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Abstract: This paper describes a simple technique using
the SCA (Subsidiary Communications Authorization)
channel authorized for use in FM and TV broadcasting to
provide a one-way digital transmission channel for
teletext-type service. The channel is transparent to data
format. Preliminary field test results for a 9600 bit/second
channel are also presented which show average error
rates of less than 1in 106.

1. Introduction and Summary

With the recent introduction of teletext systems in
Europe for the dissemination of information-based pro-
gramming, the question of how best to implement such a
service on the highly-developed broadcast resource in
the United States is being addressed. Techniques similar
to those employed in Great Britain using blank lines in the
vertical interval of television broadcast signals are cur-
rently under experimental and regulatory investigation.

This paper describes a simple technique using the SCA
(Subsidiary Communications Authorization) channel au-
thorized for use by FM and television broadcasting to
provide a teletext-type service. The data channel is com-
pletely transparent to data structure, allowing either page
and line formatted transmissions, as in the current British
teletext system, or a much more flexible system in which
data fromatting, sorting, and retrieval is accomplished by
a personal computer at the receiver location. Preliminary
field test results for a 9600 bit/second system are also
presented which show typical uncorrected average error
rates of less than one error in 106 bits.

Also, considering that one way data transmission is an
intermediate step to the advent of high speed, two-way
data retrieval for the home, this paper briefly discusses
the larger question of whether using television transmis-
sions, with relatively sophisticated hardware and adap-
tive filtering, is the most suitable choice to implement a
teletext service when simpler, more flexible transmission
outlets are viable.

Finally, the work described in this paper was not in-
tended as a rigorous analytical and experimental investi-
gation of data transmission on frequency modulated
channels, but rather an exploration of the application of a
widely available broadcast communications channel to
data transmission at moderate bit rates.
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FIGURE 1— FM BROADCAST BASEBAND SPECTRUM

2. SCA Modulation Fundamentals
2.1 Broadcast FM in the United States

Figure 1 is a diagram showing the signal baseband for
FM stereo transmissions originating in the United States.
The horizontal axis represents frequency in kilohertz, and
the vertical axis shows relative amplitudes. For stereo
transmissions, the left+right signal uses the frequency
band from 0to 15 KHz and the left-minus-right signal uses
the 23 KHz to 53 KHz band. Sum and difference signals are
used to maintain compatibility with monaural receivers
which only see the 0 to 15 KHz band. The left-minus-right
signal occupies 30 KHz of bandwidth because it is double
sideband modulation of a 38 KHz subcarrier. In this modu-
lation process, the 38 KHz subcarrier is suppressed, re-
sulting in double sideband, suppressed carrier (DSBSC)
modulation-a linear, amplitude modulation method. The
detection of the DSBSC signal in the receiver must be
synchronous with the originating modulation subcarrier,
and therefore requires the 38 KHz subcarrier be rein-
serted. Doubling the frequency of the 19 KHz pilot signal
inthe receiver recreates the 38 KHz subcarrier, thus allow-
ing proper synchronous detection of the left-minus-right
audio information.

The described stereo transmission standard is
specified in detail in the FCC Rules, thus requiring all FM
stations transmitting stereo programming to use this
system. The FCC Rules also allow the frequencies be-
tween 53 KHz and 75 KHz to be used for another transmis-
sion channel, the SCA subcarrier.
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2.2 The SCA Channel

By the FCC Rules1, the SCA signal must be frequency
modulated rather than amplitude modulated as in the
case of the left-minus-right subchannel. In frequency
modulation, the message is conveyed by the frequency of
the signal rather than by its amplitude. For pure FM trans-
missions, the amplitude of the signal is constant at all
times. The SCA subcarrier frequency with no modulation
is typically placed at 67 KHz for stereo stations. A negative
modulating voltage would lower the frequency; a positive
modulating voltage would increase the frequency. The
difference between the instantaneous frequency and the
center frequency of 67 KHz is the deviation. The peak
voltage (positive or negative) transmitted through the
SCA channel will cause a peak deviation, which in the case
of a time varying signal such as music or voice, occurs
only occasionally. The FCC requires that the instantane-
ous frequency never fall outside the range of 53 KHz to 75
KHz. For an SCA channel with a rest {no modulation)
frequency of 67 KHz, the maximum symmetrical deviation
is +8 KHz.

in addition to the instantaneous frequency limits, the
FCC also requires that no interference be caused to the
normal stereo transmissions. The specification is thatany
signal resulting from the SCA which is in the range of 0 to
53 KHz must be 60 dB below the main channel audio
signal at its maximum amplitude. The maximum allowed
amplitude of the subcarrier is already 20 dB below this
maximum, therefore, any SCA-caused signals between 0
and 53 KHz must be 40 dB below the SCA subcarrer level.
This restriction of no interference to the stereo transmis-
sion affects both the allowed SCA frequency deviation
and the energy spectrum of the message used to modu-
late the SCA subcarrier.

2.3 Information Capacity of an SCA Channel

Given a transmission channel with a certain bandwidth
and signal-to-noise ratio, it is possible to determine an
upper limit on data rate (bits/second) and associated
error rate (errors/bit). A commonly used relationship
knows as the Hartley-Shannon Iaw2, states that the infor-
mation capacity of a channel, C, is related to the channel
bandwidth and signal-to-noise ratio by the following
equation:

C = Blogy (S/N + 1) bits/second

B — Channel bandwidth in Hz
S/N — Ratio of signal power to noise power in channel

For an SCA channel, measured results show that a band-
width of 5 KHz and a signa!l power to noise power ratio of
1000 (30 dB) are readily achievable. Using these numbers,
a maximum transmission rate of 50,000 bits/second is
possible. However, to approach this speed, modulation
techniques which use a combination of both amplitude
and phase encoding of the signal are necessary.

It should be pointed out that the channel transmission
rate and the useful message rate for the channel are not
the same. There are typically overhead bits which are
used for framing, addressing, and error checking.

66

56T Ea

EVIATION NIECT IO
£7 w2

BANIPASS
FILTEF: ‘

Re- 232
) 8ps

5 Kz
LOMPARS
flLE I501LAT

LEFT

STEREQ
ULTIPLEXER

o

RIGHT

TRANSY I TT 1M
ATERN
N Fr | 3
TRANSHITTE! TRANSMI TTER)
- !

APLIFIER

EXCITER

FIGURE 2 — BLOCK DIAGRAM OF SCA MODULATOR
AND FM TRANSMITTER

2.4 Channel Modulation

Simple FSK {frequency shift keying) was chosen for the
modulation technique to simplify the detection circuitry
in the receiver. The derived channel provides a single
digital path with flat response from DC to 5 KHz. Signal-
ling is asynchronous (no recovered clock} at 9600 bits/
second. In the FM baseband channel, 63 KHz represents a
logic 0 and 71 KHz represents a logic 1. Thus, the deviation
is +4 KHz. the data is band-limited by a 5 KHz low pass
filter before modulation of the 67 KHz subcarrier. The
frequency modulated subcarrier is also passed through a
61 KHz to 73 KHz bandpass filter before it is added to the
main transmission channel. These two stages of filtering
limit the rate of change of frequency within the passband
(consistent with limited bandwidth of PLL receivers) and
limit the spectral energy outside the SCA 53 KHz to 75 KHz
spectrum to achieve compliance with the FCC rules.

It is also possible to provide a synchronous channel by
encoding the information sent through the 5 KHz channel
in such a way that a clock can be recovered. Two methods
are immediately available: Manchester coding and MFM
(Miller) coding. Both techniques require a 9600 baud (sig-
nalling element transitions/second) channel. Manchester
encoding is simpler, but requires 2 transitions per bit,
giving only a 4800 bits/second data rate. MFM coding
requires slightly more circuitry, but takes only 1transition
per bit giving a data rate of 9600 bits/second.

Although synchronous modulation techniques could
be used with this data channel at some additional cost,
this paper deals only with the characteristics of the
asynchronous 9600 bit/second channel.

3. Modulator Implementation
3.1 Modulator

Figure 2 is a block diagram of the SCA modulator. The
input port is a common RS-232C interface which accepts
asynchronous data at 9600 bits per second. The 9600
baud asynchronous signal is sentthrough a low pass filter
in order to attenuate the high frequency components in
the data waveform. Several designs have been used for
this filter and its parameters appear to be noncritical.
Successful designs have been 4 pole active Butterworth
filters which are essentially flat from DC to 5 KHz, with a 3
dB cutoff frequency of 5.2 KHz and 18 dB attenutation at 10
KHz. The measured variation in time delay is +10



FIGURE 3 — SCA CHANNEL RESPONSE

microseconds from 150 Hz to 5 KHz. lts response is shown
in figure 3.

Following the fowpass filter, the amplitude is adjusted
to set the subcarrier deviation and the signal is then ap-
plied to a voltage controlled oscillator (VCO) which pro-
duces the FSK modulated signal centered at 67 KHz. Initial
tests of the output spectrum and later tests of perform-
ance in the field indicate that a deviation of * 4 KHz is
sufficient FM modulation depth. The VCO is operated in
the linear mode, such that its sweep rate is limited by the
input filter. This prevents step changes in frequency from
appearing at the input of the receiver as well as reducing
out of band components at the output of the VCO.

Observations have been made of the output of the VCO
using a spectrum analyzer designed for this frequency
range. This spectrum analyzer has the capability of stor-
ing and displaying the maximum amplitude of the signal
components as it sweeps across a set frequency band.
Using as a data source a character generator which cycles
through all 256 possible 8 bit characters and delivers
them at 9600 bits per second, the maximum amplitude of
the VCO output frequency spectrum was stored for sev-
eral minutes. Over this period of time, it is reasonable to
expect that the maximum amplitudes of all possible out-
put spectra would be recorded. The results of this test
show the amplitude of the SCA components below 53 KHz
were approximately 35 dB below the unmodulated SCA
subcarrier level. As stated before, the FCC Rules require
the level of such components to be 40 dB or more below
the SCA level, if the SCA occupies the maximum allowed
10% of the main channel modulation {injection level).
Additional filtering is therefore required after the VCO in
order to comply with the FCC Rules. The amount of filter-
ing required, at least 5 dB, is easily achieved with the 2
pole bandpass filter indicated in figure 2. This filter, as
built, achieves 8 to 10 dB of attenuation at 53 KHz while
maintaining adequate phase and frequency response
through the frequency band where the significant SCA
energy resides. Figure 4A and 4B show the maximum
spectral amplitudes stored over a 15 minute period at the
output of the bandpass filter using the test data modula-
tion source described above.

The filter is followed by a buffer ampliifier and isolation
resistor so that the injection of the SCA signal does not
upsetthe function of the stereo generator or FM transmit-
terexciter

White the SCA generator must not cause interference to
the stereo signal the reverse s not always true. In fact,
depending on the stereo multiptox generator employed
by the FM station, significant amounts of spurious energy
can be generated in the frequency range where the SCA
belongs. The more modern stereo generator designs are
sensitive to this problem and provide for adequate
suppression of the stereo signal above 53 KHz. When
establishing an SCA installation, the type of stereo
generator and its spurious output are factors to be
considered

4. FM Transmission Environment
4.1 Signals

The entire set of signals including the left-plus-right
audio, the 19 KHz pilot tone, the left-minus-right audio,
and the SCA subcarrier, after being combined, are used to
frequency modulate the main FM carrier located between
88 and 108 MHz, the band designated for FM broadcasting
in the United States. The FM transmitter amplifies the
compasite signal to a power level of from 10 watts to 50
kilowatts and directs this energy to a properly designed
transmitting antenna which broadcasts it throughout the
community.

FIGURE 48 — MODULATED SUBCARRIER - MAXIM! M AMPLITUDE
OVER IS MINUTES ISEE TEXT






