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[. Introduction

The primary purpose of a spectrum analyzer is to
identity and measure electrical signals in the frequen-
cy domain. The CRT display with a linear frequency
scale and a log amplitude scale has proven to be very
convenient for a direct view of signals with wide fre-
guency and amplitude differences. The maximum
amplitude difference which can be measured between
two signals is described by the specification called
dynamic range. The purpose of this application note
is to describe dynamic range in general and illustrate
how to optimize the dynamic range of the HP 35854
Spectrum Analyzer for different measurement condi-
tions. Since the HP 3885A is a swept heterodyne
analyzer, the description will be limited to analyzers
of that type. (Figure 1)
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Figure 1

To be more specific, dynamic range is the ratio
expressed in dB of the largest and smallest signal
levels which can be measured while simultaneously
present at the input. With a large signal at “full scale”
the measurement of small signals is limited by a com-
bination of internally generated noise, harmonic
distortion and spurious responses. In the case of two
large signals (each less thar. or equal to 6 dB below
"full scale”), the additional limit of internally
generated intermodulation distortion must be ap-
plied. What does "full scale’ mean? This is the input
level which yields a reasonaole compromise between
internal noise limits and internal distortion limits. The
compromise exists because the noise and distortion
limits move in opposite directions as the input level ig
varied (Figure 2). The reason for this will be explain-
ed in the next section.
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Figure 2

The point is, the user need not always accept this
compromise for every measurement. In most situa-
tions, a tradeoff can be made between noise and
distortion which can improve dynamic range by at
least 10 dB. The HP 35854 is especially suited for op-
timizing dynamic range because of the precision syn-
thesized tuning and the narrow 3 Hz resolution band-
width. These two features make it easy to tune to a
signal while keeping the analyzer noise as low as
possible.
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II. The Limits of
Dynamic Range

Before learning the procedures for improving
dynamic range, it is helpful to understand what inter-
nal processes cause the limitations. A little under-
standing goes a long way in helping to remember the
correct procedure for a particular measurement.

Referring to Figure | again, it can be reasoned
that the input attenuator should have no inherent ef-
fect on dynamic range since it affects both large and
small signals equally. However, given a fixed external
signal, the input attenuator can be used to adjust the
level at the input mixer which does affect the dynamic
range.

The full scale signal which can then be applied to
the input mixer depends on how much compression
and how much distortion is acceptable. Compression
is the amplitude error due to large signal non-
linearities in the mixer. Cistortion generated internal-
ly consists of both harmonic and intermodulation pro-
ducts. As the signal level at the mixer increases, both
the compression and distortion increase. However,
compression error is small in dB compared to the in-
crease in distortion created in the mixer at large
signal levels. In fact, for the HP 35854, the compres-
sion error is essentially unmeasurable for any signal
displayed on screen.

Figure 3 shows the typical relationship of signal
level versus both internal harmonic distortion and in-
termodulation distortion. Notice that the higher order
products increase at a faster rate than the fundamen-
tal level. This information is useful for determining
the origin of suspicious signals by measuring the level
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change when the fundamental signal changes. For ex-
ample, second order products change approximately
5 dB relative to the fundamental for each 5 dB change
of the fundamental and third order products change
by 10 dB for each 5 dB change. Since the relative
change is slightly different from analyzer to analyzer,
best performance can be obtained by individually
characterizing each analyzer.

From the standpoint of distortion, it appears that
the lower the mixer level the better. Unfortunately, in-
ternal noise forms an absolute floor which is not a
function of the level at the input mixer. In addition,
there are usually residual responses which are not
related to the input signal but result from mixing pro-
cesses internal to the analyzer. At the point where
distortion products are equal to either the noise or
residual responses, reducing the level at the mixer
will no longer increase total dynamic range. General-
ly, the noise floor will be the first limit. However,
since the displayed noise is a function of the resolu-
tion bandwidth, it can be progressively lowered by us-
ing narrower bandwidths. For the HP 3585A, the
noise floor will be lower than the residual response
specification, —95 dB, for bandwidths of 100 Hz or
less.

To obtain maximum dynamic range for all meas-
urement conditions, you can see that it is a matter of
optimizing the mixer input level and the resolution
bandwidth against the residual responses. To sum-
marize the effects of changing mixer level and resolu-
tion bandwidth with respect to the fundamental
signal, refer to Figure 4.
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The autoranging input attenuator sets the level to
the input mixer of the HP 3585A automatically to pro-
vide a total dynamic range of 80 dB. In the wider
spans (thus wider resolution bandwidths), the noise
level predominates while in the narrower spans the
distortion level is the main l.mit.

The automatic functions can be easily changed to
optimize the dynamic range for a given measurement
situation. For example, if you want to measure the
signal/noise ratio of an amplifier, then the mixer level
can be increased to effectively lower the analyzer
noise floor because internally generated analyzer
distortion is not of concern in this case. On the other
hand, if harmonic distortion is to be measured, then a
lower mixer level and a narrow resolution bandwidth
with a narrow span can be used since harmonics oc-
cur at known frequencies which can be easily located
with the precise tuning of the HP 3585A. Even
residual responses can be identified and eliminated as
sources of error since they occur at fixed frequencies
and levels which are unrelated to the input signal.
The next two sections will show you specifically how to
optimize the dynamic range of the HP 3585A and what
typical performance can be expected for different
measurement situations.

III. Reducing

Analyzer Noise

For measurements where external low-level
spurious responses are obscured by the displayed
noise of the HP 3585A, there are three steps that can
be taken to reduce the noise. First, the resolution
bandwidth can be reduced from that chosen by the
automatic coupling process. This is done by pressing
B and then {J several times until the noise is
at the desired level. The tradeoft is that the sweep
speed becomes considerably slower for the same fre-
guency span. The rate of sweep for gaussian filters
(BW?/2) is a characteristic of all swept analyzers using
gaussian filters in the IF section. To illustrate both the
reduction of internal noise and the increased sweep
time, see Figure 5 and the accompanying chart where
the resolution bandwidth has been successively
changed over a single sweep.
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Figure 5

The display can be further enhanced when
searching for low-level discrete signals by reducing
the video bandwidth below that automatically
selected. Video bandwidth is determined by a low
pass filter circuit which reduces the fluctuations of a
noisy DC signal produced by the detector circuit.



Although this technique does not lower the average
internal noise level, it does reduce the magnitude of
the fluctuations of the noise about the average.
Discrete signals which might otherwise be masked by
noise fluctuations will then show above the average
noise level. Again, the tradeoff is in speed since addi-
tional settling time is required. Figure 6 is an example
of the effect of reducing the video bandwidth to one
percent of the resolution bandwidth. Generally,
reductions to less than one percent will yield marginal
improvements.
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The third technique for further reduction of noise
applies when accurate distortion measurements are
not required. The input range can be reduced by 5 or
10 dB with a corresponding improvement in signal to
noise ratio. The overload light will be on but it only in-
dicates that distortion specifications may not be met.
The @ function shoulc. be turned off first if you
want to keep the fundamental signal at the top of
screen. Up to 12.3 dB of overdrive is possible without
compression of the fundamental signal. This is
equivalent to a ~12.7 dBm signal on the ~25 dBm
range. In narrow spans, (resolution bandwidth < 1
KHz) the noise floor will drop below the bottom of the
screen; the reference level can then be stepped down
until the noise floor reappears. This does not affect the
overdrive measurement. Figure 7 shows the before
and after traces for a range change from -5 dBm to
— 15 dBm. Remember that harmonic and intermodu-

lation distortion will be greatly increased with this
method and cannot be measured accurately. An
unknown signal near the noise level can be checked
easily to see if it is due to distortion by observing its
level while down-ranging the input. If the signal level
increases, then it is due to internal distortion;
however, if the signal level remains approximately
constant then it is due to an external source.
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Figure 7



IV. Reducing

Analyzer
Distortion

Measurements of low level distortion products
can be enhanced by ranging the input to a higher
range. Upranging by 5 or 10 dB will reduce the fun-
damental signal level at tke input mixer and conse-
quently reduce both harmonic and intermodulation
distortion that is generated internally. Obviously the
tradeoff is a decrease in signal to noise ratio.

The overall distortion specification of 80 dB can
be improved typically to 95 dB, by pressing the
s key and the {" key once for 5 dB or twice for.
10 dB uprange. To keep the display onscreen, turn
the C] key off before upranging. It will be
necessary to use a narrow span and a resolution band-
width of 100 Hz or less to keep the noise floor below
the distortion products. Some video filtering may also
be necessary for very low level measurements.
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Figure 8

Figure 8 shows an example of a distortion product
measured in the offset marker mode at —98.7 dB
relative to a 0 dB fundamental. Note that the reference
level was set to — 20 dBm to raise the signal up on the
display. The stored signal trace shown was measured
on the 0 dBm input range. Note that nearly 10 dB im-
provement was obtained when upranging to the + 10
dBm range. A resolution bandwidth of 3 Hz and a
video bandwidth of 1 Hz was used to reduce the noise
below the signal level.

One way to circumvent the long sweep time
associated with narrow bandwidths is to use the
manual sweep mode of the HP 3585A which provides
a continuously updated reading at a single frequency.
To implement this type of measurement, complete a
sweep using the normal bandwidths to locate the
signal; then set the marker on the peak of the signal,
press @M , and reduce the resolution bandwidth
and video bandwidth until a stable reading is achiev-
ed. The peak can be verified by tuning the frequency
up and down slightly for a maximum reading.



V. Frequency
Response
Measurements

A dynamic range of more than 120 dB can be
achieved when using the internal Tracking Generator
to measure the frequency response of linear networks.
Figure 9 shows the swept response of a 400 KHz band-
pass using a full scale range of +5 dBm. The marker
has been set to the top of the filter and the offset mode
activated to set a reference. In Figure 10, the range
has been set to — 25 dBm which is a full 30 dB over-
range. The top of the filter can no longer be seen but
the stopband with 110 dB rejection is clearly more
visible. Without reducing the span, the marker was
moved to the lowest point, the Manual mode ac-
tivated, and the narrowest bandwidth used to show an
actual rejection of 126.& dB. The analyzer noise floor
is still almost 10 dB below this reading. The total filter
response can be seen in Figure 11 which was made up
by overlapping Figures 9 and 10. The distortion
generated by overdrive in this case is not a problem
because the analyzer always tracks the fundamental of
the tracking generator and thus never sees the distor-
tion products.
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VI. Summary

With these techniques, the typical performance
that can be achieved with the HP 3585A is 95 dB for
distortion measurements, 120 dB for signal to noise
ratio (referred to a 1 Hz BW), and 120 dB for network
amplitude response.

The measurement techniques presented here are
basic to any swept spectrum analyzer, but the features
of the HP 3585A such as synthesized tuning, 3 Hz
resolution bandwidth and digitally stored traces make
these measurements easier to make than with conven-
tional analyzers. Once you become familiar with the
Manual sweep mode, the measurements are faster as
well as easier. As with many sophisticated in-
struments, the performance can be enhanced by the
astute user.
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