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Abstract fi.Lter to remove noise at frequencies above the
- . . baud rate. The result is fed to circuit which
Thi s _paper describes a nmodem desi gn under - makes the decision between binary 1s and Js.
taken by bert ©. Watson and the author. The )
modem vas designed primarily for high-frequency ASCII Radioteletype
packet radio ,agphcations. It operates at signal- ]
1ng€ rates of 7n, 11 ,500.500 and,. 1200 bauds. ™ The Effective March 17, 1980 FCC rules authorized
data rate is software controllable through a modi- the use of the American Standard Code for [nforma-
fied kg-252-C port. A frequency shift “of o000 Hz tion Interchange tAscu) as defined in American
Is mintained for alldata rates.  The nodul ator Nasional Standard Institute (ANSL) Standard X3.4-
i's phase continuous and provides X352 or £o4 clock 1903 .
to the packet assenbler/disasseml er (PAJ( or ) ]
termnal -node controller (IuC), The, denodul at or Straightforward asynchronous serial AscLI has
emgl oys a. Na%lonal M0 switched-capacitor filter not been “very popular on the ham band:; since it
(sCi)” chip tor each of _the 1500-Hz mark and 2100~ was |egalized. This is due to a variety of
Hz space frequencies. Bandwi dths of the Urivsare reasons. SOMe  RTTf{ers own mechanical taletyge—
software controllable to acconnbdate different witers, nmostly 45-baud Baudot. 1‘hej{ cu rrertly
received data rates and receiver frequency toler- are being phaséd out in favor of electronic digi-
ances. A oint-to—i)OI nt wred prototype of the tal- termnals or conputers which can communicate
nmodem has een built on an S-100 perf board. In either Baudot or ASCLI.  AMIUR IS now added to
Power may be taken fromthe 3-100 bus or provided the lTist of nodes possible with "glass JTYs.
by @ Separate power supply. The prototype has
been latoratory tested with excellent "eye dia- ~ Probably the reason why AsCLI has not  caught
grans on Speeds up to 60U baud W th some eye on in the hf bands :Is that soms amateu 'S have
¢l osing at 1200 baud;;. Still pendina_s a desian experienced poor results trying to operate Joo-
decision whether to conbine ah optimal minimum- baud A3CLI. he | ack of success is largely dueto
shift keying (nmsk).dempdul ator circuitry for 1200- the modemdesign limitations.
baud operation th this nodemor to neke it a o
separate rmdem | >on conpl etjon }ic boards and In order to operate existing Baudot denodul a-
docunentation wll be made available to amateurs. tors at the higher signali nﬁ rat'es used in AsClI,
. it 1S necessary to ralse the cut-off frequency of
Baudot Radiotel etype - Sone Background the low-mss fillter, and it may be necessary” to
. ) redesign the bandpass_filter and any filters ~used
. H?h-frequentﬁ (nf) _radJ(otel etype  (RITY) in**tne “2tector. The design can usually be
usi ng requency-h 1ift keying(fsk) began in the stretcned tO copv 113 bauds. _However, poor re-
US ~ Amateur Radio Service in 1953 when the Fede- sults can be expected when trying to modi’y npst
ral Communi cations Commission (FCC) authorized F1 170-Hz, 45-baud demodulators to receive signaling
emssion in the hf bands. Virtually all teletype- rat es above 11U bauds.
witers at_that time were mlitary or commercial
urplus; ~They used a version of a five-unit code Other problems inlcude intersymbol distortion
iU.o. Mlitary Standard or CCLY' lInternational due to multipath propagation. Wultipath can be
el egraphi ¢ Al phabet wWo. 2) usually referred to as reduced or elimlnaged by operating near the
t he Baudot or Murray code.  Five-unit tel etyfe— maximum-usable frequency {(muf). These problems
witers used since the 1550s in the US ~— normally are discugsed in Uy payer g.ven at the first
operated at a spee? of 4v.45baud 500-01 wgm) but packet conference.LRINs ]
a  few 50.92-baud (76.08-wpm) and 74.0-baud  {100-
wpm) nmachines were also used. Machipes availab }e Amsteur ARQ and FEC Hf RTTY Systems
from Buropean sources ran S50baud (oo.07 wpm) .
" ) Although hf skywaveR??? is difficult;, high-
. Many sk denodul ators (also called "tuning uclity error-free”operation has beenachi eved by-
units" of TUs) were home-brewed by amateurs.. How- %wo robust systems using Autoii tie mAoeat request
ever, the design standards were those of nmilitary AFg) and forward error control (fiC). OUne IS
and  commercial "RTTY denodul ators. ~ In the 135Us, AMIOR.UMARSY |, [ FCC Ru-41 22, [Msls<g | Another
the denmpdul ators were norrmllY designed to I’T}CEI Ye experinmental = systemwas designedby Jerome Vi jak,
two audio frequencies separated by some nultiple WYc D[ DLJS1-33

of 170 Hz, usually ©o0 Hz. The favorite freguen-
ies foOr many years were 2125 (mark) and "29"75 Hz Amat eur H Packet pxpsriments

space). In time, amateurs experimented with nar- )

rower shifts, garzicularly 170" dz, using the audio Here is a summary of U S. amateur hf packet
frequencies 2125 (mark) and 229> liz %space), and experimentalcontacts
standardized on it in the late 1970s. Today,

virtual 1y all anmteur Baudot RTTY denodul ators use - On Febr,uariy 3, 13982 K1 R in Connect-cut and
170~z shift, although many al so accommodate ¢50- W9LLO In Calitornia made a brief connection over
Hz and 4<5-fizshifts as we 1. Many hf RTTY sta- 20 neters using Collins KwM-33Us, Vancouver TiCs
tions. use transceivers in the ssb ‘mode, sending anc. hf RITY nmodens.

afsk into the nicrophone |n¥ut of the transmtter ] ) .
and obtaining afsk output trom the receiver audio On May %1, 1982, K3uMuand w4RI, both in
st ages. Many ot these transceiivers start rolling Northern Virginia, carried on a two-hour connec-
their audio " off not much abovs 200U lzz. As a ticp on 13 meters, at 120J bauds , using ICud IC-
result the afsk frequencies 1275 Hz (mark) and 701's, Vancouver TNCs and Bell 2u2 nodens.

1445 (Space) callea %he low tones) are also used ) o

and are standard in kuroge. On Cctober 1o, 1432, als-minute connection

tock place between W3IWL in iaryland and and uHAdD

The ngjority of these afsk RTTY denodul ators in Texas using Vancouver TuCs and Bell <U2 nodens.
were designed as Tm #denodulators. In this type of ) ) )
denodul at or the signal is first sent through a Desi gn Consi derati ons
bandpass filter to rempve out-of - band interferénce
and noise. It _is then limted to remove amplitude Data Rates
variations. The signal 1is fmdem)dlzlvatr in_ a - ) ) )
discrimnator or a phase-|ocked | oop PLu?- The For this nodem design, ~we are primarily
output of the detector is run through a |o0Owpass concerned with signaling speeds which are feasible
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for passing through unmodified audio sections of
Amateur Radio transceivers, particularly hf-ssb
transceivers.

The FCC rules permit up to 300 bauds on
frequencies between 3.5 and 21.2§)Mﬂz, up to 1200
bauds _between 28 and 50 MHz, 19.6 kilobauds be-
tween 50 and 220 and 56 kilobauds above 220 Miz.

In addition to the regulaton§ restric-
tion, the upger signaling rate may be limited on
hf skywave due to intersymbol distortion intro-
duced bv multipath propagation. This and related
subjects were analyzed 1n a paper I presented at
the first packet conference in 19Y381.[RINS1 For
some general rreading on the behavior of the hf
s%gwave medium for data communications see
L BRATH J.

Sgeeds up to 1200 bauds should be prac-
tical on the hf amateur bands whenever a usable
{re ency exists near the maximum usable frequency

mu%g. At present, wuse of a 1200-baud signaling
rate below 28 Mdiz requires a Special Temporary
Authority ?STA) from the FCC. I plan to apply for
an STA in the near future. I also plan_to inves-
tigate the feasibility of a permanent rules change
to permit up to 1200 bauds on all hf bands
including a portion of the 160-meter band where ¥l
emission is not now permitted.

At the lower end of the speed range,
some consideration was given to including the rate
of 57.5 bauds for those infrequent occasions when
75 bauds can't be made to work due to intersymbol
distortion. The speeds of 13.75 and 9.375 bauds
could have been included but were rejected as
being too slow.

) . We decided to make the speeds 75,150,
300, 600 and 1200 bauds. These five speeds are
selected b¥ means of on=-board solid-state
switches. he modulator clock output rate is
controlled by a 4512 3B-channel buffered data se-
lector. Filters in the demodulator are set by six
4051 single B-channel analog multiplexer?demulti-
glexers. These seven chips are controlled by

hree lines from the PAD.

Using five speeds and having an 8-
channel switching capability permitted the inclu-
sion of wider bandwidths for the three slower
speeds of 75, 150 and 300 bauds. The wider-
bandwidth capability 4is to make allowance for
frequengv error. This is particularly useful when
the receiver s fre %Aency 1s diéitally controlled
and/or left unattended. The ICOM IC-720A is sub-
Jject to a fre%uency error of _+50 Hz when
externally controlled. On the otheT hand, a no-
compromise narrower bandwidth can be selected when
the receiver is front-panel controlled, thus set-
table to within +5 Hz.

Frequency Shift

The 170-Hz shift in common use for
Baudot RTTY could be used for dgta rates of 75and
150 bauds with signal-to-noise (S/IN) ratios common
on amateur hf RTIY. Use of this shift at
bauds has been done with some sacrifice of
demodulator error gerformance. It is not suitable
for the speeds of 600 and 1200 bauds.

When the narrower shifts (say below 400
Hz) are used, there is a tendency for the mark anpd
space frequencies to fade dependently togetherg.
f the other is likely to fade at
the same time. The mark and space frequencies
tend to fade more independently en the shift is
wider. = Independent ading is common at the age-
0ld shifts of 425 and 850 Hz, with more indepen-
dence obseved for 850 Hz shift. Some commercial
RTTY demodulators make use of this so-called in-
band frequency diversity and use combining and/or
selection technl%ues to continue cory ing even if
one frequency or the other fades completely.

We have chosen a shift of 600 Hz for two
reasons. One 1is that there is enough frequency
separation to permit good in-band frequency diver-
sity action. = Also, the fre%uency of "600 Hz
is “directly related to the baud rates and permits
phase-continuous modulation and synchronous de=
modulation. At 1200 bauds,  a 6QU-Hz shift is
called minimum-shift eyin§ (msk) or sometimes
fast fre%uency-shift ffsk) to connote that the
shift is less than 1 Hz per baud.

So, if one fades,
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Phvsical Construction

We decided tc use an (IEEE 696) 3-100
card for the modem. This 5- x 10-inch board was
about the size needed for all the chipss if =&
double-sided printed wirin§ is used. The modem
can be plugged into an S-100 computer frame and
take power from the bus. Or it can be mounted in
its own box with a se arate power gu yl if de-
sirgd. None of the S-100 data or cod ré lines is
used.

Having tasted the fruits of receiving
RTTY with a polarization-diversity setup, I plan
to build a second PAM board for the second demodu-
lator channel. One demod will be fed by an IC-
720A transceiver, the other by an IC-R70 receiver.
I also Just purchased an IC-7072 interface unit
which slaves the twe together. The first PAM will
have the modulator and a demodulator. The second
board is to have an identical demodulator ?same pc
gattern and, in the place of the modulator, a
iversity selector to process the outputs of the
two demodulators.

Input/Output Connections

The (data) I/0 connection to the PAD
follows BEIA RS-2%2-C rules with th exce?tion that
the three data-rate control lines %Qins 8, 23 and
25) are presently at TTL levels to reduce the PAD

hig count. nsulation-displacement connector
?ID ) headers are used on both the PAD and PAW
boards rather than the bulkier D3-25. If there is
need to route_this I/0 outside the cabinet, a
cable with an IDC plug would connect to a back-
panel-mounted DB-25.

The (analog) 1/0 connection to the radio
is to be done with an IDC header. Work remains to
be done on the radio side of the modem to ensure
compatibility with various amateur hf radios. The
goa is to devise an interface scheme that will
permit the greatest flexibility.

The interfacin§ of the transmited analog
(TxA) and received analog (RxA) signals is only a
matter of adJusting levels and kee j%f unwanted rf
at arm s length. owever, the IC—%Z and the IC-
R70 (and some other ICOM radiqs) have a 24-pin
accessory connector which permits digital remote
control of frequency. As some external control
circuitry is needed for the I1COWs, one of my
future projects w1l% be to design a Receiver In-
terface Board (RIB to go between the modem and
the radio(s) when I[COMs are used. The RIB will
also be built on an S-100card. As_the RIR will
be optional, the connector scheme will be designed
to work with the RIB or without it.

The I/0 design has been deferred unti
receipt of a Tuscon Amateur Packet Radio (TAPR
beta test model TNC. Althoufh designed_ as a
companion_modem for the AMRAD PAD, the goal is to
make the PAM usable with t?e greexisting Vancouver
and TAPR TNCs before the 1/0 design is finalized.

Circuit Description

Fig. 1 shows the shematic of the PAM as of
this writing. CMOS logic integrated circuits are
used throughout.

Modulator Circuitry

A 2.688-MHz Cr%stal master clock feeds
two divider chains. This crystal is not on a
stock frequency and was ordered from a crystal
manufacturer.

The U2-U6 chain divides by 32, then
divides by 7 for mark or 5 for space. - U4 divides
by 8 and feeds its outputs to two U5 Ex-OR gates
to produce a stepwise approximation o{ a sine wave
at “either 1500 Hz (mark) or 2100Hz (space). The
Ub active filter removes the steps to roduce a
neigly sinusoidal output to modulate the trans-
mitter.

The other divider chain produces either
X64 or X32 clock for the PAD or TNC respectivel
for the signaling rates of 75, 150, 3QQ,~,QQT an
1200 bauds. The U9 binary counter delivers a
number of outputs which correspond to X64 clock at
each rate. hese outputs are selected b{ Uto. A
dizid%-by—Z counter of U4is used for an X32-clock
output.



Demodulator Circuitry

A commonly stocked 2.097152-MHz crystal
was used as the master clock to 49.94 times the
center frequegcies of the two MF10 filters. This

stock crystal (and divider chain) just happens to
clock the MF10 filters for center frequencies of
1499.8 and 2099.7 Hz.

. U109 is the MF10 space filter, U110 the
mark filter. Both sections of each MFIO are used
to achieve a 4th-order bandpass filter with stee
skirts to cope with_hf band crowding. TFour %OS
8-channel analog multlglexers, U105-0108, select
resistance values which set filter bandwidths.

. The first halves of U111 and U112
are active low-pass filters for the mark and space
tones and provide feedback to the MF10s to reduce
tilt. The other halves are full-wave detectors.

The first half of U113 sums the detected
outputs and does_some low-pass roll off. The main
post-detection low-pass filtering is accomplished
in the second half of U113 with U114 and U115
there to switch resistor values according to baud
rate. U116's two halves are positive and negative
peak detectors.

. One half of U117 is acomparator for the
gositlve and negative levels and feeds the RxD to
he PAD via part of U5 which can be used to invert
data. Inverting data is not necessary when NRZL
encoding is used but may be needed for NRZ-encoded
signals.

. The other half of U117 is a tuning indi-
cator circuit. An on-board LED is switched in for
testing and out when an external LED is connected.
tHere s _how to use it: W?lle tun1n§ the receiver,
control the input level (RxA) for less than half
brightness. Tune for maximum brightness, reducin
the receiver gain as necessary.lIncrease the inpu
signal level until a maximum is reached, then back
it off to half brightness.

Of course, an oscilloscope would provide
a better tuning display. One can be connected at
E?%gts X and Y fed by the first halves of U111 and

Semiconductors

2N2222 npn transistor
Uu1,101 CD404Y hex inverting buffer
2,9,102 CD4024 7-bit binary counter
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CD4029 presettable binary/decade

u3,7,8,103,104
up/down counter

U4 CD4520 dual binary counter

U5 CD4077 quad ex-OR

§[) LM741CN op amp

U10 CD4512 8-channel data selector
11 MC1489 RS-232-C receiver

U112 MC1488 RS-232-C driver
U105-108,114,115 CD4051 sin%le 8-chgnnel analog
mul iplexer?demultiplexer

U107,108 MF10BN universal monolithic dual
switched capacitor filter

Urt11-113 MC1458 op amp

Ur16e,117 TLO82  op amp
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