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Telemetry & Instrumentation Department
Lear Siegler, Inc.

Electronic Instrumentation Div.

Summary    A Single Side Band Data Translator has been developed and used
successfully with any combination of reference and data frequencies from 100 Hz to
10 MHz. This translator, consisting of a computer calculated 90E phase difference
network and field effect transistor multiplier circuits yielded undesired sideband signals
which were at least 50 db below the desired sideband level over an input frequency range
of ten to one. The translator was used to implement a system which recorded 75 time-
correlated broadband data channels on a single track of a 5 MHz rotating head tape
recorder. After de-translation, a signal to noise ratio of 60 db was measured with the
recorder by-passed and a signal to noise ratio of 40 db was measured with all channels
recorded. This paper presents the results of research carried out under Contract No.
N123(60530)51701A sponsored by U. S. Navy.

Introduction    Two methods of single sideband translation were evaluated. One method
employed undesired sideband elimination by filtering, while the other method used phase
cancellation of undesired sidebands.1 The phase cancellation method was chosen since in
timecorrelated, multi-channel systems adequate filtering of undesired signals which
differ in frequency from the desired signals by 1% or less is not feasible. For example, a
40 kHz carrier translated about a 4 MHz reference generates sidebands at 3.96 MHz and
4.04 MHz which cannot be practically separated by filtering without affecting time
correlation between channels. On the other hand the reverse process of de-translating the
4.04 MHz recorded signal about the same 4.0 MHz reference generates the original 40
kHz carrier and an 8.04 MHz sideband which is easily eliminated by conventional
filtering.

Figure 1 is a functional block diagram of the translator. The following equations refer to
various points on Figure 1. The input signal at e1 is a sinusoidal waveform at a fixed 



frequency while the signal at e3 is a sinusoidal waveform whose frequency is allowed to
vary over a 10 to 1 range.

Substituting in equations 7, 8, and 9 yields:

In equation 12, the difference frequency terms of e7 and e8 cancel as both terms are
identical except for being 180E out of phase. Thus, the upper sideband signal is obtained
at e9, while the lower sideband signal is cancelled. If desired, the sum frequency term
may be made to cancel by reversing e1 and e2 at the modulator inputs, resulting in a lower
sideband output at e9.

Ideally, the complete cancellation of the undesired signal occurs when the amplitudes of
the undesired frequency terms are the same, and when the phase difference between them
is exactly 180E. Identical amplitudes as a function of frequency were obtained by
designing linear, broadband circuits (flat to 10 MHz) to perform the balanced modulator
function, and by using R1 for vernier balance adjustment. The phase shift accuracy, on
the other hand, is primarily a function of the 90E phase shift network tolerance which
affects the undesired sideband rejection as shown in Figure 2.
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The requirement for a precise 90E phase shift is easily met for the fixed reference
frequency input, while the implementation of a 90E network for the broadband data input
is at best difficult. Fortunately, broadband phase difference networks have been
previously developed for application in single sideband communications. A method of
achieving such a network, described by Weaver2 was employed. This method is given in
step by step calculation form and results in a Resistor-Capacitor lattice network with two
outputs. These outputs have a relatively constant 90E phase difference with respect to
each other and varying phase shifts with respect to the input of -22 (see eq. 12) and -22 -
B/2.

A Fortran-coded computer program was used to calculate the network element values
and to check the network performance. The program consisted of the network calculation
procedure, and the network transfer function. Two minutes of CDC 1604 computer time
were required to obtain the results, which contained network RC element values in ohms
and farads, the slope of the phase curve vs frequency, and the exact phase shift values.
The slope information was later used to compensate the network phase characteristics for
linear phase response.

Figure 3 shows the results of one computer run. The frequencies of operation are from
10 kHz to 100 kHz. The circuit can be directly scaled to operate at other frequencies. For
example, to operate over another ten to one range of 1 kHz to 10 kHz, capacitors ten
times larger than the values shown, or resistors one tenth of the value shown can be used.
The insertion loss of the circuit shown is about 20 db, roughly inverse of the ratio of
operating frequencies. This relationship was found to be a good approximation to
frequency ratios of one hundred.

The problem of time correlation should also be discussed for completeness. 22 of
equation 12 is a non-linear function of input frequency. To obtain linear phase
characteristics an all-pass phase compensation network design described in reference3

was used. (See Figure 1) This design procedure gives a family of phase shift vs
frequency curves, for which network element values can be calculated. One of these
curves waschosen to yield a close approximation of the phase non-linbarity complement
of the 90E phase difference network. The compensation was adequate for an operating
frequency range of 5 to 1, yielding an overall envelope delay variation of less than 5
microseconds. For translators operating over wider frequency ranges a more satisfactory
compensation network must be realized.



Another requirement in the design of this translator was a balanced modulator with non-
linearity of 1% maximum and frequency response from near DC to 5 MHz. The circuit
shown in Figure 4 has amplitude nonlinearity in the range of 0.1% to 0.376 and
frequency response essentially flat, from 100 Hz to 10 MHz. Operation to DC is possible
by direct coupling of the input circuitry.

A good understanding of the operation of this circuit can be achieved by comparing it
with a conventional potentiometer multiplier. Each field effect transistor is treated as a
voltage variable resistor. The common source point is equivalent to a variable pick-off
point proportional to the input gate signal. The output is then directly proportional to the
gate signal and the drain signal; the result is a nearly perfect multiplier with extremely
broadband characteristics. For the devices shown, the best operating levels are:

Gate Bias approximately -2 VDC, gate to source
Drain Signal level approximately 300 MV p-p
Gate Signal level approximately 2 V p-p

The full scale output for these levels is approximately 300 MV p-p. The gate bias level
of each FET is individually adjustable, as shown in Figure 4, for balancing the output
zero with either input at zero. For best amplitude linearity, FET matching to about 10%
on forward transfer admittance and drain to source resistance was found desirable.

Alignment and adjustment of the translator was accomplished with the aid of a spectrum
analyzer. The following major adjustments were required: a) 90E phase shift of the
reference signal, and b) translator amplitude balance (R1 of Figure 1). These adjustments
are independent, and, therefore, alignment was a relatively simple task. Each adjustment
was aligned to minimize undesired signal amplitude on the spectrum analyzer display.

The phase difference networks were aligned prior to assembly by component value
bridging to achieve capacitor accuracies of 0.1 percent, and resistor accuracies of 0.05
percent. The results were verified by undesired sideband suppression measurement.
Close agreement with calculations was obtained.

The main application of the discussed translator was in translating several multiplexed
groups of Frequency Modulated Subcarriers to higher frequencies to obtain efficient use
of a 5 MHz tape recorder. Figure 5 shows actual photographs of the frequency spectrum
presented to the recorder. In Figure 5B areas X and Y are typical. Six Subcarrier
Frequencies from 50 kHz to 230 kHz were summed together and translated about a 3.2
MHz reference frequency. The resulting lower sideband output was a group of
frequencies shown in area “X”, ranging in frequency from 2.97 MHz to 3.15 MHz. Area
“Y” is where the undesired sideband would be if it were not cancelled. The other 5
groups of frequencies were made up of the same subcarrier frequencies translated about



different reference frequencies. All of the translator outputs were summed with a
broadband summing amplifier whose output is shown in the pictures. Figure 5A has a
different bandwidth displayed, showing 8 summed multiplexes and a 5 MHz signal
recorded as a tape speed compensation reference.

Conclusion    The single sideband translator design technique described in this paper
affords efficient utilization of the DC to 10 MHz frequency range for transmission or
recording of multi-channel time-correlated data. Both frequency and amplitude
modulated channels or channel groups can be uptranslated to a higher frequency range
and downtranslated to their original frequency without introducing appreciable
degradation of the signal quality.
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