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NCX-1000
the
Transceiver

of the 70’s
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1 KW Solid-State
Transceiver

Rarely is the amateur radio fraternity offered an important new product
with the engineered-in reliability found in modern professional and military
communications equipment. NRCI's new NCX-1000 is one of these excep-
tional products. It was conceived and developed for radio amateurs by the
same company that gave the Marine Corps its rugged solid-state AN/GRR-17
tactical communications receiver, that gave the Navy its versatile AN/URT-22
exciter-transmitter, and that produced the classic HRO-500 VLF/HF receiver.

The NCX-1000 combines rock-solid design, exceptional performance,
and a power punch. It's the finest solid-state, self-contained, 5-band kilowatt
transceiver available today — the odds-on choice of the discerning amateur,
be he rag-chewer or DX-er. See it now at your dealer's store, or write for
complete details.

i/ NATIONAL RADIO COMPANY, INC.

NRC’ 111 Washington Street, Melrose, Mass. 02176
617-662-7700




IF YOU'VE
EVER

already received

a copy of our NEW
1970 Catalog of Precision
Quartz Crystals & Electronics

for the Communications Industry,

SEND FOR YOUR COPY TODAY!

HEPEAI ER Somewhere along the line, in vir-

tually every ham repeater in the

world, you'll find a couple of Sentry
crystals.

Repeater owners and FM "old-
timers’”’ don‘t take chances with
frequency—they can't afford to. A
lot of repeater users depend on a
receiver to be on frequency, rock
stable...in the dead of winter or the
middle of July. The repeater crowd
took a tip from the commercial
“pros’’ a long time ago—and went
the Sentry Route.

That's one of the reasons you can
depend on your local repeater to be
there (precisely there) when you're
ready to use it. FM’ers use the
repeater output as a frequency stan-
dard. And for accuracy, crystals by
Sentry are THE standard.
IF YOU WANT THE BEST,

SPECIFY SENTRY CRYSTALS.

YOU'VE USED A
SENTRY CRYSTAL

SENTRY MANUFACTURING COMPANY
Crystal Park, Chickasha, Oklahoma 73018

—— PHONE: (405) 224-6780 —
TWX-910-830-6425




WHILE MOBILE

Hearing is believing!

SIDEBAND
TRANSCEIVER

A GREAT BARGAIN AT BB 99985
INCLUDING THE FAMED DRAKE RELIABILITY

Years of Drake transceiver design experience make the
TR-4 one of the finest available. Ahead in circuitry and
compact lightweight packaging, it is ideal for mobile
use, portable, and vacations. USB, LSB, CW or AM.

» 300 Watts PEP input on SSB, 260 watts input on CW. e Com-
plete Ham Band Coverage: all necessary crystals for 80 thru
10 meter ham bands. e Separate Sideband Filters: « Nominal
1.7:1 Filter Shape Factor: « Crystal Calibrator « VFO Indicator
Light « Automatic CW Transmit Receive Switching » Solid State
Permeability Tuned VFO for accurate 1 kHz divisions on all
bands. « VOX or PTT for use on AM or SSB.

Now with

Noise Blanker

built-in!

34-NB now factory-installed

ACCESSORIES
AC-4 120V 50/60 Hertz
Power Supply .......... $ 99.95
DC-4 12 VDC Solid State
Power Supply .......... $125.00

MS-4 Matching Speaker .... $ 22.00
RV-4 Remote VFO—

Separate Receive and

Transmit frequencies on

same ham band ........ $110.00
FF-1 Crystal-Control Adaptor $ 26.85
MMK-3 Mobile Mounting Kit $ 6.95

R.L. DRAKE COMPANY 540 Richard Street, Miamisburg, Ohio 45342
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Perhaps you've noticed the articles in the
national news media aimed at educating
the lay public about the electronic com-
puter and its impact on modern society.
Some of these news items are well done
and reflect the responsibility of the repor-
ter. Others, while leaving something to be
desired in authenticity, nevertheless pro-
vide some amusing reading. An example
of the former is the extensive coverage
given to the Apollo 12 lunar Janding
module navigational computer and its
vital role in the success of the mission.
These reports did a pretty good job of
informing the public about a complex
subject in a nontechnical manner. On the
other hand, articles in the same publica-
tion described the computer as some kind
of electronic monster bent on invading
personal privacy and generally disrupting
the status quo of the credit consumer and
taxpayer (i.e., you and me).

Regardless of what the public is led to
believe in the national news media, the
fact remains that the computer and the
vast industry behind it are a solid part of
the American scene and will be around
for awhile.

A casual glance at the electronic indus-
try trade journals will give an idea of how
rapidly computer technology is changing.
The intense competition for new markets
has resulted in innovations, new devices,
higher speeds, and more efficient circuits.
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An area of computer innovation not
generally known to the public is inter-
active computer graphics. Simply stated,
the technique consists of using hardware
designed to enable the engineer to com-
municate directly with the computer. In a
typical application, the engineer watches
the problem on a crt screen as the
solution is being developed. He can com-
municate directly with the computer
through a light pen and a typewriter. The
typewriter allows him to carry on a
conversation directly with the computer;
he uses it to respond to cues displayed on
the crt screen. The light pen, which is a
pencil-shaped bundle of fiber optics
coupled to the crt, allows the engineer to
precisely place lines or circles of desired
dimensions on the crt screen, create new
shapes, or change the display to the
desired scale—all in real time.

The beauty of interactive computer
graphics lies in the phrase, “‘in real time.’"
Using former techniques, the engineer
was required to design a program, run it,
study the printout, then iterate changes
through the system until an acceptable
solution was obtained. At upwards of
$600 an hour for computer time, it's easy
to understand why this new innovation of
computer technology has been received
with such enthusiasm.

Jim Fisk, WIDTY
editor



the only complete station
that is truly portable!

A total amateur radio station in one, compact, powerful package. The Swan 270
includes AC and DC power supply, and loudspeaker, Just hook up the antenna,
plug into a power source, and you're on the air.

Portable enough to be used in your camper, motel room, on your vacation or busi-
ness trip. We even have a handy carrying case for it.... Also an instant mobile kit
for installation in rental cars. That's about as portable as you can get.

@ S WAN oeLuxe Cygnel 270

SSB TRANSCEIVER—5 BANDS, 260 WATTS P.E.P.

The well known Swan audio, flat
within 3 db from 300 to 3000 cycles.

® Power input: 260 watts P.E.P., 180 .
watts CW,

e Full coverage of 10, 15, 20, 40, and

80 meter bands.

Selectivity: 2.7 kc bandwidth with
shape factor of 1.7 and ultimate re-
jection of more than 100 db.
Sensitivity: Less than 1/2 microvolt
at 50 ohms for S + N to N ratio of
10 db.

Unwanted sideband suppression: 50
db. Carrier suppression: 60 db. Third
order distortion down approx, 30 db.

® Grid Block CW keying.

100 kc calibrator.

Sidebana selection  S-meter « AGC
and ALC.

Provision for plugging in External
508 VFO or 510X, VX-2 VOX acces-
sory, headphones, and Cygnet
Linear.

e Voltage input: 117 volts AC or 12-14
volts DC $525
Standard Model 260 Cygnet $435

See your Swan Dealer today

@Swnn

ELECTRONICS

305 Airport Road
Oceanside, California 92054

A Subsidiary of Cubic Corporation
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application
of light-emitting
diodes and
photodetectors
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Ralph W. Campbell, W4KAE, 316 Mariemont Drive, Lexington, Kentucky 40505

One of the most interesting fields of
electronics that has been neglected by
amateurs is communications by lasers and
their relatives, the light-emitting diodes.
Experimental data is meager in the am-
ateur literature. Ready-made equipment,
of course, doesn’t exist.

| became interested in building a diode
laser communications link between my
home and a local broadcast station, both
for the novelty of the idea and to com-
municate with colleagues. The experi-
ments reported in this article are a first
iteration toward achieving the laser link.

The professional literature describes
bulky, expensive optical devices as mod-
ulators placed in front of equally expen-
sive ruby rods or gas lasers. The light-
emitting diode (LED) and diode injection

Broad-area quadrature detector for broadcast-
band response. A 1-MHz pilot carrier, injected
through the lens shade, produced sidebands
above and below 1 MHz in a Hallicrafters
S5X-122.




laser are well within amateur means, so |
investigated those.

My early experiments were made with
equipment designed from scratch and
with @ minimum of help from reference
material, because | wanted to learn by
doing. After much trial and error, | was
able to achieve what | believe is an
amateur world record for one-way

sug
—UHF—| 4—GHF — | 4—EHF | MILLI- |FAR @—— INFRARED —®NEAR

METER

a word of caution

Unless you've had experience with
laser diodes, 1'd recommend starting first
with LED’s. An early attempt with in-
jection lasers ended in disaster. These
devices must be operated with a power
supply duty cycle of 0.1 percent-
preferably less. The average power of a
diode laser must be kept low to avoid
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fig. 1. Approximate spectral regions. ‘‘Near” IR and UV spectra are referenced to visible light.

ranging with LED’s: a distance of 250
feet. This was done with the equipment
described in the following paragraphs. |
used a GE SSL-4 LED transmitter and a
broad-area detector comprised of seven
GE L14A502 phototransistors in a
honeycomb matrix.™ The 250-foot range
is five times as far as that obtained with
commercially designed equipment using a
white (incandescent} noncoherent light
source and the same type detector.

*The SSL-4 is available from G. E. for about
$7.50. Write Miniature Lamp Dept., General
Electric Company, Nela Park, Cleveland, Ohio
44112. The L14AB502's were obtained from G.
E. as a sample

TThe gunsight {$10.00) and achromat {(about
$3.50) are available from Edmund Scientific
Company, 101 E. Gloucester Pike, Barrington,
New Jersey 08007. The CV-148 ($5.00) can be
obtained from John Meshna, Jr., Box 62, E.
Lynn, Massachusetts 01904,

overheating, so a pulsed power supply is
used. If its duty cycle is much above, say,
0.05 percent the injection laser will go
up in smoke no matter how good its heat
sink. Cryogenic cooling allows higher
duty-cycle pulsing, but this is beyond the
means of most hams.

operating frequency

The equipment used in these experi-
ments operated in the infrared region {fig.
1). Because of the nearness of infrared to
the visible light portion of the spectrum,
optical equipment can be used to enhance
operation, The optics | used were a sur-
plus NC-3 gunsight, an /1.9 two-inch-
diameter achromatic lens, and a surplus
British type CV-148 sniperscope image
tube.” The gunsight was used to collimate
light rays from the LED; the achromat
was used to focus light input and output.

june 1970 7



The image tube was used as an infrared
detector in some experiments. |ts sensi-
tivity is low for LED work, but it's a
good detector for laser use.

how LED’s work

When driven by an external power
source, certain semiconductor materials
produce light. The light can be in the visi-
ble or invisible part of the spectrum,
depending on certain laws of quantum
mechanics. If an LED's p-n junction is
forward biased, electrons from the n
region (valence band) will flow across the
energy-band gap into the p region (con-
duction band). Here the electrons re-
combine with electron holes, then fall to
a lower energy level where they emit a
photon, which is a quantum of light.

The wavelength of the emitted photon
depends on the energy-band gap between
the n and p regions. LED’s constructed of

glossary

responsivity output signal per unit
input signal of photo-

dectector.

sensivity change in output per
unit input change of a

photodetector,

phase relationship be-
tween two wave trains
in  space (determines
output directivity of a
laser).

spatial coherence

a measure of the restric-
tion of a photode-
tector’s light output to
a single wavelength or
band of wavelengths
(i.e., color response).

spectral coherence

lasing phenomena exhibited
by certain materials
when the threshold

condition has been
achieved for self-sus-
taining photon emis-
sion,

degree of response to
one color in the electro-
magnetic spectrum.

monochromaticity

8™ june 1970

Improved Broad-area detector using seven GE
L14A502 photo transistors connected as di-
odes. A maximum range of 250 feet was
obtained at twilight with this unit. A surplus
MNC-3 gunsight was used as a collimator.

gallium arsenide (GaAs), as used in my
tests, have a band gap that permits radia-
tion in the near infrared region (refer
enced to visible light; fig.1 ). Visible light
may be emitted from LED's with a wider
band gap. For example, LED's made of
gallium phosphide emit green light.

LED output is determined by the
geometry of the host material pellet and
the device’s packaging. Some GaAs LED's
are packaged with a parabolic reflector as
part of their structure. An epoxy lens col-
limates the light output to a very narrow
region of the device's optical axis.

LED light output is noncoherent,
whereas that from a laser is coherent. The
significance of these terms will become
apparent when we consider the laser, dis-
cussed néxt.

lasers

The first operating laser was demon-
strated by T.H. Maiman in 1960. Its
principles have been covered extensively
in the literature. The following brief de-
scription, although considerably simpli-
fied, is given to show the comparisons



between LED's and lasers.

Laser is an acronym for "light ampli-
fication by stimulated emission of radia-
tion.” In its most prevalent form, the laser
is used as an oscillator. It can be used as
an oscillator. It can be used as an am-
plifier, but its spontaneous (noncoherent)
emission is so great that it doesn’t per-
form well as an amplifier at low input
levels.”

An LED, as explained above, emits
light due to the transition of electrons be-

PHOTO
DETECTOR

oPTICS

fig. 2. Basic arrangement for a simple pulsed
light system. Achromat lenses increase perform-
ance, but are difficult to align if separation
between source and detector is great.

tween energy levels. However, the light
output is noncoherent, which means its
phase and amplitude are not correlated
(recall that if two wavetrains of the same
frequency are in phase, their amplitudes
are maximum).

In a laser, radiation from an external
source, called a pump, raises the electrons
of the active material from a lower to a
higher energy level. Some of the electrons
are absorbed, but some will be driven
downward to an intermediate level, from
which they will return to their original
low-energy state and emit photons. This
process, called stimulated emission, con-
tinues in a chain reaction similar to a
nuclear explosion. If the laser output is
coupled to a resonant circuit of high Q,
and if certain optical arrangements are
used, an extremely powerful and co-
herent light source is produced.

The difference between laser and LED
operation is that LED’s do not exhibit
stimulated emission, and their light out-
put is spatially noncoherent.

*Thus the term “'loser’’ is sometimes used; i. e.,
“light oscillation by stimulated emission.”

ouTPUT
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coherence

Two types of coherence are involved:
spectral and spatial. The former deter-
mines how closely light output is re-
stricted to a single wavelength or band of
wavelengths, while the latter pertains to
waves in space. Spectral coherence is a
measure of monochromaticity. Most
LED's and all lasers produce monochro-
matic (single-color) light. Since spatial
coherence depends of the frequency of
pumping radiation, which does not occur
in LED operation, LED's exhibit little
spatial coherence.

If the input wave to a laser (supplied
by the pump) has plane wave fronts, the
laser's output will also contain plane
waves. The degree of phase correlation
(or regularity) between these plane wave
fronts is a measure of spatial coherence,
which determines directivity. The laser
beam will have almost constant width for
a distance, S, according to the following
relationship

D2

4

where D is the diameter of the laser out-
put source, and A is the wavelength of
radiation. Beyond this distance, S, the

S

The SSL-4 LED mounted in an Am-
phenol MX-1025/U cable termination,
encapsulated with epoxy (right). The
surplus CV-148 image tube is shown at
left; the battery supplies 510 volts for its
photocathode.

june 1970 9
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wave begins to assume a conical shape
with wave fronts assuming a sphere, as in
radiation at radio frequencies.

pulsed light systems

A simple pulsed light system using
LED’s is shown in fig. 2. This basic sys-
tem can be modified to include a speech
modulator and various postdetection
amplifiers, as well as the optics shown
focus divergent light to allow wider spa-
tial separation between LED and detec-
or. The theoretical separation is of the
order of several miles. In practice, this is
limited to several yards because of the
difficulty in aligning the optics and LED
response to stray fields.

detectors

The limiting element in an LED com-
munications system is the detector. The
best detectors for light transmission have
high responsivity and sensitivity. Minority
carrier lifetime determines responsivity,
whether we're discussing photodiodes,
photo transistors, or image tubes. A de-
tector with high responsivity will deliver
an output signal within picoseconds after

__ ELECTRIC OR
/ MAGNETIC FIELD

<~ PHOSPHOR

“= PHOYOCATHODE

fig. 3. A typical electron image converter
tube. These respond well to pulsed light
sources but sensitivity is Jow for LED
work.

an input signal is applied. Sensitivity is a
measure of the change ina detector’s out-
put per unit input signal change. Some
authorities use the word “‘responsitivity”’
to describe detector performance—a
coined word combining both terms.

broad-area response

Another important consideration for
light detectors is broad-area response. A
simple analogy using the human eye will

10 [™ june 1970
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explain this. If you've ever been on a hill-
top at dusk you may have noticed how
bright an incandescent lightsource ap-
pears on the skyline. Here we have many
point sources of light that are partially

+ 180V
2ENER REGULATED

HEP 241

HEATH TWO'ER
MODULATION

TRANSFORMER ~ 'N4004

tkHz

KEY TRIGGER

fig. 4. A pulsed power supply for LED’s
that develops about 900 mW. It’'s not
suitable for an injection taser, however.

collimated into parallel rays. With suffici-
ent sensitivity, there's almost no limit to
the amount of incident light falling on
the broad-area retina of the eye. A photo
detector should have an array of at least
ten input sources to receive nancoherent
radiation from an LED.

I made my broad-area detector array
by arranging several GE type L14A502
photo transistors in a honeycomb matrix.
These were connected as photodiodes in a
lens-in-can arrangement to provide optical
gain.

detector response

Photo transistors {or more correctly,
photo duo-diodes) are of the npn type.
When operated in the reverse-bias mode, |
consider them to be p-n diodes. They re-
spond to rms output only. Peak power, as
from a pulsed system, can’t be sensed by
these devices, even with a 6 percent duty
cycle. The only diodes that respond to
peak input are the p-i-n types such as the



Schottky barrier diodes. However, these
are rather expensive.

The cadmium selenide (CdSe) photo
cell has relatively high sensivity, but suffers
from the same disadvantage as the com-
mon npn photo duo-diodes: linear re-

75

1ow

higher sensitivity and spectral response
when considering the CdSe cells.
the image converter tube

The S1 image tube is a good candidate
for an infrared detector. A simplified

HEPI6I 1 500

50V

SWITCH B

24V/1AMP .
TRIAD F-26X

ASTABLE  MULTIVIBRATOR
1000 PPS

fig. 5.
shape the output pulse trailing edges.

sponse. An envelope detector must be
used with these for best results. Cadmium
selenide cells exhibit a spectral shift fur-
ther into the visible light region. You
must, therefore, make a tradeoff between

*The type PIN-5 ($24.00 post-paid from Unit-
ed Detector Technology) seems to have greatest
responsivity for pulsed light.

fig. 6.

00 NoT usE wiTH”"
LOW- POWER LED'S

A power supply good for 1.25 watts. Duty cycie is 50 percent. Speed-up diodes D1 and D2

sketch is shown in fig. 3. These tubes
respond to pulsed light because the
phosphor screen (made of Willemite P1
phosphor) has a storage effect on the re-
combined secondary carriers received
from the photocathode. The storage
phonomenon results from a sort of math-
ematical integration of impinging elec-

An LED modulator. Circuit on right can be used forimproved voice modulation (per JA3HA).

+i2v

sSL-4
RCA TYPE TA-7324A

LED

2N3866

2N3866

MILLER
73F3344AF

Ys

RCA TA-7234
LED

OR

Hpg VIDEO CHOKE
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trons. Image tubes that respond to repeti-
tion rates of the order of 100 pps are
made of P20 phosphor. Nonimaging
photodiodes, properly biased, operate
similarly on pulsed light: the Schottky
barrier is an equivalent mechanism to the
image tube phosphor in its storage effect.

power supplies

A pulsed power supply that will deliver
900 mW is shown in fig. 4. Its duty
cycle is about 1 percent. When the capaci-
tor is fully charged the HEP-241 bipolar
switches the pulses through the scr, which
acts as a gate. The result is a current pulse

less than 200 nsec. Diodes D1 and D2
shape the trailing edges of the pulses.

The series resistor in the output should
be 4, 6 or 10 ohms when the supply is
used with LED’s such as the ME-2, SSL.-4
or TA-7324A respectively. |I'd recom-
mend using a no. 248 miniature lamp to
replace the LED when testing a new
light-source design. It’s a lot better to
blow up a lamp than an ME-2 at $30.00
each.

modulators

The modulator shown in fig. 6 is pat-
terned after a circuit in G.E. Solid-State

-2
PHOTODIODE ARRA e~ e
(5)-Li44502 GE .
-
S ;
mLLER 1O 1604 7]
PADDER ¢
1. e
<
RFC
{ 100pH
L L e

fig. 7.

ot
0oV s00v

Quadrature detector used for receiving LED output transiated to the broadcast band. C1 is

five .005 capacitors in parallel; R1 is five 560 ohm resistors in parallel. T1 is a tuned quadrature coil
wound on 57-1736 carbonyl sf toroid; primary is no. 32 wire wound to fill 7/8 of the core;
secondaries are 1/8 of the core's circumference. T2 is a 1:1 quadrature coil and consists of no. 32

wire wound to fill a 57-1736 toroid.

whose amplitude is determined by dy-
namic response of the thyristor. Pulse
width is determined by the supply’s
dynamic resistance and the 2k resistor.
This circuit is very good for 70-ampere-
peak, high-threshold emitting devices but
isunsuitable for injection lasers.

A 50 percent duty-cycle pulsed supply
is shown in fig. 5. The heart of the circuit
is an astable multivibrator. The supply
puts out square pulses with a rise time of

12june 1970

Lamp Manual No. 8270. | made changes
to allow use of npn overlay transistors in
place of the original pnp’s. This circuit
will work between audio and video fre-
guencies. Shielding may be a problem
when using the modulator with LED’s.
The modification shown on the right
of fig. 6 is based on experiments by
JA3HA for voice modulation. The LED
on the right is forward biased to half max-
imum cw current value, with no modulat-
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ing signal present. A 500 Hz tone is then
applied, and average forward current is
increased to 2 amps. (The LED must be
in a heat sink.) The 500-Hz source is then
replaced with a speech amplifier. Voice
peaks will not cause lasing in the LED.

LisaAS02

T @
]
22152V

_2‘&__%/_2_:5% i,

| roc d R

1_ O orr
ol
3

fig. 8. Simple photodetector for
50-MHz response. One or more photo
transistors can be used, depending on the
tuning method. The primary of T1 is 2
turns, secondary 15 7 turns on a Perma-
cor 57-6075 toroid,

quadrature detector

A successful detector for output in the
broadcast band is shown if fig. 7. The
circuit is similar to a 1:1 balun, except
that output is obtained at two ports from

The 1.25-watt LED
power supply. This sup-
ply runs gquite hot, and
should have a 2.5-
ampere transformer and
2.5-ampere epoxy recti-
fiers. Wakefield 25451
heat sinks are used for
the astable multivi-
brator transistors.

a single-port input. All three ports, if
used, have a common ground. Ninety-
degree phasing exists between the two
output ports, netting 180° as in a con-
ventional balun. Advantages are reason-
ably high gain, no neutralization, and
limited bandwidth at the lower resonant
frequencies. It also has low noise re-
sponse.

The optical input to this detector con-
sisted of five G.E. L14A502's operating
nonlinearily (rms response), connected in
a matrix.

detector for 50 MIHz

A simple circuit for one or two photo-
diodes is shown in fig. 8. Parallel instead
of series tuning is suitable for one photo-
diode. With a junction capacitance of 2
pF, it should be possible to tune as many
as five photodiodes in parallel. In a
series-tuned arrangement, 10 pF should
allow response to perhaps 400 MHz.

broad-area detector

My most successful broad-area detector
used seven GE L14A502 photo transis-
tors connected as photodiodes (fig. 9).
Component values were chosen to bring
the response of the IC into the audio
region. The surplus tape head shown in

june 1970 [ 13



the schematic couples output into high-
impedance headphones.

conclusions

It is difficult to pulse modulate LED
light beams. Audio and video modulation
is practical at 1000 feet or less; however,
the limiting parameter is stray fields. An-
other factor is the requirement of ex-
pensive, high-voltage photomultiplier de-

tectors for ranges of the order of a mile.

LED’'s used with optics allow narrow-
beam transmission, but optics alignment
is very difficult.

Finally, common light sources have
much greater spatial beam spread than
LED's. However, ordinary 50,000-hour
lamps can be replaced by LED's for per-
haps 25 years before the LED output de-
creases to half power,
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fig. 9. Improved broad-area detector using L14A502 photo transistors and an RCA CA3035 IC

audio amplifier. With this unit and an SSL-4 light source, | achieved a range of 250 feet. C1 is seven
.01 capacitors in parallel; R1 is seven 680-ohm resistors in parallel. T1 is a surplus magnetic tape
head. Capacitor C2 is from .01 to .033, depending upon desired audio response.

Another view of the broad-area detector.
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It's rough keeping up with
planar triode requirements.

Month after month, standards get stiffer. But even

next year and beyond, our miniaturized planar triodes

will still meet them. They provide greater power,

higher frequency and more reliability than "standard"

designs. Ceramic/metal construction stands up

to high voltage, high frequency, high current operation.

o Large contact areas mean improved electrical
L and mechanical connections. Frequency stable anodes
are standard. And extended interface arc-resistant
cathodes let you handle more power.

Solderable terminals? We feature them. Pulse
operation? Certainly. Switches? By all means.

But you're not limited by what we have on

hand. EIMAC's Application Engineering Department
is ready to help you design planars into your
equipment, or to proFose new planar

designs to glove-fit your requirements. So you
can spend less engineering time and dollars.

A few examples that show how our

computer aided design helps you get fast response:
The 7815AL carries an extended warranty,
backed by demanding life tests. It's designed
to meet the stringent reliability require-
ments of airborne transponder and DME
(Distance Measuring Equipment) service.
_ The new Y-503 planar for uhf pulse
service was custom designed to meet an
application program of high urgency.

The 8847 was created for DME and

CAS (Collision Avoidance System) broad-
band amplifiers covering 125 MHz near
1.1 GHz. It delivers up to 4 kW peak power,
with a gain of better than 8 decibels.

Our new Y-518 planar provides

35 kW pulse output at 1 GHz.

More information? Write for our planar
triode brochure or contact: Product
Manager, EIMAC Division of Varian,

301 Industrial Way, San Carlos,

Calif. 94070, or 1678 Pioneer Rd.,

Salt Lake City, Utah 84104,

Or ask Information

Operator for Varian

Electron Tube and

® Device Group.

division
varian

So we moved ahead of them.
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A discussion
of modulation
circuits

and techniques
to improve

the performance
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of fm systems

Les Cobb, W6TEE, 4124 Pasadena Avenue, Sacramento, California 95821

It is not widely realized that there are
certain variables in frequency modulation
or fm that must be defined and standard-
ized before full compatibility is obtained
between transmitting and receiving equip-
ment. In this article | will attempt to
identify these variables, point out current
standard practice and discuss how these
standards affect transmitter and receiver
circuitry.

modulation level

in amplitude modulation systems the
modulation limit is related to carrier
level. This limit is called 100 percent
maodulation. There is no such inherent
limitation for fm systems. Any modula-
tion level, or deviation, may be trans-
mitted as long as the receiver bandwidth
will accept it.

Two standard receiver bandwidths are
currently found in amateur practice.
These bandwidths, as well as most of the
other standards which we will discuss,
stem from commercial practice—and the
large amount of commercial fm equip-
ment used by amateurs. The most com-
mon bandwidth permits a deviation of
+15 kHz; this referred to as wideband.
Newer commercial equipment permits a
deviation of only =5 kHz; this referred
to as narrowband. (Narrowband should
not be confused with the nbfm permitted
on the amateur bands below 30 MHz;
nbfm is limited by regulation to 3 kHz.}

Narrowband may be copied on a wide-
band receiver with only a slight loss of
audio, but wideband is not copyable on a
narrowband receiver because of modula-
tion excursions out of the receiver pass-
band. When both types of equipment are
in use, modulation levels are set for the
narrower receivers.
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fig. 1. Modulating frequency dependence of
fm and pm with constant audio input level.

audio response characteristics

Through use, "‘frequency modulation”
has come to refer to any angular modula-
tion system, either true fm or pm (phase

TRANSMITTER

A constant audio level applied to a
frequency modulator will result in a
certain frequency deviation which does
not change with the modulating frequen-
cy. However, a constant audio level ap-
plied to a phase modulator will only
result in a constant peak phase shift. The
frequency deviation depends on how ra-
pidly the phase shifts. Since the phase
shift becomes more rapid as the modu-
lating frequency is increased, the frequen-
cy deviation of a phase-modulated trans-
mitter is directly proportional to the
modulating frequency as shown in fig. 1.

The result is that a pm signal detected
in an fm discriminator will have a 6 dB
per octave rising audio characteristic. This
can be overcome in one of two ways. |f
an RC network that will cause a 6-dB-per-
octave rolloff across the entire audio
range is placed in the transmitter audio

RECEIVER

D0 FREQUENCY RF

M
RF DISCRIMINA = AuDIO I ]

MOUULATOR
AUDIO "y PHASE L1 aF RF i 0

I MODULATOR DISCRIMINATOR AU

IC

fig. 2. Frequency modulation and fm-equivaient systems.

modulation). Although the difference be-
tween an fm and a pm modulator is
known, it is not widely realized that the
two systems result in an inherent differ-
ence in audio-response characteristics.

TRANSMITTER

(before the phase modulator) the trans-
mitted signal will be identical to a true fm
signal (fig. 2B). The alternative is to place
the same RC circuit after the fm discrimi-
nator in the receiver (fig. 3A). In this case

RECEIVER
.
A
M
P
4 DiscRIMINATOR AuDIO
L -

e ’7 N —
FREQUENCY M R
D— Aavbio MOCULATOR RE J RE A{ixxmmmm A T Aubio —LCQ
-

fig. 3. Phase modulation and pm-equivalent system.
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the system audio will still have a net flat
response but the transmitted signal will
be pm.

It is pm which is standard for commer-
cial’2 and amateur use. For this reason,
when a frequency modulator is used an
RC network with a 6-dB-per-octave rising
characteristic is placed in the transmit
audio circuit prior to the modulator (fig.
3B). If steps are not taken to assure
standardized audio response different
equipment combinations can result in
either high- or low-pitched received audio
with accompanying loss in intelligibility.

The RC rolloff network used in the
above examples should have a time con-
stant of RC=630 microseconds for a
low-frequency limit of 300 Hz. The rising

AUDIO STAGE NEXT_AUDIO
STAGE
[
R I
;Qm
8+ ’
fig. 4. Modifying an a-m receiver to slope

detect pm. Capacitor C and switch are added.
Shunt circuit impedances are assumed to be
high relative to R and are ignored in computing
RC.

response RC network for use with a
frequency modulator should have a time
constant of R'C'=53 microseconds for a
high-frequency limit of 3 kHz (R in
ohms, C in farads}. The closest standard
component values may be used.

An improvement in reception may be
gained when slope detecting pm on an

fig. 5. Speech clipping for con-
stant maximum frequency devia-
tion with phase modulatian. R'C’
= 53 microseconds and RC = 530
microseconds for 3-dB points at
300 and 3000 Hz.

a-m receiver if audio rolloff is added as
with the fm discriminator. Not only will
the unnatural high pitched quality be
eliminated, some noise reduction will

18 june 1970

NORMALIZED RESPONSE

result. A shunt capacitor may be selected
for the proper time constant (530 micro-
seconds may be used) in conjunction with
an existing plate load resistor (see fig. 4).
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fig. 6. Normalized response
of the circuit of fig. 5.

Provision should be made to switch the
capacitor out for a-m reception. This
arrangement is recommended for moni-
toring purposes only because of the infe-
rior reception provided by slope detec-
tion. Also, tunable receivers are discour-
aged for fm communications because
they encourage poor operating practices.

speech clipping

Speech clipping is a useful method of
maintaining high average deviation levels
without going beyond the receiver band-
pass. It has previously been established
that the system in use is phase modula-

¢
R
PHASE
. Aupio CLIPPER v—'\/v\zr MODULATOR
A

=

tion; since pm exhibits a different devia-
tion level for each modulating frequency
it's obvious that fixed amplitude clipping
by itself will not work unless it is made




DEVIATION

frequency dependent. This is normally
done as shown in fig. 5 by preceding the
clipper with a network with a 6-dB-per-
octave rising characteristic. This enables

1
CLIPPING LEVEL

rll‘t]]

! I i i I | /’ I
| !
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300 oo 3o
MODULATING FREQUENCY (Hz)
fig. 7. Deviation character-

istics of the circuit of fig. 5.

the clipper to take a bigger bite of the
higher frequencies. The clipper is fol-
lowed by a6-db-per-octave rolloff network
that restores the unclipped audio
to a flat response as shown in fig. 6. The
net result is a pm signal clipped to a
constant maximum frequency deviation.

When the audio clipper is used with a
frequency modulator rather than a phase
modulator, network RC is left out but R'C’
is left in. The resulting signal is the same as
pm limited to a constant maximum fre-
quency deviation.

It should be noted that excessive
clipping with this method will cause a
noticeable loss of high audio frequencies.
However, at normal clipping levels the
spectral distribution of speech is such
that little high-frequency clipping takes
place, and the highs appear normal. This
loss effect has been noted on many
improperly adjusted repeaters around the
country where the receiver is overdriving
the clipper. Not only is excessive distor-
tion created by too much clipping, but
further degradation of intelligibility is
caused by the muffled highs.

summary

Despite the fact that fm is the general
term applied to angular-modulated vhf
and uhf work, the truth is that pm is the
system in use from the point of view of
system audio response. Audio compen-
sation must be used with fm modulators
and detectors to maintain correct audio
recovery for maximum intelligibility.

Modulation levels are restricted only
by receiver bandwidths (except on those
lower frequencies where the FCC speci-
fies maximum bandwidths). Speech clip-
ping is almost universally used but special
audio frequency processing is necessary in
the transmitter to limit a pm signal to a
constant maximum frequency deviation.
Standard modulation levels are wideband
(15-kHz deviation) and narrowband
(5-kHz deviation).

reference
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ard for Land-Mobile Communications FM or
PM Transmitters 25-470 Mc.,” Electronic In-
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solid-state

conversion
of the

gdo

Circuits

for modernizing
your grid-dip
oscillator

to obtain

greater flexibility

and sensitivity
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Peter A. Lovelock, WBAJZ, 235 Montana Avenue, Santa Monica, California 90403 SRR

The grid-dip oscillator is one of the most
useful items of test equipment to have
around the ham station. The main short-
coming of most tube-type gdo's is their
requirement for ac power. This is no
probiem at the workbench, but it's a
definite limitation for portable or mobile
work. Anyone who has used a gdo to
tune an antenna knows what a chore it
can be to run an ac power extension line
up & tower- not to mention the safety
hazard.

Today's catalogues offer a selection of
solid-state “dippers’’ in an attractive price
range. They have the advantage of being
usable anywhere. If you already have an
older gdo, you may have considered
trading it in for one of the comtemporary
models, or maybe even building a solid-
state unit from scratch.

A simpler and much cheaper solution is
to convert your tube gdo to a solid-state
circuit. If you're reluctant about tearing
into a commercially built unit or kit
don’'t be. The conversion task is simple,
painless, and can be done in an evening.
The result will give you the performance
and flexibility of the latest models at a
fraction of the cost.

the tuned circuit

Before you reach for the soldering
iron, inspect your tube-type gdo’s schema-
tic. The tuned circuit will influence your
decision on the solid-state circuit to use.
You'll want to keep the tuned circuit
intact as well as the dial calibration. Thus,
you won’'t have (o change your plug-in
coils.

The gdo is nothing more than a simple
oscillator. In tube types, the rectified grid
current is measured on a meter to indi-
cate a “'dip” when power is absorbed



from a nearby resonant circuit. Solid-
state devices don’t have grids, or course,
sa an indication on a solid-state gdo’s
meter is obtained from the oscillator’s
rectified output. The basic operating prin-
ciple is the same in both circuits.
Common tuned tank circuits used in

v TUNING
' CAPACITOR

' GROUNDED
fig. 1. Typical tuned circuits used in gdo’'s.
Split-capacitor tank is shown in A; parattet

grounded and paraliel ungrounded versions in B
and C.

commercially built gdo’s are shown in fig.
1. Your schematic will show if your unit
has a split-capacitor, parallel-grounded, or
parallel-ungrounded tank. This will deter-
mine the type of solid-state circuit you

ORIGINAL
TUNED
CIRCUIT

fig. 2. Solid-state gdo with
split-stator tank. A pnp
transistor could also be
used by reversing battery
polarity.

can use.

Far the solid-state device, you have a
choice of a bipolar transistor, fet, uni-
junction transistor, or tunnel diode. All
give good performance with minor varia-
tions. For simplicity, only the first two
are considered. However, if you have a
favorite unijunction-diode circuit you

CSCILLATOR
CIRCUIT

might try it. Your final decision will
probably be based on what's on hand.

npn or pnp circuit

An npn transistor circuit | used in
converting a Heath model GD-1B, which
has a split-stator tank, is shown in fig. 2,
This circuit worked well with many tran-
sistors, including the 2N2926 and 2N706,
up to 200 MHz.

A pnp transistor may be used in the
same circuit if you reverse the battery
polarity. In both cases oscillator output
was more stable than in the original tube
circuit. Less frequent adjustment of the
sensitivity control was required during
measurements.

common-base circuit

It your tube gdo has an ungrounded
parallel tank, the common-bhase circuit
shown on page 442 of the RCA Tran-
sistor Manual, Series SC-12 (reproduced
in fig. 3 ), is suitable.

fet oscillator

The circuit ) finally used to convert my
Heath GD 1B is shown in fig. 4. Advan-

DETECTOR 7 METER
CIRCUIT

— ‘\o—o v
2 5mH
/T\ ”

S(Dyﬁ

EmpF 25mH SENSITIVITY

tages over the circuit in fig. 2 are fewer
components and greater sensitivity in
obtaining a dip. This circuit requires a
higher voltage supply, however. | used
two 9-volt transistor bhatteries in series to
obtain full-scale meter deflection over the
instrument’s range.

Since it is impractical to illustrate all

june 1970 21



the applicable circuits for gdo conversion,
I've included a list of articles in the
references that should contain circuits
you can use.

construction

After you've selected a suitable circuit,

5pF

NI

but don’t do this until all other compo-
nents are mounted.

After assembling and wiring the com-
ponents, temporarily attach the transistor
leads to the flea clips without soldering.
This allows preliminary checkout.

The photograph shows how the tran-

i

fig. 3. Common-base
gdo circuit reproduced
from the RCA Transis-

B.5V (RCA V5304
OR EQUIVALENT)

tor Manual.

you're ready to start construction.
Remove all the original oscillator and
power-supply components (if any) and
their wiring. Don’t remove the tuning
capacitor, coil socket, meter, or sensi-
tivity control. Take care not to disturb
the wiring between the tuning capacitor
and coil socket.

The logical spot for the transistor is
that vacated by the tube. You can mount
a transistor socket on an adapter plate
placed over the tube-socket hole. If you
don’t like transistor sockets, cut and drill
a small piece of perforated board and
mount it over the tube-socket hole. Flea
clips inserted in the board will allow
permanent soldering of the transistor—

fig. 4. Grid-dip oscillator
using an fet. This circuit
provides greater sensitivity
with less coupling because of
fet's high input impedance.
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NOTE: X = JUMPER USED FOR FREQUENCIES OVER 45 MWz

sistor was mounted in the Heathkit
GD-1B. The socket mounting tabs were
soldered directly to the copper-plated
bracket that originally held the tube.
Component leads must be kept short,
particularly thoses connected directly to
the transistor and the tuned circuit.

Small-value capacitors should be high-
grade silver mica. Bypass capacitors should
be ceramic, not paper, to avoid stray
resonances in the oscillator. All resistors
are composition type, % or /2 watt.

The battery may be mounted in the
space previously occupied by the power
supply, using an appropriate bracket for
the type of battery suited to your voltage
and space requirements. Be sure to wire

\o—o+2ov



the battery connector with the correct
polarity for npn or pnp transistors.

In the circuits shown in fig. 2 and 4 the
sensitivity control is a 250k, linear-taper
potentiometer. |f your gdo uses a lower
value, | suggest replacing it with a 250k
potentiometer and an spst switch to
control battery power,

SLIDE SHORTED
TURN ALONG COIL
FORM

2 SLIDE oiﬁ' FoiL
5TRIP "2 O0R
| 3 TURNS

TO LOWER TO INCREASE
FREQUENCY FREQUENCY
fig. 5. Methods for adjusting gdo

coils for calibration correction.

checkout

After wiring and carefully checking the
circuit, install the battery and transistor.
Plug in a coil, apply power, and turn up
the sensitivity control. If you don't get a
meter reading, the circuit isn't oscillating
or you forgot to use a heat sink when
soldering the diode rectifier.

Assuming you obtain a reading, in-
crease the control for full-scale meter
indication and tune the capacitor from
minimum to maximum to check for
full-scale readings over the entire range.
Repeat this for each coil. If any false dips
are noted without the coil coupled to
another circuit, you have a “built-in”
resonance. Most likely this will occur on
the higher-frequency coils (40 to 200
MHz) if lead lengths are too long or if
nonresonant bypass capacitors were used,

calibration

Finally, check the dial calibration by
beating the oscillator against a good
communications receiver. Calibration
may be a bit off if stray capacitances of

the new circuit vary from the original.
While most dippers are only approxi-
mately calibrate, you'll want to maintain
reasonably accurate calibration. Loosen-
ing the dial-locking screw and readjusting
its position relative to the tuning capaci-
tor will take care of most cases. However,
if the calibration error exceeds this
method of correction, or if the error
occurs only on certain coils, the following
tips will help.

Sliding a one-half inch strip of alu-
minum foil over two or three turns of the
coil will lower its frequency. Conversely,
a single shorted turn of wire placed
around the form will increase the coil’s
frequency as you slide jt toward the coil.
Fig. 5 illustrates these methods. After
calibration has been adjusted, the shorted
turn or foil strip may be permanently
cemented in place.

references
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2. Calvin Sondergoth, W9ZTK, ‘‘Transistor
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4, "Transistor Oscillators,” The Radio A-
mateur’s Handbook, ARRL Staff, 1968, Chapt-
erd, p. 87.
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Method of mounting transistor in the GD-18B gdo.
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integrated

audio

filter-frequency

translator

for

cw reception

A sharp

audio filter
combined with a
keyed audio
oscillator—
using economical

ICs
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John J. Schultz, W2EEY, 40 Rossie Street, Mystic, Connecticut 06355 I

Many amateurs like to use an audio fiiter
to improve selectivity when receiving cw
signals. Such a filter requires no internal
modifications to a receiver, and the filter
can be switched in or out of the circuit as
desired. However, when using an audio
filter you must accept the fact that the
cw signals will have the same tone. This
can become tiresome over a long period,
because the audio tone has no harmonic
content to provide a more pleasing music-
al guality.

An audio filter should have sharp
response to be effective. Really sharp
audio filters within the useful audio-
frequency range are expensive, except for
some surplus types such as the FL-8.
Also, since filter response must be in the
800-1400 Hz range, many good bargains
in very sharp filters, such as the teletype
units, must be disregarded.

the audio keyer

An audio keyer has been the classic
solution to the problems of (a) varying
the tone frequency of the audio selective
device and (b) allowing the use of filters
of almost any audio frequency. The keyer
operates as follows.

Receiver audio is passed through an
audio filter whose output activates a
keyer circuit. The keyer circuit switches
the output of an audio oscillator at the
same speed as the received signals. The
audio oscillator tone can be varied with-
out affecting the received signal.

Several audio-activated keyers using
vacuum tubes have been described. Un-
fortunately, because of the components
then available, these keyers were quite
bulky (almost the same size as some
complete receivers) and expensive. Al-
though their advantages were recognized,
it's doubtful if many amateurs attempted



to build them.

Simple integrated circuits now avail-
able allow an audio-activated keyer to be
constructed very compactly and inexpen-
sively. In fact, an audio keyer can be
made to fit inside the spare space in many
audio filter enclosures. The IC keyer to
be described doesn’t have all the refine-
ments of the vacuum-tube unit, but it
satisfies most operational needs.

stage.) The squarer stage output is fed
into an enable gate, which controls the
audio oscillator signal to the audio ampli-
fier. When a square wave is present at the
squarer output, the audio oscillator signal
is gated to the audio amplifier. Thus, the
audio oscillator follows input-signal key-
ing to the audio filter.

Noise can also activate the stages, so a
level control for the squarer is included.

AUDIO

+ ouTPUT

164F

FLAT
pLII4 BOTTOM VIEW

AUDIO
INPUT
FROM
FILTER 100

3

fig. 1.
internal circuit is shown in B.

circuit functions

Fig. 2 is a block diagram of an IC
frequency translator-keyer. The circuit
differs slightly from the vacuum tube
concept. Whereas the tube unit uses relay
driver stages and relays for control, the IC
keyer employs a wave shaper and a gating
circuit.

The block functions are as follows: the
squarer stage accepts the output of the
audio filter, which is fed from the receiv-
er audio output. The squarer converts the
filter's sine-wave output into a square
wave of the same frequency. {The squarer
may be considered as a hard limiter

o

Schematic of the frequency translator-keyer, A, using Fairchild uL.914 IC’s. The uL.914

The time constants for coupling to the
stage can be chosen to further increase

~noise immunity. A bypass switch is in-

cluded to disable the keyer when scan-
ning a band. It's easier to find signals
without audio selectivity; also false trig-
gering from noise and interference is
avoided.

Audio filters have rather high attenua-
tion, so the audio signal should be taken
from the receiver speaker terminals rather
than from the headphone jack. A trans-
former may or may not be required to
match the audio filter input, depending
on its impedance. The filter can peak at
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almost any frequency as far as the keyer
circuit is concerned. However, because of
the restricted i-f, bfo and af response of
most receivers, it's advisable to choose an
audio filter in the 300- to 400-Hz range.
This range is broad enough to include
most audio and teletype filters described
in amateur publications.

circuit description

Fig. 1 shows the keyer circuit using
three ul.914 IC’s. Design has been kept as
simple as possible. The input unit, IC1, is
the sine-to-square wave converter. The

AUDIO

tors in electronic keyers. The components
shown will provide a fundamental signal,
high in harmonic content, of about 1
kHz. The resistors can be replaced by a
dual 20 kilohm or 50 kilohm potentio-
meter if a variable tone is desired. This is
especially recommended for those who
like to change the receiver bfo pitch when
receiving signals without an audio filter.

IC2’s output is at a very low level. In
general, it can be only directly coupled
and used with sensitive headphones. No
additional audio amplifier circuits are
shown, as individual circumstances will

ENABLE AUDIO

OSCILLATOR

RECEIVER

GATE AMPLIFIER

AUDIO
ouTPUT
o—

AUDIO

FILTER

KEYER

fig. 2. Btock diagram
of the IC frequency
transiator-keyer.

ouTPUT

I SQUARER

PEAK

TUNE
O

input level potentiometer is shown as 100
ohms, but its value should be close to the
audio filter output impedance. The cou-
pling capacitor from the potentiometer
arm to terminal 1 of IC1 was chosen to
provide optimum performance and to
avoid false triggering on noise.

IC2 is the enable gate. If the internal
connections of IC2 are followed (fig. 2A),
it will be seen that when terminal 3 is at a
positive level, the transistor associated
with this terminal switches its collector to
near ground potential. This places the
emitter-collector resistance of the transis-
tor associated with terminal 2 at a high
level, which allows signal flow from ter-
minal 1 to 7. When terminal 3 is not
positive, the base-emitter forward bias on
the transistor associated with terminal 2
rises to about the same value as the
supply voltage, and terminal 7 is shorted
to ground.

IC3 is a simple multivibrator audio
oscillator similar to those used as moni-
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dictate what is necessary. Any phone-
type transistor amplifier can be used to
boost the output of iC2.

construction

There’s nothing critical about the
construction or wiring. Leads should be
kept reasonably short, and the wires to
terminals 3 and 7 of 1C2 should be
separated from each other and from the
connection to terminal 1.

The circuit of fig. 1 is mounted on a
vector board. Sockets aren’t used. The
uL914 1C’s are soldered in place.

Supply voltage of 3-3.5 volts can be
obtained from either two size-C cells in
series or from a well-filtered (minimum
1,000 uF output capacitance) source
within the receiver.

operation
Tuning is done with the audio filter
and keyer out of the circuit. When a



desired station is found, the mode switch
is set for the audio filter output (peak
position), and the receiver bfo is varied to
peak the signal within the audio filter
passband. Then the keyer output is
chosen, and the audio oscillator frequen-
cy is varied to obtain the desired tone.

With some practice, varying receiver
audio output level and keyer input level
will reduce the effects of false triggering.
However, if good noise immunity can't be
obtained, even when using a noise limiter,
the input stage (IC1) can be converted to
a Schmitt trigger as shown in fig. 3.

[ -0 IC2,
PN 3
2
4 - AAS 1
| *
Sn
' *
3 5
’ O +
: * ]
AUDIO INPUT | _J_’
FROM FILTER 77
INS4,
O g 1 x.u 270
o s

fig. 3. Schmitt trigger circuit modification for
the IC1 stage of fig. 1A involves only a simple
bias change at terminal 1. The diode may also
improve operation,

Unlike the simple squarer circuit,
which reacts to low-level signals, the
Schmitt trigger will produce an output
signal only when the input level exceeds a
certain value, Thus, selection is provided
against low-level noise (low in the sense
of being some value less than the trigger-
ing level). The output signal will drop to
zero only when the input signal falls
below the triggering level.

The Schmitt trigger circuit should be
used only when the noise cant be han-
dled by the simple squarer circuit. Also,
the Schmitt trigger should be used with
cw agc, since large variations in audio
output level between cw characters can
cause the trigger to lock on or off faster
than the keyer input-level control can be
adjusted.

ham radio

................ with perft‘tl'.t CW from the

~40
pull 1o
tune

CORTIS:
MY ELECTRONIC FIST MODEL EX-39

all I ELECTRONIC FIST Keyer .

@ Perfect Dot Memory

L] Independent Weight Control (EK-39)

2 Instant Start, 8-50 wpm

@ -150 VDC Solid State Output

& HEATH, COLLINS and DRAKE Colors
i Built-in Monitor and Power Supply

S Paddle or Squeeze Key Compatible

@ And Now, IAMBIC MODE Option!

EK-39  lambic Deluxe (8IC’S)...... $97.95
EK-38 lambic Deluxe (71Cs) ...... 82.95
EK-38 Standard (61C%)............... 79.95
EK-38K  Kit (Standard) (61C%) ..... 69.95
Reed Relay Option, add....................  4.00

Specily Color

All Postpaid

220 VAC Model Available on Special Order
California Residents add 5% Sales Tax

ELECTRO

[EU[BHU DEVICES

(Or from your Ham distributor)
BOX 4090
M View, Calif

94040

june 1970 [E 27



rf
power

detecting

devices

What to expect
from bolometers,
barretters, and
thermistors in
measurement

applications

Devices for detecting electromagnetic
energy have been around since the early
1900's. These include the early electro-
lytic detector, carbon coherer, Fleming
valve, and galena-catwhisker combination.
Detectors similar to the latter are still in
use. Modern materials and packaging,
however, have improved their perfor-
mance and reliability.

In this article I'll discuss various detec-
tors and compare their advantages and
disadvantages as applied to rf power

measurement at amateur frequencies.

basic detectors

Two types of detector are in common
use. The first depends on unidirectional
resistance between elements. This type
includes all semiconductor diodes and
their vacuum-tube counterparts. The
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second type changes resistance when it
absorbs rf energy. Examples of this detec-
tor are bolometers, barretters, and therm-
istors.

Both detector types have many appli-
cations in detection and demodulation of
rf energy.

definitions

Many take for granted that detection
and demodulation are one and the same
thing. This is not the case. Radio-
frequency energy doesn’t have to carry
modulated intelligence to be detected. An
example is the simple diode wavemeter,
which has an indicator that reveals the
presence of an unmodulated rf carrier.

demodulation

Demodulation is a byproduct of the
detection process. Demodulation trans-
lates modulated intelligence, riding on the
detected carrier, intoc a form that can be
displayed aurally or visually. An example
of demodulation is when an rf carrier,
modulated by a 1-kHz tone, appears as a
1-kHz voltage at the detector’s output.

Common diode detectors are used to
convert rf energy to dc voltages and
modulated rf energy to ac voltages that
can be measured with orginary test equip-
ment. Thus, rf voltages, current, or power
can be quantified by using rf detectors
and the proper readout device.

the diode detector

Diode detectors have characteristics
that affect their accuracy in rf-measuring
applications. An understanding of their
drawbacks as well as their advantages is
essential to using them effectively.

Diodes have a high impedance between
their elements when reverse biased,
fig. 1A, and a low impedance when biased
in the forward direction, fig. 1B. This
resistance characteristic allows the cur-
rent to flow in only one direction, result-
ing in dc pulses flowing in the load.

The resistance characteristic is non-
linear. 1t obeys a square-law function,



which occurs when the diode’s output is
proportional to the square of the input
{assuming constant input impedance for a
given range of input levels).

equivalent circuit

Another characteristic is that the resist-
ance is directly proportional to the power
dissipated. The square-law characteristic
is due to the physical properties of the
junction, fig. 2. In this circuit, C is
the barrier capacitance due to charge
storage in the barrier region. R represents
the nonlinear barrier resistance, which is
about 5k ohms at low current levels and

)

Q

fig. 1. Reverse- and forward-biased diode junc-
tions. Meter response is a function of diode
junction resistance, which is high when reverse
biased, A, and low when forward biased, B.

falls rapidly with increasing current. The
barrier-spreading resistance, r, is due to
the construction of current paths in the
barrier region. Its value will be as high as
50 ohms in point-contact diodes, decreas-
ing to tenths of an ohm in diffused-
junction types.

measurement errors

Most power and vswr meters are cali-
brated in terms of the square-law func-
tion. However, if too much power is
applied to the diode, a readout error can
result.

The diode’s square-law region is typi-
cally limited to input levels between 0.25
and 1T mW. Above 1 mW, the diode’s
output will deviate in excess of 10 per-
cent from the square-law response. In
terms of dB error,

E= 10 log (1 +d)

where E is the error in dB and D (100) is

the percent deviation from the square-law
function.

Crystal diode sensitivities of the order
of bk uV/mW are readily obtained at
frequencies below 1 GHz. By proper
choice of detector load resistance, the
square-law range (5 percent deviation-
error band) can be optimized to allow
power ration (attenuation) measurements
over a range of 36-38 dB with errors of
the order of 0.2 dB. If the diode is
overdriven, errors of 1 dB or more can

occur. This is a considerable error at
microwave frequencies in some appli-
cations.

bolometers

These detectors {fig. 3) use fine plati-
num wires (known as Wollaston wires) as
active elements. The active elements are
small compared to a wavelength at the
measurement frequency. Their changes in
resistance, however, are sufficiently large
for accurate measurements with small
changes in input power.

Bolometers are used with a specific
“bias’” current, which activates a bridge
circuit. Typically, a bolometer presents
200 ohms to the bridge, although this
may range from 50 to 400 ohms. The
bolometer generally presents a 50-ohm
resistance to its input. Excitation currents
are of the order of 45 to 47 mA. A
simplified bridge circuit is shown in fig. 4.

sensitivity

Bolometers are less sensitive than di-
odes. Normal sensitivities range from 4 to

<

ﬁ

R r

fig. 2. Equivalent circuit of forward-biased
semi-conductor diode junction. Functions of
circuit constants are discussed in the text.

10 ohms per mW of rf, depending on
the temperature coefficient of the re-
sistive elements. In terms of voltage, this
works out to about 21 uV/mWw,
Bolometers are preferable to diodes
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when overdriving and burnout is a prob-
lem. At powers over 1 mW, bolometers
deviate about 10 percent from square-law
response due to convective cooling of the
resistance element. However, this devia-
tion is nearly linear with power level and
is easily compensated in measurements.

This deviation irom square-law re-
sponse falls to less than 2 percent at 200
mW; thus bolometers can be used for
relative power and attenuation measure-
ments over a 53-dB range with less than
0.2-dB error (5 percent square-law devia-
tion). This is approximately 15 dB more
power range than is available with diodes.

The dynamic range numbers (dB) are
given on the assumption that signal-to-
noise ratios are at least 10, which is an
acceptable value for accurate results with
most instruments.

Unlike diodes, bolometers are not
affected by overload up to about 32 mW,
including 15 mW bias power.

§ \
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fig. 3.
tion, A, of bolometer.
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typically 200 ohms.
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barretters

Barretters are a type of bolometer
employing a single Wollaston wire ele-
ment, fig. 5. Usually they’re used as shunt
elements, fig. 6, and are packaged to
replace crystals in applications where
wider measurement range and greater
power-handling capability are desired,
and where a decrease in sensitivity can be
tolerated.

.

EXCITA‘T/ON
POWER

fig. 4. Simplified bolometer
or thermistor bridge circuit.

thermistor detector

A thermistor is another important rf
detector. Thermistors are resistance ele-
ments made from one of several metallic
oxides such as oxide of manganese,
nickel, titanium and zinc. All exhibit a
negative temperature coefficient. The
slope of resistance versus temperature of
thermistors is much greater than that of
bolometers. Thus, thermisiors have im-
proved sensitivities that range from 50 to
100 puV/mW of rf input.

Like bolometers, thermistors require a
bias current. This is usually adjusted to
provide a “zero power” resistance of 100
to 200 ohms. Thermistors also have a
large overload capability and the widest
dynamic range of all the rf detectors. This
makes them ideally suited for accurate,
steady-state power measurements. How-
ever, thermistors have disadvantages that
limit their applicability. The prime limita-
tion is their relatively slow time constant.
Ranging between 1 and 3 seconds, it



prevents the thermistor from measuring
peak pulsed or peak ssb power. Addition-
ally, audio-frequency modulated signals
can't be demodulated with a thermistor,
as its resistance changes too slowly to
follow an audio signal. Another dis-
advantage is its sensitivity to ambient
temperature changes. This tends to make
long-term stability a serious problem.
Most thermistor rf detectors use dual
elements that tend to compensate each
other for drift.

FUSE STuD MOUNT

o —

WAVEGUIDE (PRD)
MICROWAVE DIODE
IN2I CASE
METALLIC- OXIDE
o MATERIAL
GLASS OR (@2 001" LEADS
oy CERAMIC DISC
SUBSTRATE

MICROWAVE COAXIAL THERMISTOR

DIODE e

fig. 5. Packaging of barretters and thermistors.
A, B and C use Wollaston-wire elements.

Unlike diodes and bolometers, therm-
istors are insensitive to overload and can
be exposed to fairly high-level rf inputs
for short periods without damage. The
output characteristic of thermistors,
although opposite in polarity, is similar in
slope to the curve of bolometers and will
permit a measurement range from
approximately 50 uW to 5 mW.

rf detector readouts

In many amateur applications, only a
relative indication of rf power is needed.
This requires only a milliammeter and a
potentiometer for a sensitivity adjustment.
In many other applications such as meas-
uring transmitter efficiency, antenna gain,
feedline or filter losses, or low level
injection powers, it’s desirable or even
necessary to get a quantitative figure in
watts or dB. In these cases more sophisti-
cated circuitry must be employed. For
best accuracy and repeatability, the null-

balance measurement system is usually
employed. Usually a variation of the
Wheatstone bridge provides high accuracy
especially at low power levels. Tempera-
ture stability and dynamic range are a
problem with these units. Many techniques
have been imployed to eliminate these
problems.

self-batanced bridge

Practical measurement bridges differ
from the simple Wheatstone circuit of fig.
4. Usually some sort of a “'self- balanc-
ing” circuit is employed.T Shown in fig.
7, the self-balancing bridge is direct read-
ing and is much less sensitive to ambient
temperature variations. With the proper
bias adjustments, it can be used with all
types of bolometer, barretter and ther-
mistor detectors for input powers up to
100 mW depending on the type of de-
tector employed. [n the self-balancing
circuit, the Wheatstone bridge forms a
coupling network in the feedback loop of
a high-gain audio amplifier. The resulting
audio oscillator automatically adjusts its
output voltage to maintain a balanced
condition in the bridge network. When

BIAS  AND

RF INPUT BRIDGE INPUT

BIAS
BLOCKING

BARRETTER
OR THERMISTOR

fig. 6. Barretter or thermistor mount circuit.

the bridge is unbalanced by an rf input,
an equal amount of audio power is
removed from the bridge, restoring bal-
ance. This is read out in terms of voltage
by the audio voltmeter (fig. 7) whose
scale is calibrated directly in terms of rf
power,

attenuators and filters

The power range of all detectors may,
of course, be greatly extended by cali-
brated attenuators2 and directional cou-
plers.3 Most ham-type swr bridges use
a crude form of directional coupler to
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sample relative rf power on a transmission
line. Where fairly accurate results are
desired, precision couplers are employed,
sometimes with calibrated attenuators
when even more power reduction is re-
quired. For amateur use, attenuators can
be made from carbon composition resis-
tors or from calibrated lengths of
RG-58/U coax (at vhf).

Measurement errors due to improper
detector use are varied. Some are of little

AQ

TUNED
AUDIO

LAMPL/FIER

AC VTVM
CALIBRATED
IN WATTS

frequency.

When measuring output power from
sources containing harmonics, some type
of selective filter with a calibrated inser-
tion loss should be used to reject the
unwanted power hefore it reaches the
detector.

Representative filters are described in
the references. Further details on rf pow-
er detectors are contained in Henney’s
““Radio Engineering Handbook,” 1959

- Q”' o

DC BRIDGE BIAS

@LO&ETER

RF INPUT

fig. 7.
changes than the simple Wheatstone bridge.

significance in amateur applications. For
amateurs, most problems result from
gross overdrive of the detector. This
results in destruction of the unit through
burnout, or a serious departure from the
idealized square-law output curve with a
resultant measurement error. Errors due
to this can be reduced by using attenua-
tors and by knowing the input parameters
of the detector.

Another common error resulting in
amateur rf detector applications is also of
importance. All rf detectors described in
this article are untuned,; that is, they have
no inherent selectivity and will accept
power over a wide frequency range.
Therefore, when measuring power sources
with high harmonic content, the detector
will sum the power in the desired fre-
guency as well as that in its harmonics.
This results in nonexistent and colossal
“efficiency.” What's worse, it can cause
operation on an undesired or spurious
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Seif-balancing bridge and power meter. This circuit is much fess sensitive to temperature

edition.

| hope this discussion will provide a
better understanding of this basic meas-
urement tool and encourage its use in
amateur applications.
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design criteria
for

ssb phase-shift

networks

How to minimize

network errors

for effective

sideband suppression —
an analysis of Norgaard

and Dome circuit
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Phase-shift networks in amateur phasing-
type exciters consist of passive elements
arranged to produce two equal-amplitude
signals in phase quadrature. Two net-
works are required: one operates at audio
and the other at radio frequency.

The rf network operates at a single
frequency, whereas the af network must
pass a band of voice frequencies. The rf
network is fairly simple to adjust, but the
af network is more critical as to construc-
tion and adjustment. This applies not
only to the network, but to its associated
circuits as well,

theory

Two popular audio networks are an-
alyzed: Norgaard and Dome. Design-
center conditions are considered first.
Then network errors are discussed in
terms of their effect on carrier suppres-
sion in a practical system. A brief treat-
ment of the rf phase-shift network is also
given.

Four areas are considered:

1. The ideal case.

2. Network phase errors.

3. Network amplitude errors.

4. The general case (combined effects
of phase and amplitude errors.

ideal case
A lower-sideband signal, for example,
requires a voltage of the form



Vo = A cos {wec — wm)t (1)

where

Vo is the lower-sideband voltage

A s the signal amplitude

we is the carrier frequency (w = 27f)

wm is the audio-signal frequency

Two networks are required to produce
this voltage, one each for the audio and
carrier frequency. Each network has two

SIDEBAND ]
SUPPRESSION

(d8)

outputs whose phase difference is 90°;
thus four signals are produced:

a. V1=Asin{wmt) (2)
b. V2=Asin (wmt+n/2) (3)
c. V3=Bsin{wect) {4)
d. V4 =Bsin (wct+ n/2) (5)

where A and B are amplitudes of the

SIDEBAND
SUPPRESSION
(a8}

-6

'
-36° +36°

PHASE ERROR  (DEGREES)

fig. 1.

0!‘55 1065

AMALTUDE RATIO (Vo /V2)

Sideband suppression as a function of phase error, A, and amplitude unbatance, B, assuming

ideal conditions. For 30-dB attenuation, errars must not exceed +3.6° and 6.5 percent respectively,

The phasing system of producing ssb signals
hasn’t been too popular. As the author points
out, the audio networks are tricky to adjust and
the degree of sideband suppression depends on
how well the networks are designed to limit
phase and amplitude errors.

Phase-shift network theory is presented here
in terms of system equations. Realizing that
mathematical articles don’t appeal to many
readers, | feel this one is appropriate because of
the renewed interest in phase-shift techniques
for direct-conversion receivers. The phasing
method is also interesting for vhf ssb work. This
article presents essential data for those wishing
to avoid the pitfalls associated with phasing
networks. With an understanding of their basic
concepts, the networks can be tailored to
produce quite acceptable results.

Although not inctuded because of space
limitations, an appendix accompanying the
manuscript derives the equations in the text.
Interested readers may obtain a copy from ham
radio for $1.00. editor

audio and carrier signals respectively.

if signals a and c are applied to the
input of one balanced modulator, the
modulator’s output will be of the form

N> <

[cos (we — wm)t — cos {we + wm)t] (6)

Similarly, if signals b and c are applied to
another balanced modulator, its output
will be

Vb =

? [cos {we — wm)t + cos {we + wm)t) (7)
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At the output of each balanced modu-
lator is a signal that contains components
of both upper and lower sidebands (the
carrier has, in both cases, been balanced
in the modulators).

The outputs of the two balanced
modulators are combined:

Vo =Va+ Vb =Acos {wec —wm)t (8)

The upper sideband has now been
cancelled leaving only the desired lower-
sideband signal.

phase errors

In the previous discussion it was as-
sumed that each network shifted the
phase through precisely 90°. This can’t
be done in practical networks, so phase
error terms ¢ and 6 must be introduced
into equation (3) and (5) to account for
this. It can be shown that the lower and
upper sideband amplitudes will then be-
come A cos (¢ — 0)/2 and Asin (¢ +8)/2
respectively. That is, an unwanted upper
sideband has been generated whose ampli-
tude is a function of the sum of the phase
errors of the two networks. The un-
wanted sideband can be eliminated if the
phase errors are exactly equal in magni-
tude but of opposite sign. In practice, this
can't be obtained over the frequency
range in which the networks must oper-
ate.

Note that, if the rf network has no
phase error, 6 becomes zero, and the
amplitudes of the two sidebands reduce
to A cos (¢/2) and A sin (0/2).

Defining the sideband suppression, S,
as the ratio (in dB) of the lower-to-upper
sideband,

S (indB) = 20 log; ; cot ¢/2 (9)

This is plotted in fig. TA. Taking the
minimum acceptable value of suppression
as 30 dB, the maximum phase error that
can be tolerated is of the order of +3.6°.
This assumes, however, that the rest of
the system is perfect. In practice this
number must be reduced.

amplitude unbalance
In eqs. 2 and through 5, it was
assumed that the af quadrature signals
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were of equal amplitude, A, and the two
rf signals were of equal amplitude, B.
Again, in practice, this condition won't
be met exactly, thus requiring a further
change to the four equations. To simplify
matters, however, assume that the rf
network can be adjusted to produce two
equal-amplitude signals, and the two out-
puts are of magnitudes A and nA, where
n is approximately unity.

An unwanted upper sideband is again
generated which is of amplitude A/2 (n —
1). Its suppression is

S {indB) = 20 logyg (n+ 1)/(n— 1} (10)

This dependence of sideband suppres-
sion on the value of n is shown in fig. 1B.
As n approaches unity, the suppression
tends to infinity; and to satisfy the
limiting condition of 30 dB, n must be
between 0.935 and 1.065. That is, the
amplitudes of the two audio signals must
not differ by more than 6.5 percent.

general case

Up to this point we've examined sepa-
rately the effects of phase errors and
amplitude unbalance in the network out-
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fig. 2. Combined effects of network ampilitude
and phase errors. Errors must lie within shaded
area for acceptable sideband suppression.

puts. To illustrate what happens in the
general case, these.effects must be com-
bined. In this case, the sideband suppres-
sion is



S (indB}) =

1+n2+2n cosg

(11)
1+n?2—2n cosg

10 logy g

From this equation the curves of fig. 2
are plotted: the suppression may be read
directly once the phase error and ampli-
tude unbalance are known. The curve
corresponding to the suppression limit of
30 dB is shaded; for acceptable operation,
the audio phase-shift networks errors
must not lie outside this area at any

IPOSTPHASING
AUDIO
AMPLIFIER

ul

Mic W AF
AUDIO m
PHASE - SHIFT
PRE AMPLIFIER NETWORK

2. Qvercome the insertion loss of the
audio phase-shift petwork which fol-
lows it.

3. Tailor the frequency response so
that frequencies outside the range of
300 to 3000 Hz are attenuated.

The first two requirements are easily
met if usual precautions are taken to
minimize distortion. For the third re-
quirement, filtering must be used in the
preamplifier because the signals presented
to the phase-shift network must be re-
stricted to the frequency range men-

AF  CHAIN A SN WT
AMPLIFIER .
%0 BALANCED
8 SN T MODULATOR
A COS (W=t T
it afrspaur
A SN (LT 3)
RF  CHAIN Bsn T+ D) Fetopgicidl
1 50¢
w RF
CRYSTAL ¢
OSCILLATOR | lusew&gg'r(rr
I
fig. 3. Typical phasing-type ssb exciter.

frequency. For example, a phase error of
+3.6° is acceptable only with perfect
amplitude balance {(points X)}; if the
amplitudes differ by, say, 5 percent. the
phase error can’t exceed $2.2° (points
Y).

From the foregoing we can consider
the requirements of an ssb phasing ex-
citer, a block diagram of which is shown
in fig. 3. The amplifiers in the audio
frequency chain are considered first.

audio preamplifier
The audio preamplifier must

1. Amplify the lJow-level output of
the microphone.

tioned. The reason is that practical net-
works exhibit increasing phase errors out-
side this range, producing poor sideband
suppression.

postphasing amplifiers

Each audio phase-shift network output
drives an audio amplifier. The amplifiers
buffer the network outputs from the
modulator inputs and offer the correct
terminating impedance to the networks,

Optimum phase-shift network per-
formance requires correct output termi-
nating impedance, which is usually high
and must be constant. The amplifiers
must introduce no phase or amplitude
errors in addition to those produced by
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Villsh)

R3 {vi] = |vel|
vt oe V2 -T2

RI = IOk Cl = 4860pF
R2 = 1333k €2 = 2430pF
R3 = 100k (3= 12I5pF
R4 x [333x C4: 6075pF

k2 02857 (2s7)

Vi(lea}

fig. 4. Norgaard network, A,

and Dome network, B.

[vel = |ve
vt = ove - 2

R1 = 100k C1 = 1050pF
R2 = 15k €2 = 6300pF
R3 =I5k C3 * 28500 pF
R4 =100k C4 = 4750pF
RS = 50k C5 = 2100pF
RE = 5Ok 06 = 9500pF

input drive floats in both circuits.

Equal-amplitude outputs are taken from points X and Y.

the phase-shift network. These amplifiers
must have a wide frequency response and
minimum amplitude distortion.

rf circuits
The rf chain of an ssb exciter func-

PHASE
ERROR
(DEG)
. a4 " 3048
3000 Hz
92z AMEITUDE
24171z 1206H, 534H;
; . .
Y990 Too%e8 | 1000z \doio
-1 300Hz
1800Hz p 354k
-3
Looooge . 0987
-5

fig. S.
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tions similarly to the audio chain, but at a
fixed, comparitively low frequency. This
simplifies its design hecause
1. The oscillator frequency may be
accurately maintained by crystal con-
trol.

Error response of Norgaard netwoark, A, and Dome network, B. Suppression with the Dome
netwaork falls below 30 dB between 600 and 910 Hz.



2. The rf phase-shift network oper-
ates at only one frequency, so it's
simple to design, construct, and adjust.

Crystal frequency is determined by
operating frequency and unwanted mixer
products. The final operating frequency is
obtained by mixing the ssb output of the
exciter with a heterodyned frequency.

detailed network analysis
The Norgaard and Dome audio phase-

100
— BO
3 NORGAARD
z
3 60
g JANIRIA
& /
é 40 ‘ \ \ Vet
- -

a P VA "/' . ot v __‘K 0
3 k- ~
= DOME >
& 20
= ~N
w

%o 200 X0 4D 50 1000 Do a0 a0

FREQUENCY (HZ)

fig. 6. Sideband suppression as a
function of frequency. Note mar-
ginal performance of the Dome
network around 750 Hz.

shift networks have the following charac-
teristics:

1. The Norgaard (fig. 4A) is a bridge
network designed to be terminated in

an infinite impedance. Its input re-
quires two antiphase signals whose
amplitudes are in the ratio 2:7.

2. The Dome is shown in fig. 4B. It is
a full lattice network. Outputs are
developed across a finite, complex
impedance. Its input requires two anti-
phase signals of equal amplitude.

Each network operates on the differ-
ential phase principle. The phase angle
with respect to the input of each output
increases with frequency, but the phase
difference between the outputs remains
constant at 90°.

The amplitude and phase response of
the Norgaard and Dome networks are
shown in fig. BA and 5B. In both cases
ideal component values, input drive ra-
tios, and terminating impedances are as-
sumed. The arrows on the curves indicate
the direction of increasing frequency;
several spot frequencies are also shown.

amplitude response

In the Norgaard network, the ampli-
tude ratio of the two outputs remains
very close to unity; worst-case unbalance
is of the order of only 0.1 percent. The
suppression curves are quite flat in this
region, so amplitude unbalance has negli-
gible effect on the final suppression value.

In the Dome network, maximum error
is approximately 3 perceni. Amplitude
unbalance is therefore responsible for
degrading maximum obtainable suppres-

036
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< . - oome |- S
ol * = — vt 1
3= L4~ +-4.1.
3 e o A ale
Z
032
3
x
§
N 030
z
fio. 7. 1 . ‘ vi & ve
i9. 7. Insertionioss o
Ngo d o026 NORGAARD)
rgaard and Dome 50 100 200 300 40050 000 Zoo a0 &0

phase-shift networks.

FREQUENCY  (Hz)
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sion by several dB.

phase response

The maximum phase error produced
by the Norgaard network is +2.9° at
3000 Hz. The phase error is primarily
responsible for limiting sideband suppres-
sion.

Fig. 6 compares the two networks over
a wider frequency range. Note sideband
suppression at line frequency. The Nor-
gaard network suppresses the unwanted
sideband 7.5 dB at 60 Hz, increasing to
16 dB at 120 Hz. This means that the
audio preamplifier must be designed to
attenuate these frequencies on the un-
wanted sideband.

The Dome network phase error ranges
from -2.9° to 4.2°. Unwanted sideband
suppression decreases to 28.8 dB at 750
Hz.

network gain

if the amplitudes of the two antiphase
input signals are Vi and kVi, where k is
the ratio of the appropriate network (i.e.,
2/7 or 1), and Vo is the output signal
amplitude, then network gain is

G:-_l/_o___
Vi{1+k)

This plotted versus frequency for each

(12)

fig. 9. Usual method of coupling
audio preamp to either network, A.
Center-tapped transfarmer should be
used for the Dome network, B.

OUTPUT STAGE
OF PREAMPLIFIER

POTENTIOMETER CHAIN

Rp TO PHASE - SWIFT NETWORK
° (NORGAARD / DOME )
KRp

TO DOME PHASE - SHIFT
o NE TWORK
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SIDEBAND SUPPRESSION (dB}

SIDEBAND SUPPRESSION (d48)

network (fig. 7). Note that little variation
in insertion loss is evident for either
network. Expressing the gain at 1 kHz
{by taking Vo as the mean of the nearly
equal otuputs), the Norgaard and Dome

i ] | LT
K028 =====
K = 0.2857 m——m,
100 K = 059 werererrereed —
80
&0
\ .
a0 L. \ 7\ V "-IX\_A
- ~ 4’ Te. Rl LY
] S O 1 U R S
2 ,/
%00 200 300 400 500 2000 XD S
FREQUENCY (Hz)
K~ 098emmmme
60 K | QO =cum————
K2 [02sennarss
50 e 1
I 1
)
[
40 AN
o f \_;’- .\
’
@ /.. R % \ /|
20 Y v =3
% AT P8 4 22
WA o+
4
o N
20l 1
|
1
"%%0 200 300 400 500 7000 20 30 0w
FREQUENCY (Hz)

fig. 8. Effect of drive-ratio errors {(i.e., incor-
rect values of k). Norgaard network response is
shown in A; Dome network in B.

networks exhibit -13.1 and -15.2 dB
respectively.

incorrect drive ratio

As mentioned previously, the correct
drive ratios for the Norgaard and Dome
networks are 2/7 and 1. Even very small
deviations from these values will result in
degraded performance (fig. 8). Allowing
for other imperfections in the system, the
drive ratio for the Norgaard network



SIDEBAND SUPPRESSION (d8)

SIDEBAND SUPPRESSION (48)

should be kept within 2 percent, or
within the range 0.28 to 0.29. The Dome
network is similarly affected, but to a
greater extent. in this case the maximum
tolerable error is about 1 percent of

optimum,
100
80
60
Zv 0 N
Z +0 L/
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Oz I | -
ZL./M7=
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om a0 300 400 500 o0 200 3000 5000
FREQUENCY (Hz)
50
4.0
30
-
4
10
S0 200 300 400 500 1000 2000 3000 5000

FREQUENCY (Hz)

fig. 10. Effect of terminating outputs of Nor-
gaard network, A, and Dome network, B, in a
finite impedance.

practical considerations

Input signals to the network are usual-
ly transformer coupled from the audio
preamplifier. Amplitude ratio is obtained
by resistive divider (fig. 9A).

The voltage ratio of the phase-shift
networks is extremely critical. Common
practice is to include a preset potentio-
meter across the transformer secondary
to adjust this ratio. A potentiometer just
doesn’t have the long-term stability to

maintain a fixed and accurate ratio of the
two input signals. The tapped resistor
network should be considered as part of
the phase-network. The same care should
be used in choosing its components as
those of the phase-shift network.

The actual values of the resistors in fig.
9A are not important provided they are
in the correct ratio. They should be
comparatively low in value and consistent
with drive capability and terminating
resistance of the audio preamp. This will
minimize unwanted phase shift due to
stray capacitance.

Regarding the Dome network, the
resistive divider should not be replaced
with a center-tapped transformer (fig.
9B}, because the voltage amplitudes ac-
ross the two halves of the winding won't
be within 1 percent of each other over
the passband.

terminating impedance

So far I've discussed network perform-
ance under ideal conditions {infinite ter-
minating impedance). It is instructive to
consider performance when the networks
are terminated in a finite impedance.

The Norgaard and Dome circuits are
compared in fig. 10, in which each is
terminated in an infinite impedance and
several values of finite impedance.

A 10-megohm load doesn’t seriously
affect sideband suppression of the Nor-
gaard network (fig. 10A). However, a
1-megohm termination makes quite a
difference. For even lower values, the
curves flatten at the low-frequency end
and are shifted further downward. Sup-
pression is less than 30 dB over much of
the passband with load impedances below
500k,

Load constraints on the Dome net-
work are even more critical {fig. 10B).
Terminating impedance fcr this config-
uration should be of the order of 10
megohms.

transistor applications

With both networks, minimum accept-
able terminating impedance is very high
compared to the input impedance of
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conventional transistor amplifiers. Prob-
ably fet's should be used here. [t might be
possible to replace output resistors Rb
and R6 (Dome network) with transistor
amplifiers that have an input impedance
equal to the resistors. Care must be taken
in amplifier design to ensure constant
imput impedance.

capacitive loading

When the Norgaard circuit is used with
tubes, resistors R2 and R4 (fig. 4A) also
function as grid-leak resistors, this elimi-
nates any additional loading. Stray capac-
itance across the network output must be
considered in this application, however.

The solid curve of fig. 11 shows the
suppression of the Norgaard network
when each output is terminated in a
complex impedance, consisting of a paral-
lel combination of 20 pF and 10 meg-
ohms. Such a small value of capacitance
has negligible effect at the low-frequency
end of the passband; but as the frequency
is increased, the suppression peaks are
lower and shift slightly lower in frequen-
cy. Performance is still satisfactory, how-
ever, because the suppression doesn’t fall
below 38 dB except at the extreme
high-frequency end of the passband.

The Dome network also may be used
with the output resistors acting as grid-
leak resistors, but stray capacitance will
have negligible effect because the outputs
incorporate large shunt capacitors (C5,
C6 in fig. 4B).

audio preamp frequency response
When followed by the Norgaard net-
work the preamplifier's frequency re-
sponse should be as shown in fig. 12,
From 300 to 3000 Hz the response is flat
as is taken as the reference level of zero
dB. The suppression of the unwanted
sideband over this range is always better
than 30 dB, and the network’s amplitude
response is quite flat (fig. 7). Below 200
and above 3000 Hz, preamplifier frequen-
cy response follows the curve of fig. 6.
Frequency response of the preampli-
fier followed by the Dome network is
similar, except that the curve dips slightly
at mid-band. The curve of fig. 12 shows

42 [ june 1970

SIDEBAND SUPPRESSION (4B}

PREAMPLIFIER RESPONSE (4B8)

the overall response of the preamplifier.
This is determined by coupling capacitor
values and transformer response, in addi-
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fig. 11. Performance degradation due to
stray capacitance in Norgaard network.
Large capacitances shunting Dome net-
works eliminate this problem.

fig” 12. Audio preamplifier frequency
response. A siope of about 15 dB/octave
is required at each end of the passband
to ensure 30-dB sideband suppression.

-0 s
W \
-20

Py 100 200 500 1000 2x 55

FREQUENCY (H2)

tion to the contribution of a filter. The
response curve's slope at the extreme
ends of the passband is about 15 dB/oc-
tave.
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electronic keyer

oscillators

A basic
oscillator circuit

does double duty

as a clock

and sidetone generator
in this application

of ICs

44 m june 1970

John G. Curtis, WABJNJ, Box 4090, Mountain View, California 94040

If you are a cw operator you've probably
seen the large number of electronic keyer
articles published in the amateur litera-
ture during the past few years. So many
have appeared that all circuits seem to
look alike. In general, however, most of
the designs have a few interesting features
worth noting.

The oscillator described here uses a
special kind of integrated circuit, the
LU3B0A, made by Signetics. The oscilla-
tor is used in an electronic keyer known
as the Electronic Fist.* The logic form of
the [C, called Utilogic, is neither DTL,
TTL, nor RTL. Although not too well
known in amateur circles, Utilogic is
widely used in industry. The distin-
guishing feature of this IC is that the
NOR and OR gates have inputs at the
transistor bases. This means that the
input impedances are fairly high, on the
order of 15-25k ohms. Because of this
high input impedancz, the devices can be
used in multivibrators and oscillators.

*The IC and keyer are available from Curtis
Electro Products, Box 4090, Mountain View,
California 94040. The IC is $1.34 plus 50c
handling and mailing. The keyer is $49.00 (kit
form) or $56.00 (wired and tested).

fig. 1. Basic oscillator used in the ‘‘etectronic
fist” keyer. Three NOR gates plus timing
constants R1, C1 form this simple circuits.




keyer oscillators

Two oscillators are used in the elec-
tronic keyer mentioned above. One, the
clock, forms the dots and dashes; the
other is a sidetone generator. Both oscilla-
tors are of the form shown in fig. 1. Each
uses three-quarters of a quad two-input
NOR gate, the LU38B0A. The oscillator
consists of three NOR gates arranged in a
ring. The only other components in the
basic circuit are a timing resistor and
capacitor. The rings consists of an odd
number of inverting gates; thus it has no
stable state and tends to oscillate at a
freguency determined by C1 and R1. The
frequency is roughly equal to 1/(2RC),
where frequency, R, and C are in Hz,

ual capacitance values. It turns out that
3.3 Hz works out to 7.92 wpm. This is
based on:

Code speed (wpm) = 2.4 x dot fre-
quency in Hz

The origin of this formula is obscure,
but it correlates closely with the other
rule-of-thumb, which is:

Code speed {(wpm) = no. of dashes in
5 seconds

Tests show that the calcufated vaiue is
very close to that measured.

To find the upper end of the speed
range when R2 is cranked down to zero
resistance, we find the theoretical upper

fig. 2.
circuit.

Clock oscillator

ohms and farads. The maximum obtain-
able frequency is about 5 MHz. The
output is a pretty fair square wave at the
lower frequencies.

clock oscillator

For the clock oscillator, we use the
circuit shown in fig. 2. The keyer is
designed to operate at 8 wpm for the
lower end of the speed range. Using
readily available components, and trying
to keep the value of R2 + R3 fairly low
for linearity of adjustment, we find that a
value of 25 ufF for C2 and C3, 5k for R2,
and 1k for R3 will yield a frequency of
3.3 Hz. Even though C2 and C3 are in
series, they effectively yield their individ-

Utilogic is a registered trademark of the
Signetics Corporation.

O CONTROL INPUT
HIGH = NO_ OUTPUT
LOW = OUTPUT

speed is 47.52 wpm. This, again, agrees
closely with the value found. in practice.
In the actual keyer, R3 is selected to
meet the 50 wpm mark exactly.

operation
Diode D1 shunts reverse bias around

fig. 3. Timing diagram showing ef-
fect of eliminating gate input clamp.
- - = - —g— - —#S0V

)
—+| |e—exTra LeweTH
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C2 when the keyer is idling. Otherwise,
the capacitance of C2 would slowly dis-
appear due to its reverse polarity. The
best choice for the capacitor would be a
nonpolarized type, but it would be as
large as the whole keyer. C3 needs no
protection, since it has a very low duty
cycle of reverse bias.

Diodes D2 through D5 are a negative
clamp on the gate input to ensure that
the first cycle of the oscillator is close to
the same length of succeeding cycles. Fig.
3 shows the clock waveform without
these diodes. The first cycle starts with
the input of gate A resting near ground
potential, but subsequent cycles start at
the threshold point of the gate. The error,
in any case, is not great and can be
discerned only with instruments; and the
resulting cw sounds fine either way.

Fig. 4 shows the error after correction.
It also shows the high degree of dot/space
ratio accuracy obtainable with this simple
circuit.

The control input of gate A inhibits
oscillation when it is held at logic state 1.

CONTROL
HIGH = NO SIDETONE
LOW = SIDETONE

NOTE ALL GATES ARE /4 [U380A NOR GATES

%C = +50V ON PIN 8 GROUND PIN §

fig. S.

When the control input is lowered to
logic state zero, the oscillator starts gener-
ating the first character. | found this
instant-starting clock much simpler to use
than the free-running variety, which tends
to force spacing between letters.

sidetone oscillator

The sidetone oscillator, fig. 5, is of the
same form as the clock. Sidetone oscilla-

46 m june 1970

tor frequency, normally 800 Hz, is adjust-
able by R4, The output is gated by NOR
gate B, which drives the base of a 2N404
through current-limiting resistor Rb. An

30
20 "
x o2 85
o] s
T 0 oz /ST DOT /2ND DOT.
T [
. v I
3 ° T
(]
&
& -0
-20
0 [2 20 30 40

KEYING SPEED {wpm)

fig. 4.
circuit after correction.
degree of dot/space ratio.

Timing accuracy of the clock
Note high

ordinary output transformer, with a
500-ohm center tapped primary and
8-ohm secondary driving a 2-inch speaker,
completes this simple monitor circuit.

CALECTRO
DL-72

TOP VIEW
LU380A

+5v

The sidetone oscillator. Frequency is adjustable by R4; output level by R6.

The output level, controlied by R, is
adequate for a roomful of people. Fairly
high efficiency is obtained, since the
2N404 operates near class C.

reference
1. L. Brock, “Utilogic NOR and OR gate
Applications,” Signetics Corporation Applica-

tions Memo 97, June, 1969.
ham radio
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transistor
frequency

multipliers

Selecting transistor
frequency-multiplier
circuits

for maximum
efficiency

and output

Frank C. Jones, W6AJF, 850 Donner Avenue, Sonoma, California 95476 I

The circuit board in the photograph was
put together to try out different circuits
for frequency doubling from 14 to 28
MHz; a high-output signal generator pro-
vided the 14-MHz drive. A wattmeter
across the output provided readings for
comparing the relative efficiencies of dif-
ferent multiplier circuits.

The transistor used for nearly all the
tests, the 2N5188, is an inexpensive npn
transistor rated at 4 watts maximum
dissipation at 25° C; this indicates a
maximum dissipation of 2 watts or so with
a moderately sized heat radiator slipped
over the transistor case. Typical cutoff
frequency for the 2N5188 is 325 MHz.
Selected 2N5188's can be used in class-C rf
service up to about 150 MHz—at lower
frequencies nearly all units give equally
good results without special selection.

An rf voltmeter was connected from
base to ground (or emitter) to make sure
the maximum base-to-emitter breakdown
voltage of 5 volts peak was not exceeded
during tests. The proper value for the
base-bias resistor in frequency multipliers
ranges from 100 to 5000 ohms. If the
base-bias resistance is too great the tran-
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sistor may be damaged by high rf drive
since the b-volt rating is easily exceeded. In
most of these tests a 1000-ohm bias
resistor was used, and the rf drive adjusted
to 3 volts rms maximum.

+i2v
O

2N5i188

28MHz
20 ouTPUT

fig. 1. This circuit is essentially the
same as fig. 3 although the transistor
collector is at rf ground.

The 2N706, 2N2711 and 2N222 pro-
vide moderately good efficiencies when
operated as frequency multipliers up to
about 1/5 of their cutoff frequency. The
2N4427, 2N3866, 2N3553 and similar
power transistors provide more output on
two meters than the 2N5188, but they cost
several times as much. Two 2N5188
stages—one as a frequency multiplier pro-
viding 0.1 to 0.3 watts output and the

14 MHZ

fig. 2. This circuit pro-
vides a low-impedance
path from base to emit-
ter and effectively con-
nects the collector-to-
base feedback capaci-
tance across the output.

other as a buffer with 0.5 to 1 watt
output—offer an economical way of build-
ing a two-meter transmitter. The more
expensive power transistors can then be
used as power amplifier stages for a few
watts of fm or cw.
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practical circuits

Four practical frequency-doubler cir-
cuits are shown in fig. 1to4. Although the
circuit of fig. 3 is the one usually seen in
the literature, the circuits of fig. 2 and fig.
4 proved to be far superior. The circuit of
fig. 1 is a little unusual in that its collector
is grounded for rf, but it is basically the
same as fig. 3 (and actually performed
about the same). Fig. 1 has slightly less rf
radiation loss since the collector is con-
nected to the case—the construction used
for most transistors that are rated at more
than 0.5 or so. However, in the 14-t0-28
MHz frequency doubler tests the rf loss
wasn‘t high enough to warrant the use of
the common-oscillator layout over the
more usual grounded- or comman-emitter
circuit.

The reason the circuits in fig. 2 and fig.
4 gave twice as much output as the others is
quite simple: the transistor has arefatively
high feedback capacitance between collec-
tor and base, so any appreciable impedance
from base to emitter—even a single-turn
link—~causes degeneration; the series-tuned
28-MHz circuit in fig. 2 provides a very low
impedance path from base to emitter and
effectively connects the collector to-base
feedback capacitance across the output.
This eliminates degeneration and increases
output by 1.5 to 3 times in doubler, tripler
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and quadrupler stages.

The series-trap circuit also provides
excellent efficiencies at vhf and uhf but it
requires careful adjustment. The disadvan-
tage of the circuit in fig. 2 is that it will
break into self-oscillation if the series-



resonant circuit is incorrectly tuned; it also
requires an additional adjustment in the
frequency multiplier.

The advantage of the series-tuned cir-
cuit is that it can be applied to an existing

14 MHz Lt

fig. 3. This is the fre-
quency-multiplication
circuit usually seen in
the literature.

J; 2]
frequency multiplier in a vhf or uhf
converter or transmitter to obtain more
output. Usually a small moderately high-Q
rf choke coil can be selected which will
resonate with a 5- or 10-pF piston capaci-
tor to the desired output frequency. With
this simple modification tripler and quad-
rupler stages really come to life as far as rf
outputis concerned.

The frequency-multiplier circuit in fig.
4 is my favorite for doublers, triplers, or

14 MHz

fig. 4. This circuit is
WEAJF's favorite for
frequency-multipli-
cation service.

quadruplers—at high or low power. [t pro-
vides a low-impedance path from base to
emitter if C2 is large enough to provide a
reactance of only a few ohms at the output
frequency; if the reactance is below 10
ohms excellent results can be obtained.

The ratio of C2 to C1 should be between
5:1and 10:1.

In most small-power frequency-
multiplier circuits the collector must be
connected to a tap on the output tuned
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circuit to obtain a reasonable impedance
match. To minimize undesired harmonic
output the tuned circuit should have an
operating Q of at least 15. Inusual designs
the collector tap is located 1/6 to 1/2 the
total number of turns from the cold end.

Low-power frequency-multiplier cir-
cuits, such as those used in vhf receiving
converters, can be designed with the
collector connected to the hot end of the
tuned circuit if the tuned circuit has a

20 28MHr
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resonant impedance in the range of 1000
to 3000 ohms. If the circuit doesn’t tune
sharply it indicates low circuit Q and poor
harmonic suppression, and may mean the
collector load or external load is too heavy.

ham radio
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An outstanding technical guide
to all phases of amateur radio.
In 832 pages 20 complete chap-
ters are devoted to such subjects
as single sideband, antennas, mo-
bile equipment, RTTY and much,
much more.

This excellent book has received
wide acclaim on both sides of the
Atlantic and belongs in your li-
brary . . . now.