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QST Product Reviews:
A Look Behind The Scenes

Learn how the ARRL Laboratory evaluates new products—
and what all those numbers mean to you!

By Mike Gruber, WA1SVF
ARRL Laboratory Engineer

oday’s QST Product Reviews are

I better and more comprehensive than

ever. They’re a tremendous service to

any ham interested in new or used equipment.

We’re always working to improve the quality

of our Product Reviews. Recent trends in-

clude more products, comparison reviews and
increased Lab testing.

Let’s take a look at some of the measure-
ments you will see published in a typical
product review for an HF transceiver, and
discuss how you can use them for evaluating
an equipment purchase. Not surprisingly, our
tests are broken down into two categories:
transmitter tests and receiver tests. We’ll con-
sider receivers first.

Receiver Tests

As many newcomers to ham radio have
discovered, comparing the performance of
one receiver to another is often difficult. The
features of one receiver may out-
weigh another, even though its overall per-
formance might not be as good. Here is where
a little knowledge and some Product Review
data can be invaluable.

Some of the more important receiver mea-
surements you’ll find in QST Product Re-
views are sensitivity, blocking dynamic range
and two-tone IMD (intermodulation distor-
tion) dynamic range.

Receiver Sensitivity

Sensitivity measures a receiver’s ability
to hear weak signals. You’'ll find several
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Figure 1—IMD shows up as false signals
generated within your receiver. In the
example above, a receiver may pick up
IMD if it is tuned to 14.020 or 14.080 MHz.
These IMD products are produced by the
mixing of two strong signals in your radio
at 14.040 and 14.060 MHz.

methods used to express it. The mode under
consideration often determines the best
choice. Do not be confused by this—the basic
concept is really the same for each. Put sim-
ply, receiver sensitivity is the level of input
signal required to produce a given signal out-
put. The only variables are the units used to
measure the input signal, and the defined re-
ceiver output.

Sensitivity is typically expressed in uV,
dBm and occasionally in dBpV. You’ll see
dBm used to describe the power level in dB
relative to one milliwatt; dBuV describes the
voltage level in dB compared to 1 microvolt.

Logarithmic power units like the dBm are
not only very convenient to use when ampli-
fying or attenuating signals, but they’re also
useful when making comparisons between
radios.
One of the most common sensitivity mea-
surements you’ll find for CW and SSB receiv-
ers is the minimum discernible signal (MDS).
MDS is the input level to the receiver that
produces an output signal equal to the inter-
nally generated receiver noise. Hence, MDS
is sometimes referred to as the receiver’s
noise floor. The typical MDS of a modern
radio is —135 to —140 dBm with 500 Hz band-
width.

Receiver sensitivity is also often ex-
pressed as 10 dB signal-plus-noise to noise
(10dB [S+N]/N) or 10 dB signal to noise ratio
(10 dB S/N). The procedure and measure-
ment are identical to MDS, except that the
input signal is increased until the receiver

output increases by 10 dB for 10 dB (S+N)/N
and 9.5 dB for 10 dB S/N.

AM Sensitivity: AM receiver sensitivity
is usually expressed as 10 dB (S+N)/N or 10
dB S/N. The basic procedure is similar to that
used to measure MDS, except the signal gen-
erator is set for a 30% modulated, 1 kHz test
signal. (The modulation in this case is keyed
on and off and the signal level is adjusted for
the desired increase in the audio output.)

FM Sensitivity: SINAD is the most com-
mon sensitivity measurement normally asso-
ciated with FM receivers. It’s an acronym for
Slgnal plus Noise And Distortion and is a
measure of signal quality:

signal +noise +distortion
noise +distortion

SINAD =

where the ratio is expressed in dB.

Let’s take a closer look at SINAD if we
consider distortion to be a part of the receiver
noise. (Distortion, like noise, is something
unwanted added to a desired signal by the
receiving system.) If we also assume that the
desired signal is much stronger than the noise,
SINAD now closely approximates the signal
to noise ratio:

SINAD= signal + noise +distortion _ signal

noise +distortion noise

where the ratio is expressed in dB.

The most common SINAD spec for ama-
teur receivers is 12 dB SINAD. This corre-
sponds to 25% total harmonic distortion
(THD) and a 4:1 S/N:

90 dB
IMD

et BIOCKING e
Dynamic Range

122 dB

A

Dynamic Range

=174 dBm —137 dBm

(Noise Floor

or
MDS)

—47 dBm -15 dBm 0 dBm
(IMD Level) (Blocking
Level)

Figure 2—The relationship between MDS and dynamic range.
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12 dB SINAD =20 log (1/[25%]) = 20 log 4

The basic test setup for measuring
SINAD is similar to the MDS hook-up. (The
only difference is that the audio voltmeter is
replaced by a distortion meter.) To measure
12 dB SINAD, the input signal level is
adjusted for 25% THD as indicated by the
distortion meter. The standard input signal
typically used for narrowband FM SINAD
measurements (such as used for amateur
communication) is 3 kHz peak deviation,
modulated at 1000 Hz.

Dynamic Range

Dynamic range is the difference between
the weakest signal a receiver can hear, and
the strongest signal a receiver can simulta-
neously accommodate without noticeable
degradation in performance. Two types are
considered in QST product reviews: blocking
dynamic range (blocking DR) and third-
order intermodulation distortion dynamic
range (IMD DR).

Blocking dynamic range describes a
receiver’s ability to maintain sensitivity (or
not to become desensitized) in the presence
of a strong undesired signal on a different
frequency. IMD dynamic range, on the other
hand, is an indication of areceiver’s ability to
not generate false signals as a result of the
two strong signals on different frequencies
outside the receiver’s passband. Both types
of dynamic range are normally expressed in
dB relative to the noise floor.

Evaluating the Dynamic Range Data

Dynamic range can be a major consider-
ation, especially if you’re in an urban or
RF congested area (like a major city). When
the IMD DR is exceeded, false signals begin
to appear along with the desired signal (Fig-
ure 1). When the blocking DR is exceeded,
the receiver begins losing its ability to am-
plify weak signals. The larger the dynamic
range number, the better. Modern radios typi-
cally have an IMD dynamic range that is
greater than 85 dB, and a blocking dynamic
range greater than 120 dB (see Figure 2).

Dynamic range, especially blocking dy-
namic range, is sometimes reported in our test
results as being “noise limited.” This means
we couldn’t make the measurement. Phase
noise is masking and interfering with the de-
sensitization or IMD product we’re trying to
measure. In the case of blocking dynamic
range, the normal 1-dB decrease in the de-
sired signal could not be measured due toa 1-
dB increase in the phase noise. This means
the blocking dynamic range is greater than
the noise-limited measurement.

A low noise-limited measurementis a clue
that the receiver might be phase noisy. A par-
ticularly high noise-limited dynamic range
indicates both good dynamic and range and
low phase noise. In this case, the noise simply
won out over the desensitization. If the noise-
limited point is not specified, no conclusion
can be drawn from the measurement.

While it’s true that you can never have too
much dynamic range, it’s also not necessary
to have more than you’ll need. For example,
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with all other parameters equal, a receiver
having 85 dB of dynamic range will not per-
form better than one that has 92 dB—if only
60 dB is required! Lots of dynamic range
may also come at the expense of reduced sen-
sitivity.

The amount of dynamic range you’ll need
depends on the presence of strong signals at
your receiver’s input. Consider all sources,
especially nearby transmitters. Your antenna
can also affect your dynamic range require-
ments. Its gain and directivity can enhance a
desired signal while simultaneously reject-
ing the undesired. (As a typical example,
consider a Yagi pointing toward a desired sta-
tion and away from an offending signal
source.) Small transmitting loops can reject
unwanted signals with their narrow band-
widths and high Q. An antenna tuner can also
be helpful in reducing unwanted signals.

Third-Order Intercept Point

Another parameter used to quantify re-
ceiver performance in QST product reviews
is the third-order intercept point (IP3). This
is the extrapolated point at which the desired
response and the third-order IMD response
intersect. Greater IP3 indicates better re-
ceiver performance.

Second-Order Intercept Point
We’ve recently added a new test to the

battery: second-order IMD distortion dynamic -

range. These products, like third-order prod-
ucts, can also be generated within a receiver.
In today’s busy electromagnetic environment
they can become offensive under certain con-
ditions. Consider the case of two strong short-
wave broadcast stations, on two different
bands, that sum to the frequency of the weak
DX you’re trying to copy. If their intermod
product is strong enough, you may not be able
to copy the station through the interference.

Image and IF Rejection

Images are the unwanted results of the
mixing process that takes place within a
superhetrodyne receiver. They appear as sec-
ond, false signals that are displaced on your
radio dial by twice the local oscillator fre-
quency.

A station operating at a receiver’s inter-
mediate frequency (IF) can wreak havoc if its
signal is strong enough and the receiver’s in-
termediate rejection is insufficient. The sig-
nal will appear across a radio’s entire receiv-
ing range! Be sure to consider IF rejection
when evaluating a transceiver—especially if
you have local RF sources at the intermediate
frequency.

We test both image and IF rejection in the
Lab. We first measure the level that causes the
unwanted signal to be at the MDS. Then, we
reference this level to the MDS in order to
express the measurement in dB.

Audio Power Output

A receiver’s audio output capabilities are
usually expressed as power (in watts) devel-
oped across a given load (usually 4 or 8 Q)
with a specified rotal harmonic distortion
(THD). How much audio power do you need?
That depends on a variety of factors, includ-
ing speaker efficiency, ambient noise and
personal taste. If you’re a mobile operator on
a noisy highway and your speaker is wedged
against the underside of your car’s console,
you’'ll want more audio than someone in a
quiet shack with headphones. On the other
hand, 1 W of audio can be ear shattering in a
small room with an average speaker.

Transmitter Tests

Some of the transmitter measurements
reported in QST Product Reviews are power
output, spectral purity, two-tone IMD, un-
wanted sideband and carrier suppressions,
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and keying and turnaround tests.

Power Output

Figure 3 shows the test set-up for power
output. It’s measured using a laboratory grade
wattmeter across each band for each avail-
able band and mode. The power attenuator
simply serves as a dummy load for this test.

Most amateur transceivers are in the
100 W class. Some of them struggle to get
there; others exceed their specification com-
fortably. These differences are not signi-
ficant in most cases. The guy on the other end
will not be able to hear a 5 or 10-W deviation
from a transmitter’s 100-W specification.

By the way, don’t forget to consider a
transmitter’s duty cycle rating. Some modes,
such as RTTY, are far more demanding than
CW or SSB. If you intend to operate RTTY,
you may have to reduce power or make short
transmissions. At the other end of the spec-
trum, QRP operators must consider a
transmitter’s minimum power capability. It
may not go as low as you’d like.

Spectral Purity

All transmitters emit signals outside their
intended frequency range. These signals are
called spurious emissions—a term that in-
cludes all signals that are not the fundamental
and its desired modulation. They can include
harmonics, parasitics, intermodulation prod-
ucts, noise and frequency conversion products.

We measure spectral purity in the Lab
using the hook-up shown in Figure 3. The
power attenuator again serves as a dummy
load. In addition, it provides an output signal
that is attenuated by 30 dB. The step attenu-
ators then further reduce the signal as re-
quired for compatibility with the spectrum
analyzer and its attenuator.

The spectrum analyzer displays signal
amplitude with respect to frequency. Figure
4 shows a typical spectral purity plot obtained
with an analyzer. Each vertical division is
10 dB; each horizontal division is 5 MHz.
The signal fundamental is at 7.150 (or
approximately 1.2 divisions from the left),
and the attenuators and analyzer are adjusted
to set the fundamental at 0 dB (or the top
horizontal line). All other signals can now be
referenced to the fundamental and are visible
as lower-level pips on the display. The
second harmonic at 14.300 MHz, for ex-
ample, is at -52 dBc (dB referred to the
carrier).

Part 97 (the FCC regulations that govern
the Amateur Radio service) requires that all
transmitters meet standards for the purity of
their signals. Spectral purity must be in com-
pliance with these regulations, not just to
avoid a QSL from the FCC, but to ensure the
transmitter doesn’t interfere with other hams
and other radio services. The FCC require-
ment for an HF transmitter operating at 100
W is that all spurs be at least —40 dBc¢
(97.307(d)). The more negative this number,
the better. Since our hypothetical trans-
mitter’s worst case is ~52 dBc, it’s spectrally
legal. (Other requirements apply for differ-
ent frequencies and power levels.) All trans-
ceivers and transmitters advertised in QST

must meet the minimum FCC requirements
for their frequency and power class.

Two-Tone IMD

Just like your receiver, your transmitter
produces IMD distortion products. To
measure IMD we use an audio generator. The
generator produces two tones, one at 700 Hz
and the other at 1,900 Hz. We put the trans-
mitter in the desired SSB mode and modulate
it with the two-tone generator. The output is
measured by the special PEP-reading watt-
meter and observed on the spectrum analyzer.

Figure 5 shows a typical IMD plot. Each
vertical division is again 10 dB; each horizon-
tal division is 2 kHz. You can see the two de-
sired signals in the center of the display. All
other pips spreading out to the left and right are
the odd-order distortion products. In the ex-
ample shown, the worst-case third-order prod-
uct is 35 dB below PEP, the worst-case fifth-
order productis 39 dB down and the worst-case
seventh-order product is down 45 dB.

We test the transmitter in both upper and
lower sideband; QST Product Reviews al-
ways show the worst case. Poor IMD perfor-
mance can result in unnecessary interference
to others on the band and illegal out-of-band
products. The greater this number, the better.
Typical modern transmitter should have IMD
performance better than 25 dB below PEP for
the worst case low-order product. High-or-
der products must be much less.

Unwanted Sideband and Carrier
Suppression

Single-tone audio-input signals can be
used with the same setup as the IMD test to
measure unwanted sideband and carrier sup-
pression. To make this measurement, we set
the single tone to the 0-dB reference line. The

unwanted signal components can then be read
directly from the display in dBc.

Unwanted sideband and carrier suppres-
sion is important to minimize bandwidth and
nearby frequency interference. A modern
transmitter should have at least 35 dB of sup-
pression for these parameters. Better than 50
dBc is typical

Keying and Turnaround Tests

Our product review test battery includes
three keying and turnaround tests:

* CW keying waveform test

* PTT to SSB/FM RF output test

* Transmit/receive turnaround test time

Each requires an oscilloscope and a key-
ing test generator. Dual-trace scopes are best
in most cases, and provide easy-to-read time-
delay measurements between keying input
and RF (or audio) output signals.

CW Keying Waveform

We measure the CW keying waveform and
time delay using a keying test generator (see
Figure 6). It is used to repeatedly key the
transmitter at a controlled rate—typically 20
ms on and 20 ms off.

PTT to SSB/ FM RF Output Test

For SSB and FM voice modes, a PTT-to-
RF-output test is similar to CW keying tests.
It measures rise and fall times, as well as the
on/off delay times. An audio generator is re-
quired in the SSB mode and the transmitter is
keyed with the generator connected to the
mike input. This can be an important test for
some digital modes.

Transmit Receive Turnaround Time Test

Turn-around time is the time it takes for a
transceiver to switch from the 50% fall time
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Figure 6—Block diagram of the CW keying waveform test.
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of a keying pulse to the 50% rise of audio
output. Turn-around time is an important
consideration with some digital modes.
AMTOR, forexample, requires a turn-around
time of 35 ms or less for long-distance work.

Composite/Phase Noise Test

The composite-noise test measures the
phase and amplitude noise, as well as any
close-in spurious signals generated by a
transmitter. We can assume, however, that
nearly all of the noise observed during this
test is phase noise. It’s the primary noise
component in any well-designed transmitter.

Frequency synthesizing circuitry is noto-
rious for generating phase noise. Phase noise
often manifests itself as broadband hiss
caused by a phase-noisy oscillator chain in
the transceiver. You’ll hear it when you’re
tuned to a frequency adjacent to a strong sig-
nal.

Composite/phase noise is measured with
a spectrum analyzer in the ARRL Lab—but
not directly. Doing so would exceed the
analyzer’s dynamic range capabilities.
(There’s a tremendous relative difference
between the strong desired signal and the low-
level noise.) Added circuitry is required to
remove the carrier while leaving the noise
components unaffected.

The transmitter’s CW output signal is con-
verted down to a frequency near 0 Hz, using
a signal generator as the local oscillator and
an external mixer. This downconverted com-
ponent of the original signal, as well as any
unwanted heterodyne components that are
generated by the downconversion process,
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are then filtered out, leaving only the down-
converted signals that result from the noise
and spurious signals that were present in the
transmitted signal. The noise and spurious
signals are then amplified (by a low-noise
audio amplifier) and displayed on a spectrum
analyzer.

Conclusion
This issue contains the 226th QST Product

Review. The reviews have grown tremen-
dously in popularity since they first appeared,
and the future promises even more growth.
New products and technologies will also
spawn new challenges. (I can’t even imagine
what procedures and instrumentation will be
required for the 500th review.) We look for-
ward to meeting these challenges and main-
taining the standard of excellence you expect
in QST Product Reviews. o5



