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Introduction 
Direct-sequence spread-spectrum sys- 

tems may be classified into two broad 
categories: stored-reference and trans- 
mitted-reference systems. The circuits I 
have described so far in these col- 
u m n ~ ~ ~ ~ ~ ~ ~ ~  have all been of the stored- 
reference kind, in that a replica of the 
pseudonoise sequence used at the 
transmitter site was also stored at the 
receiver. The main problem then facing 
the designer was to build into the receiver 
a circuit which would (a) extract the clock 
from the transmitted signal, and (b) 
synchronize the two identical, but out of 
phase, sequences. 

A radically different approach consists 
in transmitting simultaneously on a fre- 
quency F1 the PN sequence XORed with 
the data, and on a frequency F2 the PN 
sequence alone. If the receiver uses a 
second intermediate frequency (2nd IF) 
equal to (Fl-F2), it is possible to modulo2 
add the two signals and recover the 
original data5. This approach has a 
major advantage: its simplicity. It also has 
two main drawbacks for military applica- 
tions: It is easy to either jam the receiver 
by transmitting a carrier equal to the IF, 
or for unauthorized listeners to decode 
the signal with a very simple receiver. 
Neither of these problems is of concern 
to the radio amateur, and it was therefore 
decided to design a simple data link using 
the transmitted reference approach. The 
description of the circuitry used will be 
brief, as most of its elements have already 
been described in some of my previous 
articles. (This paper does not aim to be 
a "construction article," but to give 
enough pointers to the interested that 
they may decide to use this information 
as a starting point, and try their hands at 
experimenting with spread spectrum.) 

Specifications 
The equipment described, an experi- 

mental modem operating around 70 MHz, 
can transmit and receive ASCII data at 
rates higher than 38 kilobauds. The 
70-MHz output, about 7 MHz wide, can 
be up-converted to 440 MHz or any other 

'Notes appear on page 11. 

amateur band of interest. 

General Description 
Referring to Fig 1, the transmitter con- 

sists of two oscillators, one on 69.8 MHz, 
the other on 73 MHz. The 73-MHz carrier 
is also divided and used as a clock for the 
pseudonoise (PN) generator. The output 
of this PN generator is mixed in a doubly 
balanced mixer with the 69.8-MHz carrier 
to create a BPSK signal, while the same 
PN sequence is XORed with the data and 
then applied in a similar manner to the 
73-MHz carrier. The resultant BPSK 
signals, one centered on 69.8 MHz, the 
other around 73 MHz, are then summed 
(not mixed) in a hybrid combiner, the 
output of which, in the time domain, 
looks like a "double hump" centered on 
71.4 MHz as shown in Fig 2. This output, 
6.85 MHz wide between the two first nulls, 
is then up-converted to the 440-450 MHz 
band. At the receiver, a similar 374-MHz 
local oscillator creates an IF centered on 
71.4 MHz. This signal is split through a 
hybrid and applied to two identical band- 
pass amplifiers, one broadly tuned to 
69.8 MHz, the other to 73 MHz. The out- 
puts of these two bandpass amplifiers are 
then fed to the two input ports of an active 
doubly balanced mixer, the output of 
which is our baseband data. It is then 
filtered, amplified and regenerated 
through a Schmitt-trigger stage. 

Transmitter Circuit 
As shown in Fig 3, the transmitter con- 

sists of two identical frequency syn- 
thesizers, one functioning on 73 MHz, 
the other on 69.8 MHz. (Only one, the 
73 MHz, is shown for simplicity.) The cir- 
cuit is comprised of an MC1648 voltage- 
controlled oscillator tuned to the frequen- 
cy of interest, an MC3396 divide-by-20 
stage, and a MC145151 synthesizer chip. 
(The operation of this synthesizer was 
described in more detail in the November 
1988 AMRAD Newsletter, Vol XV, No. 5.) 
The output of the MC3396 divider-by-20 
stage is a clock at 3.65 MHz. This clock 
is buffered by four sections of U4, a 4049 
hex-inverter, and used for three separate 
functions. After another division by two 
in U9B, a 7474 flip-flop, the resulting 

1.825-MHz square wave clocks a 7-stage 
PN generator comprised of U5, a 74164 
shift register, and U6, a 7486 XOR chip. 
This PN generator arrangement has 
already been described previ~usly.~ The 
PN sequence is used directly to drive the 
IF port of an SBL-1 passive doubly 
balanced mixer (only one of two shown 
on this diagram). 

The PN sequence is also XORed with 
data. This data can be either an internal- 
ly generated test square wave, or some 
external signal. The square wave is the 
clock divided by 100 (in U7 and U8), while 
the external signal is whatever is fed to 
the RS-232 port. Either signal, selected 
by S1, is then resynchronized via U9A, 
a 7474 flip-flop. The output of the flip-flop 
is then XORed with the PN sequence in 
U6D, which then drives the IF port of 
a second doubly balanced mixer (see 
Fig 1). This output is shown as point "A" 
on Fig 1. 

Two separate frequency synthesizers 
were used so that I could easily adjust, 
for experimental purposes, the frequen- 
cies of the two carriers, and hence, the 
IF. Should the reader wish to duplicate 
this setup, it would be much simpler to 
use two straightforward crystal oscillators. 

The outputs of the two doubly balanced 
mixers are then added in a summing net- 
work, here a TV antenna couplerlhybrid 
combiner (Radio Shacka part #15-1141). 
One could also manufacture one's own 
by winding a few turns of trifilar wire on 
a ferrite core, but the Radio Shack part 
is perfectly satisfactory, and comes 
already shielded and fitted with F 
connectors. 

The output of the summing hybrid is 
centered on 71.4 MHz, and occupies a 
minimum bandwidth of about 6.9 MHz. As 
shown in Fig 1, the output of the summing 
hybrid feeds yet another doubly balanced 
mixer, wherein is mixed the 374-MHz 
local oscillator signal, thus hetero- 
dyning the whole band, from 67.975 to 
74.825 MHz to the 440-MHz band. 

Although the heterodyning and 
amplification process are by no means 
trivial, they are not novel and have 
already been covered in the literature. 
This article concentrates on the spread- 
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