequate shielding between the transmitier and receiver 500: 1248 SINAD, Transrmiter unkeyed S
sections within the radio. Ant.  12dB SINAD, Transmitie Keyed =-728m
gy olal sy M recever (hgvaﬂa =
M Ppoorconnections at any point in the system can also cause 4 e
desense Thus if the basic receiver sensitivity was -115dBm or .4 pv.
. subtract system degradation 13dB
Effective sensitivity is -102 dBmor 1.8 pv.

Variabla
caupler

% 500
Load




DETAILED SETUP
IFR FM/AM-1500

Measuring receiver desense | '
in a duplexed system '

ANTENNR |

J : INTENSITY

FOCUs

VERT POS

DEU’ 'l'

FREQ ERRDA lHlL\‘ IIISPII
Wige M R i h

INT TONE VOLUME

£LacK RCVA

TOME 1 TOKE 2 SOUELCH

| | womzPos

@4

ATTEMUATOR |
e |

MoDATON

Tty
. "

3 .

| s T 2
o 22 54
lk :un\\ e

PEAK

GEN

{

REC
DUPLEX

Y‘
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=0FF—
—ay—

Tnl!s uluun SCOPE/ SIMAD|
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© ©
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Measuring receiver isolation
at Tx & Rx frequencies

Isolation, expressed in dB, is very important in the operation
and maintenance of duplexed systems. Adequate isolation
must be assured to prevent receiver degradation due to
transmitter sideband noise.

Calibrate out the test cable loss at each frequency.
=] D 1

Connect your test cables together and reset
the RF output control to bring the trace back
to your reference point.

XMTR |

RCVR

=] D Measure loss at transmitter frequency to
determine isolation,

Measure loss at receiver frequency to determine

rejection of transmitter noise at receiver input.

© [

Look for close-in signals producing desense.

Reconnect antenna while watching analyzer noise floor.

APPLICATION NOTE

TEST PROCEDURE

Connect as shown below. Set controls as shown on B
facing page. '

Calibrate your cables by connecting them together »
and setting the trace to the top graticule line onthe
display.

Note the RF output dial setting, it should be close to I
-30 dBm. R

Re-connect as shown in the bottom graphic. i

Increase the RF output to 0 dBm and read the ana- |
lyzer display at center screen (Tx freq.) for isclation. !

Add the increase in RF output{=-30 dBm) to the dBm
reading on screen to determine total isolation.

Change FREQUENCY to the receiver frequency.

Measuring attenuation at the receiver frequency will
determine the isolation from transmitter noise at the
receiver frequency.

Switch DISPLAY to ANALY.

While watching the noise floor near the receiver
frequency, replace the 502 load with the antenna.
Watch for on-channel or close-in desense indicated
by an increase in the noise floor.

Key any transmitters nearby that are suspected
intermod producers.

Re-connect transmitter and key both the suspect and
this transmitter, looking for desense.




DETAILED SETUP
IFR FM/AM-1500

Measuring receiver isolation
at Tx & Rx frequencies

f‘ B INTENSTY
; e
g W_, ) ’_4 i o= i ]
m Il| rocus || -wd ; = A
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Measuring Tx noise suppression

at Rx frequency

Incoming inspection of new equipment is a good
investment. No matter the stature, size or|
reputation of the manufacturer, bad radios do get |

1

into the field.

By measuring and recording the important perform-
ance paramelers in a maintenance log before you
install the equipmeni, you can establish a refer-
ence point that will be very helpful in future

servicing.

APPLICATION NOTE

TEST PROCEDURE

Perform receiver SINAD test. (see pages 10-11)

Record SINAD sensitivity.

Connect signal generator output (TRANS) to cavity or = '
isolator nearest transmitter. .-

Raise RF output to re-achieve 12 dB SINAD. The
difference is the transmitter noise suppression capability

of the duplexer system.

EXAMPLE

12 dB SINAD of receiver -112 dBm

12 dB SINAD through

duplexer assembly -10dBm

Transmitter noise
suppression
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