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(FBUY OUR ANTENNA... OPEN X... ASSEMBLE IT EASILY... )

IT WORKS

NEW FM GAIN RINGO RANGER...you'll say
“IT WORKS", when you try this exciting new an-
tenna! Ringo Ranger is even better than the popular
Ringo. Ranger has more gain for extended range.
Easily mounted on a mast or existing tower, Ranger
consists of a one eighth wave phasing stub and three
half waves in phase to concentrate your signal at the
horizon where it can do you the most good. Your
present AR-2 can be extended with a simply installed
RANGER KIT,
ARX-2 100 watts 146-148 MHz $26.50
ARX-220 100 watts 220-225 MHz $26.50
ARX-450 100 watts 435-450 MHz $26.50
ARX-2K  Ranger Kit $10.95

NEW FM MOBILE ... Fiberglass 5/8 wave pro-

fessional mobile antenna for roof or trunk mount.

Superior strength, power handling and performance.
AM-147T 146-175 MHz mobile $29.50

NEW 4 POLE...economically priced for primary
repeater or home QTH, this antenna has been proven
in hundreds of repeater installations. It is a four di-
pole gain array for mast or tower mounting. It has
sealed coax harness for direct 52 ohm feed.
The antenna can be adjusted for a 180° or 360° ra-
diation pattern. Another unmatched antenna value
by Cush Craft.
AFM-4D 1000 watts  146-148 MHz $52.50
AFM-24D 1000 watts  220-225 MHz $48.50
AFM-44D 1000 watts  435-450 MHz $46.50
center support mast not included

IN STOCK WITH YOUR LOCAL DISTRIBUTOR

@ cushcraft

CORPORATION
621 HAYWARD ST., MANCHESTER, N.H. 03103




There’s a unit of DRAKE gear just right for
=\ any ham... e

N - ’ If your XYL
.:z:-r'fse?'s‘?“ S needs a hint,
Greeti ngs circle your choice(s)
~ from your friends and leave this ad
. and fellow hams at where she will

be sure to

_ R. L. Drake Co.
find it!

TV-42-LP

- TV-300-HP
4

R.L.DRAKE COMPANY
540 Richard Street - Phone (513) 866-2421
Miamisburg, Ohio 45342 ® Telex 288-017

3.}1933 us at SA ROW@
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ME-3 microminiature tone encoder

Compatible with all sub-audible tone systems such as: Private Line,
Channel Guard, Quiet Channel, etc.

» Powered by 6-16vdc, unregulated
« Microminiature in size to fit inside all mobile units

and most portable units
. Fioid replaceable, plug-in, frequency determining elements

ewave output
IA tone frequencies, 67.0 Hz-208.5 Hz
unity to RF
ity protection built-in

$29.95 each communications specialisty ] FIELO BEFLATEEBLE,
Vired and tested, complete with P.0. BOX 153 DETERMINING ELEMENTS
-1 element BREA, CALIFORNIA 92621 $3.00 each
(714) 998-3021 do dua
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Beginning this month we are presenting
a series of articles on microprocessors
by Dave Larsen, WB4HYJ, Peter Rony
and Jonathan Titus, authors of the pop-
ular series of Bugbooks.™ Not since the
development of the transistor in 1948
has any product or technology offered
such an exciting promise of things to
come as the microprocessor — literally a
computer on a chip.

Computers in the 1960s are credited
with revolutionizing the engineering and
accounting fields by replacing people
power with instantaneous electronic
computation and retrieval. Microcom-
puters in the 1970s are expected to ex-
tend these benefits into areas where
existing computer technology has never
before penetrated, including amateur
radio. Several groups are now working
on microprocessor controlled vhf-fm re-
peaters, future OSCAR satellites will
carry an on-board microprocessor for
systems maintenance and control, and
VE3SAT and others are already using
microprocessors for ASC!l communica-
tions through OSCARs 6 and 7.

Other amateur applications such as
RTTY speed control, RTTY-ASCII or
RTTY-Morse conversion, and auto-
matic Morse code copiers are a natural
for microprocessors. Automatic satellite
tracking systems, log keeping, transmit-
ter tuneup and control, and antenna
pointing systems are other straight for-
ward microprocessor-based systems
which will see widespread use in the
future. If, for example, you're a DXer

*Bugbook | and !, Logic and Memory Cir-
cuits Using TTL Integrated Circuits; Bugbook
111, Microcomputer Interfacing Experiments
using the Mark 80, an 8080 system, $35 the
set from Ham Radio Books, Greenville, New
Hampshire, 03048.

a second look | fish

im

and hear a rare VP8 on 20 meters, you
would just punch VP8 into your key-
board and your beam would automat-
jcally come around to the correct head-
ing. If you were operating on CW you
would only have to tap out VP8 in
Morse code — the microprocessor would
convert the Morse characters into mach-
ine language, translate that into a beam
heading, and turn on your antenna
rotator.

Until recently the cost of micro-
processor chips put them out of reach
for most amateur applications, but as
more and more manufacturers have got-
ten into the act the prices have dropped
dramatically. The popular 8-bit 8080
microprocessor which was originally
developed by Intel, for example, was
selling for $300 to $400 a little more
than a year ago, dropped to about $150
this past summer, and is now available
from one source for under $30. Al-
though these prices are still a bit high
for the amateur experimenter, industry
sources predict that microprocessors
will sell for $5 or less within a couple of
years, perhaps as early as 1977.

In addition to the microprocessor
series in the magazine which is designed
to familiarize amateurs with this impor-
tant new technology, during 1976 ham
radio will be presenting a series of one-
day microprocessor seminars at various
hamfests across the country including
SAROC in Las Vegas (January 9th),
Miami (January 24th}) and Dayton
(April 23rd and 24th). The fee for the
seminar is $50 and includes $35 worth
of books. Since seating is limited, early
registration is recommended — write to
ham radio for details.

Jim Fisk, W1DTY
editor-in-chief



E’'VE
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NEW LOOK'
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EAGoM) 1c-22A

VHF FM TRANSCEWVER

= The front panel and control locations have been changed to make
the 1C-22A even better looking and easier to operate. The new

design allows the use of larger channel numbers which may be

viewed from the left side or right side by reversing the window position and installing a new
chal (optional at nominal cost)

Inside is the same high quality radio construction and engineering that has made the 1C-22 the
most reliable, most popular two meter crystal controlled set on the market

When vou join 22 channels of capacity (five supplied) with the unexcelled performance of
helical RE tiltering in the receiver front end then add solid state T-R switching you get one
great radio tor your money. All the great features that made the 1C-22 so desired are still
there  Including, 1 watt/10 watt switch option, trimmer capacitors on both recewver and
transmitter crystals plus a 9 pin accessory jack with the discriminator already wired for
trequency calibration

SEF ONE ' BUY ONE ''" AT YOUR ICOM DEALER TODAY

Distributed by:
ICOM WEST. INC ICOM EAST
Bidg 11 Suite 307
)-120th Ave N E 1331 Towerwood Dr
Bellevue. Wash 98005 r5: Ty 75234
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ANY HOPE THAT DOCKET 20282 — Restructuring — would be out by the end of this
year has been much too optimistic. FCC Safety and Special Services Chief, Charles
Higginbotham, W3CAH, feels that sometime next spring is a much more realistic
target, and even then some aspects may require reexamination as additional dockets
or oral proceedings such as the ARRL has requested. A tremendous amount of work
has already gone into analyzing the mountain of Comments with the task far from
done, and problems associated with CB's explosion aren't helping the effort.

SECRECY PROVISIONS of the Communications Act of 1934, Section 605, deserve a
lot more attention by Amateurs than they've been getting. A strict interpretation
of Section 605 forbids the disclosure of anything heard on the air except broad-
cast and Amateur transmissions — and that includes mentions of frequencies or
any other information regarding the overheard signals!

Since This Ban applies to CB as well as other services, it could put a severe
crimp in some of the recently publicized CB clean-up efforts conducted by Amateur
groups.

The Intent Of Section 605 is quite clear — how likely an Amateur is to be
cited for violating it 1s not.

REQUIREMENT FOR MULTIPLE COPIES for submissions to the FCC was upheld by Com-
missioners after consideration of a petition for its elimination submitted by
W6NJU., Additional copies are necessary to insure the submission reaches all who
should see it, but in their review of the requirement reductions were found
possible.

Effective October 14 the number of copies required for comments on a Notice
of Proposed Rule Making was reduced from 15 to 12 (original plus 11 copies) —
other requirements not likely to affect Amateurs were also reduced. In their re-
jection of W6NJU's petition the Commissioners also noted that single copy sub-
missions are now and have been accepted although they do not receive as wide
circulation as those that meet the requirement.

Ham Radio/HR Report readers should not forget our long standing public service
offer. Send your FCC submission directly to us and we'll make all the necessary
copies and mail them to the Commission for just $1.00 per page of original
document.

REPEATER FUNDING may become an issue with the FCC if some flagrant abuses
aren't corrected. Though use of a club's dues to pay for repeater maintenance is
well within the Amateur rules, the solicitation of money for the use of a given
repeater or its facilities (such as autopatch) is almost certainly a violation
of Part 97.112, "No remuneration for use of station."”

OSCAR ORBITAL PREDICTION BOOKLET produced by W6PAJ will replace HR Regort's
monthly prediction sheets for HR Report subscribers in 1976. W6PAJ's handy book-
let will be sent without charge to any subscriber who asks for it — dropping the
monthly sheets was done in recognition that a vast number of subscribers did not
use them and HR Report sheets were a duplication of effort.

6000 MILE OSCAR QSO was completed between G3IOR and W6CG! Using meteor scatter
techniques on selected orbits as the Satellite was over the horizon between them,
successful two-way communications were finally exchanged between the two over a
period of two weeks. Congratulations to both!

CIVIL SERVICE ADMINISTERED Amateur Radio exams have not been as popular in the
test areas as expected. At the mid-point of the two-year program (which runs
until next July) no specific conclusions have been drawn and FCC Field Operations
people are watching it carefully.

BARRY ELECTRONICS WILL CONTINUE as a major Amateur Radio supplier despite
Barry's tragic loss in a boating accident on Loung Island Sound. Barry's wife
Kitty vows she and the crew will keep the business going just as before.

LA1SH/BY QSLs received by several west coasters are pretty exciting wallpaper
but little else. It's now considered certain that he operated only from shipboard.
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INTERNATIONAL CRYSTALS & KITS

OSCILLATORS + RF MIXER « RF AMPLIFIER - POWER AMPLIFIER

OX OSCILLATOR
Crystal controlled trans-
istor type. 3 to 20 MHz, OX-Lo,
Cat. No. 035100. 20 to 60 MHz,
OX-Hi, Cat. No. 035101
Specify when ordering

Price $3.95 ea.

OF-1 OSCILLATOR
Crystal controlled trans-
istor type. 3 to 20 MHz, OF-1,
Lo, Cat. No. 035108. 20 to 60
MHz, OF-1, Hi, Cat. No. 035109
Specity when ordering

Price $3.25 ea

EX CRYSTALS
EHC 6/U HOLDER) I :
at. No. Specifications
031080 3 to 20 MHz — For
use in OX OSC Lo
Specity when ordering
$4.95 ea.
20 to 60 MHz — For
use in OX OSC Hi
Specity when ordering
$4.95 ea.
3 to 20 MHz — For
use in OF-1L OSC
Specity when ordering
$4.25 ea.
20 to 60 MHz — For
use in OF-1H OSC
Specily when ordering
$4.25 ea

031081

031300

031310

M

TRANSISTOR
RF MIXER
A single tuned circuit intended
for signal conversion in the
30 to 170 MHz range. Har-
monics of the OX or OF-1
oscillator are used for injection
in the 60 to 179 MHz range.
3 to 20 MHz, Lo Kit, Cat. No.
035105. 20 to 170 MHz, Hi Kit,

Cat. No. 035106
Specity when ordering
Price. $4.50 ea.

SAX-1
TRANSISTOR
RF AMP

A small signal amplifier to
drive the MXX-1 Mixer. Signal
tuned input and link output.
3 to 20 MHz, Lo Kit, Cat. No.
035102. 20 to 170 MHz, Hi Kit,
Cat. No. 035103

Specify when ordering
Price $4.50 ea.

P
TRANSISTOR
RF POWER AMP
A single tuned output amplifier
designed to follow the OX or
OF-1 oscillator. Outputs up to
200 mw, depending on
frequency and voltage. Ampli-
fier can be amplitude modulated.
3 to 30 MHz, Cat. No. 035104
Specily when ordering

Price $4.75 ea.

BAX-1
BROADBAND AMP
General purpose amplifier
which may be used as a tuned
or untuned unit in RF and
audio applications. 20 Hz to
150 MHz with 6 to 30 db gain.
Cat. No. 035107
Specify when ordering

Price $4.75 ea.

Shipping and postage (inside U.S., Canada and Mexico only) will be prepaid by

International. Prices quoted for U.S., Canada and Mexico orders only. Orders

for shipment to other countries will be quoted on request. Address orders to
M/S Dept., P.O. Box 32497, Oklahoma City, Oklahoma 73132

International Crystal Mfg. Co., Inc.
10 North Lee
Oklahoma City, Oklahoma 73102

More Details? CHECK—OFF Page 142
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frequency synthesizer

for the
Collins 75S
receiver

Complete description

of a frequency synthesizer
that converts the

Collins 75S-series of
communications receivers
to general-coverage use

from 3.4 to 30 MHz

8 december 1975

Robert S. Stein, WGNBI*

During the past few years, the use and
application of frequency synthesis in
both receivers and transmitters has in-
creased tremendously. A quick perusal
of the ads for vhf transceivers is all the
evidence needed to verify this fact, al-
though there are also many high-
frequency military and commercial
(non-amateur) transmitters and receivers
which employ frequency synthesizers to
generate specific frequencies required
within those units.

The advantages of having a general-
coverage receiver in the ham shack are
manifold and were discussed in a pre-
vious article describing a synthesizer for
use with the Drake R-4 series receivers!.
This article will describe a frequency
synthesizer to supplement or replace the
high-frequency oscillator crystals in a
Collins 75S-1, 755-2 or 75S-3, resulting
in a receiver which covers 3.4 through

*1849 Middleton Avenue, Los Altos, Cali-
fornia 94022,



30 MHz. Only minor electrical changes
are required in the receiver; no holes
need be drilled nor other mechanical
modifications made.

Before proceeding with the descrip-
tion of the frequency synthesizer which
makes this possible, a review of the re-
ceiver conversion process is in order.
The 75S-1, 75S-2 and 75S-3 receivers all
utilize identical crystal-oscillator and
first-mixer circuits, so that the discus-
sion is applicable to any one of the
receivers,

The local-oscillator (LO) frequency
injected into the first mixer is 3.155
MHz higher than the low-frequency end
of the desired 200-kHz tuning range.
Since the high-frequency oscillator is
crystal controlled, this requirement is
translated to a crystal which will gener-
ate the proper frequency. For example,
the 3.8- to 4.0-MHz band requires a
6.955-MHz crystal (3.8 plus 3.155
MHz), which is supplied with the re-
ceiver. Collins specifies that the receiver

S-line frequency synthesizer with some of the
128 crystals from the Collins CP-1 crystal
pack, which it replaces.

will tune from 3.4 to 30 MHz with the
proper crystal. It should be noted that
for receiver frequencies above 12 MHz,
frequency doubling takes place in the
plate circuit of the crystal oscillator;
therefore the crystal frequency is one-
half the frequency injected into the first
mixer. Nevertheless, the injection fre-
quency is always 3.155 MHz above the
lower band edge.

In order to cover the entire range of
3.4 to 30 MHz in 200-kHz increments,
133 crystals would be required, starting
with a 6.555-MHz crystal for the 3.4- to
3.6-MHz band, a 6.755 MHz crystal for
the 3.6- to 3.8-MHz band, and so on.
Even with the 28 crystal positions avail-
able in the 75S-3A, it is obvious that a
complete set of crystals would not only
be impractical to use, but prohibitively
expensive. However, if we can generate
frequencies of 6.155 through 32,955
MHz every 200 kHz, and substitute
them for the crystals in the hf crystal
oscillator, we can achieve all-band cover-
age within the specified tuning range of
the receiver. The frequency synthesizer
to be described does exactly that.

basic phase-locked loop
frequency synthesizer

Although the basic phase-locked loop
frequency synthesizer has been ex-
plained in previous articles, a brief re-
view at this time will simplify the de-
tailed explanation of this specific
synthesizer. Fig. 1 shows the basic
phase-locked frequency synthesizer. A
stable reference frequency is applied to
one input of a phase comparator. The
output of the phase comparator is a dc
voltage which passes through a lowpass
filter and controls the frequency of a
voltage-controlled oscillator (vco). The
oscillator generates the desired fre-
quency, which may be any multipie of

december 1975 9



the reference frequency. The vco output
is also applied to a frequency divider
whose function is to divide the vco out-
put frequency to the same frequency as
that of the reference oscillator.

Let’s assume that the reference oscil-
lator frequency is exactly 5 kHz and
that an output frequency of 6555 kHz
is required. 1f we have a divider or pro-
grammable counter which will divide by
1311, the signal input to the phase com-
parator will also be 5 kHz when the vco
output is exactly 6555 kHz. This is
accomplished by the phase comparator
producing a dc output which “‘tunes”
the vco until it is exactly 6555 kHz, The
divided vco frequency is then exactly b
kHz, the same as the reference fre-
quency. Thereafter, the vco output will
stay at 6555 kHz; any variation from
this frequency changes the signal input
to the phase comparator, which in turn
produces a dc output change and brings
the vco back to 6555 kHz. Thus, the
output frequency is locked to the refer-
ence frequency, and has essentially the
same stability as the reference oscillator.

By using a frequency divider which
can be programmed, it is possible to ob-
tain virtually any number of discrete
frequencies which are integral multiples
of the reference frequency, all of which
are phase locked to the reference oscil-
jator. The lowpass filter keeps the refer-
ence frequency from modulating the
vco and establishes the lock-up time of
the loop.

758 synthesizer

A block diagram of the 75S hfo fre-
quency synthesizer is shown in fig. 2.
The loop reference is a 100-kHz crystal-
controlled oscillator, which is divided
by ten and then by two, resulting in a
b-kHz reference signal which is applied
to one input of the phase comparator.
The other input to the comparator is
the divided vco frequency, which will be
discussed presently. The output from
the comparator is a function of the dif-

10 december 1975

ference between the two input fre-
quencies and is applied to the loop
filter, consisting of an active and a pas-
sive lowpass filter. The resultant dc con-
trols the vco frequency by changing the
capacitance of a varactor diode. The vco
output, 6.555 to 32.955 MHz in
200-kHz steps, is amplified to a suitable
level and routed to the receiver.

The vco output is also applied, via an
isolating source follower, to a Schmitt
trigger, which converts the amplitude
and waveform of the vco output to one
that is compatible with the TTL inte-
grated circuits in the frequency divider.

REFERENCE |frer | PHASE LOW- PASS VOLTAGE -
OSCILLATOR COMPARATOR FILTER CONTROLLED
OSCHLATOR
o =20T)
FREQUENCY
DIVIDER
(COUNTER |

fig. 1. Basic phase-locked frequency synthe-
sizer. The frequency divider is a variable-
modulus, or programmable, counter.

The vco frequency divider is a vari-
able-modulus counter which can be pro-
grammed to divide by any factor be-
tween 1311 and 6591 in steps of 40 (i.e.
1311, 1351, 1391, 1431, etc.). An
examination of the discrete vco fre-
quencies to be synthesized will reveal
that the largest common factor is 5 kHz,
thereby establishing the reference fre-
quency. Steps of 200 kHz in the vco
output are obtained by changing the
counter modulus in steps of 40 (40 x5
kHz = 200 kHz). Since each vco fre-
quency ends in 5, the least significant
digit in the number by which the vco
frequency must be divided to yield 5
kHz will always be 1. Therefore the first
counter always provides a 1-count. The
three remaining couriters are pro-
grammed by the front-panel frequency-

(=Nfrer)



control switches and establish the first
three digits of the frequency divisor.
Preselected binary-coded-decimal
{BCD) outputs from each counter, plus
the output from the Schmitt trigger, are
fed to a decoder circuit, which produces

Trimmer capacitor C3, in series with the
crystal, permits adjustment of the
crystal frequency. The output of the
oscillator is shaped and buffered by a
third gate, U1C.

The 100-kHz signal is divided down

100 kHz . i PHASE LooP
rererence 1l 10 L—- =2 L oJcompararon}—o] FiLTER | 4 VO AMPLIFIER 7t i
OSCILLATOR v2 u3 a us g Ql, CrR25 Q2 RCVR HFO
WA, uig, UIic u4, i PARALLEL-T
DECODER SOURCE
FOLLOWER
uio, uiic, ur2

Q3

"TENS® "UNITS"
COUNTER COUNTER

us ve

fo—

"TENTHS" “"
COUNTER COUNTER
uz ue

SCHMITT
TRIGGER
una, ulis

T T
| |
[ {

O O

“TENS" "UNITS”

T
|
(

O

"TENTHS"

|
]

FREQUENCY-MHz

fig. 2. Block diagram of the Collins 75S hfo frequency synthesizer. The only tuning controls are the
front-panel TENS, UNITS, and TENTHS rotary switches,

the divided-down vco signal applied to
the phase comparator. The decoder also
resets the counters {actually this is its
primary function), but that signal path
has been omitted from fig. 2 because it
is not pertinent to overall signal flow.
Details of the counter and decoder func-
tions will be explained in greater detail
under their circuit descriptions.

reference oscillator and phase
comparator

The 100-kHz reference oscillator and
its frequency dividers, the phase com-
parator, and the loop filter are shown in
fig. 3. The reference oscillator consists
of gates UTA and U1B, two sections of
an MC846P quad 2-input NAND gate.
The gates are configured as a muiti-
vibrator and the 100-kHz signal is devel-
oped by connecting crystal Y1 as part
of the signal path between the gates.

to 10 kHz by U2, a 7490 decade coun-
ter. The output of the 7490 is then
divided by two by one flip-flop in U3, a
7474 dual D-type flip-flop, resulting in
the 5-kHz reference which is applied to
pin 3 of phase comparator U4,

The phase comparator comprises U4,
another 7474 dual D-type flip-flop, and
the remaining gate section of U1. It
compares the phase difference between
the 5-kHz reference and the vco fre-
quency divided by the counter modulus
{fuco/N), and produces a digital pulse
output whose duty cycle is a function
of the phase difference. This digital out-
put is partially filtered by R3 and C6 to
a sawtooth which is applied to the in-
verting input of Ub.

U5 is an LM3900 quad op amp, one
amplifier section of which is used as the
active element in the loop filter. It
attenuates the ac components of the sig-

december 1975 [l 11



nal from the phase comparator and
thereby produces a dc output which
varies in accordance with the phase dif-
ference between the inputs to the com-

will be improved.) Additional attenua-
tion of harmonics of the reference fre-
quency is accomplished by R22, R34,
C18 and C38 in the vco (fig. 4).

+5v

M e 1 05
g B
| 051
|
e | e
| u

]
2200
c2 L
05
g [ 12 5 12 g 14
Loy . y 220, |4 ; 4 80, A Vec 0 3 Vee
& 3
uia uie — urc 1w vz oft— e us o2
10 5 2
al 100 9-35
s E Ro Re  GND GND
RI Rr2
j:,zk . R J:
/77
+5v +i2v

o CONTROL VOLTAGE
TO CI7 ON VCO (FIG, 4)

1000 1000  [vAR]

fig. 3. Schematic of the crystal oscillator and its frequency dividers, the phase comparator, and the
loop filter, Integrated circuits are listed in table 1 (page 20). C7 must be a polycarbonate- or polyester-

film type capacitor.

parator. The gain of the loop filter, its
frequency response, and the loop lock-
up time are determined by the values of
R3, R4, R5 and C72.3,

Additional filtering of the 5-kHz
loop reference frequency is needed to
prevent modulation of the vco, which
would produce spurious sidebands on
both sides of the desired frequency. A
parallel-T filter, consisting of R6
through R8 and C9 through C11, pro-
vides a minimum of 35 dB attenuation
at 5 kHz. (This figure is based on worst-
case conditions using five-percent capac-
itors. If two- or one-percent capacitors
are used, or the capacitors are selected
by bridge measurement, the attenuation

12 december 1975

voltage-controlled oscillator

The vco is built as a separate,
shielded unit to eliminate stray pick-up
from the digital circuits and from ac
fields. The oscillator consists of Q1, an
E300 (or equivalent) n-channel fet, in a
Colpitts circuit with varactor CR25 con-
nected in series with C38 across the
tank circuit. The varactor is a Motorola
MV 1401 and has a ratio of maximum-
to-minimum capacitance of approxi-
mately ten, as compared to usual ratios
of two to four for conventional varac-
tors. (It also happens to be the most
expensive single component in the en-
tire synthesizer.) Despite the large
capacitance ratio, the oscillator cannot
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cover the entire range of 6.555 to
32.955 MHz without switching. This is
accomplished by diode switching, using
switch section S3-D of the tens divider
switch (fig. 5).

In the zero position of the tens
switch, diodes CR26 and CR27 do not
conduct, so coils L1 and L2 are each
effectively in series with a 33-uH choke
(L4 and L5) to ground. The high value
of this inductance has only stray effect
on the circuit; thus the oscillator fre-
guency is essentially determined by coil
L3 and the tank-circuit capacitance.
When the tens switch is set to position 1
or 2, one of the diodes is biased into

The oscillator output is taken from
the source of Q1 and coupled to the
base of amplifier Q2. The amplifier, a
type 2N2219 npn transistor, is a broad-
band stage which feeds the hf oscillator
circuit in the receiver through an isolat-
ing 5-dB L-pad, R27 and R28. Also
applied to the output circuit is the
+12-volt power supply, which is de-
coupled from the vco signal by rf choke
L8 in series with current-limiting resis-
tor R32. This dc source is used to actu-
ate a sensitive relay in the receiver, as
will be explained later.

The output of Q2 is also coupled to
Q3, an n-channel fet configured as a

IF T
Clg c38
of 02

LT

!
l
l
l
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e
FROM S3-0
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100 |

I
|
|
l
l
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fig. 4. Schematic of the vco. See table 1 for coil-winding data and descriptions of parts not identified

on the schematic.

forward conduction and brings the low
end of the associated coil close to rf
ground, shunting L3 and thereby lower-
ing the tank-circuit inductance, Resistor
R21 in serigs with the switch arm limits
diode current to a safe value.

source follower. The source load is
made up of two resistors, R30 and R31,
which form a 6-dB L-pad in the output,
The source follower drives the Schmitt
trigger in the digital portion of the
synthesizer and, with the L-pad, keeps
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any digital signals from feeding back in-
to the vco.

frequency divider

Fig. 5 shows the vco frequency
divider and its associated front-panel
switches. Note the use of the word
divider in its singutar form; the counters
used in the divider circuit function as an
integral circuit (no pun intended),
rather than as separate divider stages
such as are used to divide the 100-kHz
crystal frequency down to 5 kHz. Be-
cause this is quite different from the
usual freguency multiplier or divider
stages familiar to most amateurs, as
evidenced by the many inquiries re-
ceived following publication of the R-4
synthesizer article!, it seems appropri-
ate at this point to explain the opera-
tion of a typical variable-modulus, or
programmable, counter.

Let us consider a basic two-stage fre-
qguency divider, as shown in fig. 6. Each
of the counters is a decade counter, that
is, a counter which produces one output
pulse for every ten input clock pulses.
However, each counter is presettable,
which means that its count may be pro-
grammed or modified by setting its data
inputs (Dn, Dg D¢, and Dg) either high
or low. The data-input subscripts indi-
cate the binary weighting assigned to
each input: A=1, B=2, C=4, and D=8.
There is also a fifth data terminal, Dg;
this is the data-enable input, which must
be set prior to and during the interval
that the data inputs are applied. In the
simplified circuit shown, we will assume
that Dg must be set high to enable the
data inputs.

Conventional digital terminology des-
ignates the first pulse in a pulse train as
0, so that the tenth pulse, which pro-
duces an output from a decade counter,
is therefore designated number 9. The
total number of clock pulses, Ny qx,
which can be counted before an output

is produced from a ripple-through coun-
ter {another name for the circuit shown
in fig. 6) is

Npax SNy XNy X ... Ny

where N; is the modulus of the first
counter, N, is the modulus of the sec-
ond counter, and so on. Since each
counter in fig. 6 has a modulus of 10,
Npax = 100. But remember that this
will be clock pulse 99, since we start
with pulse 0.

Ds Ds
DECADE DECADE
CLOCK o bc;  COUNTER our, e COUNTER out fe
fou NO. ! NO. 2 N
O, Dy D Dp O Do O Do
+V +v

fig. 6. Basic variable-modulus counter,

Now let's assume that we want the
circuit of fig. 6 to divide the clock fre-
quency by 25. If the counters are up-
counters (as are all those used in this
synthesizer), their data inputs must be
preset with the nines’ complement of
the desired divisor. (Nines’ compiement
simply means the difference between
nine and the desired count.) The preset
data to be entered, Np, is determined
by the equation

Np = (Nyax - 1)- D
where D is the frequency divisor. Since
N ax is 100 for our circuit,
Np =(100-1)- 25 = 74

The least significant, or units, digit
corresponds to the count of the first
counter, since it is counting unit clock
puises; the most significant, or tens, dig-
it corresponds to the count of the sec-
ond counter because it is counting tens

december 1975 15



of clock pulses. Therefore counter num-
ber 1 must be preset with a 4, and coun-
ter number 2 must be preset with a 7.
To do this, D¢ (having a binary weight
of 4) of counter number 1 is set high
and all other data inputs are set low. On
counter number 2, Dy, Dg and D¢ are
set high (binary weighting: 1+ 2+ 4 =
7) and Dp is set low. What we have
done is to preset the counters so that
each is in the state which would exist
following the clock pulse having the
same number as the preset data. Since
counter number 1 has been preset with
a 4, it will produce an output after five
clock pulses have occurred (correspond-
ing to the 5 in the desired divisor of 25).
Thereafter, the first counter will count
by ten until Dg is set high by the output
of counter number 2. Similarly, because
counter number 2 has been preset with
a 7, it will produce an output after it
has counted two pulses from the first
counter, completing the count of 25.
This output is applied to the Dg inputs
of both counters and re-enables the data
inputs, starting the count over.

If we analyze the operation of the
counters, we can see that by presetting
the first counter with a 4, the elapsed
time between clock pulse 0 and clock
pulse 9 was shortened by four clock-
pulse intervals. In the same way, by pre-
setting counter number 2 with a 7, the
elapsed time between clock pulse 9 (the
first output pulse from the first coun-
ter) and clock pulse 99 (N,,,,) was
shortened by 7 times 10 clock-pulse
intervals,. Assuming a clock frequency
fc. with a period ¢,

tour = 99t - 4t. - 7(10t.) = 25t,

and
foue = ==L = fe
out T g i 25t. 25

The preceding analysis may be ex-
tended to any number of cascaded
counters and to hexadecimal as well as
decade counters. However, actual opera-
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tion will be limited by the propagation
delays through the counters and the set-
up times required for the data inputs.
As previously stated, the Dg inputs
must be enabled before and during the
time period that the preset data are
entered. Since the preset data are dc
levels, it follows conversely that they
are entered shortly after the generation
of the output pulse, which is applied to
the Dg inputs. If the clock frequency is
too high, the counters may toggle but
too much time may elapse, because of
propagation delays, between the output
pulse following the terminal clock pulse
(equivalent to pulse 99 in our basic cir-
cuit) and the arrival of the next clock
pulse (pulse 0). This will prevent the
data inputs from being enabled prior to
the arrival of clock pulse 0, and will re-
sult in an erroneous count.

Another problem which often
arises when using a circuit similar to
that of fig. 6 is caused by the short
duration of the output pulse. The out-
put pulse from counters which are used
in these circuits has the same width as
the clock puise. Thus the output puise
of counter number 1 is the same as the
clock pulse {although with greater time
intervals between pulses), and since
counter number 2 is toggied by the out-
put of counter number 1, its output
pulse width will also be the same as the
clock-pulse width. Furthermore, as soon
as the output pulse resets the data-
enable inputs, both counters resume
their preset state and the output pulse
disappears. This condition, along with
the narrow pulse width, may not permit
the data inputs to be enabled for the
minimum time which is required by the
counter.

The propagation delay may be mini-
mized by decoding the BCD outputs of
the counters. These outputs have the
same binary weighting as the corres-
ponding data inputs. Thus when the
terminal condition of 99 is reached in
fig. 7, outputs A and D of each counter



will go high, causing the output of the
AND gate to go high and enable the
data inputs. The advantage of this cir-
cuit lies in the reduction in the delay
time between clock pulse 99 and the
Dg enabling pulse. In fig. 6, the delay is
equal to the propagation delay through
the two counters, or through a total of
eight flip-flops. In fig. 7, the delay is
equal to the propagation delay through
only one flip-flop (flip-flop A in counter
number 1) plus that of the gate. This
occurs because at clock pulse 98, out-
puts A and D of counter number 2 are
high, as is the D output of counter num-
ber 1. Clock pulse 99 needs to propa-
gate only through the first flip-flop in
counter number 1 to cause output A to
go high, resulting in the required ena-
bling output from the gate.

fer

.t [

A Dy 0 D 0
CLOCK DECADE DECADE
—siCL  COUNTER CL  COUNTER
fer NO. ! NO. 2
% 0 0 0 % b %
| R
DATA DATA
SWITCHES SWITCHES

fig. 7. Basic variable-modulus counter with de-
coded outputs.

This technique of decoding may be
used in various circuit configurations. In
many cases, it may be necessary to de-
code outputs which are other than those
of the terminal count in order to enable
the data inputs before the arrival of
clock puise 0. It may also be necessary
to utilize flip-flops in addition to the
decoding gate in order to enable the
Dg inputs with a pulse whose width is
greater than the clock-pulse width. This
may result in some preset factors being
unusuable, but rarely are all moduli of a
variable-modufus counter utilized.

Returning now to fig. 5, we see that

+he vco frequency divider is a four-stage
variable-modulus counter comprising
U6, a 745196 or 82590 presettable
decade counter, and U7 through U9,
each a 74196 or 8290 presettable
decade counter. The signal from source
follower Q3 in the vco is converted to
TTL level by U11A, one section of a
7404 hex inverter. The inverter func-
tions as a Schmitt trigger by virtue of
the connection of R9 between the input
and output. Additional shaping is pro-
vided by U11B, and the resultant out-
put clocks counter U6 and both flip-
flops in U12.

As stated previously, only the counts
of the last three counters in the chain
need be varied, since U6 provides a
fixed count, The counts are controlled
by tenths switch S1, units switch S2,
and tens switch S3. Fig. 5 shows the
switches set for a receiver frequency of
4.2 MHz; the corresponding vco fre-
quency is therefore 7.355 MHz. Since
the reference frequency is 5 kHz, the
vco frequency must be divided by 1471,
U6 provides the least significant count
of 1. The next significant count of 7
results from setting the data inputs of
U7 to the nines’' complement of 7, or 2.
It can be seen that +5 volts are applied
to pin 10 (input Dg) through S1-A,
while the remaining data inputs are
either grounded directly or are pulled
low by resistors R11 and R12. Simi-
larly, it can be seen that U8 provides a
count of 4, and U9 a count of 1 for the
most significant digit.

The complexity of the switching cir-
cuits is the result of labelling the
switches so that they indicate the low
end of the receiver’'s 200-kHz tuning
range, rather than the dividing count or
the vco frequency. Steering diodes CR1
through CR24, in conjunction with the
switches, route the 5-voit supply to the
appropriate data inputs.

The BCD outputs of the counters are
decoded in U10, a 7430 8-input NAND
gate, the output of which is inverted by
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U11C and applied to pin 3 of U12, a
745112 dual J-K flip-flop. Both flip-
flops are used to re-enable the counters
and require three clock pulses after pin
3 is set high by U11C. This means that
instead of decoding when the BCD out-
puts of the counters total 9999, decod-
ing should take place when the BCD
outputs total 9996, so that the data in-
puts of the counters are enabled three
clock pulses later, immediately follow-
ing the terminal BCD state of 9999.
However, | found it necessary to
shorten the propagation time between
the terminal clock pulse and the last-
occurring input to U10, and therefore
chose to decode a count of 9995, (Note
that the A and C outputs from U6 pro-
vide the least significant digit of 5.)
Since this re-enables the data inputs one
clock pulse early, the extra clock pulse
is accounted for by presetting U6 for a
count of 2, which keeps the least signifi-
cant digit in the frequency divisor at 1.

Because the preset enabling pulse for
the counters must be low, the O output
from pin 7 of the second flip-flop in
U12 is used. The complementary Q out-
put from pin 9 is applied to the phase
comparator for comparison with the ref-
erence frequency.

power supply

The synthesizer draws approximately
425 mA from its power supply, which is
shown in fig. 8 along with the intercon-
nections of the main pc board and the
vCO unit.

Full-wave bridge rectifier CR29
through CR32 is supplied from T1, a
16-volt, 0.5-ampere transformer. The
12-volt supply for op amp U5 on the
main board and for the vco is obtained
from the output of U13, a fixed 12-volt
regulator. The drop to regulated 5 volts
for the logic circuitry takes place in
U14, a similar 5-volt regulator. LED
CR33, connected to the 5-volt supply
through current-limiting resistor R35,
serves as a pilot light.
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construction

Most of the parts comprising the
synthesizer are mounted on two
printed-circuit boards, the main board
and the vco board. The large main board
contains all of the digital circuits and
the phase detector, while the entire vco,
except for the feedthroughs and output
connector, is built on the separate vco
board. Figs. 9 through 12 show the
foil patterns and parts locations for the
two boards™.

The interior photograph shows the
construction of the prototype unit,
which is enclosed in a stee/ utility box
measuring 10x10x3-1/2 inches
(26.4x25.4x8.9 cm). It is imperative
that a steel enclosure be used because of
the strong magnetic field around the re-
ceiver caused by the power transformer.
The phase-detector circuit and the vco
in the synthesizer are extremely sensi-
tive to ac fields, and when the unit was
first enclosed in an aluminum box, it
was impossible to eliminate a 60-Hz
hum on received signals except when
the synthesizer was placed directly in
front of the receiver. Since this is hardly
consistent with good “human engineer-
ing”’ practice, the aluminum housing
was discarded and a steel box was sub-
stituted.

An enclosure was intentionally selec-
ted which was larger than might be ex-
pected, because of the sensitivity of the
synthesizer to stray fields. This proved
to be a wise choice {sometimes you luck
out!), since the physical placement of
the power transformer within the box
became the next probiem. Rather than
fool around with compartment shield-
ing, | mounted the transformer, recti-
fiers, and filter capacitor on a small
piece of sheet steel. The steel shields the
rest of the unit from the transformer

*A set of two drilled and plated boards is
available from the author for $14.50, postpaid
in the U.S.A. Questions will be answered if
accompanied by a self-addressed, stamped
envelope.



field when the power supply assembly is
positioned so that the steel plate is verti-
cal and the transformer is on the side
away from the main board.

Even with the arrangement des-
cribed, the placement of the power
supply assembly is critical. | suggest that
the assembly be mounted temporarily,

left-hand wall of the enciosure, with
their pins extending into the interior.
Apply a thin layer of silicone heat-
transfer compound between the regula-

- tors and the housing to aid in dissipating

heat.
The three rotary switches, the power
switch, and the LED pilat light are

ouTPUT
CONNECTOR
ON CABINET

NOTES: i. GROUND COAX SHIELD
ONLY AT VCO END.
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fig. 8. Schematic of the power supply and interconnections of the assemblies comprising the synthe-
sizer. Diodes and integrated circuits are described in table 1,

with long leads, when the unit is con-
structed. Then after all adjustments
have been made and the synthesizer is
functioning, the final location can be
determined by moving the assembly
around until any hum on a received sig-
nal disappears. You may find that mov-
ing it one way or the other by as little as
a hatf-inch (1 cm) may make a big dif-
ference.

On the other hand, this probiem can
be eliminated, and a smaller cabinet
used, if the power supply is made a
separate unit and connected to the
synthesizer proper by means of a cable.
The choice is yours.

The two voltage regulators (U13 and
U14) are mounted on the outside of the

mounted on the front panel. On the rear
is the coax output connector. Four rub-
ber bumpers are mounted on the bot-
tom to prevent scratches from the hard-
ware which fastens the parts to the
enclosure.

When assembling the parts on the
main PC board, a socket or Molex pins
should be installed at U11 for the inte-
grated circuit. It may be necessary to
select a 7404, since its upper frequency
limit is being pushed. But at the current
price of 25 to 36 cents each, it is much
more economical to buy three or four
than to buy the devices which would be
required for a more sophisticated
Schmitt trigger. More about this later.

The main board is connected to the
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frequency-control switches from 20
pads, desighated A through V, along the
front of the board, as shown in fig. 5.
The remainder of the connections
appear in fig. 8. All connecting leads to
and from the board should be soldered
in place on the board before connecting
the other ends. Leave plenty of wire on
each tead to make the connections to
the parts which are not on the board so
that if any troubleshooting must be
done it will not be necessary to unsolder
the wires. Shielded wiring is made with
RG-174/U coax. All wiring, except for
that between the “VCO" pad and E1 on
the vco, carries dc only, making lead
length noncritical. The board is mounted
on four standoff posts; in order to pre-
vent ground loops, three of the four
should be non-metallic or should be
insulated from the ground plane on the
board, so that only a single metallic post
grounds the main board to the cabinet.

table 1. Semiconductor and miscellaneous parts list.

CR1-CR24 1N34A, 1N100, 1N270 or
equivalent germanium diode

CR25 Motorola MV 1401 varactor

CR26,CR27 1N658
CR28 1N914 or 1N4148

CR29-CR32 1N400l or equivalent 50 PIV, 1
amp siticon rectifier

CR33 Hewliett-Packard 5082-4882,
Motorola MLED655, Radio
Shack 276-041 or equivalent
light-emitting diode

El insulated feedthrough terminal

Ll 5-3/4 turns no. 28, closewound
on 0.211" (5.5mm) diameter
stug-tuned form (Miller
25A014-4)

L2 10-3/4 turns no, 28, cfosewound
on 0.211" (5.5mm) diameter
slug-tuned form (Miller
25A014-3)

L3 20 turns no. 30, closewound on
0.211" (5.5mm) diameter slug-
tuned form (Miller 25A014-3)

Ql Siliconix E300, 2N5397 or
2N5398
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The vco printed-circuit board is en-
closed in a 2-1/8x2-5/8x2-3/4 inch
{5.4x6.7x7 cm) mini-box. Feedthrough
terminal E1 and feedthrough capacitors
C17, C23, C24 and C33 are mounted on
one side of the box, and J1 is placed on
one end, corresponding to the leads
designated in fig. 12. Use solder lugs
under the outsides of the feedthrough
capacitors which are to have shielded
leads attached. The PC board is fastened
to the side of the box on which the
feedthroughs are mounted by means of
small right-angle brackets which are
soldered to the ground plane of the
board. The feedthroughs and J1 are
then connected to the appropriate pads
on the board, using short lengths of bare
wire.

The vco mini-box must be mounted
so that there is only a single return to
common ground, in order to prevent
ground loops. When mounting the vco,

Q2 2N2219

Q3 2N5458, 2N5459 or Motorola
MPF103

51 2-pole, 5-position, non-shorting
rotary switch

s2 3-pole, 10-position, non-
shorting rotary switch

S3 4-pole, 3-position, non-shorting
rotary switch

ul Motorola MC846P quad 2-input
NAND gate

uz2 7490 decade counter

U3, u4 7474 dual O-type ftip-flap

us National LM3900 quad op amp

U6 745196 or Signetics 82590 pre-

settable decade counter

u7,u8,u9 74196 or Signetics 8290 preset-
table decade counter

ulo 7430 8-input NAND gate

Ull 7404 hex inverter (see text)

ulz2 745112 dual J-K flip-flop

uUl3 7812 or National LM340-12
12-volt regulator

ul4 7805, National LM340-5 or

LM309K 5-volt regulator






be sure to position it so that the feed-
throughs are close to the side of the
main PC board on which are located the
pads designated “VAR’ and "“VCO.”
The lead between E1 on the veo and the

will probably have little detrimental
affect). The cable between the synthe-
sizer and the receiver must be the 95-
ohm type or 93-ohm RG-62/U.

The power transformer should sup-

Interior of the assembled synthesizer. The power supply components are located to the left of the
main PC board (top). The vco is mounted on the rear wall just above the main board (bottom right).
Note the holes in the vco enclosure which provide access to the tuning slugs of the coils mounted on

the vco board inside.

“VCO" pad on the main board should
not be more than 3 or 4 inches (7.5 or
10 cm) long. The shields of the leads
going to capacitors C17, C23 and C24
are grounded to the solder lugs under
those capacitors.

The coax between J1 and the output
connector on the rear of the cabinet
should be 95-ohm type, such as
RG-180/U or RG-195/U (although using
a very short piece of 50-ohm RG-174/U
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ply 16 to 17 volts ac at approximately
0.5 ampere. Any higher voltage only re-
sults in greater heat dissipation in regu-
lator U13. The method by which this
voltage can be obtained by modifying
an inexpensive 24-volt transformer is
described in reference 1.

The numbered positions on the
rotary switch knobs were made by using
number transfers on the skirts of the
knobs. Several heavy coats of Krylon
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fig. 10. Location of parts on the main printed-circuit board.

fixative were sprayed on to keep the
numbers from peeling off. The panel
markings can be applied in the same
manner. If you are fortunate enough to

have access to a Selectric Composer, or
even a good electric typewriter, the
panel labeling can be typed on frisket,
which is an adhesive-backed translucent
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acetate. The material is virtually invisi-
ble when applied to a grey panel, against
which the black type effectively con-
trasts. Frisket is available at art-supply
dealers.

receiver modifications

At the beginning of the article, | indi-
cated that only minor modifications had
to be made to the receiver; these are
shown in fig. 13. The synthesized
crystal frequency is introduced into the
receiver via the spare jack on the rear
apron. The added components must be
placed close to the oscillator-mixer (V3)
tube socket, and the shielded connec-
tion to the spare jack made with 93- or
95- ohm coax, e.g. RG-62/U, RG-180/U
or RG-195/U.

The existing coax lead in the receiver
between bandswitch S1 and pin 2 of V3
is disconnected from V3 and rewired to
the added relay. This relay may be a
reed or “‘crystal can’’ type; its coil resis-
tance must be at least 500 ohms in
order to minimize the voltage drop
across R32 in the vco.

When the synthesizer is off or is dis-
connected from the receiver, the
normally-closed relay contacts complete
the circuit between S1 and V3, allowing
the receiver to function as if no changes
had been made. When the synthesizer is
turned on, the relay is energized by the
12-volt supply in the vco through R32
and L8 (see fig. 4), disconnecting the
crystals and applying the synthesized
crystal signal to the control grid (pin 2)
of the oscillator section of V3. The
56-uH choke at the relay coil isolates it
from the rf signal path.

A new preselector scale may be
added to the receiver so that you don't
have to consult or memorize the pre-
selector chart in the manual. Fig. 14 is a
full-scale reproduction of the new pre-
selector scale and may be cut out, or
photocopied if you prefer not to muti-
late the magazine.

Remove the preselector knob and
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pointer and attach the scale to the front
panel of the receiver, using either a spot
of rubber cement or a small piece of
double-sided sticky-back tape in each
corner. The scale shows the approxi-
mate settings of the preselector control;
the letter at the end of each scale seg-
ment indicates the bandswitch position
to be used.

Construction of the vco sub-chassis. Inductors
L1, L2 and L3 are at left, Output connector is
at right. Feedthrough capacitors and input
connector are on rear panel. All other compo-
nents are mounted on the printed-circuit
board at bottom.

alignment and test

After all wiring and connections have
been checked and rechecked, the
synthesizer is ready for the few adjust-
ments necessary to set the vco on fre-
quency. The only test equipment abso-
lutely necessary is an electronic volt-
meter, although a frequency counter
and oscilloscope can be helpful.

Apply power to the synthesizer and



check the supply voltages to make sure
that they are within five percent of the
nominal values. Then make sure the
reference oscillator is working by bring-
ing a lead from the receiver antenna jack
close to the crystal. Harmonics of the
100-kHz oscillator should be heard in
the receiver. The oscillator may also be
checked with a scope; 100-kHz square
waves should be observed at pin 3 of
U1, and 5-kHz square waves should be
present at pin 9 of U3. if the oscillator
is not working, adjust trimmer capacitor
C3, although it is not necessary for the
crystal to be oscillating at exactly 100
kHz at this time.

Connect an electronic voltmeter be-
tween ground and feedthrough capaci-
tor C17 on the vco. Set the rotary
switches to 9.8 MHz and adjust the tun-
ing slug of L3 until a meter reading of
10 volts is obtained. Rotate the units
switch toward zero, noting that the volt-
meter reading drops with each change in
the switch setting until position 3 is
reached. Then rotate the tenths switch
to zero, noting that the voltage con-
tinues to drop. (Actually, any switch
setting below 3.4 MHz is invalid, since it
is below the tuning range of the receiver
preselector.) A frequency counter con-
nected to the output of the synthesizer
should indicate approximately 12.955
MHz with the frequency switches set to
98 MHz, and 6.155 MHz with the
switches set to 3.0 MHz. The exact fre-
qguencies will be obtained only if the
crystal is set to exactly 100 kHz, which
adjustment is not made until the vco is
aligned.

Next, set the rotary switches for a
frequency of 19.8 MHz, and adjust the
slug in L2 for a voltmeter reading of
approximately 10 volts. Do not touch
the slug in L3. Again turn the units
switch toward zero and note that the
voltage drops at each switch position,
including position 0. Turn the tenths
switch to 0 and make sure that the volt-
age also decreases with each step, A

counter should indicate about 13.1565
MHz and 22.955 MHz respectively for
the minimum and maximum wunits and
tenths switch settings.

Finally, set the rotary switches for a
frequency of 29.8 MHz and adjust L1 as
described in the preceding adjustment.
The frequency range of the vco with the
tens switch in position 2 is 23.155 to
32.955 MHz. If you find that it is not

fig. 11. Foil pattern of the vco printed-circuit
board,

possible to obtain a 10-volt reading on
the voltmeter at switch settings of 29.8
MHz, but that at some lower frequencgy
the loop starts to lock up (as indicated
by incremental changes in the voltage as
the tenths or units switch positions are
changed), you must change U171, | tried
four 7404 hex inverters in the circuit;
two worked at the highest frequency
and two quit at about the 26-MHz
switch settings, Thus there is every
probability of getting at least one
better-than-average 1C out of three or
four,

Connect the synthesizer output to
the spare jack on the receiver, using a
cable made from 93- or 95-ohm coax,
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Turn on the receiver and synthesizer
and set the synthesizer switches to one
of the WWV frequencies suitable for
good reception, Set the receiver band-
switch and preselector control to the
settings specified for the frequency
selected. WWV should be heard when

ing on the synthesizer and setting its
switches to the desired frequency. Then
set the receiver bandswitch and preselec-
tor control to the appropriate positions
and tune.

One minor difference will be noted
when using the synthesizer. On the

fig. 12. Location of parts on the vco printed-circuit board.

the receiver is tuned to zero. Then allow
the synthesizer and receiver to warm up
for about a half-hour.

Wrap a few turns of one end of an
insulated wire around V2 in the receiver
and bring the other end close to the
100-kHz crystal in the synthesizer. Care-
fully adjust the crystal trimmer capaci-
tor in the synthesizer to zero-beat with
WWYV. It may be necessary to retune the
receiver slightly when doing this because
changing the frequency of the crystal
changes the synthesizer output fre-
quency, which is now the receiver hfo
frequency.

That completes the alignment — you
now have a general-coverage receiver.

Operating the receiver with the
synthesizer involves no more than turn-
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10-meter band, the 200-kHz segments
start at 28.0 MHz and progress in
200-kHz increments so that you tune
from 28.4 MHz, 28.6 MHz, etc. In other
words, while each segment throughout
the synthesizer range will start with an
even tenths digit, the crystals supplied
with the receiver set the 10-meter seg-
ments at 28.5, 28.7, and 28.9 MHz.
There is one precaution which may
be necessary. Even with the prototype
unit enclosed in a steel box, there was
still a very small amount of 60-Hz pick-
up from the receiver transformer when
the synthesizer was placed next to
either side of the receiver. (The condi-
tion also exists with the synthesizer on
top of the receiver, but this arrangement
would block the heat convection flow



from the receiver and should not be
used anyway.) Simply moving the
synthesizer 3 to 4 inches (7.5 to 10 cm)
away from either side eliminated the
stray pick-up. It is entirely possible that
this condition may not manifest itself
with all receivers, and it will undoubt-
edly depend on the physical locations of
the assemblies within the synthesizer
cabinet. In any event, the synthesizer is
still close enough to the receiver for
convenient operation.

conclusions

The synthesizer satisfies all the re-
quirements necessary to make any
Collins 75S a general-coverage receiver,
Spurious signals are down a minimum of
80 dB on all frequencies, and are down
better than 90 dB on most. The major
spurs appear 10 kHz either side of the
incoming signal, and are caused by the
second harmonic of the 5-kHz reference
frequency. The reference frequency it-
self is weaker than the harmonic be-
cause of the attenuation provided by
the parallel-T filter. Aithough the sup-
pression of the spurious sidebands was
achieved at the expense of fast iock-up
time, a one- or two-second lock-up is of
little consequence, since it takes that
long to move your hand from the
synthesizer switches and tune the re-
ceiver,

The synthesizer has not been used
with a 758 receiver operating in trans-
ceive mode with a 32S transmitter, al-

TO [8AND]

~
; SWITCH Si

TO V3
PIN 2

JACK

12V, 500 (MIN)
RELAY

fig. 13. Wiring changes to be made to the Col-
lins 75S receiver. Make sure that the relay wif(
pull in when it is connected in series with a
110-ohm resistor to a 12-volt dc supply.

PRESELECTOR

fig. 14. New receiver preselector scale for the
Collins 75S receiver.

though there is little reason to doubt
that it will work, There should be suffi-
cient sideband attenuation to keep spur-
ious outputs from the transmitter at
least 60 dB down. The only possibility
of trouble might be rf getting back into
the synthesizer from the transmitter,
which would be simply a shielding prob-
lem. However, until and if new amateur
bands are forthcoming, there is no rea-
son to use the synthesizer for trans-
mitting except possibly on part of the
10-meter band.
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100-watt

linear amplifier
for QRP rigs

A compact
rf amplifier
for ultra low power

amateur transmitters

28 december 1975

W. S. Skeen, W6WR*

To dispose of the first question apt to
be asked — “Why add a linear amplifier
to a QRP rig since it defeats the whole
idea of QRP operation?”” — I'd like to
say that while 2 to 5 watts can do won-
ders during the day, night operation is a
different story. The prevailing sunspot
activity precludes the predictable propa-
gation conditions of 10 or 15 years ago,
even on the 40- and 80-meter bands. A
little boost to the output of a QRP rig
means the difference between fun and
drudgery during nighttime operation,
When good conditions return, a linear
amplifier probably won't be needed for
low-power work.

| built this amplifier to augment a
homebrew rig that didn't live up to my
expectations — the rig had only about 5
watts output on ssb. The linear ampli-
fier described here should prove to be a
useful adjunct to low-power trans:
mitters in the 2 to 10 watt range.

*Route 2, Box 615, Brentwood, Calif, 94513,



circuit

The schematic (fig. 1) is simple,
effective, and uncluttered. A grounded-
grid, grounded screen circuit is used
without the usual blower for tube cool-
ing. Any of the Eimac 4X or 4CX tubes
will perform equally well.

In the late 1950s, | witnessed some
tests at Eimac that were run to see what
these tubes would do without forced air
cooling. The tests indicated that the
tubes would dissipate 60 to 70 watts
under key down operation — however,
the tubes were mounted /in the open,
with no restriction to ambient air flow.
Under intermittent operation, it appears

#* BROADCAST
VARIABLE

30 uP

Q“ ;]‘7\ asov

H? vAC

fig. 1. QAP linear schematic. Any of the 4X
or 4CX series of tubes may be used. Up to 50
watts dissipation is possible without a blower
praviding tube is mounted in the clear,

that a tube of this family could safely
dissipate at least 50 watts; perhaps a
little more if cooling fins are provided.
Again, the qualifier is: unrestricted air
flow around the tube. A further advan-
tage is that the heater-cathode isolation
in these tubes is excellent; no filament
chokes are required at this power level.

One other precaution should be ob-
served. Although the heater is rated at
6.0 volts +5%, it is recommended that
6.0 volts be considered the upper limit.
A 50-ohm, 10-watt resistor in series
with the primary of a 6.3 Vac, 2.5 amp
filament transformer should do the
trick. The heater contributes a large part
of the heat to be dissipated, and tube
life is prolonged by keeping the heater
voltage on the low side.

A noninductive, 1-watt carbon resis-
tor (R1) of a few hundred ohms is pro-
vided for situations where excitation is
excessive with no provision for reducing
it. The resistor should be selected to
obtain recommended operating condi-
tions. While this amptifier is a two-band
affair for 80 and 40 meters, additional
taps can, of course, be provided for
other bands on the pi-net output coil.

operating conditions

The amplifier has a power gain of
about ten with both grids grounded, so
5 watts input should yield about 50
watts output, with a plate current of
100 mA and E, at 1 kV, This current is
100 mA as read on the meter in the CW
mode. Although up to 150 mA can be
obtained with 7 watts input on CW, it is
recommended that the series grid resis-
tor be switched in to hold the plate cur-
rent to 100 mA on ssb or 150 mA on
CW. As with any low duty cycle ampli-
fier, don't hold the key down longer
than necessary.

Static plate current (no drive) is
about 10 mA. Linearity could be im-
proved by a higher idling current, but
observations with a spectrum analyzer
indicate that, with 10 mA static plate
current, the bandwidth is entirely
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acceptable, and reports have been uni-
versally good.

construction

An aluminum chassis, 2x6x9 inches
(5x15x23cm) in an LMB cabinet con-
structed with perforated aluminum for
sides top and bottom, easily contains
the amplifier with power supply. The

Chassis layout. Power transformer (upper
right) is a SOVA isolation transformer. Note
air space around tube.

LMB cabinet (model CO-2) measures 6%
inches high by 10 inches deep by 13
inches wide (16.5x25x33cm) excluding
hood. The chassis was purposely selec-
ted to improve air circulation. The tube
socket is mounted as close as possible to
one rear corner, both for short leads
from coax connectors and again to im-
prove cooling by air circulation over the
chassis edge (see photo).

While the built-in screen bypass
capacitor of the SK-600 socket is super-
fluous, open space around the tube pins
permits air flow around the header
(tube base). Old timers will remember
that these tubes also fit in a loctal
socket. A 4-inch (10.2cm) square piece
of perforated aluminum with chassis
cutout should also be suitable.
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The grid resistor shorting switch, if
used, should be mounted close to the
tube, which means a shaft extension.
The rf chokes are ordinary garden-
variety 2 mH, 100 mA chokes with the
exception of the plate choke; but even
here, tests indicated that the smaller
chokes should hold up.

The 10-uH pi-net coil (46 turns, 7/8
inch [2.2cm] OD, 3 inches [7.6cm]
long, air wound) is barely large enough
to cover the low end of 80 meters and is
tapped at slightly less than one-half for
40 meters. The coil is mounted on the
switch. A paralleled BC tuning capacitor
suffices for the output. Additional fixed
capacitance to total 1000 pF can be
used, if necessary, for 80 meters.

power supply

A B0-VA isolation transformer is
used with 120 Vac input and 240 Vac
output to a voltage tripler arrangement
that provides the 1-kV plate supply.
Inspection of recent catalogs indicates
that 115/230 V primary, 115 V second-
ary transformers are about all that are
available now (about $10). In this case,
the secondary may be used for the pri-
mary with a slight loss in output voltage
and regulation. The filter capacitors and
diodes mount under the chassis, and
since there isn't much else there, no
under chassis photograph is provided. A
separate heater transformer and switch
are provided. The tube heater should be
allowed to warm up at least a half min-
ute before applying plate voltage. Static
plate current provides “bleeder” protec-
tion,

summary

This small linear compares favorably,
both in size and performance, with com-
mercially built units of the same power
class. It has held its own with other
200-watt-plus units and has provided
many solid contacts during the worst
interference hours of the evening.

ham radio



When Kenwood entered the amateur market,
we did it with the finest technology and crafts-
manship available. Thousands of discern-
ing amateurs have selected Kenwood... after
comparing specifications, features and prices

. and finally, comparing its performance
against all competition. The result has been
Kenwood’s phenominal acceptance by the
amateur world. And with this acceptance
we pledge to constantly improve our prod-
ucts as technology advances and to bring
forth new products that will meet tomor-
row's needs. That is why we are the
“pacesetter in amateur radio.”

KENWOOD

The R-599D and the T-5699D is the most versatile solid state
receiver and transmitter combination on the ham bands
Thousands of “"Twins’ " have proven themselves through daily
use. Everything that made them the best remain . . . only their
appearance has changed
Ay Available at select Kenwood dealers throughout the U.S.
N Kenwood . . . pacesetter in amateur radio
Distributed by
TRIO-KENWOOD
COMMUNICATIONS INC.




an
introduction to

microprocessors

Microprocessors are probably the single,
most exciting development in the entire
field of electronics, and in this article,
the first of a series on microprocessors,
we would like briefly to compare them
to programmable calculators for typical
laboratory applications.

The best description of what a micro-
processor is, and isn‘t, was given by
Laurence Altman in a recent issue of
Electronics:1 A microprocessor is not
a computer but only part of one, To
make a computer out of a microproces-
sor requires the addition of memory for
its control program, plus input and out-
put circuits to operate peripheral equip-
ment . . . What a microprocessor is,
then, is the ¢ontrol and processing por-
tion of a small computer or micro-
computer. Maoregver, it has come to
mean the kind of processor that can be
built with LSI mos ¢r, more recently,
bipolar circuitry, usually on one chip.
Like all computer processors, micro-
processors can handle both arithmetic
and logic data in bit-parallel fashion
under control of a program, But they
are distinguished both from a minicom-
puter processor by their use of LS| with
its lower power and costs, and from
other LS! devices (except calculator
chips) by their programmable behavior.”

Thus, a microprocessor is not a
totally self-contained computer-on-a-
chip, nor is it able to complete with and
replace the central processing unit
(CPUY) within a computer. Existing
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micropracessor chips are simply much
too slow for such applications. The
niche that microprocessors will soan fill
is in the creation of “‘smart” input/
output devices to a computer that re-
lieve the computer of the drudgery
associated with the data acquisition
from and the control of such devices, In
other words, microprocessors will
shortly become very important tools in
computer interfacing, a trend that will
accelerate as the price of microprocessor
chips declines, as more individuals de-
velop the capability to handle such
chips, and as more manufacturers incor-
porate such chips in laboratory instru.
ments and other types of devices that
communicate with computers,

The advantages of interfacing with
micrgprocessors are at least fourfold:

1. Microprocessor communications are
simple. The communications capability
of a microprocessor system is a big
point in its favor. Mast such systems
come with a built-in asynchronous serial
port, and thus can communicate with
teleprinters or with any device that also
has an asynchronous serial port, The
microprocessor is not inherently limited
to only a single asynchronqus port; it is

*Mr, Larsen, Department of Chemistry, and
Dr, Rony, Department of Chemical Engineer-
ing, arg with the Virginia Polytechnic lnsti-
tute and State University, Blacksburg, Vir-
ginia, Mr, Titus is with Tychgn, Inc., Blacks-
burg, Virginia,



very easy to add more such ports and
thus permit the microprocessor system
to communicate serially with other
external devices such as laboratory in-
struments that are interfaced with Ana-
log Devices’ Serdex modules.

Microprocessor systems have parallel
input ports for inputs from various
digital sensor instruments, including
voltmeters, panel meters, frequency
meters, and counters. Any type of dig-
ital circuit that can supply parallel dig-
ital data can be used in conjunction
with a microprocessor system.

2. Microprocessor systems are inexpen-
sive. Such systems currently range in
price from several hundred dollars to
several thousand dollars, depending up-
on the capability of the system. They
are available from Intel, Prolog Corpora-
tion, E & L Instruments, Control Logic,
and other companies. The number of
manufacturers that offer microprocessor
systems is increasing rapidly.

3. Microprocessor systems are flexible
and powerful. Micropracessors have the
ability to make decisions. {ls an input
value from a digital sensor too high or
too low? If it is too high, then open a
valve and release pressure on the system.
If it is too low, then open another valve
and add gas to the system.)
Microprocessors use software to re-
piace hardware; i.e., microprocessor pro-
grams replace complicated hard-wired
random logic digital electronic circuits
that perform a variety of functions, in-
cluding sequential logic, non-sequential
logic, simple arithmetic calculations,

This the first of a new series of articles
on the subject of microprocessors which
we will be presenting in future months,
Material presented here is reprinted with
permission from American Laboratory,
June, 1975, copyright © international
Scientific Communications, Inc., Fair-
field, Connecticut, 1975.

and comparison of digital signals. Manu-
facturers of microprocessor systems pro-
vide you with both read/write memory,
for temporary data and program stor-
age, and with read-only memory, which
is easily programmed with the aid of a
PROM programmer. Once you have
written and tested a program using
read/write memory that can acquire
data and perform desired control opera-
tions, you can “burn’’ it into a program-
mable read-only memory (PROM) IC
and then use that chip day after day to
operate the microprocessor system.

You never have to worry about a
power failure causing your program to
be erased. The program can remain in
the PROM for up to twenty years; it is
always available for reloading into a
read/write memory. The program can be
easily modified to accommodate
changed data acquisition or control re-
quirements. You can develop a whole
repertoire of PROM chips to accomplish
different functions.

4. Microprocessor systems are capable
of handling most laboratory data acqui-
sition requirements. Current micropro-
cessor systems can acquire digital data
at the rate of five hundred 16-bit words
per second. Higher data acquisition rates
are occasionally claimed by manufac-
turers, but they frequently overlook the
real software overhead that is needed,
for example, to input the data, check if
the data are ready, and compare the
data to make sure that they are within
the right range of values.

In the area of mathematical compu-
tations, microprocessors can perform in-
teger multiplications and divisions, i.e.,
3 times 4 or 5 divided by 7, with reason-
able accuracy. A floating-point package
available with the 8-bit Intel micropro-
cessor allows you to perform additions,
subtractions, multiplications, and divi-
sions over the range of *1032 to
+10-32, This package requires four
read-only memories, which means that
1000 words of your microprocessor are
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dedicated to the floating-point package.
Execution times are slow, so you must
worry about the following types of
questions: Do you acquire a data point
and then operate upon it and still have
sufficient time to acquire the next data
point? Or must you store a complete
block of data and then operate upon the
block as a whole? If you store a block
of data, how much additional memory
is required for the microprocessor? Fi-
nally, is the system sufficiently complex
and expensive that it can be replaced by
a minicomputer or programmable calcu-
lator?

The strong point of the micropro-
cessor is that it can perform control
functions quickly, easily, and inexpen-
sively. The microprocessor can turn de-
vices on and off. It can regulate physical
parameters such as temperature, pres-
sure, velocity, and flow. Since it lacks
special functions such as log, XY, sine,
cosine, square root, hyperbolic sine, and
hyperbolic cosine, it cannot perform
sophisticated mathematical computa-
tions. This is one reason why many indi-
viduals are looking very seriously at pro-
grammable calculators, which start in
the vicinity of $3000; are available from
Wang, Tektronix, and Hewlett-Packard;
and allow the user to program with
complex functions such as sine, cosine,
log, and xY. The programmable calcula-
tors, however, are not nearly as conven-
ient to use as microprocessors in the
control of equipment and processes.

As a final point, we would like to
caution you about making any long-
term decisions concerning both micro-
processors and programmable calcula-
tors. The comments above apply to to-
day’s technology, which is precisely
what you can do today. The price/
performance ratio changes from day to
day so that a decision that is valid today
may not be the same one that would be
proper in a month or a year from now;
e.d., 8-bit bipolar microprocessors now
available from Intel have cycle times of
50 nanoseconds. This speed is a little bit
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difficult to precisely define for the user,
but it represents probably a decade of
improvement in overall microprocessor
speed when compared to any micro-
processor available a year ago.

If you can postpone your problem,
you may find that you can solve it dif-
ferently and/or less expensively a year
from now. Digital electronics is without
doubt the fastest changing technological
field today. You, as an amateur, engi-
neer or scientist, will be a major benefi-
ciary of the changes that are occurring.
However, to take proper advantage of
the new technology, you will have to
spend some time learning the jargon and
understanding the tradeoffs that can be
made.

Microprocessor equipment, if cared
for properly, has an operational life of
at least ten years but a functional life
that may only be several vyears. A
reasonable strategy would be to post-
pone the purchase of a microprocessor
until the price/performance ratio justi-
fies a purchase, and then to go ahead
and purchase a system with the know-
ledge that the same system will prob-
ably cost at least 20% less for the same
performance a year later. We believe
that not too much time will pass before
all of us who are involved in research or
manufacturing and depend upon instru-
mentation will have to take advantage
of the power of microprocessors if we
are to continue to have viable products
or research programs,

We recommend that you give careful
consideration to the ability to interface
newly acquired digital instruments to
future ones that will come on the mar-
ket within the next several years. We
emphasize again that the existence of
asynchronous serial ports on your digi-
tal instruments will allow you to hedge
your bets for the future.
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squelch circuits

for transistor
radios

Agc-activated squeich
can easily
be added

to portable

transistor radios

Inexpensive transistorized portable
radios can become excellent monitor re-
ceivers for vhf operators (a-m and fm)
with the addition of one of the simple
squelch circuits presented in this article.
The squelch will get rid of the constant
and fatiguing hash and noise usuaily put
out under no-signal conditions, making
the portable a much more useful and
enjoyable radio to listen to. | have had
much success in adding the circuits
shown here to several portables. It
should be possible to adapt this same
basic approach to just about any exist-
ing portable receiver.

A brief explanation of squelch cir-
cuitry seems appropriate at this point.
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STRIP

During no-signal conditions, the audio
output of a receiver is random and un-
pleasant noise. When a signal is received,
the gain of the receiver is reduced or
limited by agc action, and the level of
noise output is reduced. The greater the
signal strength, the lower the noise out-
put, and hence the term “receiver quiet-
ing,” By adding circuitry which detects
the degree to which the receiver has
been quieted, and by using this circuitry
to mute or un-mute the audio output,
squelch may be added to the receiver.
Note, that with the squelch | have
just described the operator may adjust
the sensitivity of his receiver in terms of
a minimum signal-to-noise ratio needed
to produce an audio output signal. By
making this signal-to-noise ratio suffi-
ciently high, the operator can be sure
that whenever the receiver produces an
audio output it will contain a signal of a

Ly

AUDIO OUT
TO AMPLIFIER

A

fig. 1. A typical ratio detector found in many
transistor radios. Agc voitage may be taker
from the (+) or (—) terminals.
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fig. 2. The audio section of most portables will closely resembie the circuit shown here. Point A in
Q2’s emitter is a controt point for muting the audio output,

certain minimum readability. At first
this might sound like intentionally re-
ducing the sensitivity of your receiver,
but this is not so. With sophisticated cir-
cuits, the opening of the receiver
squelch alerts the operator to the
presence of marginal level signals that
might otherwise have gone unnoticed in
the noise. Unfortunately, these noise-
operated squelch circuits
are somewhat complex,
and they are beyond the
scope of this article.
Another method of
producing squelch action
is to make use of the agc
or other signal fevel de-
pendent voltages to con-
trol audio muting. The
only drawback with this
approach is that suffi-
ciently strong noise or in-
terference will also open
the squelch. However, for
the purpose intended here
they work quiteacceptably.

sistors.

(+}DETECTOR
F1G. 1)

detector

Most inexpensive port-
able receivers use the com-
mon ratio detector similar
to the one shown in fig. 1.
This detector develops sig-
nificant positive and neg-

(-)DETECTOR
(FIG. 1}

fig. 3. A simple squelch circuit,
using either pnp dr npn tran-

ative voltages during signal conditions,
either of which may be used for control
of the audio muting. Generally, the
audio section of a portable receiver will
closely resemble the circuit of fig. 2.
Audio from the detector is coupled to
Q1, a preamplifier, (which is sometimes
omitted in inexpensive sets). The output
is coupled through the volume control

SQUELCH
CONTROL

SQUELCH
CONTROL
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to the driver stage, Q2, which in turn
drives the output stage. These sections
are easily located by finding the audio
transformers associated with them, and
it is seldom necessary to resort to a
schematic to find the desired stages.

(+)DETECTOR (FIG. 1)
OR

X (FIG. 3)

500k
THRESHOLD

10K R :l-

o 1 1

~Vee

fig. 4, A ‘‘brute
force” squelch cir-
cuit is shown at (A);
variations of the cir-
cuit are shown in
(B) and (C). A spst
switch may be
placed in the con-
trol line for on/off
control of the
squelch,

simple squelch

The point marked X in the emitter of
Q2 is a convenient point to add squelch
control to the audio stages. By breaking
the circuit at this point and adding the
muting circuit of fig. 3A, a simple
squelch circuit is obtained. ln some
cases, small amounts of signal or noise
will leak through even when this stage is
supposedly squelched. Also, an increase
in distortion may be noticed at high vol-
ume levels. A variation of this circuit is
also shown, using an npn transistor, in
fig. 3B.

improved design

Somewhat more positive acting
squelch circuits which do not tend to
cause distortion or suffer from incom-
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(—)DETECTOR (FIG. 1)

plete muting are shown in fig. 4. In
these circuits, the emitter signal path of
the driving transistor is not broken, but
the biasing of the driver is upset when
no signal is present. But with even a
small signal present, the bias is sharply

(+)DETECTOR (FIG. I}
OR
X (FI1G. 3)

500K
THRESHOLD

5
<
S
S 10k

~Vee

Qz

]

~Vee

returned to normal and audio output is
restored.

conclusion

The several approaches to agc-
controlled squelch shown here can be
easily adapted to most portable radios.
Receivers using both npn and pnp tran-
sistors may be accommodated, and junk
box transistors seem to work a great
percentage of the time. If you are un-
able to locate a source of agc volitage, do
a little poking around with a vtvm until
you find a voltage source that varies
with signal strength. That is all that is
needed to add squelch to a portable
radio, making it a much more useful and
enjoyable low cost monitor receiver.

ham radio
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AII L E.D. Dot Matrix Display

THE ATLAS 210x/215x

Solid state SSB/CW transceivers
200 watts P E.P. input
No transmitter tuning
The ultimate in sensitivity, selectivity, and
overload immunity.

- Plus extended frequency coverage for
MARS operation when used with 10x
crystal oscillator

210x or 215x . $649.
AC Console 110x220v L ... .%$139.
ortable AC Supply 110/220V. ... . $ 95.
?lug-in Mobile kit . : $ 44
10x Osc. less crystals . . . ; $ b5.

tATLAS

RADIO INC.
# 417 Via Del Monte

Oceanside, CA 92054
Phone (714) 433-1983

+ Plugs into any Atlas transceiver.

+ Six digit display reads to 100 Hz.

+ Bright display clearly visible under high
ambient light.

* Reads on both Receive and Transmit.

» Measures 1% x 42" x 6",

MODEL DD6 ... 81

Available now at your Atlas dealer.

For complete details see your Atlas dealer, ¢
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1152-
to 2304-MHz

power doubler

Construction of

a single-tube
frequency doubler
for 2304 MHz
that provides

5 dB power gain

40 december 1975

Norman J. Foot, WA9HUV*

A 2C39 power amplifier capable of pro-
viding 30 watts output on 2304 MHz
was described in the February, 1975,
issue of ham radio.l Its design involves a
combination of the best characteristics
of various experimental 2.3 GHz ampli-
fier models | have built and tested over
the past three years. Each succeeding
version differed from the previous one
in ways which both improved perform-
ance and simplified construction.

During the same three-year period,
on-the-air tests over a ten-mile path
were performed between WA9HUV and
both WODCN and K9CNN, first working
432/2304 crossband, and later using
2304 MHz two-way. Signals were well
over S9 on 2304 MHz, in spite of the
1296-MHz antenna used by WO9DCN.
Contacts over longer distances have

*293 East Madison Ave., Elmhurst, |11, 60126.



CENTRALAB FT-1000
RF FEEDTHROUGH
CAPACITORS (2)

24

+1000V

fig. 1. Circuit diagram for the 1152 to 2304
MHz power doubler using a 2C39 which pro-
vides approximately 5 dB gain. Rf chokes are
8 turns no. 18 tinned copper, airwound on
3/16" (5mm) mandrel, turns spaced slightly.

been solicited, but none have yet been
tried. It is hoped that this article, to-
gether with the preceeding one which
described the 30-watt power amplifier,
will provide the impetus necessary to
develop new interest in the 2304 MHz
band.

frequency doubler

Having arrived at a reasonably good
basic design, attention was focused on

Complete cathode partition assembly showing
the heater/cathode line (left), piston tuner
(center) and cathode coupler (right).

_ i-1/18"
27 mm) (2.8 mm)
BRASS

developing a companion doubler stage
capable of driving the power amplifier
to full power output with drive to spare.
Rather than starting from scratch, it was
decided to convert one of the earlier
power amplifiers into a doubler by
lengthening the cathode cavity to 1-3/8
inch (35mm). No changes were made to
the amplifier plate circuit. The resulting
doubler circuit is very similar to the
power amplifier.

Because the doubler plate circuit is
identical to that of the companion
power amplifier, only the doubler cath-

0.093"

/
| \/ Z
L pagrts F \L 2.56 CLEARANCE 4 HOLES TO
SURPLUS CAVITY HOLE. CSINK ON CLEAR SHOULDERS
TUBE SIDE FOR OF INSULATING

2-56 BRASS SCREW WASHERS

fig. 2. Heater/cathode assembly uses parts
from surplus 2C39 amplifier. Use the mount-
ing plate as a template to locate the four 2-56
tapped holes for assembly with the cathode
partition.

ode circuit will be described here. De-
tails of the plate circuit can be obtained
from reference 1.

heater-cathode assembly

The heater-cathode assembly shown
in fig. 2 is nearly identical to the one
used in the amplifier except that the
heater-cathode line extends into the
cavity 1-1/16 inches (27mm). The 2-56
brass flat-head machine screw holds a
solder lug to connect the cathode side
of the heater to the appropriate cir-
cuitry (this detail was omitted from
the amplifier article). Attach the screw
to the plate with a 3/16 inch (4.5mm)

december 1975 4



hexagonal nut and then sand the inside
surface of the plate flat to make sure
the screw head does not project be-
yond the surface of the plate. Finally,
position the plate over the finger-stock
assembly and solder the two together
as shown in fig. 2.

The completed heater-cathode
assembly should be insulated from the
cathode partition with insulating
shoulder washers and 0.005 inch
(0.1mm) Teflon sheet.

cathode piston tuner

The cathode partition is identical to
the one described for use with the am-
plifier and is shown in fig. 3. Rather
than using a brass bushing from an old
volume control for the piston trimmer,
a 3/4 inch (19mm) diameter brass cylin-
der 5/8 inch (16mm) long is soldered to
a length of 1/4 inch (6.5mm) diameter
brass rod. Then a 1-1/4 inch (32mm)
length of 3/8-32 threaded brass sleeving
is slipped over the 1/4 inch (6.5mm)
shaft and soldered in place as shown in
fig. 4. Soldering should be done with
the aid of a propane torch, using solder
sparingly. Finally, the tuner and sleeve

Exterior view of the cathode partition.
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fig. 3. Cathode partition. Holes marked with
the letter C are screwdriver clearance holes to
facilitate assembly. Material is 0.093"
(2.5mm) brass.

assembly are screwed into the tuner
bushing from inside the cathode
partition.

If 3/8-32 threaded brass tubing is not
available, use 3/8-28 threaded lamp fix-
ture brass tubing which is obtainable in
most hardware stores. In this case, the
tuning shaft should be made of 5/16
inch (Bmm) diameter brass rod to fit in-
side the lamp hardware. Test the
threaded tubing with a magnet to make
sure it is not brass-plated steel. Before
reassembly with the cathode cavity, the
cathode input coupling circuit is assem-
bled as described in the next section.

Helical springs are used to put pres-
sure on the threads of the tuning piston
trimmer threads. These springs, which
are used on the amplifier as well as the
power doubler, are 9/32 inch (7mm) in-
side diameter. A brass collar with set
screws is used at the far end of the tun-
ing shaft to place the spring in compres-
sion. These springs are quite important



as tuning is likely to be erratic if they
are omitted.

cathode coupling assembly

The 1/8 inch (3mm) and 5/32 inch
{4mm) OD brass tubing needed to fabri-
cate the cathode coupler (fig. 5) can be
obtained from most hobby shops. The
connector end of the assembly is sol-
dered to the center conductor of the
type-N coaxial connector. The 1/8 inch
(3mm) end is slotted with a fine (32
teeth per inch) hacksaw blade. Spread
the slotted end slightly to provide a
tight slide fit with the cavity end of the
coupler assembly.

The cavity end is screwed into the
3/16 inch (bmm) diameter hole in the
grid cavity plate. Solder a flat brass
washer on the cavity end as shown to
provide a good rf contact on the inside
of the cavity.

When assembling the cathode parti-
tion on the cathode cavity, slide the
connector end of the coupler into the
cavity end. If the instructions have been
carefully followed, the two parts should
slide together without interference.

tuning up

The circuit diagram of the frequency
doubler shown in fig. 1 is identical to
the amplifier wiring diagram except for

A4 _
g mT

‘ 58"
| ;, (16 mm)
]

AY
‘- 3/8-32 THREADED
BRASS SLEEVE

~
T 3-344" (9.5 em) LONG.
144" 165 mm) DiA
|_J BRASS ROD

fig. 4. Cathode piston tuner assembly. Brass
rod is soldered to 3/8-32 threaded sieeve,

View of cathode cavity before installation of
the cathode partition. Since an earlier model
of the 2304 MHz power amplifier was modi-
fied for use as a doubler, parts in this do not
correspond exactly with figs. 2 through 5.

/—SOLDER 0,156 (4 mm) 0.0
/ BRASS TUBE TO CENTER
/' CONDUCTOR OF
/ N CONNECTOR
/

/

1]

s/8°
{16 mm}

- 1716"
{27 mm)

r
|
|
L)
|
1316 “~— SOLDER
(20.5 mm]
- 0.125" (3 mm) OD
BRASS TUBE

L

|

-
¥

/ |
Lsior

CONNECTOR END OF ASSEMBLY

—~0.156" (4 mm) OC
" BRASS TUBE
5/8" |
(16 mm |
[ |r -
| o _—SOLDER BRASS
L HER
_‘_ LLI il WASHE
i4*
(6.5 mml -
1 - 6-32 SCREW
z mm) LONG

CAVITY END OF ASSEMBLY

fig. 5. Cathode coupling assembly. Brass tub-
ing can be obtained from most hobby shops,
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Front view of completely assembled 1152 to 2304 MHz power doubler.

component values and the meter ranges.
A 7.6-volt zener diode is used instead of
the 6.3-volt unit to reduce the conduc-
tion angle of the plate current for better
doubler efficiency. The quiescent (no-

o o wllh"\\}-\,
{

““Just replace capacitor C10 ...
than you'll be back on the air."

44 december 1975

drive) plate current should be set to
approximately 26 mA by adjusting the
position of the slider on the 100 ohm
variable resistor.

Measurements were made using a
calorimeter which indicate that the
doubler has a power gain of approxi-
mately 5 dB. It is interesting to note
that this doubler provides about 8 dB
more power output on 2304 MHz than
would be expected from a varactor dou-
bler with the same drive power. There-
fore, with less than one watt of drive at
1152 MHz, more than sufficient output
is obtained to drive the power amplifier
stage to full output. It is recommended
that the primary winding of the doubler
plate supply transformer be controlled
with a variable transformer so that drive
to the power amplifier can be adjusted
to the desired level.

reference
1. Norman J. Foot, WA9HUY, “"Power Am-
plifier for 2304 MHz,”" ham radio, February,
1975, page 8.
ham radio
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microstripline

bandpass filters

for 1296 MHz

Miniature
bandpass filters
for the amateur
1296-MHz band

Uhf experimenters frequently need to
filter out spurious or image responses,
usually with coaxial or trough-line
resonators.}*® Although properly de-
signed coaxial and trough-line filters
offer exceptional skirt selectivity and
minimum insertion loss, they are large
and bulky and require access to sheet-
metal cutting and forming equipment.
The 1296-MHz filters presented here are
based on printed-circuit microstripline
techniques and are easily duplicated in
the home workshop.

46 december 1975

H. Paul Shuch, WABUAM, 14908 Sandy Lane, San Jose, California 95124 ®

Two- and three-pole bandpass filters
for 1296 MHz are shown schematically
in fig. 1. In each of the filters parallel-
resonant sections, consisting of micro-
stripline inductors and piston trimmer
capacitors, are loosely top coupled. The
input and output striplines are tapped
down on the inductors to provide a
match to 50 ohms. The two-pole band-
pass filter is functionally equivalent to
the filters used at the input of the RF
and LO ports of my 1296-MHz double-
balanced mixer.® In the design pre-
sented here, however, the coupling
capacitor, C., formerly a 0.5 pF chip
capacitor, has been replaced by the
stray coupling capacitance between the
stator ends of trimmers C1 and C2.

As can be seen from the swept fre-
quency response curve in fig. 2, these
microstripline filters are relatively low-Q
devices. The steepness of the rejection
skirts may be sacrificed somewhat to
minimize passband insertion loss, which
for this design averages around 1 dB.

construction
Full-size artwork for the printed-



2-POLE FILTER

C1-C3 1-5 pF ceramic piston trimmer

Ce Stray couptling capacitance between
stator ends of trimmer capacitors

J1, 42 SMA or equivalent microstripline

launchers (E. F.
142-0248-001 or similar)

Johnson

3-POLE FILTER

L1,L2, Microstripline inductor, 0.5"
L3 (13mm) long, 0.1" (2.5mm) wide,

spaced 0.3" (7.5mm) center to cen-

ter. Bottom ends strapped to

groundplane with thin copper strap
X1, X2 50 ohm microstripline, 0.1"
(2.5mm) wide, any iength. Center-
fine tapped to L1 and L2 0.2
(5mm) from grounded end

fig. 1. Two- and three-pole microstripline bandpass filters which tune the range from 1100 to 1500
MHz. Full-size printed-circuit layouts for these filters are shown in fig. 3.

circuit microstripline filters is shown in
fig. 3 and is designed for 1/16 inch
(1.5mm) thick G-10 epoxy-glass
printed-circuit board, double clad with
1 ounce copper.” The unetched side of
the board serves as a groundplane.
Board dimensions are such that the
filters mount easily in a miniature die-
cast aluminum box such as a Pomona
2417. The cutaway view of fig. 4 shows
the method of mounting the piston
trimmer capacitors on the circuit board.

With the circuit values shown, these
filters can be adjusted to resonate any-
where in the range between 1100 and
1500 MHz. The easiest method to adjust
for resonance at 1296 MHz is to con-
nect a weak-signal source through the
filter into a receiver, and adjust the
trimmer capacitors for maximum re-
ceived signal. Since the output impe-
dance of the signal source and the input
impedance to the receiver may deviate

*Tuned and tested two- and three-pole band-
pass filters for 1296 MHz are available from
Microcomm. For complete specifications and
prices, send a self-addressed, stamped enve-
Jope to Microcomm, 14908 Sandy Lane, San
Jose, California 95124.

INSERTION LOSS (dB)

substantially from 50 ohms, it's a good
idea to temporarily install fixed attenua-
tors at the input and output of the filter
while tuning as shown in fig. 5. There is
a certain amount of interaction between
the trimmer capacitors so the adjust-

o T
[ JAN
51— /,
(]
10 = -{- #1 - -
' v\
5 ‘I ) ‘QO
/7 NS
/ \ &
7/ ) )€
20 7 — -
/ Vo \
25 [—— 4 - )2 M
s ™ ﬁ
// ‘11‘ Tee—
30 Pt oA 7__,‘%
[}
35
1
\
40 L
1
\
45 '\--'— L NP
50
0 11 12 13 14 i5 16 17 18 19 20

FREQUENCY (GH2)

fig. 2. Swept frequency response of the two-
and three-pote microstripline filters (measured
with a Hewlett-Packard network analyzer and
X-Y piotter). The 3 dB bandwidth is 150 MHz
and passband insertion toss is about 1 dB. The
20-dB bandwidth is 320 MHz for the 3-pole
filter, 570 MHz for the two-pole design,
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ments should be repeated several times
to insure that you have the filters tuned
for minimum insertion loss.

If the filter is to be used to reduce
the spurious output of a local-oscillator
chain, alignment to the desired passband
frequency is most easily accomplished
by placing the filter in the line between
the LO and the mixer and adjusting the
filter for maximum indicated mixer cur-
rent (fig. 6).

fig. 3. Full-size artwork for the two- and
three-pole bandpass filters for 1296 MHz
which are designed for 1/16” (1.5mm)
double-clad G-10 epoxy-glass circuit board.

applications

Most amateurs who are active on
1296 MHz will probably want to have
several of these bandpass filters available
on their workbench. In general, accurate
measurements on any two-port device
are enhanced by the application of fil-
tering at each port. Microstripline ampli-
fiers, for example, tend to be extremely
broadband; since transistors tend to
have higher gain at lower frequencies,
any low-frequency spurious which is
applied to the amplifier will be ampli-
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/-BUS WIRE LOOP PISTON CAPACITOR

re
B| = /——SOLDER——\

-

GROUND PLANE THIN COPPER STRAP

fig. 4. Method of mounting the piston trim-
mer capacitors on the microstriplines.

fied more than the desired in-band sig-
nals. It is not unlikely, in fact, for lower
frequency, out-of-band signals to actu-
ally force an amplifier into gain com-
pression. Bandpass filters at the input
and output of an amplifier under test
will thus aid considerably in making
accurate gain and dynamic range meas-
urements,

In operational equipment it's a good
idea to place bandpass filters between
each wideband stage as shown in fig. 7,
The filter's 1 dB or so of insertion loss is
more than offset by the elimination of
image signals and spurious responses.
For maximum image rejection it is rec-
ommended that the more selective
three-pole filter be installed between
all active stages. In the local-oscillator
chain, where harmonically related spuri-
ous signals are separated from the pass-
band by an octave or more, the simpler
two-pole resonators are usually suffi-
cient.

acknowledgements
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response measurements.
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fig. 5. Using a weak-signal source to align a
filter to 1296 MHz. The 3 dB attenuators
swamp out any impedance mismatches,



LOCAL BALANCED
OSCILLATOR MIXER
BANDPASS
MULTIPLIER - FILTER — -
DIODE
CURRENT | M
MONITOR

&

fig. 6. Bandpass filter can be adjusted to the
local-oscillator output frequency by tuning
the filter for maximum mixer current.
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fig. 7. Installation of bandpass filters in a typi-
cal 1296-MHz transmitter and receiver. Three-
pole filters are recommended between active
stages, as discussed in the text,
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SUPER LOGARITHMIC SPEECH PROCESSOR
MODEL LSP-520BX

UP TO 400% MORE RF POWER is yours with
this plug-in unit. Simply plug LSP-520BX
into the circuit between the microphone and
transmitter and your voice suddenly is trans-
formed from a whisper to a DYNAMIC
OUTPUT!

Look what happens to the RF Power Output
on our NCX-3. It was tuned for normal SSB
operation and then left untouched for these
“before"” and "after" oscillograms.

et

Fig. 1 SSB signal before processing. See the
high peaks and the low valleys. Our NCX-3
is putting out only 25 watts average power.

:;l‘ll::f,’lﬁii : ‘::I:u:m:':ﬁ:.

Fig. 2 SSB signal after processing with LSP-
520BX. The once weak valleys are now strong
peaks. Our NCX-3 now puts out 100 watts
of average power.

Three active filters concentrate power on
those frequencies that yield maximum intelli-
gence. Adds strength in weak valleys of
normal speech patterns. This is accomplished
through use of an IC logarithmic amplifier
with a dynamic range of 30dB for clean audio
with minimum distortion.
This unit is practically distortion-free even
at 30dB compression! The input to the LSP-
520BX is completely filtered and shielded
for RF protection.
Size is a mere 2 3/16H x 3'4W x 4D. Mone
back if not delighted and ONE YEAR UN-
CONDITIONAL GUARANTEE.

Order now or write for FREE brochure.

LSP-520BX . — ... $49.95
ADD $1.50 SHIPPING & HANDLING

DEALER INQIRIES
INVITED

601-323-5869

MFJ ENTERPRISES

P. 0. BOX 494(H)
MISS. STATE, MS 39762

BANKAMERICARD
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uhf frequency scaler

New Fairchild 11C90
decade counter IC is a
direct plug-in replacement
for the popular 95H90
that extends operation

to above 500 MHz

Fairchild Semiconductor has introduced
another outstanding IC in the 11C00
series! which should be of immediate
interest to amateurs — the 11C90, a pin-
for-pin replacement for the popular
95H90 that has a rninimum guaranteed
toggle frequency of 520 MHz from 0°C
to +75°C. At its best, the new 11C90 is

50 december 1975

Doug Schmieskors, WBI9KEY, 22065 McCiellan Road, Cupertino, California Il

a complete front end for a 700 MHz
frequency counter (typical toggle fre-
quency at 25°C).*

The 11C90 uhf divide-by-10/11 pre-
scaler makes use of Fairchild’s isoplanar
I technology for high speed with reason-
able power dissipation. Pins which were
unused on the 95H90 decade prescaler are
used on the 11C90 to provide a refer-
ence voltage which centers the input
clock valtage about the switching
threshold and allows direct capacitive
coupling to the signal source or test an-
tenna. An on-chip ECL-to-TTL level
converter is capable of driving ten TTL
loads and eliminates the need for any
external output interface circuitry.

circuit operation

To take full advantage of the
11C90's uhf counting ability, a circuit
such as that shown in fig. 1 should be
built or derived from an existing 95H90
layout.2:3 Pin 13 (TTL Vgg) should be
tied to ground (low) if the TTL output
(pin 11) is used. If only the ECL output

*The 11C90 is available now from franchised
Fairchild distributors worldwide for $16.00 in
small quantities,
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fig. 1. Divide-by-10 uhf prescaler has a mini-
mum guaranteed toggle frequency of 520
MHz. Typical toggle frequency at 25°C is 700
MHz.

(pin 8) is used, pin 13 may be left open
to reduce power consumption.

A reference voltage is generated
internally across a 400-ohm resistor to
the Vgg supply and is present at pin 15
{Vier). This completely eliminates any
need for an external biasing network.

Pins 6 and 7 of the 11C90 are un-
committed 2000-ohm resistors which
are internally connected to the mode
control inputs, M1 and M2. When tied
high (+5 volts) these resistors allow the
associated mode control input to be
driven from TTL,; if these inputs are left
open or tied low, the mode control in-
puts offer, respectively, unterminated or
terminated ECL loads to the drivers.

The mode control inputs are useful
primarily when the 11C90 is employed
in the divide by 10/11 mode to produce

Voc * PIN 14, Vocp * PIN 5

14

Veg " PIN 12, Vg = PIN 13 (TTL)

fig. 2. Logic symbol for the Fairchild 11C90.
Mode control inputs M1 and M2, and RM1
and RM2 inputs are discussed in text. The IC
includes a built-in ECL-to-TTL converter.

non-standard divide ratios such as those
used in pulse swallowing for frequency
synthesis. The 11C90 logic symbol (fig.
2) and truth table in table 1 should aid
in understanding-the device.

Circuit layout, although not critical,
can be used to enhance the high-
frequency operation of the 11C90.
Proper power supply decoupling, broad
ground connections, short signal runs,
and short leads (sockets are not recom-
mended) will all help the user to reap
the maximum performance that has
been built into the device. The 11C90
typically requires only 656 mA as com-
pared to 90 mA for the 95H90, so it
runs much cooler than its predecessor.

tabte 1. Mode selection for the 11C90. Low is
indicated by L, high by H.

module
M1 M2 divide by
L L 11
H L 10
L H 10
H H 10
summary

The 11C00 family of sub-nanosecond
logic now consists of nine devices rang-
ing from the 11C05 prescaler to the
11C01 gate package, and includes the
11CB8, a 150-MHz voltage-controlled
monostable oscillator which features a
4:1 frequency range with 2-volt dy-
namic range. These new devices obvi-
ously open up a whole new range of fre-
quency synthesizer possibilities, but
that's another story.
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quadrifilar toroid

The prevalence of roller inductors in
transmitters and antenna couplers
attests to the need for adjustability. The
quadrifilar toroid limits the adjustability
to discrete steps but offers the advan-
tages of small size, internal field requir-
ing little if any shielding, and balun
applications.

The ends of the four, parallel,
tightly-coupled windings are connected
into the desired configuration by an
octal socket and tube base. Of several
octal sockets | tested those with ““wrap-
around” pins consistently measured
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fig. 1. Five methods of interconnecting the
four quadrifilar windings, and the measured
inductance values of each configuration,
Winding consists of 16 quadrifilar turns of
no. 12 (2.1mm) on an Amidon T-200-6
toroid core.
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Construction of the quadrifilar toroid which
is based on an Amidon T-200-6 powered-iron
toroidal core,

0.003 dc ohm per contact while the
“edge-bite’”’ pins varied from 0.003 ohm
for a few pins to many times that value
for most. Obviously only the “wrap-
around”’ octa