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I ntroduction:

Al though the present 1200 baud Bell 202 stan-
dard is perfectly acceptable for nornmal packet-
radi o QSOs, the "amateur radio community needs to

baud-rates if an

be able to conmmunicate at hlgher
inter-city trunk line, or backbone network,
ever to be inplenented.

1S

M’mﬁ' beli eve that the next generation of
nodens shoul d operate at a mnimum of 9, 600 bag_d?.
Steve Coode K9NG was able to successful 1y nodify
the Hamtronics FM5 to operate at_9.6kBd (1) while
anot her approach, that of Gary Field WAIGRC, is
mentioned 1n the 1986 edition of the ARRL Handbook
&gage 19.37). From what the authors have seen of
m_Sriyr;gs desi gn (2), his approach appears very pro-

) Motorola too has long been involved in the
field of RF nmodens (see for instance ref.3) and
has recently filed a petition with the FCC to
allow for the creation of "radio frequency | ocal
area networks"(4). (The above list is by no means
exhaustive and, si Iy represents sofe of the
designs with which the authors are famliar.)

describe the approach _fol-
ers of the Amateur Radio
Corporation (AMRAD) to

This paper wll
| owed by several nenb
Research and Devel opnent

design a high-speed modem Anat her paper, pre-
sented to this nf_e[Jencelntheformo an Apﬂ"'
cation Note, descripes the actual circuitry used

to generate phase-coherent FSK.
Qui del i nes:

This mbdem is intended for the radio anateur
community and as such, fromthe start of the
project, ‘the design criteria have included:

- ease of dupljcation,

- use of readily available

- mnimm of adjustments to
only sinple test equipnent.

It is intended that the final design will
operate at up to 56Kbd. on 220MHz and. 440MHz. Thi s
paper describes an interim version already
operating in a breadboard configuration.

The RF Modul ator:

Fig.1 shows the method enp]oyed to generate
phase-coherent FSK. (The use of two frequencies

arts and )
e carried out with

not phase-related would introduce unacceptable
splatter.) A 2.2MHz crystal-controlled raster
oscillatof drives a dual-nodulus counter. The RS-
232 level data input (TXD) is translated to TTL

and used to change the dividing ratio of thg
counter and thus generates two phase-relate

discrete_frequenciés, I1n our exanple 200KHz and
220KHz. This is in fact equivalent to having a
210KHz carrier shifting + and - 10KHz. (Shoul d”an
40KHz total shift be deSired for higher bhaud rates
one could use a 4.4MHz crystal in a simlar set-
up. The result would be a 420KHz carrier shifted +
and -20KHz.)

A %ate, when enabled by the RTS line, the
feeds the output of the_dual-modul us djvider to
doubl y balanced nixer. The output of the m xer

al1l0. 7MHz | F which is then heterodyned with
210MHz | ocal oscillator in another doubly bal ance
mxer to produce an RF signal in the 220MHz band.

The Denodul at or:

Figure 2 shows the receiver Yortion,
consisting Of a | ow noi se 220MHz stage followed by
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doubly bal anced mi xer where the |ocal oscillator
(210MHz) is injected. The resulting IF
10.7MHz drives, via a_trifilar- wound
transformer (Mni-Grcuits Psc2), two identical
doubl y bal anced mi xers (MC1496). Both have ceram ¢
resonators output circuits tuned to 455KHz, but
oscillator injection at 10.255KHz
whereas the other has a L. O of 10,235KHz. Thus
en the IF output is 10,710MHz (mark), the doubly
bal anced m xer with the 10.255kKHz L. O produces an
e
t

out put at 455KHz and conversely, when the IF
sSwW ngs to 10.690 Mz (aﬁ_ace), it is the other
doubly bal anced m xer ich’” produces a 455KHz
output. In the schene just described, there are 8
maj or heterodyne products:

10,710KHz - 10,255KHz = 455KHz

,69 10, = 455

10,710 I 10,235 = 475

10,690 - 10,255 = 435

10,710 + 10, 255 = 20,965

10,690 + 10,255 = 20,945

10,710 + 10,235 = 20,945

10,690 + 10,235 = 20,925

Note that only the first two conbinati ons _can
produce _an output from one of the tw 455KHz
ﬂ]ages. The other heterodyne products fall outside

e 455KHz bandpass and are el imnated.

The two outputs are then detected and fed to
a conparator,the output of which is RXD. It is to
be noted that no tuning is needed in the process.

The Synthesi zer:

For the sake of clarity, figures 1 and 2 have
shown the local oscillators as being crystal con-
trolled. In fact, the unit uses a mastér crystal
oscil | ator {at 2.2MHz in this particular cas%)
whilst all other oscillators are sivithesized. The
2.2MHz crystal oscillator

out put (located 1n the
F nodul ator section, see tig.l1) I1s fed to a
vider by 440 to produce a 5KHz reference
equency. Presunming the stability of the crystal
be +/- 0.001% ( easily achievable with an oven)
e crystal oscillatofr output can drift from
199,978Hz to 2,200,022Hz. At the output of the
divider by 440, the 5KHz reference will thus drift
bet ween 4,999.95Hz and 5,000.05Hz, equi valent to a
maxi mum drift of 0.1Hz.
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Al the local oscillators are designed along
the following lines and thus only Pne Wi bé
described: the output of a 10.490MHz free-running
voltage-controlled oscillator (vco) is fed to. an
MC145151 di vi der-b¥_-_2, 098 stage, thus produci n9
approxi mately 5khz. This output Is conpared to ou
reference 5KHz source in a phase comparator, _thg
out put of ichis avariable DC V?lté‘%e applie
to the 10.490MHz VCO as negative feedback. Note

that once phase-lock has been achi eved, the output
of the divide-by-2098 divider will drift in phase
with but no nore than the 5KHz reference
oscillator. Using the nmaxinmumdrift cal cul ated
above,  the 10.490MHz oscillator will only be able
to drift 2098 x O. , or +{-_100Hz. ot her
oscillators phase-locked to this 5KHz reference
will exhibit essentially the same stability.

An added advantage of this scheme is that the

out put of the nodul ator can be set to any
di screte channel on 220MHz, and %o, of course, can
the recejiver. It is thus possible to contenplate
of fsets for duplex operation, etc. Since the divi-
ding ratio of each phase-locked [oop is detern ned
by a set of. D_IP-swtches. t he 45151 c%n be
preset to divide by any Ihteger between and



16383), changing the «configuration of the

equi pnent

Concl usi on:

is an extrenely easy task.

The schene described above is sinple, easy to
duplicate and only an oscilloscope and a fre uency

count er are needed to adjust
anticipated that the nmjor
nodem (i ncl udi ng
rnade available
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printed circuit
through a distributor.

the nodem [t is
parts needed for this
board) will be
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