
Roy E. Gould. NSRG
4752 DeEeer~ Drive
El Pass, TX--  79924

transmission methiods that could be used in ttie hiqh
speed packet radio netwmk are discussed and analyzed, T h e  ccnclusicm  i s
reached that a qmd approach is to directly FSK the RF carTier at 3&4 Kbaud= A
189 kHz RF bandwidth channel above 228 MHz shsuld be used and a scrambler shmfd
not be used. The radio should be designed usinq modern K's 50 that a simp$e
and relatively inexpensive get high performance radio results,

INTRODUCTION_

A majm advancement that must be made if packet radio is to reach it5
potential is the development and operation of a high speed netwc?rk  operating on
the  v h f  a n d  uhf  bands  that  enab les  very  f as t  and  hiqhly reliable d ig i ta l
informatisn transfer in the local area as well a 5  between widely separated
W3int5, Id~~f 19, this network shaufd b e  f a s t enc?uqh that transferring
information between packet bulletin board systems or between TCWIP stations
w i l l  not advev+sely  510~ duwn QSO's between individual operafurs,  As pointed out
by Edale  Garbee  in his  paper ‘MORE MAR  FASTER BITS” IRef 11 it stmuld be SD fast
that such thing5  a5 diqitized voice and camputer  qv'aptsics  became practical, Most
fikelyr the applicaticns that become  practical because of the high speed  and
h i qh throuqhput of the network will grow ts the paint that even the hiqhe5t
channel capac i t y  will be  fu l l y  u t i l i zed , at least part of the time, While thme
will most likely always be a p l ace  f o r  l aw  speed  pack& there seems little
pant i n  the fang  run in havinq  a local area  net~rk  runn ing  a t  a  d i f f e ren t
speed than the n backbone”  t They should both run at the same hiqh speed,

Packet  radio i s  still in  its in fancy  and  the  decisians  we  make  todag
reqardinq  tran5missicm standards will  have a far reaching influence that will 4~
d i f f i c u l t  t o  erase, Once a network is built casing  a particular standard it will
be very difficult to chanqe even if 5ome new method offers qreafly increased
perfarmancel Therefore? it is important tcr take the time t17 figure mt what the
ksf a p p r o a c h  i s  a n d  tr, qet s t a r t e d  m t h e  riqht  foot, It w i l l b e  mre
e f f i c i e n t  tn go directly to the ultimate standard rather than taking severa  1
intermediate step5 requirinq  rebuildinq the network 5evera 1 times, It *i5
impnrtant ta design the network fmm the beginning to have a5 high a
transmission  speed a5 practical while at the 5ame time taking into accmmt the
difficulty and cost of buildirrg  the network and with the view in mind that 1. t
wi l l eventually replace the current 1280  baud system, I ticwe  that  this paper
&ii 11 give you 5ame ideas and that it trtili help tcs farmlate a cnmmm standard
that all Amateurs can work fram and to wh i ch manufacture-t-5 can 4u i 1 d eqtz i men t
50 that the next step in buifdlng  the packet network can take place,



Packet radio bit streams are transmitted synchranmsly, There are na start
and 5tap ttits as-=ociated  with each byte of  inf~alv~~timl a 5  i5 dmle cm R-i-TV  nr- 0i-i
the F E - 2 3 2  con~m?unicatian5  line tietween  ymlr I-NC snd rsrriputer, If ME- -~- e z e i in=  e ‘t”

does n o t Ic35e  lack then start or 5tnp bit5 a r e  nst iSecPq4aFy  tcl mairrt-ain- - -
5ynchronizatkm  with the IBit 5tream A serie5 Df f l a g s  a t  ttre 4eginning nf t!-ie
transmi55ian  is  used to  establ ish  the initial byte syKhYmizatim,

Bit: s t u f f i n g i5 u s e d  to in5ure that the f l a g  will be uniqt,r.e and ta ?7iake
5ure that  the 5iqnal  cannot  stay  in  cme state for an extended the 50 that  the
receiver  wi l l  542~ a  t ransit ion in  state often enmgh  to maintain  lock m-3 tk hit
stream, Except when sending flag5? if f i v e  l o g i c  one5  43tCLtr  i n  5eque?Ke?  the
t r a n s m i t t e r  “5tuff5”  i n  a  Iagic zera b e f o r e  the n e x t  b i t  i s  transmitted, The
US@ o f  zero stuffing in5ures that inside the packet: 4it streaKi  the f mqest
str ing of logic --CmP~  that can f3fCur i s  f i ve , T h e  flag i5 7E We>:, ThW-~fC?-~~,
sending the flag r e q u i r e 5  t h e  transmis5ion  Of 5iX ic)gC sfne5 in a  W3w. The Cf5P
of the mmbinatim 42f NRZI a n d  b i t  5tuff ir;g Inr;ur~s  t h a t  t h e  signal tstlll not
stay in the same state for very long 50 that a data clsck  ran be rpsdi!y derived
from the signal, This alsap i n  effect7  scramiclles  the slgnaf,It i s  nat dear
to me that any further scrambling of a packet sigrsal  a5 i5 done in the G3RC)X  and
the Heatheringtsn  madem  actualfy  doe5 anything benif icfai,
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could be used: 1.I baseband m 2) RF bandwidth Baseband  i s  the bandwid th  o f  t he
5ysterri from the input ta the transmitter to the detected signal output7 while
the RF bandwidth is the bandwidth of the RF signal itseff, it i s  impurtant  tu
define which type of bandwidth is  being used i n  a part icular  calculatiun  of
5pectr-al  e f f i c iency ,

One of the mre efficient methods used on commercial sate1 1 ite channels
achieve5 43 bits/s per Hz of baseband  bandwid th  i n  p r a c t i c e  <see T A B L E  2J5 crf
Ref 41, An interesting q u e s t i o n  t o  a5k i s Vmw good is the cmmon  packet radiu
tran5missiun  using the Eellt 2Qt2 modem s t a n d a r d  t h a t  e v e r y o n e  use5 f o r  128Qi b a u d
tran5mission5  on Pmeter5 ?" A look at Fig 2a in the paper “9600 Baud Packet
Radiu Modem Design’ found in Ref 1 indicates that the 4aseband  bandwidth of G
FlEFM radia l i n k  could  be c o n s e r v a t i v e l y  c a l l e d  5 kHs. U s i n g  t h i s  n u m b e r  t h e

spectraf efficiency of the 2-m transmissim  i s  c o m p u t e d  tcr,  be 0 2 4  bits/set p e r
Hz, The cummercial satellite channel with it5 thrmqhput of 43 bits/s per Hz
pa55e5  informatim  18 t i m e s  f a s t e r for a  given bandwidth than we do m our
Z-meter  packet radiu channel ! There is a lot of mum for impmvement  here!

Amateurs are accustomed to thinking of sending digital information me bit
a t  a  time= That  i s  the way Pkwse code and the teletype machine works, Packet
radiu as currently used sends me bit at a time and 543 dses qmr computer to TNC
l i n k  w h e n  i t  cmmunicates  over t h e  RS-232 cabfe, But that  i s  not  the  crnfg way
that thinq5 c a n  be doneu In the ccmmerciaf satellite wnrldr  one bit at a time
i5 usual  19 not d o n e  a n d  i s in fact nat allowed by the FCC rules for high
capacity channel5 because it i s  tuo wasteful of spectrum, isee page 103 af Ref
4) It i s  al50 a  m a t t e r  of ecmmic5, T h e  cmmunicatim  satelfi te  ha5  a  l im i ted
amunt  #f spectrum availaWe  and using  i t  e f f i c i e n t l y  m a k e s  ffmre mmey f o r the
sate1 1 i te operatm,

A methad  that is ctften used to cmvert  an existing analug link tcr a digital
link is to use a s c h e m e  5uch  a 5  t h i s : T h e  signal i s  t ransmit ted  us ing  f ou r
d i f fe ren t f i x e d  c a r r i e r  shifts, The s i g n a l i s  d e t e c t e d  u5inq  t h e  s a m e
discriminator t h a t  would mrmalfy b e  u s e d  for ordinary  Fp9 detectim, A set of
mmpavaturs followed  bq logic  is  used to deternrine  which uf the four fresuencles.
i5 being transmitted, Since it takes fora-r different 5tate5 tcr define the state
uf two bitf;lr each of these frequencies defines a unique state of the two bits,
Each signaling interval transmitted is equivalent to tran5mitting tw# bit57
tjieldlng a theoretical increase in transmission speed sf two,

Even though there are techniqLte5 far  sending mre than me bit  at  a  time7
they a r e  prot3ably more rumplex than can be just i f ied at  the present  state sf
development af Amateur digital rmm.mication art, It  5eem5  relative& easy  tg
increase the efficiency of Amatfur packet transmi55ion5  to LO c3r  t o  even  28
4i ts/s p e r  Hz nf b a s e b a n d  b a n d w i d t h  without r e s o r t i n g  t o  multiple bit
tEU?5KfiS5i#IL This is an improvement uf 4  t%u El over currmt  pracf i c e  m 2-m
The addi ticmal cmpP icat ions and expm5e of reaching tran5missim  efficiencies
greater than “;i bit515  per Hz de mt seem justified at stage of development,
Hsgli:ever  f i t  dmuld nut  4e forgotten that  i t  is  possible  te increase the sp~xf~a!

eff ic iency 4y transmitting multiple bits per signaling  in te rva l  i f  the need
5hould  arise i n  t h e  f u t u r e  far more e f f i c i e n t  use Qf the spectrumt
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Accurding  ta Ref 3? p a g e  f&b tkre are three attribute5 af a signal ahi+
can be modulated  - -  its amplitudet  frequency9  and its phase, Hitti  the exception
o f  Hurse cude which is AMy Radio Amateur5  have traditimalfg  used 5ume form of
FM f o r  d i g i t a l  cummmications, T h e r e  a r e  cur-rent&  two d i f f e r e n t  :_tiays nf
modulating the infnrmatiun  mts the RF carrier being used in the packet radio
world, One of these is to frequency shift key (FS)o the RF carrier directly with
the packet bit stream, The ut her ir; ta audio frequency shift k e y  IAFSHI an
audio carrier with the packet bit stream and then ta FM the RF carrier with thi5

modulated audio  carrier=

FSH of the RF Carrier

The typical 300 baud tran5missim  cm 2Ph~eters  in effect modulates the
packet bit stream directly unto the RF carrier using FSM,  This  is u5ualIy  done
by translating a 200-I-k shift AFSK 5iqnal tu RF by mixing in a ssb transmitter-,
E v e n  thmgh the  signal  i s  cuming fmm a  55$ transmitter3 the trarismi  tted signA
is a FSK signal with a shift uf 200 Hz that cuuld  be detected directly tts an FPI
receiver instead sf the nurmallg  used 55b receiver0  If the 5ignal  was detpr+cnd-- -

by an FM receiver t the packet bit stream could be taken directly ffn#Ki the FM
detectcsr, The thearetical spectrum generated by this signal 5hawn in TAELE-I
indicates that the RF bandwidth required by this s i g n a l  i5 a little mare than
twice the baud= Bandwidth is based upm the definitim Gf bandwidth given in

the FCC rules which 5ays that  bandwidth is  “The width uf a  frequency  band
outside nf which the mean power uf the total emisr;icnt i5 attenuated at lea5t 28

<lJ &l~!! fhe !Tiean F#pr nf t h e  tutal  emissimt inrlt;ding Pal lcfwarice5  7~:
transmitter d r i f t  ur Dappler  5hift,” (??,fZa& R e f  51 The amp1 i tude shciwn  in
T A B L E - 1  i s  t h e  power level of the sideband belaw the total puwer in t-tie
emi55ion,

Even thuuqtr the 1200 baud signal  used on Z-meters begins in a similar
way tc that m 20-mt the tran5mitted  RF signal is quite different= The packet
bit stream fir5t frequency shift key5 an audio carrier between the 1200 and 2200
Hz Bell  202 standard tune5, Then this audio signal drives the FM modulatur uf
an FH transmitter imem the FSK madulated  audio carrier  is  FWed unto the RF
carrier, When received by an FPI receiver9  the mdulated  audiu carrier fnot the
bit stream itself) i5 recevered by the discriminatur  and must be detected me
mm-e  time by the FSK demudulatur  in the TNZ to recuver the packet bit stream,

The main advantage of this methud  is that it alluws an ordinary NSF!4  voicf
radk ta b e  used f u r  p a c k e t  radio, Unfortunatelur

-
a5 the theoret  icaf spectrum

for th is  signal pre5ented  in TABLE-2 5fSu’lrf~~ it does nut make goad use of the RF
spectrum, Applying the -26 dE FCC bandwidth rule indicate5 that about 3600  Hz
uf RF bandwidth is needed to transmit at 1200 bits/s fur a bmdwidth efficiency
gf 0,125  bits/s per Hz ctf RF bandwidth Thi5 is a conservative estimate because
many station5 are deviating mum than 2200 Hz=

The amtpl i tude uf the sidebands shown in SABLE-2 have been reduced 3 dP
hxause i t has been a55ctmed  that an equal mmber uf 1200 and 2400 Hz hrsts are
being sent, Amplitude a5 used in TAIKE-2 is the average puwer  uf the sideband

below tF5P  total power in the emi55iun,
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TABLE-1 TABLE-2

Themetical  RF Specturm of a
300 baud, 200 Hz shift FSK Signal
Transmitting NRLI  zeros.

Theoret  ical RF Spectrum of a
1200 baud Signal Sending Bell 202
Tones Deviating 2,2 kHz

Sideband Pair
1111-w----------

Amplitude (dW
- - - - - - - - - - - - m -

Sideband Pair
- - - - - L - - - - - C -

c a r r i e r -L6
+I- 150 Hz -8, I
W- 300 Hz -2lm4
+ I - 450 Hz -30.2

no keying filter used,
deviat ion = M/pi)  * 100 Hz

c a r r i e r
+/- 1200 Hz
+I- 2200 Hz
+ I - 2400 Hz
+I- 3600 Hz
+.r- 4400 Hz
+b- 4300 Hz
w- 6000 Hz
+/- 6600 Hz

-12.1
-7.7

-10*  I
-13m0
-22s 6
-2lm7
-3% 1
-4% 5
-37ml

The 300 baud ssb method used OR 20-m makes good ~54s of the spectrum and has
an  e f f i c iency  o f nearly 0m5 bits/s per Hz of RF bandwidth, Cont ras t  this w i th  *
the 1200 baud Bell 202 mdem  methad  used on 2-m which has an efficiency af on19
about 0,125 b i t s / s  p e r  H z crf RF bandwidth If we used the 20-m type of
transmission on vhf UP uhf we would realize a substantial improvemerr t in RF
bandwidth utilization,

The Heatherinstm RF Modem

The transmission methods dicussed  50 far have employed FSK of either
the RF carrier or an audio carrier br the packet bit stream But there are &her
ways to transmit  the packet signal, h e o f  these i s used in the RF Modem
designed bg Dale  Heatheringtm (WA4DSYf  which is  described beginning cm page &I3
af Ref-6,  I t  c a n  r u n  bauds r a n g i n g  f r o m  51500  t o  56t0Q0,  I t is  cal led  an “RF
modern” because its radio input and output is at 29 MHz and its data input and
sutput  is the packet bit stream, A linear transverter must be used with it tcr
generate RF output on the band of interest, Good u5e is made of the spectrum
since an RF bandwidth of 70 kHz is required to transmit  Ti6 kbitsk,  This is a RF
bandwidth spectral efficiency of 0A bits/s per Hz,

The modulation ucred is a handwidth limited fmm nf PlMimum  Shift Keying
wK3K~  0 (5432 page W5? Ref 2  fm a  descriptian  o f  PM) The cam ier phase is
shifted  plus c)r minus 90 degrees  for each bit, The modulator sqnthesize5  the
c,ignaf f rmn quadrature ccslmpanen  t 5 a n d  i5 therefare  very vwsatille i n  the
wavefmms  it can produce, A scrambler is used to improve clockinq  and to make
the modulated signal  appear to be noise, I t  appear5  ts b e  a  wr5ati !e 535tmf
that can operate at the highe5t legal baud, The main disadvantage is that it i5
relatively expensive because it  requires both the RF modem and a l inear
transverter  tc! make up a mmp3ete systems



The theoretical spectrum of such a signal far three different shifts is
shown in TABLE+, It appear5 t h a t  t h e  crptimm 5trift i s  about 2 8  M-k, A t  t h i s
shift the 100 kHz  bandwidth 1 imitation imposed b y  t h e  F C C  r u l e s  f o r  packet
signals  above 220 MHz can be met while at ttge 5ame time utilizing as wide a5
possible shift for the be5t signal to noise raticr,

Theoretical RF Spectrum of a 56 Kbaud FSK Siqnal
Transmitting NRZI Zeros CLP Keying Filter Used)

Sideband Pair
- - - e - - m - - - - - -

cam- ier
+ / -  2 8  kHz
+/- 56 kHz
+I- 84 kHz

Ampl i tude (dR? for shi f t  of
14 kHz 25 kHz 56 kHz

- - - - - - e - - ---e---m - - m - - m - -
-0. f - 0 . 5 -2s3

-18. I -12,3 -7. I
-42s 1 -30 3
-6?,7 -5Gi

-EL 7
I -34-t

1 t appears t o  m e  t h a t  u n l e s s  t h e  Heatherinqtan s y s t e m a c h i e v e 5  a
siqnificant impruvement  i n r e c e p t i o n under weak signal conditions that i t 5

ccmplexitg  and high cost cannot  be justified wtren compared t o  a  s y s t e m  u s i n g

direct FSK of the RF carrier,

Amplitude Modulatian

From a tecfmical  point af view, amplitude modulatisn could be used -i n
a packet radio fink and dues have 5ame advantages- Nate ttjat the FCC rules do
nut permit AH in a teleqraphy  1 ini::  designed f a r  autamatic  receptim nf -the
signal m Con5ider  f a r  a  mment the problem af achieving la.2 Kbaud on 2 meters
where ttre FCC rules limit the bandwidth to 20 kHz. One w a y  to ds t h i s  i s  trr use
AM, A few pa55 filter with 2 dE attenuation at 13600 Hz is required to attenuate
t h e  h i g h  f r e q u e n c y  campments  from the  key ing signal a n d  to p r e v e n t
overmadulaticm In t h e  w o r s t  ca5e condition of sending a string of NRZf zenxt
the RF siqnaf  would be 100 percent modulated with a 9S00 Hz sine wave. The
spectrum fo r  th i s  s igna l h a 5  on& t h r e e  campments  - t h e  c a r r i e r  a n d  twn
sidebands, The carrier amplitude is -1.8 dE below the mean power of the tntaf
emissisn and the two sidebands which are 5paced at +/- 9600 Hz fmm the ca?rkr
are dmm -7A dEI T h e  b a n d w i d t h  af t h e  signal irs I%2 kHz so t h e  b a n d w i d t h
requirement has been met=

A radio  l i n k  u5ing API should  work well9 especially when used ia a VHF m-
UHF radio fink, AH has proven effective for  man9  gears  for  the tranmissim  of
Mc)r5e  code on the IQW bands, And the fact that it can be received by machine5
h a s  b e e n  demons t ra ted  bs tfse many amateu rs  wha h a v e  eased var ious  tg~es  o f
equipment current19 available ta capy Morse off the air and display the text nn
the computer 5creen, API has the disadvantage that it is smmwhat  more difficult
t o  pruduce a  100 pe rcen t modulated signal as compared to Ff4, It ha5 the
advantage that it can be easily detected at higher IF frequencies such as 10J
PIHZ wherea NBFH cannot = ke af API would redLIce heating of the final amplifietrr.
An A#+! packet radio  5g5tem rntaid be made to ti!ark and would prababfg  mrk well,



Spread Spectrum

A relatively new method af transmis5im  ailawed  by the FCC rule5 is
5pread spectrum (SSL The rules explain that SS may be used en13  abave 42@ MHz,
Only frequency h~ppinq and direct sequence transmission5 are autkxized. See
12.3r Ref 3 fur a description of SS. A fundamental  characteristic of SS is that
ttge  transmitter’s puwer i5 5pread  aver  a wide bandwidth and mast canventional
r e c e i v e r 5  w i l l  n u t  e v e n  n o t i c e  t h a t  t h e  SS  s i g n a l .  i5 p r e s e n t .  It c a n  pravide  fa~
errar rate5 and many statians can use ttre 5anfe channel 5imultaneously  without
interfering with eacfi  ather, Sounds like just what we need for packet.

Sectisns  5. II.2 through 5.fLCF of Reference 2 di5cu55e5 many a5pects az
u s i n g  S S  i n  v a r i o u s  5urts of mul t ip le  a c c e s s  rad ia links including even a CE
radio scheme. Smfe  af the advantages listed are ial imiuni ty tu QRPI. (bl
5erurity of information in ttie channel y iSI immediate randam  access to the
channel by a number af users  and id) graceful deqradatian of the shame1 with
uverluad. SS &gist  be the ideal way to g(r, in a 5hared channel packet radio
situatiun, tiswever,  this 5ubject  requires a considerable amaunt af  research
beyand that dune for tt!i5 paper tc determine if it is actttafly  practical.

Operat  ins packet at 1200 baud using Bel l 202 tunes thruuqt!  NEFM  radias
5houfd be abandoned for altl seriou5 p a c k e t work. It should be replaced irtith
radio fink5 runninq  38.4 Kbaud m  higher. Packet aperatim must be shifted ta
frequencies above 220 HHz became the FCC rules da not aflaw the i;iqher baud5
below that frequency3 Direct FSH uf the RF carrier by the packet bit st ream
sf!ou%d be med. The deviatian in hertz shauld be the Same a5 the sendirtg spgrd
in batid (modulation  index of 1). T h e  tranmitter should  u5e a  l i n e a r  trm Ff’4
medulator. A l a w  p a s s  k e y i n g  f i l t e r sttauld  be used far bandwidth cantral,  A
mxkm is nut rrequired  since a Iaqic level keys the transmitter and a faqic leve!
came5 uut af the receiver. The use af a scrambler is nut recamended  unless  it
can be 5hown  t h a t  i t a c t u a l l y  improves  p a c k e t  r a d i o t r a n s m i s s i o n  qualit  ar

reduces the bandwidttf  required,

Operatian a t  3 8 . 4  K b a u d  i s  recammended  became ttje amplitude af the secand
sidebands of an  FSK signal  sending NRZf zeros w i t h  a  madulatian  i n d e x  af f
exmed5  - 2 6 dE dawn, I f  3 8 . 4  h’baud i s  used these secand sidebands ui I B be
spared at +f- 3&4 i=Hz frm the carrier and will be cmfmtably  within the 100
i=Hz bandwidth allowed  by the FCC rules. The maximum feqal baud af 56 Kbat!d 15
only I.46 times hisher  than 38.4 Hbaud  50 thi5 is a reasmable  trade-off.

Because  a 3&4 Kbaud packet signal Is a wideband  signal  the receiver can be
simpPer  t h a n  a  NBFM rece ive r . I t  is not nece55aucy  ta ranvert  d a w n  ta a  lmt
frequency IF suctr a5 455 H-k ta obtain quad FH detectian  a5 is usuatlg  &me far
?mFP!  P A single canvrrsian r e c e i v e r  ta 10.7  M H z  w i l l  wmk f  inc.  Frequency

stability doe5 not have to be as quad fur t?-je wideband  signal a5 far NEFPf,

one pessibilitg f o r a  rece iver  i5 t a  canvert  a  s t a n d a r d  F M  broadrast
r e c e i v e r . The IF bandwidth of 5uctr  a receiver i5 about 250 kHz which is :itider-
-pbr; t h e  i dea l  bandwidth  of snmewhat  m a r e  t h a n  f&!&3 )::Hz, The front end?  mixeryse we
a n d  LO wauld h a v e  t o  b e  mnverted  to wark a t  tt;e fvce~,umcy  tlf interest,  A
rmmrfian  wuuld have  to be made to an appropriate DC coupled autput frar;r the fH--‘r , - -
detsctar  J The output fram the detector wauld drive a camparatm tJ# prcdt;crt  a

lagis autput. W h i l e  a  bmadcast  r e c e i v e r  m i g h t  b e  m a d e  to rrtnrks  t h i s  pmbablg
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i5 n o t  the he5t 5ulutiun. But advantage should be taken af ttre gfass pradured  and
inexpensive cmfpanents  such as cerarrric  IF f ilterc. a n d  detectur  sail5 fm 10.7
HHz  that are manufactured far the5e receiver5,

-bhere are  a t  least twa  single  c h i p  receiver K’s ava i l ab le  tbfat app4zm to
be ideal far application in packet radio receivers: ttie Mrzitmala  pfC335c1  and tf+e
Signetics  P4E605N.  T h e  MC3356 i s  a  F S K  rece31Ver  d e s i g n e d  to operate u p  to 4@B

Hbaud= T h e  I C  cantains  3 cmfp!ete r e c e i v e r  wit!2 mi xe-r v a5ciHatmr 1 F 7 f-j
detectm  p 5qt.W Shy S-SfdX?r output9 a n d  d a t a  cnnfparatar= Unf#y-tunat&yy  i &

maximum rated nperatinq  frequency is anly 150 MHz. C h a n c e 5  a r e  tk3at a t  lmst
5ame unit5 w i l l war k satifactarily  at 228 MHz, The additin?? #f a f&s &=t
preamp in front gf ttie IC should w-abuse a R i g ff per-hrmance race i ww I T ;-I ft
MC33Sb  ccds le55 H-fan $4 i n  qLlanfitie5  sf me,

Ancther possibility  i s  t a  ccmww-t  3 MAFF’!  receivw  t o  w i d e  bsnd  aper-atSsn kg
cmnectinq the IF amp’l  ifier and fal h3wang Ci-rcLtB  try from t h e  MC3356 trj the
nutput  frani the fir5t mixer. The receiver wx4M then functkn in both wide tmnd
and narraw band FM made5 5imultaneau5Pg.

The transmitter can be of mare ar less canventianaf design  except tfrat the
ascillatar must be capable of  widEband t rue FM, A suitable c?c;ci%latar  is
described in Ref  f. Advantage slmuld be taken of thi5 oscillator’s capability
ta aperate  at the Sttr crystal overtane  ta reduce Me nc;mbe r af multiplier stages
required. The  asciflatar wauld dr ive  a  nrultipfier cl-fain and pawer ampiifler.
An uscilfatm of thfis type could  be substituted for the os.ciIlatm in a NBFM
tramsitter  tu cunvert it to wideband  packet aperation.

Unfartunately, widebar;d radius semi table for 38.4 Kbatid du nut currentiy
exi5t  5u a suitable de5ign mu5t be develaped. FartunateSgy ttiese n e w  radios caii
be designed fur 220 MHz  and abuve almost a5 ea5ily a5 far 144 f”!Hz, It appears
that a wideband  packet radio transceiver is 5impler than a NBFPS  radio and can be
bui it simply and inexpensively. By taking advantage of mnderrf  K’s and circr!a _-f
madLi1e5y 5~4th a radin could be uf simple emuql-f  design tfrat  it caufd be built by
rr!ang Amateurs in a few hafurs. Once it i5 clear  that there i s  a demand fm 5uch
a radio, manufacturer5 will begin to build 5tare bought radios and a new ma in
packet radio will begin.
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