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two-way, spread-spectrum contact
was successfully conducted in
January 1988 as part of a continuing series of experiments in spreadspectrum communications administered
by the Amateur Radio Research and
Development Corporation (AMRAD). This
article describes the experiment and the
equipment used. Before detailing the
experiment, a brief introduction to directsequence spread-spectrum (DSSS) communications is in order.

A

Direct-Sequence Spread-Spectrum
Communications
The RF bandwidth of conventional
Amateur Radio modulations (AM, NBFM,
FSK) is usually proportional to the amount
of information that is transmitted. The
bandwidth of the RF signal is kept as
narrow as possible (you generally think
of narrow contiguous channels), possibly
a few kilohertz wide, with each channel
containing separate information. When a
conventional channel is in use, it is
impossible for other users to transmit on
the same channel without creating interference.
Using DSSS techniques, you can have
a wide RF bandwidth--possibly several
megahertz wide-and different networks
can transmit on the same frequencies
without interfering with one another. Also,
the bandwidth of the signal is not related
to the information rate.
At the DSSS transmitting site, a carrier
is mixed with the output of a pseudorandom noise (PN) generator to spread
the information over a wide bandwidth.
The same pseudo-random sequence is
reintroduced in the receiver (see Fig I).
If the original carrier is frequency modulated (to transmit voice, for instance), the
original modulation information can be
extracted at the receiver. If data other
than voice is sent, this data can be
logically XORed with the PN sequence at
the transmitter, and similarly recovered
at the receiver.' In either case, only the
signals correspondingto the original PN
sequence are correlated at the receiving
Notes appear on page 11
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Fig 1-Block diagram of a direct-sequence spread-spectrum communications
system.
site. The noise is spread over a wide
bandwidth and filtered out. The signal-tonoise improvement thus derived, called
process gain, is an important derivative
of the DSSS process.

The Doubly Balanced Mixer
Fig 2 shows the schematic of a doubly
balanced mixer used to mix the carrier
signal and the output of the PN generator.
Note that D l through D4 are connected
as a ring-modulator. The RF carrier is fed
to the input transformer, while the PN
signal is fed to the center tap of the output
transformer. The PN generator uses TTL
ICs, and by connecting it via a capacitor,
the center tap of the output transformer
swings from + 2 V to -2 V, with respect
to the center tap of the input transformer.
When + 2 V is applied, D l and D3
conduct, and D2 and D4 are reversebiased, connecting point A to C, and point
B to D. When the output of the TTL goes
low, the center tap of the output transformer goes to -2 V. At this instant, D2
and 0 4 conduct, connecting point A to D
and point B to C. This produces a
succession of 180-degree phase reversals of the RF carrier at the output,
effectively canceling the carrier. The PN
signal, which is fed in opposing phase to

the input and output windings, also
cancels. On the other hand, sidebands
are created because of the heterodyne
process. Since the output of our PN
generator is a square wave in the time
domain, its Fourier transform in the
frequency domain is a (sin xlx) waveform.
Because we are dealing with a signal
proportional to the output power of the
mixer stage, what we see on a spectrum
analyzer connected to the output is
proportionalto the square of the voltage,
(see Fig 3). As shown in the
or (sin x I x ) ~
waveform of Fig 3, the original 445-MHz
signal is spread over almost 10 MHz. In
practice, a suitable filter shapes the
transmitter output to allow radiation of
only the main lobe. (The main lobe
contains approximately 95% of the total
power.)
At the receiving site, a similar doubly
balanced mixer arrangement recreates,
or "despreads," the original carrier (Fig
4). To maximize isolation between ports,
each port must be properly terminated in
50-ohm loads. The setup used at both the
transmitting and receiving ends is shown
in Fig 5.

Synchronization
To despread a signal, the PN sequence

