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INTRODUCTION
The Phase-Locked-Loop or "PLL" Frequency Synthesizer used in CB
radios is a marvelous device. It can generate all the signals needed to
run a complex transceiver, is more accurate than crystal control, and
more reliable because fewer parts are needed. However, understanding
its operation seems to cause a lot of anxiety among CB operators as well
as professional technicians. I t 's the purpose of this book to explain in
the simplest, most non-technical terms possible how the PLL works.
Anybody interested in the technical side ofCB radio should find it quite
heÌpful. I've tried to write this for both the casual CB hobbyist and the
professional serviceman.

CB radio is now a worldwide hobby. As an American who's seen it
change from vacuum tubes to transistors, from crystal synthesizers to
PLL synthesizers, I'm in a unique position to explain the PLL's
evolution. While many of the circuits and IC "chips" detailed here are
actually obsolete now, there are still a lot of those radios out there
needing repair! And since most countries have limited CB operation t<r
only 18, 22, or 40 channels, a lot ofinterest these days is in knowin$ how
to expand a CR rig to cover more than the "legal" channels or
frequencies. Many of the older rigs are actually much better for this
purpose. There is also a lot of interest among ham radio operators in
converting the CB into a 10-Meter Ham rig. I will explain in these pages
how PLL repairs and modif icat ions are approached. In many cases the
changes are quite simple; it's no accident that a lot of American and
European transceivers using certain PLL circuits are so popular even
today. On the other hand, you may be very disappointed to find out that
the most recent generation of IC chips for U.S., U.K., and European CBs
were designed to be aÌmost completely non-modifiable. Better keep that
older r ig i f  you have one!

BRIEF HISTORY & OEVELÍ]PMEI{T

The main reason for the development of PLL synthesizers was the
American CB service expansion from 23 to 40 channels in 1976. Until
then CBs used a method of frequency generation called "crystal

synthesis" or "crystal-plexing". By electronical ly combining the
signals of 2 or 3 quartz crystal oscillators in a common "mixer", all the
various Receive/Transmit signals (which are normally not the same)
could be created with only 12 or 14 crystals for AM and a few more for
SSB. This was a great savings in cost, circuit complexity and space,
because otherwise at least 46 different quartz crystals would be needed,

À--
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one pair per channel. 
^T.ffj:.yasn,t enough. quar tz left inthe world togive it aìl to the CB manufacturers; they hid io ,".rr" "o_" for all thoseSeiko wristwatches!

With CB interest erowing very rapidly. new methods were requiredbecause of the incréased numbe, oii"grr "rtà"""1s. Manufacturers had
lor{r^s.1ie out trow to generat" u t".gà rri_tlri?"ig.ruf. *ith a minimumo r p arts, s p ace, co m ol exity,.an d of1o"";;, ;";: iÈ" ;;;;;;;;.;i, #L.t
Ì{l!!"ti'.gT, Pv-l.t'ò timò.the a-*r."] rcC.r,rrou.,""d irs cB ex-pansron, "digital" electronic_svn*t".ir"i" '*é "rr."av'*"ri i l;;. i;
i1:l f: tasr.senerarion or zs"_"'[;";;i'ù.3:";r,pment had alreadvDegun to use pLL techniques rather than crv.iir". rrr"r" il;;i;;tt:were very compricated b.ecause tttuv ,"qulrid as many as g discretelntegrated Circuit  ( lC) 

-si l icon "hip; A'. , ; ' ; ;re and more electronictunctlons were crammed.into a imaller chip space. Today,s pLL
lTÌ.î""T 

can perform all the needed-i;;;;" of channel selectionano stgnal generation, using -only , . l"gi" LSi (ì;L;'rg"il;#i;:tegration") device and a ttanarit oÉt"r"ui?i.t.. es we,, see, this fact
i_r !?rh r blessing and a curse: G".à b";;;;Ì;Jk eeps_ ra d io pri ces afford a bi", ;; ; ;;; il:;" i:fi i:Tili fH,jr","X?îmodif icat ions even harcf erl

The FCC and other authorities quickly found that because of theunexpected popularir.y of C1,.wfth'Àiiiil;;l;"pte ail competing forthe same channels, the use.of i l f  egaiÀìà l""rlttori""a frequencies wasbecoming the rule rather than À;;ó;t"" .rìa,rri. is basicalÌy rhesituation todav' Technici,ans soon di."ou"rJthàt the first generationsof PLL rigs were simnre to modifv. Th;'Fc''c;ffi changed its rures to
::luir: CB man_ufaciu.,"T 

1o u." "p""lrl-ÈLl chips to prevent this.$rnce Australia, Holland,_B.it"i", a"'a-oih", ólrrni". had legalized CB1.9'ng after the U.S., their governments took the hint and started offorrectly with the -or" .""ù." "hi;;i;;it"'iro*".,r", through variouslegat toophotes, cerrain -,r!"i;J;;à"i, "rò"ril in the U.S. and othercountries are sti l l  al lowed to be impóitJ;i;"th" ..good,, pLL chips,and this subject will be covered i; ;:;;;;;;;iii;;""

In all fairness I should mention th_at the newest chips are capable ofsom e interesting features norround in earìi"r'sl;"rrtio.rs. For example.automatic command of the Ct r"""iS Éil i*à""" Ci,r""el or Channel19 Road Information Channel,.scan.rirrg,, i"Àó.v, keyboard control,sreater reliabilirv. ete. This.is, !"ri.;iiy. ;h;;;?e state-of_the_art inPLr t ech notosv is todav,. and rh"r; i;iil;l; -ì.à ir,., eouernments canoo to prevent any determin^ed radio hobbyisfl;;*úifyi;;;;rc fi;rearry wants to' I think it's safe to assu-mé that iniormation in this bookoeLarlrng operation of the latest pLL d""l;;. ;ìlTLe accurate for rnanvyears to come. And since there "r" ,tiìi.ifìio"" "f "f a* ,ig" ;;ì A;;?
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needing maintenance, the amount of attention devoted to these older
rigs is justified.

B00K 0RGAt{tzATt0il

I've divided this book into three general sections. The first section
describes basic PLL theory in "building block" form. We'll start with
t h e  s i m p l e s t  c h i p s  a n d  p r o c e e d  t o  t h e  m o s t  c o m p l e x ,  i n
chronological order because that's the way they have evolved. In this
way, you'll begin to understand how the various IC changes affcct
servicing and modif icat ion. I ' l l  assume that you have very l i t t l t '
electronic knowledge, even though some of you may be very well-
informed about other areas of CB electronics. The PLL circuits will only'
be illustrated in "bìack box" or block diagram form to keep things reall)'
simple. For example, a transistor switching circuit will be representecl
symbolically as a simple switch. Components like resistors, capacitors,
etc. will rarely be shown at all unless very essential to the discussion.
This way you'll never have to worry that you've gotten in over your
head! Specific radio theory regarding AM, FM, or SSB communication s
not directly related to the PLL are left up to you for further study if
interested. Some very basic radio theory must be included, but I've tried
to keep it very uncomplicated. Since I want everybody to learn
something about this subject, some areas are oversimplified, and I ask
that you professional technicians out there have a little patience if
something seems obvious to you.

The second section deals with modification methods as they apply ttr
different generations of PLLs. We'll be discussing such things as Truth
Charts, programming in binary, BCD and ROM, Loop Mixers, external
oscillators, and tips on how to attack the various types ofPLL circuits
successfully.

The last section shows technical specs and block diagrams ofthe chips
and circuits themselves. I 've included every known chip of anv
importance. (There were a few very old chips that never lasted long
enough to bother discussing.) To my knowledge this is the only book
ever published devoted entirely to the subject of CB PLLs. Along with
the chip pin diagrams is included a list of every radio make and model
using that chip which was known at press time. Since several groups of
chips work the same way, I've also included sample Truth Charts
typical of such groups. I've tried to include special notations when a
chip contains some unusual feature you should know about. All the
specific pin functions were gathered from manufacturers' spec sheets,
SAMS Fotofacts and other service manuals, and personal experience,

t--
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and are accurate to the best of my knowledge.

If you don't find vour oarticular.rig moder incruded here, chances arethat it's identicalio ",,-. ott.. ris,".;;;h;;;;." basically now threeFar E asr.companie-s (Cybern à;, ú';i.il;;iiu*on) that m ake gg%, ofthe world's CB radios anyway. O"; p-il;;È .h;;;ì;-;; #;;i.iunder dozens of brand names as most óf youairàaay know. F.or certainwell-known chassis, I've incluied';ffiit; pt';oard numbers so thatyou might possibly identify u" u"t-íu"*ii*in ,t ur number.

Yl_r^*'o^Llto: to England and trìurope in l9g1 to srudy the CB situationtnere helped crqa-tly in gathering tÉ.e speciui circuit ínio.rn.att;; f;;;
ll tn";. pages. M_ost Americans will never.;th" ,;;;;;;;;;;1.,;ì
therr tavorire radios: information un ti,À uJàiiion oi!nà*,"r"i '0:i;óchannels and FM should help your o*" -oain"ution attempts wheny o u s ee h o w th ey' re don^e com'nier.i.l l;. ì;i;;;ti ;; ;; ;ir;'ií;il;;;versions of popular American rigs, as well as thenewest ,.legal,. U.K._FM rigs' arrivàd iust in time r" "'il;;;iliJ foor, .o that rhis is trulvan i n tern arional referenre wgtlj'Éi ;;;;;;". rh;;;;;il ;i' :;;o'oii{
ri gs I i ke^rhe c^obra r 4 8GTi- tx.,Fi ri,n rì 

"iiòi.'srp.r.tar 
8600 3900.Galaxv 2t00 super Garaxv. and Rangà; ÀirGoo fiàJ ".i*J ií",,"rr""U.S., and are incjuded in $òti; ilI.^ifi/i Érliir,"_rrics on mosr ofthese if you need one.) In.addiiiun,' i;;B;ri;îCÈ sysrem has chaneedover to the American F(:('channir-".rer;."i 'so UK radios are nowusing the American pLL cnrps anyway.

Obviously it's verv difficult (and expensive!) to contrnuously update aboo-k l ike this as new modeis.^p;";; ,-b;; ; t"  ù-uri" information f.runderstanding any plL circuit  yàu' l l  .u". *" """ be found here. I ,vepersonally managed to. careìog l i teral ly iÀ".r""a" of makes andmodels,over many years by the u-se "f SAi4S-i..t;fu"t., i;"1;;;;;.;i;;manuals, and schematics sent tome by -y ,"ra".. .  f  ,_ "f  *rv."u.* ioràto add new radio models to my files f-;;i;ù furure revisions and tohelp my readers identi fv a specif ic "hu.. i ,  , , .  i t i i  c ircuit .  photocopies
of r ig circuit- diagrams u." , l rvuy.--uop."" lràa. I  weìcome yourcomments and suggestions and frupé tt  is UooL helps yt,u.

Good luck in the Battle Of The pLLl

Lou Franklin, K6NH"Supersparks"
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FBEOUEIICY MIXIIIG

This principle is so basic to radio theory, whether AM, FM, or SSB, that
it must be discussed briefly before proceeding further. The reason is
because mixing or "conversion" is a process that requires two or more
signals, and if there are no longer any crystals used to provide such
signaìs, we have to find them somewhere! And that "somewhere" is in
the PLL circuit.

Whenever two signaÌs are mixed together electronically, the result is
two new frequencies in addition to the originals. These new frequencies
are nothing more than the sum and difference of the original two, as
seen in Figure 1. In this example, by mixing a 10 MHz and a 15 MHz
signaÌ together, the result wi l l  be 10 MHz, 15 MHz, SMHz (15 MHz - 10
MHz) and 25 MHz (15 MHz + 10 MHz). By then passing the signals
through a selectively tuned circuit, only one of the mixing products will
remain and the other will be rejected. The mixing process is important
in PLL circuits because it provides other signals required to operate the
radio that have nothing to do with the actual channel generation. Of
course these other signals could be generated by individual crystai
oscillators or tuneable oscillators, but this adds cost and complexity to
the radio. The first generations of PLL circuits did use up to 6 individual
crystal oscillators but they've now evolved to the point where a singÌe
70.240 MHz crystal is all that's needed, at least for AM or FM.

FIGURE 1, BASIC SIGNAL MIXING PROCESS

- 5 -



.Y ! t i. the mix in_g process_1o 
_iaportant? The reason is because most ofthe  s isna ls  needed in  a  27 .MHz CB; is ; ; ; ' ; "  d i f f i cu l t  to  p rocessdirectly and economic"'y *hii;ì;ii;s ff;;;* good performance.The CB/10M Ham band is considered"a .utfr". frìgf, frequency, and it,smuch better to convert a27 MHz,ls""l ào*;to'9o-_" lower frequencywhere the various Recei ve_,2Tr"""rni "lr"uit" *o"r, t o" "o touchy. you,veprobably seen the terms,,Single-";;;;;r;;;'' ;; .,Doubte_conversion,,

applied to receivers; this m.eans that the ZiùHz signaÌ is ,,converted,,,"mixed", 
or , ,heterodvn"a" 

ao-"-o.r""; ; ; ; ;  to a iower frequencythat 's easier to pr.t ,cess. A_typical AM ;. FMó;rig is generalÌy of the"dual-con 
versit,n " 6uo". For SSB, u .i.rgl" 

-"o-.r,ru."ro., 
is all that,sneeded but since theie are nu Ce.ig" l , ; ; i ; ; ; ; ìy SSB capabil i ty, themajority crf multimode tranr"uirr".. 

"us" 
dr.f8."""."i" n for AM and FMonty. with the SSB circuirs. r. i ; ;  ; ; ì ; ;r ì ; ; i ;  "o,. ,r"rsron. (Sinele_crnversion is quire acceptabte r* ssÉ il;; l;,h" C;R';i;;; i;,"r;:passed through a verv sharp.crysral filter, tvpi""ffl "ri;;;;%MH;,10.G9b MHz, or rr.275 lvrur.feî"ìlìlrì'*;".',!1_,u," up or down andpassihg them throush sharply-tuned circuiis, iil" _u"h easier to get

:^�_:-1 o_":,fo.Tance, eJoeciatti i; ;;-";;.:i;J _"." runed circuits, themore.selectivity and sensitivity during ."""ftiu.r, ."j ìh;;;;;reduction of unwanted,,spurious': . ig"ìi. 'a"ri! transmission.

i lTERME0tATE FnE0uEilctEs f tFl

lhe resuìt of convert ing a 27 WHz signaì down to a lower frequencvduring receprirn is an ,.interm"dtrt" iifi;;;;; ;; ùi:;. iHH;:::often th.e only I I.', as shown in Figure Z'-a. Érv"rr". when a doubleconversion occurs, the resu.l t  is two IFs. t t  """ u.u cal led the ,. f i rst, ,or"high" I I , '  and the ,,second" 
"J , : lgrr; f  n f , i*ùl r_o For CB use, thesetwo IF frequencies are almost .,rrir,"..riÌy iO.Aós rrAffr, and 4Sb KHz.This is part lv becaus".*"I" was already . loi  uf exist ing electronicequipment using these IFs long t"f"." òÍ."df.  "r_" along. (Eg, AMand F M broadcast receivers, portabres, "rro.t*àì" recelvers, scanners.aut' radios, etc.) 'fhus 

{t-re, yreeded p;;;. ;;';ri".ai""à,rriìT tìmanufacturers, proven reliaur", u"a "fr"àp. A.rith".."u"on is because avery clever use of the pLL c-ir"uit, *frl"f,ll;l-;"; always based upon a10.240 MHz Master Oscillator, "u; ù; _.àì ," provide these IF"injection" 
signaÌs. When rhe i"j"";i;;s;iii", utou" rhe CB signal,it's called "high-side" 

injection, and io*'-rììJ;r":ection is when it,sbelow the 27 MHz cB signal. otder ptLs u"la u"tr, methods but thevery newest chips use low-side inject ion for reasons you,l l  see later.
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A. Single Convers ion

B.  Double Convers ion
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lo Detector & Audio
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CON VERT ER

Inlermedia le Frequency ( lF)

outout  to  Detector  & Audio Amps
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S_everalvery popular CB chassis types use only a single IF of T.g MHz.(Eg, Cobra r40/.42GTL or Supersìar l;60 wiíh MBé719 pif,, itiil
138,/139xLR or President "Adams" with 858 pLL.) In doing this,
recerver performance was cheapened ancl selectivity worsened. f-he faci
that these part icular chassis are st i l Ì  e"tremely popular t"J;;- i ;because they are very easy to modify, not because oftheir great receiverperformancel A deluxe version of the Mtsg7l9 chassis (Eg, Cobra
148 / 2000G"rL. new President "Madison" and ',Grant',1 "rr"."li"t ,"lv
an. easy modif icat ion, but here the manufacturers took the troubre o"fusing dual conversion on AM with a stancìard 4b5 KHz IF. They also
charged you more for this feature. separate fiìters coulcì be usecr for each
mode to increase selectivi ty, because an SSB signal only requ in,s ab<,,ut
half  the bandwidth of AM or FM. Where in the i i rst^"ru_;i ; ;
compromised IF f i l ter bandwidth is used which is basicai ly to, * ià" for
SSB and too narrow for AM,zFM, in the ,,de.luxe,, cha-.ssis yuu g"i
gl":ll"-"-t_la"ctivity in every mode. The use of separate SSe ;àAM/FM IFs is also found in all American ,.rd Eu.opur., ,r".oiu.r. o]r igsusing the verv popular pr,L0 2Aprl,  chip. This sÀort background
on design trade-offs will help your ,.,ncle"stancling of plt, iiil;
circuits to be described later.

SS8 MIXII{G

Some unique problems occur with pLL or crystal r igs in the SSB mode.
With AM and FM rigs, al l  we need to do is to generate (or receive) acarrier signal and then modulate (or clemodulat l)  i t .  However for SSB,
the only signal that exists i,s on a radio frequency'but is ct anging aiJaudio rate, above and below the suppressed 

"carrier. 
.lhe voice in_tel l igence is contained only in the upper (USB) or lo*e, ( iSÀ)"sidebands". 

For voice communications, ihese sidebands are r imitedJo
about 3 KHz above and below the main carr ier frequency. (The l imit ing
o.ccurs by filtering in the mike amplifiers and t-he .f,".p fl ".v.t"j
f i l ter.) For example on U.S. Channàl 1,26.965 MHz, the USB ; i ; ; ; i
wou-ld.extend up as high as 26.96b MHz + .003 MHz - 26.96g MHz."The
LSB signal would extend down as low as 26.96b MHz _.003 MHz _
26.962 MHz. (3 KHz =.003 MHz for those of you who didn,t realize Iconverted to make the math easier.) The pLL clrcuits must therefore beable to offset themselves. slightly, mixing with the ott ". ."quiràà
signals during-ssB reception or transmissilon. In addition, the carrierosci l lator which provides the carr ier for alÌ  modes (AM, FM, SSB) mustalso be detuned or offset slightly for SSB, (*) o. (_) as appiopriate. Inthis,way the mixing process will produce the correct fr"qu".r"v f-
on-channel operation. The SSB offsàts are done very easily ty "*it"h-
ing in a small bit ofcapacitance or inductance whenever you change themode switch' (This same detuning idea is used otr aiu o. rirl rigJ trràlhave a front panel DELTA TUNÈ,control.)

- ò -
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A very sharp IF crystal filter is needed for SSB which will only pass one
of the two sidebands. This fiÌter is usually a large rectangular metal can
on the main PC board. The newer Uniden chassis has its filter actually
built on a small PC board which sticks up vertically from the main P(l
board. These filters are uery expensive because they use up to 8 quartz

crystals to get their sharp seÌectivity. Since you would need two ofthese
very expensive fiÌters, one for USB and one for LSB, it's much cheaper
to offset the PLL and carrier oscillators through the appropriate
switching rather than use two filters for two slightly different I I"
frequencies. In other words, a constant IF is maintained during SSll
use. The cost ofa few resistors, capacitors, transistors, or even a second
crystal osciÌ lator is only a fract ion of the cost of that second IF f i l ter '

The offset process will be very obvious as you study the SSB block
diagrams in Section II I ,  and is also the reason you wil l  see sl ightly
dif ferent VCO frequencies shown in the r ig's service manual charts.
The offset detuning in SSB is still not quite good enough during
reception, which is why SSB rigs must also have a front paneì control
cal led a "Clari f ier",  "Fine-Tune", "Voice Lock", etc. The more common
CB term is "slider" or "KC shifter". This circuit is nothing more than an
additional tuning inductance or capacitance wired in parallel with the
main USB,/LSB offset mixers. Think of it as an extra-fine-tune
adjustment to the offset mixing process. The range of most sliders is
factory-limited to about + 1 KHz from channel center, and only wor-ks
in the iìeceive mode. A very common modification is to "strap over" the
slider so that it will also shift during the Transmit mode' It's not only
very easy to do this, but also to increase the sìide range up to about + lr
KHz. (Detailed methods for doing this are described in our book, THFI
"SCREWDRIVER EXPERT'S" GUIDE.) Later vou' l l  see exactlv how
the offset SSB mixers and clarifiers are connected in the PLL circuit.

THE "()Dtl" BRITISH CHAI{I{ELS

Many peopìe have asked how the unusual U.K. CB channels affect Pl ' l '
operation. The channels are 27 .60125 MHz at Channel I up to 27 .9912;t
MHz at Channel 40, with standard 10 KHz channel spacings. The
answer is that the PLL i tself  has practical ly nothing to do with i t i

Surprised? A big fuss was made over the bel ief that when CB was
recently legalized in Britain, the rigs would need special PLL chips' As
it  happens, most r igs do have special chips but not because of the
unusual frequency assignment. I t  would have been just as easy to use
existing chips. The fact that U.K. Channel I is 27.60125 MHz rather
than a nice round number l ike 2?.600 MHz is easi ly accomplished in the
offset mixing process like that just described for SSB. This process ts
external to the PLL chip itself. A PLL is only intended to svnthesize or
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generate the channel spacings. The additional l.2S KHz above 27.600
MHz (or 3.5 KHz below 27.605 MHz if  you prefer) can be set by tuning
coils in the rig at the factory, or by you with an external slider controì.
f 'he new U.K. chips are identical to most of the latest American chips,
l i teral ly pin-for-pin the same functions. The onÌv dif ference is in the
chip's "N-Code" set and the l .2bKHz offset detuning of aì l  transceiver
stages shown in F' igure 3. (N-Codes wil l  be explained in great detai l
later.)

THE PLL F()R FM USE

The use of FM over AM or SSB is legal ly required in many countr ies.
Ironical ly i t 's now becoming popular in the U.S. where i t ls off icial ly
i l legal! Most of the very popular European r igs (Eg, Ham Internationai,
Major, Superstar) are simply the basic American chassis with extra
channels and FM already wired in. The most popular current American
manufacturers such as Cobra, Midland, president, and Coìt have
jumped at the chance to expand their markets by adding the same
circuits to their American chassis and exporting them abroaì. The pI_L
circuits of all these rigs are basically identical and the differences will
be pointed out as we progress. First though, let's see how the pLL is used
for FM operation.

During reception, the FM,zPLL circuit is identicaÌ to any other AM or
AM/SSB rig. The PLL is only needed to provide the chànnel spacing
and selection, and the IF injection frequencies. To receive FM, a Àpeciai
FM detector circuit is switched in. This circuit is typically a single lc
q1{ a few external parts having nothing at all to do with tt e pf,i. pn4,
AM, and SSB are alÌ  detected after the pLL has done i ts job on the RF
carrier bv IF mixing. (special PLL chips such as the NEb6 i are actually
used as FM detectors, but that's another subiect entirelv!)

FM transmission is where our PLL's f lexibi l i ty is used. The pLL circuit
uses a very sensit ive stage cal led a ,,Voìtage-Control led 

Osci l lator,,or"VCO". The smallest change in the DC control voltage to a VCO circuit
wi l l  make i t  change i ts frequency. For the moment, just think of FM
transmission as a means of adding this smaìl voltage fluctuation to the
VCO. The fluctuating voltage is taken from the mike amplifier circuit
and is uer-y smaìl compared to the amount of voltage that wouÌd shift
the rig to a completely different channel.

In addition this FM voltage is changing a t an audio rafe, riterarÌy rising
and_falling up to 3,000 times per second. (Assuming the audio islimitea
to the 3 KHz maximum typical of two-way radio systems.) The
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word" modulat ion " simply means changing something in proport ion to
somcth ing  e lse .  Ins tead o f  chang ing  the  RF càr r ià r  iou ter  in
proport ion to the mike audio as in AM,zSSB, the carr ier fr iquency is
being changed in proport ion to the mike audio. with FM t iansmission
we are simply taking advantage of the fact that the pLL's VCO is so
sensit ive.

A BASIC CRYSTAL SYNTHESIZER

' l 'o better understand what a pLL does, let 's f i rst compare i t  to the order
crystal-synthesized method of signal generation. This is easy to do i f
you think of the entire crystal or pLL synthesizer as a ,,black box,,
within a larger biack box, namely the whole radio. Figure 4 i l lustrates a
very common AM crystal synthesizer in biock diagram form. It uses 12
crystals to synthesize 28 channels. View the synthesizer within the
dotted.l ines as a single box rather than the three smaller blocks which
comprise i t .  In the next step we' l l  just replace the internal workings of
the big box with a PLL instead

In this arrangement there are two banks ofcrystals operating in the l4
MHz and Z'l Mlz range. Changing the channel simply "oi.,bi.,". u
different pair of crystals togethei. when each crystar u""t '" oscilrator
is combined in a mixer and passed through tuned circuits, the sum
frequencv-of approximately 88 MHz is cholen. This 3g rvr rr" sig"ai i"
sent to both a Transmit Mixer stage, and the First Recei.,". Mi*er"stage.
In the_Receiver Mixer, the incoming 27 MHz signal is combined with ihe
lÌ8 MHz signal from the synthesizer. The difference frequency in the 1l
MFIz range (88 MHz - 27 MHz = 11 MHz) is chosen thi;  t im; by tuned
circuits and bec'mes the f irst receiver IF. This 11 MHz IF is then passed
along to a second mixer where i t 's combined with the outo"l  f ;- ;
separate f 1.730 MHz crystal oscillator. The difference frÀquency is
chosen again; this dif ference is the standard 4bbKHzsecondìF *úich
is then detected and ampli f ied in the audio chain.

The transmit mixing is much simpler. The Bg MHz signal sent to the
Transmit Mixer from the synthesizer is mixed with a separate l l .27E
MHz Transmit Oscillator. The difference frequency if ZZ MH, i,
chosen, passed through tuned circuits, amplified and moduìated.

Here's a specif ic example: For U.S. ChanneÌ 1, 26.965 MHz, the Channel
Selector switch will connect crystals of ZZ.2}O MHz and 14.9b0 MHz.
]f 9se t_w9 signals mix to produce a signal of 23.290 MH z + 14.}E}MHz _
38.240 MHz. In the Transmit Mixer, this 8g.240 MHz signal will mix
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witlr the 71.275 MHz Transmit Oscilìator, producing a difference of'
26.965 MHz which is the correct on-channel frequency. (38.240 MHz
-11, .27 5 MHz - 26.965 MHz.) Notice that the transmitted sign al is only
converted once in frequency, and this will also be true for PLL circuits.
However the receiver, being AM, uses dual-conversion for best
performance. So i ts signal is converted down once more. The incoming
signal nf 26.965 MHz first mixes with the 38.240 MHz synthesizer
signal, the difference is chosen, and the result is the first lF of ll.27l:
MHz. ( i18.240 MHz - 26.965 MHz - 11.275 MHz.) When this f irst IF is
then rnixed with the separate 11.730 MHz Receiver Osci l lator, the result
is 4r-r l-r  KI{2. (11.730 MHz - 11.275MHz = 45b KHz.)

Earl ier I  mentioned that PLLs use IF frequencies that are usually
10.Éi95 MHz and 455 KHz partÌy because a lot of exist ing tuning coi ls
were avai lable. In this exampìe the f irst IF is obviousÌy 11.275 MHz but
in fact the tuning coi ls are st i Ì l  the same as they would have been for
10.695 MHz; these coi ls can cover a wide frequency range. I ìemember
this when examining specific PLL circuits because you may find that
the math for the IF's doesn't compute exactly; if the IF appears to be
sl ightÌy dif ferent from that calculated or shown on the circuit  diagram.
it 's because these tuning coi ls are often detuned sl ightÌy to pass the
c0rrect frequency.

EQUIVALENT PLL SYI{THESIZER

Now let 's substi tute a new "box" for that ofthe crystal synthesizer. 1'he
internal workings of the box i tself  wi l ì  be saved for Ìater. For the
moment, just picture i t  as a total unit  and you' l l  understand i t  more
easi ly. F' igure 5 shows a circuit  which is almost identicaÌ to the crvstal
synthesizer of Figure 4. Alt  the mixers and conversions are the same.'l'he PLL synthesizer simply produces an exact signal in the 37 MHz
range, depending upon the sett ing ofthe Channel Selector switch. f .his
signal goes off in two direct ions again, to theTransmit Mixer and First
Receiver Mixer.

L)uring Transmit,  this 37 MHz PLL output is mixed with a sign:r l
coming from a separate 10.695 MHz crystal osci l lator circuit .  ' l 'he
mixture passes through tuned circuits which select the difTerence
frequency in the 27 MHz range and is the actual on-channel frequencv,
similar to the previous example.

l)uring Receive, the 37 MHz signal from the pLL mixes with the
- t 4 -
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incoming 27 M}Jz signal to produce the first or high IF, which in this
case is 10.695 MHz. This signal then passes to the Second Receiver
Mixer. In this stage, a very clever extra use is made of the PLL box. It so
happens that almost all PLLs require a "reference oscillator" circuit of
I0.24OMHz to operate. By borrowing a bit of that 10.240M}Jz energy
and sending it up to the Second Receiver Mixer, guess what happens?
Here's the math: 10.695 MHz - t0.240 MHz = 455 KHzr. Once again,
we've managed to make a dual-conversion receiver. and with standard
tuning circuits.

Notice a small but subtle difference in my labeling on the right-hand
side of Figures 4 and 5. In the crystal synthesizer, the second receiver
mixer output says "455 KHz to AM Detector" while in the pLL
synthesizer it says, "455 KH zto AM or FM Detector. Why not FM for the
crystal version? Disregard the fact that FM CB is not tegal in the U.S.
and that CB had not yet been discovered in the rest ofthe world where it
often is legal. The reason is purely technical. It's very difficult to
frequency-modulate a crystal oscillator for 27 MHz use; the crystals
can't be "pulled" far enough away from their cut frequencies for proper
FM deviation to occur. Commercial two-way FM radios that operate in
the VHF or UHF bands can be easily crystal-controlled because the
crystal is multiplied up many times in frequency for final operation.
When such a signal is multiplied up, any change in the controlling
crystal frequency will also be multiplied by the same amount. With th;
PLL, we use a VCO circuit that's very sensitive, and can easily generate
FM where a crystal-synthesized rig could not.

ELEMEl{TS f)F THE PLL SYSTEM

Time now to look inside the mysterious "black box"; I can,t avoid it any
longer! If you're with me so far you'll have little trouble. The description
will be very basic here, getting more specific as we progress.

Trying to describe PLL operation is a little like the situation of giving
somebody a very small gift wrapped up in a very large box. There's a
box within a box within a box, all covered with wrapping paper. So far
we've only looked at the wrapping; time to see what's inside! Part of the
problem lies in the name, Phase -Locked,-Loop. There's no real be-
ginning to a loop or circle, so it's possible to jump in anywhere. Once you
understand what each main PLL element does, you can pick the
starting point that you prefer.

Figure 6 shows the basic elements of any PLL system. Arrows show the
direction of signal flow. It's obvious that the signal goes around in one
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l. Reference Oscilìator & Divider:
2. programmableDivider:
3. phase Detector;
4. Loop or Low_pass Fi l ter:
b. Voltage_Control led Osci l lator(VCO)

REFERENCE ()SCILLAT(]F & DIVIOER

This circuit connects to the, outside_ world through an ordinary crystaloscilìator. The very newest chips have i"t"r"li "."il"i"i. irr"ì"""iithat's.needed is the crystal itseif a;; , i"* "ó""itors. However themajority of chips in current use still need a' u"tuur t...rristor oscillatorcircuit with th"^"Iyit-"1:Jhl.. os"ilf ator op"rrìJ.if_.rt,rniversally at atrequency of I0.240 MH_r, !S_ felyerv oìd dusigns used other órhl;such as E.l2 MHz or 10 MHz.) Tho ;"u;;;l;il"",r." with ,,digiral,,
eÌectronic circuits, i t 's verv easv to divide r. ignàl orro.zaó nrui frv t i"number "1,024". If this is don", itru .urulii. u.,?ulput r.om the divider of10 KHz, (1,0.240 MHz -.- \0?4 = 10 KHzf;hich lrr"t t .pp".r" to be therequired channeÌ spacing for most of ti" ;;;ii'. cg "é."i""r. so-"_times a few channers skip around bv 2o o.3o KiL but this is accountedfor in the next section, tÉe p.ogrrmm;;I" ó;;;..

j^Xa-id disital techniques were used with pLLs. .I.his word ,.digital,,
relers to any electronic circuit tlat can only recognize one of two
91"1i_f:! states, which are typicalty calted ,,/and ,,O,,, ,,HIGH,, and"Low", or "oN', and ,,or.F". Tú"[; i ;  aìgiiàr a",, i"" as simply aswitch, such as the ON/OFF,*it"f, or, À!,ì;: il" electronic oppositeof digital is. "analog',, 

which is , "ir";;l t'h;; ".., "rru.rg" its valuescontinuously from each-possible "*i."-" ,"a theoretically has
h::ff;"d" 

of possible values. Th" tóiúùd^"o.,tror is an analog

Many- of the most recent chips actually use the I0.240 MHzreferencesrgnaì^todivide down bv 2,0ía,givingà aì"ij", ""tp"t of b KHz ratherthan l0 KHz. And some chips "ur, ,"tit "iihà" a-r"i"io" ,"tio. The 5 KHzsteps make certain PLL function" u""i". ìo à"co-pfi"fr, as we,ll seelater.

big.circle-or loop. The order I,ve chosen to describe each element is onewhich I think is the easiest to understand. ifrà-_u:o, building blocksare:
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'fhe purpose of the Reference Divider is to provide a very stab.lt,
r 'omparison signal against which al l  other signals wil l  be synthesized.
It's obvious that if the 10.240 MHz signal is not exactly on frequency,
none of the other PLL signals wil l  be either. So al l  PLL circuits have
some way to trim their outputs to the correct frequency. The majority oi'
PLLs use a small  value tr imming capacitor or coi l  in the reference
crystal circuit, although a few PLLs make the adjustments later in the
loop.

PRf)GRAMMABLE DIVIOER

' f  his is reaÌly the heart of the PLL synthesizer, and a common source of
frequency modifications and expansions in most older chips. Iìy
connection to the outside world at the Channel Selector switch, a
command is made to divide down whatever signal i t 's receiving from
the VCO by a precise number. This number is generated using digital
techniques and is cal led an "N-Code", "-:  N", or "Divide-By-N"

number. The N-Code is a number based upon the digital or "binary"

number system rather than the common decimal system used b5'
people. The word "binary" refers to a pair of two things and it was
already pointed out that a digital circuit can only recognize two states.

Each position of the Channel Selector switch changes the N-Code
sl ightly by connecting either a posit ive DC voltage ("1") or ground
("O") to the appropriate IC pins on the PLL's Programmable Divider
circuit. There are typically 6 to 10 pins on the chip devoted to the
programming function. On the cover of this book is a chip's Block
Diagram showing "P," to "Pu"; the "P" stands for "Program". The
programming pins are called "bits" and the total number of pro-
gramming pins or bits has a direct relation to the number of possible
channels which can be synthesized. Many times a special type of N-
Code cal led "Binary-Coded-Decimal" or "BCD" is used instead of the
ordinary binary code. This is partly because there's a lot of electronic:
support hardwàre around using BCD inputs, such as keyboard controls
and [,ED number displays. It's also because when used with the verv
newest chips, BCD programming helps make modifications almost
impossible.

PHASE OETECTflR

This circuit is the decision-maker in the PLL. It receives two signals
from both the Reference Divider and Programmable Divider and
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compares them, Ìooking for an exact match in the divided-down
frequencies. The Reference Divider will usualÌy be exactly 10 KHz or
5 KHz. (10.240 MHz -. I ,024 ot 2,048.) However the input from the
Programmable Divider may not necessar y be these exacf frequencies,
in which case an error exists. The phase I)etector is intended to sense
this error and do something about i t .  when inputs to the phase Detector
are not matched, the loop is said to be,,unlocked',  or,,searching.,,The
Phase Detector must bring the loop into lock by an appropriate output
command to the VCO. This command is in the form ola vàry small  bC
correction voÌtage, 1+1 or (-) as required. Most phase deteciors have a
second output calìed a "Lock Detector". I f  a great error exists between
the compared signals that can't  be correcteà in the normal way, the
Lock Detector switches to its opposite Ìogic state. For exampÌe, ii the
Lock Detector is normally at a logic , , t ' ,  oi  hign DC voÌtage, Àe out_of_
lock condit ion wil l  cause i t  to switch over to the "o" or gróunded state.
This change is sensed by an externar switching circui i  that 's usua y
wired to turn off the transmitter (and sometiÀes even the receiveri.
preventing off-frequency or unstable operation. How far the loop cal
vary within its normal lock-up frequencies is called its ,,capture ra^nge.,,

L()f)P {)R LOW-PASS FILTER

This circuit  immediately fol lows the phase Detector, and is designed to
smooth out the digital waveform entering the VCo circuit. Because the
Phase, Detector is sampling and compaiing inputs at a digitaÌ rate,
literally millions of times per second, thàre will always be high_
intensity "spikes" c.ming out of it. It's impossibre for any erectricaior
mechanical device to switch on and off initantaneouslyj you can,t go
from zero to some higher value just like that. (No doubt yóu',re seen yolr
house lamps dim slightly when a Ìarge motor like an air-conditioning
compressor suddenly switched on; it took time for things to equalize.) IÌ
these spikes were allowed to pass on to the VCO, they could-cause íhe
osci l lator 's frequency to " j i t ter" around unstabÌy. The spikes are of a
hìgher frequency than the normal digital pulsel and thàt,s why this
element is often called a Low pass F tér. It sìops high frequencieJ from
passing through i t .  This is exactly the same idea asthe Low pass f i l ter
used on the back of a r ig which prevents high frequency harmonics
from causing TVI.

The.T.oop. Fi l ter may be a circuit  as simple as a capacitor/resistor
combination at the output ofthe Phase f)etèctor, or it can take the form
ofan actuaÌ "active filter" inside the chip itseÌf. The active filter is now
more common as engineers figured out how to cram more and more
functions int. the chip structure itself. This simplifies design (and cost!)
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by reducing the number ofexternal circuit parts needed. The Loop Filter
is sometimes called a "Charge Pump" because its input capacitor
charges up to help keep the output waveform very pure.

v0LTAGE.C0t{TR0LLE0 0SCtLLAT0n fVC0l

The VCO is a very interesting circuit that has many uses in electronics
besides CB radios, such as the Automatic Fine Tuning (AFT) in a TV or
stereo receiver. The VCO is an oscillator whose frequency is determined
not by the usual coils, capacitors, or quartz crystals, but rather by a
special device called a "varactor" or "varicap" diode. It's extremely
sensitive to the slightest change in DC voltage applied across it. As the
voltage increases, the diode's internal capacitance decreases, changing
the VCO's frequency. Increasing the voltage can make the frequency go
up or down depending upon how the varactor is wired in the circuit, and
both methods have been used in CB VCOs. The output of the Phase
Detector looks exactìy like a "staircase" of DC voltage levels when
going through the range ofchannels, and the tiniest step up or down
wili shift the VCO to the next channel. If you measured this voltage at
the chip with a voìtmeter, you'd find a change as small as .05 volts DC
will shift an entire 10 KHz over to the next channel!

Because the VCO is so sensitive to voltage changes, we can make very
good use of this fact for FM transmission, SSB slider circuits, and
Deìta-Tune controls on AM,zFM rigs. If you study the schematic
diagram of such a rig, you'll always find an extra varactor diode
somewhere in addition to the one used in the VCO itseÌf. Figure Z shows
this general idea. For the SSB slider or Delta Tune, a control on the rig's
front panel is used to change a DC voÌtage across a varactor diode; this
in turn changes the varactor's capacitance slightty and therefore the
frequency too. (A much more detaiÌed explanation of slider circuits and
specific popular chassis modifications can be found in THE "SCREW-
DRIVER EXPI]RT'S" GUIDE.)

For FM transmission, some of the audio from the mike ampli f ier circuit
is sampled off to be used as a control voltage. This voltage, which
remember is changing at an audio rate,ís applied to another varactor in
the VCO or Mixer stage at a sensitive place. The result is FM rather
than AM or SSB.

Continuing around the loop, you'll see that the VCO's output is fed right
back into the Programmable Divider and then to the phase Detector.
The Phase Detector then decides whether or not a 10 KHz (b KHz) match

- 2 1  -
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exists between the Reference Divider and the Programmable Divider. If
so, the loop is ìocked on frequency. Ifnot, the Phase Detector senses this
difference and outputs a DC correction voltage to the VCO. This drives
the VCO up or down slightly in frequency untiì an exact match is found
and the loop locks. This entire PLL process can be compared to a
self-correcting mechanical servo system for those of you who are
mechanicalìy inclined. Although it may take many comparison cycìes
before an exact match is found, the entire process happens in the wink
of an eye!

You real ly begin to appreciate the accuracy ofany PLL system when
you can compare it to the older crystal-synthesized rigs. For examplt:,
using an 8-digit Frequency Counter, I compared the carrier frequencv
accuracy of both types. Where the crystal rig might indicate say,
26.965316 MHz on Channel 1 and 26.975124MH2 on Channel 2, the
Pt,L rig will typically show something like 26.965004 MHz on Channel
1,26.975004 MHz on Channel 2, and.27.405004 MHz on Channel 40. In
other words, the PLL is accurate all the way down to the last decimal
place!

We've now come full circle around the loop and hopefully you're still
there. It's now necessary to complicate things a bit more because
certain other PLL circuit functions must be explained to complete your
basic understanding.

THE Lflf)P MIXER f)R O(]WII Cf]I{VERIEF

The need for Intermediate Frequencies and SSB offset mixing has been
expìained. You've also seen how the very sensitive VCO circuit can
change the carrier frequency, slide an SSB clarifier, and generate FM
transmission. However there's still one more basic mixing process
required in the majority of rigs that use the older chip technology. While
this process complicates the circuitry, it also makes modifications a lor"
easier!

The extra mixing circuit is caÌled the "Loop Mixer", "Down Mixer", or
"Down Converter". Figure 8 shows its addition to the basic PLL circuit.
Notice that except for the addition of this extra mixer, the PLL circuit is
identical to that of Figure 6 on Page 17. A separate crystal-controlÌed
oscillator provides the extra mixing signal, and may be used directly or
multiplied up to get it close to the VCO frequency

& TX Mixers
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The reason many older Pl,Ls require this extra mixing process is that
they were not able to directìy divide down the incoming VCO signal trr
the Programmable Divider. Most common VCOs run in the 16 MHz or
37 MHz range, and a frequency this high was impossible for older
digital dividers to handle; they just weren't  fast enough. Nowadays the
newest "CMOS" PLL chips have been improved to the point where thel '
are able to divide down a signaì as fast as 20 MHz. Such chips are
typical ly found only in AM or FM dual conversion r igs. You' l Ì
eventually learn to hate this particular technologicaì improvement,
because the Down Mixer stage was one of those perfect spots to modifv
the rig's frequencies by injecting a different mixer signal with another
crystal.

For SSB use, the f)own Mixer is again offset sÌ ightìy in frequency, as
seen in Figure 9. When you switch to LSB or USB, separate coils and/or
capacitors are placed in the circuit  whose values wil l  detune the main
loop oscillator by the correct amount. 'l-he offset circuits are typicaiÌy
switched in by diodes or transistors, and may have f ixed values or
factory-adjusted trimmers. In most rigs the varactor circuit which
slides the Clarifier is also connected here. However there is one current
SSB chassis (with uPD2824 chip) where the 10.240 MHz crystal
connects to the Clari f ier but a separate osci l lator crystal is the one
offset for the carrier itself. (Flg, Cobra 146GTL, President AR-141,
Realist ic TRC451, Sears 6611.i1810.)

The Loop Mixer usualìy takes a signal generated from some other
osci l lator and mixes i t  with the VCO signal. Tuned circuits then pass
only the difference frequency on into the Programmable Divider. This
dif ference frequency is low enough to be handled by the older type of '
chip dividers, and is general ly in the 910 KHz to 4 MHz range.

The crystal-control led osciì lator signal that 's injected into the Dowrr
Mixer can come from several possibÌe sources. The most obvious is an
actual crystal osci l lator using a transistor, and this is st i l l  the most
common method. In many cases, this crystal frequency must be
multiplied up by tuned circuits to get it close to the operating range of
the VCO. The most common mult ipl icat ion is by a tuned coi l  designed
to double or tr iple the crystal frequency, although higher mult i '
pl icat ions have been observed in some rigs.

THE 5.12 MHz L00P MIXING 0UTPUT

In many newer chips, there's a provision r ight on the chip i tself  for a
signal that can be used for loop dorvn-mixing. This signal is typicalÌ5,
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half the 10.240 MHz Reference Oscillator frequency, or 5.12 MHz. The
5.l2MHz signal comes off a pin r ight on the IC chip; i t 's already been
amplified and buffered internally. The 5.12 MHz signal is normallv
tr ipled to 15.360 MHz (5.12 MHz x 3) by a tuned coi l ,  which pÌaces i t  verv
close to a VCO running in the 16-17 M}Jzrange.In a few Motorola rigs
using the TC9105 chip, the VCO is running in the 37 MHz range, so the
5. 12 M Hz is multiplied up by 7 times to get it near this frequency. And in
another very common arrangement, the 10.240 MHz master oscillator
i tself  can be doubled. Borrowing this 10.240 MHz energy is a simple wav
to provide not only receiver IF injection as we saw earlier, but can als<r
be used to run the loop mixer itself.

CURREI{T TECHNICAL TRENOS

Loop mixing is one easy place for frequency modif icat ions. Un-
fortunately the newest chips (Eg, LC7737, LC7136, TCg109, TC9119)
which are used for dual-conversion AM or FM rigs have no loop mixing
because they are capable of direct VCO division in their Programmabltr
Dividers. In addition they use special programming tricks to furthcr
prevent modifications. If you own a rig with one of these chips, you're
out of luck at the moment. There are however still millions of rigs out
there using Ìoop mixers. Many are obsolete now but the most notable
exceptions are the PLLO2A, MB8719, and uPD858 chassis, which arc
the most popular r igs in worldwide use, for obvious reasons! The ANI
versions of these rigs have generally disappeared because the newer
chips are more fooìproof. But the SSB versions are very common antl
still being marketed almost everywhere. That's because SSB usualll'
requires loop mixing at this point in PLL technoÌogy, and detai ls ol
common modifications can be found later in this book.

SPECIAL CHIP FUtICTIl)t{S

There are severaÌ more options which may be found on PLL chips' Most
deal with resistance to illegal modifications, ease of circuit design, ancl
operator convenience features. I'll briefly summarize some of these here
because you'ìl need to understand them whenever you're studying thtr
pin diagram of a particular chip.

THE TRANSMIT/BECEIVE fTlRI SHIFT

This is a function found only in the very latest generation of chips
- 2 7  -



designed mostly for AM or FM with dual-conversion receivers.
Examples are the LC7l20,LC7t30/31, LC7186/57, TC9106, TC9109,
TC9119, uPD2814, and uPD2816. A special IC pin shif ts the N-Code to
the Programmable Divider when that pin goes to its opposite logic
state.
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For exampìe, the chip may have one set of N-Codes when the T,zR pin is
grounded ("O") and a dif ferent set of N-Codes when the T/R pin ishigh
with +DC voltage applied (" 1").  You' l t  f ind the chips with this feature in
any r ig having only a single 10.240 MHz Reference Osci l lator crvstal.

Because there is no other signaì present in the loop that can be used for
mixing, receiver IF inject ion, etc.,  i t 's necessary for the chip i tself  to
generate the 455 KHz shif t  used for the receiver's second IF stage. The
T,/R pin is connected through transistor switching circuits to the mike
and senses the T/R change. When this change happens, the output of
the Programmable Divider entering the Phase Detector is of course no
longer matching the Reference Divider's output. The phase Detector
then outputs i ts correction voltage to the VCO , driving i t  up or down to
lock the loop. General iy the VCO is driven 4b5 KHz higher in the
Transmit mode.

Chips with the T,uR shift are rarely used with multimode rigs having
SSB, because SSB doesn't require the second 4b5 KHz receiver IF
conversion. One exception at the moment is the U.S. versions of the
Midland 6001/7001. They use the uPD2816 chip, which has a T/R pin,
but the pin is not connected; instead a separate crvstal downmixer
osci l lator is used, which makes modif icàt ion easy again. So i t 's
possibìe, depending upon àou the chip is used, to modify rigs that are
generally non-modifiable. (Later versions of the 600I/7001 use the
uPD2824, which is pin-for-pin identical to the uPD2816 minus the T,zR
pin function.)

The T,zR families of chips are among those first mentioned using an
internal 5 KHz Reference Divider output signal rather than f0 KHz.
The standard 10.240 MHz crystal is used, but this time it's divided down
by 2,048. (10.240 MHz = 2,048 - 5KHz.) This is necessary because it's
easy to get the 455 KHz shift; by increasing the N-Code g1 counts from
the Receive N-Codes, the resuìt is 91 x bKHz - 41bKHz. Some chips shift
5 KHz/2.5 KHz for T,/R purposes. (Eg, PLL08A, PLL03A, TC9109.)

- 2 8 -
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I've observed two other variations of the T/R shift idea. In the U.S. rigs
with the TC9109 chip, the N-code shif ts up by 2,139 counts in the
Transmit mode while at the same time the Reference Divider shifts
from 5 KHz steps to 2.5KHz steps. This drives the VCO down from the
16 MHz range used in the Receive mode to the 13 MHz range, where i t 's
doubled to produce the direct on-channel frequency. In the LC7136/37
U.K. rigs, the Reference Divider never changes its 5 KHz steps, but
instead simply shifts down by enough counts to drive the VCO from its
16 Mhz Receive range to the 13 MHz range where it's then doubled in the
same way to produce the direct on-channel 27 MHz frequency. Both
designs use an IC mixer where the various VCO outputs can either be
peaked (16 MHz Receive mode) or doubled (27 MHz Transmit mode) by
tuned coils. The PLLO3A (now obsolete) worked on this same idea but
\ì/as way ahead of its time; when people discovered the rig couldn't be
modified, sales of that chassis disappeared. The chip appeared long
before the FCC made manufacturers use such advanced ideas!

MISPRÍ)GRAM Cf)llE fMCI PII{

Many of the newer chips have special N-Code protection to prevent
illegal modifications. If you try to force an illegal program code on the
program pins with non-acceptable voltages and grounds, this pin
function is activated. It's very similar to the Lock Detector in that it can
be used to turn off the transmitter unless a legal program code exists. So
once again, some ofthe extra "features" in the newer PLLS are for the
benefit of the manufacturer and the ìicensing government, not for you:

FREOUETICY SELECT IFSI PItI

This pin, avai lable in some older chips, al lows selection of 10 KHz or 5
KHz Reference Divider steps. The division is chosen by the appropriate
"1" or "O" on this pin. Don't confuse this function with the need for the
5 Khz division used with the T,zR shift; it's not for the same purpose. The
feature when used in the new ROM chips allows designers to synthesize
frequencies in 5 KHz offsets for SSB use in addition to AM/FM use.
Remember, the earlier chips were applied to CB synthesizers ond many
other kinds of equipment such as VHF marine radios, aircraft radios,
and signal generators. It was only when people went wild with CB
modifications that manufacturers were forced to make snecial "dedicated"

ICs for CB synthesizers only.

-29 -



Before you get all excited and think you can turn your rig into one
having 5 KHz channeìs by changing the voltag" or, thi, pin, consider
the fact that the N-Code programming must aÉo change to produce b
KHz steps in the Program mabÌe Divider circuit as well. it can-,t be done
easily! This pin for cB circuits will either be left unconnected on the
printed circuit board, or connected to grouncl or +DC as necded to
produce 10 KHz channel spacings. (NOTE: Frequency Expanrìers l ike
the MICROMONITOR and MICROSCAN haveiheir òwn pLL circuits
which wil l  replace the r ig's PI�L circuits, and that 's why they can
produce continuous 5 KHz steps.)

AUTf]MATIC CH.g/CH. I 9 C()MMAIIIl

This is a special feature found oniy in the very Ìatest chips, l ike the
LC7I30/31 for American r igs, LC7t3b for 22-channeÌ EEÒ rigs, and
LC7136/37 for Bri t ish r igs. By applying a +DC voltage to thàsé two
special pins, channel g or channel 1g is automaticalÌy recal led without
changing the ChanneÌ SeÌector. you can just push a button, or the pins
can be connected to a scanning circuit  to Àtop on these channels whln a
signal is present. In addition they're "or,.r""t"d internaly to the MIS-
PROGRAM CODE pin. I f  the MC pin is not used, as in some chassis
variations, attempts to force an illegal program code will cause either
Ch.9 or Ch.t9 to be recal led instead of Hl l i"g the transmitter. When
these features are included in the rig model, tÉe MC pin will be tied to
the Lock Detector pin to ki l l  the transmitter. I f  these features are not
included in your r ig model but you,d Ì ike to have them, i t ,s a simple
matter of f i t t ing a SPDT switch between these pins and a +DC voltage
source. (See Figure 12,Page 47.)

SCAI{I{I t{G IIITERFACE

Certain chips such as the LC?120 and those just mentioned can be
connected to special scanning chips to scan up and down the legal
band, search for an unused channel, etc. These àre useful features Ìor
some people and are often found in rigs having all controls in the mike
1nd,!h9 main radio "guts" remotely hidden elsewhere in the car. (Eg,
Realist ic TRC462 "One-Hander".) The advantages and disadvantages
should be obvious bv now.

i-
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Now^we're ready to get to the. g_ood part you've proba bly al l  been wait ingfor i  Severa l  ways  to . . t r i ck " -CB, ig "  i " to  c ; i ì ; ;  those h igh  and low"fu11V" 
-channels, as well as l0 Meter 

-FIu- ""o.,u..srons, 
will beexplained in this section.

There are st i l Ì  two basic. methods of changing f requencies in themajority of CBs. At this writing, th" fooìp;;;ì;".ig.,. Ìru'u.rot exactl.yflooded the market. esnecially ió. SSe ;", ;Jìi".utor" mosr rigs canbe modified using these tricks. These t.i"-k. ;;;;"'
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1 . Clange the Programming N-Code on the pLL chio,sp l  ns ;
Change the Loop Mixer signal.

I t 's not the purpose of this book to teach the basics of. al igningtransmitters and receivers, so if ;lou,re p_lanning a large il;;;;corversion such._as up into the 10 Meter Ham band, reai ignment ofother circuits will also be required. A schematic circuit diagram of therig is essential.  However for adding """ ". ì i"  iadit ional 40-channelsegments to most r ies. the orly al ignment usually requirJ i ; l ; - ; i r ;PLL's tuning circuits themser"es. rh"is parl i"-i"rlrp to vou to figure outwith the aid of the circuit schemuti" .;;;;;;1ìperienced friend.

Before getting more specific, I think it,s important to describe an actualPLI-. circuit to make Àur" you understand it.-""-pf *" operation. Let,swalk through the complete circuit, .tup tt;1;. 
"'

A TYPICAL SYI{THESIZER CIRCUIT

Refer to Figure 10 on page 84, which is the pLL circuit ofperhaps themost popular AM PLL r ig ever made. I t 's r""" "ora under dozens ofbrand names and uses..ihe """r_pof"iu.ilibza pLL chip. TheAMISSB or AM.zFM,zSSB "a.iatiois?tiri, ll'r"rs are very similarwhen you consider the -minor "hr;;;; """a"Jr". SSB offsets andsliders and FMing the VC_O ci.""it. io-Jif uì.riJ.eferring to Chart 1 onpage 35, which is a breakdown of all the iÀportl.,t op"ruti.rg conditionsby channel number. Such a chart is;;;;i;;;uded with the radio,sservice manual but certain facts not ."iàì"J-ai*"ily to 4O-channeloperation are often left out. I,ll be fiiling i" tfr" _i."i"é bla"ks f;;;;;.
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A PLL circuit may be categorized very generally by the number of
crystals it uses and by whether its VCO is running for low-side or
high-side receiver IF inject ion. This example is actual ly the second
generation PLLO2A AM circuit; the first one used a 3-crystal loop and
can be found in Section III. The newest chips use a singÌe 10.240 MHz
crystal and low-side VCO operation in the 16-17 MHz range where the
VCO can be directly divided without a loop Down Mixer.

The key to synthesizing aÌÌ the required frequencies is in the Program-
m able Divider, which is the only PLL section that you can control from
the outside world at the Channel Selector switch. That switch is where
the  whoìe  l l r r ) (  ess  ì reg ins .

Suppose you choose tJ.S. ChanneÌ 1, 26.965 MHz. (This descript ion
appÌies to al l  circuits and chips.) In the Channel I  posit ion, the
Programmable Dividel receives a very specific set of instructions at its
programmi ng pins, which are directly connected to the Channeì
Selector. This part icular instruct ion set, cal led an "N-Code", appÌies
only to Channel 1 and is nothing more than a number which wil l  divide
down any signal appearing at the Programmable Divider input by that
nu mber.

BII{ARY PR(]GBAMMING

Referr ing now to Chart 1, you see the N-Code for ChanneÌ 1 is the
number "330" and the numbers progress down to "286" at Channel 40.
The number 330 is the direct result of applying a +DC voltage of
typicalÌy 4-8 volts to certain PLL program pins whiìe grounding certain
other pins at the same t ime. Recall  that the PLL requires a digital or
binary counting system rather than the common decimal system used
by people.

In a binary number system, each successive programming pin or "bit"

is worth exactly twice (or half) that of the pin next to it, such as 1, 2, 4, 8,
16, etc. A series of " 1s" and "Os" appears in the chart for each of the 40
ch annels. The " 1" means +DC is applied to that pin, and the "0" means
that particular pin is grounded. The greater the "Power-of-2" controlled
by a pin, the greater its "significance". As you'll see next the greatest
Power-of-2 for this example is 256 on Pin 7. Therefore Pin 7 is called the
"Most Significant Bit" (MSB) and the "Least Significant Bit" (LSB) is
Pin 15, which only has a weight of 1. A chart like Chart 1 that shows the
logic states ("1" or "0") ofeach PLL program pin for each channel is

- 3 3 -
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CHART
C i r c u i t  C o n s t a n t s  &  T r u t h  C h a r l  F o r  S a m p l e

1
PLL Synthesizer  Descr ibed in  Text

Chan fe l  Channe l
No  J req  l l vHz l

'N"  d iq  ta l  vco  l req
codes (MHz)

l C  P r o q r a m  P r n  s
R x  l s l
lF  f req
{ [,4 Hz )

l
2
3
4
5

8
9

1 0
t l
1 2
1 3
l 4
r 5
t 6
1 l
1 8
1 9
20
21
22
23
24
25
26
27
28
29
30
3 1
32
33
34
35
36
37
38
39

26 965
26 9 /5
26 985
27 005
27 415
21 425
27 035
27 055
27 065
27 475
27 085
2t 105
2t- 1i5
27 125
27 135
27.155
21 165
27 175
27 185
27 245
27.215
27 225
21 255
21 235
27 245
27 265
27 215
21 285
27 295
27 305
27 315
27 325
27.335
21 345
27 355
27 365
21.315
27.385
27 395

330
329
328
326
325
324
323
321
320
3 1 9
3 1 8
3 1 6
3 1 5
3 1 4
3 1 3
3 1 1
3 1 0
309
308
306
305
304
301
303
302
300
299
298
291
296
295
294
293
292
291
290
289
288
287

1 7 . 1 8
1 7  1 9
1 7  2 0
1 l  2 2
1 /  2 3
1 7  2 4
t 7  2 5
1 i  2 t -

t 7  2 9
1 7  3 0

17 34

1 7  3 7
1 7  3 8
17 39
17 40
11 42
1 i  43
17 44
1 1  4 7
r7  45
r7  46
17.48
17 49
17 50

17 52

17 54
17 55
17 56

r7  58
17.59
17 60
1 7  6 1

37 66
37 67
37 0B
3/  70
3 t  ì 1
3l i2
3 /  73
3 i  Ì5
37 76
3 Ì 1 1
37 78
37 80
3 7 B t
37 82
37 83
37 85
37 86
37 87
37 88
37 S0
37.91
3i 92
37 95
37 93
37 94
37.96
37 97
37 98
37 99
38 00
38 01
38 02
38 03
38 04
38 05
38 06
38 07
38 08
38 09

0
l
0
0
l
u
I
1
0
I

0
l
0
1
1
0
1
0
IJ
l
0
1

I

0
l
I
0
0
l
0
0
0

1 l
0 l
0 0
l 1
0 l
I O
0 0
l 1
0 l
I U
0 0
1 l
0 l
t 0
0 0
l l

0
0
U
0
1

U
0
i-l

0

U
0
0
l

N O T E S :  1 )  H I G H  L e v e l  ( ' 1 " \  =  4 . 5  t o  5 . 5  V D C ;  L O W  L e v e l  ( " 0 " )  G N D .
2 )  P i n s  7  &  8  p e r m a n e n t l y  w i r e d  H I G H  &  L O W  r e s p e c t i v e l y  f o r  a l l  4 0  c h a n n e l s

and are of ten not  even shown in the TBUTH CHABT.
3 )  A u s t r a l i a n  1 8  C h a n n e l  r i g f r e q u e n c i e s  a r e  U . S .  C h a n n e l  5 Î o  U . S .  C h a n n e l 2 2

l
0
0
I
U
0
1
0
0
l
l
U
l

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

0
0
0
0
0
0
0

ó
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

ó
0
0
0
0
0
0

ó
0
0
0
0
0
0
0

0
0
0
0
0
U
0

0
0
0
0
0
0
0

=

ió .'i

< =

Ò a

=  = =
è  l o
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called a "Truth 
Chart".

How exactìy was the numbcr ,,880,, 
decided? Chart 2 shows the truthstates for Channel I  only. Above;."h ; j i ;o;".u_ or.,  are numbersl 've label led .,POWERS 

OF 2,,,  such as t,  2, +, g , ip to ZSO because this is
:àT?i" *"": ;, iHy,ir' :.îl :;;;i:' É; ;"d ;í" * " p th " * ui gh r- oi
rermined.rîr,"1.ò;ii"."11":fl";;,L;l;"xr,r,"""iì;.,i,.",Irî:,r;;i,1:
256 + 64 * 8 + 2 - 3J0. Fieure r l"h;;; 't i l ; ";íri '#r,u"" ".*itching. Try
lî:"iff}" :[i#il"Í^"' "r'"'""r""vJ'..irr, r"",, be using rh is

channer 1 Binary proeram.,"n ""f  l , t Î lo;o ^, synthesizer Described in rexr
= N 330:  2S6,s b i t  +  64,s b i t  *  8 ,s  b i t  +  2,s  b i t  =  330

POWERS OF 2

P L L  P R O G R A M
P I N  N U M B E R

2 8 t o 32 64 128 256

t 3 1 4 1 3 1 2 1 1 1 0 9 I 7
IRUTH STAIE,
C H A N N E L  1 0 1 0 '|

0 0 1 0 1

"1 "  .  +4 -B  VDC;  , ' 0 , ,  =  0  vDC o r  c round .

Notice from Chart I and Figure 1l.that the logic srates of pins Z and gnever change at all for 
?"y,of th" 40 ;ir;;;;is. Instead they arepermanently hard-wired to-the chassis """'fr^ tfr.t pin Z is alwaysconnected to +DC voltage (,,r,,) ""J pi" À;;*"y. grounded (,,0,,).

_ 3 6 _ a
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I"IGURE 11, HOW THE BINARY N-CODE IS GENERATED

t o  + V O C

J
I

\

I
\
ParlPart of C

Selector

hannel

Swilch

-; N = 256 bit + 64 bit + 8 bil + 2 bit = 330 lor Channel 1

tr28ì f256t 
o

PL LO2A
l32l t16t l8l 14ì t2l trl
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You'l l  discover that many service manuals won,t even indicate thesepin states in their Truth Charts b""u,r." th"V ,r"rr", change uhenprogramming the leeal 40 channels only. This is-a case of thoselnissinjbJa.nkg I'm filling infor you, and you "à" i""ltfri" idea by checking theriB^'s.crrcrit diagram. Compare thó tot"t p.og.u--ing pins available toLrre ruLal numoer used ln a 40_channel r ig; you,l l  f ind an obviousmodif icat ion source!

The l8-Channel Australian CB service was recently expanded legaltyto match the standard 40-Channel f,CC a-ericà" sl.vice. Sirr"" riàr,vAustralian rigs are simply U.S. rigs *ilÀìirff"i"nt (Ìimited) Channelselector switch, they can be easily"modìiì"a i" """". ilre extra channeÌs.For example, Australian Channel 1 t;- i l .01b MHz, which is U.S.Channel 5. The N-Code here is 325. The N-C;; for Australian Ch. 1g(27.225 MHz) is 304. Therefor" Uv ,"prog.uÀriing N_Codes of an t8clannel A"-qtratian rig for numbJr. s;";;;;;;;;B2b or tess than 304,the r ig can be expanded.

This part icular chip, the pLLO2A, has a total of g binary programmingpins, which are pins 7 - lb. I t  t Írerefore fr".  * irut, .  cal led a ,,g_bit, ,
binary programmer. Some quick math wil i  t" t t  vuu that this chipactuaìlv has apotenfiar channer capab ityof ?-i, o.sr r "rru.rnersl(1+2+4+g+16+lJ2+64 + 128+256 -. 511). Only-40 "hurr.r" l .  "* """a fo. Cg p,r.po.à.but by proper connection and switchìnó " i  ""r."a pins, many morefrequencies are possible.

W h e
I ' r 'og
l ) i r . i
s( ,e.
t  ( 's  L l
S r r ì l ì

l r e r  t

Lf)t] P

I  l  s c
s ( ) tn
I ) i v i
r v i l l
l o o p
r  7 . 1
l ) roc' l ' he

i s  p r
M H r
srf{n
26.9 i
firs t

PHAS

W h a
I  ) i v i
a n y
d i f'fe
; t .  I  ( )
be  i l .
t h i s ,
col r (
(ì() n s
occu
the  v
I  to  (

BECEI

This

VCf) CIRCUIT

Refer back to Figure 10 on page 34. This VCO runs in the 1? MHz range,going from tT.ISMHzon Chànnel t  to ú.AbMÉ; o" Channel 40. Thevco is controlled by an -error voltage it ,ecei'es from the phase
Detector, which is always_looking i"ii -rt"ii"r*""., the ReferenceDivider and program-àut"- oirria-";;J;;.îh; Reference Divider isv.ery Sccurately controlred by a 10.240 

-MHz 
crystar osc rato. *hosesignal is divided down digitaily by f ,OZ+ t" pr"a"'ce the 10 KHz channelspacrngs. If the Programmable Divider shóuld Àiro h.pp"., to;;;;;;;an exact 10 KHz output, the result would be pàrfecf;^there,à U"ì"correction from the phase Detector, and the loof wouÌd be locked.
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What would it take to produce a perfect 10 KHz output from the
Programmable Divider? We've already seen that the Programmabìe
I) ivider is set to divide any signal i t  sees by the number 330. I f i t  should
see, fbr example, a signal of exactly 3.30 MHz appearing at its input, the
resu l t ingoutpu twouìdbe 10KHz.  (3 .30MH2 .  330 =  10KHz. )  I fwecan
somehow produce an input signal of 3.30 MHz, everything wiÌÌ  fal ì
perfectly into placel

LO()P MIXII{G

It so ht ippens there's a very easy way to do this by cleverly borrowing
some existing circuitry. If some 10.240 MHz energy from the Reference
L) ivider is taken off and passed through a tuned doubler stage, the result
wi l l  be 2 x 10.240 MHz = 20.480 MHz. Here's where that very important
loop mixing principle enters: By mixing the 20.480 MHz signal with the
17.18 MHz Channel 1 VCO signal, sum and dif ference frequencies are
produced. Th e sum frequency is 20.480 MHz + 17. l8 MH z = 37.660 M Hz.
The dif ference frequency is 20.480 MHz - 17.18 MHz = 3.30 MHz which
is precisely what's needed to lock the loop on Channel l .  And the 37.660
MHz signal isn't wasted either; it's used as the high-side injection
signal to produce the first receiver IF when mixed with the incoming
26.965 MHz Channel 1 signal. (37.660 MHz - 26.965 MHz - 10.695 MHz
first IF).

PHASE I]ETECTOR Cf)RRECTIflT{

What happens if the mixing product entering the Programmable
Divider isn't  exactly 3.30 MHz? Think about i t .  Since the N-Code is 330,
any signal other than precisely 3.30 MHz will produce a slightly
different output to the Phase Detector. For example, if a signal of only
3.10 MHz enters the Programmable Divider, the result ing output would
be 3.10 MHz -: 330 = 9.39393 KHz. The Phase Detector wi l l  now sense
this error and try to correct it by sending a DC voltage to the VCO. This
correction voltage will drive the VCO up or down slightly in frequency,
constantly being compared in the Phase Detector, until an exact match
occurs once again. Aìthough this appears to be a trial-and-error process,
the whole thing happens in the time it takes you to switch from Channel
1 to  Channe l  2 !

RECEIVEB lFs

This completes the basic loop; everything else is icing on the cake.
- 3 9 -



Y"::Xl:|1" lu*.t1." Channel I pl-r, mixer srgnat of 32.660 MHz
i;T*"":*':":l:::' :.rll'l Il i n j e cti o n sì;; ;ì N; ; "il: ilffi ffi :àt" 11:l::r..:1lr:d'r," " :3". t. T;; il' ;il'ì ;;ff il.i;?#riiil::
$'; 1,1 "; Bl, iì )ljy i, y_i j 1 t|: 1 ò- 6 e b ffi "'ii." i in",",l j"*,,,i,"j ilT;;
I* ;,T "r-1_r.. yI:-- .a s s r È,, t r,i .* ;;î'ili iil i' ::î1XTíli : :
lf, i".::l; ì T:111_:y" th es e en grn eers I A I m o s r "r\ ir; 

""ìîfi.8H": 
J:l|:: *" :i.::::::"':t Y"i ;; ; ;;;;;" ;, ;;; i;:J ; ;'fi: fi 

",':* ff :::
li"1*:,"-T1.1"j,s, FM stere.s, etc. where o tut olt'#;::#i*àl":î:already existed.

TRAIISMITTER SECTIf)I{

For the transmitter of 
. this example, the on_channel frequtncy isproduced verv simolv..rrv ," l" irrg'" 

'" ; ; ; . ; ;  
10.695 MHz crvstalosciÌtator with the si._ooò un, ir,À"""íìì;Lr mixer ourput. rhedifference is 32.660 M\" . ió.às5 ùri;: zi.iàs ruur, which is rhen

:ff:;l 
tn-""h tuned circuir, u",l ;Ì,;;;.-liiiu.,._itter RF. amplifier

You can use the preceeding explanation as the basrs fbr an-v pJ,L circuityou f ind. We've aÌreadv r,gu.àa ;r; ; ; ; ; ; ; ; ; lho., "o__nn ones foryou and their block diagrams appear in Section l I I .

TRUTH CHARTS & PB{]GRAMMII{G METH()IIS IIi f lETAIL

1'he' lruth Chart is the most important f i rst step rn determining how amodif icat ion can be macìe, or even r/ i t  can be màcle, so we,l l  look at i t  ingreater detai l  now_

The example just expìained was a .very eas.y lr l ,L circuit  using theDrnary type of programming c.de. rt '"  quit" f . . . Ìure lor the same chipto have different N-Codes riep""air_rg upàr, fr-uinì many crystals are used.whether ifs AM or AM/SSÉ, "t". i'f,"ìira zl".n"r"f loop had N_Codesgorng from 330 down to 2g6, becaus.trr""" *"r" irre diviciers needed forproper loop mixins. An earlier pl-ió2i' ;;l;_e used a B_crystalsvnthesizer with Nllodes eoi. 'e t  o^i i i i r , ì .}rs. And for the ever_popular PLLO2A SSB chas-sis ia_"r1"", ;; ;"u;oo".r, versions), theN-Codes are 2bb down to 21 1.

Notice that these N-Codes may go up or down with increasing channel
- 4 0 -
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number; this depends purely on the VCO's design. In Section III you
can compare all the PLLO2A block diagtams to see where and why
these differences occur.

Meanwhile let's return to a portion of Chart 1to study some of its other
features. Chart 3 shows only the channel number, channel frequency,
and N-Codes from the original chart. Observe the progression of N-
Codes from Channel 1to Channel 40. Notice anything unusual? ?àe
N-Codes are not all consecutiue and skíp afew numbers any time there
is no legal CB frequency. For example, Channel 3 is 26.985 MHz, and
Channel 4 is 27.005 MHz. What happened to 26.995 MHz? It 's not a
ìegal ly assigned channel. This is known to CB people as an "A"

channel, in this case Channel 3A. There are also skips at channeìs 7, 11,
15, and 19. In addit ion the American FCC Chann els 23,24, and 25 are
assigned out of order. Therefore all N-Codes as well as VCO and mixer
frequencies are also out oforder in the chart.  Many European countr ies
having only 22 channels simpÌy adopted the American scheme exactly
for the fírst 22 channels. Australia uses 18 channels whose numbers
didn't correspond to American,zEEC numbers but many of the actual
frequencies are the same. And Britain originally used 40 consecutive
channels having no skips at all. Remember this fact whenever you're
checking a PLL Truth Chart; otherwise you might think your math is
wrong when it isn't!

BCO PROGRAMMING

Another common programming method is called "BCD", which means
"Binary-Coded Decimal". Think of it as a cross between the binary
(Base 2) and human Decimaì (Base 10) number systems. Chart 4 shows
part ofa BCD channel program used in the very popular uPD858 SSB
rigs. (Eg, Cobra 138,2139XLR, Realistic TRC 457 / 4í8,Prcsident "Adams",

etc.) This chassis is an older PLL circuit requiring a Down Mixer into
the Programmable Divider. If you check the block diagram for this chip
in Section II I ,  you' l l  see that the downmix frequencies are .910 MHz to
1.35 MHz. Therefore the N-Codes are 91 to 135 for standard 10 KHz
spacings. Note that the N-Code between channels 3 and 4 skips in
exactly the same way as in the PLLO2A circuit, since Channel 3.,A. is not
a legal CB channel. What's the big difference? Above each PLL
program pin number is now something called "BCD POWERS" rather
than the previous "POWERS OF 2".

- 4 r -
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l
2
:
J

5
6

8
9

t 0
l l
1 2
1 3
1,1
1 5
t 6
1 i
] B
l 9
20
2 1
22
23
21
25
2î,
2 i
2B
29
30
3 l
32
33
31
35
36
37
3B
39

26 965
26 975
26 985
2i 005
2 i  0 1 5
2 t- A25
2i 035
2/  055
2t 065
2i 0t5
2i 085
2t 1Ds
2 i  115
2 t- 125

27 165
27 1 ì5
2i 185
2t 2A5

2ì 225
2 t 2 5 5
2t 235
2i 215
2i 265
2ì 2ì5
27 285
27 295
27 305
27 315
2i 325
27 335

2/ 355
2/ 365
2i 3ì5
2/ 385
2/ 395

330
329
328
326
325
324
32J
321
320
3 1 9
3 1 8
3 1 6
3 1 5
J r l
J 1 3
3 t  1
3l t l
3{19
308
306
305
301
301
303
302
3Lì|]
299
298
297
296
295
294
293
29?
291
2911
289
2BB
2Bì

CHART 3
N - C o d e  V a r Ì a t i o n s  F o r  C h a n n e t  A s s t g n n ì e n t s



CHART 4
B C D  P r o g r a m m i n g  o f  u P D 8 5 8  C h i p  D e s c r i b e d  i n  f e x t

(}nes Tens llundreds

BCD POW ERS 2 4 I 10 20 40 80 100 200
PLL PROG BA Nl
PIN NU IVIBER I J t 3 t o 17 1 8 20 21 22

l h  l 91 0 0 0 0 0 0 0
) h 2 92 0 0 0 0 0 0 0
l h  J 9J 0 0 0 0 0 0
l h  4 95 0 1 0 0 0 0 0

l h  40 135 0 1 0 1 0 0 1 0

N O T E  P  n  2 2  p e r m a n e n t  y . l r o ! n d e d  t o  c h a s s r s  ( ' 0  )  f o r  a  4 0  c h a n n e l s

In this system, the pins have been assigned such that each successive
group of pins has a weight or signif icance 10 t imes greater than the
preceeding group. Within each decimal group, weights st i l Ì  double in
the usual binary progression, except that the highest possible number
in any group can't  exceed 9 or i ts decimal muìt iple, such as 90, 900, etc.
(Assuming there were that many pins on the chip.) Each decimal group
can only have a maximum of 4 bits; in this chip, there are only l0rather
than 12 programming pins so the Hundreds Group can only add up to a
maximum of (t  + 2) x 100 - 300. Figure the total binary value in each
group, mult iply i t  by 1, 10, or 100 as appropriate, and add the groups
together: Ones Group + Tens Group + Hundreds Group, etc.

Since each group has a value, the sum of the groups produces the
N-Code. For Channel 1, we therefore get 1 + (10 + 80) = 91. Try the math
yourself for the other pins. Notice also that pin 22 is permanently
grounded, since i ts weight is "200" and vre never need an N-Code
bigger than 1115. (100 + 30 + 5 - 135). By using alì  10 programming pins
(pins 13 to 22) there's a potential channel capacity of9 + 90 + 300 = 399
channels i f  N-Codes could be programmed from 1 to 399. This fact has
been put to much use in frequency modifications! Once again, the 858
chip has this excess capability for possibÌe use in other synthesizer
circuits besides CBs.

Before you get too excited about all the potential channels hidden inside
some PLL chips, I must point out that most rigs can't possibly cover as
wide a range as these chips without a lot of retuning. Modern rigs are
capable of about 1.2 MHz to 1.8 MHz total bandwidth, which means 120
to 180 l0 KHz AM,TFM CB channels.

- 4 3 -



The BCD method was original ly used in about l l%t of the older
generation circuits. The reason was because certain support hardware
s.uch_ as BCD switches, keyboard controllers, and i-Àegment LEf)
displays required BCD inputs. The current generation alÀost . l*ry"
uses BCD inputs. Some examples are the LC7l2O,LC7lB0/Bl,LCZldb,
LC7136/37, uPD28t4, uPD2816, and upD2g24.. ih""" chips aÌso onìy
have 6 programming pins.

PRESETTAELE t l IVIOEBS

An interesting variat ion of the programming expansion scheme is used
in the new Cobra 148GTL-DX, which is a very popular r ig soìd only in
Europe and the U.K. In order to get f  20 channels, they sta.t off* i thih"
same very f lexible chip, the MCl4b106, as used in the typical PLLO2A
chassis. Only this t ime, the N-Codes can be preset to a new set of 40
channels each t ime you change the L,M,H band switch. This is done by
usin g- two special digital counter chips, the MC 1400gs, wired such thai
each band selection also changes thè set of N-codes. The net resuìt is
that a single Loop Mixer crystal (  1b.00 MHz) can be used to provide 120
channels. In previous 80 or 120 channel schemes. addit ional looo
mixing crystals are switched in while maintaining a single set of
N-Codes al l  the t ime.

The reason for doing this is purely economic: The Cobra 148GTL-DX
can offer 120 AM/FM/SSB channels, and a dual_conversion AM
receiver, for a total ofonly B crystaÌs in the whole radio. Compare this to
the typical 120-channel Cybernet (Ham Int ' Ì ,  Colt,  Major, etc.) or the
120 channel Uniden Superstar 860, which require b anà 6crystals re_
spectively. The cost of a crystaì to the manufàcturer is aboui $B each,
while the cost of two MC 14008s is about g1 total.  Since there is roughly a
5:1 mark-up from manufacturer's cost to actual retail price of a ri!, túis
means a savlngs to you of 930 to $45 on the totaì retail pricel

The idea ofpresettable dividers is also found in several other pLL chips.
The most common example is the MBg719. While the chip at f i rst
lpp"ql" to have 7 binary programming pins, closer study shows that
Pin 10 is actually used to preset dif f er"rrl N-cod"" for use with different
loop mixer crystals in the American r ig versions. (11.112b MHz vs.
_lJ q?58 MHz crystal in an otherwise identical chassis.) In the newest
Il:9_"1_Eulgpean rigs (Eg, Statker ST9F-DX, Superstar B60FM) rhe
MB8719 or MC145106 chip is used along with the MC14008 presetíabre
dividers to provide 80 or 120 channels. In the Stalker, they even provide
an additional Loop Mixer osci ator on its own smarì pc boarà which
can be switched in to give the 40 U.K. channels as weÌÌ. (15.4g25 MHz for
the f irst 80 "FCC" channels, and tb.bb62b MHz for the 40 U.K.
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channels.) Of course the N-Codes are different for each band and the
Band Selector switches both the crystals and the proper IC pro-
gramming at the same t ime.

MULTIMl)flE PRÍ)GRAMMIT{G

There's one chip that deserves special mention, even though i t 's not
being used much anymore: the uPD861. NEC real ly outsmarted
themseÌves with this one!

The 861 has some special controÌ pins so that the designer can choose
either binary or BCD programming. There are 8 binary programming
lines, which means a possible 2s-l  or 255 channels when used in the
binary mode. In the BCD mode, a special "ROM" Code Converter is
connected to al low only the legaÌ 40 channels. Thus the 861 could be
used in other synthesizer appl icat ions. In Section II I  you' l Ì  f ind the
exact specs; note that simply changing the voltages on a couple of
control pins wiÌl allow you to convert a rig which when used in the
BCD/ROM mode is non-modifiable. You can then program it directly in
binary with switches.

A few chips such as the uPD2810, uPD2814, and uPD2816 al low
multiple choices of N-Code sets such that several possible downmixer
circuits can be used. This feature is intended only for design flexibility;
it won't help you in your modification attempts. (Actually the feature
was intended to make the chip usable in both AM,zFM and SSB circuits,
but to date only the AM/FM design has been found in CB rigs.)

C()NTRflLLII{G PRÍ)GRAM PII{S

You know that to controì a program pin, a voltage or ground must be
connected to that pin. Most chips have resistors bui l t  into the chip
structure which are connected internally to the main +DC supply or
ground pins ofthe chip. These resistors are caÌled "pul l-up" and "puÌl-

down" as they automatically force the logic state to
respectively, unless controlled externally. The external control takes
the form ofthe Channel Selector switch i f  the pin is needed, or a direct
connection to the rig's circuit board ground or +DC ifnot needed for only
a 4O-channel set of N-Codes. When you need to control a pin for
modifications, cut the circuit board trace leading to that pin and bridge
the cut rvith a small (7+ watt) resistor of about 1K to 4.7K ohms. This will
isolate that pin until it's ready to be switched by you. In addition it can
help protect the chip from possible damage due to static electricity; a pin
shouÌd never be left "floating" and should always be connected to
something external ly.

- 4 5 -



Returning to our f irst example, the pLLO2A has internaì puìì_downresrstors, which means that eàch prog.uÀ pi" i"'"1*ays i;ih;;ò;, s;;;;unti l  +DC is appl ied externarrv. Sà ir iour. i"ài i i""t i"" cai ls fcrr controlofsay' Pin 7, cut the fo 

 

trace going to pin 7 and bridge i t  with a resistor.Figure t2 shows the orincipie;i '.;;;; i i i i io.,t.or; it,s commonlyused with the pLLO2A. n4e'8f r9, ;àìpfrA'#'"hro". you can also usethis idea to get the auíom.atic C.h. g/ lg.""uif  fuuru." in the LC7131,
k:l"tt,:à.". 

L,C7rB6/s7 "tu".i. lr"ir," ,ìà-i*.",t atready have ii

R()M PR(]GRAM C()DE CONVERTEBS

' Ihe reason the newest: l , l_,.  ". : î  BCD programmrng ìs purely a legalone: By using BCD combined with a sneakylddit ionut circuit  insicre thechip catled "RoM,,, 
any iilegaif;;q;;;;;fi;ficarions by changingprogramming voltages 

.are now impossible. . fhe current F.CC rulesrequire that the pLL chip can only "; ; ; ; ' "  àtal of 6 programmingpins. So even by usine ihe .t."r*í,r"[ìiil:r;;-, this aìone limitspossible channels to zs_t, ". OS lg_t"f "f,"";"ì:. i i  + 2 + 4 +8 + l6 + 32 =63.) By c-ombining BCD and ROM, ;;; ' ; i i i ' r ,r_rr". is reducert roexactly 40,22, or lg as the case may be for various countries.

l r_ 
d*î,  the Brit ish government has given their , ,CB 27 /g1,, approvai

iiisi,i;;ilji?"Hi'.},".:,,ryJ:.tx,:;[:1i41,"#3íii*jchassis or  rhe.TCetrg u ' iaui  " r ,1"r i i . ì ; ' i ; ; ' i ;S. .  the only r igs sr i '

&tì?ìi':.i,:ifi ii1i,,f"""*:ru:,*::.",*::Í:*'lii:*:*i
#JrdlL'"':l;ilifr ".xl&"4llrlff ilxx'-ff t,Hi*,i.;
;'"':ffi *i:i:.'.,.".ffi Hillit"":"j#*+:i,{ef d+tli'i*:;l;T"ut". *iu aroi;;;#;r" when rhe word gers "rr.iit#""liiaxXl.rXT;

ii#"T,",y- :: : : i,".x*;::i,nm; llt: lîjjl n ihili m,
ùrnce governments f inal ly got wise to al l  the boo eg OB frequenciesberng used,  ROM was the  answer .  A . ,ROM Code Uonver te r , , ins ic le  a
ILL 

t l ]r  is-the-kev to preventing modif icat ions. , I .he rerm ,,ROM,,
means "Read 

Only Memory',  
^u"d i ; ; ; ;" f  "  "."a i" digitaÌ computersystems. Inside the chip, safety ""r; i ; ; ; ; ' t i ; ; ;"",  is a RoM Code
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Converter. The required_ N-Codes for orr ly the ìegal ly_authorized
ilTffi":rfflannels 

were permanentty w.itté.,ìr,to th" IC chip durins

The programmt"* otrTl:::.1lnect,the chip ro rhe outside wortd afthe
'!]ilTltf]S:H iJr:l": 1': used onrv to "oil-àna ,h" còM;;;;;;.;orherwords,th;;;;;î"'l, j:_l?:ifi il:Ti,ffiil:.?,;ifl:l"l*ltrtrcation plans, and he,s untouchabl" l  Th" óh;nel Selector instructsll" r-owt' the RoM releases the coir-eJ N-èù"-..r the programmable

í#:'y:,"?l:!1'�rT'rii{}llil+a:lrui*rn:{f ?,x,;,snranguage), ,,Give me a,lEl^"|g,,: tr," 
^sód 

J.ae. adding up to the::,T^o_"_. 
"6" is rhen apph:g to the_correct pìnsivot[ages and grounds.,"og,,i,",.nd,i;;il;,L1..o":rirl..".1LT:í*liiinr#;;,,,j

Divider. If you should r:"^ 
ll,r_"1::,"r;i;j;;i"ram code with orhervoltages and grounds. the chip.eithe. igna.""ioi completely, kil ls the:lî ìH:T?iil :,iirff if ::.r l' " y iiÉrier à"";, e i n s tea d A ì s o th e

li:l.,"","Ìi;,;"*'ii;yfr :iff ;f T,gT,Tfi" jili::i.J*L_,..1"i

i l , : : :  
t^t a section of a RoM Truth chart showing how this idea works.

iiJi"''"" i ji'"i":l,i?T.Yl:. :i 3 î bil B ò; ;; giu - - i., g m et h o d. r t'sits number d;;;;,;;i;-;38 ìlîJ:;l:lî;:j.;r.".r"_o uv ",rii.,g ",ic o n v e rt s t r, " p.o s.i -' * a " t o * r,, i " u u; ì; "; ;i,llé.X? f; #H"L iill
Below Chart 5 is a drawg,i,::rts_"ù*il,i;;.i1ff li:ii,-_lf ;fl!:ì,1:ll,"i:"Jilé";sluH
,tfe t.0 M{rz range. r arreadv knií };;il;".:Ì,;, n p u t to t h e pr o gr a m m a b r rD i v i d e r fr-o m ;;." i.ò'ó; 16 il : î',., :Hr, fffi'3ff HlÎi:f'ÍTi;ln" BCD ";;;;i;'i'"r1ì
IÌ îÌ, 1- KH, ", "o, r.à -" ?il1 "i'"'r* n:l "d,Ti:t:q* $:ttf ' : 

"" ii;
!1vìder,, some simpte'marh .wilr r"u yo; 

. 
i h;;.,f,: 

d,"T.f,i.ilil, 
lj:

*+,ff -i#t*Nfi -iLtfi fi 
j.*ffi
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()THER Rf)M VARIATIOT{S

' Ihere are several newer Toshiba chips (TCg106, TC9109, TC911g) that
first appear to use very odd-looking program codes in their íruth
Charts. You won't be able to f igure out any kind of binary ..  Éót
progression when studving the sequence of , ,1s',  and ,,0s, ' .  That,s
because these chips coniain l.uo sets àfnOnt, and are designed to work
with standard r ' tary or LEf) channer serector switches. ihe "ode you
see in the Truth Chart actually does two different things:

1. Signals the second ROM set to release i ts stored N_
Codes into the programmable Divider. It does this only
when a legal program code is presented to the firsi
ROM set.

2. Applies the correct set of+f)C voÌtages and grounds to
light up all the proper segments of the 

-2_digít, 
7-

segment LEI) channel numbers. This is anotheibit  of
digital magic that we won,t get into here!

These chips use 8 programming pins to control the LED channel
display, where th. BCll  chips only need 6 pins. you can think of the f irst
ROM set as nothing more than u "orrrr".t.. which translates an g-bit
rotarv switch code into a language that can be understood by the
channel display and the seconcl ROM set. Figure 13 shows the general
idea. The chips bv the way are nearly impossibìe to modify by uiy "."y
meth od.

About the only good thing to be said in defense of arÌ these newer RoM
cfi ls. j ;  that they've helped to keep radio prices affordabl" bt; . ;u1i;
simplifying the PLL circuits. And thev're more reliable t""ui"l" tfr".,
are_fewer parts to go bad. Compare al l  the block diagrams in Section II I
and you' l l  get some appreciat ion of just how far the pLL has evolved.

Lf)()P MIXEB M()I)IFICATIf)I{S

Now let 's look at the second possible conversion method, that of
changing the L.op Mixer frequency itseÌf. This is one of the easiest
ways to modify a PLL circuit  that contains a downmix signaÌ. A few
chips such as the PLL02A, MB8Z19, and upDg58 can be Àodif ied by
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SAMPLE M()I]IFICATI()N

Once again I'm using the PLLO2A chassis, this time the SSB version.
Refer to its Block Diagram in Section III as we proceed.

The VCO for this chassis runs in the 17 MHz range, and is mixed with a
20 MHz signaì to produce the downmix signal into the Programmable
If ivider. This downmix signaÌ is 2.55 MHz on Channel 1, down to 2.11
MHz on Channel 40. The 20 MHz mixing signal can be generated in two
different ways, and you'll find both methods used. Either a crystal in
the 10 MHz range is doubled, or a crystal in the 20 MHz range is used
directly. The American 40-channel version uses a l0.0b2b MHz loop
mixer crystal osci l Ìator. You can add complete new 4O-channel
segments by switching in new crystals according to the formuìa:

New Crystal = 10.0525 MHz I (N x .1125),

where N is the number of 40-channel segments above or below the"legaì" 40 channels where you want to begin.

As  an  example ,  us ing  a  c rys ta l  o f  10 .165 MHz (10 .0b25 MHz + .1125
MHz) wiì l  give you a 40-channeì band segment start ing at 27 .4l5MHz
in the Channel 1 posit ion. I f  you do this, you wil t  st i l l  have the same
skips in the "A" posit ions and Channel 28-25 posit ions. In some
European versions ofthis chassis, a small  PC board containing the l0
MHz or 20 MHz crystals is installed; a front panel switch is already
there to choose among the Low, Medium, and High (L,M,H) bands. The
same idea is used in the Superstar 360, which is a European version of
the basic American MB8?19 chassis. I t  contains an extra pC board
with additional l1 Mhz tripler crystals that are switched in from the
front oanel.

In this type of modification, there will always be the exact same skips at
the "4" positions and Channel 23-25 positions as there are for the
normaì 40 FCC channels. That's because the Tfuth Chart and programming
N-Codes are stilì the same; they are already pre-determined by the
Channel SeÌector switch. In other words, the N-Codes are identical. If
N = 255 for Channel 1 with the 10.0525 MHz crystal, it will still be
255 with any other loop mixing crystal. The new loop crystaì simpÌy
drives the VCO higher or lower as required to maintain the identical
downmix input to the Programmable Divider.

- 5 3 -



CRYSTAL SWITCHIT{G METHÍ]OS

Figure 14 shows three ways to switch in extra mixing crystals. For
diode or transistor switching, the actuaÌ switch can be a l i t t le-used
switch aìready on the r ig, such as the CB,u pA. Otherwise you can dri ì l  a
small  hoÌe in the side or rear of the metal frame and instalÌ  a miniature
SPDT toggle switch. For the CD4066 IC switch, you can dri l l  a frame
hoìe for a miniature rotary switch. The important point is that the
crystals and electronic parts themseìves must be physical ly very close
to the exist ing crystal;  long wire leads are outl  There's enoush
capacitance in 6" of switch wire to pul l  the osci l lator off  frequency or
ki l ì  i t  completely. With the new crystaÌ and i ts associated parts r ighi by
the original crystal,  i t 's perfect ly safe to use long wires to the;i tci l
i tself .  Any of these three switching circuits can be tui l t  on a smalr piece
of perf board or PC board and mounted near the orisinal osci l iator
circuit.

EXTERIIAL CRYSTAL (]SCILLAT(]RS

As PLI-s devekrped more on-chip functions, the process of loop mixing
was simpìif ied. Instead of needing a separate transistor osci l iertor, the
chips began providing a suitabÌe mixing signaÌ directÌy offone oftheir
pins. ' I 'his signal is typical ly b. l2 MHz, which is haÌf the Reference
Oscil lator frequency. (10.210 MlHz --- 2 5.12 MHz.) Since the most
common VCO frequencies are in the 16-17 MHz or i l4- i l7 MHz. ranges,
i t 's an easy matter to mult iply the 5.12 MHz signal up by the proper
amount to mix with the VCO and produce a downmix sienal into lhe
l ' rogrammable  |  ) i v ider .

The most common circuit  uses a l6 MHz VCO anrì tr iples the b. l2MHz
up to  15 .360 MHz.  (5 .12  MHz x  3  -  15 .360 MHz. )  Th is  i s  usua l ly  done by
passing the 5. I2MHz chip output through a tuned coi l  and then mixins
it  with the VCO. In addit ion most chips having this feature alsc, have
the T./R shift feature needed to produce the 455 KHz IF difference for the
receiver. To make matters even worse, they also use ROM! ExampÌes
are the LC7l20, TCg102, uPD281.1, and upD2816.

Since the 15.360 MHz signal never changes between Transmit and
Re-ceive modes, aìÌ  you need is to replace this signal with a sl ightly
dif ferent one to get a ne'w 40-channel band segment, To do this, you
must bui ld a very simple crystal osci l lator circuit  with the proper new
crystaì. Figure 15 shows the general idea for both the AIMZS-SB rigs
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FIGURE 15. ADDING EX'TERNAL
LOOP OSCILLATOR SIGNAL

SSB: Cobra 146cTL, Midtand.6001 (new), 7001 (new), president AR-144, AX_144,
Realislic TRC451, Sears 663.3810, Uniden pC244, pearce_Simpson Super Cheetah.
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144, AX-144,
Sheelah.

with the uPD2824 chip and the uPD2816 chip used in the more common
AM or AM/FM rigs. Inject the new signal at the points marked "X".

NOTE: You can't use a crystaì oscillator exactly as shown for the SSB
circuits, because both the Clarifier and the mode offsets are generated
from the l0.240 MHz crystal. These would be disconnected and would no
longer work. Our EXPANDER f6O includes special jumpers which
allow the correct modification in these chassis types.

The new signal will be in the 14-16 MHz range. To calculate the new
crystal, the formula is

New Crystal = 15.360 MHz + (N x.450),

where N is once again the number of 40-channel band segments above or
below the "legal" 40 channels. (The standard CB band is 450 KHz wide.)

For example, a new crystal of 15.810 MHz (15.360 MHz + .450 MHz) will
give you a higher 40-channel band starting at27 .4l1MHzín the Channel 1
position. This is exactly how it's done in the European versions of the
common American LC7120 PLL chassis sold by Midland, Colt, Commtron,
and others. Again, there will be the usual skips because the Channel
Selector was designed that way, and these chips also use ROM.

F'or l0-Meter Novice ham conversions, a new crystal might be 16.455 MHz,
which gives you 28.060 MHz (Ch.1) to 28.500 MHz (Ch.40).

Now you're probably wondering, "Well great, but where do I get a new
signal to repìace the 15.360 MHz that comes from the PLL?" The answer of
course is that you must build one, but it's very easy. Figure 16 shows a
proven crystal oscillator circuit that you can buiìd on a small piece ofperf
board or PC board and place close to the original injection point. You can
even combine this oscilÌator with one of the crystaì switching methods
shown earlier on the same piece of board. This could then be remoteìy
switched from the front panel again, giving you 80 or 120 channels total.
(For the lazy, you can order our EXPANDER 160 which is a combination
oscillator & switch, or our EXPANDER 240 which is just a G-position
crystal switch. Write for details.

CRYSTAL SOURCES

For those ofyou having trouble locating a special-cut crystal, the foìlowing
companies are very good if you have no other local source:

CRYSTEK Corp.
P.O. Box 06135 OR

F t. Myers, FL 33906 U.S.A.
(800) 237-3061

JAN Crystals
P.O. Box 06017

F t. Myers FL 33906 I I.S.A.
(800) 237-3063

I've dealt with both these companies and they're both good. The cost is
about $6 these days plus shipping. Be very specific when ordering. You

I & T X
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must state the exact frequency desired, holder type, accuracy, and load
capacitance. Holder types are normally HC18/U for solder leads and
HC25/U for plug-ins. Accuracy should be at least.00b% or better. Load
capacitance is typical ly 32 pF which is f ine for AM-only r igs; however
for SSB rigs you shouìd get the 20 pF crystals because they require less
external capacitance to trim and when part ofthe Clarifier circuit they
will slide much further.

THE REFERETICE ()SCILLAT()R CBYSTAL

So much for the modif iable ROM chips. I t 's important to emphasize
now that you can neuer modify any AM,zFM pLL circuit using the
single 10.240 MHz design by changing this crystal.  Many péople
wrongly bel ieve i t  can be done, but i t  can't .  Too many internal cÉip
functions depend upon this exact frequency. For example, the 4Eb KHz
T,zR shift is the direct result of digitally dividing down this signal. If the
signal were changed by changing the crystal, the T,zR shift would
change because the output from the Reference Divider would also
change. This of course would change the VCO and mixer frequencies,
there would be no 455 KHz receiver IF injection and therefore no
operating receiver. The guys who designed these things are way ahead
ofyou! (This does not apply to the LCZ1Bl SSB chassis on page Zl.)

THE IMPOSSIBLE CHIPS

As if  to pour salt  into your wounds, governments and engineers have
now created a generation of PLL ICs that are almost total ly foolproof.
In addition to using a single 10.240 MHz crystal, T,zR shift, and ÈOM.
there is no loop mixing either. The Programmable Dividers are now so
fast that they can direct ly divide down a VCO frequency as high as 20
MHz.  S ince  there 's  no th ing  to  be  mixed,  you can, t  change the
ingredients! These chips use a VCO running in the l6-17 MHz range
and include:

t,C7130, t,C7131, M88733, TC9106, TCgl09 (40-channel tI.S.)
LC7 135 (22-channel EEC)
LC7136, L,C7137, TC9119 (40-channel U.K.)
LC71:12 (40-channel U.S. and U.K.)
SM51 2:ì4, SM5124A (4O-channel U.S.)
Cll121 (40-channelU.S.)

The best way arounrì this probÌem, i f  you can't  get one of the older r igs,
is to buy a r ig having SSB in addit ion to AM or AM/FM. fhe SSB
circuits either use a loop mixer or don't use the T.u R shift, at least not yet.
They're a bit  more expensive but that 's part of the priceyou must pay i f
you ever expect to go "upstairs".
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Another possible solution is to use an EpRoM modification board.These allow you to customize the channel prog";;ming to your needs,and wil l  work in manv of the nu*"t RéM'pl; circuits. you canpl9ql3--_ou_t the skips, in-clude b KHz spacing, or even program in a100 KHz T/R shift for l0-Meter repeat", ur". f]u.l n"w pu blication, THECB EPROM DATA BOOK ty tvtu"ii" i. É*f.".i"g, explains not onlyhow.to make these boards, but ufro i""fuaì, ""iJ-rti". rnd pC artworkfor the m.ost popular ssB chursi. typ".. Èigirlv".""o--"rraed! Further-more we'll be offerins these conversion boaràs soon. you "r" g"iirirdetails by writing ro us and """ro.t"g,.|u"Àiìi"den,

Good luck and Happy DXingl

CB CITY INTERNATIONAL
P.0. Box 31500

Phoenix, Arizona 85046 U.S.A.

THEBASICMODTFICATIOM

ln::11tl.lthe 
pLL circuit appàà.s tJIe, the harder it will beto modify. There are fewer "rra f"*." p-i""us where you canjump in with your own progra- codesd"ì"op _i*i.rg signals.
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PLL CHIP
SPECIFICATIONS



This section contains specific information for almost everv PLl, chip ever used in CB
radios.  A few very o ld dev ices were,rmir ted:5 our  cha nces of  ever  seóin g them are n i l .
However I have included some other obsolete chips because there are stil l radios out
there using them that may need repair or modification ifencountered. It will become
obvious by the amount of space devoted to each chip which ones have survived with
the greatest popularity.

First we'll i l lustrate the actual internaì workings ofthe IC chip itself. All the various
eub-circuits ofmodern PLLs are shown in block diasrarn form. folìowed bv a detailed
def in i t ion ofp in funct ion terminolngy.  An.v t ime y, ,u  re referr ing to a s jec i f ic  ch ip,
you'll understand at a glance which pin is which. And ifyou should happèn to get the
actual data sheets from the manufacturer, you'll be equipped to figure out his
particular terminology and circuitry.

There are special pages showing the internal --:- N numbers for the most common
ROM chips. I've included this lo help you belter understand how the newer ,,state-of-
the-art" devices function in the overall PLL circuit. For example, knowing the N,Code
for a specific channeÌ and mode, and the divisor of the Reference Divider, you can
calcrrlate the VCO frequencies for that channeì. This may be very useful for repair
work because few manufacturers these days hother to provide anything but the most
crude, unreadable schematic diagrams!

Chassis bìock diagrams for the most numerous and popular PLL circuits are shown
next, in alphabetical order by chip manufacturers' letter prefix. Signal mixing and
flow direction, programming, and VCO,U IF frequencies are incìuded, u" -àll u"
general SSB offsets, Clarifiers, and FM connection points. These serve to teach you in
the most direct way how to isolate a problem or modification area ofthe pLL circuit.
Remember that these diagrams are purposely very oversimplified; I've assumed you
read the text of Sections I & II first! When used alrng with a service manual,
schematic, or SAMS Fotofacts, any of these circuits can be understood.

Finally, each specific chip is described in great detail, again in alphabetical order by
letter pxefix. Often the deviceis made by several manufacturers, which may be a great
help in finding a replacement for repair. Most pin functions were determìned either
from manufacturers' spec sheets or a careful study and r:ross-reference of known
chassis. (I have thousands of rig diagrams in rny files!)

In  a few cases ofvery o ld ch ips,  no data sheets were ever  avai lab le.  so p in funct ions
were determined by studving the schematics. Therefore a few functions mav not be
defined exactly but all the most popular, current PLL chips are well-documented. Also
inc luded is  a l is t  o fevery r ig  model  known to use the chip at  press t ime.  In  some cases
they are further identified by reference to one ofthe block miiing diagrams. Ifyour rig
isn't l isted, chances are that it 's identical to one that is; there are hardly any,re*
chassis being produced these days, even in the tl.K. The only differences are the"manufacturer's" model nurnber and some cosmetic chanqes in the cabinet. For the
better-known tJniden and Cybernet chassis, actual pC boàrd numbers are included
when known. PC board numbers mav vary slightly from those shown since there are
minor changes in production runs.
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EXPLANATION OF PIN FUNCTION TERMS

V1'6 or Vpp This is the + DC su pply voltage which actually provides the operating polver to
the chip, and is generally in the range of 4-8 volts.

GND or Vgg This is the DC power ground connection for the above.
NOTE: A chip may be found to have one or more of its functional pins tied to
either of the above sources. This may be done to enabìe a specifrc function by
connecting that function to a "1" or "0", or to prevent an unused function pin
from "floating" unconnected to prevent a possible change in its logic state.

RI Reference Oscil lator input. This is where the (usually) 10.240 MHz crystal is connected.
Crystal pins sometimes called "X" by the manufacturer.

RO Reference Oscil lator output. In most chips the crystal is simply connected across Rl
and RO because the chip has a built, in oscil lator circuit which only requires some
external capacitors. However some chips such as the pLL02A don't have the built- in
oscil lator; thus there is no RO pin and an active transistor oscilÌator is required
externally which connects to RI.

l, '2R A built- in : 2 circuit which provides an output of half the 10.240 MHz Reference
Oscil lator frequency, or 5.12 MHz. If used, it normally connecte to a tripler circuit to
provide a 15.360 MHz signal (5.12 MHz x 3) which can be used for loop mixing with the
16 MHz VCO. This mixing provides a low-frequency signal input or downmix to the
Programmable Divider.

Rts Buffered output ofthe 10.240 MHz Reference Oscil lator. This signal ifpresent can be
used for mixing with the 10.695 MHz receiver first IF or mixing with the 16 MHz VCO
during TX mode to provide the 4bb KHz second IF (RX) or the direct on-channeì
TX frequency.

FtN Input to the Programmable Divider which is coming from the output of the VCO.
Sometimes called "PI" (Programmable Input) or ,,DI,, (Divider Input) by some
manufacturers. This is the actual downmix signal or direct VCO signal in the faster
chips which wil l be compared to the Reference Divider's output in the phase Detector. lt
is the change in this signal's frequency which forces the phase Detector and VCO to
correct unti l the loop locks.

DO Phase Detector output. Sometimes called ,,PO" or ,,pD gg1,, (phase Output) or ,,EO"
(Error Output) by some manufacturers. This is the output which results from
comparing RI and Fyry. Ifthe two inputs don't match exaclly, this circuit eends a DC
correction output to the Loop Filter,/VCO until the loop conects itself and locks up.

LI) Lock Detector. Sometimes called "LM" (Lock Monitor) by some manufacturere. This is
a second output of the Phase Detector which is used to kil l  the transmitter (and
sometimes the receiver) if the loop is not locked and operating correctly. Some chips
have more than one Lock Detector pin and thus you'l l sometimes see,,LD1" and,,LD2"
on the specs. When two Lock Detectors are used, their normal outputs are usually
opposite logic states; i.e., one LD is normally ,,1" and the other is normally,,0". This is a
convenient design feature which allows the manufacturer some flexibil i ty because he
can have a choice ofinhibit ing circuits; some work with LOW outputs, some work with
HIGH outputs. Some rigs use both LD pins in their circuits.

M(l Misprogram code netector. The same idea as the Lock Detector. this is found in the
newer ROM chips. If you try to force an i l legal program code on the chip, this pin is
activated and wil l ki l l  the transmitter, receiver, or in some cases, call up Ch.g or
Ch.19 instead.

T/R Transmit/Receive switch. As explained in section I, this is used to provide the 4bb KHz
offset for the receiver's second IF stagein dual-conversion AM orFM rigs. pressingthe
mike button changes thie pin's logic state to its opposite state fron the RX Mode. This
shifts the ROM controlling the Programmable Divider, and in eome chips also shifte
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the output of the Reference Divider from standard 5 KHz steps to 2.b KHz steps. 'Ihe

T,/R shift is the reason you'l l see two different sets ofN-Codes and VCO frequencies in a
rig's service manual or SAMS Fotofacts.

NOTE: Some manufacturers' chip spec sheets show a bar (-) above some pin
functions, such as LM, T,u R, etc. This bar is a digital logic symbol which indicates what
state ("1" or "0") that pin is in when activated. For example, thelR with the bar
notation means that the pin is normally HIGH (" 1") in the Receive Mode and normally
LOW ( '0") in the Transmit Mode.frfmeans the Lock Monitor rs '^active LOW": i.e.. it
is normally HIGH but goes I-OW if the loop is unlocked.

Frequency Select. This is a feature of some chips which allows them to synthesize
frequencies in either l0 KHz CB steps, or 5 KHz steps. Remember, some older chips
such as the PL[,02A were intended for other uses besides CB, such as VHF marine
radios, aircraft radios, etc., where 5 KHz channel spacing is common. In additir-rn, this
feature often makes it easier to synthesize SSB frequencies as well as AM,'FM
although the feature hasn't been used much for this. f)epending upon whether the chip
has an internal pull-up or pull 'down resistor here, it is generally connected to produce
10 KHz CB spacings in the older chips. The newer chips having a T/R shift must use
the 5 KHz spacing when the TrR pin is also used. IMPORTANT: You can't use this
function to get 5 KHz channel spacings, because the Programmable divider must als.l
change to match the spacing.

Active Loop F'i l ter Amplif ier input and output. This circuit ifpresent is used to smooth
out the digital waveform coming from the Phase Detector, before it 's applied to the
VCO. (See texi.) This fi l ter is found in the newer CB-only chips. The older chips (Eg,
PLL02A) require external passive fî lters using capacitors and resistors. In many rigs
you'l l f ind that these pins are connected either directly or through a resistor so that
they are placed in series between the Phase Detector output pin and the VCO input.

Active fi l ter. We're using this designation in ceÌtain very old chips when the exact spec
sheets are not available but it 's known from studying the chip's wiring in the rig that
the pins are in fact part of a loop filter.

This is a wave-shaping circuit found in a few NEC chips (uPD2810, uPD28l4, uPD2816,
and uPD2824). It adds design flexibil i ty but is often not even connected. This circuit
consists of an input amplif ier and a "fl ip'f lop", and its purpose is to change a sine-wave
input (T) to a square wave output (Q) which is more compatibÌe with digital electronic
circuits.

Program Select pins from Channel Selector switch. (Sornetimes called "D" for "L)ata"

rather than "P" for "Program".) These pins control the actual channel selection, as
explained in Section II. They may control selection through straight binary coding,
BCD, or ROM. The sub-numbers indicate the weight or significance of each pin. For
example if there were 8 programming pins, P1 to Pg, P1 would be in the "least

significant bit" and P6 would be the "most significant bit". The higher the sub-number,
the  grea ter  the  we iFht  o f  tha t  p in .

No Connection. An unused pin. May actually be disconnected inside the chip, or simply
not used for that particular rig's PLL circuit.

Special remarks when necessary.

NC
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THE IN I 'ERNAL + N-CODIìS OF T'HE NEWER ROM CHIPS
Shown here are par t ia l  char ts  for  the la test  l ìOM I , t ,L  ch ips which wi l ì  g ive you an
idea of  what .  is  actual ly  going 'n ins ide thc I ìe ference a '<ì  f \ogrammable Div iders.  I t
won' t  he lp v .u a b i t  as f . r  as modi f icat ior r  s ,  but  i t  wi l l  he lp your  overa l l  understanding
of  the chips and thei r  funt t io .s  wi th i .  the r ig .  Refer  a lso t .  the chassis  mix in!
d iagrams for  these chips showrr  la ter  in  th is  sect ion

I � Q 7  l 3 O  /  3  1 .  T ( : 9 1  0 6  ( U . s . )
1,c7135 (FI.]C)

N(  ) ' I ' F ]S :
Ì .  9 l  c i ) un t  ups l r i l t  on ' l 'X  p rov ides , t i i  K l  l z  o f f se t  f o r  r ece i ve r

l l  r n i x i n g
2  IÙ ' f l r l n r r ,  &  I ' r . g ra rn rnabk ,  l ) i v i r l e r s  use  i  KHz  s teps .

l ' ì x a t t r p l e  r r f  \ ' ( ' ( )  l ) e t r : r m i n a t i o n ,  ( ' h .  l :
l l , 2 i 1  x  i r  K I I z  11 i . 270  M I l z  ( l ìX  Mode )
l ì . : 1 .1 ; .<  5  K t l z  16 .72 . . r  l \ 4 l l z  t ' l ' X  Mod r , )

TCgr09 (U.S.)
Uniden Chassis

NO' I 'ES :
L  Spec ia l  =  2  c i r t . u i t  i n  I 'X  mode  changes  Re fe rence  I ) i v i de r

( ' L r  t  pu  t  t  o  2 . i  I (  [ l z  s teps .  ' l  h  r ,  2 .  J  l l 9  r , oun1  upsh i f t  p roduces  a
a  1 l ì  N ' l l l z  \ ' ( 'O  uh i cb  i s  t hen  doub led  f o r  t he  d i r ec t  on
c h a n n l l ' l ' X  l r l q r r c n c l .

[ , ì xamp ì t '  o î  \ ] ( 'O  l ) c l e r r l i l r r t i on ,  ( , h .  l :
i l , 2 t ' l  x  i  K l l z  I { j . 27 ( ì  l l l l z  ( l lX  Mode )
; . 119 : l  x  2 .5  K l l z  t : ì . 182 i  M f l z  ( ' l .X  Moc le )
( l l J . . 1 l ì 2 i  N l l l z  x  2  2 { i . t ) 1 i i  MHz . r

L C 7 r 3 6 ,  L C 7 l 3 ?  ( L t . K . )
( 'ybernet  Chassis

N( )' � l  l .tS:
L  l ìe fe rcnr ,e  &  I ' rogranrmab le  I ) i v idors  use  5  KHz s teps .
2 .  I 'X  \ ' ( ' ( )  f reqr rcncr  i sdoub led t r rp rov idcd i rec ton  chanì re i

l r eq l l eD f \ . .

L ì xa r r rp l e  o f  \ ' ( 'O  I ) c te rm ina t i on ,  Ch .  1 :
l Ì . 1 ì81  x  5  K l I z  l 6  90 i  M l t z  f  RX  Mode )
2,76{) x 5 KIIz I  J.800 MHz l ' l .X Mode)
(lll.8ft) MIIz x 2 27.6([ MHz + |.25 Kflz
t uned  o lTse f  2  i . f i l ) 125  N t l t z . )

I ìX 1 'X
ch.  I  ]251 i ; l f r : j
( ' h  2  i t25( ;  ; i l l ì ;

Ch. 10 :t:142 i l 

( ' h .  I
( ' h .  2

RX
l l2i) ,1
] 25rì

' t  x
j i l . 1 ;

;  l ; l  1 ;

/ ' l .  ) ' r
, t . t t  /

I ' h  r r  I

' I 'X
( lh .  I  i l i ì81  2 ; { i  
( 'h  2  i t : ì8 i l  2 ;61

ch.  40  3459 21gs
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{ CHIPS
glve you an
: Dividers, It
derstanding
Lssis mixing

It for receiver

KHz  s t cps .

'ence Divider
ift produces a
he direct on

KHz steps.
t on'channel

TCgr l9  (U.K.)
l ln iden Clhassis

RX 'I 'X

clh. 1 3ll8l :1412
( 'h  2  t ì l l l J3  ,J414

c h . . 1 0  : 1 . 1 ; 9  i t ; , i ( ì

PLLO3A (U.S.  -  AM)
PLLO8A (l.lt.cr - FM)

RX 1'X
l l J  I

c lh .  2  1208 1299

Cl \ .22  1258 t3 t9

l , r ò ; ,

NOTF]S:
l� ldentical operatiÌìg principal to U.S. TCg106 and

LC7130 31. OnÌy difference is the N-Codes themselves.
2. Relercnce & Programmable I)ividers use 5 KHz eteps.
l ì .  9 l  count  upsh i f to r r ' l 'Xpr .ov ides  455KHzof fse t fo r rece iver

I l ' r n i x i n g .

l ì xa rnp ìe '  o f  V ( 'O  l ) e t c rm ina t i on ,  Ch .  l :
i ì . i l3l x ;-r K Ilz
;1 ,1 î?  x  . : r  K I lz
.  L 2 ;  K l l z  t u n e d

I lì.!10i, Mllz (RX Mode)
I ?.:J60 N'l f lz ( 'f X Mode)

o Il.st 't s

NO'I'FìS:
L Special . 2 circuit in l.X mode changes Reference Divider

output to 2.5 KHz steps.
2 .  9 l -countupsh i l ton ' l 'Xprov ides  455KHzof fse t fo r rece iver

IF mixing when VCO frequency is doubled.
lì. Since chips cannot divide VCO directÌy, they are down-

rnixed with the 10.240 MIlz Reference Oecil lator signal,
producing 6 Mllz outputs (RX Mode) and 3 MHz outputs
(' l 'X Mode) into dividers. Standard 16 MHz VCO is ueed.

,1. PLL08A contains only the first 22 FCC channels for EEC
use; otherwise both clrips are identical.

Example  o f  VOO Determinat ion .  ( lh .  1 :
1,206 x 5 KIfz + 10.240 MHz - t6.27OMHz (RX Mode)
1,297 x2.5 KHz r t0.240MIlz 1iJ.4825MHz (TX Mode)
(13.4825 MItz x 2 = 26.96ir MHz. îhus VCO is doubled in
ex actìy tlìe same way as tlre 'LCg109 or I-C7136,r3? to produce
the direct on channel ' l 'X frequency.)
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r r r  ' l  
, "  F l L

vdd E Ìt flr
Rl F] Ìo- ro
no !l l-' rt
Vss .:l 

';; pz
rO L" l  i , .  P3
Al  ' l  l .  Pn" "l ri, ps

: lPo ,ti i,". r'n'

,^l : r. I - 0. Shifis down 4SS |(Hz in Transmil mode.L0ntrot used t0 lurn oll ore Mirer lC input between TX E8r .

t00Ets
Pace 8093,819J
Royce 582/651, 6A9i64Z
s8E tcMs-4
Sommertamp lS3l0DX

0bsolete chip using binary inputs and internat B0M.

HD42851
(Hitachi)

M00Ets
Sharp C85470 SSB

Ptt FulcTtoxs

P4
nt
" f i  =  1 . I  =  0"27 MHz oul to TX Anls."'17 MHr oul to nX Miier

il00Ets
Kraco 2410
Pac€ 8003
Royce 607
S8E LCM.8P
Realislic lRC209-18

o-bs-0lete chip usrlg binary Inputs. [Jnique in that it cortains||s own mire. lo. lhe VCo.

c5121
I

f

ùM00ELs
Conlacl 40FM
G.E.3.5909A
Midland 77-155

Pilr FuilCTtofts
I SEG.A

Pace C88001, C88002
Regency CB-1, C8-2
Unic RV-C840TB

I
2
3

5

= P 1  1 3
= PZ 14
= P3 15
= P 4  1 6
= P 5  1 7
= P 6  1 8
= P7 19
= P 8 2 0
= thR 21
= R l  2 2
= R 0 2 3
= Voo 24

=  FS '
= PR0C. otv. oul
= PD ltt hom BEt. DtV.
= REF, OIV, OUT
= PD lN trom pRoG. DtV.
= 4 0

= PD OUT
= 10"

= MC (tjsually uncoonected.)
= 10 (Ht st€ps, 0 = 5 XHz steos
= L o c l e d , 0 = U n t o c t e d

2 .
3
4
5
6

I
9
1 0  .
t 1

J È  U - d

SEG.C
SEG"D
J È U . È

5El l - t

R I
R O

1 3
1 4

1 l
1 8
t 9
20
21

il
U.
Cr
BI

EI
C(
Tr
0n
tF!
i s
AT
Fot
tF ,
up
M D
cry
mil
MC
and

t

AO
AI
PD OUI
LD'
T/R''
cH.9
STEP'''
itc
LED 8AR/GRAPH
MULTIPLEX OUI

I
9
10
1 l
12

Ar inlereslingchip that,seasyto mistakelorthe up0861 astheprnoul is almosl identical. With pin t4 LOW, N-Code is pure
8-bil biniry with a range ol N .53-308. With pin l4 HtcH, fange
is N - 3-191. I pin 14 is H|GH and pins 7 & I are LOiV,pfogramming is in BC0 with standard N_Code ot gl-135. Many
inlernal functions brought out to lC pins lor easier trouble_
shooling. See block miring diagram.

'1 . Locked, 0 , Unlocked
"1 fx, 0 . Rx *.1 . SfEP UP, 0 . srEP 0r,l

The lateslt[,î/FM type chip, idenlicat in mrxrng to the TC9109
on Page 104. Note this one uses a single data bil to slep up of
oown. eJiflinating lhe erpensiye gCD lype Channel Seleclor
swrrct. Lrte the sM5123ars951256 (page.l08), this contains
rne LÈu drvers within lhe chip. Not easily modified.- 9 3



LC7110
(Sanyo)

it0DEls
G.E.3-58014,587t8
Realistic TRC454, 18C470
Sanyo 142000, T44000, f46000

An obsolele chiD with internal 80il and bindry inputs. As used i0 above models,
- l l  =  150 {Ch.  1 l  to  194 {Ch.  401.

vdd

88
BI

80

AO
AI

PO
tD '

Vss
P1
P2
P3
P4
P5
P6
P7
P8
P9

'1 = Locled.0 = Unloc*ed.-l ied HIGH

thal il contains

LC7113
(Sanyo)

MODETS
Realislic TRC459/TRC480 SSB

^n 0ùs0lele chip used in a very expensive rig! Uses 7-bit binary ptogramming wilh inlernal
pull-down resislors. Pin 9 presets lhe counter as l0llowsì
Pin 9 HIGH. 54 + N,
Pln 9 LolV, 128 + il

Since Pin I is grounded or artomatically pulled down LoW in lhe Bealistic, raisi0g it
t l lcH allows a possible 64 channels ùelow Ch. 1. Hovrevet since in this rig = 172
at Ch. 40 and lhe marimum l{ possiÙle is 191, only an additional 19 high channels can
be 0rooramm€d. After lhat, you must replace the 17 MHz L00P Crystal.

vdd

Y,R
BI

RO
FS"

PO
L0 '

Vss
P1
P2
P3
P4
P5
P6
P7

'1 = Locl€d,0 = l jnloc|(ed
" 1  =  . ! - 1 0 2 4 , 0  =  + 1 1 5 2

See block mixinq diagram.

8002
8.2

LC7120
(Sanyo)

M00Ets
u.s.:
cott 222. it idland 100M. 77-1018. 77-101C, 77-824C, Pal0mar S58500 (late). SS8600,
Realistic TRC462, R0byn S85400, SBE 47CB (Stovrawav)

ErDort:
Coll 510, Commtron Vll l. Formac 240. Hyslar 100, Jaws ll, Midland 150M, Slag 357,
Tfislar 120, Vice'Presidenl FRANK
one ol lhe laler BCo/R0M chips now linding its way inlo European rigs. lhe ptogramminq,
lFS, and T/R pins use internal pull-down fesistofs. Chip uses 5 KH. divider sleps. LD1
is active LoW; 102 is aclive HIGH. Several l{-Code sels are possible de9€nding upon
AM or SSB use and choice 0l lt, very similar l0 uP02810. Eramples l0r At{ cifcuilsl
For 10.695 MHz lf, t l-Codes are 182 to 270 (RX) and 273 l0 361 {TX); lor 9.785 ilHz
lF, l l-Cod€s are 364 t0 452 (RX) and 273 l0 361 (lX). t lolice that the 455 KHz may shin
up 0rdown 0n fX relativc to rvielher l ie lF is operallng aboYe or Èelow lh€ 10.24 MHz
miring signal. For SSB use, the l/R and %R pins ar€ nol used: inslead a separate
crystal 0scil lal0r pr0vldes th€ loop miri0g. F0r AM ckcuit, see the uPD2814/2816 block
mlrin0 diagtam. l{oTE: Most SSB chassis using lhis chip 0r the uP0858 (and some wilh
MCl15106 0r uP02824) have idenlical main chassis; the PLL chip is the 0nly dit lerence
and 8ll are designed for slraighl 91 lo 135 N-Code division.

P1
P2
P3
P4
P5
P6

t fs '
l i8"

vdd
BI

,l
3
lr
bL

LDI
t02

t/,4

BB
RO

vss
AO
AI
PD

)1

IAR/GRAPH
IPTEX OUT

,O -  STEP DN

ing lo the TC9109
, bil lo slep up or
Channel Seleclor
108), this contains
rcdified.

I '

, '

10.695 MH? ll
9.785 MHz lF' I ,  T  =  0

- 9 4 -



LC7130/31 _ U.S.
LC7135 - E.E.C.
LC7136/37 _ U.K.

(Sanyo)
t00Et s
1C7130 0R LC7131l
Erea_lrr 40Ffrl. Cobra 19X. l9XS. 19+, 20-. 39110.40+. 66LTD.
90LTD. Colt 210. -Courier Ctassic tV. Gataxy tV. Gatary V.
Ereclrophon€ îX565. For C8340. C8911, c.E. 3-58058.5Si6A,
I:a9.-Ii{.-r! 102M, 103M. 151M. 202M. 2001. 3001. 4001,
76- -30 ! .  77-8 ' t0 .  77-911.  Reat is r i c  TRC4t0 ,  TRC4t4 .
fRC42lAl422A, TRC428, nC472. SAM 2000, Uniden AXJ1,
PC77, Vice-President ROy
1C7136/1C7137:
Academy 501,502, Amstrad C8900, CB90t, Barracuda Gt868,
HP940, Einalone 5-Star. Speedrvay, Cobra 2lXFM, Colt 295,
Commhon CB40F, Cybernet Eela 1000,2000,3000, Ell lone
EtCB6000,  F ide l i l y  CB300M,  C81000M,  C82000M.
C82001FM, creat cî8588, cT868B, Hatcyon Cheetah,
Condor, Ha ier CBHQ, CBX, Haryard 400M,402 pA, 420M,
H401, Johnson XK2000, Lake 950, 950, Marcom 4E,6E, 16E.
20E, 21E, Midland 76-200, 2001, 2001T, 3001,4001, Mustang
C81000, C82000, C83001, Nato 40FM, Oscar t. Radiomobite
201,202.  Ro le l  RV220,8V230.  RV240,  Sapph i re  2000X,
Shogun, Sirlel Searcher, Sleeptetone SCBlFM, Transcom
C8X2000, G8X4000. York JCp861, JCpB63
ilo other U.X. mod€ls known al Dress time.

M58472P
(Mitsubishí)

.. ,,' l

. , ._ i lC

111 .  PD

. , ;  F tL

'1 . Untocked, 0 - Locked
"Tied LOW

"'l presets 147 + N,0 presets i02 + N""Tied HlcH
ir0DErs
Channel Master C86830, C86832
G.E. 3-5800A, 580'tA, 5810A, 5821A, 5871A
Teaberry Racer"T" (23 and 40 ch.), ,,1,' Chartie

0bsolele chip with binary inpuls. Felerence Oscillator was
5.12 MHz. Used 5 KHz intern al divide rs. Easy modilication by
changing lhe loop mirinq cryslal.

'Ch.g & tg called up wùen pins are H|GH" R  =  1 . 1  =  0
" '1  =  Loc led ,0  =  Ur loc led

ilotEs:
1. For [C7130, L0 A MC are active H|GHì for LC7't31r35/36/

37, lhcy are aclive Low.
2. 1C7131 & 1C7137 can be inlelaced t0 tc7181/tC7191

scannrn0 syslem.
3. All chips use direct VCo divisi0n, R0ùt, 5 KHz Eteps, siîgts

10.24 ìlHz cryslal, and are impossiùte lo modily.
4. 1C7135 contains onty the ti lst 22 FCC channets in Rofit tor

European spec.
5. Channel inpul codes are all BCo.
6. U.S. & U.K. dif ler only in Rot{ i l-Codes.

Se€ bloct miring diagrans.

M58473P
(Mitsubishi)

vdd
P3
P2
P l

't Unlocked,0. Locked
" 1  .  r 1 4 7 . 0 .  2 0 3 + N

it0DEts
American lrotors3231l847, 848,849,950
|lf4400M
Kraco KC8-4005
noyce 1-632
lVards cEN.702A, 7304 ,t7 4A,77SA,826A

0bsolele chip with binary inputs and Code Conyerter. Easy
modificaiion by changing the loop miring crystal.

P1
P2
P3
P4
P5
P5

lest

l i R"

vdd
AO
AI
PO
t-0 "'

cx19'
cH9'

MC

t
U
Cr

Cl
Ct
M
rl
t l
tfl

sl

Ir

C(
U I

P€
{D
fo
Co
sti
P I
AI
Us
cn
0t
Èa
firl

MI
u. l
Br(
OA
t-al
pal
Rer
F01
s8l
A B
Fol
Col
Er (
Gal
pre
ON
Sla
Vicr
Thr
p in
a s
pr0

::
PO
FIL

Vss
RO
BI

P4 ' ' l '
P 5  - , l
PG a . l
Frr ' t
g 1  , , r
l {C  ' "

t D "  , ]
. .  ; l

' "  Vdd
, '  P3

t "  P2
Ll t .  P1

::.

i,r
L

pc  . ,  ] "  
'  r

P5  L , ]
P6 t . l
Frr, -'
q; irì
t0 i , ]
i l c  . ' l

t D ' - ' l
vss -l
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l'�

É0. r/R"
; t r
t '
J3_ vdd

r'- A0
il Al

1. PD

1  [ D  " '

'_ Vss
3 8 0
, t  R l

M88719
M88734
(Fujitsu)

il0DEts
u.s.:
Coùra 46 47Xt R. S0 55XLR. Midtand 63-440

Co[ra 110/142GTI.
Coutie. Galary
Midland 79-900

ilxìilÍ1,#8iTJiÀ,*shirsr00 (new)
8oùyn S850SD {tatel
SBE LCBS-8, tcritS-b
Teaberry Statter lX. XV. xI
Tram 080/0300
(Single-c0nversion Altt iSSB m0dets)

Cobra 148/2000c11

40.2
Ar2

A0-1
Af1
PO

LD'
RI

RO
vrtd

Vss

P1
P2
P3
?1

P6

ìH; lor LC713t/35/36/

td t0 t"c7181/tc7t91

ll, 5 l(Hz steps, singte
te to modify.
cialnels in B0M lo.

úes.

'dd

1

s are HlcH

:onverter, Easy
6lat.

iJix"JJh:::'##il*Îiilj;,i.ì1"T"'"n, starke, xx ",p.,' .:l;J;"*ld'! = urrocred
(Duar-conversion aMlssÀ;;;;)"- ''' ' 

; = lir-.\til,T:r.l'llrtl;lJilr,ifii,,;1i11l, nr,,Foreion; l[nct
óotià"i igcrL.ox rcarr,,r pcozgt 

r 'r.rr.n not preserl in t l88731 u s m;dolt ;niv. I

:::,:::_s;llfttl::lo^rlt McKinrey tpc8e3t Pin 10 preset luncrior normaly pulE up ltGHi 'uc,uc,,, u,d,,r rrLvesr 6-ùit ùhary InputsAll modeh shown in ùiock miring diagram. pull-up resistors ùsed
^u.r-t_d_I-t1._î9:! polutaf Uniden chassis €glir*:rii#iirii,*ì':{i,,}Éiitiflifi,'l'qt;:;,1-i",tp$:lfr{fr.["i:Ìfi1'ifi'l*-fr[i*{,*il,ifl

, _-MC I 451 06 ( Motorola)
M M 55 1 06/ I I 6/ I 26 ( N atÍonal )

u00Et s
u.s.:
Eromirg Gotdenfalh Ma tVA

Lale 600

i:itJffi 3333î, 
(rare versi.n; see !p0858 diasram )

Robyn 440
SBE Xeycon
ARt.200l

vdd
Frr
RI

RO

Vss
PO
P1
P2

Foreisn: '!:n 
4 l"l Pr

co-bra.148clL-Dx. superslar360FM (p8010:see btoct diagram.) 
Fs'q iq pl

ÈrcattbuJ base, Ercalibur Samurai, Galaxuarary,presrdenrFranktin.supersrarrsoo.rL? íó èi'i^Yi'iil'Srp., ,r:: É H;:rr€srdenl Jaclson lP8042t P8 L__ _ ]!d p7
DNT M4OFM,274OFM IUKJ
9139 51. yq1o91 1l;itar ro patomaf ss8s00-rale), ..t = r0 [Hz srcas, 0 = 5 t(]tz srsrsvrce-Presidenl FRAI{K. ColonelFR360. pacitic SSBó00 ...t = Locrsd,0 = Untoctrdlie full_pinout version.0l the M0t0rola sefles,..Uses sinpte 9-bil òilary ,rooramntnr
i'lì;,io"jljnl,jl,Xo,,Ìlì,]t;:,#f Sî,j[:l'"tt"llrnarv"aoaers ro.prósei'ir,; fiil#;i;il yl,'l llllmar prrr-down rcsisrors on thes€
p,0s,ammabre oivirer anì-iàw-iàvei'*#li,'Ji,tl,jÌ,I*íj'il;óiliìjlil'iiiríi,'i'iJiìé"''#'fir'n'i1."',111,:H',',';,,i'll

}l-*

- 9 6 -



MC14568 & MC14526 (Motorola)

AM MOOETS
Craig L'10'l, 1102
Lale 650
Royce 1-601
SBE 44CB (trlalibu 40), 15CB (lrinidad ll l)

SSB MODETS

S8E 27CB/A (Sidebander lV)
39CB (Sidebander V)
40CB (Console vì

l loTE: ThlE is early Dl Chassis. S€e ilock miring diagram.
MC11568 is a Piase Comparator and Programmatle Elnary Counter; i1C14526 ls a 4-hlt + l{ PrograminatlE Counter only. 801ì
requlr€d t0 maÌs !p th€ 8-bil l{-Codes. Weigit 0f plns is:

An cxamlle ol an early pLL deyice thal r€quired several discrete chlps t0 lorm the loop. l0 lhe ll0l rhassis, lheso w8r€ replsced
by a single l{0C40013 chlp. Compare bolh circuils in lhe Ùlocl mlxlng dlagrams.

MM55108 (NatÍonal)

P1
P3
P2
P1

Vss

vdd

PD
t0 '

ltl00
Gene

J 0 n n

Vrkrnr

John

Joh n

SH0lVtl: MC14568
'1 = Loclad,0 = Unlocked

An ei
lhe l
gr0ul

vdd
F't
RI

RO
1/,R

RB
PD

L0'
P8

Vss
P1
?2
P3
T/R"
P4
P5
P6
P7

MO
Alar
l(raa
Pal0
Rea
Tenl
Avr
pu ll

MO
GeI
Rob
Sha
fea

0 iY
use
The

u.s. M0DEts
Lale 410

u.f. lt00Ets
Academy
tlúeli ly C81000FM
Hanard 402MPA
Lalc 850/950
TranEcom G8x2000, GBx1000

'1 = Locled,0 = lJnlocled" B = l , l = 0

An earty i latlonal cìip that never oained p0pularlty in thc lJ.S. Currenlly used In new t.l(. Fil r ig3. Us€s 455 l(HznR slln'.bul
progiii .dtri.t is simpte btnary ior moOittóatlon irse, witù inlcnal puli-dowî rGsistols on lhese pins. llegallvs'golne PD oùtput
lo VC0.

itc11568
I - 128 btt
5 -  61  b l l
6 -  3 2 ù l l
7 -  1 6 b l t

Pln
Plrl
Pln
Pln

-97 -



MSC42502P
(3001-201)

MODETS
General Molors (same as Johnson) GM4120,4170,4175

Johnson Messenger 191, 4120. 4'125,4135, 1140, 4145, 4230, 4250,
Viking 200

Johnson Messenger40. 50, 80,Viking 230,260, 270, 430

Johnson Viking 4330, 4360
'1 = Loctod,
0 = Unloclod

An carly chip custom-made lor the E.F. Johnson Company. Us€s BCo inplls and iÍternal plll-up resistoB 0n lhe plogranmin! plns
lhe Relerence 0scil lator was always 5.12 ÌlHr in this devic€. Several nlrln0 schemss wGre used, and lhe aù0Y8 modcls 8r€
0rouped by l00p downmir fr€quencies into lh€ chi!. M0dil icali0n by changin0 lhE 8C0 programmlng on lhe pin8.

MSM58O7
(OKI Semìconductor)

F *
P{
P3
P2
P1
lrC
PD

LD'

vdd
P5
P6
P1
P8
80
RI
Vss

ull8r only. Bolh

ig rgre replaced

m00Ers
Alaron B-1900
l(raco l(C8-4000
Palomar 19
Realislic lRC205
lenna 10901, 10902, 11302
A yery old 0ùsolete chip. Prog.amminq is binary with internal
pull-down resislors on the pins.

P5
P6
07

P8
ts"

RI
RO
Vrs

vdd
P1
P3
?2
P1

L0 '
PD

'1 = Unlocled,0 = Loclsd
" 1  =  + 5 1 2 , 0 =  + 1 0 2 1

MSM59O7
(OKI Semiconductor)

MODEI.S
Gemlronics GIX'4010, GTx-5000
Robyn T-2400
Shalesleare GBS-240
TEaberry frlodel "T"

P4
P5
P6
P7
P8

vdd
P3
?2

:'

F,"

Vss

0E l/R shllt, hrt
Fgoln0 P0 oulpul

'llcd lou,

A yery early device, this is a Phase Comparator and Programnable Diyider only. t ssd lr coniuflcllon wllì lhe 512301 Pr8s€ttable
otvtder. in a mann€r yery similar to the ffCl456E/i1C14526 loop wi€rc sryeral dlscrete devlces werc necded. Elnary inputs ars
used.
lic sigral that drives the VCo comes hom th€ 1t1S12301.

- 9 8 -



NDC40013
M58476

(Mitsubishi) ::,

P1
P2
P3
P4
P5
P6

r)-

F
li
E

_].

vdd

BI
NC

ttt00Ets
Craio 1131/123'|
Johnìon Viting 4740, Messe0get 4730
r{ot Pc200, Pc201
Pace 1000MC
SBE Sidebaoder Vl, Console Vl
Iram D64

This chip uses binary inputs and was lound in lhe late l l0l chassis.
Replaced the two discfele Motofola Ghips to create the €xact same
loop circuì1.

Com0are both circuits in lhe block miring diagrams.

'1 = Locked,0 = Unlocled
"Mod€ Selecl: 1 = AttlrLSE. 0 = US8.

Shil ls Programmable Divider 1 bit (5 XHr)
lor SSB uEe.

"'Tied HIGH

NIS7261A
(Suwa Seiko)

fit00Ets
Pearce-Simlson Jaguar 408
Vectot X, 770, 790

PO
P1
P2
P3
P4
P5
P6
P7

vdd
Ftt

PO
L0 '
ilc
RO
RI

Vss

' l = L o c t e d . 0 = U n l o c l e d

Both this chip and the i l1s72648 shown below are idenlical ercept lor the Relerence 0scil lalot
,ttstatr. nii one uses 10.24 MHr. Programming is binary A very obsolete chip

NIS7264B
(Suwa Seíko)

il0DEr.s
Kraco fCB-4003, KC8'4088
MorseiEleckophonics 2001
Psce 8340
SurYeyor 2630

Us€s 11.52 MHr Rel€rence oscil lator crystal. Programminq is binary A Yery obs0lete chiP'

- 9 9 -

vdd

PD
L0 '
ilc
RO
RI

Vss

P|)
P1
P2
P3
P4
P5
P6
Pl

'1 = Locted,0 = t nloclcd



3
ii]

P

::'

P1
P2
P3
P4
P5
P6

us8.
il (5 ÍHr)

PLLOZA (NPC)
MC1457Og (Motorola)

AN/MN6O4O (Panasonic)
SMí1O9 (NPC)

TC9lOOP (Toshiba)
ECG1233 (Syluania)

ilt 0DtLs
EARTY GEI{ERATIOII AM, 3.CÎYSTAI. IOOP
IPGB: PTBM036/03840X. See block mixing diagram.)
23 Channel:

Delco (GM) CBD-l0. 1977/1978 series, c.E. 3-58108, HyGain 68t, 682. 2679. 2680, 2681, 2683,
2710X,2716, 30848, Kraco KCB2310B, 23208, 23308. Lalayette Com-Phone 23A, H8650,
H8750. H8950, Micro 223A, Telsat 1050. Midland 13-830, 13-8578, 13-882C, 13-8888, t3-955,
Pearce-Simpson Tiger Mk ll, RCA 14T300, 141301. Truelone MCC44348-67, Cyi4732A-77

40 Channel:

Hycain 2679A, 2682, 2701, 2720, Pearce-Simpson Tiger 40A, Sears 60000

LATE CEItERAîtolt aM, 2.CRysTAL 100p, 40 CHAI{ltEL
(PC3: PîBtfo49/051 / O57 / 092 / 09'COX. See btock nixing diagram.)
Boman C8910, C8920, C8930, CBH990, Colt 290. 390, 800, SX33, Delco (c M) 1978 series, 120. Gemtronics c'f44, c'r55. cfX66. c.E.
3'5804D, 58118. 5812A, 5813B, 5819A. Ham Inl l Puma, Viking, HyGain 2702, 2703, 3107. J.C. Penney 981-6204, 981-6218, JIL Citizen
BPL524. Kraco KC84010,4020.4030,4045,5001.5003, Latayeile Comstat525, H8640, H8740, H8940, 1M.100, 1M300, Tetsat 1140,
Midland 76.858,75-863,76-886,77-830,77-838.77-849.77-857,77-882,77-888.77-889,77-899,77-955,77-963. Medall ion 63-030.
Mopar 4094176/77178. Morse-Eleclrophonics 3005, Palomar 4100, Pearce-simpson Lion 40, Super Lynx 18, Tiger 40. Ray Jellerson
C8845, RCA'14T260. 14T270, 141275. 14T303, 141304. 14T305, Sea.s 60105, Truetone CYJ4832A-87, 4862A-87

FOREIGN IODELS OF ABOVE CHASSIS
(PCBr  P lB f l092/094/  l06A0X,  ayhayethePîZZo33A0XFt tbd .and/orOsc.un i tbds . )
C011720,870, Formac 88, 120, Ham InternationalPuma, Vjking, Major M540. pearce"simpson Superlynr lg

SSB CHASSIS (See block miring diagram,)
Single PCB: PIB[048A0X, PlBff 0s8C0X
AIVA/lhorn 1503, Eoman C8950. Cardon lroquois 40, Coll480, 485Dx, 890, 1000, 1200 (Ercalibu0, Gemtronics Gtx77, cE 3-5825A,
HyGain 2705 (v),2785,3108 (vll l), J.C. Penney 981-6247, JiL Cil izen MPL-5, SSB-M6, Lalavette lelsat SSB120, SS8140, Midtand 78-976
79-892. Palomar 2900. Pearce-Simpson Super Panther. Super Bengal Mk L RCA 14T30i. Truetone CYJ4837A-87. Universe 5600

oouble PG8: PfBM080/085C0X & PTRf004,/00500Xj
0lX Mark X, G.E. 158?58.3.58754 fSu0erbaset. ttt idland 7&574.78.9S9 7989t. SBE LCBS-4
fofiElcf{ "tXPofT" M00tLS [May have FM, CW. Boger 8eep, and up to 240 channels.ì
oouble PCB: PTBM059C0X & PT0S006A0X or PTSY0I6A0X
Ham Inlernali0nal Conc0rde, Jumb0. lVultim0d€ ll HyGain V. Lalaye e l200fM, Maj0r tV360, tV588
PCB:  PTBm |  2 l04X main  bd .
Cobra GÎ1150, Colt 3200X,320FM, 1200DX (Excalibul. Ham InternationalConcorde ll. Jumbo ll, HvGain 2795DX. Intek 1200FM.
Lalayelle HB70AFS, lf istar 747
PCB: PTBM | 2200X main bd.
Coùra l48GTL-8
PCB:  PTSM |  25 l  |  3 l  A4X main  bd .
Colt 16000X, 20000X, Hycain 8795 (V), Lalayetle 1800, Midland 7001 {erport), Pacific 160. Superslar 2000. Tfislar 777
PC8: Pci|lool S main bd.
Argus 5000, Colt 2400, Cobra '148G TL-DX (lake), Falcon 2000, Lalayette 2400FM, Mongoose 2000, Nalo 2000, Palomar 2400.
5000, Starlire DX, Superstar 2200, Thunder 2000, Tristar 797. 848
PC8: PTBMt33A4X main bd.
Ham lntrrnati0nal C0nc0rde ll l . Jumb0 ll l . l l lult im0de tl l
Thls is l ie big one, lolks! The most popular chip ever made, sti l l  in worldwide use today. Chip is lound in lhe Cyhernet chassis.
A memùer ol lhe i lolofola lamily, i l  uses slraight binary pr0gramminq vrith i0leroal pull-down resistors and a negalive-g0ing PD
oulput. f$odil lcalion fof addil ional channels is a simple matter 0t changino the programming 0r lhe loop miring crystal(s) as
discussed in Secti0ns | & l l. lhe chip is also widely u!€d in the 18-Channel Australian rigs, where the 0nly real diference is i[
lh€ Channel Seleclor swilch; i.e., replacing lhe swilch with the 40-Channel versi0n allows easy lrequency expansi0n.

- 1 0 0 -

v d d  . .

R I  ,
F S '  .
P 0 '

LD"  "
P 8 '
Pl "

'1 = 10 KHt steps,
0  =  5 l (Hr  s leps

"1  =  Locked,0  -  Un loc ted

Vss
Pf)
P1
P2
P3
P4
P5
P6

l-

F;I P1-
i'. P2-" P 3
EI Pl-
, r  r o
E - -

F p z
f-

-l-

h6  P0
E' '  Pl-
l ' . P2
E' ,  P3
E
l" P4
FI P5=
'o p6
-
l e  P7r



PLLOLA
(NPC)

t00Ets
Hycaifl 681,682 (HYRange l& l l)
lftaco ÍC82310^, ÍCB2320A

^n €arly Dredecessor t0 the PLL02A, b€lor€ the chi! technology 00t laslet
and moii sophisticated. Progranmin0 is straight 8-bit binary. Relercnce
oscil lator was 6.40 MHz due lo sl0wet speed 0l dividers Used in a lew
old Cybernet chassis, such as Pl8M027A0X, 02940X.

vrd l , r  \ - '
Fn  , ' ]
R t  f l l

- tr{c L. l
eo our i.l
po tn i;j' 1 1

po rel

P1
P2
P3
P1
P5
P6
P7

'0!tout ol PRoG. olv. to PD

PLLOSA _ U.S.
PLLOSA - EEC

(NPC)

t00Ets
U.8.:
Drlco (Gir) 808C82, 908C81, 908C82, 90EC81' 908FrCl
G.E. 3-58134. 58114, 58174, 58184, 58198, 58594
JC Penney 981-6216
tlldland ?7-821, 77-859, 5001
s8E tcil-8

TEG:
Ham Inl'l Hercules Fil
Hycom C82000, 3000, 1000
ilaior 3000

ultitech MS211
idland 77-FM-005

{PCB:PT8ftl1 1740x or sinilat)

' l = 1 , R = 0
"lìree Los present. 101 is active HIGH, 102 is active

L0W. tD3 nol normallY used.

Vss
P|)
P1
P2

P4
P5
P6

vdd
RI

101"
102
LD3
PD

T/R'
Frrt

FlÌst attenpt t0 us€ R0il in tiis early g€neratioî chl[. L00p downmh uas stlll rGquired due to slow dividef speed Einary ilpuls

",".oi".rric by R0it t0 a divisor in tt ie t,zoo rangi. lnter;al pull-down reslslors 0n lhe pro0ram pins The PLLo8A has only the

ìi l zj ' i l | ;úî;;ì;, iórelin 6onr ror rne EuroÍeàn specs: otherwls€ boii chip! identical. s€e hlocl mixing diagram

Rtr'C86345

RO

:: : :

t 0 '
P7

' l = L o c k e d , 0 = U n l o c l e d

l ' 4  F IL

ttl00Els
Courler Elazer 400, t l ighlrider 4008, Rangler 400,
Scnolade 40, Rogre 10
Fanon Fanlare 125t, 182F, 1840F, 1850F, 185P1"1. 1900F,

Rcalisllc TFC4il8

ill- Vss
li; P0
t
i ' l  P l
lnl P2r
,s P3
' ,  Pa
T -
L" P5-
i ' o  P6

vdd

RI

Àn early chlD custom-mad€ by Resdel, parcnl conpany 0l
tanon-Courler Corp. Uses simÍle 8-bil blnary proerammln0
ullh Intcrnal pull-down resistors 0î the pins. See block mUlng
dlagram lor all the aùoYe models except thc TFC148, whictl
l! SSB.

"0 = 10 KHz sleps, 1 = 5 l(Hz slePs
"'lFC: Helps ùring loop Int0 loct. ls connecled t0 VCo

circult.""APC (Automatic Phase Control) switch PD output leeds
tirou0h llìis switch lo VCo aller lock-ul.

- 1 0 1  -



l]�"

F!
E
E'e
t;
I'a
J'r

Pf|
P1
?2
P3
P4
P5
P6
?1

SM51O4 (NPC)
MC145104 (Nlotorola)
MM55104 (Natíonal)

MN6040A (Panasonic)
ECG1255 (Sylvania)

DlV. lo P0

lq
F
E
E
F
Er

102 is active

M00Ets

A :
Courier Caravclle 400
Frnon Fanlare 8800F
Írls XL-45
frl ldland 77-825, 77'861
tl|otorola 11025A, CM540
Panasonic 8J3050, 3100, 3150
Pearce-SlmDson SuPer l i!er 404
Rsallstic TRC455
iiiiii ooino, DG-i300, cr'4100, LB'120, sx401, sx402D' wvrlo
Utac IRX-1000, IBX-5000

SSB: (See Ùloct miring diagram)ì
JC PenneY 981-6211, 6246, 6248
sears Roàdtalter 934.3826, 3827' 3831

vdd

FI
RO
FS'
PD

t0"
97

'1 = 10 fHz sleDs, 0 = 5 ÍHr iteP3
"1 = Locted.0 = unlocked

Vss
PO
P1
P2

P4
P5
P6

vss
P()
P1
P2
P3
P4
P5
P6

Anotier memÙer 0l the Motorola family, almost identical to the PLLo2A wttì oneless hlnarY tit but an 0n'chlg oscll lalor l0r lhc

10.21 IÌlHz inDur. Internat pu1-d.wn res.sil';ìi;;;l^ffi ;À. ni-q.riti-going po output tó vcO. Easv m'dlllcati'n bv claî0in!

!ro0ramming.

Sinary inpuls
Itas only the

am.

lled lo VCo

0 outpul leeds

VEs
PO
P1
?2
P3
P4
P5
P6

ft o'-
f vss
[ '" P0
i t  P l
i l  p?

lit Pl

É P 4
f ' l  P5

i;q Po

MODETS
Lalay€tte LM-200, felsal 1240
Lale 650
Pace 8008, 80104, 8015A, 8113, 8117, 8155
SBE 11CB (Asper),42Cg (Corter 40)
Sears 370.3805

SM51O7 NPC)
MC145107 (Motorola)
MM55107 (National)

vdd
Fn
RI

thA

fs '
PO

10"
P7

'1 = '10 l$r steps, 0 = 5 fHz steps
"1 = Locted,0 = Unlockcd

Anothetmember0 l theM0t0 lo |a tan I lyDutneYerab i00 Íe . .s |mihr l0 the .PLL| )2A- , lh |soneaIso fequ i lesan€f t lma|Rs | . i€ncc
osci at0r ctrcùit. tt has onty I bits 0t o,*ry i'rogri;niiù irith internal pull-dowr reslstors liks the chl! aboYe. bul thl! ono 'h0

i;ìil;;;;;;i;i;;ìó, rlÀ s tz trtttz toop mi'ínó"output signat ilesallYe:00lns PD output t0 vco'

- \ 0 2 -



sMí118
(NPC)

MODETS

l /tt|/rt.DAs[ auro RA0los:
Aotomatic CBR-2175
Boman CBR-9940
Chrlsler 4048076, 8077
Pearce-Simpson LeoIard B
BCA 141105, 14T410

sT l0an0 a 0R AÌl/ssB cB:
Pace C8185, 8046, 8047, 8092

Aimost identical l0 the MM55108, minus lhe TrB pin Programming is straighl 8-bit binary

-JJ;-. ,r I .
L , l  l ' r ,
ì, l'l

il t:
'/?R 4 i.- P4
ne ll :i Pl
P0 

- ' l  
I ' i  p0

L D ' q  f '  P 7
ilC ;l .,"1 P8

'1 = Locked,0 = unloc*ed

vdd
Fn
BI

80

M(lflE
ì ledall l
Moloro
fBs ci
Wards

Very si
Progra
455 Kf

fc91(
prevel

vss
P1
P2
P3

TCSOSOP
(Toshiba)

Sub: EC G 12O7 (Sylvania)

ffl00Ets
afí:'diówninq 

salre, ssl-2 lsame chassis fot all ol lhese ercelt the sharp l
Cobra 32XLR, 86/87XLR
Kraco KC84090, KC84095
Seals 562.3820,3822
Tram 042

Sharp C87504,8004,2260,2460 (All Shafp use same chassis)

SS8:
Browning Baron, Cobra 132/135X1R, lram 062
(See block mixin0 diagram.)

Thisdevice isas impIebinarYP|og|anmabIeDiv ider ,Useda|ongwi ththeTc5t)Sl .Phasec0mparal0randtheT0S0S2.Refefence
òiciràiàil óiiioii. 'riarprd or eàrrv plr-'circun tnai required several discrete chips t0 compose lhe 100p, belore Lsl chipE had
eYolved lurlhet.

TCg102
(Toshiba)

PÍ)
P1
P2
P3
P4
P5
P6
P7

D0'
Vss

frt0!
tc91
Cobft
G E.3
M idlr
ili)t f
Presi
Heal

Teat
Unid
IC91
A  L
Aud i

ll0 0'Dirider output lo TC508l

fit0DEts
Midland 76-860, 77-8618

SharD C82170, 4370, 4470, 4670

vdd

BI
,:,1
PO
AI

AO
LD'

:::

Pf)
P1
P2
P3
P4
rc
T/R ' '

fhe
pali
sl€f

See

MI
Co

G, I
Pr€
Rei

Ser
Tei
UN

vel
oul
0u l
f r e

taot a biq onc. lJses 5-ùit binary channel prooramming wilh Programmable Divider
0resei t0 91 .r ll in R€ceive modc and 182 + ll in Transmil mod€ t0 produc€
iSS Xttz tlR ollsel. Staîdard 16 MHr VCo. Requir€s an e ernal 10.24 MHr
Iranslstor oscil lator lor th€ fel€reÍce signal.

- 1 0 3 -

t lò l
= l

. l  Er-'r É
;l i;-r lr
a.I i.r
= I
l]] _.1'"

' l  = Locked,0 = t nlocked
" l = 1 , R = 0

"'Ti€d LoW



F-
_:
!ls-

É

,i
lin
;'_

0 = tinlocked

vss

P()
P1
?2
P3
P4
P5

vdd
RI

RO
'/zA

PO
AI

AO
t.0'

Vss
P1
P2
P3
P4
P5
P6
P7
P8

TCg103
(Toshiba)lrloDEt s

i ledal l ion 63-540
Motorcla Cî9540X
IRS Cial lef lger 730, 1200
lvards GEtl-6804, 696A, 716A

Very similar lo lhe TCg'I02, this chip also uses a s-bit binary channel program with the
Programmable Diyider preset to 182 + t{ lor Receiye and 273 + l{ lor Tr;nsrnit to give Itre
455 KHz T/R olfsel. Inte rna I diyislon vras 5 KHz. Unlike lhe TCg102, this chio coniains ils
own oscillalo r, wilh on ly lhe l 0,240 M Hz external c rysla I fequired. Compare with TC9106,
1C9109, and îC9119 which are basica y ìdentical but use a ROM Code Converter lo
preyenl operatof access to chip moditicalions.

Ti R"
'1 = Locted,0 = Uotocted^ ' T = 1 , 8 = 0

"'l ied t0t1,

, .  [ ,s ]  yss
r , l � ' , , P 7
i . j  l , ;  P6

I :
T5 P5

5 l  , 4  P 4. )
t 6 t  ' :  p 3

-'l ti, Pz
a"ì  i " '  P1
, 1  t .

,o p0

L  ' l  i , "  Vss
,  l j r l  P7

. L _
L1 l  , "  PG

t -
. ' l  "  P 5
r : l  

' i .  
P4. ] � _

- 61  ' '  P3
L

! l  I '  P2
" l  | ' l  P l

- t  I
r"l_ l'", P0

-t_
'u Vss
t:

É t o
l1- Pl
E p z
É P 3
E p n
f -  "

!-4 rin"

il00El.s

rc,106 (U.5.)
TC9119 (U.K.)

(Toshiba) vdd
8 l

c t " '
t-0'
PO
AI

AO
l iR"

' l = l o c l e d , 0 = U n l o c t € d
" l = 1 , R = 0

"'l ied l0 Groufld by a capacitor.
which delermines lhe
lime coflstant lor LD pin.

00'
vss

tc9106:
Eofia 18/20Lfl,2t /zSGlt, 21l2StTD, 25LTO Ctassic
G.t. 3.58048. 5804F. 5805. 58t5A
lidland 77.8248. 200M

t {or Pct0t .  Pct 02
Presid?nt Andrew J. 48.7. AX.43, AF.44. AX.44, AR.7tl. AX,7 
Sealislic TBC425, TRC426, tRC427, TRC4?3, TRC474
feabery Slalker l l l
Uniden PC33, PC43, pC5S, pC66, pRO540E
TGg t 19:
All Uniden chassis {t9.. pA-0391
Audi0line 340.34t,345. Tandy TRC2000. ttc200t. TffC2002. Uniac€ t00,200
l,l0 other legal U.K. ri0s knotvn at press l ime.

I lo TC5081

;5082 Befefence
'e LSl chips had

= Unlocled

The.ùeginning -0f the lmpossiòle chips! us€s d0uble-R0ù! sel which protecls against il legal programminq and atso allows compalibili ly witì 8-bit rotary LED Channet Seterror. {See Figure 13. Sedtion l.) ó-tipi'use o-iredr Airirion oij ìO rUjri, i lbi,-S iii,Iteps' and the orlv diflerence [etween lhem is the RoM li 'codes needed t0 divi;idown t r J'rrr"ni u.i.À.i. ùiio r-,"r'.i.i]l l
See blocl miring diaoram.

M00Ets
Cobra l9GlL, tgGTL AM/FM, t9Lî0, i8X
Craig 1103
G.E, 3-s804c, 5816, 5900A/C t,HELPt
Pfesident VEEP, AR-14, AX-1d
Realislic lRC210. lRC411. TRC416. TRC429

Sears 663.3802,38009
Teab€rry Stalker lV, Statker Vltl
Uniden PCl4

TC91O9(Toshíba)
M8873S(Fuiítsu)

vdd
RI

ct- " '

L0 '
PD
AI

AO
l/R"

'1 = Locled.0 = Unlocted" R = l ,  l = 0"' l ied lo Ground by a capacitor,
which determines lhe
time constant lor L0 pin.

Very stmilal t0 ab0w,the 0nly difference is a special .2circui 0ll0wingtheReference0ivider
0utpul inside lhe chip.-rhe r/B c0unt shilts up bv 2, r39 but is rhen divide; rn tart. resuifinoin anoullul in lhe Transmit m0de which can be easily doublsd l0 provide the direcl on_cha;nellreouencv.
See ùlocl miring diaoram.

L-
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t00Ets

UPD858 (NEC)
Sub: ECG1198 (Sylvanía) -L0'

P0(2)
AI

All, 2.Cflsfff moP (See block miring diagran): A0
Cobn 21X,77X, Courief Rehel PLL, Rebel 40A, Fanon Fanlare 100F1,
Midland 13-0838, 77-883, Realistic TRC452 P0(3)

t l t
ll|, 3-CnY$t|. t00P (See block niring diagram): FS{1ì
80man CgR-9600, C0ùn 21XLR, 29/89X18, Presidenl 0wighl D (0ld), H0nerl Abe,
John 0, feddy R, Zachary I {old}, Robyn AM500D, Teaberry T-Bear, T-Command,
T-DisDatGh. Titan-T 8l

RO

(5)
Vss
P9
P8
P7
P6

P4
P3
P2
P1
P|)

SS8 (S.r block miring diagram):
Cobra 138/13XLR. Palomar SS8500 (early), President Adams, Grant (old), Madison
(old). Washinglon (old), Realislic TRC449, TRC457/458, Robyn SB5l0D, SB520D. Stag
357, Teaberry Slalker'101, 102, 202, WK51001

(single-conYersion AM chassis)

Courier Gladialor PLL, Sparlan PLL. Fanon Fanlare 350F, Midland 79-893
(single-conYersion AM chassis)

Courier Cenlufion PLL, Centurion 400

vdd

'0
( 1 t
(2)
(3)
(4 t

=  Loc l€d ,  1=Unloc led
Reference Divider 0ulpul
0utput
lnp!l
1 = l0 XHr sleps,
0= 5  KHr  s leps

(5) Programmable 0iYider oullul
(dualconversion AM chassis)

Used in one 0l lhe mosl popular Unid€n chassis ever mad€. Easy to modily, and very broadbanded. Uses 8CD programming with
a [oteîl ial ol 399 chaníels. Program pins musl bc cofl lrolled €It€rnally with pull-down resislors su6h as i l luskated in Figure 12
0l Secllo[ l l . i lora leatures in lhis chip lhan have ever ùeen usedl i lany inlernal chip lunctions are brouoht oul t0 pins whicl]
males lroubleshooling easier. l lo longer allow8d l0 be lsed in new U.S. rigs, l i is chassis is î0w ùEing widely used In Éurop€
parlicularly hy President, where lhey 0fien add an enra 40 0r 80 channels, and FM.

UPD861 (NEC)

( 1 )
Vss
t0 '
PO
AI
AO
(5)

l2l
{3)

P1
P2
P3
P1
P5
P6
P7
P8

1/zR

RI
RO

vdd

(4)
MS"
F'.

Sub: ECG I 254 tSylvania)

M00Ers

tfl, BlttlY PnoGnA[ fl00E fsee ùlock miring diagraml:
Panasonic RJ3250, RJ3450, RJ3600, RJ3660,
R€alislic lRC421. lRC131. TRC456.
Supèrscope C8140, C8340, C8640, C81040

^fl, î01li8c0 í00E {SrG blocl mirirg diagraml:
Coll 350, Convoy C0t{-400, JC Penney 981-6203, 6221, 6225, 6237,
6255, Sealislic TRC440, TRC46l, TRC466/467, TRC468, SBE 49C8,
(Tahoe 40), Sears 934.3806, 380807. 380817. 381107. 381207,
TRS Challenger 460,600

ssB
CDE ark 26
Coîlacl PSC301, Wagner 510 (Auslralian)
Pearce-Simpson Super Bengal Mk ll (Auslralian)

Anotfier vcry yersatilc cìlp, not seen muci today. F0r igs already in the
8lnary m0de, l l 's a simple matler lo expand. For l l€ 8CD/R0M rigs,
slmply oround Pln 14 and you can use all proqramning bits (Pins 1.8).
olrconnect Pin 21. Ma[y 0l lh8 chip's inlernal lunctlons are ùrougil oul
lo plns, whici males koublesho0ling easi€r.

'1 = Locled,0 = Unlocled
" i lodo $elect: 1 = 10 Ci. 8CD/RoM. 0 = 8-bit

t in.ry (i l  0l310 255) usinq pins 1-8.
11l lnhiùil. G0es HIGH ir 8CD/Roil mode l0r

non-le0al program. Disconnecl i l  nol alresdy.
(2) flelercnce 0iyider oultul
(31 PD lil hom hEF. DlV.
(1) Pro0rammable DiYider out0!t
(51 P0 lt{ from P80G. olv.
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uPD2810
(NEC)

P1
P2
P3
P4
P5
P6
P7
T
0

rFs'
T/R"

vdd

Vss
FS"'�
AO
AI
PD
vdd

YrR
R8
RI
RO

(5)
Vss
P9
P8
P7
P6
P5
P4
P3
P2
P1
Pf)

ff0DEts
Audiovor ilDU-6000
IRS Challenger 850, 1400
Tristar 727

A very versali le chip n0 longer scen in lhe U.S. bul showing úp in European riqs.
tls€s 7-bli BC0/R0il progranming wllh Internal pull-down reststors on these and
thc IFS pins. l/R & tS pins use pull-ul rssislors. Scvcral ll-Code sets possiblc
deperding upon Ail or SSB use and lF choice, very sinri lar lo LC7l20. EramDles
lor AÌl: Wlth 10.695 ilHz lF, il-Codes are 182 to 270 (RX) and 273 to 361 (TX); tor
9.785 filHz lF, il-Codes are 36il l0 152 (BX) and 273 to 361 (fX). ilotice the 455 lGz
may shllt up or down 0n TX rclallve lo wÌelher lìe lF is above or below the 10.24
iiHz relerence sigflal. For SSB (TnS Chall€nger, Bobyn S85400 with t-C7120) T/R
pin and %R pins arE not used; inslead an actual crystal oscil lator provid€s loop
miring.

' l t Selecl: 1 = 10.695 frlHz,
0 = 9.785 ilHr" B  =  1 ,  f  =  0"'1 = 10 ÍHz stets, 0 = 5l(Hz steDs""1 = Locl€d,0 = thlocl€d

= unlocled
liYider 0ulpùt

rs leps ,
I sreps
!le Divider 0utput

I programming wilh
ttrited in Fiqurs 12
I olt lo Dins wìici
cly used in Europe

it00Ets
ludioYor ilcE-5000
J - 615 C8

uPD2812
(NEC)

llolher rery4ile chip now €Itinct, thts one allows a cà0tce of binary (il = 3 t0
255) 0r 8C0.R0ft1 (i l .= 182 t0 2261 0rcoranmtn0. contro ed ùy the ieiet on pin
ir. rrcgram ptns us€ Intenat pù -up teslslors.

vdd
F'*
it'
PO
DO
AO
AI
PO

tD"
vss

t " '

' i lode Select:0 = Einary, 1 = 40-Channel 8C0,R0M"1 = Locled,0 = Unlocl€d"' lîì ibil. Gocs Low il i l legal BCo codc is pr€sent in the
R0M mode.

RO
RI
thR

PE
Pl
P6
P5
P4
P3
?2
P1

( 1 )
Vss
LD'
PO
AI
AO
{5)
tzl
t3)
{4 )
MS"

uPD2814 (NEC)
HD42853 (Hitachi)

KM5624
M00Ets
Cobra 66GTL
Craig 1150
Midland 77-856
Prosldent AR-11, Jam€E (, old Htctory
Realisfic ÌRC420A, lRC421/122, TRC132, TRC441, lBC469
unidon PC22

Anolùor veEallle chi[ similar t0 the up02810. Was 0rlginally Intcflded lor Ail 0r
SS.B rlgs but t0 dale ùas only b€en used for Ail. Uscs 6-ò[ BcbiRoit programmtng ,R = 1, T = 0ulth i em_al pull-d0wl rcslstors. Pull-0p resist0]s-use_d 0n lhe T/B ànd FS plns- ,.1 = Locted,0 = t nlocled
Ih!l!o_r_l_l =.1-{10 [Hz shps), il-Coda ts 9l t0 .BS. tor tS = 0, il-Code t; 1St -,.1 = 10 t(Hr steps, 0 = 5 fHr steps10.270 (RXl and 2-73 lo 361 (TX) which ts thr standard Atrt chassis wiring. S€e btocl
miring diagran. t{oTE: Auskalian gs may use HD128S6 which is idcntical òut only
has f8 chan[els slored in R0 .

PI
P2
P3
P4
P5
P5
T
0

l/R'
V,B
vdd

Vss
FS"  '

AO
AI
PO
vdd

RB
RI
RO0 , 0 = 8-ùit

| 1-8.
I mode lor
if nol elready.
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uPD2816
(NEC)

Itt00Ets

AT:
Cobra 29GTL. 29LTD, 29LTD Classic, 63cTL, 87/891000cT1
Presidenl Dwighl D (new), Thomas J, Zachary I (new)
sBE tc8-8
Superstar l20
Teaberry Slalker V, Xll
{See block mixing diagram.)

ss8:
Midland 6001, 7001 (carly)
(SE€ blocl miring diagram.)

' 8  =  1 ,  T  =  0"1  =  Locked,0  =  Un loc led"'1 = 10 (Hr slets, 0 = S t(Hz steps""TC is a second unbullered LD normalty
jusl t ied HIGH.

P1
P2
P3
P4
P5
P6
T
0

l i  R'
Y,8

vdd

t s " '
AO
AI
PO
TC"  "

L D ' '
fiB
RI
BO

Anothor Yetsati le chip but quiclly tading away in Atl use l0r the m0re securG chi0s. Uses 6-ùit BC0/BOM programming with i[ternalpull-up resisl0rs 0n the I B. FS. and orogramming pins. with ts HtcH. dlvider uses 10 (Hr steps with i-Coies 0f 9i t0 l3s. with
FS LoW, tl 'Codes ar€ 182 l0 270 when T/R is 1, and 273 t0 361 when liR is 0, yielding the siandad 455 (Hz Atrt tF ofiset. See
blocl rniring dia0ram for AÌl . ios. for SSB us€, T/R pir is not required.
l loTE: An int€rcsling and simple modil ication l0r the SSB Midland is t0 switch lhe state ol the TiR pin; this wil l givs 40 channels
beginnlng 455 KHz below normal Ch. 1.

uPD2824
(NEC)

MODEI.S
Cobra 146GTL
Midland 600'1, 7001 {lale versions), 79-260
Pearce-Simpson Super Cheetah (Auskalian)
President AR-144. AX-144
Realislic TRC451
Sears 663.3810
Uniden PC244, PR0640E. P80810E
(This is a curenl Uniden single-conversion SSB Chassis: PC833, PC965 or
similar. See block miring diagram.)

Realislic TnC453 vB

Uniden PC122 vdd
(This is a cufrent compacl version ofthe above, P8062. Same PLL circuitry.)

Craig 1132,1232
Wards GEN-7194
(This is an old uniden SSB chassis, virtually identical in operation lo lhe
uPDS58chassison Pag€ STercepllorthechip;seeblockmixing diagram. The
same 34 MHz VCOand individualloop miring crystalsJorAM, LSB, and USB
are also used h€re, The R0M N-Code is sli l l lhe same,9l-135.

P1
P2
P3
P1
P5
P6
T
0

ilc

f - l

f ; l

Vss
ilc
AO
AI
PO
lc"
t-D'
RB
BO
BI

' l = L o c k e d , 0 = U r l o c l e d
"lf.lì.?o"ritJ,Í "*nered L0 n0rmarrv

lhis is a cheap versioo 0l lhe aÙove and is pin-for-pin identical ercepl that it doesn't iave the l/R pin. lt was intended stric y l0l
SSB syfl lhesizers using eilhel I 0r 2 cryslals. lo dale, the sin0le-crystal approach has been lhe only one used, as in the îew
Unidcn chassis. In lhis applicalion lì€y use lhe kipled 5.12 MHz lin lor l00p miring with a 16 fi lHz VCo, and a modil ication was
discussed in Seclion l l. The only l l-Codes are 91 t0 135.
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Vss
FS" '
AO
AI
PD
tc"  "

t-0 "

BB
BI
BO

nloctcd
0 =  5 | (Hrs teps
Íered L0 normally

Iamning with inl€rnal
lès ol9l lo 135. With
(Hz AM lf otlsel. Se€

will give l0 channels

LATE ADDITIONS
LC7132
(Sanyo)

ltt00Ets

DNT 4()O()FM
Fox C8240, C8440
G.E. 3.5806, 3.5808. 3-5828A
Midland 77-104. 77-145. 77-145A, 77-149, 77-250. 77-805, 77-805A
Realislic TRC413, TRC415, TRC417, lRC418. lRC419, TRC423,
fRc433

- l

P2 , .
P 3 :
D r i

O t  5 '

P6  1 .  ' '

P 7 ,

vdd
AO

AI
PO
10" '

The newesl American AM-only lype chip, identical to lhe TC9109
and M88733 (Page 84). ROM conlrolled wilh direcl VC0 division.
Nol€ i l now uses 8 program lines ralher lhan 6. ìvilh the Ch. 19 recall
pin ollhe 1C7130/31 series removedì onlylhe Ch. 9recall fealure is
felained. Again. nol modil iable by normalmethods. Found mainly
in lhe Kofean-made Maxon chassis lypes.

SM5123A
SM5125B

P 8  " .

CHg '  
- "

T e s l ' , . .  I

'Ch .9  ca l l ed  uP  ú /hen  H IGH
" B  =  ' l , l  -  0

" ' 1  =  Locked ,0  =  un locked

, ,  V S S

, '  B 0
, ,  R |

È
la
F
;;

E-
i-;

J t

l,;,
t-
.�E

l,;
J

Vss
t{c
A()
AI
PD
TC"
LO'
8B
RO
BI

A new RoM chip which is idenlical in operetion to lhe
TC9106on Pag€ 83.lhe only realdit lerences are lhe inclusion
ol Ch.9/Ch.19 pins (l ike th€ 1C7131),7 programming bits
inslead ol 8, and UP/DoWN slep pins. The slep pins are
requir€d here because lhey'ye eliminaled the erpensive
Channel Seleclor swilch. Noleasily modil ied.

SM5124A

Vss
. ,  P 7

. , "  P6
, 5  P 5

. 'r Pl
, .  P3
'. P2
' , ' ,  P l

'1  =  Locked,0  =  Un locked" l  =  1 ,  R  =  0

Cobra 31 Plus
Uniden Pn0330E. PR0510/520E, Pfl0710E

Anolher new R0M chip l ike the TC9106, The big dit lerence is
lhal lhis circuilshil ls the VC0 from l6 MHz on RX, difeclly lo
27 MHz on TX by svrilching ditlerent inductances across lhe
VCO coil. This saves lhe erpense of one erlra mirer staqe
However, a 27 MHz VCO is exlremely dil l icult lo decouple on
TX, fesull ing in possible spufious FM ol lhe carrier. A very
cheap design. N ol easily modil ied eilher.

T i€d  HIGH
SEG.A
sEG.8  , .
S E G - C .

SEG.F '

Vss "

R 0 . , "
RI  ,

VSB {Gnd)  , -

' ,; f ied Lol,V
;i l sltp uP
, , S T E P D N
; ,  cHg
j ' c H 1 9

:," T/R"
.ì; 

LD'
, '  P D
' ' "  A l
. .  a0

.  
' dd

J  ' i n

P D : 5

n t  ; .
A 0 ' l

t rR"  - ' l
l rn  " I

*1  =  Locked,0 .  Un locked
' R  -  1 . T . 0

Pins 20-23 aclive when L0W

Cobra  lS  P lus .21  P lus ,25  P lus ,29  P lus ,33  P lus
nlocled
lfered L0 normally

s hlEnded striclly lor
|lsed, as in the new
d a modificati0r was
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LATE ADDITION
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A COMPLETE, StMP[f FiED
GUIDE TO

PLL CIRCUIT OPERATION!

Author.Lou Frankl in (THE "scREWDRrvER EXpERT's" cUrDE) unravers moremysteries of cB Radio ereclronics - this time focusing on the Fhase-Lockédl
!9o?,^or-PLL Frequency.Synthesizer. This is rhe hea"rt of "u"ry.óA"in'ó-e
crrcurr' ano one area which unlir now has given headaches to beginner andexpert alike.

fn simple, non-technicar ranguage, you'I quickry rearn lo understand the work-Ings or HLL synthestzer circuiîs. Whelher you're a professional CB repairman
or a casual hobbyist, there's something in these pages just for you.

FEATURES
. How they work, in detailed, easy-to-undersland lerms.
. How to modify them for many more channels.
' How the PLL circuit is used to generate FM transmission and the ssB ,,srider',

sntn.
. How they .provide. the required signals for CB transceiver operatlon. Mostcommon circuits illustrated in very simple block diagram form.
. 

ll-by-qtl fulctron description of nealy every pLL device ever used. Over50 specific lCs including manufacturers' crosé-references.
o Specific lists of every known CB model using a particular pLL circuit.

This big new International Edition covers all the most poputar, classic pLL
circuits. Plus arr the ratest state-of-the-art devices used'ìoi. ca .yÀtn"ri."ì"
throughout the world. Required reading for every serious CB operaior!

pu bt ished By:
C.B. CITY INTERNATIONAL

P.O.  Box  31500
Phoenix,  Ar izona 85046 U.S.A.

$r 9.es
lSBN 0-9,13132.05.3
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