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CHANNEL SPACING FOR DISTORTION
REDUCTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a further improvement over the appli-
cation for DUAL TRANSMITTER ARRANGEMENT
WITH BACK-UP SWITCHING filed by applicant herein
and another as Ser. No. 08/684,651 filed on Jul. 22, 1996,
and assigned to the assignee of the instant application.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable
BACKGROUND OF THE INVENTION

The invention relates to methods and apparatus for trans-
mitting multiple signals over large numbers of channels,
where two or more of the channels are affected by or
transmitted by a component which produces intermodular
distortion from the interaction of the signals of these chan-
nels. One kind of such component is a traveling wave tube
amplifier which may be used as a transmitter output ampli-
fier carrying many channels of information. However, the
invention may also be applicable to any other transmission
system transmitting more than one channel with one
transmitter, because known active electronic devices all
introduce at least some distortion.

A system of this type, which has been operated publicly
for many years for transmitting multichannel television as
described in U.S. Pat. No. 4,747,160, transmits up to 50
television channels in the 28 GHz band. Two traveling wave
tube amplifiers (TWTA’s) are used for the transmitter
output, one amplifying the channels in the lower half of the
band, and the other amplifying the channels in the upper half
of the band. Because intermodular distortion in a TWTA is
a function of its power level, the TWTA’s in this system are
normally driven to an output power well below their full
rated output. While this system has been operating success-
fully on a commercial basis, with signal quality that exceeds
that of typical cable TV, improvements which will permit
greater output power from the TWTA with acceptably low
signal distortion or noise in the customer’s TV picture are
always desirable.

Because it simplifies providing equipment which is user
friendly, and such matters of administration as setting
standards, historically multi-channel systems in a particular
band always space channels for a given class of service
equally, usually producing carrier frequencies which have
integral, easily remembered numbers. It is typical that this is
done despite the need for efficient utilization of available
spectrum.

BRIEF SUMMARY OF THE INVENTION

According to the invention, a method of transmitting
many signals from a transmitting site, in which two or more
channels are simultaneously amplified by or transmitted via
a component which produces intermodular distortion,
includes selecting carrier frequencies for other channels
such that the most troublesome intermodular distortion
frequencies are removed from the frequencies in the other
channels where they will cause interference; that is, not in
the part of the band occupied by the desired other signals.
Usually this means that the carrier frequencies of the other
channels are removed from the most troublesome inter-
modular frequencies.
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According to a preferred embodiment of the invention,
the channels for a first portion of the band are equally spaced
from each other and form contiguous adjacent channels. If
these channels are amplified in a first TWTA, they produce
intermodular distortion frequencies primarily in relatively
narrow bands which are spaced from each other by a
frequency difference equal to the frequency spacing between
their carrier frequencies.

Where such a system is operated in a millimeter wave
band above 12 GHz, high quality television signals may be
transmitted using wide deviation FM signals. The first
portion of the band contains contiguous, adjacent channels
mutually spaced by a same given frequency; that is, there are
no discontinuities or irregularities in the channel spacing.
Applicants herein have discovered that a 3 dB to 4 dB
improvement in signal to noise ratio for channels in the
second portion of the band can be obtained if the channels
in the second portion are offset from the frequencies where
the first portion’s intermodular distortion products are con-
centrated. According to this embodiment of the invention,
carrier frequencies in the second portion are also spaced
from each other by the same given frequency, but are located
at carrier frequencies which are not spaced a multiple of the
given spacing from the carriers of the first portion, and
preferably are approximately midway between those mul-
tiples.

According to a second preferred embodiment of the
invention, the carrier frequencies of the first portion of the
band, which pass through the same intermodular distortion
producing component, are spaced unequally from each
other. A minimum inter-channel spacing is maintained, so
that adjacent channel interference is kept low, while a
desired average spacing is maintained so that the available
spectrum is well utilized. The optimum pattern of frequency
variation may be determined by assuming that all channels
have a similar concentration of power in the central quarter
to third of the channel (typical for FM TV signals) or
measuring and then considering the typical spectra of the
different channels. This latter method is particularly appli-
cable if some channels have different types of information
signals.

The spacing pattern in the first portion of the band may be
optimized to minimize effects of intermodular distortion on
the channels of that portion, or to provide relatively evenly
distributed intermodular products across the other portion.
In such case, a similar patterning of carrier frequencies in the
second portion will minimize the overall interference caused
in receivers tuned for channels of the first portion.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 is a block diagram of a system according to a first
embodiment of the invention,

FIG. 2 is a spectrum chart showing the channel inputs to
the L-band upconverters of the embodiment of FIG. 1,

FIG. 3 is a spectrum chart showing the L-band channel
outputs and transmitter outputs according to the embodiment
of FIG. 1,

FIG. 4 is a block diagram of a transmitter according to a
variation of the first embodiment of the invention,

FIG. § is a block diagram of a transmitter according to a
second embodiment of the invention, and

FIG. 6 is a spectrum chart showing the transmitted
channels according to the second embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

According to a first embodiment of the invention, a
transmitter unit 10 contains two traveling wave tube ampli-
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fiers 11, 12 which respectively transmit nominally 18 MHz-
wide channels in the 27.5 to 28.0 GHz band and the 28.0 to
28.5 GHz band, allowing a 2 MHz guard band between
adjacent channels. In normal operation the input to amplifier
11 contains information signals CH 1 through CH 25 which
in this example are ordinary television signals, but may also
be any other broad or narrow band signals, or combinations
of signals which are multiplexed for convenience in trans-
mission and are then demultiplexed at the receiving location.
Signals CH 1-CH 25 are FM modulated on carrier frequen-
cies of 60, 80, 100 . . . 540 MHz in individual modulators
such as 13, together forming a modulator set 14, to form
channel block A whose signal 15 is coupled to primary and
standby L-band up-converters 17 and 17'. The signal 15 has
a combined spectrum shown in idealized form as spectrum
16 in FIG. 2.

Similarly, in normal operation the input to amplifier 12
contains information signals CH 26 through CH 49 which
typically are ordinary television signals, but may also be any
other broad or narrow band signals or combined signals.
These signals are FM modulated on carrier frequencies of
60, 80, 100 . . . 520 MHz in modulator set 19, to form
channel block B whose signal 21 is coupled to primary and
standby L-band up-converters 17 and 17'. The signal 21 has
a combined spectrum shown in idealized form as spectrum
22 in FIG. 2.

The L-band upconverters 17 and 17' are identical. Each
has two channels, one for mixing signal 15 with a lower
frequency such as 2.050 GHz from the respective one of
oscillator sets 24, 24' to provide an L-band output signal 26,
26' between 2.1 GHz and 2.6 GHz, having carrier frequen-
cies centered at frequencies of 2.110 through 2.590 GHz,
spaced 20 MHz apart; and the other for mixing signal 21
with an upper frequency such as 2.560 GHz from the
respective oscillator set 24, 24' to provide an L-band output
signal 28, 28' between 2.61 GHz and 3.09 GHz, having
carrier frequencies centered at frequencies of 2.620 through
3.080 GHz, spaced 20 MHz apart. Signal 26 has an idealized
spectrum 29, and signal 28 has an idealized spectrum 30,
shown in FIG. 3.

In this embodiment, according to the invention of U.S.
patent application Ser. No. 08/684,651 referred to above, the
L-band signals 26' and 28' are combined in a coupler 32
whose output is one input to a switch 34 which also receives
the signals 26 and 28. In normal operation the switch 34
feeds the signal 26 to a mixer 37 of a first transmitting
section 36, and the signal 28 to a mixer 39 of a second
transmitting section 38. The output of coupler 32 is not used.
The transmitting section 36 includes a 25.4 GHz oscillator
41 whose output is the second input to the mixer 37, the
mixer output being amplified in the TWTA 11 and provided
to a first antenna 42. Similarly, the transmitting section 38
includes a 25.4 GHz oscillator 44 whose output is the second
input to the mixer 39, the mixer output being amplified in the
TWTA 12 and provided to a second antenna 45. The signal
transmitted from antenna 42 has an idealized spectrum 42
having output carrier frequencies at 27.510 through 27.990
GHz, and the signal transmitted from antenna 45 has an
idealized spectrum 45' having output carrier frequencies at
28.020 through 28.480 GHz, these spectra being shown in
FIG. 3.

In the event that there is a failure of one of the transmitting
sections, a switch control 46 operates the switch 34 so as to
provide the coupler 32 output to the functioning transmitting
section so that all channels are still transmitted. Intermodu-
lar distortion products due to the signals in block A will still
fall outside the important central areas of the channels
forming block B.
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In a system according to the invention, signals from either
antenna 42 or 45 are picked up by receiving units 50 having
respective directional antennae 51, tuners 52, and detectors
53.

With this channel arrangement, intermodular distortion in
the lower band amplifier 11 creates undesired signals spaced
20 MHz apart, with some of these lying in the upper band.
When the inputs to amplifier 11 are frequency modulated
with a video signal, the intermodular distortion products are
concentrated in bands a few megahertz wide, and these
bands are centered about the same 20 MHz spacings, some
of these intermodular products lying in the upper band
concentrated about frequencies such as 28.010, 28.030,
28.050, and so on. However, because of the carrier fre-
quency offset of the frequency-modulated signals amplified
in amplifier 12, the block B or upper band information is
concentrated about frequencies such as 28.020, 28.040, and
so on. The receiver detectors’ sensitivity to noise is a curve
like that of the power density spectrum of the transmitter for
the same channel, centered near the carrier frequencies to
which they are tuned. As a result, the intermodular distortion
products generated in the lower band modulators and ampli-
fiers have little effect on receivers tuned to the upper band
channels. Similarly, the intermodular distortion products
generated in the upper band modulators and amplifiers have
little effect on the lower band channels, because these
distortion products tend to fall midway between the lower
band carrier frequencies. Applicant believes that a substan-
tial improvement in carrier to interference ratio can be
obtained with this embodiment.

Conversion of a system, in which a continuous 20 mega-
hertz spacing was maintained for all channels across the
lower and upper bands, to operation according to the first
embodiment, is relatively easy because it is necessary
merely to shift a local oscillator for one of the bands, such
as the upper channels as described, or the lower channels
instead of the upper channels, by a convenient and effective
amount such as 10 MHz.

In the transmitter embodiment described above, two chan-
nels of each first (L-band) upconverter differ from each
other: one raises the frequency by 2.05 GHz, and the other
raises the frequency by 2.56 GHz. This has the advantage
that the two second (millimeter wave band) upconverters are
identical, and also that cross-coupling between the two
L-band signals is less troublesome. Further, the output can
be provided by one broadband amplifier which receives both
L-band signals, or more than two amplifiers each covering
a respective portion of the total band.

FIG. 4 shows a variant of the system of FIG. 1, in which
these advantages can still be obtained, and in addition effects
of cross-coupling between the outputs of the two sets of
modulators can be minimized. In this variant, by shifting the
set of modulator frequencies in one of the modulator sets so
that its channel outputs are offset from the channel outputs
of the other modulator set, the local oscillator frequencies in
the upconverters can have a simple geometric relationship to
each other, thus simplifying the locking of the millimeter
wave channel frequencies to the desired relationship to each
other.

Elements which can be identical to those of FIG. 1 bear
the same reference numeral. As shown in FIG. 4 channel
block A and its modulator set 14 are the same as in FIG. 1.
However, modulator set 69 produces an FM modulated
block C whose signal 71 has carrier frequencies at 70, 90,
110, 130. .. 530 MHz, frequencies which are offset 10 MHz
from, and thus midway between the block A frequencies
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produced by modulator set 14. If mixed with a local oscil-
lator frequency of 2.0 GHz from oscillator set 74 in the
lower channel of first upconverter 17 lower converter, the
block A channels 76 occupy a lower L-band of 2.05 to 2.550
GHz, while the block C frequencies are mixed with a local
oscillator frequency of 2.5 GHz, which is easily locked to
the 2.0 GHz source. This produces L-band block C channels
78 occupying an upper L-band of 2.560 to 3.040 GHz. If
these two L-band blocks are added and fed to one millimeter
wave upconverter and broadband amplifier, the transmitted
channels will have exactly the desired frequency spacing. In
the preferred variant shown, the same standby switch 34 is
used with two transmitter sets 136 and 138, which are
identical to sets 36 and 38 except that the oscillators 141 and
144 have a slightly higher frequency, 25.45 GHz so that the
transmitted channels will still occupy the 27.5 to 28.49 GHz
band.

FIG. 5 shows a second embodiment of the invention, in
which the spacing of the carrier frequencies in both bands is
made non-uniform. This change reduces the intermodular
distortion impact on the other channels of the same band
portion as the channels being considered as the distortion
source, and will provide the same reduction to some but not
all of the channels in the other band portion. One criterion
that must be considered is the minimum spacing between
adjacent channels, which may be established at any arbitrary
value depending upon the amount of adjacent channel
interference which is tolerable. For example, it may be
determined that for a certain set of transmission
characteristics, a spacing of 17 MHz is acceptable if the sum
of the separations to the channels adjoining on either side
equals at least 37 MHz.

In the system of FIG. 5, the modulator sets 214 channels
of block D have the same carrier frequencies as those of
block E. Unlike the first embodiment, 50 channels are
available. The signals 215 of block D and the signals 221 of
block E each occupy a band of 50-550 MHz. Oscillator sets
224 and 224' each produce 2.05 and 2.55 GHz signals for the
respective channels of the L-band mixers 17 and 17', to
produce lower channel group signals 226 and 226' between
2.1 GHz and 2.6 GHz, and upper channel group signals 228,
228 between 2.6 GHz and 3.1 GHz. No other changes are
required in the system, except of course that the tuners 252
of the receivers 250 must tune to different transmitted carrier

frequencies.
FIG. 6 shows a spacing sequence of 20, 17, 20, 18, 19, 20,
18. 22, 20 . . . for L-band spectra 229 and 230, and

transmitted spectra 242' and 245'. Any desired pattern can be
used, either regular or irregular. The average spacing is
determined by the number of channels desired to be
transmitted, and the allocated spectral band width.

Note that the pattern shown has a concentration of spac-
ings less than 20 MHz, so that the eighth channel carrier is
8 MHz less than it would be with uniform 20 MHz spacing.
If this pattern is continued for a few more channels, and is
then followed by greater spacings, the deviation of selected
ones of the channels from corresponding channels of spec-
trum 42', which are a 20 MHz multiple from channel 1, can
easily reach or exceed 10 MHz. Such a pattern, if repeated
for the upper block, may provide deviations of approxi-
mately 8 to 10 MHz from the 20 MHz multiple, between
some of the upper channels of the lower block and some of
the lower channels of the upper block.

Many other variations are possible within the spirit of the
invention. The optimum set of spacings between adjacent
channels will vary according to the particular transmission
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parameters, such as the type of information signal in the
channel and the modulation type, because these will deter-
mine the spacings of the intermodular products which cause
the greatest interference. If digital data signals are being
transmitted, the type of coding as well as modulation utilized
will have a considerable effect on the spectrum produced for
each given channel. That in turn will determine what chan-
nel spacings are most effective from the point of view of
maximizing spectral utilization and reducing noise or inter-
ference caused by intermodular distortion in the transmitting
sites.

For simplicity in design and construction of the receivers,
while still maintaining high spectrum utilization, it is often
preferable that all channels have approximately the same
bandwidth. The sensitivity of the receiver detector to inter-
modular interference will, however, be a function of the kind
of signal or modulation being transmitted over the channel
being received, so that in one system it may be desirable to
include both portions having equally spaced channels and
portions with unequally spaced channels. The important
consideration is that the distortion products tend to lie
outside the portions of the other channels which are prima-
rily occupied by the useful information components.

For example, if a total band includes some channels
containing solely TV signals; some having some data super-
imposed on a TV signal, such as by insertion in the vertical
retrace blank lines; and some containing a totally different
kind of signal, such as multiplexed telephone or data signals,
it may be advantageous to transmit one band portion with
equally spaced channels, an adjoining band portion with
offset equally spaced channels, and a further adjoining band
portion with unequally spaced channels. Where a broadband
transmitter output stage, such as a TWTA or a broad band
solid state amplifier, is used, one amplifier stage can include
two or more portions of the band because the individual
carrier frequency spacings are determined by the preceding
modulator and mixer stages. Further, if broader bandwidth
modulators become readily available, a single modulator set
can provide all the channels directly to the upconverter. If
image frequencies are suppressed by specific filtering, or
attenuation due to the cut-off frequency of the antenna
waveguide, the final amplifier stage may not be required,
and the antenna can be driven directly by the millimeter
wave mixer. While a band such as 27.5 to 28.5 GHz has been
used as an example in the description, multi-channel trans-
mission is also feasible at lower and higher frequencies,
including frequencies which are not usually called millime-
ter waves, and frequency bands not now used or contem-
plated for use. Thus, if transmitting narrower or broader
channels, or fewer or greater numbers of channels, the
invention can be usefully applied at any frequencies where
it is feasible and desirable to amplify or otherwise process or
affect two or more channels simultaneously via an element
which produces intermodular distortion.

What is claimed is:

1. A method of transmitting signals in a band over a
multiplicity of channels each including a respective infor-
mation signal, comprising:

transmitting at least two of said channels via at least one

electronic component which produces intermodular
distortion from the interaction of the signals of the at
least two channels,

selecting carrier frequencies for one portion of said

multiplicity, where said one portion includes a plurality
of said channels and excludes said at least two of said
channels, such that interference with detection of the
channels of said one portion due to said intermodular
distortion will be reduced, and
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