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And 8445B Preselector













Before we launch into the next chapter, let us briefly describe the product
we will be discussing. The spectrum analyzer system consists of four possible
components: ;

8445B: The 84458 Preselector, a tracking band-
pass filter, is a recommended component in
every B8555A Microwave Spectrum Analyzer
System. The 8445B Preselector is a tracking
filter from 1.8 to 18 GHz and a low pass
filter from 10 MHz to 1.8 GHz. Option 004
deletes the low pass filter. The tracking filter
eliminates image, multiple, and spurious re-
sponses. The spurious responses eliminated
are harmonic distortion products and inter-
modulation distortion products. By eliminating
these spurious responses, the DYNAMIC RANGE

140T or 141T: The user has a selection of
mainframe—either the 140T or the variable
persistence 141T, Many of you are aware of
the advantages of variable persistence. Since
the 8555A analyzer with 100 Hz bandwidth re-
quires slower scans than previous microwave
analyzers, variable persistence is more ad-
vantageous than ever before.

of the spectrum analyzer is enhanced. The low
pass filter eliminates image and multiple re-
sponses only. A description of how a preselec-
tor eliminates unwanted responses is con-
tained in Chapter 2. The preselector also pre-
vents LO power from emanating out the input
port of the analyzer. The operation of the
84458 Preselector is completely automatic
with the 8555A system. This leaves the oper-
ator free to concentrate .on the measurement
itself.

8555A: The RF Section is the 8555A. It covers
the frequency range of 10 MHz to 18 GHz with
coaxial input and 12.4 to 40 GHz with an ex-
ternal waveguide mixer.

8552A or 8552B: Two IF Sections are available
—the 8552A and the high resolution 8552B.
The 8552B has all the advantages of the 8552A
and in addition incorporates the following
features:

—Higher resolution

—11:1 IF filter shape factors
(60 dB/3 dB bandwidth)

—2 dB/DIV log expand scale

—Manual scan

—10 Hz video filter

The advantages of these features will be dem-
onstrated later. The 85528 is the best IF Sec-
tion for any spectrum analyzer including the
8555A system.
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Figure 6. Image Responses at a LO Figure 7. Image Responses on a dis-
frequency of 3 GHz. play of a Spectrum Analyzer.

Image pairs make it possible for signals of several different frequencies to all
enter simultaneously and appear as one signal on the CRT. Let us use the com-
posite tuning curves to see how this is possible. Assume that the frequency of the
first LO is fixed at 3 GHz. Figure 6 indicates the number of possible responses of
the analyzer to an input signal for this fixed LO frequency. These responses are
image responses. The horizontal axis of the CRT in the analyzer corresponds to a
LO sweep of 2 - 4 GHz. Hence, the horizontal axis on the CRT corresponds to the
horizontal axis of the graph in Figure 6. This implies that a LO frequency of 3 GHz
translates to one and only one specific point on the CRT. What this means in terms
of display is that one vertical line in the CRT could actually be several lines super-
imposed on each other. See Figure 7.

We have been discussing a very specialized case by fixing the LO at a fre-
quency of 3 GHz. Let us sweep the LO from 2 to 4 GHz and generalize the concept
of images. Assume that we are interested in looking at a 1 GHz input signal. The
desired response is a 1 GHz signal on the 1— mode in Figure 8.

Assume also that input signals of 8.5 GHz, 4.5 GHz, 5.2 GHz, and 8.8 GHz are
also present. The responses of the analyzer in Figure 8 are image responses. By
comparing Figures 6 and 8, we see that images do not necessarily have to all
appear at the same LO frequency. Figure 9 shows the images of Figure 8 as they
might appear on the face of the CRT in the spectrum analyzer. Simultaneous view-
ing of images is not desirable since horizontal frequency scale calibration is differ-
ent for each half of the pair; i.e., the horizontal axis corresponds to 0-2 GHz for
the 1— mode and 4-6 GHz for 1+ mode. We want to view the 1 GHz signal of
interest without any other image present.

Unwanted images can be eliminated through the use of passive filters. To see
how this is possible, consider the following example. Let us apply the five input
signals to the spectrum analyzer that we considered in Figure 8; but this time we
will place a bandpass filter (0-2 GHz) at the input of the analyzer. The shaded area












is tuned to 4.35 GHz. The bandpass of the preselector is narrow, approximately
0.05 GHz. Hence, the input signal at 5 GHz is rejected and doesn't get into the
analyzer and there is no multiple response in the display. When the LO is at 3 GHz,
the preselector is tuned to 5 GHz, allowing the input signal to pass. This is the
desired response of the analyzer. When the LO is at 3.5 GHz, the point at which
another multiple occurs, the preselector is tuned to 5.5 GHz and no multiple occurs.
In this way, only the desired response passes through to the input mixer of the
spectrum analyzer.

Signal identification is NOT necessary when a preselector is used, since no
multiple or image responses exist on the display of the analyzer.

The 8445B Preselector in the standard version is equipped with a low pass
filter. The reason for this is that the tracking filter will not function below 1.8 GHz,
since the filter element, a YIG sphere, will not resonate below 1.8 GHz. This is not
a serious limitation, however. Consider the following: Let's place a 0-1.8 GHz
low pass filter on the input of the spectrum analyzer. Note in Figure 15 only the
1— mode curve is in this range. Therefore, no multiple responses are possible. The
low pass filter removes the image responses also. Hence, for ONLY the 1— mixing
mode, the use of a simple fixed passive filter will result in the elimination of both
multiple and image responses. By use of such a filter, then, the frequency range of
multiple and image-free operation is extended down from 1.8 GHz to 10 MHz—the
low frequency limit of the spectrum analyzer. The 8445B Preselector offers a low
pass fixed filter built into the preselector package in the standard model. Option 004
will remove the low pass filter to reduce the price of the 8445B Preselector for
anyone who does not use the analyzer below 1.8 GHz.

SPURIOUS RESPONSES

If an input signal is of sufficient amplitude, the input mixer can be driven into
nonlinear operation. When this occurs, harmonics of the input signal are generated.
These are called spurious responses. It is also possible for two input signals of
strong amplitude to drive the input mixer into nonlinear operation and, therefore,
intermodulate. This intermodulation results in the generation of distortion products.
These distortion products are also called spurious responses. Therefore, spurious
responses are generally of two types:

1. Harmonics of input signal,
2. Intermodulation products of two input signals.

SIGNAL GENERATOR

(No Second Harmonic Distortion) /’\\
] e v ]

SPECTRUM ANALYZER

Figure 18. Input Signal of large amplitude driving input mixer into nonlinear opera-
tion, resulting in the generation of second harmonic distortion products.
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SPECTRUM ANALYZER

SIGNAL GENERATOR
No Second Harmonic Distortion)

84458
PRESELECTOR

Figure 19. A Preselector (Tracking Input Filter) reduces distortion products caused
by input signals of large amplitude.

How do we eliminate spurious responses? In addition to eliminating images
and multiple responses, a tracking filter (1.8 - 18 GHz) will also virtually eliminate
spurious responses. Consider the example in Figure 18. A large amplitude signal
is driving the input mixer into nonlinear operation, resulting in a display of f; and
2f; with only f; present at the input.

What happens when a preselector is inserted? Let’s follow the scan of the LO
in the spectrum analyzer. The LO starts at 2 GHz. This corresponds to the left edge
of the CRT. The LO begins to scan. When the LO reaches the appropriate frequency
to convert f; to the IF of the analyzer, the preselector is also tuned to f;. Hence,
the signal at frequency f; enters the analyzer and appears on the CRT. When the
LO reaches a frequency to allow 2f; to enter the IF of the analyzer, the preselector
is also tuned to 2f,. But the input signal is at a frequency of f;. It is rejected and,
therefore, cannot enter the analyzer and overdrive the input mixer. (See Figure 19.)
No harmonic appears on the CRT face. In this way spurious responses are elimi-
nated. Intermodulation products are eliminated in a similar fashion provided the
intermodulating signals are separated by 40 MHz, the bandwidth of the preselector.
Figures 20A and 20B demonstrate the difference a preselector can make. By reduc-
ing spurious responses, the 8445B Preselector increases the dynamic range of the
8555A Spectrum Analyzer.

Figure 20A. Spectrum Analyzer dis- Figure 20B. Spectrum Analyzer dis-
play of two large amplitude signals. play of two large signals after Pre-
Log Ref: —10 dBm. Scan width: 50 selector added. Log Ref: —10 dBm,
MHz/div. Center frequency: 3.5 Scan width: 50 MHz/div. Center
GHz. frequency: 3.5 GHz.
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45. STORE-TIME: Trace last displayed with WRITING SPEED STD (42) is stored
for more than two hours with reduced brightness and more than one minute
at maximum brightness. Storage time, brightness, and background illumination
are determined by TIME knob setting.

46. PILOT LAMP indicates POWER (47) is in ON position.
47. POWER ac line switch.

48, NONSTORAGE—CONV: In this mode of operation, CRT persistence is normal
(approximately 0.1 second).

40, POWER AC: Line switch and pilot light.

50. CALIBRATION SCALE: Plot of 8445B insertion loss versus frequency. The
insertion loss of the 8445B is added to the measured signal amplitude on the
screen of the 8555A Spectrum Analyzer to maintain absolute calibration.

91. MANUAL TUNE: COARSE and FINE tune determine center frequency of
bandpass when MODE (54) switch is in MANUAL (54b) position.

52, THACKING: Screwdriver adjustment for tracking range of 8445B.

54, FREQ OFFsSET: Allows a fine frequency offset adjustment to insure that pre-
selector is precisely tracking the spectrum analyzers.

54. MODE: There are four possible modes of operation in an 8445B:

a) AUTO: This mode results in completely automatic operation with the
8555A Spectrum Analyzer over the frequency range 0.01-18 GHz. (1.8-
18 GHz with Option 004.)

b) MANUAL: This mode allows the use of 8445B as a manually tunable
filter with center frequency determined by MANUAL COARSE TUNE
and MANUAL FINE TUNE (51) (available with Option 002 only).

¢) LOW PASS: In this mode, a passive low pass filter with cut-off frequency
at 1.8 GHz is connected to the input voltage amplitude. The proportion-
ality is 1 volt/GHz.

55. INPUT and OUTPUT porls: The 8445B is a unilateral filter and hence the filter
input and output must be observed. Signals of interest enter the INPUT. The
OUTPUT port is connected directly to spectrum analyzer input port.

19



Unfold for Figure 22.
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Figure 22, 8555A/8552B/141T /84458 Option 002, 003 Microwave Spectrum Analyzer.















CHAPTER 5
OPERATING THE SPECTRUM ANALYZER
This short operating procedure uses the 8616A Signal Generator and the

ET-2399A Signal Source to demonstrate the important features of the 8555A/8552A
or 8555A /85528 system. (Any 30 MHz stable source may be used.)

Figure 24. 8616A Signal Generator.

The 8616A provides signals to observe and identify at microwave frequencies
(1800 - 4500 MHz). In addition, the 8616A provides a calibrated output useful for
demonstrating absolute calibration and flat frequency response,

The ET-2399A (modified ET-2399) Signal Source provides a precise, stable
30 MHz signal from a crystal oscillator. This signal source has enough stability to
demonstrate the full capability of the 8555A measurement system.

This signal can be amplitude modulated (up to about 40%) at either 650 Hz
or 10 kHz. This simple source simulates a wide variety of measurement situations
such as are commonly encountered in a lab. While making these measurements, you
will see the benefits of fast, accurate, swept wave analysis.

Note:

The ET-2399A is powered from a standard 8.4 V transistor radio mercury
battery. (A 9 V carbon zinc battery can be used as an emergency replacement.)
With normal operation, the battery will last about 50 hours (including acci-
dental briefcase operation). A spare battery is included under the top cover
of the ET-2399.

Any other stable source may be used in this procedure. For example, the
HP 8660-series of signal generators.

Figure 25. ET-2399A Front Panel Controls.
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INSTRUMENT INITIAL SET-UP

1. Turn the signal generator and spectrum
analyzer on. Depress the ALC button on
the signal generator and adjust the ALC
CAL OUTPUT knob setting until the meter
reads 0 dBm. The signal generator is now
calibrated. Set the output attenuator to 30
dB and frequency at 4500 MHz. Connect
the RF CAL output of the 8616A to the RF
input of the 8555A.

2. Make the following control settings on the
spectrum analyzer:

FREQUENCY BAND | Green Dot Over

SCALE 0-2.05 GHz Range|
SCAN WIDTH Full
INPUT ATTENUA- |10 dB

TION

TUNING STABILIZER| Off
SIGNAL IDENTIFIER | Off
SCAN TIME PER 20 ms

DIVISION
SCAN WIDTH 200 MHz/DIV
BANDWIDTH 300 kHz
LOG/LINEAR 10 dB Log
LOG REF LEVEL —10 dBm
(Vernier set to 0)
VIDEO FILTER Off
SCAN MODE Internal
SCAN TRIGGER Auto
BASE LINE CLIPPER [ Max CCW
PERSISTENCE Max CCW
WRITING SPEED Std
INTENSITY Adjust for Good
Contrast Without
Blooming

Figure 26.

The display should be similar to Figure 26.
Note that three signals are present. These

are multiple responses of the spectrum ana-
lyzer to an input signal.
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TUNING AND SIGNAL IDENTIFICATION

3. Because of multiple and image responses
which oceur in any harmonic mixing ana-
lyzer, every signal observed on the CRT
must be identified. Select one of the three
observed signals. To identify the signal,
tune FREQUENCY so that the inverted
marker is under the signal. A null in signal
amplitude will be seen. (Note the conven-
ience in the choice of normal and rapid
gears for coarse tuning.) Set SCAN WIDTH
to 10 MHz/DIV and BANDWIDTH to 30
kHz. Change scan mode from FULL SCAN
to PER DIVISION. Unknown signal is now
in center screen as in Figure 27. Figure 27.

Benefit:

All input signals are displayed simultane-
ously in full scan mode. The signal of inter-
est can be selected with the inverted
marker and expanded to relatively narrow
scan width without constant returning as
scan width and bandwidth are changed.

4, Set SCAN WIDTH PER DIVISION to 1
MHz/DIV, keeping signal centered. Turn
SIGNAL IDENTIFIER on. Note that an-
other signal appears on the CRT which is
slightly less in amplitude than the signal of
interest. Advance the FREQUENCY BAND
SCALE by pushing up on the lever until
the smaller signal is two divisions to the
left of the original signal. (Figure 28.) This
condition (as described in the engraving on
the front panel near the signal identifier Figure 28.
switch) indicates that the correct frequency
band scale has been chosen. The frequency
of the signal can be read under the hairline
as 4.50 GHz.

Benefit:
Signal identification is a simple procedure
with the 8555A.

ABSOLUTE AMPLITUDE CALIBRATION

5. Turn SIGNAL IDENTIFIER OFF. Read ab-
solute signal amplitude using CRT graticule
(remember LOG REF is —10 dBm). Com-
pare to calibrated signal generator output.
The absolute calibration of the 8616A is
=+1.5 dB. Turn SCAN MODE to FULL. Se-
lect each of the other two signals in suc-
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FREQUENCY LINEARITY

18.

Disconnect the 8616A signal generator from
the spectrum analyzer. Set spectrum ana-
lyzer controls as in Step 2. Change scan
mode to PER DIVISION and SCAN WIDTH
to 10 MHz/DIV. Connect ET-2399A demo
source to the spectrum analyzer. Turn ON
the ET-2399A. Tune FREQUENCY to 60
MHz (second harmonic of source fre-
quency). Use FREQUENCY to align the ob-
served signals with the vertical lines in the
CRT. Note that the signals in Figure 32 are
spaced exactly 3 divisions (30 MHz) apart.

Benefit:

Excellent frequency linearity means that
both relative and absolute frequency of
displayed signals can be measured easily
and accurately.

SENSITIVITY

19,

20.

Tune FREQUENCY to higher order har-
monic of source. Adjust amplitude so that
signal almost disappears. Set LOG REF
LEVEL so that peak level is in near-center
screen. Set SCAN WIDTH to 0.2 MHz/DIV,
BANDWIDTH to 80 kHz, and SCAN TIME
to 50 msec/DIV. See Figure 33A. Signal is
barely visible in the noise. Step VIDEO
FILTER through the 10 kHz and 100 Hz
positions. See Figure 33B. Note the im-
provement.

Benefit:

VIDEO FILTER improves the signal visi-
bility for coherent (CW) signals by averag-
ing noise.

Temporarily disconnect the signal source
from the analyzer. Make the following spec-
trum analyzer settings:

BANDWIDTH 0.1 kHz

SCAN WIDTH 2 kHz/DIV

INPUT ATTENUA- 0 dB
TION

SCAN TIME 1 sec

LOG REF LEVEL —60 dBm

32

Figure 32.

Figure 33B.



VIDEO FILTER 100 Hz

PERSISTENCE Max CCW

INTENSITY Adjust for Good
Contrast Without
Blooming

Read the average noise level. See Figure 34.
(On the 0-2.05 GHz frequency band, aver-
age noise level is typically —130 dBm for

NOIS
100 Hz bandwidth.) The average noise level ¢

determines the sensitivity of the analyzer.

Benefit:

The increased sensitivity of the 8555A im-
proves the signal amplitude measurement
range. Also note that the VIDEO FILTER
can be used to average “distributed” sig-
nals (such as noise) to measure average
power per unit bandwidth; e.g., noise den-

sity.

TUNING STABILIZATION

21.

22,

Reset the spectrum analyzer controls as in
Step 2. Reconnect the ET-2399A signal
source. Tune FREQUENCY to 30 MHz. Set
SCAN MODE to PER DIVISION, decrease
BANDWIDTH to 0.3 kHz, and SCAN
WIDTH to 5 kHz/DIV. Some change in
coarse FREQUENCY and FINE TUNE may
be necessary to keep signal in near-center
screen. Note the instability of the trace.
See Figure 35A. Turn the TUNING STABI-
LIZER ON. See Figure 35B. HP's unique
automatic stabilization circuit eliminates
tedious adjustments to lock the analyzer.
You don't even have to operate the TUN-
ING STABILIZER switch! Simply leave the
switch ON all the time. The analyzer will
be automatically stabilized for the blue-
coded SCAN WIDTHS when in PER DIVI-
SION and ZERO SCAN positions.

Benefit:
Automatic stabilization results in ease of
operation.

Center the signal using FINE TUNE only.
Decrease BANDWIDTH to 100 Hz. Reduce
SCAN TIME to 1 sec/DIV. Increase PER-
SISTENCE to obtain a readable display on
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Figure 35A.
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screen. Note the extreme resolution and
rock-solid stability. (Dim the bright base-
line of the trace with the BASE LINE
CLIPPER.)

Benefit:
Variable Persistence allows the user to ob-

tain an easily readable display when using
the high resolution capabilities of the

8556A. Figure 36.

23. Select 10 kHz modulation on the ET-2399A.
Set SCAN WIDTH to 2 kHz/DIV. Switch
MODULATION ON and turn MODULA-
TION LEVEL approximately % turn. Note
the 10 kHz sidebands on the carrier. (Fig-
ure 36.) Change BANDWIDTH to 1 kHz
(this is the minimum bandwidth offered by
other microwave spectrum analyzers). Note
the difference in resolving capability. (Fig-
ure 37.)

Benefit:
The high resolution capability of the 8555A
enables the user to better distinguish two
signals close together in frequency and in
particular low level sidebands close to a
carrier.

Figure 37.

The amplitudes on the display in Figure 36
are asymmetrical because the modulator in
the ET-2399A produces incidental FM as
well as the desired AM. (Lower FM and
AM sidebands are adding in-phase; upper
FM and AM sidebands are adding out-of-
phase.) Note second harmonic (and higher
order) distortion sidebands. These side-
bands are typically 20 dB below the funda-
mental sidebands, corresponding to 10%
second harmonic distortion.

ZERO SCAN

24, Set ET-2399A for maximum MODULA-
TION LEVEL at 10 kHz. Make the follow-
ing spectrum analyzer settings:

BANDWIDTH 30 kHz

SCAN WIDTH 100 kHz/DIV
SCAN TIME 0.2 ms/DIV
PERSISTENCE Min (Full CCW)
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SIGNAL IDENTIFIER

Chapter 2 of this manual developed the generalized tuning equation for har-
monic mixing. It also explained image and multiple responses. Because of these
responses it is necessary to provide some means for signal identification.

How does the signal identifier work? Consider the example in Figure 13. Three
responses occur on the screen for a 5 GHz signal in the full scan mode. The
fundamental, second, and third harmonic mixing products are all present. For the
fundamental mixing product, the effective scan width in full scan is 2 GHz (LO
scans from 2 to 4 GHz). For the second harmonic, the effective scan width in full
scan is 4 GHz. (LO scans from 4 to 8 GHz.) Similarly, for the LO third harmonic the
effective scan width is 6 GHz.

The signal identification scheme in the 8555A utilizes this difference in effective
scan width.

To enable the signal identifier circuitry the SIGNAL IDENTIFIER switch must
be ON and the SCAN WIDTH <1 MHz. A flip-flop is turned on. On alternate scans,
this flip-flop shifts the third LO in frequency a preset amount equal to twice the
setting of the scan width control. In this case let us assume that the scan width is
in the 100 kHz/division position. The third LO then shifts a total of 200 kHz. The
signals in the CRT will each shift 200 kHz. The direction of shift depends on the
polarity of the mixing mode (“+" or “—"). To be able to discern which is the shifted
signal, the gain in the 50 MHz amplifier is attenuated 6 dB during the shift.

How does shifting the third LO achieve signal identification? Let’s assume the
FREQUENCY BAND SCALE is set for the n = 1— mixing mode. The 1/n attenu-
ator, driven by the shaft encoder on the FREQUENCY BAND SCALE, calibrates
the horizontal axis for 100 kHz/division for fundamental mixing. Hence, when
signal shift occurs, the 1— response of the analyzer in Figure 13 moves 2 divisions
or 200 kHz on the CRT. What about the other responses? The second harmonic
response effective scan width is twice as great. For the second harmonic response,
the horizontal scale calibration is effectively 200 kHz/division. Hence, when the
second harmonic response shifts by 200 kHz, it only moves 1 division on the CRT.
Similarly, the third harmonic only moves % of a division on the CRT. The correct
harmonic response on the CRT for a particular setting of the FREQUENCY BAND
SCALE will move exactly 2 divisions. This is the signal identification test. The
direction the signal moves indicates the polarity (“+" or “—") of the mixing mode,
and this is important also in selecting the correct FREQUENCY BAND SCALE. For
positive identification, the signal must shift to the left 2 divisions. The correct dis-
play is engraved on the front panel of the 8555A near the SIGNAL IDENTIFIER
SWITCH. Signal identification, however, is not necessary with a tracking pre-
selector. See Chapter 2.

8445B TRACKING PRESELECTOR

The tracking preselector is a narrow bandpass tracking filter. The preselector
tracks a specific response of the analyzer. Consider again the generalized tuning
equation:

Fn = nFlo =+ Fif

The tracking preselector tracks F, for a given n, F,(, and F,,. The shaft encoder on
the FREQUENCY BAND SCALE provides the information to determine n, Fy;, and
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Figure 39. 8555A Spectrum Analyzer System.
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Figure 40. 8555A RF Section and Preselector.
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