i there is no need for a separate (L1) and center freguency - HEATHKIT W .
: ON/OFF switch on the (C1) of the VCO are ad- _ e o
: synthesizer. & : justable. However,"such con- ~ - [ oweass e SR e
Schematics g trof is not necessary. The rig s ne oo [ T erre D P

buffer "is" a broadband

amplifier. The load induc-
tance is taped to match the
cable gomg to the radio. :

The VCO- to ‘mixer buffer
lS 2 smgie CMOs quad NAND

) Fig. 1 shows a- block
L diagram of - the. - PLL s syn-
: thesizer. This diagram shows.
~the. frequencies for- 14-4148
MHz, although these are hot

Fi
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that: the 1r;put‘ frequency..to

nverter and is biased up-.
the system_ is.the reference :

“for llnear operatiol

PROGRAMMABL £
R~

V2 HETR 3207

cel!ent reverse. isolation’ from
. the mixer, . four. stages,. low
cirrent’ draw, hxgh input im-
pedance, and few parts count.
The  mixer is a dual gate
. .MOSFET - with..a . resistive
1 load “The  dual gate MOSFET "

offers good isolation between 'patlble square wave i-f out- 'seen, the
‘the* VCO and | LO signals, " put. The reference oscilator -:LO hasasw:tchable capacit
However, drive to this stage - “and divider are obtamed Using - to shxft its frequency shghtl
‘should_be-the minimum ré- "a’singlé CD4060 RCA CMOS.*:

'qurreq at - each. input *,to - chip. This reduces component ;
-reduce’ crosstalk as much ‘as " count and srmpllﬁes wiring,
possible. Following the mixer * although it comparator are combined on:
“isan i-f amplifier. A grounded  “cost a little : ““one Hughes CMOS"chip The
emitter. circuit is used to . The* local -oscillator  phase:comparator' is. ~of - the
chieve ;helhigh gyain"r_evq‘uired 'employs"a JFET for high sta-- -~ digital edge tnggered type so

5 KHz
IS INPUT E Switen
THUMBWHEEL SW,
-3 DECADES *

through a low pass filter. The
digital . edge: triggered-phase
comparator; -used: here ; will -
maintain -inputs “of . both fre--
quency 2nd phase coherence -
at.lock. Thus, the lock range
is 'the capture range, and lock-
ing™~ on harmomcs is n'ot e
possnble . :

results: it draws a total of 20
mA and measures 4. 5"

" The divide- by-N and p

a comp!ete

i Iso -
/. shown are.TR33C and Heath- *
kit HT. interface - mod-
IflCathnS ’Synthesuer 2T

-scanner.> This ¢circuit. operates
‘on 6nly 0.4 mA'total current’ -
Vs_ynthey er * de:

" power supply is a 723 .
- precision reguator.” The 723 °
:is: wired . with . no  external
- components.” Consequently,
~the chip reference voltage of

“about 7.15 volts becomes the
- output voltage for the syn-
thesizer. The 723 offers high
ripple+. and - noise... rejection. . -
Three. terminal regulator sub- "
- stitutes are not recommended
if -any. mobile: operation .is -
- planned*~ where alternator '
whine may - become a- pro-- :
blem :

‘The VCO is a grounded
base Colpitts osciflator. It
. offers high  stability and
* separate outputs for the rig
~ and mixer buffers. L1, CI,
and the varactor diode com-
prise the tuned circuit. C1
may be made variabie to ad-
just the VCO . center fre-
quency and L1 fixed. Both
L1 and C1 can be made vari-
The completed synthesizer with Drake TR33C transceiver. able so that both the spread

36722
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* Fig. 2. PLL 2m synthesizer.




buffers in a shielded box if
space permits. In any
configuration, the VCO com-
ponents should be glued in
place and its circuit board
acoustically decoupled to
minimize microphonics.
Double-sided " foam - tape
~works well for this purpose.
. Braided strap should be used
" to make interboard- ground
-"connections. % This ¥ strap ' is
called slot car pickup cabie in

divide-by-N function is now
handled by the RCA CD4059
programmable divider, and
the phase comparatof is ob-
tained using two type D
CMOS flip-flops.: Alter-
natively, - the phase com-.
parator number two on the
CD4046 phase locked loop

% hobby stores. T L L

¢ % Toroids -are preferable to. -

tubular inddctors,” and their

“use is encouraged if possible.

“This will” help make the ci

- guit fess susceptible to nearby
of fields.

Hughes chip is eliminated, an
=~ additional -stage - of i-f .amp -
may. be required .to properly

€D4059 counter.

Troubleshooting <

ticipated- in_getting the PLL
Iternative. perational.” If something: is
works quite well, so | won’t
“recommend_. any.: changes -
.there.,, However, , you . may
_wish.. to’ substitute - different
. transistors . for the: VCO, i-f
- amp,. LO;. or. rig buffer. For -
" ‘the..VCO- you_ want. a tran- "~
sistor . with -a -low output

Verify the output amplitude
and frequency as- well as
- range of the"VCO. Make sure
. that you have not forgotten

-- board. Then ground leads are
soldered at every stage on the
breadboard to protrude from ]
the ‘copper: foil side.” These capacitance and medium gain.
bare  wires are, then_ aligned " The i-f amp. should have a
ir. Corresponding. - garden 'variety, high gain de- -
holes.:on i the coppé.rclad' * yice with low leakage current. -
perfboard.” The two .boards | Almost any JFET will work
are sandwiched together and ? for “the LO with the ap-
the numerous ground leads . propriate  biasing.. A JFET
soldered to- the  perfboard = may ™ .also be substituted *
ground plane as shown in Fig. © directly - for . the - MOSFET - :
4 Also, hobby store “sold- ~ shown as.the rig buffer with
~erable tin”. may be-used. to  little difficulty.” ~* ;
make" stand-up’- shields “= The  Hughes” HCTR320
between the rf stages. synthesizer chip was selected
If a multiple board ar- to conserve board  space, to
rangement is used,.then the" . reduce component count, and
LO and reference oscillator ~ to simplify wiring. However,
" should share their own circuit -~ if board space is not a prob-
board as proposed in Fig: 6... lem for you, or if you have
The VCO and its buffers also . difficulty obtaining this chip,
comprise @ sensible board. A it -may be replaced by two
preferable method would -be readily available. chips as

. the " board ; to. help. :
them from one another. Fig. -
3 illustrates the stage layout
used. Before. soldering, the
components’.in. place,. 1.
arranged.: them* for; shertest -
ead ‘length™ and "fewest re-
quired - jumpers. " All . stages
must” be either RC or LC-
decoupled from™ the supply -
. line. _RC_ decoupling is
. effective . and’ Jess expensive: -
then LC decoupling. The im-"
portance - of -~ having 2
sufficient ground plane. can-
not be overstated.. If “the
Radio Shack. breadboard is -
used, the ground plane must®

* binary- inputs_ are all tied to
ground.. ‘Also; employed - on
-the "chip is a Schmitt trigger
input for_ the i-f. The output
- ‘of. the phase” comparator . i
~ filtered by - the " passive. low
" pass filter.and applied.as in-

put ‘to the!VCO in order to_,
- maintain lock.

the VCO. Check the signal
fevels at the mixer inputs.
Verify that the local"
oscillator is working properly.-
Once the mixer is operation-
al, check the i-f amp for-a
high amplitude clean output.
Check the output of the di-~

chip is responding to the i-f
signal. If it is not, then adjust’
the i-f amp components until
an acceptable signal is pre-
sented to the divide-by-N
chip. On the Hughes chip, pin
14 is the divide-by-N output.

thsﬁucg n Tips

i, Either . single” or multiple
“board  construction” of “the

" PLL synthesizer is possible. 1.

- used a single board approach’

" employing the 1C breadboar

~ available - from: Radio: Shack " be provided after. the PLL is

(#276-154) If 2 singlé board“ operational. > This is * ac-

i$ ‘used; then the component  complished by cuttinga piece -

layout’ - mist > be - carefully’ ~ of ; single-sided,; copperclad,”
planned. | put the VCO and™" prepunched ” board" to the

‘appearing at the output of
the divide-by-N logic, check’
to make sure the reference

{a)

+-.LO.‘on” opposite corners of ;- same dimensions as the bread- . ’
e e T R ; to install. the’ VCO and its shown in. Fig. 5. The v -
SWED e e S L - Z
R o BNSTTO - yixem gupFen owixer LR . BREADBOARD (COMPONENT S1D€)
X o RIG ER 1 TR 40673 MPSE520 . B . . -
. BUFFER ; . . .
[RERR © 3N2B H . SRR i
\g . L Low g . ﬁu - JUMPER WIRE 233‘&';‘é’m
i C T2 . PASS N WUGNES CriP. Z . BELOW
S agerre REGULATOR . FILTER R K ge - / SOLDER
. . ) 5 s
1 B i p w3 — —
R H ' — o
B i i = ot croos
VL Bl
€D4060 MPFI02 . 2 e son BREAD- REFERENCE
BOARD CIRCUIT
COPPER SOLOER UN| cpaois

_— ; o e B
Fig. 3. Single board synthesizer layout using Radio Shack PERFROARD

breadboard and Hughes synthesizer chip. Fig. 4. Method for supplying a ground to breadboard circuits.

148

ST

- chip may also be substituted
for the digital edge triggered: ~
type® called for: above. " It"
should be noted that, if the .

condition the i-f signal for the ™~

R

"% Not much difficulty is an-

amiss, start with the VCO. -

the " 100k - Ohm'™ resistor:-
between "~ the loop filter and- -

vide-by-N chip to see if the '

Once the appropriate signal is”

L

Anoier view 5 the 3
breadsourd techriqes.

“oscillator is’wdkkin -and ‘the
divider: is* generating the’ re-"

divide-by-N._ chip.-and_. make
sure * none -, of - the "CMOS.
inputs .are- floating.: Look. at’
the output of the phase com-
parator - with* a’-dc coupled -
oscilloscope. If the output is

saturated,: go back_to the rf

section and; start; with~ the

quired . reference . frequency.
" Verify: ‘the inputs to the

- Signetics analog manual has a : }
- capacitors at both ends. The ~

thorough - discussion * of the *

loop filter used here.’ - .

- ¥ The synthesizer will work. :

- without- modification for the:
TTR33C. This ham uses~the
Drake . Mike Encoder: to

achieve touchtone capability, < - The- same - systé

VCO to look for the problem. - Which frees the mini jack on™
If the. output .is oscillatory, 7. the rear panel for synthesizer.

then you probably just need
an adjustment of the low pass -
filter., Try changing the damp- .

ing resistor and/or integrating
capacitor in an effort to stop = of RG-174/U coax. In return,
‘the loop from . oscillating. - #f -
" this fails, seek references on

LT e A
(8}
S GROUND oV © DT man i
3 4 y
o
cososs - W
RCA N 10
© COMP.

TO LOOP LOW PASS FILTER

Fig. 5. Alternative digital logic for the PLL synthesizer. a) :
Phase comparator (CMOS); b) =N (CMOS)..

application. As shown in Fig’
..2, the dc supply to the syn-
thesizer - goes through: - the
center conductor of a length

‘the  synthesizer sends its f.

output back down *he same.’.

~there is no inconvenience as- -

“.. - sociated with this synthesizer.

rf goes to an unused crystal : .
socket - in - the rig.” The.dc-' 7

. supply- comes’. from “the 12
volt - switched . line - in ” the -

“radio, so there is no need for. "~

an ONJOFF- switch on

the
synthesizer.. oy

“with the TR33C may also be

used - for: the Heathkit HT.-

used *

However; the TR33C applies s

the audio modulation to the

10.7 MHz transmit: mix-up -

oscillator-so: the synthesizer... -

VCO in order to accomplish
Afrreqqency - modulatio

SWITCM FREQUENCY- .
SKHz SWITCH. . < L anpuT g
LOCAL ©SC | _ DIGITAL =N .
o R
s P DIGITAL PHASE -
i COMPARATOR -~ —-.
REFERENCE 0SC +F AMPLIFIER . g
REFERENCE DIVIDER wi s RiG BUFFER *
VOLTAGE REGULATOR LOW PASS FILTER | MIXER BUFFER .
BOARD { 80ARD 2 BOARD 3

(PREFERABLY IN A
SHIELDED BOX )

._"ig. 6. Suggested multiple board synthesizer.
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- This

. need not be interfaced with =
audio_signals. In the case of =
the. Heathkit HT,. .audio will =
- wire and connectors. Thus,": have  to_be  applied, 1o, the



KEYBOARD |
10CK! 3

o
mounting:. bra

v

couphng or_ground

immunity to . this' problem.
However, exueme iayoui or
ground plane deficiencies can
promote spurious interactions
in*.any - multnfrequency

CABI30 OF AMP.

4 tacod

ONE SHOT

MPS3393

COUNTER

“switch places the appropnate
BCD data on'the input lines
of:the 74C192 presettable de-
cade . -counters. By’ NOW, the

after releasing the keyboard
ch. The.one shot cycles

. for the next entry. Inadver-
" tent double entries are almost -

inputs of. the programmable
divide-by-N-chip are not re-
quired. |f this encoder:is em-
‘ployed, but-are required i

impossible- due "to. the’ one - thumbwheel or lever switches

are used. A keyboard lockout .

switch may be included if the
fpati d. :

shot. - The.: cheapest . noisies!

'keyboard switches'. may - be

components can be purchased

as-new; merchandise . from:
¢ ssurplus ~sources: at:prices. o

1.25; $3 to-
2, mpectwely

- benefit. The most prominent.
difference .- in - the”, surplu:

market lies in the fact that:it

of - a. substitute: for:the '
regular electronics dealer whor

generally - offers < for: sal

* whatever you -may: wish:to
purchase. . The surplus. dealer *
is a seller of what he has to-
offer. Once you have grasped .
this fundamental difference,

substantlal

economles are poss:b| .

How do you Ple a good
sur'plus dealer?-. If .you are

: lowest possible cost and ‘stil

have something left over for




