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1. INTRODUCTION

There exists to date an enormous commercial, civil and military application of
analog AM communication systems all over the world. These systems essentially employ
non-linear devices as centra! parts of their amplitude modulators irrespective of whether
the transmissions involved are SSD, VSB or DSB. Much has already been written about the
signal-to-not.*fl ratios achieved by analog amplitude modulators whose input signals are
contaminated by white noises (e.g. Carlson, 1975; Schwartz, 1981; Rao et al,, 1987). Even
without considering white noise, the problem associated with analog amplitude modulators
has been that of generating AM signals that arc free from distortions (Gregg, 1977; Petrovic
and Liu, 1987). Modulation feedback (i.e. feedback that involves only the baseband
signals) reduces but does not eliminate these distortions (e.g. Petrovic and Liu, 1987). In
this paper, we develop a complete analytical representation of the distortions and indicate
the theoretical limits to which they may be reduced. We also suggest a new technique
through which the distortions may be further and significantly minimized.

E.C. Njau "

International Centre for Theoretical Phyics, Trieste, Italy.

ABSTRACT

Complete analytical expression* for distortions caused by signal processing in
analog AM modulators are developed. The salient features in these expressions are shown
to be consistent with displays of actual spectra of AM signals. Finally suggestions are
given on how the distortions may be practically minimized.
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2. FORMULATION
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An analog AM modulator (Fig. 1) effectively makes up each of the modulators
commonly employed in analog communication systems either singly (e.g. in ciass-C am-
plifier modulators and single-diode modulators) or in shunt-connected pair(s) (e.g. in
single-balanced modulators and double balanced modulators). As far as signal processing
is concerned, the only difference between a balanced modulator and a corresponding AM
modulator is that the carrier component is suppressed vectorially in the former but not in
the latter. We have, therefore, chosen to analyze distortions caused by the signal process-
ing performed in a typical (unbalanced) AM modulator without separately focussing much
attention on balanced modulators. This is basically due to the fact that the results of the
analysis may easily be applied to balanced modulators owing to the intimate relationship
between the latter and (unbalanced) AM modulators not only in construction but also in
the basic signal processing involved.

Let / t and f» denote, respectively, the lowest frequency and highest frequency
passed by the filter shown in Fig. 1. When the modulator shown in the latter figure is in
operation,both input channels of the adder as well as the input channel of the non-linear
device are likely to carry some d.c. biasing levels. Let a,0 and € denote such d.c. levels
along the B(t)-carrying input channel of the adder, the C(t)-carrying input channel of the
adder and the input channel of the non-linear device, respectively. Thus the input signal
(including d.c. levels) G(t) of the non-linear device is given as



G(t] = a + 0 + e + B(t) + C(t)

= M(t) + C[t) (1)

where M{t) = a + 0 + e + D(t). Now If we represent •£ - ^- by T, then F(t) in Fig. 1
may be expressed as follows:

F(t] = {ki{M + C)+ k3[M + Cj* + k3{M + C)3 + ...}
{Terms that represent the effects of frequency — limitation

of F(t) by the filter}

= {kL{M + C) (2)

where the k's are constant,
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Eq.(2) may be rearranged and put into a more informative form as follows:
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(3)

where ^ = a ) ^ + E, I is » constant and £><(() is a version of D(t) with some limited
frequency spreading due to the influences of M(t) as well as its multiplicative powers.

The first two sets of terms on the right-hand side of Eq.{3) collectively display
the expected AM signal which includes some "frequency spreading", that is, its frequency
spectrum peaks are unusually broadened. In fact, this frequency spreading is inevitable as
long as the filter used has finite bandwidth. The major part of the distortions incorporated
in F(t) is apparently contributed by the term bD,[t). The latter has most of its energy
concentrated at and around the low frequency end of the spectrum of F(t) where significant
distortion peaks are expected to show up. This is clearly illustrated in the next section
using actual spectrum displays of AM signals.

COMPARISON WITH ACTUAL SPECTRA OF AM SIGNALS

Fig. 2 shows a spectrum analyser display of an AM signal with carrier frequency
and tone frequency of 20 kHz and 15 kHz, respectively. The three highest peaks appearing
in the figure correspond to the three expected spectral components in the AM signal,
whose frequencies are 5 kHz, 20 kHz and 35 kHz. Aside from these thre« peaks, all the
other peaks represent distortions. In particular, the significant peaks at the low frequency
end of the spectrum are certainly contributed by term bD,{t) in Eq.(3) as well as the
signal processing performed by the frequency converter unit of the spectrum analyzer aa
already reported (Njau, 1988). However, the distortions caused by the tatter are relatively
smaller and mostly at relatively higher frequencies than those formed correspondingly
by the former. On this basis, the significant peak in Fig. 2 that corresponds to lowest
frequency represents distortions due to bU,(t). This is further confirmed by independent
estimations made on the assumption that the filter in the AM modulator passes only signals
whose frequencies range from just below the lowerside frequency (i.e. 5 kHz) up to just
over the upperside frequency {i.e. 35 kHz). Expeetedty, the relative contribution of the
distortions associated with bD,(t) is hardly reduced simply by replacing the AM modulator
with a corresponding balanced modulator. This is demonstrated by Fig. 3 which shows
a spectrum analyzer display of a DSB signal generated by feeding the tone and carrier
signals involved in Fig. 2 into a balanced modulator.

4. CONCLUSIONS

We have shown theoretically as well as through actual measurements that the
basic signal processing involved in AM modulators introduces some significant distortions
into the resultant AM signals. The energy in these distortions is mostly concentrated in
and around the low frequency end of the overall modulator bandwidth, and can hardly
be eliminated by the modulator filter. Those distortions that are caused by the processes
represented by bD,[t) in Eq.(3] and which are most conspicuous in Figs. 2 and 3 are
heavily dependent upon the existence of d.c. components along the input channels of the
modulator. Therefore, these distortions may be minimized by designing modulators in
such a way that d.c. biasing signals along the input channels are kept at minimum possible
values. An additional precaution would be to decouple any unnecessary d.c. components
from the input signals of an AM modulator before the signals are fed into the latter.
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Figure Captions

Fig. 1 Block diagram of a typical AM modulator.

Fig. 2 Spectrum analyzer display of an AM signal with a 20 kHz carrier and a 15 kill
tone (After Gregg, 1977). A commercial grade AM modulator was used for this
purpose.

Fig. 3 Spectrum analyser display of a DSD signal with a 20 kHz carrier and a IS kHz
tone (After Gregg, 1977). A commercial -grade balanced modulator was used for
this purpose.
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