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WARNING: The FSK-1000 has 110 or 220 volt AC and 170 volt DC
voltages present on the circuit board and at some rear panel connectors.
Persons unfamiliar with or unqualified to service or operate equipment of
this type should refer to a qualified electronics technician.
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LIMITED WARRANTY

This iRL product is warranted against defects in workmanship or materials for a period of
ninety (90) days from the date of purchase. Within this period, iRL-will repair defective
units without charge for parts or labor. This warranty does not cover transportation or ship-
ping costs; nor does it cover equipment subjected to misuse or accidental damage. In no
event, shall iRL be liable for losses incurred by the buyer in connection with the use of this
equipment.

SERVICE

If difficulty is experienced with the operation or interconnection of your demodulator, iRL
Engineers are available for limited technical consultation by telephone or correspondence,
at no extra charge. For repair work performed outside of the iRL limited warranty, iRL
charges a fee of Twenty Dollars ($28.00) per hour plus the cost of any parts which may be
required. (Most minor repairs to demodulators are accomplished in one hour or less.)

iRL does not pay shipping charges, and will ship United Parcel Service C.O.D., unless
specifically instructed otherwise .

All information provided by iRL is believed to be accurate and reliable; however, no re-
sponsibility is assumed by iRL for its use; nor for any infringements of patents or rights of
third parties which may result from its use. No license is granted by implication or other-
wise under any patent or patent rights of iRL.

i
I 700 Taylor Road
Columbus, Ohio 43230

rw Call (614) 864-2u64



MODE:
SHIFT: RECV:

TONES: XMT:

AUDIO INPUT:

OUTPUTS:

KEY BOARD INPUT:

AUTOSTART:

POWER MAINS:
DIMENSIONS:

WARRANTY:

l. SPECIFICATIONS

limiterless (am) or hard limiting (fm)
continuously tunable, 85 to 1000 Hz.

"high tones" - Mark=2125, Space=2295, 2550, 2975
"low tones" - Mark=1275, Space=1445, 1700, 2125 (Optional)

600 ohm, unbalanced nominal
minimum signal, 1 mv.
maximum signal, 17 volts (continuous)

60 ma. 170 volt loop supply (adjustable)

RS-232 compatible "Data Out", strappable for TTL levels of either logic sense
AFSK Out (on units with FSK-1020 keyer)

PTT "push to talk" switch output (open collector); positive voltage only

Keyboards or Distributors +170 volt loop. Serial input for RS-232 signals, "dry"
contacts, or TTL levels. Either logic sense may be selected by Internal Jumper.
(Mark=low voltage or closed contact, Space=high voltage or open contact)
Maximum voltage, +12v. See Section VI, "Strapping of Serial-In and Data
Out Jacks". - ’

Dual mode (mark only or FSK). Selectable 1 second or 4 second attack time.
Printer drop-out in approximately 4 seconds. Mark-Hold is immediate upon
mark signal falling below threshold set by front panel threshold control .-

117 VAC 50 or 60 Hertz, optional 220 VAC

5.22 inches high x 11.37 inches wide x 10 inches deep

1 year against parts and workmanship



. INTRODUCTION AND BACKGROUND

Amateur radio has experienced tremendous growth in recent years and radioteleprinter (RTTY)
communications is one of the fastest growing aspects of the amateur radio service. The

overall growth of the amateur ranks has been exciting in that it has been accompanied by
significant technological advances which have provided hams with more sophisticated

equipment and alternative modes of communication than ever before; however, with this growth
has come an ever increasing congestion of powerful signals on the HF bands which makes solid
communication over long distances heavily dependent upon highly selective receiving equipment
that is capable of rejecting strong adjacent channel interference.

Although ideal demodulator characteristics, based on modern communication theory, have been
described in the RTTY literature for years, the actual demodulators available to commercial and
amateur radio operators have usually fallen considerably short of these ideals because a variety
of technological or cost limitations often conspire to force compromises upon the actual design.

In the past, demodulators designed for commercial or government use have not had to deal with
the problem of severe crowding ("QRM"), that is unique to amateur and MARS frequencies.
Consequently, designer's concerns over selectivity were not addressed to the present day ham
bands.

A concensus of the RTTY literature seems to suggest that the following are highly desirable -
features for an FSK demodulator.

(a) Limiterless operation; necessitating stable, independent bandpass filters for
each channel, wide dynamic range, and some form of decision level correction
for optimum performance.

~(b)  Matched characteristics of the bandpass filters for proper transient responses and
noise cancellation.

(c) Selectable bandwidth to accommodate different QRM conditions or higher baud
rates such as is encountered with the use of 110 boud ASCI| code instead of 45.45
Baudot code.

(d)  Tuncble receive shifts, thereby accommodating signals whose shifts are slightly
off or completely nonstandard.

Many demodulators, including phase locked loop types, use hard limiting front ends ~- o
technique which eliminates the requirements of (a) above and a host of other circuitry. The
result is usually a simplified, easy-to-use demodulator which will function quite nicely on
strong signals which are "in the clear" and not suffering from selective fading. Appropriately,
limiter-type demodulators are fine for clear=channel signals such as one encounters on VHF

or many commercial frequencies.
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The price paid for using a limiter is that the ultimate selectivity of the demodulator is not

as good as a limiterless design can attain, and the unit is subject to capture by the strongest
input, be it the desired information or QRM. Also, selective fading (a relatively common
occurrence on the HF bands) can cause the limiter to be captured by atmospheric noise (QRN)
or QRM and produce printing errors. '

The serious HF operator needs a limiterless demodulator, such as the FSK-1000.

The simultaneous achievement of items (b), (c) and (d) above has been one of the greatest
challenges facing demodulator designers. The advent of active filters made it possible to mass
produce highly selective filters with identical bandwidths and gains for any two specific
frequencies; however, as with their passive forerunners, these filters did not allow independent
tuning of parameters. Consequently, if the designer tried to change the filters' center
frequency to achieve item (d), this adversely offected the filter's bandwidth and gain.
Similarly, if he tried to change only the bandwidth to achieve item (c), he would simultaneous-
ly and unintentionally shift the center frequency and gain beyond acceptable limits. The
cascading of more than one filter stage to achieve steeper skirt selectivity only intensified the
existing problem.

One approach to satisfying (b) and (d) is to use two matched filters whose parameters are fixed.

The incoming signals are then combined with a beat frequency oscillator in a mixer stage which

shifts the incoming tones down to the fixed filter's center frequency. Thus, item (d) is achieved
not by tuning the filter across the spectrum, but by changing the frequency of the oscillator.

There are two immediate drawbacks to this approach. First, the mixer stage produces sum and

difference tones which can result in audio image interference which allows strong adjacent

channel QRM to foul the desired signal. The effect can be to reduce the ultimate selectivity

of the unit, in spite of using selective filters. The second drawback is that this approach
ignores item (c) altogether.

The FSK-1000 meets all four of the listed criteria through the use of a limiterless design, and
a modern, sixth order active filter arrangement which permits independent adjustment of the
filter parameters to achieve (b), (c) and (d) without trading off the ultimate selectivity.

The FSK-1000 was designed from inception to function as a limiterless ("linear" or "AM")
demodulator, eliminating errors which result from FM~type capture problems associated with
hard limiting or "FM" demodulators. In the past, some demodulators have offered an "AM"
mode which, while switching out the hard limiting front end, did not provide the operator
with a positive indication that true linear operation was being achieved. Depending on the
output levels of the receiver, internal gains of the demodulator and dynamic range, it was
often the case that high level received signals were being "soft" limited ("clipped") by
operational amplifier stages driven into saturation. As a result, it was quite possible that
many operators who thought they were operating in a limiterless mode, were actually suffering
errors resulting from a type of limiter a¢tion.

The FSK-1000 is equipped with a front panel input level control and a dynamic range indicator
LED which gives positive indication to the operator when the linear range is exceeded. This
permits adjustment for true limiterless operation, "controlled clipping" or hard limiting if

" desired.
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It is o common phenomenon on the HF bands for the mark and space tones of an FSK signal .
to exhibit independent fading, as if coming from two separate sources. This selective fading
results from multipath propagation and can momentarily cause one of the tones to take a deep
fade or disappear entirely. Selective fading can spell disaster for hard limiting demodulators
since, in the absence of the desired tone, QRM or QRN will "capture" the limiter and pro-
duce a random output. '

It takes a limiterless demodulator with some form of decision level correction to copy correctly
with only one tone present. The FSK-1000 has automatic decision level correction which does
not require the operator to switch correction in or out manually.

The FSK-1000 offers three switch-selectable standard shifts of 170, 425, and 850 Hz, while
the front panel AF tuning allows continuous shift coverage from 85 to 1000 Hz in three ranges.
The active filters in the FSK-1000 are computer designed for matched characteristics and |
optimum response at the standard shifts. The shift adjustments are by actually tuning a multi-
pole bandpass filter of constant bandwith, rather than using audio frequency mixers in a
heterodyning process. This assures complete freedom from audio images, spurious responses, or
~other problems associated with mixing techniques.

Selectable bandwidth filters for each tone allows the operator to select either 100 Hz "wide"
‘channel filters for normal operation up to 110 baud, or 55 Hz ultra-narrow channel filters,
designed specifically to slice through the tough QRM on the crowded HF amateur bands. The
two bandpass filters utilize twenty FET operational amplifiers in a stable, modern topology.

The result is a demodulator which not only provides the HF operator with superior selectivity,
but also maintains the flexibility one expects from a "deluxe" demodulator..
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