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Henry Radio [= =

has the ™
amplifier g v/
you want |

Never before has one company
manufactured such a broad line of
amateur amplifiers, both vacuum tube
and solid state, for HF, VHF and UHF;
fixed station and mobile; low power and
high power. Take your pick from 20
models...the world’s finest line of
amateur amplifiers.

2K-4. . .

THE “WORKHORSE"

The 2K-4 linear amplifier offers engineering, construction built-in blower and RF relative power indicator. Price...$895.00
and features second to none, and at a price that makes it the TEMPO 2002

best amplifier value ever offered to the amateur. Constructed The same fine specs and festures as the 6N2, but for

with a ruggedness guaranteed to provide a long life of 2 meter operation only. ...$745.00

reliable service, its heavy duty components allow it to loaf TEMPO 2006

along even at full legal power. If you want to put that Like the 2002, but for 6 meter operation. ...$795.00

strong clear signal on the air that you‘ve probably heard

from other 2K users, now is the time. Move up to the TEMPO VHF/UHF AMPLIFIERS

2K-4. Floor console ..$995.00 Solid state power amplifiers for use in most land mobile
3K-A COMMERCIAL/MILITARY AMPLIFIER applications. Increases the range, clarity, reliability and speed
A high quality linear amplifier designed for commercial of two-way communications. FCC type accepted also.

and military uses. The 3K-A employs two rugged Eimac LOW BAND VHF AMPLIFIERS (35 to 75 MHz)

3-5007 grounded grid triodes for superior linearity Tempo 100C30 Tempo 100C02

Tempo 100C10

and provides a conservative three kilowatts PEP input on _
HIGH BAND VHF AMPLIFIERS (135 to 175 MHz)

SSB with efficiencies in the range of 60%. This results

in PEP output in excess of 2000 watts. In addition, the ?:::::2 :38??3 :‘::::;:: ggi?;
3K-A provides a heavy duty power supply capable of Tempo 130A02 Tempo 50A02
furnishing 2000 watts of continous duty input for either Tempo BOA30 Tempo 30A10
RTTY or CW with 1200 watts output. Price...$1395.00 Tempo 80A10 Tempo 30A02
UHF AMPLIFIERS (400 to 512 MHz)
4K-ULTRA ) . ) Tempo 70030 Tempo 40001
The 4K-ULTRA is specifically designed for the most Tempo 70010 Tempo 25002
demanding commercial and military operation for SSB, Tempo 70D02 Tempo 10D02
CW, FSK or AM. The amplifier features general coverage Tempo 40010 Tempo 10001
operation from 3.0 to 30 MHz. Using the magnificent Tempo 40D02

new Eimac 8877 grounded grid triodes, vacuum tune and
load condensers, and a vacuum antenna relay, the
4K-ULTRA represents the last word in rugged, reliable,
linear high power RF amplification. 100 watts drive
delivers 4000 watts PEP input. This amplifier can be
supplied modified for operation on frequencies up to
about 100MHz. Price...$2950.00

-
TEMPO 6N2
The Tempo 6N2 brings the same high standards of
performance and reliability to the 6 meter and 2 meter

bands. Using a pair of advanced design Eimac 8874 tubes,

TEMPO 100AL10 VHF LINEAR AMPLIFIER
Completely solid state, 144-148 MHz. Power output of 100 watts
{nom.) with only 10 watts (nom.) in. Reliable and compact ...$199.00

TEMPO 100AL10/8 BASE AMPLIFIER $349.00

please call or write for complete information.

it provides 2,000 watts PEP input on SSB or 1,000 watts 11240 W. Olympic Blvd., Los Angeles, Calif. 30064 213/477-6701
input on FM or CW. The 6N2 is complete in one compact 931 N. Euchid, Anaheim, Calif. 92801 714/712-9200
cabinet with a self-contained solid state power supply, Butler, Missouri 64730 816/679-3127

Prices subject to change withoul notice



if'the 4-BTV
weighs 39% more...

whatdoothers
leqve out ? s

@usFae® FIXED STATION FOUR BAND VERTICAL

The 4-BTV is longer for greater aperature, larger in diameter for strength and |
bandwidth, heavier traps for precision and safety factor. Individually, each
subassembly weighs more to collectively give you an antenna designed for
convenience of assembly and installation, a wide margin in mechanical stability
and far superior electrical performance.

i

* Lowest SWR—PLUS! without damage to the aluminum tubing. %
» Bandwidth at its broadest! SWR 1.6 to 1 or » Guaranteed to be easiest assembly of any
better at band edges. multi-band vertical.

» Hustler exclusive trap covers “Spritz" extruded e Antenna has %"-24 stud at top to accept RM-75

_lhl‘n‘

to otherwise unattainable close tolerances or RM-75-S Hustler resonator for 75 meter
assuring accurate and permanent trap operation when desired.
resonance.

* Top loading on 75 meters for

 Solid one inch fiberglass trap forms for broader bandwidth and higher radiation
optimum electrical and mechanical stability. efficiency!
e Extra heavy duty aluminum mounting bracket e Feed with any length 50 ohm coax.

with low loss— high strength insulators.
* Power capability—full legal limit on SSB and
* All sections 1%" heavy wall, high strength W.
aluminum. Length 21'5".
) » Ground mount with or without radials; roof
« Stainless steel clamps permitting adjustment mount with radials.

ongesetting for"total band covérage!

40 THROUGH 10 METERS

HUSTLER ANTENNA PROD-
UCTS—for sixteen years—original
designs—created and manufactured
by American ingenuity, labor and

rousheut e warig, oo MODEL
Hustler designs are patented under 4‘BTV
one or more of the following 2 : . 15 POUNDS
enr S205793, 3515075, 3939865, Available from all distributors
3873088, 3327311, 3699214, who recognize the best!
15800 commerce park drive,

new-tronics corporation broxpatorioans

Exporter: Roburn Agencies, Inc., New York, N. Y
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The HAL ST-6000 demodulator
/keyer and the DS-3000 and DS-4000
KSR/RO series of communications
terminals are designed to give you
superlative TTY performance loda[!
—and in the future. DS series term

nals, for example, are re-program-
mable, assuring you freedom from
obsolescence. Sophisticated systems
all, these HAL products are attrac-
tively priced—for industry, govern-
ment and serious amateur radio

rators.

The HAL ST-6000 operates at
standard shifts of 850, 425, and
170 Hz. The tone keyer is crystal-
controlled. Loop supply is internal.
Active filters allow flexibility in estab-

— LIMITER BRNGS  ATE
on AR A on

o

lishing different tone pairs. You can
select AM or hard-limiting FM modes
of operation to accommodate differ-
ent operating conditions. An internal
monitor scope (shown on model
above) allows fast, accurate tuning.
The ST-6000 has an outstandingly

high dynamic range of operation.

Data 1/O can be RS-232C, MIL-188C
or current loop.

The DS- and DS-4000 series of
KSR and RO terminals provide silent,
reliable, all-electronic TTY transmis-
sionandreception, or read-only (RO)
operation of different combinations

Stay tuned for future programs.

LOOS BRACE KOR MARK AUTO POWER
e o o o o o

OTH  ARNT KOS [ AUTO t"-'\"“:_“
LiMe DN PART ON

RS

ore
oFe LOCAL OFF  BLOW  OFF

«
@

of codes, including Baudot, ASCII
and Morse. The powerful, program-
mable 8080A microprocessor is in-
cludedinthe circuitry to assure maxi-
mum flexibilityfor your present needs
—and for the future. The KSR models
offer you full editing capability. The
video display is a convenient 16-line
format, of 72 characters per line.

These are some of the highlights,
The full range of features and speci-
fications for the ST-6000 and the DS
series of KSR and RO terminals
is covered in comprehensive data
sheets available on request. Write for
them now—and tune in to the most
sophisticated TTY operation you can
have today...or in the future.

HAL Communications Corp., Box 365, 807 E. Green Street
Urbana, Illinois 61801 * Telephone: (217) 367-7373
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a second look
by Jim Fisk

Interference on the amateur bands is something that most of us have learned to live with, at feast to a
certain extent, but in recent months | have noticed an increasing number of bad operating practices
crapping up on our bands. Apparently other amateurs have been troubled, too, because | have received a
number of letters on the subject. None of these practices is new, but they’re more offensive because the
bands are much more crowded than they used to be. Deliberate interference, tuning up on net frequencies,
playing music, calling CQ without listening first, offensive language, incorrect identification {or no
identification at all), using a kilowatt when 100 watts is adequate, talkmg crosstown on 20 meters instead
of using vhf-fm — the list could go on and on.

There’s no question that our high-frequency bands are crowded, but deliberate and malicious inter-
ference, and discourteous operating tactics, aren’t going to relieve the situation, anymore than elbowing
your way to the front of the checkout line at the local supermarket is going to get you anything more than
a fat lip! In case you hadn't noticed, everything is more crowded today — the population has exploded, the
expressways and turnpikes are jammed, homes are being built on smaller and smaller pieces of land, and
even on the remotest trail of the high Sierras it’s impossible to escape from the inevitable discarded beer can
— practically everywhere you go you find a mass of humanity. It follows that we’ll have more and more
congestion on the amateur bands, but congestion doesn’t mean bedlam, Zeroing your kilowatt on a QSO or
local net is not going to make them move. Why not join them? They'd probably be glad to have you.

Today, there is a net for almost every range of interest — they aren’t restricted to handling traffic. Some
of the groups that congregate on the bands are not really nets at ail, but simply groups of hams who get
together for a common purpose. There are DX nets, the county hunters, the early-morning groups on 75
meters, and various single-frequency gabfests. There are technical nets, satellite operators’ nets, EME round
tables, vhf nets, and, of course, a multitude of local and intercontinental traffic nets, if traffic handling
happens to be your forte.

if you don’t happen to care for net-type operation, fine; there are a good many amateurs who don't. On
the other hand, if there weren't any nets, imagine what the QRM would be like. There are thousands of
amateurs who congregate on particular net frequencies. Since they‘re a member of a net, they just “read the
mail” a good deal of the time. If they didn’t have the net, they would be calling CQ, fishing for a new
county, or active in one of the horrendous DX pileups. So, when you hear a net in operation, don't use it
for a tuneup frequency. Whether you know it or not, the most hedonistic of them will stand to handle
emergency traffic if asked to do so. They a/l do a service to the amateur community by minimizing
interference with channelized communications.

Deliberate interference and incorrect identification are only two of the bad operating practices you will
find on any band you listen to. You can also hear any number of stations working cross town on 15 or 20
meters when they should be on 75 or vhf fm. | have often copied W/K stations on 20 meters, running well
over S9 in New Hampshire, working their neighbors. With modern linear amplifiers, it's a simple matter to
turn off the big box when you don‘t need it.

Why the big penchant for S9 signal reports, anyway, when you can maintain perfectly adequate QSOs
with S6 or S7? You may need your linear for a long-haul DX QSO or for making initial contact, but once
communication has been established, 95 percent of the time you can turn your linear off with absolutely
no effect on the QS0O. Owning a linear is a bit like carrying an umbrella to work every day — there are times
when it's a practical necessity, but just because you own one doesn’t mean you have to use it all the time.

I've heard a lot of stations go QRT because of interference and poor operating practices. This is not the
answer. If you hear an amateur on the air with a bad signal, not identifying properly, causing unnecessary
interference, or being generally obnoxious, tactfully tell him about it. Most amateurs are gentlemen and will
accept your suggestions with grace.

And, when you go on the air the next time, use operating finesse instead of brute force. Strive to be a
first-class operator and encourage your friends to do the same. Let’s promote good operating on our bands
— discourtesy breeds pandemonium.

Jim Fisk, WIDTY
editor-in-chief
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il - 1C-211

THE NEW ICOM 4 MEG, MULTI-MODE, 2 METER RADIO

ICOM introduces the first of a great new wave of amateur radios, with new styling,
new versatility, new integration of functions. You’ve never before laid eyes on a
radio like the IC-211, but you'’ll recognize what you’ve got when you first turn the
single-knob frequency control on this compact new model. The IC-211 is fully
synthesized in 100 Hz or 5 KHz steps, with dual tracking, optically coupled VFO's
displayed by seven-segment LED readouts, providing any split. The IC-211 rolls
through 4 megahertz as easily as a breaker through the surf. With its unique ICOM
developed LSI synthesizer, the IC-211 is now the best ‘‘do everything’’ radio for 2
meters, with FM, USB, LSB and CW operation.

The IC-211 is so new that your local dealer is still playing with his demo. Just
hang in there and you can grab this new leader for yourself. ICOM’s new wave is

rolling in.
Frequency Coverage: 144 10 148 Mhz Selectivity: SSB* 2.4 KHz or less at - 60db Power Supply: Intemal, 117V AC or 13.8V DC
Synthesizer: LS| based 100 Hz or 5 KHz PLL, FM + 16 KHz or less at -60db  Power Output: 10W PEP (55B), 10W (CW, FM)
using advanced lechniques Sensitivity: SSB 0.25 uv 10db SINAD Size: 111mm H x 241mm W x 264mm D
Modes: SSB (A3J), FM (F3), CW (A1) FM 0.4 uv lor 20db Q.5 Weight: 6.8 kg
VHF/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT Distributed by:

ICOM WEST, INC. ICOM EAST, INC. ICOM CANADA
Suite 3 Suite 307 7087 Victoria Drive
13256 Northrup Way 3331 Towerwood Drive Vancouver B.C. V5P 3Y9
Bellevue, Wash. 98005 Dallas, Texas 75234 Canada
(206) 747-9020 (214) 620-2780 (604) 321-1833

More Details? CHECK—OFF Page 126 november 1976 [l 5
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""HAM RADIO HORIZONS," a new Amateur Radio magazine aimed primarily at the newcomer,
has been announced by Ham Radio and will be introduced in January. Editorially the new
publication will be directed toward the beginning Amateur, with low level technical
articles plus general interest features for Amateurs and SWL enthusiasts at all levels.
As an attraction to potential Amateurs, some CB and SWL coverage will also be included
with the expectation that readers seriously interested in those fields are very good
prospects for conversion to Amateur Radio.

Very Broad Market penetration will be a feature of Ham Radio's new publication.
Promotion in a variety of non-Amateur Radio media is planned and emphasis will be on
wide distribution far beyond the usual radio store outlets. Since it will be written
for and by Amateurs, its content will appeal to most Amateurs, old timers as well as
Novices, but its primary goal is to attract new Amateurs and encourage their progress
up through the Amateur ranks.

Subscriptions To Ham Radio Horizons are now being accepted at $7.00 per year; after
January lst the cost for a one-year subscription will increase to $10.00.

Ham Radio Horizons Already Has a good backlog of technical articles but it is looking
for good fiction, humor, and other non-technical contributions. Prospective authors
should contact Tom McMullen, W1SL, Managing Editor, Ham Radio Horizons, Greenville,

New Hampshire 03048.

FIRST U.S.-BERMUDA TWO METER CONTACT was made by WINU/VP9 and K1HTV September lé4th
at 0I00Z! "Alerted to a potential opening by the AMSAT Net, Vic and hopeful stateside
two-meter DXers moved to 144.090 CW and within moments the historic contact began. Vic
next worked K1WHS, and before the evening ended 30 more stations, from Maine to Pennsyl-
vania, at least one running only 100 watts to an ll-element beam, had made it across
the Atlantic to Bermuda.

FCC LICENSE TIMES continue to improve, with some Amateurs receiving theirs in as
little as six weeks while most CB tickets are showing up in just over half that time.
Applicants whose licenses don't arrive in a reasonable time might check with their
banks — John Johnston said in Hawaii that FCC is getting about 300 rubber checks each
week, but very few from Amateurs!

AN UNLICENSED CW OPERATOR can operate an Amateur station under a current interpreta-
tion of the rules. However, it must be with a control operator present and the un-
licensed operator's transmissions logged and recorded as third party traffic.

A TVI-LESS TELEVISION SET is to be built by Texas Instruments under contract from the
FCC, according to FCC Chief Engineer Ray Spence. The experimental set will provide
graphic demonstration that TVI is not all the fault of the transmitter. Consumer com-
plaints have shifted recently, however, and audio component systems have now become more
of a problem than TV receivers.

PLANNING FOR WARC 79 is still very much in the news. Amateur Radio, as defined by
Article 41, will not be discussed at the 1979 Geneva Conference — the proposed agenda
includes only Article 5, the international frequency table. We will face problems — our
own broadcasters want parts of 40, 75, and 160, and now the Canadian DOT wants to make
1605-4000 kHz all maritime and the CBC wants to shove 40 meters down to 6800-7100 kHz
so 7100 and up can be devoted to international broadcast!

Clearly More Supportive Work needs to be done, both with our own government and with
other governments friendly to the Amateur Radio Service.

THE "PERSONAL COMMUNICATIONS RESEARCH ASSOCIATION" was formed in Los Angeles in early
September by ten legal people who met in Jon Gallo's (WA6PTM) law offices. The non-
profit organization, eventually to become the "Personal Communications Research Insti-
tute,”" will be a coordinating body for attorneys who find themselves in legal conflicts
involving the personal communications field, primarily Amateur Radio and Citizens Band.

Tower Restrictions, anti-TVI/RFI ordinances, and dealings with various governmental
agencies will be the foundation's prime concerns. If funding permits, it would also
sponsor major research studies supporting the concept of personal communications.

Long Term Support will be sought from both industry and individuals but start-up
costs are being borne by the organizers. All are Amateurs (half with CB licenses) with
experience in helping support the concept that Amateur and CB radio is a 'reasonable
and proper" use of an individual's home.

10,000 MHZ DX RECORD was broken by two U.K. Amateurs in August when G4BRS in Cornwall
worked GM30XX in Edinburgh, a distance of 323 miles (521 km). Despite the much larger
U.S. Amateur population, the U.K. and other European countries seem to be much more
active on 3 cm and other Amateur microwave bands.
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Dentron Proudly Reveals

the Secret of the New
$499.50 Super Amp

If the amplifier you're thinking of buying doesn’t deliver at least 1000 to 1200 watts output, to the antenna,
you're buying the wrong amplifier.

Our New Super Amp is sweeping the country because hams have realized that the Dentron Amplifier will
deliver to the antenna, (output power), what other manufacturers rate as input power.

The Super Amp runs a full 2000 watts P.E.P. input on SSB, and 1000 watts DC on CW, RTTY or SSTV
160 - 10 meters, the maximum legal power.

The Super Amp is compact, low profile, has a solid, one-piece cabinet assuring maximum TVI shielding.
The heart of our amplifier, the power supply, is a continuous duty, self-contained supply built for contest
performance.

We mounted the 4 - 811 A’s, industrial workhorse tubes, in a cooling chamber featuring the on demand
variable cooling system.

The hams at Dentron pride themselves on quality work and we fight to keep prices down. That's why

the dynamic Dentron Linear Amplifier beats them all at $499.50.
. Deniron_
The No-nonsense Amplifier salc Sou e

2100 Enlerprise Parkway

at a No-Nonsense Price $49950. o=



ANNOUNCING
AN EXCITING NEW
2-METER
TRANSCEIVER
FROM

KENWOOD
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400A

Featuring Kenwood’s New and Unique
DNTINUOUS TONE CODED SQUELCH SYSTEM

4 MHz BAND COVERAGE

2S5WATT OUTPUT

FULLY SYNTHESIZED

UNIQUE SQUELCH SYSTEM

The TR-7400A may be used on your favorite
repeater, no matter what type of squelch
system is used. The continuous tone coded
squelch (CTCS) may be used for both trans-
mit and receive or for transmit only. Tone
burst operation may also be used.
SYNTHESIZED, 800 CHANNELS

The phase-locked loop (PLL) frequency syn-
thesizer in the TR-7400A divides the 4 MHz
bandwidth into 400 channels at intervals of
10 KHz. The frequency may be offset 5 KHz
higher with the push of a button, thus pro-
viding BOO discrete channels

REPEATER OFFSET

A convenient front panel switch offsets the
transmit frequency of the TR-7400A up OR
down 600 KHz for standard repeater opera-
tion. This offset circuit uses digital technology
to provide a highly stable offset frequency
without spurious response A dual color LED

indicates the direction of offset from the dis
played receive frequency

OUTSTANDING RECEIVER PERFORMANCE
Large-sized helical resonators with high Q
minimize undesirable interference from out-
side the 2-meter band. The large helical res-
onators, 2-pole 10.7 MHz monolithic crystal
filter, and MOSFET front-end circuitry com-
bine to give outstanding receiver performance.
TONE PAD CAPABILITY

A jack is provided to allow convenient con-
nection of a tone pad to the TR-7400A.
FINAL PROTECTION CIRCUIT

The final transistor in the TR-7400A is pro-
tected from antenna impedance mismatch.
Excessive reflected power reduces the amount
of drive to the final transistor rather than
turning off the final stage. This practical fea-
ture allows continued safe operation at a
reduced power level whether the antenna
system becomes opened or shorted

(. ) TR-7400A
(OJJpecifications

Range: 144 00 MHz 10 147 995 MHz
Mode: FM
800 Channels: 5 KHz spaced
Sensitivity: Better than 0.4 uV for 20
dB quieting
Better than 1 uV for 30
dB S/N
Squelch Sensitivity: Better than
0.25 uVv
Selectivity: 12 KHz at —6 dB down
40 KHz at =70 dB down
Image Rejection: Better than —70 dB

sQu OFF
.
* ' BUR
.
.

sus

™ OFFSET MH - lOW
+800

- 600

TR-7400A

s Interference: Better than

0 dB

scond IF- 455 KH2

Audio Output: More than 1 5 Waus
(8 ohm load)

RF Output Power 25 Watis (High)

Antenna Impedance 50 ohms
Frequency Deviation: + § KHz
Spurious Response Better than
60 dB
Tone Pad Input Impedance 600 ohms
Tone Burst Duration D 5 to 1.0 sec
3. BB.5 Hz to 1566 7 Hz
we: Dynamie, with PTT
ch. 500 ohms
11510160V DC (13 .8V DC
minal)
Current Drain: Less than 1A in receive
(no Input sig
Current Drain: Less than BA in transmit
Polarity  Negative ground
2010 +50

182 mm (7-3/16") wide
270 mm (10-5/8") deep
74 mm (2-7/8") high

TRIO-KENWOOD COMMUNICATIONS INC.




If you haven’t tried the TS-700A
...you haven’t experienced

POWER SEND CEN N8

REC
PHONES_
CW™~

Os.

OFF
MIC

the excitement of 2-meters

. TRANSCEIVER
@ KENWOOD Bo ML NGRS RIT TONE

I....--OF?'""J 3
wREC e \

’..-LSB

AM ’
= (/

Experience the excitement
of 2 meters. There’s more than
just FM repeaters, you know.

SSB DX,

OSCAR Satellite, CW...and do it all with a tunable

VFO.

* Operates all modes: SSB (upper &
lower), FM, AM, and CW

* Completely solid state circuitry provides
stable, long lasting, trouble-free
operation

+ AC and DC capability. Can operate from
your car, boat, or as a base station
through its built-in power supply

» 4 MHz band coverage (144 to 148
MHz) instead of the usual 2

« Automatically switches transmit
frequency 600 KHz for repeater

6 EAST ALONDRA/GARDENA, CA 90

Do it all with the Kenwood TS-700A.

operation . . . reverses, too

* Qutstanding frequency stability
provided through the use of FET-VFO

+ Zero center discriminator meter

* Transmit/Receive capability on 44
channels with 11 crystals

* Complete with microphone and built-in
W CELT]S

The TS-700A is available at select

Kenwood dealers throughout the U.S.

For the name of your nearest dealer,

please write.

KENWOOD

... pacesetter in amateur radio

/) TS-700A
(/pecifications

IVE FREQUENCY RANGE

TION (FM) =5 kHz
SHIFT WIDTH

SQUELCH
ALDIC O

(1
RECEIVER LI
FF

POWER €
(AC 12(¢

STED PRICE $7

s subject to change without notice



wideband

Design data for
broadband impedance
transformers

using a single core

The use of transmission-line transformers wound on
toroidal forms has become very popular in the last few
years. These transformers serve many useful purposes,
probably the most common being the transformation of
balanced to unbalanced circuits and vice versa (baluns)
over a relatively wide bandwidth. They were first de-
scribed by G. Guanella.l The basic paper on the subject
in this country was written by Ruthroff.2

Transmission-line transformers are restricted, how-
ever, as to available impedance transformation ratios and
circuit configurations. Some of these restrictions can be
relaxed by using an autotransformer instead of a trans-
mission-line transformer, for although the construction
techniques for the two types of transformers are similar,
there are some very subtie differences in their operation,
design, and application.

The purposes of this article are to point out the
differences between transmission-line transformers and
the more conventional autotransformers, and to give
some design considerations for autotransformers. Auto-
transformers have many applications that can't be
realized with transmission-line transformers, such as un-
balanced-to-unbalanced or balanced-to-balanced im-
pedance transformations, or impedance transformation
ratios other than an integer squared. Some impedance
transformation ratios that can be obtained with trans-
mission-line transformers by using multiple cores can be
obtained with a single core by using an autotransformer.

transmission-line transformers

The distinguishing feature of the transmission-line
transformer is that the “winding” is composed of two
conductors with equal and opposite currents flowing in
each conductor, as in a balanced transmission line, The
net magnetizing ampere-turns in the core is zero.
Because of this, there is considerable difference in the
means by which energy is transformed between the
input and output circuits for a transmission-line trans-
former and an autotransformer,

This article was originally published in the February 2,
1976 issue of Electronic Design, and is republished here
with the permission of the editor.

10 [ november 1976

rf autotransformers

Quoting from reference 3 in describing a transmis-
sion-fine transformer, ‘‘the inductance of a canductor is
directly proportional to the relative permeability of the
surrounding medium. A high permeability material
placed close to the transmission line conductors acts on
the external fringe field present and can magnify the
inductance appreciably and thereby provide lower cutoff
frequency. There is no influence upon internal magnetic
tields nor upon the characteristic impedance of the line.
The power transferred from input to output is not
coupled through the ferrite material, but rather through
the dielectric medium separating the transmission line
conductors. This is an important concept for design.
Relatively small cross-section ferrite material can per-
form unsaturated at impressively high power levels. in
contrast to this, conventional transformers couple power
from primary to secondary entirely through a high
permeability core which must be chosen to suitably
carry the total power without saturating.”’

With the autotransformer, the permeability of the
core and the number of turns determine the low-
frequency response, while the high-frequency response

fig. 1. Basic autotrans-

former circuit used as a
step-down device, In this kN TURNS —l
application Z;, = kZZo for = 4

k between zero and 1,
where Z;,, and Z, are input
and output (load) impedances and k is the tap location,
expressed as a fraction of the total number of turns referenced
to the common terminal.

o -0

of these transformers is obtained by very close coupling,
both capacitively and magnetically, between the
windings. This is obtained by the twist,

autotransformers

The basic autotransformer circuit is given in fig. 1,
When the transformer is used as an impedance step-down
device, the relationship between the load impedance and
that presented to the input terminals is given by

Zin = kZZo (”

where  Z is the ioad or output impedance
Z;, is the impedance presented to the input
terminals
k is the location of the tap (stated as a fraction
of the total number of turns referenced to the
common terminal).

By John J. Nagle, K4KJ, 12330 Lawyers Road, Hern-
don, Virginia 22070
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fig. 2. Transmission-line transformers for unbalanced-to-
unbalanced loads. A and B are for 9:1 and 16:1 transformation
ratios respectively. (Data is from reference 3),

When using transmission-line transformers, it’s necessary
to have two identical windings. The tap must be placed
at the center, giving a four-to-one impedance transforma-
tion. This case has been well covered in the literature
and will not be considered further. Unfortunately, im-
pedance ratios other than four-to-one are frequently
required, and methods of obtaining both integral and
nonintegral impedance ratios are not so well known.

unbalanced-to-unbalanced loads

Pitzalis and Couse3 give circuits for obtaining 9:1 and
16:1 impedance ratios for unbalanced-to-unbalanced
loads. These circuits are shown in figs. 2A and 2B
respectively. The 9:1 transformer requires two cores,
while the 16:1 unit requires three cores; in these circuits,
there is one bifilar winding on each core.

Because of the requirement for equal and opposite
currents in the windings, transmission-line transformers

are restricted to impedance ratios of (—5 )2, (%)2, (~;’—)2.
.. (;—")2 where # is an integer. In general, the impedance
transformations available with this type of circuit are

'f r ]
2, (4:612, | !

fig. 3. Method for extending the impedance-transformation ratio
of an unbalanced-to-unbalanced transformer from 4:1 to about
6:1 (after Krause and Allen, reference 4).

o)

given by
impedance ratio = (N + 1)? (2)
where N, is the number of cores

Impedance transformation ratios other than those ob-
tainable from transmission-line transformers are fre-
quently required, and so the autotransformer must be
considered. Krause and Allen® have given an interesting
method for extending a 4:1 transformation ratio to 6:1.
After the usual bifilar winding is wound on the core, a
third winding is wound over the original winding, as
shown in fig. 3. The length of this winding is given by

L3=L[\R,/Rg- 2] (3)

where L3 is the length of the third winding
R; is the load resistance
L is the length of the bifilar winding
R is the source resistance

If impedance transformations greater than about 6:1 are
attempted, bandwidth reductions may occur.

t

2
2,-() 7.+ 0448 2, THREE IDENTICAL 3z
WINDINGS S
o”
z aa
w3
J
o S

fig. 4. Autotransformer using a trifilar winding
gives impedance step-up ratios of 1:9/4 or 1:9,
depending on which tap is used.

The addition of this third winding changes the device
from a transmission-line transformer to an autotrans-
former, since the tertiary winding has no conductor to
carry an equal and opposite current. Care must be taken
to ensure the core does not become saturated by the
unbalanced current fiow.

The characteristic of transmission-line transformers
cited previously is also evident from fig. 2; in a true
transmission-line transformer, the current flow must be
equal and opposite in the two conductors on the core,
just as in a transmission line. Many of the devices one
sees parading as transmission-line transformers, including
some to be described later, are not true transmission-line
devices but are simply broadband transformers of the
autotransformer variety.

It’s possible to obtain transformation ratios of other
than 4:1 by autotransformer techniques; these have the
further advantage that only one core is needed. If a
trifilar winding is made by tightly twisting three separate
conductors together to form a single winding and the
three conductors connected in series aiding, the circuit
ofgfig. 4 results. This gives impedance step-up ratios ot
1:

Zor 1:9, depending on which tap is used. This device
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is of the autotransformer type and is not a transmission-
line transformer since the currents are not equal and
opposite through the individual conductors, although
the construction technigues are similar and the band-
widths obtainable appear to approach those of a trans-
mission-line transformer.

Going one step further and using a quadrifilar
winding, impedance step-up ratios of 1:(3/4)2, 1:{1/2)2,
and 1:(1/4)2 can be obtained, as shown in fig. 5, thereby
increasing the flexibility afforded the circuit designer.
It's difficult to say how much further the process can be
continued, but the possibilities appear limited by the
number of wires it’s practical to put on a core. It should
also be expected that the usable bandwidth will decrease
as the number of windings increases.

The type of construction just described has the

.

2
2z~ (2) z - 05625 2,

OR FOUR IDENTICAL <
Lon WINDINGS S

Zin -

Qo —&-

0 -

fig. 5. Autotransformer with a quadrifilar winding will give
step-up ratios of 1:(3/4)2, 1:(1/2)2, and 1:(1/4)2.

advantages of accuracy and convenience. As broadband
of transformers of the type described have only a very
small number of turns, it's difficult to place a tap accu-
rately. With the transformers to be described, the avail-
able transformation ratios depend only on the number
of windings put on a core, so that miscounting a turn or
two won't cause an error. The total number of turns can
be selected to obtain the required inductance. The
arrangement is convenient because the taps are placed at
the junction of two windings, which is easily accessible.
A further advantage is that the impedance transforma-
tion ratios available are the square of a rational number
instead of the square of an integer, as with transmission-
line transformers.

balanced-to-balanced loads

In the preceding material we've assumed the un-
balanced-to-unbalanced case. When three or more
windings are put on the same core, as in figs. 6 or 7, the

transformer may also be used for balanced-to-balanced
impedance transformations. A three-winding core is

shown in fig. 6 which wiil give an impedance ratio of
0.111:1; a four-winding core will give an impedance
ratio of 0.25:1; see fig. 7. An advantage of using an even
number of windings is that the center tap may be
grounded.
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fig. 6. A trifilar-wound transformer that provides a balanced-to-
balanced impedance transformation of 0.111:1.

It's desirable to be able to determine early in the
design stage whether a given impedance transformation
can be obtained with an n-filar winding with taps at the
junctions or whether a tapped winding must be used.
The following slide-rule algorithm will easily determine
this:

Assume it's desired to match a 50-ohm coaxial cable
to a 72-ohm load using an autotransformer. Set 50 on
the A scale of a slide rule opposite 72 on the B scale.
Now scan the C and D scales for two integers that line
up; notice that 6 on the C scale is opposite 5 on the D
scale (fig. 8). This indicates that a hexifilar winding
connected across the 72-ohm foad, with the 50-ohm
cable connected between the fifth and sixth winding,
will be required as shown in fig. 9. A resistive pad used
to obtain the same impedance match would require a
loss of 5.7 dB.

The same procedure may be used for balanced lines
except that in scanning the C and D scales of the slide
rule, it's necessary to look for integers separated by two
or any other even number. For example, let's say we
wish to match a 383-ohm balanced line of AWG 18
(Tmm)} wire spaced % inch (12.5mm}, such as open-wire
TV line, to 200 ohms balanced (200 ohms was chosen
since it's the impedance obtained in going from 50-ohm
coax through a 4:1 balun).

CENTERTAP MAY >

2
> <L
Z, 0252, 1 PE SROUNDED S (BALANCED)
rds

fig. 7. A balanced-to-balanced impedance transformation of
0.25:1 may be obtained with a quadrifilar winding. The center
tap may also be grounded.



fig. 8. Slide-rule algorithm for determining the turns ratio for
matching 50 ohms to a 72-ohm load. Impedance ratios on the A
and B scales show that the turns ratio should be 5:6 (C and D
scales).

After setting 200 on the B scale opposite 383 on the
A scale, we note that the closest integers separated by
two are 7 on the D scale opposite 5.05 on the C scale
(fig. 10). Because only integral numbers are allowed, an
exact match can’t be obtained. It is therefore necessary
to move the slide slightly so that 5 and 7 are aligned on
the C and D scales. This puts 200 on the B scale opposite
390 on the A scale, and will give a vswr of 390/383 =
1.02:1 (this may or may not be acceptable, depending
on the application). At any rate, it's the best that can be
done with an n-filar winding. If a better match is re-
quired, a tapped winding must be used. The circuit is
shown in fig. 11.

A note of caution is necessary in applying this algor-
ithm. Make certain that the proper side of the A and B
scales is used in setting up the impedance ratio. In the
first example above, both impedances were in the decade
between 10 and 100, while in the second example both

< 72-OHM LOAD
s (LINBALANCED)

-1

2, = 50 OHMS

-—

fig. 9. Hexifilar winding on an autotransformer for matching a
72-ohm load to a 50-ohm transmission line. Circuit illustrates the
tap placement in the example of fig. 8.

impedances were in the decade between 100 and 1000,
so that in both cases the same half of the A4 and B scales
would be used. If, on the other hand, you re trying to
match 75 to 120 ohms (both unbalanced), you should
use 75 from the left-hand side of the A scale with 120
from the right-hand of the B scale and obtain 5.05 over
4 on the C and D scales. If you mistakenly set 75 on the
left-hand A scale opposite 120 on the left-hand B scale,
the result would be 2 over 5 on the C and D scales,
which is incorrect. This is shown in fig. 12.

| believe the above algorithm using a slide rule is more
convenient to use than trying to calculate an exact turns
ratio on a pocket calculator, even a programmable type.
A slide rule can tell you at a glance the possible com-
binations that will give the desired turns ratio and how
close it's possible to come if there are no exact ratios.

fig. 10. Slide-rule setup shows a turns ratio of 5:7 will match 200
to 383 ohms (approximately), both balanced to ground.

Also the more common four-function calculators won't
square nor extract square roots, which you'll need to go
from turns ratio to impedance ratios, or vice versa.

core configuration

One of the important parameters in the design of a
successful wideband rf transformer is the core shape.
Most neophytes in transformer design, including me,
begin by using toroids, probably from tradition. Toroids,
however, are seldom the best choice. We will, therefore,
discuss the subject of core shape briefly; the following
material was taken from references 5 and 6.

The factors limiting the high-frequency response of a
transformer are leakage inductance and winding capaci-
tance; these factors suggest a winding that has as few
turns as possible, On the other hand, the low-frequency
response is limited by the available shunt inductance,
and this suggests that a large number of turns may be
necessary to meet the low-frequency specifications. It is
therefore of considerable practical interest to find a core
shape that will maximize the shunt inductance while
minimizing the leakage inductance and shunt capacity,
and to rate various core shapes numerically on this basis.
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Such a number is called the form factor and is defined as

Lila
form factor = —'A"f‘ (4)
‘.
where [, is length of one complete turn of wire
1. is effective length of the magnetic circuit
A is effective cross sectional area of the core

¢

All the above factors must be in the same units, usually
millimeters. The smaller the form-factor number, the
more desirable the core for high frequency, broadband
transformer use.

In most core manufacturers’ literature, the quotient
/A, is given its own symbol, usually C,, so that

farm far tor = fwc f (5) fig. 12. You must watch the slide-rule scale settings carefully or
errors will result, This example shows the slide rule set to the
wrong half of the A or B scales, which gives an incorrect turns

383 OnMS ratio for matching 75 to 120 ohms.

mo:amu
l I The factor C; is given by Snelling® as
,_mrwm_m
_ 2n

Cp =g (7)

0 o hlog e dz

21 - 200 s £Cd,

(WHEN Z, + 390 OnMS )

fig. 11. A 7-winding autotransformer for matching
a 200- to 383-ohm load.

It’s of interest to consider briefly the form factor for a
toroid and various ways to minimize it. This will lead to
a more optimum core shape. A detailed discussion is
given in reference 6, pages 265-267.

The length of a single turn of wire, |
given by

.+ for a toroid is

l,=dy-d,+2h (6)

where d, and d, are the outer and inner diameters of
the core respectively

It is the axial length (height)

The objective is to minimize the product [,,C ; this can
be done by minimizing either or both factors. C, can be
decreased by either increasing d, or decreasing d ;. How-
ever, when the r.-nii:"-::‘—2 > 1, increasing d, increases [,
far more than a propo:lionai decrease in df so that it's
desirable to make d; as small as possible. As only a few
turns of wire are used for most broadband rf trans-
formers, the inner diameter can usually be reduced to a
very few millimeters. This results in a toroidal form
quite different in shape from the usual toroid and is
more often referred to as a bead.

There is a practical limit, however, as to how far the
form factor may be reduced in this manner. Further
improvement can be made by placing two toroids edge
to edge, as shown in fig. 13, and threading turns through

table 1. Form factors for commonly used toroid and balun core sizes.

0 core nominal dimensions, in. (mm) form
shape type A B c D E factor

1 0.525(13.3)  0.295(7.5) 0.407(10.3)  0.225(5.7) 0.150(3.8) 13.0

1 0.277(7.0) 0.160(4.1) 0.244(6.2) 0.114(3.6) 0.071(1.8) 14.3

=8 K 1 0.136(3.5) 0.079(2.0) 0.093(2.4) 0.057(1.4) 0.034(0.9) 14.0
3 0.250(6.4) == 0.242(6.1) 0.100(2.5) 0.050(1.3) 9.5

; 3 0.250(6.4) = 0.471(12.0)  0.100(2.5) 0.050(1.3) 8.8

4 0.284(7.2) — 0.218(5.5) 0.104(2.6) 0.052(1.3) 8.8

TYPE 3 3 0.220(5.6) = 0.250(6.4) 0.090(2.3) 0.035(0.9) 7.8
5 0.380(9.7) = 0.190(4.8) = 0.197(5.0) 29.0

E

_.1 r nominal dimensions, in. (mm) form
A B c factor

‘_l 0.138(3.5) 0.051(1.3) 0.118(3.0) 17.3
_cl 0.076(1.9) 0.043(1.1) 0.150(3.8) 24.3

¥ 0.138(3.5) 0.051(1.3) 0.236(6.0) 14.9

— 0.138(3.5) 0.051(1.3) 0.500(12.7) 13.7
0.296(7.5) 0.094(2.4) 0.297(7.5) 14.8

0.200(5.0) 0.062(1.6) 0.250(6.4) 15.2

0.200(5.0) 0.062(1.6) 0.437(11.0) 12.3

14 [@ november 1976



the two holes. In practice, a single core would be used
having the shape shown in fig. 14. This type of core is
often referred to as a balun core. A disadvantage of this
core shape is that each turn must be threaded through
two holes, but since the number of turns is small, this
isn't a serious limitation. Table 1 gives the form factor
for various commonly used toroid and balun core sizes.
This data was taken from reference 5. From this table, it
can be seen that the balun shape has a lower form factor
than the toroid.

low-frequency response

The design of wideband autotransformers is similar to
that of transmission-line transformers. Afthough both
are relatively straightforward, some compromises must
be made from a practical standpoint. For the autotrans-
former, the desired low-frequency response determines
the number of turns and the size of the core. The
low-frequency response will be down 3 dB at a fre-

fig. 13. Placing two toroid cores side by side
gives a better form factor than a single toroid.
The winding is through the two holes.

quency, fI, when the primary reactance is equal to the
total shunt resistance. The shunt resistance is the parallel
combination of a) the load impedance referred to the
primary, b) the parallel equivalent of the generator
resistance, and c) the transformer losses expressed as a
shunt resistance across the primary. These are shown in
fig. 15. This will occur when 271f,L,, = R, where R, is
the paraliel combination of the load, generator and loss
resistances referred to the primary. Solving for Lp gives
L= k2R,
14 27Tf1 (8)

The response will be down 1 dB at a frequency 3f,.
Most core manufacturers publish a factor, A;, which
gives the inductance per turn (or per turns squared) or
per hundred turns. In the megahertz region, A; varies
with frequency so this factor is usually presented as a
curve. A; should be chosen for the lowest frequency of
interest. Using this factor and the inductance found
from eq. 8, the required number of turns can be calcula-
ted. If it's not possible to wind the desired number of
turns on the sefected core, it will be necessary to use a
larger core or a core with a higher permeability, thereby
requiring fewer turns. Where wide temperature variations
are possible, cores with high permeability should be
avoided, as these cores also have a higher temperature
coefficient than cores with lower permeability, which
may cause problems at the temperature extremes.

high-frequency response

The high-frequency response is a different problem.
in general, to maintain good high-frequency response,
the number of turns should be as small as possible. Thus
some juggling is necessary among the number of turns,
core permeability, and core size and shape,

fig. 14. A balun core as devel-

oped from two toroidal cores @ @
placed side by side.

design example

Transformers of this type are not difficult to wind. If
you've never tried winding one before, you may have to
wind two or three before you get one you like, but keep
trying; analyze your deficiencies in light of the above
material. When you find the right combination, you’ll
probably be pleasantly surprised at the performance of
the transformer.

We'll close this discussion with a sample design. Let's
say we want to transform approximately 5.5 ohms to 50
ohms over a frequency range of 2 to 50 MHz; the
maximum power level will be 0 dBm.

The impedance transformation ratio is approximately
9:1, so a trifilar winding is required: v/9 = 3. With the
relatively low power requirement, a small core is accept-
able. | chose a Fair-Rite Products core no. 2843002802
on the basis that it had the smallest form factor. The
number of turns to wind on the core is easily deter-
mined: To keep the transformer losses low, the mini-
mum impedance presented to the lowest-impedance tap,
with the secondary open circuited, should be approxi-
mately five to ten times that presented to the same
terminals with the secondary loaded with its rated
impedance. Since impedance presented to the lowest-
impedance tap will be about 5.5 ohms when the total
winding is loaded with 50 ohms, the impedance
presented to the lowest-impedance tap with the load
open circuited should be about 25 to 55 ohms. This
calculation should be made at the lowest rated fre-
guency of the transformer. When made for the lowest

4 R, <
GENERATOR g Tross <
< <

=
iy

Reg = PARALLEL COMBI%ATION
OF Rgen. R, « Nioap
aen- Rioss 5

N = TRANSFORMER TURNS RATIO

fig. 15. Derivation of the autotranformer primary inductance in
terms of the total shunt resistance, which is the parallei combina-
tion of a) the load impedance referred to the primary, b) the
parallel equivalent of the generator resistance, and c¢) transformer
fosses expressed as shunt resistance across the primary.
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fig. 17. Response of the transformer shown

28 L4
in figs. 4 and 16. Load was a 5.6-0hm resis- \_____
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impedance tap, this calculation will determine the
number of trifilar turns.

From the core manufacturers’ literature for the core
used, one turn will give a parallel impedance of about 30
ohms at 2 MHz, so that the transformer will require one
(trifilar) turn, The three strands will be connected in
series aiding. The circuit is shown in fig. 4 and a photo
of the completed transformer is given in fig. 16. Fig. 17
shows the voltage across a 5.6-ohm resistor connected
across the lowest-impedance tap when the transformer is
driven from a 50-ohm generator. The measurements
were made with a Hewlett-Packard 8405A Vector Volt-
meter with a reference channel connected to the trans-
former input and the slaved channel connected across
the load impedance.

The generator output was set to 0 dBm into a 10-dB,
50-ohm resistive attenuator. The left-hand ordinate in
fig. 17 gives the output voltage in dB below 0 dBm. As
the transformer has a 3:1 voltage step-down ratio, the
output voltage would be expected to be -19.54 dB
(-9.54 - 10 dB) below the input to the 10-dB pad
(disregarding the impedance change). The right-hand
ordinate gives the secondary voltage phase shift in
degrees.

From fig. 17 it can be seen that the output is con-
stant within a few tenths of a dB from 1 to 100 MHz.
While this bandwidth is not as great as that obtained

fig. 16. Photo of the transformer design shown in fig. 4. Small
size is key to good high-frequency response.
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with transmission-line transformers, an impedance trans-
formation ratio of 9:1 is obtained with one core and
other impedance ratios are conveniently available,
making the transformer useful for many applications.

summary

The n-filar broadband autotransformer using only a
single core gives greater flexibility than is possible with
transmission-line devices, thereby achieving greater
economy. Furthermore, autotransformers can be used in
either balanced-to-balanced or unbalanced-to-unbalanced
applications. While the autotransformer as described
above may not be a cure-all for a circuit designer’s
problem, it certainly is a versatile component in his bag
of tricks.

Those interested in experimenting with wideband
transformers or baluns may obtain an assortment of the
various cores shown in table 1 from Fair-Rite Products
Corp.*”

*Fair-Rite Products Corporation, Walkill, New York 12589.
Price: $10.00 postpaid.

references

1. G. Guanella, "New Method of Impedance Matching in Radio
Frequency Circuits,” Brown-Boveri Review, Vol, 31, 1944, page
327.
2. C.L. Ruthoff, “Some Broad-Band Transformers,” Proceedings
of the IRE, Vol. 47, No. 8, August, 1959, pages 1337-1342.
3. Octavius Pitzalis, Jr. and Thomas P Couse, “Broadband Trans-
former Design for Transistor Power Amplifiers,” USAECOM
Technical Report 2989, July, 1968. (Available from National
Technical Information Service, 5285 Port Royal Rd., Spring-
field, Virginia 22151, ask for AD-676-816. Price $4.00).
4. H.L. Krause and C.W. Allen, "Designing Toroidal Trans-
formers to Optimize Wideband Performance,”” Electronics,
August 16, 1973, pages 113-116.
6. W.A. Martin, “Use of Ferrites for Wide Band Transformers,”
Application Note published by Fair-Rite Products Corp., Walkill,
New York 12589.
6. Snelling, “Soft Ferrites,” published in the U.S.A. by the
Chemical Rubber Publishing Company, Cleveland, Ohio.

ham radio



Call toll-free 800'647-8660

for products by MFJ ENTERPRISES

(Want MFJ products for Christmas? Mark your choice and show your XYL this ad.)

SUPER LOGARITHMIC
SPEECH PROCESSOR

Up To 400% More RF Power is
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By far the leader. Over 5000 in use. Razor sharp
selectivity. B0 Hz bandwidth, extremely steep
skina No ﬂrbging Plugs between receiver and
audio stage for

spolket opculion

« Selectable BW: B0, 110, 180 Hz e 60 dB down
one octave from center freq. of 750 Hz for 80 Hz
BW e HReduces noise 15 dB « 9 V battery
e 2-3/16 x 3-1/4 x 4 in. e CWF-2PC, wired PC
board, $18.95 e CWF-2PCK, kit PC board $15.95

CMOS-8043 Electronic Keyer

State of the art design uses CURTIS-8043
Keyer-on-a-chip.

e Built-in Key e Dot memory e lambic opera-
tion with external squeeze key e 8 to 50
WPM e Sidetone and speaker e Speed, vol-
ume, tone, weight controls e Ultra reliable solid
state keying +300 volits max. e« 4 position
switch for TUNE, OFF, ON, SIDETONE OFF
e Uses 4 penlight cells e 2-3/16 x 3-1/4 x 4
inches

NEW

MFJ-16010 Antenna Tuner

Now you can operate all band — 160 thru 10
Meters — Imrllh a single random wire and run your
full t r power output — up to 200 walls
RF power OUTPUT

e Small enough to carry in your hip pocket,
2-3/16 x 3-1/4 x 4 inches e« Matches low and
high impedances by interchanging input and
outpul e S0-239 coaxial connectors  Unique
wide range, high performance, 12 position tapped
inductor. Uses two stacked loroid cores

SBF-2BX SSB Filter
imp dability.

s Optimizes your audio to reduce sideband
splatter, remove low and high pitched QRM, hiss,
static crashes, background noise, 60 and 120 Hz
hum e Reduces fatique during contest, DX, and
ragchewing e Plugs between phones and re-
ceiver or connect between audio stage for speaker
operation e Selectable bandwidth IC active
audio filter e Uses 9 volt battery e 2-3/16 X

SR
D ¥

127

MFJ-200BX Frequency Standard

Provi A

25 KH: well Intn VHF region.

s every 100, 50, or

e Exclusive circuitry suppresses all unwanted
markers e Markers are gated for positive identi-
fication. CMOS IC's with transistor outputl. e NoO
direct connection necessary e Uses 9 volt
battery e Adjustable trimmer for zero beating to
WWV e Switch selects 100, 50, 25 KHz or OFF

MFJ-1030BX Receiver Preselector

Clearly copy weak unreadable signals (increases
signal 3 to 5 “S" units).

e More than 20 dB low noise gain e Separate
input and output tuning controls give maximum
gain and RF selectivity 1o significantly reject
out-of-band signals and reduce image responses
o Dual gate MOS FET for low noise, strong signal
handling abilities » Completely stable « Op-
timized for 10 thru 30 MHz e 9 V battery
e 2-1/8 x 3-5/8 x 5-9/16 inches

27"

MFJ-40T QRP Transmitter
Work the world with 5 watts on 40 Meter CW.

« No tuning e Matches 50 ohm load e Clean
output with low harmonic content e Power
amplifier transistor protected against burnout

e Switch selects 3 crystals or VFO input e 12
VDC e 2-3/16 x 3-1/4 x 4 inches
MFJ-40V, Companion VFO . $27.95
MFJ-12DC, IC Regulated Power Supp!y

18mp, 12VDC . .iciiannssrianvsmss $27.95

e 2-3/16 x 3-1/4 x 4 inches

NEW

CPO-555 Code Oscillator

For the Newcomer to leam the Morse code.
For the Old Timer to polish his fist.
For the Code Instructor to teach his classes.

« Send crisp clear code with plenty of volume for
classroom use e Sell contained speaker, vol-
ume, tone controls, aluminum cabinet = 9 V
battery e Top guality U.S. construction e Uses
555 IC timer o 2-3/16 x 3-1/4 x 4 inches

TK-555, Optional Telegraph Key . ... $1.95

OUR OFFER TO YOU

Dear Fellow Ham,

Try any MFJ products and it you are not
completely satistied, return it within 30 days for a
full prompt refund (less shipping). Call us today
toll free B800-647-8660 and charge your Bank-
Americard or Master Charge, or mail your order
in today with your check or money order (or use
your BAC or MC). Please add $2.00 for shipping
and handling. Order now and avoid the Christmas
rush

73, Martin F. Jue, K5FLU

P.S. Solve your XYL's Christmas problem. Mark
your choice and show her this ad.

ORDER TODAY. MONEY BACK IF NOT DELIGHTED. ONE YEAR UNCONDITIONAL GUARANTEE.
Order By Mail or Call TOLL FREE 800-647-8660 and Charge It On e &)

MFJ ENTERPRISES

P. 0. BOX 494
MISSISSIPPI STATE, MISSISSIPPI 39762




for improving SSB
and CW reception

The FX-60 active filter
is put to work

as a tunable

lowpass filter for ssb
and as a narrow
bandpass filter for
CW applications

Except in more expensive receiver designs, manufac-
turers have given little attention to the problem of
processing detected audio. The usual practice is to rofll
off the higher-frequency audio signals using shunt
capacitance or perhaps include an inductor to introduce
reactance at the higher audio frequencies.

This article provides design and construction details
for a lowpass filter for single sideband and a narrow
bandpass filter for CW reception. The filters are designed
around the FX-60 integrated circuit,” which is a cull

audio filters

from the manufacturer's product line but which is per-
fectly acceptable for the applications described.

improving receiver performance

To detect a single-sideband audio signal from the i-f
carrier, some form of mixer is used with a bfo signal.
The products resulting from this mixing consist of the
audio signals plus an additional number of signals in-
cluding the bfo frequency, the i-f, and a variety of
complex sum and difference frequencies. Many of
these signals are within the audible range and are heard
as hiss.

The chief advantage of the single-sideband signal is its
narrow audio bandwidth. By limiting the audio band-
width within the transmitter and transmitting only one
of the sidebands, we can concentrate the power where
it’s most effective, resulting in communicable informa-
tion, The transmitted audio bandwidths will vary from
1.5 kHz to almost 3 kHz; in the process of limiting the
transmitted signal bandwidth, normally both the very
low frequencies and those above approximately 3 kHz
are eliminated from the transmitted signal. The low
frequencies are limited by using only nominal coupling
capacitors between various audio processing stages and
restricting the bandpass with a ceramic-, crystal-, or
LC-fiiter section. Obviously, when the received signal is
detected, the high- and low-frequency components con-
tain no intelligence and can be eliminated. While re-
stricting the received audio bandwidth to the useful
range of information frequencies, we can improve the
receiver overall performance and signal-to-noise ratio.

single-sideband filter

Fig. 1 shows a very simple lowpass filter for use with
singie-sideband receiver systems. A number of circuits
are available in the various amateur handbooks for per-

*Kinetic Technology, Inc., 3393 De La Cruz Blvd., Santa Clara, By MA Ch.apma.n, K6SDX, 935 Elmview Drive,
California 95050. Encinitas, California 92024
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forming this type of audio processing. Normally these
circuits employ a series of toroidal-core LC sections in a
variety of T or pi arrangements. This is a very effective
scheme for single sideband audio filtering; however, to
provide the necessary large inductive reactance, the

frequency tolerance over slightly wider ranges than the
prime product-line devices, but in all other respects its
performance characteristics are identical.

To minimize loading previous receiver circuit stages,
the single-sideband filter circuit of fig. 1 employs a

LEVEL SET
(SEE TEXT)
fim)
S
FILTER FEEDBACK I N
1 oy
]
BUFFER &
HATALH
LOW PASS
1ox FILTERED

AUDID QUTPUT

ol

DETECTED .

appio O—-f':)
INPUT

O - 12 voC

Q¢ 12v0C
% TYPICAL PC
,_’7 TERMINATION

POINT

fig. 1. Schematic of the 2.5-kHz detected-audio lowpass filter for single-sideband application.

toroids and capacitors are physically quite large, and the
performance curves indicate rather poor uniformity,

The circuit illustrated in fig. 1 uses an inexpensive
hybrid active filter, which employs multiloop negative
feedback for lowpass transfer functions. Tuning the fil-
ter frequency and selecting Q are easily accomplished by
adding external resistors. U1, the FX-60 device used for
the lowpass audio filtering, is a cull unit available in
small quantities from the manufacturer, whose product
line includes this device with very rigid parameters (and
at a much higher price) under alternative part numbers
FS-60, FS-65 and FS-61. The FX-60 will vary in center -

high-impedance buffer stage, Q1. This stage provides
only nominal gain and isolates the filter from previous
receiver stages. The lowpass cutoff or rolloff frequency
is determined by the two precision resistors at terminals
2 and 10 of U1 (18.2k, 1%). Using the manufacturer’s
relationship for determining the lowpass rolloff point,
we find that

f.= 455(10°) _ 2.5 kHz (mominal) (1)

18.2(103)

where f‘ is the filter cutoff frequency. This relationship
results in a sharp rolloff of audio frequencies above 2.5

Construction of the CW bandpass filter which uses three active filter ICs. The bandwidth of this filter is 100 Hz, with a center
frequency of 1000 Hz. All other audio frequencies are at least 20 dB down.
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fig. 2. Schematic of the 900-Hz audio bandpass filter for CW. Bandwidth is < 150 Hz with minimum relative attenuation of > 20 dB.

kHz. A relative minimum attenuation of 15 dB is ob-
tained within less than one octave; and as the frequency
increases, this relative attenuation continues to increase.
The overall gain of the single-sideband filter is achieved
by including a simple operational amplifier, U2. The
selection of a wA741 device here is based on its internal
frequency compensation and stability over the band-
width of interest.

CW filter

Fig. 2 is a somewhat more sophisticated audio-
processing system for CW bandpass use in a receiving
system. In CW reception we are normally interested in
the audible quanties of the beat note resulting from
mixing a bfo signal with an i-f carrier. Normally this beat
nate is clearest and most distinguishable at frequencies
between 800-1000 Hz. Most manufacturers provide a
bfo signal injection at approximately 1 kHz above or
below the i-f for CW detection. This bfo signal is most
often generated by a separate crystal or LC oscillator to
maintain frequency stability.

Ideally we would like to pass the detected CW signal
through some type of bandpass circuit that would allow
only the 1-kHz beat note to be heard and that would
discriminate against all other audio frequencies. Tech-
niques for enhancing the CW beat note audio tones are
described in several amateur handbooks and are similar
to the single-sideband filter in that an LC system js used.
These schemes rely on peaking the 1-kHz audio tone
with tuned circuits of modest Q. Obviously, to provide
tuned circuits at these low-frequency levels the L and C
components must be physically large, which creates
packing problems. Sharp bandpass filter characteristics
are difficult to achieve using this LC filter method. To
provide narrow bandpass features at 1-kHz would re-
quire that the LC system Q be quite high. Recall that the
Q of a tuned circuit is

(2)
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where X; = 2nL and R = reactance of the coil producing
the inductance.

Since Q is proportional to L/R and both values are large
for inductors usable at the CW beat frequencies, the LC
filter is obviously difficult to implement and requires
series-tuned circuits to narrow the audio passbnad.

The circuit illustrated in fig. 2 uses the FX-60 in a
multimode bandpass arrangement whose center fre-
quency is ideally 1 kHz with the 100-Hz bandpass. (t has
a minimum relative attenuation greater than 20 dB for
all other detected audio frequencies.

This ideal center frequency and bandpass width can’t
be achieved without considerable expense. First you'd
have to use the FX-60 manufacturer’s prime-line device,
the FS-61; secondly, all the tuning resistors from pins 2
and 10 of U1, U2, U3 in fig. 2 would have to be 1%
precision resistors. The cost of such a system would be
several hundred dollars. However, if you're willing to
accept a compromise in the center frequency and a slight
increase in bandpass width, a very high-performance CW
bandpass filter can be built for one-tenth the cost of the
ideal system,

Normally the FX-60 output will fall on the low side
of the manufacuter’s nominal center frequency, which is
the reason it’s a cull unit. Using the resistance values
indicated in fig. 2, the center frequency would be ideally
1 kHz. Because the FX-80 units are on the low side, the
actual bandpass center frequency will be between
900-950 Hz. Also because of the variations between
units and the tolerance of the 5% carbon composition
resistors used for tuning on pins 2 and 10 of U1, U2 and
U3, the bandwidth will increase from the ideal (100-Hz)
to approximately 160 Hz. As with the single-sideband
filter, a high-impedance input buffer (Q1) is used, opera-
ting at unity gain. Bandpass signal amplification is
achieved using a simple class-A common-emitter
ampiifier, Q2.

An improvement in bandwidth can be achieved in the
CW filter by using matched pairs of resistors from pins 2
and 10 of U1, U2 and U3. How much improvement, of



course, depends on the accuracy of your measurements
and on your patience in selecting these resistors.

construction

The photos illustrate the construction of both the
single-sideband and CW filters. Each is assembled on a
single-sided PC board, with all components mounted on
the side opposite the etched foil pattern. Fig. 3 illus-
trates the relative component placement and all input-
output points. Generous use is made of isolation resis-
tors and bypass capacitors for both the plus and minus
12 volt bus lines of the ssb filter unit.

If the lowest practical information bandwidth is
approximately 250 Hz, then the 0.1-uF interstage
coupling capacitors are more than adequate, considering

you can be assured they've been thoroughly tested, thus
there's little chance they won’t function initially.
Because of their conservative design, these devices have
an almost indefinite life and a very small possibility of
infant mortality.

Resistors were chosen to reduce noise generation and
not for power dissipation. Total power dissipation for
both filters is in the order of a 100 mW, being concentra-
ted at the output stages of both assemblies. You may
substitute % watt or smaller resistors without concern of
thermal restrictions.

hints and kinks

Many n-channel depletion-mode, audio-type fets may
be used as substitutes for the devices in the Q1 buffer

Construction of the ssb lowpass ssb filter which uses a single KTI FX-60 active filter IC.
Operational amplifier (in TO-5 package, left) provides overall gain.

the high input impedance of successive stages. This same
reasoning applies to the power bus decoupling capaci-
tance (22 uF). You can substitute lower-value capacitors
freely without serious performance effects assuming, of
course, that the power bus ripple content is reasonably
low. The feedback control resistor for U2 is shown as a
potentiometer; however, after assembly and test, a fixed
resistor may be mounted permanently to the board in
the space provided.

Fig. 4 shows component placement for the PC
assembly of the CW filter. Note that the FX-60 is
mounted to an IC socket for the single-sideband filter
and directly to the board for the CW bandpass unit. | did
this purposely to illustrate that either assembly method
is acceptable. I1C sockets are used to allow easy device
removal should they be faulty at the time of initial
installation or fail during use. These units are culls, so

*Undrilled boards are available from the author for $3.00 each
postpaid.

stage. The 2N5458 has a modest |, value and if
alternative devices are used, they should have the same
general ratings. Units such as the 2N5459, which has a
higher |, ¢ value, will require that the source resistor be
reduced to approximately 500 ohms and that a lower-
value drain load resistor be used., This drain resistance
value can be obtained by temporarily connecting a pot
in the drain circuit and adjusting the quiescent voltage
for approximately 6 volts at Q1 drain termination. Re-
move the pot and install a resistor with a value closest to
that measured on the pot. The CW filter output stage is a
simple class-A common-emitter amplifier. Any similar
circuit arrangement and device types with which you're
familiar can be used, since the circuit is capacitively
coupled.

Two important considerations must be kept in mind
in the design of the Q2 stage. First, the FX-60 output
impedance is in the order of 100 ohms and to develop
maximum output voltage to the base of Q2, its input
impedance should be 500-1000 ohms minimum.
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Secondly, in the output stage, the ac load consists of the
collector resistor and the output coupling capacitor re-
actance together with the level-set potentiometer in
parallel with the signal. If your favorite class-A circuit is
used here, some adjustment may be required in the

The output-level adjustment allows the filters to be
used either as unity gain or preamplification gain stages.
Where preamplification is not required, the feedback-
level set on the single-sideband lowpass filter should be
adjusted for about 80% or less of the maximum voltage
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ON PC BOARD (SEE TEXT)

fig. 3. Printed-circuit layout for the single-sideband lowpass filter,

collector resistance and base bias to achieve maximum
signal output levels as a result of the added loading.

Never apply power to the FX-60 without the external
resistors attached to pins 2 and 10, or the internal
circuits will latch and functional properties will be
destroyed.

application

Table 1 summarizes the performance of both circuits.
Both filters provide considerable voltage gain, which

gain available. Adjustment at levels slightly below maxi-
mum will ensure good audio-signal stability, low noise,
and minimum distortion.

When the CW filter is used in receivers having crystal
bfo oscillators, it is necessary to first assemble the CW
filter and test its performance using an external variable
audio oscillator to determine the center frequency. This
frequency will usually fall between 900-950 Hz.

After determining the bandpass-filter center fre-
quency, a bfo crystal must be used whose frequency

% 0 e
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fig. 4. CW filter printed circuit board component assembly.

may be used to supplement or replace audio preamplifi-
cation stages in your receiver. Usual receiver detection
systems have audio output levels between 10-100 milli-
volts, depending on the type of circuits used, with subse-
quent audio amplification. As shown in table 1, the
maximum peak-to-peak output-voltage swing is greater
than 6 volts, indicating that the filter may be used at any
point within the receiver audio system between the
detector and final audio amplifier.
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corresponds to the receiver i-f and the filter center
frequency. As an example, suppose your receiver i-f is
455 kHz and the measured center frequency of your CW
bandpass filter is 920 Hz. The correct bfo crystal fre-
quency is then ,\‘! = 455 kHzt920 Hz. You have two
choices: 455.92 kHz or 454.08 kHz. Therefore the i-f
carrier can be heterodyned from 920 Hz above or below
the nominal center i-f to obtain the desired CW audio
signal.




{t is not uncommon for many receiver manufacturers
to use a single-sideband crystal bfo frequency for CW
reception. This is entirely reasonable, since the i-f pass
band might be in the order of 2.5 kHz wide. The upper-
or lower-sideband crystal is chosen to beat with the

fig. 5. Full-size printed-
circuit boards for the
single-sideband lowpass fil-
ter, above, and the CW
filter, below.

single-sideband i-f signal at £20 dB from the i-f center
frequency. These bfo frequencies will usually be slightly
above 1 kHz; perhaps 1.3 kHz in the nominal case,
which is adequate for CW detection. However, these
frequencies result in audio tones slightly higher than
desired. It is not possible to use the CW filter circuit
described here with this type of detection schéme. You
must either alter your receiver bfo crystal frequency or
use resistance values in the tuning of U1, U2 or U3 to
move the center frequency up to correspond with the
receiver crystal beat frequency. This can be done using

table 1. Performance summary of the receiver audio filters for
CW and single-sideband.

CW filter
maximum voltage >30

gain (note 1)

center frequency 1 kHz £+10% nominal
rotloff frequency N/A

parameter lowpass filter

2100 (50 nominal)

not applicable
2.5 kHz +10% nominal

1st octave relative >20dB >15 dB

attenuation

noise {(note 2) <15 mV <10 mVv
maximum peak-to- < 9V <10V

peak output signatl

(1) Voltage gain of CW filter may be increased by device and
value selection of Q1 stage. Maximum possible Q1 voltage

gain &~ 10; nominal vottage gain of Q2 stage ~ 10.
(2) Actuat noise generation depends on source-voitage ripple

content indicated relative to maximum p-p output signal with
input grounded,

the curves furnished by the FX-60 manufacturer and
trimming the resistance values to offset the center-
frequency tolerance of the particular FX-60 device
being used.

The filters can be wired so that each is selectable by a

panel switch, or each filter can be installed as an integral
part of your receiver without a switch. For CW, the
filters can be cascaded to attenuate high-frequency audio
noise. In any event, the filters should be wired to avoid
ground loops and oscillation. Isolate the PC-board
ground plane from the receiver chassis and allow the dc
return to enter the board at only one point.

Long leads carrying the input signal to the filter
should be shielded. Ground the shield to the filter
PC-board ground plane near the Q1 input and leave the
other end of the shield open. The output signal may or
may not be shielded, depending on the filter location, its
lead length, and signal level. If output shielding is used,
the shield should be terminated at the input of the
subsequent stage, and the filter output shield should be
unterminated. These wiring methods will avoid the
possibility of introducing a ground loop and will reduce
external noise pickup.

Applications of both filter units with receivers using
LC bfos may be optimized by adjusting bfo frequencies
to correspond to a) the filter pass band cutoff frequency
in the case of the lowpass unit and b} the filter pass band
center frequency for CW filter. In most cases this can be
accomplished by adjusting the single-sideband bfo fre-
quencies for maximum clarity of the received signal and
by adjusting the CW bfo for maximum amplitude of the
best tone.

ham radio
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200 meters and up

receiving converter
for
low frequencies

With this

two-transistor converter
you can explore

the fascinating world
below the a-m
broadcast band
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The story of early amateur radio has been told in 200
Meters and Down, a book authored by Clinton B. De-
Soto in 1936 and published by The American Radio
Relay League ! [t makes interesting reading and estab-
lishes the background for the scientific hobby of ama-
teur radio as we know it today.

More than fifty years have passed since radio ama-
teurs abandoned the very-low frequencies and started to
explore the spectrum above the a-m broadcast band. Just
what are the longer wavelengths being used for today?
The only way to find out is to listen. Considering that
the World Administrative Radio Conference will be held
in Geneva, Switzertand, in 1979 and that the WARC-79
task group in this country is considering a proposal for
an amateur band in the 150-200 kHz region,? it seems
appropriate that the experimentally inclined amateur
should be exploring the low-frequency radio spectrum.

This article presents construction information for a
simple solid-state converter that can be used with any
good-quality communications receiver to tune the fre-
quency spectrum below the a-m broadcast band.

frequencies available for communications

The FCC permits the use of nonlicensed transmitters
in certain parts of the medium- and low-frequency radio
spectrum. Section 15, paragraph 15:203, permits the use
of a 1-watt transmitter and a 50-foot {15.2m) antenna*®
between 160 and 190 kHz. Paragraph 15:204 permits
the use of a 100-mW 1transmitter and a 10-foot (3m)
antenna®™ in the range 510-1600 kHz, which includes the
a-m broadcast band in the United States. Any trans-
mission mode can be used on these frequencies as long as
any emissions outside the band edges are suppressed 20
dB below the unmodulated carrier,

background

For the past six years ['ve been experimenting with
these frequencies for communications use, and as of this
writing my 189.7-kHz beacon ‘K’ is regularly copied by
an amateur in Riverhead, Long lsland, New York, some
90 miles distant. My 157%-kHz beacon is copied by

* Antenna tength also includes the length of any feed line.

By Ken Cornell, W2IMB, 225 Baltimore Avenue,
Point Pleasant Beach, New Jersey 08742




another amateur in Lincroft, New Jersey, 18 miles away.
Not bad for QRP with mini-antennas!

For listening on the medium-, low- and extra-low
frequencies, a good receiver is desirable. While there are
many usable surplus receivers on the market, they still
command a fair price and in many cases require conver-
sion surgery. Converters for vhf and uhf are common,
and the same basic heterodyne logic can be applied for
the lower frequencies (see fig. 1).

The main purpose of this article is to review and
update a converter described in reference 3. This conver-
ter uses two pnp transistors, one as a mixer and the
other as a crystal-controlled {ocal oscillator. It's designed
to work with a receiver tuning the 80-meter band and
uses a 3500-kHz crystal.

In this case, 10 kHz will appear at 3510 kHz and 500
kHz at 4000 kHz on the receiver dial. A 1-kHz fre-
quency readout or better, depending on the receiver
tuning accuracy, can be obtained through the tuning
range. The only coil that must be changed is the anten-
na-to-mixer input coil. This coil and its tuning capacitor
must provide a resonant circuit through the converter
tuning range.

My Riverhead, Long Island, New York anchor man
uses this converter with his Drake R4-A receiver, and his
reception reports of experimenters using the
160-190-kHz band are outstanding. My receiver for the
lower frequencies is an HROS5TA1. | have all the coils
for reception from 50 kHz to 30 kHz. | also use a
Central Electronics model DQ Q-Multiplier and a Heath
panadaptor as accessories.

My type of experimentation required a receiver that |
could use for portable work with a 12-volt battery, so |
duplicated this converter and made minor revisions so
that it would work with my Yaesu FT-101 transceiver. |
was quite pleased with its performance. | am also making
some experiments in the 7-10 kHz range, which the
HRO doesn’t cover, and the converter does a good job
there as well.

tuning capacitor

The only complicated construction for this converter,
as detailed in reference 3, is the rf tuning capacitor. It
calls for two 3-gang variables with the stators wired in
parailel. The two -eapacitors are mounted side-by-side
using dial cords for tuning. Such construction could tax
the patience of the most experienced amateur.

This problem can be resolved in two ways. One is to
obtain a 5-gang surplus variable capacitor.* These capaci-
tors appear to have a total capacitance, with the stators
wired in parallel, of 2000 pF. The capacitors | obtained
have a 3/8-inch (9.5mm) diameter shaft. | purchased
some 3/8-inch (9.5mm) female-to-%-inch (6.5mm) male
shaft reducers from Lafayette Radio (part no. 32-64165)
to accommodate a common dial to mount the capacitor
behind the panel.

*| obtained mine from Ralph Sanserino, 8422 Crane Circle,
Huntington Beach, California 92646. A similar capacitor is
offered by Fair Radio Sales, P.O. Box 1105, Lima, Ohio 45802.

The other way is to use the largest variable capacitor
you can obtain. If it's the common BC-set type, a rotary
switch can be used to shunt fixed capacitors across the
variable capacitor to increase its range, otherwise many
more coils will be required through the 10 to 500 kHz
range. An estimate is that, with a 400-pF variable, you'd
need about a dozen coils in this case.

improved converter

| used the converter as is for some time but decided
to make some circuit changes to permit more flexibility.

MIXER
f 3

fig. 1. Basic converter hetero-

dyne logic. f; is the desired ]
received-signal frequency, f2 2
the local-oscillator frequency.

f3=frefrerfrzfs=1,

T0
RECEIVER

LOCAL
(OSCILLATOR:

To achieve this flexibility, | changed the local-oscillator
circuit to a Pierce type and used a Motorola HEP-802 fet
transistor, which eliminated the need to change the
oscillator coil to suit the crystal frequency. The mixer
output coil is a plug-in type. The circuit of my revised
converter is shown in fig. 2.

construction

Because of the large size of the rf tuning capacitor,
which is 6 inches long by 3% inches high by 2% inches
wide (156x9x6.5cm), all thoughts of miniaturization were
abandoned. | made a plywood box 10% inches wide by 8
inches deep by 8% inches high (27x20x22cm) that con-
tains the converter, which is built on a baseboard. The
panel is black plastic, and the cover is hinged for access
to the interior and also has a carrying handle. Except for
the input tuned circuit, all components are mounted on
a small piece of copper-foil board located on the right-
hand side of the rf-tuning capacitor, which is centered
on the base. Sufficient space is available on the base-
board and panel for mounting coils and switches. The
space on the left-hand side of the rf tuning capacitor
contains an audio filter for extreme selectivity.

The secret of success with this converter is the anten-
na-to-mixer input tuned circuit (C2, L1, C3), which is a
pi network. It must be resonant at the received-signal
frequency for maximum sensitivity. Thus constant
peaking of capacitor C2 is necessary as you tune through
each L1 coil range.

coils and switching arrangement

The simplest method for mounting L1 is to make it a
plug-in coil, or a more complex method is to mount the
coil on a suitable base and wire each pie to a rotary
switch on the panel. | used a combination of these
methods in the converter shown in fig. 2.

On a coil-winding machine | wound a series of five
pies on a 3/8-inch (9.5mm) diameter dowel.* Each pie
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contains 50, 100, 150, 200, and 300 turns of 18/42 Litz
wire. The winding is continuous and a tap is provided
between each pie.

| used a two-gang, eight-position rotary switch wired
in the following manner for L1: One gang of the switch
was used in the first five positions for this coil. The sixth
position was wired to a plug-in coil socket, and the
seventh position was wired up through the second gang
of the switch to a pair of binding posts. These binding
posts permitted the addition of fixed capacitors across
the plugin coil, assuring the ultimate in tuning flexi-
bility, especially in the extra-low-frequency ranges.

A suggestion for plug-in coils, if desired, is to mount
them on a dual banana plug, a common item available
from most radio-part suppliers. These plugs can be
stacked, so that you can use one plug with a capacitor
connected across the pins, and when plugged into the
permanent socket, the plug containing the coil can be
plugged into the capacitor plug. This makes for a flexible
arrangement to obtain various LC ratios.

checkout

After the converter has been assembted and checked
for wiring accuracy, use your vom to check coil continu-
ity and possible short circuits, such as a bad bypass
capacitor. Apply power and check the local-oscillator
frequency on your receiver for reliable operation. In my
case, a sluggish 3500-kHz crystal (FT-243 type) would
start oscillating only when | pinched the crystal between
my fingers — | later found that if | placed a small value
of capacitance between the Q2 gate and ground, the
crystal would trigger right off. | used an Arco/Elmenco
no. 120 {1-12 pF) and adjusted it for optimum per-
formance (This capacitor is C7 in fig. 2).

The number of stations that can be heard on ‘200
meters and up’’ are too numerous to list here, but the
jow end of the a-m broadcast band will provide signal
sources to check out the medium frequency portion of
the converter. For low frequency, look for WGU-20 on
179 kHz. This is the first of several planned civil defense
preparedness stations. It is located in Chase, Maryland,
and gives Eastern mid-Atlantic weather reports and
accurate time. There is also TUK on Nantucket Island
{194 kHz) and SFI in San Francisco on 192 kHz. On
extra-tow frequency, various Omega navigation stations
are scattered around the world (13.6 kHz).

in conclusion

The major problem when using a converter with an
auxiliary receiver is fundamental frequency feedthrough.
This is because the receiver is trying to do the job it was
designed for, and if the converter is not well shielded
and an unshielded wire connection between converter
and receiver is used, feedthrough can occur if strong
stations are in your area. While | have had no serious

*The Morris hand-operated coil-winding machine, complete with
all gears and cams, is available from Lafayette Radio Electronics,
111 Jericho Turnpike, Syosset, Long Island, New York 11791.
Catalog number 32-F-87018.
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ANTENNA 1]
(SEE_TEXT)
PHONO JACK
OQUTPUT TO
RECEIVER
stmns
POSTS
&
-- +9-12VDC
c7 ¢ ‘g
0~ $-12V0C

BINDING
Q2 LOCAL OSGILLATOR POSTS
HEP-802

Vo
Cl1 0.01 uF {(most any type)
c2 2000 pF variable (see text)
C3 0.02 to 0.04 uF disc ceramic
(experiment with value for best results)
[of:3 0.005 uF disc ceramic
C5 Arco/Elmenco 422 trimmer or equat
should be adjusted for best performance
C6 Arco/Elmenco 403 trimmer or equal
shouid be adjusted for best performance
c7 see text
cs8 0.1 uF disc ceramic
L1 target value for inductances
(See text):

5-11 kHz 0.28 H 50-100 kHz 3.5 mH
10-20 kHz 100 mH 90-200 kHz 1 mH
18-38 kHz 25 mH  150-350 kH2z 350 uH
30-70 kHz 10 mH  250-550 kHz 120 uH

L2 80-90 uH for 80 meters. Loop stick
for BC band

Q1, Q2 Motorola transistors, but substitutes
will work as long as npn tr, is used
for Q1 and an fet for Q2

rR2 . 50-100k; 82k nominal

Y1 3500 kHz is used for the 80-meter
band but other crystals can be used
to suit your heterodyne logic (fig. 1)

fig. 2. Schematic of a medium-, low-, and extra-low-frequency
converter for use with an amateur communications receiver.

problem on 80 meters, | believe I'll have to line the
inside of my wood cabinet and plastic panel with alumi-
num foil if | use the converter with a broadcast receiver.

A wave trap can also be used to attenuate an inter-
fering signal. This trap is nothing more than a coil with a
variable capacitor across it. The trap is placed in series
with the antenna and is located as close as possible to
the converter.

references

1. Clinton B. DeSoto, Two-Hundred Meters and Down, Ameri-

can Radio Relay League, 1936 (reprints are available from the

ARRL).

2. ""Presstop,”’ ham radio, November, 1975, page 6.

3. William H. Fishback, W1IKU, “A VLF Converter for Commu-

nications Receivers,”” QST, September, 1968, page 18. .
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electronic bias switch

for
negatively biased
amplifiers

This circuit

is designed for the
Heath SB-200

but can be adapted
to any linear amp
using negative

bias voltages

Several excellent articles have appeared recently in the
amateur literature describing automatic electronic bias
switching of linear amplifiers. Bryant! published an
article in QST describing the use of electronic bias
switching in the ETQO Alpha 77 amplifier. Also included
was his adaptation of the circuit for use with the Heath
SB-220 linear amplifier. Gonsior? published an article in
ham radio describing his refinements of the Bryant cir-
cuit to allow for controlled rise and fall times to create a
softer switching action on the bias circuit.

Realizing the importance of electronic bias switching
for conservative amplifier operation, | adapted these
techniques to the Heath SB-200 linear amplifier, which
uses negative rather than positive bias voltages. Amplifier

efficiency is enhanced using electronic bias switching,
because no power is dissipated under no-signal condi-
tions.

system operation

The Heath SB-200 is designed for linear class-B opera-
tion. During the transmit mode the amplifier output
tubes, type 572B, are biased with -2 volts on the grids.
This bias voltage allows 90 mA of plate current to flow
under no rf drive conditions. With 2400 volts on the
572B plates, the quiescent power consumption is nearly
240 watts continuous. Thus the tubes must dissipate this
power under no-drive conditions, creating heat that
doesn’t contribute to amplifying action. If the tubes are
completely cut off when no rf drive is present the plate
current would be zero. Hence, the power dissipated
would be zero under no-signal conditions. This is the
purpose of the electronic bias switch.

Fig. 1 is a block diagram of the switch, along with the
SB-200 bias circuit. The SB-200 uses negative grid
voltage to bias the tubes, whereas the SB-220 uses posi-
tive cathode voltage to bias the amplifier for linear
operation. The electronic switch senses the presence of
rf drive voltage and switches on the class-B bias voltage
only when drive is present. With no rf drive, the tubes
are cut off by a large negative voltage, and plate current
ceases to flow. The electronic switch is very fast and
responds to very small rf input voltages. By introducing
a small delay into the switch action, a softer on-off
action can be created, which results in a softer sound at
the receiving end.

Fig. 2 shows the electronic switch circuit used with
the SB-200. The circuit is very similar to that described
by Gonsior.2 There are two major differences, however,
between this circuit and those published previously.
First, negative voltages are controlled in the SB-200
rather than positive bias voltages. Thus, the circuit must
be connected in an opposite manner to the previous
designs. Second, the circuit must be connected so that
the rf input has a good rf path to ground. This is the
reason for the 0.001 uF capacitor across the transistors.
The negative voltages switched are about -150 Vdc
maximum,. The transistors were chosen to withstand

By F. E. Hinkle, WABKPG, I/0 Engineering, 9503
Quail Trail, Austin, Texas 78758
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these voltages without the need for additional crowbar
protection as developed by Bryant.] Almost any high-
voltage transistors may be substituted if care is used to
ensure that the maximum voltage ratings are not
exceeded. These transistors are Motorola devices and
cost less than $2.00 new. The capacitor across the

fig. 1. Diagram showing
interface of the elec-
tronic bias switch with
the Heath SB8-200 amp-
lifier. Circled points A
and B are connections
to the circuit-board
schematic of fig. 2.

5728

il

The circuit of fig. 2 was built on a small piece of
Vector board. The board was then attached to a piece of
aluminum strip about 2 inches (51mm) longer than the
circuit board and formed as shown in the photo. The
aluminum strip was then attached to one of the trans-
former-mounting screws protruding below the chassis. A

5728
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ANTENNA RELAY
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collector-to-base junction of Q1 is an integrating

capacitor in the Miller feedback principle. This capacitor
value may be adjusted to reduce the turn-on time of the
switch.

S$B-200 modifications

The photo shows the electronic bias switch as
installed in an SB-200 amplifier. The location of the
circuit board was chosen to permit the use of one of the
wires removed during modifications. Using the following
procedure, only two wires need be removed from
SB-200 terminals and one wire added. No holes were
drilled into the chassis, and the original circuit can be
reconnected in a matter of minutes.

ELECTRONIC BIAS SWITCH
FOR NEGATIVE BIAS VOLTAGES

RF INPUT
JACK

new nut was used to fasten the aluminum strip to the
bolt. The yellow wire from the rf relay coil was then
removed and attached to the pair of 56-ohm resistors as
shown in fig. 2 at point A. The removed yellow wire was
located on the relay coil terminal nearest the edge of the
chassis (lower left corner of the photograph).

The yellow wire in series with the 33-ohm 1-watt
resistor located at the Ant Relay jack was removed next
(see fig. 1). A piece of spaghetti tubing was placed over

TO NEGATIVE

BIAS POINT
56 56
72w 2w

vle]]
1 hY
CERAMIC

COAX TO o
LAy ZorLecTon
CONTACTS ok s 47k (CASE)
mica Shov 2N3739
BOTTOM VIEW
T0-66 CASE
coax - cHASSIS
GROUND ONLY /7]7
THIS END GROUND

fig. 2. Schematic of the electronic bias switching circuit for the Heath SB-200 amplifier, Components are mounted on a
piece of perf board, which fits into an unused space below chassis. No holes need be drilled. Only two wires are removed
from terminals in the SB-200 and one wire added to make the modification.
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Underchassis view of the SB-200 showing addition of the electronic bias switching circuit. Circuit board is mounted onto an
aluminum strip, which is bolted to one of the transfromer mounting studs.

this yellow wire since it isn‘t needed. A new wire was
then soldered onto the terminal from which the second
yellow wire was removed. This new wire was then
attached to the relay coil terminal just vacated. The
Antenna Relay jack will now operate the rf relay coil
but not the bias circuits.

A small piece of coax was then soldered between the
circuit board and the rf relay contacts (point B, figs. 1
and 2). These contacts will have the /input rf present on
them when the relay is energized. The relay lug to which
the coax was connected was the one nearest the top of
the photograph, second from the top of the relay. Rf
energy should be fed to the circuit board only if the
relay is energized. The circuit board ground wire was
attached to the aluminum strip but could be attached to
any convenient ground lug.

operation

Proper operation of the electronic bias circuit is easily
identified. Turn on the amplifier. If there is no rf drive
from the transmitter, the amplifier plate current should
be zero, indicating that the amplifier is biased to cutoff.
Place the transmitter in the tune position. With the small
amount of rf present at the output, the electronic bias
switch will detect the rf and apply class-B bias voltage to
the amplifier. The plate current should be 90 mA. As the
rf drive is increased the plate current will increase as
usual. When rf drive is removed the plate current should

again decrease to zero. The amount of rf-drive voltage
necessary to enable the bias switch is about 2 volts.

When the transmitter is placed in the ssb mode, with
no speech, the plate current will be zero. With speech
the plate current will increase in accordance with the rf
driving voltage.

The electronic switch will respond to very small
voltage levels, so it's mandatory that the ssb carrier be
suppressed sufficiently. If an indication of amplifier
plate current is present in ssb mode with no speech, the
transmitter balanced modulator should be checked for
proper carrier suppression in accordance with the
manufacturer’s specification.?

Although the circuit modification was for the SB-200
linear amplifier, there is no reason why it would not
function in other amplifier designs which use negative
voltages for biasing. References 1 and 2 should be
consulted, however, for more insight into the operation
of the bias switch and possible applications to other
amplifier designs.

references

1. J. A, Bryant, W4AUX, "Electronic Bias Switching for RF Power
Amplifiers,”” QST, May, 1974, page 36.
2. M. Gonsior, W6FR, "Electronic Bias Switching for Linear
Amplifiers,” ham radio, March, 1975, page 50.
3. Heathkit Assembly Manual, SB8-200, Heath Company, Benton
Harbor, Michigan.
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test-message generator

Tired of fighting

the cumbersome old

fox box? Here's a compact,
lightweight replacement
using TTL logic

and a mos

read-only memory chip

RTTY buffs are familiar with the “fox box’’, a large,
heavy electromechanical machine complete with
commutator that generates the test message, “THE
QUICK BROWN FOX JUMPS OVER THE LAZY DOG
1234567890." The disadvantages of this monster are
well known, but when it came to testing a TTY machine
for each function, the old fox box was a necessity.

This article describes a successor to the fox box that
weighs only a couple pounds and is designed for the four
popular RTTY speeds of 60, 67, 75 and 100 wpm. It
generates “THE QUICK BROWN FOX JUMPS OVER
THE LAZY DOG 1234567890 DE."” Someone more
ingenious could probably figure out a way to insert a call
sign; this feature was not included, because this unit is
normally used on a local loop with no requirement for a
call sign.

A schematic of the test generator main frame is
shown in fig. 1. It is designed around the MM5220DF
“quick brown fox generator,"” which is one of a series of
preprogrammed read-only memory (rom) ICs by
National Semiconductor, Inc. All logic in the test gener-
ator is TTL except for the MM5220DF IC, which is a
mos device. All parts can be easily obtained except the

By Ken Ebneter, K9GSC, and Jim Romelfanger,
K9PKQ. Mr. Ebneter may be reached at 117% 4th
Street, Baraboo, Wisconsin 53913; Mr. Romelfanger’s
address is 822 Wauona Trail, Portage, Wisconsin
53901.
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fig. 1. Schematic of the solid-state replacement for the old electromechanical “fox box." Design is based on National Semiconductor's
**‘quick brown fox generator,’ a mos read-only memory chip. The other devices are TTL ICs.

MM5220DF. This device can probably be obtained from
any National Semiconductor distributor or from Taylor
Electric Company.”

circuit description

clock. This simple circuit was burgled from the Micro-
TO Keyer! with some obvious modifications, fig. 2. It

View showing power-supply components.

delivers a very sharp negative-going pulse train, which is
TTL compatible. Four series resistors and 10K trimpots
set the various baud rates. The clock can be adjusted for
the proper speed by connecting a frequency counter to
the clock output and setting the four trimpots for the
desired baud rate as chosen by rotary switch S2; i.e.,
45.45 for 60, 50.0 for 67, 56.88 for 75, and 74.2 for
100 wpm.

main frame. The clock drives the binary counter chain
consisting of U2-U4. U2 is connected as an 8-bit divider.
In addition to feeding the remainder of the divider
chain, U2 output is also fed to U5, a one-shot that
provides a load pulse for output shift register U10, U11.
Counters U3, U4 provide the six address lines for the
mos |C. The outputs from the counters must first be
changed from TTL level (positive logic) to mos-
compatible levels (negative logic). This is done by using
gates U6, U7 and 3.0k pullup resistors. For each of the
64 different addresses, a different output word will
occur, consisting of a Baudot letter or function. The mos
output is buffered back to TTL level by gates U8, U9.
Parallel data from the memory is fed to shift registers
U10, U11 along with a hard-wired start pulse (space) and

*Taylor Electric Company, Industrial Sales Division, Post Office
Drawer 11N, Milwaukee, Wisconsin 53201. (Latest price quote is
$18.00).
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fig. 2. Clock/circuit schematic for the RTTY test-message genera-
tor. Desired baud rate is selected by the rotary switch for the
four popular RTTY speeds.

two stop pulses (mark) to be run out in serial form by
the clock pulses. This action produces a stop pulse
slightly longer than normal. The information from the
read-only memory is loaded into the shift register by Ub
during the time of the hard-wired start pulse.

When reset/run switch S3 is in reset, the 7493
counters are reset to zero, and the output shift register is
allowed to run in a steady mark condition. When S3 is in
the run, the counters begin to count the 64 different
conditions for the address lines of the ROM with the
74121 one-shot loading the shift registers with each new
output from the ROM. The first two outputs produce
carriage returns, CR, and the final count, 63, produces a
letter shift. The counter will return to zero and start a
new line until the switch is flipped to reset or until the
printer runs out of paper. {(Actually, the printer won't
stop, which could be rough on its platen).

Q9
40407
(HEP 243)

CR3

2100 233K
:
05 2w
HEP 244
M
a6
YoTIL i
(FCD 810)

+5v

CRI, CR2 PANEL LEDs
CR3 6-VOLT ZENER, HEPZ047
CR4-CRT HEPI70 OR M2.5A

fig. 3. RTTY test-message generatar output circult, which is
designed for standard 20- or 60-mif \oops running at 100 volts
minimum. Bridge voitage is high, so the M2.5A or equivalent
diodes should be used.
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output. The output circuit (fig. 3) is designed for
standard 20- or 60-mA loops running at 100 volts mini-
mum. It will not work with the so-called low-voltage
loops. The diode bridge allows the loop to be connected
with either polarity. Be sure to use diodes such as the
M2.5A or equivalent, as the voltage will be high. Zener
diode CR3 (5.6 volts) prevents the voltage from ava-
lanching the opto-isolator. The opto-isolator can be an
FCD-810, available from HAL.* The LEDs (optional)
are for mark-space indication and are mounted on the
control panel to indicate whether the system is in stand-
by or run mode.

120v-60Hz fig. 4. RTTY test-message generator
power supplies. Two are required to
accommaodate the TTL logic and the mos
read-onty memory IC.

OIyF OpF
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IRV 7 1V
s CRI-CRB M2.5A

CR9, CRIO 12V ZENER,

HEP 20415

FUSE

3

300 (W

LM309K T+5v
M

1000 1000

WF HF

35v 3s5v

power supplies. Since both TTL and mos ICs are used,
two power supplies are required; one for the TTL (plus
5V) and one for the mos lagic {plus and minus 12V), fig.
4. For the 5-volt supply we used a 6.3-volt filament
transformer. At the low-current drain of the TTL chips,
the LM309K reguiator works fine. However, it might be
prudent to use 12 volts ac in the bridge for the 5-volt
supply to make the LM309K work a little harder and
provide somewhat better regulation,

The 12-volt supply, as shown, was used because it was
simple. A center-tapped transformer could have been
used but it would have required more components. The
MM5220DF seems to be quite happy with the slight
amount of ripple obtained with only 500 uF of filter.
Use good-quality 12-volt zeners to ensure proper opera-
tion of the ROM. In both supply bridges, M2.5A 1kV
2.5A diodes were used because they were available.

*HAL Communications Corporation, Box 365, Urbana, Illinais
61801.

reference

1. Chet Opal, K3CUW, “The Micro-TQ Keyer,” QST, August,
1967, page 17.
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made its debut, with unique and exciting operating
advantages made possible by full solid-state technology.

At the moment, there are over 7,500 solid-state TEN-
TEC transceivers in service in nearly every Free-world
country. We are acknowledged, we think, to be the
World's Most Experienced Designer of Fully Solid-State
HF Transceivers. And there is no short cut to design

perfection.
Since 1969, the year in which TEN-TEC introduced

the first solid-state HF transceiver, progress has been It is notably significant that TEN-TEC is the only

rapid. It was in this year that we praduced the POWER-
MITE which triggered the booming QRPp activity. Two
years later, the ARGONAUT followed, demonstrating that
Ham Radio can be more than just push-button com-
munication.

Then, in 1972, a break-through — the 100 watt 405"
solid state linear amplifier which requires but two watts
of rf drive power. And in 1973 the 200 watt TRITON

Argonaut

SSB/CW 5 watts inpul. Fully solid-slate.

Titore I

SSB/CW 200 watts inpul. Fully solid-state.

More Details? CHECK—OFF Page 126

“405” Linear

manufacturer that has placed a five-year pro-rata war-
ranty on output transistors — with an unlimited guaran-
tee the first year against failure from any possible cause
under normal operating conditions.

You can put your full trust in the integrity of design,
quality, craftsmanship and performance to specifications
of any TEN-TEC product. Year after year after year . . .
See your local TEN-TEC Dealer, or write for full details.

100 watts input. Fully solid-state.

e

TEN-TEC
SEVIERVILLE, TN. 37862

EXPORT:5715 LINCOLN AVE.
CHICAGO, ILLINOIS, 60646
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practical
considerations in

Construction and
alignment techniques

for building crystal filters
that approach
commercial standards

The principles of crystai-filter operation are weil docu-
mented in the amateur literature; some excellent sources
are found in references 1 through 3. In this article we'll
explore the practical aspects of crystal filters, and show
how they can be built with available crystals without
resorting to sophisticated test equipment.

crystal selection

To the best of my knowledge only two sources of
inexpensive high-frequency crystals are available: the
surplus market and aviation equipment in which, until
the late 1960s, crystals were used in large quantities.
Frequency synthesizers have changed this situation,
because today a single (or few) crystals control many
different frequency channels,

The source of crystals is further narrowed because
only those in type FT-243 holders should be used for
the filters described here. These holders are sturdy and
their construction permits convenient removal of the
crystal for grinding. HC-6/U holders can’'t be easily
opened for grinding in the home workshop. Crystals in
HC-6/U holders can be used for the filters described
here, however, by selecting those that will match the
filter design requirements, which are discussed later. In
any event, you should have a large quantity of crystals
to choose from before beginning this project to ensure
finding crystals that will match with satisfactory accu-
racy.

design example
Let's assume that a number of FT-243 crystals are
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crystal-filter design

available of equal nominal frequency. A crystal filter is
to be built around these crystals. Whether the filter is to
be used in a receiver i-f setup or in a transceiver is
another matter. | recommend consulting references 4
and 5 in advance to make sure that the crystal-filter
center frequency [which sets the i-f) will lead to a
conversion scheme that will be as free as possible from
spurious response.

The first step in selecting the four crystals used in the
filter is to make sure they're as electrically similar to
each other as possible. My standard procedure is to
select crystals from the same manufacturer which are
designed for the same parallel capacitance of the crystal-
oscillator basic circuit. By so doing, | enhance the
probability of ending up with crystals that are close
relatives rather than distant cousins — a precaution that
makes some of the later design steps easier.

activity check

Given the same oscillator circuit, some crystals have
higher output than others. Your available crystals should
be classified by grouping together those of approxi-
mately equal activity. This is easily done by inserting a
meter in the collector circuit of the oscillator shown in
fig. 1. Higher-activity crystals will show higher meter
readings.

Next comes the frequency selection of the four

- crystals to be used in the filter circuit of fig. 2. From an

electrical standpoint, the best procedure to find the
pole-zero spacing is that reported in reference 2. How-
ever, the purpose of this article is to make matters as
simple as possible, so we'll resort to another method.

crystal-frequency selection

To check the crystal resonant frequency using the
circuit of fig. 1, the signal from the osciliator is injected
into a frequency counter. If a counter isn’t available, a
communications receiver with a calibrated dial will do.
What is recommended in the latter case is to read the
crystal oscillator harmonics at as high a frequency as the
receiver can cover. If, for example, the receiver goes to
30 MHz and the crystal fundamental frequency is 5.5
MHz, the harmonic at 5.5 x 5 = 27.56 MHz should be
used. By so doing, the accuracy of the frequency read-
out is improved. Keep in mind that all we're concerned

By Jack Perolo, PY2PE1C, Caixa Postal 2390, Sao
Paulo, Brazil



with is the difference in the resonating frequency of the
oscillator-crystal combination when changing from one
crystal to another. In other words, it is a secondary
matter for this purpose if one crystal resonates at, say,
5,601.600 kHz or at 5,502,300 kHz; what really matters
is to establish exactly how much higher or lower the
resonating frequency is of crystal A vs A:BvsB'.

Using this technique | have observed that, for a
spacing of resonating frequencies of about 1.3 to 1.6
kHz, the resulting filter bandwidth (at -6 dB) is 1.8 to
2.1 kHz. Using a resonant-frequency spacing of 2.0 to
2.2 kHz, a suitable ssb filter can be obtained with a
bandwidth at -6 dB of 2.5 to 2.7 kHz.

Referring to fig. 2, two matched pairs of crystals are
needed for this type of filter. Using the technique just
described, choose two crystals of like manufacturer, like
nominal parallel capacitance (for the circuit), like
activity, and like resonant frequency. The last require-
ment is the most difficult to achieve. | consider two
crystals to be matched when, after meeting the first
three requirements, they resonate in the same circuit
with a maximum difference of 25 Hz. If this criterion
can’t be obtained with the crystals at hand, then one of
the crystals must be ground, as outlined below.

If you're lucky, or have a large selection of crystals to
start with, chances are that the four crystals needed for
the filter can be obtained simply by proper selection
without any grinding at all. If this seems possible, even
though the filter bandwidth may end up slightly differ-
ent from that required, | strongly recommend using the
selected crystals to avoid grinding. Crystal grinding is an
extremely delicate operation that's bound to cause some
disappointment at the beginning.
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The crystals must be matched pairs, so always start
grinding the crystal of the planned pair that resonates at
the lower frequency. The grinding operation /ncreases
the crystal resonant frequency.
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fig. 1. Oscillator circuit recommended for checking crystal
activity and resonant frequency when choosing matched crystals
for the filter.

Let’s pick a numerical example, assuming the follow-
ing crystals are available to build the filter:

A. 5501.267 kHz
5. 5501.291 kHz
C. 5502.018 kHz
D. 5502.326 kHz
k. 5502.120 kHz
I. 5501.914 kHz

Crystals A and B differ by only 24 Hz, so they need no
further processing. If they were not matched, crystal A
would be ground to move its resonant frequency closer
to that of crystal B. If you're shooting for a difference in
resonant frequency of 1.5 kHz for example, crystals D
and E are recommended as a starting point. They should

Closeup of the four crystals and coupling coil installed on the aluminum plate. Note matching resistor under plate at right. Crystals and
coil can are fastened in place with epoxy cement.

november 1976 35



be ground to resonate at (5501.267 + 56501.291 kHz)/2
+ 1.500 kHz = 6502.779 kHz £12 Hz.

grinding procedure

Begin by preparing a scratch-free glass plate about 6 x
6 inches in area by about %-inch thick (152 x 1562 x 6
mm). Wet the top surface of the glass with water and

ground further, If its frequency is higher than this value,
the crystal grinding was too extensive and this crystal is
no longer useful for this particular filter. Select another
crystal and repeat the process, reducing finger pressure
and the number of strokes.

The procedure should be repéated until the crystal
resonates at the desired frequency; then the second
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fig. 2. Schematic of the crystal filter using two matched sets of surplus crystals, together with input and output isolating stages. A pair of
crystais are considered matched when they resonate in the same circuit with a maximum frequency difference of 25 Hz.

add a small amount of abrasive powder, 400 mesh or
finer (available in hardware stores). Remove the crystal
from its holder and, by gently applying pressure with
one finger, move the crystal in a circular motion on the
prepared surface of the glass plate.

It is extremely important that perfect parallelism be
maintained between both sides of the crystal. After a
few circular strokes, turn the crystal 90 degrees, apply
the same number of circular strokes, and continue until
the crystal has completed a full turn (360 degrees). Try
to maintain the same finger pressure during each 90-
degree segment of the grinding operation. Do not turn
the crystal over during the grinding operation.

The ground crystal must now be washed in clean
water and dried. Lay the crystal on a piece of absorbent
material until all moisture evaporates. Next, clean the
crystal again in a petroleum-derivative solvent; this oper-
ation ensures removal of any residual oil that may have
been left on the crystal by your finger. Dry the crystal in
open air and reinstall it in its original holder, taking
pains to avoid touching the crystal surface with bare
fingers. Use a pair of tweezers for this operation.

Check the crystal resonant frequency again, using the
same original oscillator circuit and receiver setup. If its
frequency is below 5502.779 kHz, the crystal must be

fig., 3. Bifilar-wound

coupling coil for the two 2
pairs of crystals used in the
filter. For filters in the 5 to
6 MHz range, the coil con-
sists of 7 + 7 turns of no.
28 AWG (0.3mm) enam- ;
eled wire on a 10.7-MHz i-f L
transformer with a slug diameter of 3/32 inch (2.4mm).

N
-
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crystal should be ground until its frequency matches its
selected mate. In this process, more abrasive powder
should be added if necessary. Two recommendations are
in order at this point:

1. As the selected frequency approaches the desired
value, a single stroke in the grinding operation can ne-
gate hours of work. The idea is to proceed slowly, avoid
getting tired, and try to retain a parallel relationship
between both sides of the crystal during grinding. You
may have to remove and reinstall the crystal into its
holder many times before satisfactory results are ob-
tained.

2. If the crystal before grinding resonated at, say,
5502.390 kHz and after grinding its resonant frequency
decreased to, say, 55601.920 kHz, then the crystal upper
and fower surfaces have become out of paraliel. You can
either discard this crystat and start again from scratch, or
if you want to recover the crystal, its thickness should
be measured and the crystal should be ground until
parallelism has been restored, bearing in mind that
grinding causes the crystal frequency to increase.

Grinding a crystal out of parallelism to decreasé€ its
frequency is not recommended, as crystal activity will be
decreased. Furthermore, the chances of obtaining spur-
jous response from the filter are increased.

filter assembly

Matching the four crystals in two pairs is the most
time-consuming part of the project. The crystals must be
assembled on a subchassis together with the coupling
coil. | use an aluminum plate measuring 1 x 3 x 1/8
inches (25 x 76 x 3 mm). The crystals and coil are
fastened in place with epoxy cement. The coil must be
bifilar wound, with as close coupling as possible. If the




coils are wound simultaneously, the connections shown
in fig. 3 should be made to obtain the desired bifilar
configuration. To ensure close coupling, the coil should
have a slug of the “closed cup” type, or a toroid should
be used. Tuning a toroid is more critical, and that’s why
| prefer the closed-cup variety.

filter alignment

Different precautions must absolutely be taken if the
filter is to perform comparable to commercial units. The
crystals must have been thoroughly cleaned after the
grinding procedure, or else the filter will perform errat-
ically as a function of time.

The input and output leads should be as short and
rigid as possible a change in length of the input and/or
output leads will cause the filter to have a dramatically
different bandpass response. To avoid this problem, |
install the filter over a printed circuit board with isola-
ting stages before and after the filter. By so doing, I'm
assured that filter alignment will remain steady over the
years and remain independent of filter application.

Whatever convenient setup is used, filter alignment
can be made using different approaches. Evidently the
best is to use a signal generator and a scope with a sweep
system so that filter response may be directly displayed
on the scope and adjusted accordingly. Since this is a
rather sophisticated technique requiring some expensive
test equipment, | assume that those who have a scope
also know how to use it; consequently no description of
this option is given. Instead I'll describe an easier align-
ment procedure, although it’s more time consuming.

The setup of fig. 4A is recommended for the filter
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fig. 4. Setup for filter alignment. The setup at A is the recom-
mended arrangement; an alternative method is shown in B. In
both cases the vfo should be stable and accurately calibrated.

alignment. If no vfo is available with the required fre-
qgquency and stability output, a suitable alternative
method is shown in fig. 4B.

The approximate center frequency of the filter
should be determined, then filter response should be
determined by varying the vfo frequency +3.0 kHz
around the center frequency. This operation should be
performed at 100- or 200-kHz increments, recording the
vfo reading and the corresponding meter reading on
paper in each case. If a calibrated vfo isn‘t available, its
frequency can be determined with good accuracy by
using the technique previously described for determining
the frequencies of the crystals.

Crystal filter installed on a printed circuit board, complete with an isolating stage ahead of i-f (with a 3N140 transistor) and another
following it (with a BF115 transistor). Pillars support the whole assembly.
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fig. 5. Bandpass characteristics of a 5645-kHz four-crystat filter
built by the author using the technique described in the text.
Freq y differ in the two matched pairs were 6 and 14
Mz, respectively. Insertion loss of this filter was about 5 dB.

At this point four variables are at hand to achieve a)
the least amount of insertion loss, and b) the flattest
bandpass response:

1. Value of R;,,.

2. Value of C_,.

3. Position ofthe coil slug.
4. Value of R, ;.

While the value of R, and R, can’t be too far from
560 ohms or so, items 2 and 3 may vary considerably
from one case to the next. For filters in the 6 to 6 MHz
range, |'ve consistently obtained good resuits using 7 + 7
turns of no. 28 AWG (0.3mm) enameled wire for the
coil. The coil form is a 10.7-MHz i-f transformer with a
slug diameter of 3/32 inch (2.4mm). The value of C,
will vary between 27 and 68 pF; 39 to 47 pF is the most
common value,

Fig. 5 shows the bandpass characteristics of a
5645-kHz crystal filter built recently using the technique
described. The coil used in this filter has 7 + 7 turns, as
described; C, = 39 pF, R;, =470 ohms, and R, ,; = 560
ohms. The passband ripple is below 1 dB and the 60/6
dB shape factor is about 1:2.1. The crystals were
originally for 20 pF parallel capacitance and were
ground and checked with the oscillator of fig. 1. They
were considered to be matched when they displayed
these operating frequencies:

A 5644.410 kHz ~
A 5644.416 kHz i 4f =6 Hz
B 5645.627 kHz
DN =
B 5645.641 kHz § =14 He

The measured bandpass at -6 dB is 1.82 kHz; two
spurious responses were recorded 13.3 and 18.3 kHz
above the bandpass center frequency. The insertion loss
of the filter is about 5 dB.
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Several distorted patterns (all of which were obtained
at one time or another while the filter was being cali-
brated) are shown in fig. 6; all indicate that some adjust-
ment was missing on the filter. It goes without saying
that a system with four variables deserves some respect
and, unless the alignment problems are properly tackled,
no result will be achieved. Consequently only one para-
meter at a time should be varied to obtain useful
conclusions.

ripple, spurious response, and insertion loss

Passband ripple can be adjusted to as low as 0.3 dB,
an extremely good figure even by commercial standards.
Spurious respanse generally appears as one or two signals
some 10 or 20 kHz removed from the filter center
frequency. Both responses generally show the same
attenuation, about 40-35 dB below the midband signal.

insertion loss becomes generally higher by attempting
to obtain a ripple-free, perfectly symmetrical bandpass
response. At any rate, | do not consider the insertion
loss a critical item, as this attenuation can be easily
compensated by adding an extra stage of amplification
after the filter, whereas other characteristics of the
crystal filter cannot be externally compensated.
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fig. 6. Examples of bandpass response of improperly adjusted
filters, Indicating that some important step or steps were missing
when calibrating or grinding the crystals or when alignment was
attempted.

It must be remembered, however, that the filter re-
sponse may be substantially deteriorated if the i-f strip
following the filter is misaligned; | recommend checking
the entire i-f response, complete with the filter, to make
sure that nothing has gotten out of hand, No shielding of
the filter, as shown in the photos, is necessary as long as
it is operated away from high-powered stages.
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PLUG-IN-AND-GO
——POWER!

ATLAS 210x/215x
HF SSB TRANSCEIVER

With 200 watts of power, all solid state design, no transmitter tuning,
5 band coverage, and weighing only 7 pounds, the Atlas 210x/215x
is a real giant killer!

Slips in and out of the special mobile mounting bracket or AC console
in seconds, with the connections for DC power input, antenna jack,
and mic. jack made automatically.

It’s the perfect mobile, portable, or fixed station for you. Model 2‘IOx
covers 10 through 80 meters, and Model 215x covers 15 through 160
meters. In receiving you get sensitivity, selectivity, and high immunity
to strong signal overload that is equal to or superior to much larger and
heavier equipment. For transmitting, you get superior talk power that
will easily break through that weekend pile-up. In all respects, Atlas

performance is second to none.
$679.
(with noise blanker installed $719.)

ACCESSORIES:
AC Console 110/220V. . $149.  Matching Transformer
With VOX $195. MT-1 o w8 2
Portable AC Supply Model VX-5 VOX Unit
1107220V $100. for AC Console. . . . . . $ 49,
Plug-in Mobile Kit ...$ 48. Model VX-5M Self-contained
Auxiliary VFO Model 206 VOX for
(includes Digital Dial) = $299. portable /mobile . .$ B5.
Model DD6-B Digital DL 200 Dummy load
Dial only . $229, (200 watt intermittent or
10x-B Osc. less crystals . $ 59, 60 watt continuous

power rating) $ 9

For complete details see your Atlas dealer, or drop us a card and we'll mail you

a brochure with dealer list.

4R ATLAS

=" RADIO INC.
417 Via Del Monte, Oceanside, CA 92054 Phone (714) 433-1983.
Special Customer Service Direct Line (714) 433-9591



transmission line calculations

with your
pocket calculator

How to use your
four-function calculator
to design

transmission-line
matching transformers
and matching stubs

As many amateurs have discovered, cut and try trans-
mission-line adjustments can become a frustrating
experience. Strange things have been known to happen
when you fiddle around with different lengths of coaxial
or open-wire line, When you dig out a textbook on
transmission-line theory, those hyperbolic functions and
assaciated complexities can be intimidating, to say the
least!
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In recent years the Smith chart has been the engi-
neer’s tool, and those of us who were able to meet it on
even terms acquired a new and different concept of
transmission lines. Unfortunately, Smith charts are not
the easiest things for the amateur to acquire, and al-
though its application and use have been described in the
amateur magazines,1+2 its mastery takes a good deal of
practical use.

More recently, the computer has appeared on the
scene, but few of us have access to its mysteries, so once
again the average amateur is left out in the cold. How-
ever, a ray of hope has appeared in the shape of the
popular hand-held electronic calcutator. f you will com-
promise to the extent of a book of trigonometric tables,
the humble four-function calculator can do a pretty
good job of coming up with the answers. Where do you
locate that matching stub or transformer? If your
handy-dandy device is sophisticated enough to do trig
functions as well, you won’t even need the trig tables!

To begin at the beginning, consider a length of trans-
mission line, of characteristic impedance Z , terminated
by a mismatched load having a resistive component, R,
and a reactive component, X (see fig. 1). If you now
refer to the Smith chart of fig. 2, you will see that it has
a scale around its circumference which is labeled ‘“Angle
of Reflection Coefficient in Degrees.” You will also see
that a set of rectangular coordinates has been superim-
posed on the Smith chart. The locus of all the centers of
reactance circles has become the X axis, while all of the
centers of resistive circles are located on the Y axis. This
allows us to express Smith chart functions in simple
trigonometric terms, and eliminates the complex j opera-
tor, which the simple pocket calculator cannot handle.

This article will show how, given a complex load of R
+ jX (or G + jB), appropriate points may be computed
where either a suitable matching transformer or shunt
stubs may be located to match out the transmission line.

By Henry S. Keen, W5TRS, Fox, Arkansas 72051
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fig. 1. Transmission line terminated with a compiex load. Design
of matching transformers or matching stubs, and their proper
location, may be determined with a Smith chart, or by using the
simpie four-function calculator, as discussed in the text.

In addition, a general relationship will be given, with
which the impedance (or admittance) resulting from
looking at a known complex load through a given length
of transmission line may be determined.

It may also be determined from the Smith chart that
as you back off from the load, moving toward the
generator (transmitter), that the angle of the reflection
coefficient will be reduced as you recede toward the
generator.

There are two general methods of matching a mis-
matched transmission line to eliminate standing waves.
The first is to insert a matching transformer (usually a
quarter wavelength of line, of a different characteristic
impedance than the line to be matched). The second,
which is more adaptable to coaxial lines, is to install a
shunt stub at the proper spot on the line.

The location for a matching transformer, if you are
using open-wire lines, is quite simple as you only have to
run a neon lamp along the line to locate a voltage
minimum or maximum. These are points where the
reactive component is zero. If plotted on a Smith chart,
this impedance would fall upon the ‘“real” diameter,
which is marked as the Y axis in fig. 2. At this point you
would cut the line and insert a matching transformer
having a transformation ratio equal to the square root of
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tig. 2. Smith chart with superimposed rectangular
coordinates (see text).

the vswr. Whether its characteristic impedance would be
higher or lower than the main transmission line depends
upon whether you had chosen a minimum or a maxi-
mum voltage point.

With coaxial lines, however, you cannot detect
voltage maximums and minimums as you move a neon
lamp along the line, so all points have to be computed,
based upon knowledge of the complex impedance of the
load. Bridges for measuring such complex quantities
have been fairly well covered in the literature, and need
not be discussed here,3:4

transformer location

Starting with the load impedance of R, + jX_, you
must first normalize the load by dividing both the
resistance and reactance of the load by the characteristic
impedance of the line. Thus, 30 +j60, normalized to 50
ohms, for example, would be 30/50 + j60/50 = 0.6 +
§1.2.

Secondly, you must find the angle of the reflection
coefficient, 8, using the relationship

tan b = prixe =T

In this usage, whenever X is positive, § also is
positive, and when X is negative, 6 is negative, as on the
Smith chart. When the denominator is positive, 8 lies
between zero and 90°, and when the denominator is
negative, 0 lies between 90° and 180°.

In the case of our assumed impedance of 0.6 + j1.2,
for example;

_ 21.2) _
tan b = G 141>
Therefore 6=71°34

Inasmuch as the length of line included affects both
the incident and the reflected wave, the transformer
should be located 35°47’ (half of 71°34’) back from the
load. Such accuracy as represented by the 47’ is unneces-
sary for any amateur operation, but it’s nice to know
that you can figure it that closely {(assuming, of course,
that you accurately measure the load impedance). This is
a point of low impedance (0°). If you wanted to locate
the transformer at a high impedance point, it would be
located an additional 90° back from the load.

The vswr represented by this load may be calculated
by first finding the reflection coefficient, I' from the
following expression:

_ 2X
" {(1+R)Z+X2]sin 6 @

Solving eq. 2 for the example above

= 2(1.2)
[(1+0.6)2 +1.22]sin 71°34’

=0.63245
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The corresponding vswr is

1+0.63425
1-0.63425

Therefore, the transformation ratio would be \/4.44 or
about 2:1.

When coaxial transmission line is used, you rarely
have the chance to select the characteristic impedance of
a matching transformer, so the matching must usually be
accomplished by means of shunt stubs, which can be
calculated in the following manner: Convert the com-
plex admittance R, + jX, to the admittance form, as
follows, using the normalized resistance and reactance

R

=4.44

vswr =

= o
Conductance, G, —————Rg > (3)
Susceptance, B_ = Xo (4)
PHnCe: Bo T Rz + X2

In transferring from impedance to admittance, the
sign changes, so that R, + jX_ becomes G, - jB, (and
R, ~ jX, becomes G, +jB,). This is because inductance
is considered a positive reactance, while inductive
susceptance is negative,

stub matching

1. Using the admittance counterpart of eq. 1 find & from
the expression

2B
tan =0 (5)
G2 +B2-1
2. Using the admittance counterpart of eq. 2, find T
from the expression

2B,
[(1+G,)2 +B2]sin®

(6)

3. The admittance must move down the transmission
line to a point where G, = 1.0, at which point the new
value for B may be found from

=+ ___ ZF .
By N ESvi 7
Substitution of this new value of susceptance, By,
with G=1 in eq. 5 will give the value of § at the location
for the stub. If B, should be positive, the added stub
will be negative (inductive). You can choose either type
of stub, but the widest bandwidth will be obtained when
you choose the point closest to the load.
As an example, let’s return to our original assumed
load impedance which normalized to 0.6 +j1.2.

Frome.3 G, = 5Pl = 22
=0.333

5 oo 12 _ 1.2

0T 4T+i37 " 18
= 0.667
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Therefore, the admittance equivalent is 0.333 - j0.667

= 2(-0.667
Fromeq.5 tan0, = 0'3332 " 0.63)72 —

~1.333
~0.444

— = 3.000

from which we deduce that 0, is negative (B, is
negative) and that 6, is between -90° and -180°
(denominator is negative).

arctan 3.000=71°34'

The value of 8, is therefore ~180° + 71°34' = ~108°26'

The reflection coefficient, ', has not changed from
previous calculations and is still 0.63245, When this
value is used ineq. 7

B, =+ 20:63245)
V1- 0632452

_1.2649  _ 33

V0.600

Therefore, the nearest point to the load, where a
shunt stub could be located, is where Y, = 1.0 +j1.633.
Consider clockwise rotation on the Smith chart from
-108°26', 50 applying eq. 5 again, using these figures,

tan 0 = 2(1.633)
(1.0)2 +(1.633)2 - 1
=1.2247
0 =50°46'

Therefore, the total distance will be (180° - 108°26') +
(180° - 50°46’) = 200°48" This will require a length of
line half that, or 100°24' (0.2789 wavelength).

Since B4 is positive, the stub must be inductive and
present a shunt susceptance equal to -1.633. The stub
length is determined from

cot™11.633=31°29" (0.08745 wavelength)

The characteristic impedance of the stub is assumed to
be the same as the main transmission line.

If you had wanted to use a capacitive stub (or a shunt
capacitor), you'd have chosen B, to be -1.633, which
would have placed the new value of 8, as ~50°46', and
would have called for a length of 0.4247 wavelength
between the load and the shunt susceptance.

general relationship

When a given normalized complex admittance, Y , is
to be translated a distance § (in electrical degrees) down
a line of admittance Y, the classical formula is

Yy +jtan 0
Y, = LT]

_1+jYL tan 0 (8

This relationship looks innocent enough, but when
Y; is complex to begin with, then you must, after
expanding and combining terms, also rationalize the
denominator. There are numerous pitfalls which can trip
up the unwary (when | used this expression, | always
checked the results on a Smith chart just to be sure).



However, the same translation of a complex admittance
can be accomplished in the following manner:

Given: Y =Gy +jB; (orZp = Ry +jX|)

to extend the transmission line by & degrees and find Y
(or X;)

1. From eq. 5, find 8, (or use eq. 1 for Z)
2.Fromeq.60req.2find I’
3. Subtract the quantity 20 from 0, giving 0

4.FindX,'=l"san, andY,;=1-Tcos0, (9)
5. Calculate
-2
C:—W“f (or Ry) (10)
(1+Gy) Xy

By = (orX;) (11)

Yf
substitute R ; for G,

| feel that this process is not as messy as eq. 8, in
addition to being compatible with the pocket calculator,
particularly those which have trigonometric capability.
It may be that some or all of these steps might be
programmed on the more sophisticated HP-25 or HP-65
calculator, which would make the process a breeze.

Another application of these relationships might be
to translate the impedance of an antenna, as measured
through a length of coaxial cable, back up to the
antenna itself. In such an application, the length of the
coaxial line in electrical degrees must be accurately
known for each frequency of measurement.

When moving toward the load, instead of away from
it, as was done in the foregoing discussion, twice the
electrical length of the line through which measurements
are taken must be added to the calculated angle of the
reflection coefficient. Integral half wavelengths (180°)
of line, which result in a complete revolution on the
Smith chart, would of course be discarded. Therefore, if
you neglect losses in the transmission line, the electrical
characteristics of the antenna might be determined to a
fair degree of accuracy without disturbing the electro-
magnetic field around it. The use of a carefully measured
and known length of coaxial line for this purpose would
be most helpful. A standard test line should be of
considerable value to the antenna experimenter as a
primary piece of test equipment.
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Probably the most common service job in electronic
equipment involves the power supply. The power supply
in amateur equipment is usually connected to the 110-
or 220-volt ac line through switches, fuses, or circuit
breakers. This connection is a significant interface
between your equipment and the real (and imperfect)
world. If your power supply is not connected to a source
of perfect sine-wave power, then you can expect prob-
fems, especially if the supply is used to power solid-state
equipment. In this month’s column we discuss a number
of power supplies and voltage regulators and how to
troubieshoot problems that may develop — what to look
for, how to isolate faults, and how to make repairs.

line-voltage transients

The most common power-supply problems don't
occur from plugging the supply into a source of the
wrong line voltage; such errors usually result in an open
primary fuse or open circuit breaker, which is easily
fixed. A more important problem occurs from line-
originated transients, which cause the input voltage to
depart from a pure sine wave. A line-voltage transient
can be a positive high-voltage spike riding on the most-
positive excursion of the 60-Hz sine wave (fig. 1). The
duration of this spike is very short, so it doesn’t contain
enough energy to open a fuse or trip a circuit breaker.
However, it can appear on the power-transformer
secondary winding (if the transformer has sufficiently
high frequency response} and result in overvoltage on
one or more of the rectifiers.

Overvoltage occurs when the rectifier peak inverse
voltage (PIV) exceeds the rectifier rating. In tube recti-

By Hank Olson, W6GXN, Post Office Box 339,
Menlo Park, California 94025
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fiers this is called flashback; in modern silicon rectifiers
it's usually called destruction! Some silicon rectifiers
{(more expensive types) are made to recover from low-
duty-cycle overvoltage; these are the ‘‘avalanche-
protected’’ variety. Because they‘re more expensive, you
probably won't find them in your commercial amateur
equipment. Some of the principal makers of these
avalanche-protected diodes are Semcor, Unitrode, and
Varo. What you're most likely to find in your commer-
cial gear is the 1N4001-1N4007 series or something
similar, which are not protected and which are worth
about 5 cents each in OEM quantities. If they fail, you
may not find these rectifiers in your equipment except
for their wire ends; the package will have disintegrated
into small black granules rattling around in the bottom
of the equipment case.

If the above seems overstated, it was because |
wanted to make a point: by far, the most common fault
in power supplies is rectifier failure. In modern circuitry
using silicon rectifiers, the diodes will most often be
shorted; the only open-circuited rectifiers 1've seen are
those resulting from package fracture or disintegration.

typical circuits

To troubleshoot power supplies, we must first know
what circuits might be encountered. In fig. 2 are seven
common rectifier-filter configurations, alf using capaci-
tor-input filters. The first is the simple half-wave recti-
fier, which is the least expensive, but which produces
60-Hz ripple (making filtering more difficult). The
second is the full-wave rectifier, which requires a center-
tapped transformer. The third is the full-wave bridge,
which requires no center tap but which requires four
rectifiers. The conventional voltage doubler is shown
next, followed by the cascade voltage doubler. The full-
wave, full-wave bridge, and conventional voltage doubler
all produce dc output with 120-Hz ripple. The cascade
voltage doubler produces 60-Hz ripple very much like
the simple half-wave circuit.

The last two circuits of fig. 2 are variations on the
full-wave bridge. The circuit in fig. 2F produces both
positive and negative voltages {(as in power supplies used

<+ TRANSIENT ON
SINE WAVE

TIME

AMPLITUDE

fig. 1. Representation of a 60-Hz line-voltage wavetrain with a
transient spike, which can cause overvoltage on power-supply
rectifiers.




for operational amplifiers). Looking at this circuit care-
fully, we see that it boils down to simply a positive and a
negative full-wave rectifier operating from the same
center-tapped transformer. The other full-wave bridge,
fig. 2G, is the dual-voltage version. It produces ha/f the
dc output at the transformer center tap as produced at
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Power supplies that do have a central regulator, how-
ever, generally use some sort of series circuit, much like
those in fig. 4. Figs. 4A and 4B show the positive and
negative versions. The negative regulator works in
exactly the same way as the positive regulator and will
be more common in older designs that used germanium
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the plus terminal of the bridge. This supply is similar to
that of fig. 2F but with a different point grounded.

Seven rectifier-filter circuits with typical component
values, together with plots of voltage and current out-
put, are shown in fig. 3. The graph of fig. 3H shows that
wide variations occur in the output of the different
circuits even though the same transformer and filter-
capacitor values are used. Although choke-input filtering
is not too common in modern commercially built ama-
teur gear, it's possible to use such filtering with the
full-wave and full-wave bridge rectifiers. Typical
examples are shown in figs. 3F and 3G.

voltage regulators

Following the rectifier-filter section there will
frequently be no signal regulator, because many circuits
in commercial electronic equipment are not very sensi-
tive to voltage variations. In a typical receiver, for in-
stance, the only stage that may use regulated +Vcc is the
local oscillator. In even the best and most expensive
designs, the audio output stages are operated from un-
regulated +Vcc.

P > o

—)
—

fig. 2. Typical power-supply circuits. A, B, and C depict half-wave,
fuli-wave, and bridge rectifiers using capacitive-input filters. A con-
ventional voltage doubter in D and a cascade voltage doubler in E.
Variations of the bridge are shown in F and G, the former producing
both positive and negative voltage and the latter producing half the
dc output at the +low terminal as produced at the +high terminal.

power transistors. The only differences between the
designs are that, in troubleshooting the positive regula-
tor, one measures positive voltages to common; in the
negative regulator, one measures negative voltages to
common. The other major difference, when fixing older
germanium designs, is that the base-emitter forward vol-
tage is closer to 0.3 volts whereas it's about 0.6 volt for
silicon transistor designs.

Perhaps the simpiest series regulator design is the
emitter-follower, shown in fig. BA. In this case no separ-
ate feedback of the output voltage to the control section
is used, but it is assumed that the base-emitter voltage is
more or less constant. The base is held at constant
voltage by the zener diode, and ripple at the base is
reduced by the filter formed by R1, C1. The next
most-complex series regulator is shown in fig. 5B, where
feedback is used from the output. A fraction of the
output voltage is fed to Q2 base. The difference between
this volitage and the zener diode voltage (plus the emit-
ter-base forward drop of Q2) is amplified to control Q1
base. The third most-complex regulator uses a differ-
ential amplifier as a control circuit with one side refer-

. e~ R A



enced to a zener and the other to a fraction of the
output voltage. This circuit is shown in fig. 5C; note that
a second zener is usually used to provide coarse regula-
ted voltage to the differential pair.

IC op amp regulators

At this point it is advantageous to substitute an
operational amplifier for the differential pair. Many
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fig. 3. Rectifier-filter circuits with typical component values.
A through E are respectively a hatf-wave rectifier, full-wave
rectifier, bridge rectifier, voltage doubler, and cascade voltage
doubler. Full-wave and bridge rectifiers are shown in F and
G, using choke-input filters. Response curves of these systems
are shown in H. The curves for the choke-input systems were
terminated at 600 mA because of the choke current rating.

commercial regulators that were designed shortly after
monolithic IC amplifiers became available are of the
form shown in fig. 6.

In fig. 7 are actual circuits of the regulators discussed
above. Note that in fig. 7D a current limiter has been
added consisting of Q2, R1, and R2. (Compare with fig.
6). This feature can be added to most regulators and is
certainly worthwhile. When 100 mA is drawn, 0.6 volt is
developed across R2, causing Q2 to conduct, which pulls

46 [ november 1976

28V < s00sF
sov
: o o-

280pF
oV

IN4002

Q1 base in a negative direction. This action prevents
further current being passed by Q1. If Q2 were a ger-
manium transistor B2 would have to be about 3 ohms to
allow current limiting at 100 mA, again because of the
lower base-emitter forward drop of germanium
transistors.

In the next generation of linear ICs the voltage-
reference and current-limiting functions and even a small
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series-pass transistor were integrated into the regulator
chip. National’s LLM300, Fairchild’s uA723, and Motor-
ola’s MC1460 are representative of this first generation
of IC regulators. In their small TO-5 packages these
regulators could handle currents of only 10 mA or so,
depending on the input-output voltage and the adequacy
of the heat sink. These 1Cs can be used with external
power transistors to provide regulators with amperes of
current capability. Fig. 8 shows circuits using these ICs



with external transistors as combined regulators. The
LM300 has since been replaced by the improved version,
LM305, and the MC1460 has also been replaced by the
MC1469. The tA723 and LM305 are widely second-
sourced, so you may find them with any number of
brand names.

Finally, in the second generation of IC regulators,
manufacturers have succeeded in putting even the power
transistors onto the chip. Such regulators are typified by
the Fairchild £A7800 and National LM340 series of
three terminal regulators, in power packages. These ICs
have fixed output voltages; you simply buy the voltage
type desired. The negative three-terminal regulators,
HA7900 and LM320 series, operate in similar fashion. Of
course, since there is no user control of output voltage
or current limiting on any particular three-terminal
regulator, there is also nothing to repair once the input,
output, and ground connections are checked for proper
connections and voltages; IC replacement is the only
remaining option. The use of three-terminal regulator
ICs is shown in fig. 9. Note that a small capacitor is
necessary between input and common for stability.

troubleshooting and repair

Preliminary checks. Now that we've covered at least a
fair number of rectifier-filter and regulator circuits most
likely to be encountered, let’s move on to fixing them. It
is perhaps superfluous advice, but your first check
should be to see if line voltage is actually entering the
equipment under repair. Line cords, especially the
molded variety, are frequently open (and occasionally
not plugged in). Next, fuses and breakers should be
checked; even if they appear OK, check them with an
ohmmeter. Apparently good fuses can occasionally open
in a way that will be missed by a visual check. If new
fuses immediately blow, then you must resist the temp-
tation to use much-larger-than-normal fuses to ‘‘get
things going.” Such overriding of the fuse function,

even for “a short time during servicing,” will usually
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fig. 4. Series regulators. Positive and negative versions are shown
in A and B. The negative regulator is more commaon in older
designs using germanium power transistors.

cause severe damage to some component that may be
hard to replace — such as a specially made power trans-
former.

Rectifiers. The next step is to check the rectifier diodes
using an ohmmeter; as mentioned before, these are the
most likely candidates for failure. It is easiest to discon-
nect one lead of each rectifier before applying the ohm-
meter test, otherwise the dc resistance of the power
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fig. 5. Simple emitter-foliower series regulator, A, in which
base-emitter voltage is held constant by a zener, In B, a fraction
of the output voitage is fed back to Q2, a dc amplifier, to
control the base of Qt. The series regulator in C uses a differen-
tial amplifier, Q2, Q3, as part of the control circuit.

O~

transformer secondary can confuse the issue. If a bad
rectifier is found, replace it with a new part or equiva-
lent. The Motorola ‘“HEP Cross Reference Guide and
Catalog” is the best of the several replacement hand-
books in this area, in my experience. My advice is to
replace all the diodes in a full-wave or a full-wave bridge
rectifier (unless you have an exact replacement) if only
one rectifier diode is shorted. In this way, the original
balance of diodes is maintained. The required PIV in the
replacement diodes should be twice that of the originals
to ensure reasonable reliability.

Such diodes are very inexpensive. As an example,
consider a full-wave rectifier with capacitor input and an
output voltage {unloaded) of 15 volts. You could get
away with using a nominal 50-voit PIV diode such as the
1N4001 and still have a 10-percent margin of PIV before
breakdown. A 1N4001 costs 32 cents (1976 Allied
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Radio Catalog), and a 1N4002 costs 33 cents. The differ-
ence is one cent in price, but this one cent buys you
double the PIV {100 volts). It certainly is a worthwhile
penny spent! Diodes (up to about 15 amps) are so cheap
because of wide consumer use — it's ridiculous to pinch
pennies on PIV.

Transient suppressors. After replacing rectifier diodes in
a power supply, should a repetition of the failure occur
in a few weeks or months, it may be wise to add
something to suppress line transients. A 0.01-uF 1kV
disc capacitor across the transformer secondary will do a
lot to suppress short-duration spikes for example. An
even more effective spike reducer is a thyrite varistor of
the correct voltage. Disc and rod varistors are rated in
voltage (for both ac and dc) by their manufacturers.
These components may also be connected across the
transformer secondary. Such thyrite varistors are made
by General Electric, National Lead, and Automatic Elec-
tric.

The varistors have the advantage of dissipating the
transient as opposed to the capacitor, which integrates
the transient energy into a lower voltage, longer impulse.
in power supplies using choke-input filters, a thyrite
varistor may be used as in fig. 10 to prevent the choke-
field collapse voltage from exceeding the rectifier diode
P1V when the power supply is turned off.

Load circuitry. After the rectifiers have been given a
clean bill of health, disconnect the regulator output
from the circuit that it is designed to power. A failure in
the circuitry that loads the regulator can give the appear-
ance of a regulator failure, especially if the regulator has
built-in current limiting. If low output voltage still oc-
curs, the regulator input voltage should be checked. If
the regulator input voltage is low, disconnect the recti-
fier-filter output from the regulator input. This allows
the rectifier-filter to operate unloaded, and its output
voltage should increase at least to nominal voltage when
turned on. We have now three different system blocks
where an apparent power-supply problem can occur:
rectifier-filter, regulator, and load circuitry. By discon-
necting these blocks from each other in steps, the faulty
section can be isolated and fixed.

filter capacitors
If the trouble is in the rectifier-filter section, the most
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fig. 6. Series regujator using an op amp 1C. Circuit is typical of
many commercial designs that appeared after monolithic IC op
amps became availabie.
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fig. 7. Series regulator circuits of figs. 5 and 6 using typical
components. The emitter-follower version is shown in A; simple
serles regulator, B; series regulator using differential dc amplifier,
C; and a series regulator using an IC op amp as a differential
amplifier, D. The current limiter consisting of Q2, R1, R2in D is
a simple and worthwhile addition that can be included in most
regulators.

probable failure (after rectifier diodes) is an electrolytic
filter capacitor. The failure of electrolytic capacitors can
either be a short or open circuit. A shorted electrolytic
can be easily found with an ohmmeter; the only indica-
tion of an open electrolytic is its failure to smooth out
ripple. Such an open-circuit failure will cause the dc
voltage to decrease to a value lower than the peak ac
voltage, as read on most meters.

An oscilloscope readily shows an open filter capaci-
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fig. 8. Series regulators using ICs especially designed for the
purpose. All use external power transistors as part of the regula-
tor circuit. The regulator in A uses the National LM300OH or its
improved version, the LM305H. In B the Fairchild uA723 is
used. C shows another version using a Motorola 1460G, which
has since been replaced by the MC1469. The National and
Fairchild devices have become widely second-sourced and appear
under a variety of brand names.

tor, because the increased ripple can be seen immedi-
ately. Bridging a new {correct value) electrolytic across
the suspected open capacitor is a simple way to check
this problem., What causes most electrolytic open failures
is excessive ac. This current causes heat and subsequent
drying of the capacitor electrolyte. If you have a supply
in which electrolytes consistently dry up, probably no
thought had been given to limiting ac current in the
capacitor in the original design. This was a rare problem
when we had only tubes and selenium rectifiers because
of their high equivalent series forward resistance. But the
modern silicon rectifier diode has extremely low equiva-
lent forward resistance and immense peak current capa-
bility. A typical TN4001 rectifier, rated at 1 amp, has a
peak current rating of 30 amps!

With essentially no limit to the peak current our
modern rectifiers will handle, the only limitations on ac
in the filter capacitor, in a capacitor-input rectifier-filter
system, are the leakage inductance and secondary resis-
tance of the power transformer (plus the equivalent
series resistance of the electrolytic itself). By using a

clamp-on ac ammeter on the filter-capacitor lead you
can easily see the magnitude of this current. The solu-
tion is either to use a capacitor of higher current rating
(expensive and relatively bulky) or to add a small resis-
tor, as in fig. 11. One-ohm, half-watt resistors are com-
mon and inexpensive for this purpose. For dc to 500
mA, this protective resistor will decrease the output less
than 0.5 volt, which will usually be tolerated by the
circuitry (regulator or load) that follows the rectifier
filter. For larger-current supplies, a smaller resistance
made from nichrome or constantin wire should be used.
Note that the exact resistance and its stability are un-
important here as long as the resistance limits the ac
current to a value the filter capacitor can accept
according to its ratings.

magnetic components

The only other components in the power supply are
the power transformer and perhaps a filter choke. These
components usually fail from long-time overload or just
plain old age and will have been ‘‘cooked.” Obvious
evidence of their demise includes strong odor, charred
paper insulation, darkened insulation on formvar
winding wire, and leaking insulation oil from sealed
units.

Ohmmeter checks for winding continuity and leakage
paths to the frame are called for here. Also ac voltage
measurements across the power transformer secondary
are appropriate. If all seems well in the rectifier-filter
section, then the supply may be loaded using appropri-
ate power resistors or light bulbs to determine if failure
occurs only under load. The transformer alone may also
be checked under resistive loads in the same way.

regulators

If you have problems in the regulator section, fixing
becomes more varied and interesting. It can be very
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fig. 9. Using a three-terminal device as a positive regulator, A,
and as a negative regulator, B, the power transistor is included
within the chip. The IC for A can be a Nationai LM340 or
Fairchild uA7800; for B is can be a National LM320 or Fairchild
HA7900. The capacitor between input and common is used for
stability.
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simple if the regulator is one of the three-terminal types,
in which case the regulator is simply replaced. Regulator
failures in my experience fall in this order of proba-
bility: series-pass power transistor, regulator IC, small
transistors, and small electrolytics. Since the regulator is
a feedback system, voltage measurements are often mis-
leading. Unlike open-loop circuits, feedback systems
usually completely tie themselves into knots when any
part of them goes wrong.

The easiest way to fix a regulator is to check (or
replace) the most likely parts (as above), one at a time,
until success is achieved. Two voltage measurements can
be helpful — sometimes: measurement-across the cur-
rent-sense resistor and across the reference. In fig. 7D
this would be across the 6-ohm resistor for current-
limiting; any voltage here in excess of 0.6 volts indicates
that the regulator is current limiting. Also in fig. 7D, a
check across the zener (1N4611) will show if the regula-
tor has any reference voltage to which it can compare
the output voltage.

Reference-zener failure doesn’t occur often in good
commercial designs, but a number of companies use
inexpensive plastic transistors as reference diodes. The
reverse breakdown voltage of the emitter-base junction
of a silicon transistor is used for a zener in the 4-10 volt
range. These “reference diodes’’ are inexpensive for the
manufacturer but nasty to replace, because the repair-
man has no idea of their exact breakdown voltage before
failure. My practice is to use a good zener with a sharp
knee to replace these so-called references. The 1N4099
at 6.8 volts is my favorite at least as a first cut.

mysterious part labeling

When fixing commercially made power supplies you
may encounter that annoying facet of protectivism
called "in-house-numbering.”” For example, Motorola
makes an MC1466L for Lambda to use in their modular
power supplies but gives it a Lambda special number.
There is no way you can find out from the IC manufac-
turer what the part is — short of industrial espionage. All

_IVWTQ+
+
qD
THYRITE
VARISTOR
b —0-

fig. 10. Choke-input circuit with a thyrite varistor
added to protect rectifiers against overvoltage
when the choke field coliapses.

IC manufacturers do this for large O.E.M. customers.
However, the IC manufacturer usually puts his trade-
mark on the IC or transistor so that at least you have a
clue.

There is almost zero probability that an in-house
semiconductor is a specially-made device because of the
cost factor; almost always it will be a standard part but
re-marked. The circuit and pinning of the device to be
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replaced should be compared with the information in
the semiconductor manufacturer's data book, then
usually you can infer what the part is. In modular pawer
supplies the Fairchild uA723 and National LM305 are
by far the most common regulator 1Cs.

The main producers of regulator ICs are Fairchild,
National, Motorola, Silicon General, Raytheon, Tele-

i OMM
+

L [

fig. 11. Capacitor-input filter with a 1-ohm resistor added to
limit efectrolytic-capacitor current.

dyne, Signetics, and RCA (that is, all the big linear
houses). These companies’ trademarks are easily recog-
nized and their data books are commonly available,
Occasionally you may be able to obtain an in-house
number equivalent by calling the O.E.M. or his field
engineering office. When replacing the regulator IC |
always carefully unsolder the package using a de-
soldering tool {vacuum type) then jnstall an IC socket.
This allows a new IC to be tried without further weaken-
ing the circuit-board traces and pads.

heat sinks

One last point on power supplies is the subject of
heat sinks. Very often commercial designs at the low-
price end have inadequate heat sinks for power semi-
conductors. Occasionally you'll even find power semi-
conductors “heat sink” mounted to a steel chassis or
bracket. This, of course, saves the O.E.M. money but
provides poor heat conductivity. A simple retrofit of an
aluminum or copper plate can often prevent persistent
semiconductor failures due to overheating. Another pit-
fall is the application of modular power supplies, es-
pecially the molded-in-epoxy block types. These.
modules are frequently designed to be operated with
good thermal contact to a large aluminum chassis or
other good heat dissipator. Floating them on a fiberglass
circuit board in a stagnant air location is a sure way for
them to fail.

conclusion

We have touched on a number of types of power
supplies and the ways in which they can be separated
into sections, the section at fault isolated, and finally
that section repaired. There are many other regulator
forms: shunt regulators, switching regulators, and even
regulators that rely on ferro-resonance in transformers
and other clever magnetic tricks. These other regulators
are not so common that space can be devoted to them
here; but they, too, can be fixed using the same general

principles: separate, isolate, repair. )
ham radio



DX
Wide
0

Drake

Both the R-4C and T-4XC cover extra 500 kHz
ranges throughout the hf spectrum. Additional
crystals, which are front panel selectable,
provide new bands as they are needed such as
those discussed for 10, 18, and 24 MHz.

The excellent performance of the system
makes weak signal DXing on 160 meters a
pleasure.

Both units employ the famous Drake PTO for
super stability and 1kHz direct dial readout.
Calibration remains the same when switching
between modes.

Chasing

Traffic
8‘\"1 NarroW  Handling

C-Line

With the proper use of the passband tuning,
notch filter, and eight-pole cyrstal lattice filter
(ssb supplied, five others foram, cw, and RTTY
available as accessories), R-4C gives
outstanding results in severe QRM as compared
to fixed selectivity Systems.

Complete transceive capability using either PTO
is provided, with spot signal for zero beating.

Also consider the Drake L-4B Linear Amplifier —
full power 2kW PEP ssb and 1000 W-dc cw, full
rated for RTTY, offering full operator
convenience with front panel by-pass switch and
built-in precision high power wattmeter.

C-LINE ACCESSORIES

» Standard Crystals for T-4XC or R-4C * Accessory I-f Filters « Ac Power Supply
* Matching Speaker ¢ Antenna Matching Networks e Rf Wattmeters
* Linear Amplifier « Desk Top or Hand Held Ceramic Microphones ¢ Noise Blanker

To receive a FREE Drake Full Line Catalog, please send name and date of this publication to:

540 Richard St., Miamisburg, Ohio 45342
R.L.DRAKE COMPANY | [T i s tamons v

Western Sales and Service Center, 2020 Western Street, Las Vegas, Nevada 89102 » 702/382-9470

More Details? CHECK—OFF Page 126
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Binaural Synthesizer- Filter
With TONE-TAG . o

BINAUE AL
AN ToM Ty
AR AR o ur
- —

* suvassem

binaural

synthesizer-filter

with tone-tag
modulation

A narrowband
tone-marking system

that quickly locates
binaural crossover

and provides a
characteristic tonal quality
to CW signals

Back in the thirties, before the explosion of electronic-
component availability and refinements, amateur radio
was more relaxed. You could tune across the phone
bands and hear anything from a rock-crusher with broad-
cast-band quality eating up 20 "kilocycles’” of band-
width to a self-excited oscillator modulated by a
loop-coupled telephone mike. CW was more often ef-
fected by a straight key than a bug. And since voltage
regulators were not yet generally available, many CW

Added to this charm was brass-pounder rhythms such as
the ““Banana Boat Roll” and “Lake Erie’" swing and
many, many more — most with generous amounts of
syncopation thrown in. Individuality there was.

Today the phone bands are sideband-tight and log
compressed. Almost all CW signals are chirpless dc, with
or without crystal control. And, with a few exceptions,!
electronic keyers coldly subtract character from keying.
Clearly the effect of signal quality in days gone by was
not all bad by any means. You could often copy a DX
station precisely because he had the sound of a buzz saw

TYPICAL INPUT

SIGNALS l\
600H: 600Hz
750 Mz ' AMP/ 3 750Hz + |70Hz PCM
FILTE
900Mz 900Hz

750M: ] P,
N iey [ fpMocuLaTan OSCILLATOR
fig. 1. Block diagram of the basic Tone-Tag modulation system

for enhancing reception of CW signals.

or maybe a peanut-whistle chirp. He was different, and it
helped. Although some purists frowned on those
raunchy sounds, they were less piercing to the ear
(probably less damaging physiologically) and much more
pleasant to copy.

system description

Because of technological progress much of the old

signals chirped, thumped, clicked or yooped — some By Don E. Hildreth, W6NRW, Post Office Box 3,
were pure raspberry (filter capacitors were expensive).  Sunnyvale, California 94088
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character of CW signals is gone forever; but perhaps to-
day’s technology can restore some of it. Of course you
could make all signals sound like a buzz saw simply by
cutting some of the power supply filter out of your
receiver. You‘d lose the piercing CW notes, but all signals
would still sound alike, Tone-Tag™ is my answer to

resistors R1 and R2 (fig. 2) between ground and open at
a selected rate not only creates amplitude modulation,
but it does so at the binaural crossover frequency. Every
effort was made to obtain a modulated tone without
superimposing startup delays or transients on the basic
desired signal.

|
AUDIO A 14“ |
o | wA—s—n—f |
IN4148 Low
I70Hz OSCILLATOR 470 : — - SonD
100K 82K - |
W R4-6.8x| | L
[ 52 X !
220K 2
. +v o 3T P 52 |
N VoW el N\_,00
_ 6 47K 2.2K 1 iN4148 !
A~ OIpF Ul Shin i I |
e, o @] |,
v [+~ ! L |
T 100K | |
RIGH
! 8AND
2.2K 10K 39K |
W VWA—O -V { /7[7—«/\/\,—‘ |
R2
7 ! 150K 39K |
| gllelAURAL |
cR2 THESIZER
-Vvs-6V TO GNO. IN4148 A00 MODEL 400
+Vs+6V TO GNO. v o |
IN4148
FILTER / AMP.
O1uF ™ ’19}30
430K 100K
had AMPLIFIER
AUDIO 22K I¢ 2 e 2
IN ¢ 004TyF b IN4148
OlpF (
3 10K 3 b CR3 CLAMP
A
pAD % -v 777
o, 12K3 430K F -750Mz, @10, 6,210 610 BW= 900KHz
Frea. |
Yedd
MAvETOmM | Sona aT 750 1z
LocatioN 750 Hz INPUT
37
0 7o L______J””L L___J””L fig. 2. Circuit details of the basic Tone-Tag modulation
TIME —» - . -
'70%0““ 1% ﬂﬂﬂﬂmUﬂﬂL scheme. Reducing resistance between an operational
OF 750 Hz l l iex A . N
o SINE WAVE S E— for—r—r— amplifier minus port to ground not only increased gain,
750 Hz 6V, but the gain is increased most near the filter cutoff
CLIPP, - "
e SINE ﬁvz EW‘ %‘—r_ frequency. The binaural synthesizer (dashed box)
-o.rv appeared in reference 2.

part of the problem. | use it to accomplish two major
objectives:

1. Tone modulate a selected signal without changing ad-
jacent signals.

2. Provide a tuning aid to determine quickly and pre-
cisely the location of the 750-Hz crossover point in my
binaural synthesizer for CW.2

You'll note that the first objective can be accom-
plished whether or not you use a binaural synthesizer.
You can apply the Tone-Tag principle to any system.
The general idea is shown in fig. 1. Fig. 2 shows circuit
details. Although there are many ways to effect modula-
tion, this method takes advantage of a basic char-
acteristic of the VCVS active filter class. In this case,
reducing resistance from a minus op-amp port to ground
not only increases gain, but the gain is increased most
around the filter cutoff frequency. Therefore, switching

circuit

A tone-modulating oscillator, U1, runs at approxi-
mately 170 Hz (this frequency is between the 4th and
5th subbharmonics of the 750-Hz listening frequency to
avoid harmonic beat notes). Under no-signal conditions,
the modulating oscillator’s assymetrical square wave is
inhibited by clamp CR3. The clamp is held in conduc-
tion by a quiescent - 0.7 volt output from op amp U3.
Divider R3, R4 inhibits modulator diodes CR1, CR2
when strong signals pass through the system above and
below 750 Hz. When a nominal 750-Hz signal appears, it
is amplified and filtered by U2, a narrow-band filter,
then fed to amplifier U3. Positive half cycles appearing
at U3 output periodically open the clamp CR3, which
allows samples of the 170-Hz oscillator to do its work on
the modulation diodes. In this way, only those signals in
the filter passband near crossover are modulated — a
method that is as effective as it is simple. Fig. 3 shows a
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complete system including a 300-Hz input filter with
adjustable skirts.

The 741 IC op amp or its equivalent will work in all
circuits shown, but a 308 or 301A with a 3-pF frequen-
cy-compensation capacitor between pins 1 and 8 will
provide more margin for the U2 circuit in fig. 2. Car-
bon-film resistors are rated better than carbon composi-
tion for the active filters, but 5%, %-watt carbon resis-
tors are usually sufficient, It's better to use capacitors
with a tolerance of 10% or better, unless you wish to
spend some time with a bridge. |'ve had good results
with 50- or 100-volt 10% mylar film capacitors (James
Electronics and others).

SKIRT LEVEL

INPUT

ATTEN
AUVDIO
INPUT

180
AMP

2 POLE 2 POLE
ap [:14

FILTER 7/ SKIRT CONTROL, MODEL 460

TONE-TAG

function on input audio signals as low as 10 mV rms;
therefore, considerable dynamic-range flexibility is
provided. Hopefully your receiver, in addition to its
other good features, has a well-designed i-f amplifier and
detector (mixer for CW); for although an audio
processor can help a marginal i-f system, it will do much
better with one that provides a good single-signal re-
sponse and one that does not generate copious quantities
of spurs. An excellent bandwidth to work with this
system is around 1 kHz with a 6-60 dB shape factor of 2,

operating procedures
With your receiver bfo set around 750 Hz above or

)
b
[~
I
m
R
>

MODULATOR

SENS!T!VITYL

CLAMP

fig. 3. Complete Model 1100 system including Tone-Tag, binaural synthesizer, and 4-pole, 300-Hz input filter.

input requirements

Since distortion in the driving receiver and early
stages of this system can reduce effective binaural ac-
tion, very linear operation is desirable. This can be
assured by keeping signals out of the final low- and high-
pass active filter stages to a level of not more than 5 or
6 volts p-p. This level will also avoid interaction between
signal levels and the modulation function.,

As a distortion-effect example, if a receiver produces
a condition where the second or third harmonics of a
hypothetical 500-Hz signal are down only 10 or 20 dB,
then the effect of the excellent binaural separation built
into the system is largely compromised. A similar case is
true for intermodulation distortion, and we have enough
of these problems with our nonlinear ears. When you
consider that the maximum physiological binaural
potential tends to be only about 7 dB,? it's best to stay
very linear {operate well below saturation) and don’t
listen with more than comfortable volume.

Available gain in the Tone-Tag system will allow it to
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below its i-f passband center and with binaural skirts up,

simply tune a desired CW station to binaural center. At
this point, coincident with equal energy in your right
and left speakers or phones, the received signal will pick
up a gentle tone modulation. At the same time, signals
to the right and left (higher or lower beat note} will
remain pure dc. Under heavy interference you may turn
the skirt-control to drop the wideband skirts, leaving the
tone-modulated signal unchanged. Usually, however, it
seems better to leave the skirts — or floor — reasonably
well up and enjoy three modes of selectivity: binaural,
Tone-Tag, and the ‘ear-brain” filter.* Frequency
response with typical skirt control positions is shown in
fig. 4.

What about using this system for receiving phone
signals? To me they sound better than with a monaural
audio system. The stations you hear seem to occupy a
wide band of space in front of you; but of course, Tone-
Tag just doesn’t come into the picture. Under inter-
ference or high noise, you can drop the flat skirts 10 dB



or so to improve copy. With music, leave the skirts up
and enjoy simulated stereo.

conclusions

With Tone-Tag, one of the desirable factors of old,
lost through technological improvement, has been
returned — at your choice of application. Now you can
apply tone modulation and binaural action to any CW
signal you select. This provides a much wider field than
before. And while it is true you won’t have much luck
binaurally separating or modulating just one of several
signals within a few Hz of each other, these cases are not
too frequent. On balance, we are ahead.

I’—ﬁf 300Mr
-‘1 I. | TSHr

BINAURAL T—
LOWPASS BINAURAL

HIGHPASS

FEonTiNuGUSLY SRS
ADJUSTABLE
SKIAT LEVEL

AMPLITUDE

= R ——

fig. 4. Frequency response of the binaural bandpass filter and
Tone-Tag modulation system. The 75-Hz Tone-Tag filter is cas-
caded with the 300-Hz input filter, which provides skirts equiva-
lent to those from a 6-pole filter in addition to enhancement
from the binaural filters.

A narrowband filter is used as a part of this system;
but in this case it's not in the direct signal path so it
doesn’t ring and ping with noise and signal alike. This
system helps the selective process without interfering
with our fantastic ear-brain filter.

Considerable experimentation was applied in
choosing a tone-modulated frequency. Brainwave rates
were even tried. ""Alpha’ sounds fine as long as keying
rates are slow; but for all-around use, the frequency
shown seemed best to me.
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SMALL COMPUTER SYSTEMS * SOFTWARE * AMATEUR RADIO EQUIPMENT

Phone B01-466-7911

1455-8B So 1100E Salt Lake City, Utah 84105
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Full-Service Compulter Stores

“WE TAKE THE
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Over 1600 Square Feet Of Sales
And Service Facilines

WHEN YOU WRITE FOR OUR CATALOG AND ENCLOSES1TO
HELP DEFRAY THE COST OF HANDLING AND MAILING,
HERE'S WHAT YOU GET:

1. A CERTIFICATE GOOD FOR $2 ON YOUR NEXT
PURCHASE - . ..o
2. tHe COMPUTER ROGM Eeasy TO UNDERSTAND
CATALOG COVERING ... .....

IMSAI
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POLYMORPHIC SYSTEMS
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calculating

line-of-sight distance

to the horizon

Users of the vhf/uhf spectrum often want to know the
line-of-sight distance from the top of some particular
object to the horizon. The distance is given by the
following formula:

D =+/2Rh + h? (1)

where

= line-of-sight distance from the observing point
to the horizon

R = radius of the earth to the average terrain sur-
rounding the observing point

h = height of the observing point above the average
terrain

You may use any units of measure you like as long as
you are consistent throughout the equation.

Eg. 1 does not take into consideration variations in
terrain between the observer and the horizon, which of
course can alter the actual distance that he will see, nor
does it consider the characteristics of propagation
(refraction, multipath), which often affect transmission
range.

The value of R is not critical, however, regardless of
latitude or altitude above sea level. The following ap-
proximations, though based on mid latitudes, will give
excellent results regardless of where you live.

R & 20,890,400 feet
or
R = 6,367,400 meters

The really impartant factor is the height of the observing
point above the average terrain, and this figure should be
as accurate as possible.*

While the distance formula is quite simple, it is not
always easy to remember the radius of the earth. For
those who use the English system of measurements, the
following is an excellent approximation:

D (miles) =/1.5h (feet) (2)

*Excellent topographical charts are avilable that show contour
lines depicting elevation in feet above mean sea level for just
about any community in the country. These charts are avilable
at nominal cost from the U.S. Geofogical Survey, Denver,
Colorado 80225, or Washington, D.C. 20242, A folder describing
topographical maps and symbols is available on request from the
USGS. Editor

By William D. Johnston, WBG6CBC, 1808
Pomona Drive, Las Cruces, New Mexico 88001
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Note that the height is in feet and the answer is in mifes.
This approximation is so close that the distance error
does not exceed a tenth of a mile until you rise to well
over 60,000 feet in altitude. (This also makes it useful in
finding the distance to the horizon from an airplane).
You may find it interesting to prove to yourself just why
this approximation is valid.

Conversely, if you want to know how high you must
be to see a certain distance, Eq. 2 is rewritten as:

. 2D?
3 3

Once again, remember that distance is in miles and
height is in feet.

If you use the metric system of measurements, the
following is an excellent approximation for line-of-sight
distance to the horizon in kilometers when the height is
in meters:

D (kilometers) =+/12.7h (meters) (4)

To see how high you must be to see a certain distance,
this may be rewritten as

D2
h (meters) = -——  (kilometers) (8)
( ) 127 (

Table 1 will give you an idea of what the formulas
reveal for both metric and English measurements. You

table 1. Distance to the horizon as a function of observing
height, English and metric measurement systems.

observing height, distance, observing height, distance

h (ft) D (mi) h (m) D (km)
1000 39 300 62
2000 55 600 87
3000 67 900 107
4000 77 1200 124
5000 87 1500 138
6000 95 1800 151
7000 102 2100 164
8000 110 2400 175
9000 116 2700 185
10000 122 3000 195
11000 128 3300 205
12000 134 3600 214
13000 140 3900 223
14000 145 4200 231
15000 150 4500 239

may be surprised that, even at fairly high altitudes, the
horizon really is not very far away. As a friend of mine
said recently, “Not only is the earth round but it is very,
very round.”’
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We thought might be interested
ina2- gsoyunﬂglegsiled.\lﬂl’-l’ﬂ
fransceiver tm_'mqeaoo frequencies
in SKHz steps, variable RF output from

fo25 watts,

& front panel selectable

splits, a discriminator meter,and a
price tag below five hundred dollars.

TRANSMITTER SPECIFICATION
Frequency Range: 144 to 148MHz. Front Panel Fre-
quency Splits: Simplex, +0.6MHz, —0.6MHz, + 1MHz,
—1MHez. Frequencies: 800 (5KHz separation). Modu-
lation: 16F3 =5KHz for 100% at 1,000Hz. RF Power
Output: 1-25 Watts, variable. Frequency Stability:
Within +0.001% from —20°C. to +60°C. Hum &
Noise: Better than — 30dB 2/3 rated system deviation
at 1,000Hz. Antenna Impedance: 50 Ohms. Switch-
ing: Solid-state type. Spurious & Harmonic: At least
60dB below rated carrier power. Microphone: Tumer,
low impedance. Audio Frequency Response: 300Hz
to 3,000Hz, referred to +1, —8dB of 6dB/Octave de-
emphasis curve. Audio Distortion: Less than 7% at
1,000Hz, 2/3 system deviation. Frequency Display: 6
digit, 7 segment HP LED. Optional Accessory: Plug in
touch-tone encoder — $50.

RECEIVER SPECIFICATION

Frequencies: 143 to 148.995MHz. Usable Sensitivity
(12dB sinad): 0.35uV @ 50% audio. Quieting Sensi-
tivity (20dB): 0.5uV minimum. Squelch Threshold
Sensitivity: 0.25uV minimum. Squelch Limit Sensi-
tivity: 2.0uV or less. Modulation Acceptance Band-
width: =75KHz minimum. Adjacent Channel
Selectivity: 70dB minimum. Spurious Response
Attenuation: 70dB minimum. Intermodulation
Attenuation: 60dB minimum. Local Oscillator Fre-
quency Stability: + 10 parts per million. Audio Output
Power: 4.0 Watts into a 4 Ohm load @ less than 10%
distortion. Audio Frequency Response: +2dB to
—8dB from the standard 6dB per Octave de-emphasis
from 300Hz to 3,000Hz. Hum & Noise: —50dB
squelched and —30dB unsquelched. Chassis Size:
7%"W x 2%"'H x 10"D.

The $ 225 by A\LhLILL

An American Communications Corporation.
730 WEST McNAB ROAD - FORT LAUDERDALE, FLORIDA 33309.

© Sounds & Visions, Inc. /| AMCOMM




Wilson Electronics Gorp.

REQUENCY RANGE 220 - 2256 MHz

& Channel Oparation
Individual Trimmers on all TX/RX Crystals
AN Crystals Plug In

12 KHz Ceramic Filter

10.7 and 455 KC IF

.3 Microvolt Sensitivity for 20 d8 Quieting
Weight: 1 Ib. 14 ox. less Battery

Battery Indicator

Size: 87/8x13/4x27/8
Switchable 1 & 2.5 Watts Output

@12 VDC

 Curreni Drain: RX 14 MA, TX 500 MA
 Microswitch Mike Button
Unbreakable Lexan® Case

JSES SAME ACCESSORIES AS 1406
INCLUDES
1. 2202 SM

2. Flex Antenna
3. 223.50 Simplex Installed

2395

XMAS SPECIAL

219%
M AMAMA

>

XMAS SPECIAL

FREQUENCY RANGE 420 - 450 MHz

« & Channel Operation
s individual Trimmers on all TX/RX Crystals
* All Crystals Plug In
* 12 KHz Ceramic Filtar
* 21.4 and 455 KC IF
* .3 Microvolt Sensitivity for 20 dB Quieting
= Weight: 1 1b. 14 oz. less Battery
« Battery Indicator
*Size: 8 7/Bx 1 I x27/8
= Switchable 1 & 1.8 Watts Output
@® 12 vDC
« Current Drain: RX 14 MA, TX 500 MA
* Microswitch Mike Button
* Unbreakable Lexan® Case

USES SAME ACCESSORIES AS 1405

INCLUDES

1. 4502 SM
2. Flex Antenna
3. 446.00 Simplex Installed

XMAS SPECIAL

$ 26995

ACCESSORY SPECIALS

SPECIAL
DESCRIPTION PRICE

BC1 BATTERY CHARGER 3$34.95

BP1 10 EA. AA GOULD
NICAD BATTERIES ... 14,95

BT1 EXTRA BATTERY
TRAY

............... 6.00

LC1 LEATHER CASE
1402 . ...ccvvnnnnnnns 12.95

LC2 LEATHER CASE
1408, 2202, 4502 ...... 12.95

SM1 SPEAKER MIKE FOR
EARLY MODEL 1402
9 PIN CONNECTOR . ...24.95
5M2 SPEAKER MIKE FOR
ALL NEW HAND HELDS
WITH ROUND & PIN

CONNECTOR . ...... 24.95
TE-1 SUB-AUDIBLE TONE

ENCODER

INSTALLED ......... 34.95
TTP TOUCH-TONE PAD.... 49.95

INSTALLATION AT
TIME OF RADIO
PURCHASE .......... FREE
INSTALLATION AT
LATER DATE, ADD ... 15.00
XF-1 10.7 KC MONOLITHIC
XTAL FILTER ....... 9.85
CRYSTALS
TX or RX
(Common Frequency
OAIY): coccarsreansnnns 178

BC-1 BATTERY CHARGER




“FACTORY

AMAMANW
XMAS SPECIAL
ONLY” AAMMAAY

Shown With
Optional
Touch-Tone Pad

* Current Drain RX

DIRECT

1402SM HAND HELD

2.5 WATT

TRANSCEIVER

144-148 MHz

XMAS SPECIAL

$'|5995

FEATURES

1402 SM

* 6 Channel
Operation

* Individual
Trimmers on all
TX/RX Crystals

= All Crystals Plug In

* 12 KHz Ceramic
Filter

#* 10.7 IF and 455
KC IF

1405 SM

* & Channel
Operation

* Individual
Trimmers on all
TX/RX Crystals

= All Crystals Plug In

* 12 KHz Ceramic
Filter

* 10.7 and 455
KC IF

* .3 Microvolt Sen-
sitivity for 20 dB
Quieting

* .3 Microvolt Sen-
sitivity for 20 dB
Quieting

* Weight: 1 Ib. 14 oz.
less Battery

* 5-Meter/Battery
Indicator

*»Size: B7/8x17/8
x27/8

less Battery
= Battery Indicator
*Size: 87/8 x 1 3/4
x27/8
* Switchable | & S

Watts Minimum
Output ® 12 VDC
¢ Current Drain: RX
14 MA TX 400 MA
(lw) 900 MA (5W)

» 2.5 Watts Minimum
Output @ 12 VDC

14 MA TX 500 MA
* Microswitch Mike

Button = Microswitch Mike
« High Impact Button
Plastic Case #* Unbreakable

Lexan® Case

* Weight: 1 Ib. 14 oz,

1405SM HAND HEL|
5 WAT

TRANSCEIVE

l 144-148 Mi

XMAS SPECIA

SPECIAL
ON EACH RADI(
INCLUDES:

Flex Antenna
52/52 Simplex Xtz

90 10 Day
Day Money Ba
Warranty Guarante

OVER 35,000

Can be Modified
for

MARS or CAP

XMAS SPECIAL DIRECT SALE ORDER BLANK
TO: WILSON ELECTRONICS CORP., 4288 S. POLARIS AVE., LAS VEGAS, NEVADA 89103

(SPECIFY FREQUENCY

r -
fi OVER 2000
i UNITS IN STOCK
OR XMAS SAL

§ — TTP @ $49.95
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MICROPROCESSORS

microcomputer interfacing:

a software UART

This month we return to the subject of the substitution
of software for hardware, i.e., the substitution of
machine-level routines and subroutines for specific
digital hardware devices that store, manipulate, transmit,
or receive digital information. The hardware device we'll
discuss is the wuniversal asynchronous receiver/
transmitter, or UART — a 40-pin integrated-circuit chip
that contains an independent 8-bit asynchronous re-
ceiver and an independent 8-bit asynchronous trans-
mitter. Data rates range from dc to 60,000 bits per
second. The receiver and transmitter sections of the chip
can be programmed for 5, 6, 7, or 8 data bits; 1 or 2
stop bits; even or odd parity; and parity or no parity.
The chip also contains a variety of flags. For further
details, we refer you to manufacturer’s literature or to
references 1 through 3.

UART interface

An interface circuit for a simplified software UART is
shown in fig. 1. Because of the nature of the specific
application, which we’ll discuss at the end of this
column, there was no need for special flag bits or error
checking. As a consequence, the interface circuit consists
of a single three-state input buffer gate (SN74126), a
single output-data latch {SN7474), two input device-
select pulses, and one output device-select pulse. With
appropriate modifications of the device-select pulses,
this circuit can be used with almost any microprocessor
chip. In our case, a 8080A-based microcomputer opera-
ting at 750 kHz was used. This system generates and
detects, in combination with operating software, asyn-
chronous serial ASCli-coded, 5-volt, TTL data. For tele-
printer operation, additional hardware is required to
convert the 5-volt logic levels to 20 mA current loop
operation .4
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The transmit subroutine, shown in table 1, for the
software UART occupies 20-25 successive program steps
in memory once the appropriate PUSH, POP, and RET
instructions have been included. Also required is a 9.09

. millisecond time-delay subroutine, which corresponds to

an asynchronous serial ASC!| data transmission rate of
110 Baud, i.e., teleprinter speed. The program in table 1
is described as follows:

Register L is used as the bit counter for the 11-bit
ASCIl word, and is set initially to octal 013. The seven
data bits plus the parity bit, which is bit 8, are assumed
to be present in the accumulator. At LO = 146, the
accumulator is ORed to itself to clear the carry bit,
which is shown on the far left in fig. 2. In fig. 2 the
least-significant data bit is bit 1. At address LO = 147, a
RAL instruction is performed to rotate the start bit to
bit position DO in the accumulator. Fig. 3 should pro-

JIu laput
DS 003
[}
3 2 Serial ASCIl in
SN74126
Do 2lp qPF————— serial Ascl out
SN7474
Qutput J1 3
DS 004 cK
PR
4
U
Input
bs ooo0

fig. 1. Interface circuit between an 8080A-based microcomputer
and a TTL asynchronous serial ASCIl input-output device.

Reprinted with permission from American Laboratory,
June, 1976, copyright © International Scientific Commu-
nications, Inc., Fairfield, Connecticut 1976.




vide assistance in understanding the four different rotate
instructions in the 8080A microprocessor instruction
set,5

At LO = 150, the start bit is output to the SN7474
data latch, which is shown in fig. 1. The program then
goes into a 9.09 ms time delay subroutine, after which
bit 1 is rotated into the DO accumulator position and
the carry bit is set to logic 1. Bit 1 is output to the

The time-delay subroutine can be modified so that you
can transmit at data rates from 60 to 9600 Baud for a
750-kHz clock rate and higher for 2-MHz and 4-MHz
8080A clock rates.

The conversion from one data transmission rate to
another is easily accomplished with the aid of appro-
priate software time delay subroutines, which replace
RC time-constant circuits. An additional advantage that

table 1. Microcomputer subroutine that demonstrates the asynchronous serial transmission of an eleven-bit

ASCI) word at a teletype speed of 110 Baud.

LO memory instruction
address byte mnemonic description
. Accumulator contains 8-bit ASCI|I word. Bit 8 is the parity bit,

which can be set for even or odd parity, or no parity.

144 056 MVI L Set ASCII word bit counter to 013

145 013 013

146 267 ORA A Set carry bit to logic 0

147 027 RAL Rotate carry bit to DO in accumulator

150 323 ouT Output carry bit to SN7474 latch

151 004 004

152 315 CALL Call 9.09 ms time delay subroutine

153 <B2> <B2> L O address byte of time delay subroutine

154 <B3> <B3> HI address byte of time delay subroutine

155 037 RAR Rotate bit in ASCII word to DO in accumulator

156 067 STC Set carry bit to logic 1

157 323 ouT Output bit to SN7474 latch

160 004 004

161 055 DCR L Decrement bit counter by 1

162 302 JNZ If bit counter has value of zero, ignore this
instruction. tf all of the bits in the 11-bit
ASCII word have not yet been transmitted,
jump to address L.O = 152 above.

163 152 152 LO address byte

164 <B3> <B3> HI address byte

. At this point, the 8-bit ASCI| word contained in the accumulator has been transmitted.

Two stop bits have been added at the end of the eight bits and a single start bit, at logic
0, has been added at the beginning of the eight bits.

SN7474 latch, the ASCII word bit counter in register L
is decremented, and program control is returned to the
time delay subroutine, which is called at LO = 152, The
loop from LO =152 to LO = 164 is executed a total of
eleven times, after which register L becomes zero and
the JNZ instruction at LO = 162 is ignored. A software
UART transmit subroutine possesses a flexibility equiva-
lent to the original 40-pin UART chip. With appropriate
modifications to the program or the original accumula-
tor data, you can transmit 5, 6, 7, or 8 data bits; 1 or 2
stop bits; even or odd parity; and parity or no parity.

Accumuliator

Carry D7 D6 +5] D4 D3 D2 [o]] Do

Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit
8 7|16]5 |4 3|2 |

«