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/BUY OUR ANTENNA ...

ITW

ASSEMBLE IT EASILY ..

DRKS

NEW FM GAIN RINGO RANGER...you'll say
“IT WORKS", when you try this exciting new an-
tenna! Ringo Ranger is even better than the popular
Ringo. Ranger has more gain for extended range.
Easily mounted on a mast or existing tower, Ranger
consists of a one eighth wave phasing stub and three
half waves in phase to concentrate your signal at the
horizon where it can do you the most good. Your
present AR-2 can be extended with a simply installed
RANGER KIT.
ARX-2 100 watts 146-148 MHz 52650
ARX-220 100 watts 220-225 MHz $26 .50
ARX-450 100 watts 435-450 MHz 52650
ARX-2K  Ranger Kit $10.95

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

fessional mobile antenna for roof or trunk mount.

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

NEW a4 POLE...economically priced for primary
repeater or home QTH, this antenna has been proven
in hundreds of repeater installations. It is a four di-
pole gain array for mast or tower mounting. It has
sealed coax harness for direct 52 ohm feed.
The antenna can be adjusted for a 180° or 360° ra-
diation pattern. Another unmatched antenna value
by Cush Craft.
AFM-4D 1000 watts  146-148 MHz 55250
AFM-24D 1000 watts  220-225 MHz 54850
AFM-44D 1000 watts  435-450 MHz 54650
center support mast not included
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Give Your Signal A

DOUBLE BOOST

And Spend More Time Communicating
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CW/ TUNI o STANDRY

Let an ALPHA 374 Bandpass Linear deliver all the power you can
legally use (in any mode, continuously!) and eliminate the chore
of amplifier tune-up, too. Using a ‘374, maximum legal power
with true ‘instant band change’ is a reality.

Add even more punch and crispness to that big signal with a
Magnum Six rf speech processor (or a DX Engineering model, if
you prefer). The rugged continuous duty ALPHA 374 easily
handles the extra average power demanded by an effective rf
speech processor. Buy a “‘no-tune-up’ ‘374 in February and we’'ll
sell you an rf processor for ONE-THIRD price!

With any ALPHA maximum-legal-power linear you’ll enjoy a new
level of convenience and operating pleasure. Don’t wait — see your
dealer or contact ETO now for details.

The ALPHA 77D “ULTIMATE LINEAR” — latest in the fabulous ALPHA
Seventy series — is now available. Call or write for information.

ETB EHRHORN TECHNOLOGICAL OPERATIONS, INC.

BROOKSVILLE, FLORIDA 33512
(904) 596-3711

More Details? CHECK—OFF Page 94 february 1975 UM 1
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MODEL CX-11... Deluxe Integrated Station

/N

New solid state broadband linear pow-
er amplifier 10-160 meters. 150 Watts DC
output — requires no tuning, operates
into any VSWR — continuous duty at
full rated output.

New concept front-end design — utiliz-
ing double active balanced mixers for un-
matched sensitivity, blocking and cross-
modulation rejection.

Solid-state modular construction utiliz-
ing gold-plated, pins and plug-in sockets
for all transistors, IC's, and circuit board
connectors.

Five Bandwidths of selectivity are stan-
dard — 2.4, 1.5, 1.0, 4, .1 kHz.

Peak notch filter with adjustable fre-
quency notch depth and Bandwidth
controls.

RTTY narrow and wide shift FSK-LSB.

Built-in electronic Keyer with indepen-
dent speed and weight control and par-
tial or full dot memory.

Built-in Power Supply completely self-
protecting — both thermal and current
overload, integrated circuit controlled.

New six-digit frequency counter utilizing
new 1% inch amber or red LEDs opti-
mized for a non-blinking, stable display.

2 february 1975

ADDITIONAL FEATURES

Dual VFO's for transceive, split operation, or
dual receive.

Adjustable IF shift.

Receive or transmit offset tuning.

Push Button spotting.

Adjustable R.F. clipping.

Instantaneous break-in CW.

Built-in Wattmeter,

Built-in noise blanker.

Adjustable R.F. power output.

Pre-IF, adjustable noise blanker.

Now in production at $2600

Distributed by

PAYNE RADIO

BOX 525, SPRINGFIELD, TENNESSEE 37172
Phone (615) 384.5573 — Nights (615) 384-5643

In Sweden contact:
SB COMMUNICATIONS
Palmtorpsvagan 3
S-640 20 Bjorkvik, Sweden

Phone or Write DON PAYNE, K4ID
for a brochure and a trade on your gear.

Due to our tremendous growth — openings
now available for communications design en-
gineer, engineering aids and technicians.

Complete Parts & Service At The Factory

. S/1g075// o5

Box 127 Franklin Lakes, NJ 07417
Tel: (201) 891-0459

More Details? CHECK—OFF Page 94
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The FCC finally released its long-
rumored “amateur restructuring’’ pro-
posal in mid December which, among
other things, would create two new
amateur license classes and re-arrange
the frequency, power and emission
privileges. And, as so often happens,
early truncated reports of Docket
20282 were rushed into print so quickly
that they glossed over some important
details — details which, when presented
in the proper light, would clear up most
of the misunderstandings which many
amateurs apparently have about the
sweeping new proposals outlined in the
29-page Docket.

First, and most important, if the
proposal is adopted presently licensed
amateurs would gain much more than
they lose. True, separate high-frequency
and vhf licenses are proposed, but pre-
sent General and Advanced Class
licensees may obtain their counterpart
vhf licenses simply by request. In addi-
tion, Advanced Class licensees would
gain use of the high-frequency radio-
telephone segments now reserved for
the Amateur Extra Class as well as a
maximum power limitation of 2000
watts PEP output, a substantial increase.
Advanced Class licensees would lose
their operating privileges above 29 MHz
(including 29.0 to 29.7 MHz) but only
until they applied for and received their
Experimenter license, the new vhf
counterpart to the Advanced Class
which carries all operating privileges
above 29 MHz.

General Class licensees would retain
their present operating privileges below
29 MHz with a permissable maximum
power limitation of 500 watts PEP
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a second look fio

i

output. Considering the average effi-
ciency of rf power amplifiers, this re-
presents only a modest decrease from
the present power level. To regain their
vhf privileges above 50 MHz Generals
would have to apply for a separate
Technician Class license — no additional
examinations would be required. New
licensees would, however, be required to
pass separate examinations for each
class of license they desired.

Under the new proposal the Novice
Class license would be renewable for
five-year terms as the other classes are
now, and the maximum power limita-
tion would be 250 watts /nput, another
substantial increase. Since Novice
licensees are limited to CW operation,
the Commission felt that the traditional
voltage times current’” measurement of
input power was still appropriate; such
is not the case with other, more
advanced modes such as single sideband
and slow-scan television. Under the new
proposal Technician Class licensees (or
other vhf licensees, for that matter)
could also hold the Novice Class, an
option not now available.

The newest, and in some ways most
exciting, proposal contained in Docket
20282 is the Communicator Class
license — a code-free amateur license
which would offer use of all amateur
frequencies above 144 MHz, F3
emission only. The size of the Amateur
Radio Service has declined measurably
in recent years and the new Communi-
cator Class should do much to start our
ranks growing again. Some amateurs are
opposed to the idea of a code-free
license simply as a matter of tradition,

(continued on page 43)



DIGITAL'’

The perfect companion for your IC-21A, the DV-21 is an all new unique
DV - 2 1 digital VFO to complete your ICOM 2 meter station. The DV-21 will operate

in S or 10 KHz steps over the entire 2 meter band. It can also scan either
ympty frequencies, or the frequencies being used, whichever you select. Complete, separate
ielection of the transmit and receive frequencies, is as simple as touching the keys. When you
ransmit, bright easy to read LEDs display your frequency. Release the mic switch, and the receive
requency is displayed. There are also two programmable memories for your favorite frequencies.
Yfou won't
yelieve the fea-
ures and versa-
ility of the
JV-21 until
rou’ve tried it
t's new, and it’s
rom ICOM.

Distributed by:

ICOM WEST,INC. ICOM EAST Div. ACS Inc
uite 232 —Blidg te 509
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OSCAR 7 ORBITAL PERIOD has been determined to be 114,945 minutes, sufficiently
shorter than initially reported to account for the incorrect arrival times in
early orbital predictions. The error was NORAD's —- their tracking station had
confused the rocket's second stage with OSCAR 7! The corrected figure for earth
movement between orbits is now 28.74° at the equator.

Complete Updated Orbital Data for OSCAR 6 and OSCAR 7 will be provided monthly
as an added slip-in sheet to HR Report. Copies of these predictions are avail-
able to all interested readers upon receipt of an SASE (one SASE for each month).

OSCAR 6 Is Being Abused, and AMSAT officials are concermed. It is important
to 6's future that it be used only during the scheduled on periods, even though
it may be found on at other times. Limit your use of OSCAR 6 to Monday, Thursday
and Friday (GMT) for afternoon or evening contacts, plus Sunday mornings.

MORE MOONBOUNCE TESTS planned for February from WA6LET, using Stanford's big
dish on 144.190 and 432.190 and listening down about 90 kHz. Operating schedule
will be 0500-1000Z February 2 and 0000-0500Z February 23, with WA6LET trans—
mitting the first half of each minute and listening for callers the second half.
For further details write Victor R. Frank, Stanford Research Institute, Bldg.
3204, 333 Ravenswood Ave., Menlo Park, California 94025.

FCC POLICY REGARDING CODED TRANSMISSIONS (Presstop, January) has been receiving
further study at the Commission. It appears now that control signal transmissions
will not be involved, and only telemetered data transmissions would require dis-
closure. Until specific details of a procedure for advising the FCC of your tele-
metry transmissions have been worked out, the requirement for advising local FCC
offices has been withdrawn. Full details on the procedure will be provided when
they become available.

REPEATERS STILL OPERATING WITHOUT WR CALLS are about to get the axe -- FCC
believes it has now processed all on-hand applications for "grandfathered" re-
peaters, so if you are still waiting you'd better check with the FCC in Washing-
ton. FCC records show that more than forty early repeater applications that were
returned to the applicants for further information have never come back to the
Commission for action.

WWV HAS ADDED USEFUL PROPAGATION INFQ to its lé4~-minute-after-the~hour current
radio conditions report. "K Index" refers to current geomagnetic conditions:
1-2 is okay but watch out for 3 or 4. The-higher-the-better is the rule for
solar flux. Anyone who plots this information on an hour-by-hour basis and cor-
relates it to conditions on the various bands might find he had developed a nice
competitive weapon for stalking DX!

KLM'S AD FOR NEW 2-METER TRANSCEIVER will break this month ~- it's a l10-watt
PEP frequency-synthesized CW/SSB rig ideal for two-meter DXing and OSCAR work,
according to Mike Stahl, K6MYC. Called the ECHO II, this diminutive 8-pound
package features a built-in noise blanker, CW break-in, and receiver RIT and
comes set up for 145.0-145.23 and 145.77-146.0 MHz. Price is $389, and KIM plans
some nice package deals with solid-state linear amplifiers and antennas. For more
info write to KLM Electronics, Dept. H, 1600 Decker Avenue, San Martin, Cali-
fornia 95046.

CENTENNTAL CALL SIGN ideas for 1976 still wanted by FCC. Ground rules are
that speclal prefixes must be "self-assignable" and non-ambiguous. In addition
to present W/WA-WZ and K/KA-KZ blocks, AA-AL, N and NA-NV may alsoc be used. The
catches are to avoid any presently used prefixes (KA, K8, WP and WL, for
example) and those likely to show up as part of the restructuring effort. Send
your ideas to Prose Walker at the FCC now as work is expected to begin on the
project almost immediately.

6 Uil february 1975 More Details? CHECK—~OFF Page 94



Introducing the

9 BAND ATLAS-210

SOLID STATE SSB TRANSCEIVER
200 WATTS* P.E.P. INPUT . .. 10,15,20,40, and 80 Meters

...And the companion model, Atlas-215, which covers
15, 20, 40, 80, and 160 Meters.

* Frequency Ranges, Atlas-210: 3700-4050, 7000-7350, 14,000-14,350, 21,100-21,450, and 28,400-
29,100 KHz. Model 215 deletes 28,400-29,100 band, and instead covers 1800-2000 KHz.

* Power Rating: 200 watts P.E.P. Input and CW Input. *On 10 meters the power rating is 120 watts.

* The same outstanding performance, reliability, and compact size as the Atlas-180 . . . Only 3% in.
high, 9% in. wide, 9% in. overall depth, and only 7 Ibs. total weight . , . Operates directly from 12-
14 volts D.C. All solid state, modular construction . . . No transmitter tuning (special Braille dial
available for blind operators at no extra cost).

Plug-In Design, for quick removal from mobile mounting, and insertion into AC Console as
illustrated.

Prices

Model 210 or 215

AC Console, 117 volts 50-60 cycles
AC Console, 117-230 voits

Mobile Plug-in Kit

D.C. Battery Cable

Mobile Bracket Kit

Mobile Antenna Transformer

AMERICAN MADE AND GUARANTEED BY Available NOW at your Atlas

71 : dealer. See him for complete
A details, or drop us a card and
\‘&'.! RADIO INC. we'll mail you a brochure and

490 Via Del Norte Phone (714) 433-1983 dealer list.
Oceanside, California 92054 73 Herb Johnson W6QK1

More Details? CHECK—~OFF Page 94 february 1975 7




2304-MHz
power

Complete construction
details for a
single-tube

2304-MHz amplifier
that delivers

30 watts output

and up to 13-dB gain
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amplifier

Norman J. Foot, WA9HUV, Elmhurst, lllinois 60216 I

Of the many varieties of special-purpose
tubes which give good performance on
the uhf bands and above, the 2C39
remains as the outstanding candidate for
amateur use because it is readily avail-
able and the price is right. The recent
onslaught toward achieving high power
on 1296 MHz is directly attributable to
the use of the 2C39 and its derivatives.
Numerous single-tube designs were
initially reported in the amateur pub-
lications, followed by multiple tube
designs!*2 and, finally, the popular
octet of 2C39s described by Peter
Laakmann?® in 1968.

More recently, interest in 2304 MHz
has been growing, and a few pioneering
efforts to achieve reasonable rf power
without the help of high power kly-
strons have been reported.

This article is concerned with the
design of a 2304-MHz power amplifier
which uses a single 2C39 tube. Calorim-



eter measurements show that 30 watts
of rf power output at 25% plate effi-
ciency are achievable with a nominal
power gain of 13 dB. The design is
rugged and performance is stable. All of
the parts for this power amplifier can be
made with hand tools with the excep-

( 7—35 HOLES TO FIT
" L / SHOULDER WASHERS
1178 10, ‘ /' ON T/87 (22 mm) RADIUS
(20.5 mm} v / _— SOLDER FINGER
y: ey I.__(\F " STOCK FACING OUT
N/ ® N F X
N7 ERe L
N v
N 17X\
’; <0 e e+ o Ly i
NOTCH TD CLEAR AF ~ ® J 7 -
OUTPUT CONNECTOR NN / ’
N ~@-
oy i 2-1/4° 0D
N /(57 mm |
¥

fig. 1. Plate ring for the 2304-MHz power
amplifier. This ring is mounted on the
output plate (fig. 2) with a 10 mil (0.25
mm) Teflon insulating sheet. Material is
1/8" (3mm) brass.

tion of the cavity rings; these should be
cut and faced off in a lathe. The
filament and cathode socket parts were
obtained from surplus 2C39 amplifiers.
The only parts requiring soldering
with a torch are the finger stock, the
tuning bushings and the type-N input
and output connectors. All other parts
are screwed together, including the
cavity rings. Like its 1296-MHz counter-
part, the 2304-MHz 2C39 amplifier uses
cavity resonators in both the cathode
and plate circuits. Both cavities are
3/8-inch (9.5-mm) long. The cathode
cavity has a 2-inch (51mm) inside diam-
eter while the inside diameter of the
plate cavity is 1-3/4 inch (44.5mm).
Although the cavity volumes are rela-
tively small, there is room enough for
the 2C39, a piston tuning capacitor and
a type-N coaxial connector if the parts
are positioned as illustrated. By neces-
sity the 2C39 is located very close to
the edge of the cavity. This physical
constraint is fortuitous however, since

the input and output impedances of the
2C39 are lower at 2304 MHz than at
1296 MHz. Adequate cavity coupling is
achieved when the tube is mounted
close to the cavity wall as shown in the
photographs.

The grid cavity is made of 2%-inch
(57mm) OD brass tube with a 2-inch
(51mm) ID. The 1/8-inch (3mm) wall
thickness can be drilled and tapped for
2-56 screws if reasonable care is taken.
The original 2304-MHz 2C39 amplifier |
built also used 2-inch (51mm) ID tubing
for the plate cavity but a 2-inch (51mm)
OD ring, 1-3/4-inch (44.5mm) ID, was
slipped inside of the cavity to bring the
resonant frequency up to 2304 MHz. If
desired, the plate cavity ring can be a
single unit, 2-1/4 inch (57mm) OD and
1-3/4 inch (44.5mm) ID.

plate assembly

The plate assembly consists of the
1-3/4-inch (44.5mm) ID plate cavity (fig.

Side view of (he 30-watt 2304-MHz ampli-
fier showing the 2C39 and output connector
(top), plate cavity, cathode cavity and
tuning pistons.

february 1975 9



View from the plate output side of the amplifier, with and without and 2C39 installed.

LL AND TAP I 40— ES ON |-116"

DR I HOL

5 HOLES ON 7/8 rz 0 mm)} R. CIRCLE

(22 mm) RADIUS (USE 2-56 CLEARANCE

PLATE RING AS C'SINK B8 PLACES AS
.f

TEMPLATE ) SHOWN [SEE TEXT)

20e: ¢ \/\ i ‘o\
+
|

=D
s, | A

Y
716" —1 ™~ -
Li& o .o =%
filmm) | = e ——
I-5/8"

-J I=-i18" DI.IM
(285 mm)
1 .r-u mp |

T el 5mj'
I i rs") -,m-J ="

fig. 2. Dimensions for the output plate (out-
side face). Material is 0.093" (2.5mm) brass.

1) sandwiched between the output plate
(fig. 2) and the grid partition (fig. 3).
The plate ring with its finger stock is
mounted on the outside of the output
plate with a 10 mil (0.010 inch or
0.25mm) Teflon insulating sheet. The
11 holes on the output plate are drilled
30° apart on a 1-1/16-inch (27mm) ra-
dius circle. Eight of these holes are
countersunk for flat-head 2-56 screws
so that the plate ring will mount flush.
The output plate is used, in turn, as a
template for locating the tapped holes
in the plate cavity. Fig. 4 shows the
plate cavity rings mounted on the out-

10 february 1975

put plate. Note that the inner ring is
split to clear the rf output coupler.

The type-N output connector, which
is made from a UG-58A chassis connec-
tor, is soldered in the 7/16-inch (11mm)
hole on the otuput plate. The square
mounting flange of the UG-58A is first
cut off with a hack saw and then the
barrel of the fitting is filed smooth. The
mounting hole should be drilled under-
size and reamed from the outside to
provide a slightly tapered hole which
will provide a force fit with the connec-
tor. When assembled, the Teflon part of
the connector should be flush with the

Plate assembly before installation of the
cathode cavity.



SOLPER GRID FINGERS IN
7/8" (22 mm) DIAM. HOLE.
FLUSH WITH GRID PLATE
\ SURFACE. (SEE TEXT)

12 HOLES_ 0.112" (3 mm) DIAM.
ON 2-1/8" (54 mm) DIAM. BOLT
CIRCLE -30% APART-C'SINX FOR
. 2-56 FLAT HEAD SCREWS 7
‘Bﬁfm (5 mm) PLACES AS SHOWN.

DRILL & TAP 4-40,
mm) \ 4 PLACES

3/16"°
£ (5 mm)

15/,32" (12 mm)
DIAM. TUNER
BUSHING HOLE
—2-5/16" (SEE TEXT)
(59 mm)
—

¥

1-11/16
{43 mm)

(29.5 mm) 1-9/16“

— _____L
39.5 mm.

3/16°
(5 mm)}
— -—-(3/@' s
9.5 mm.
{-5/8" 78"
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. SU—
(76
8

4
(105 mm)

fig. 3. Grid partition for the 2304 amplifier.
Matertal is 0.093" (2.5mm) brass.

inside surface of the output plate. Use a
propane torch to provide sufficient heat
for soldering. Bring the output plate up
to temperature evenly, and avoid pro-
longed apptication of the flame directly
on the type-N fitting.

The 15/32-inch {(12mm) tuner bush-
ing hole in the grid partition (fig. 3)
should be drilled undersize, and reamed
out to provide a force fit with the
bushing. The tuner bushing (fig. 5), ex-
tends 1/8 inch (3mm) into the plate

S\M)Eﬂ

R _RING 2-1/4" (57 mm)

0., 2" LD DRILL & TAP
3/16" (S men} 2-56 12 HOLES SPACED
/7 0.0. COAXIAL 30° (SEE TEXT)

QUTPUT COAX PLATE CAVITY ZINMR RING 2" (5i mm)
CONNECTOR RINGS OD., [-3/4°(44.5 mm]
LD SPLIT AS SHOWN
CUTPUT PLATE
(FIG. 2)

fig. 4. Plate circuit ring assembly (inside view
on right).

MOUNTING HOLES - A"

cavity when pushed down against its
shoulder.

Before soldering the grid finger stock
and the tuner bushing to the grid
partition, lay a 9x11-inch (23x28cm)
sheet of fine emery cloth face up on a
flat metal surface and sand the grid
partition flat by moving the metal plate
back and forth over the emery cloth.
Then polish the surface of the plate
with fine steel wool. The other plates
should be treated in a similar manner.

The grid finger stock and the tuner
bushing are soldered to the grid parti-
tion at the same time. The finger stock
should be flush with the grid partition
on the side facing into the plate cavity.
When so located, the grid finger stock
exerts a force which pulls the 2C39 into

DRILL 8 TAP 3/8-32
KULL LENGTH INSIDE

e
6 mm]

fig. 5. Tuner bushing (two required}. Material
is 12"’ (12.5mm]) brass tube.

position so that the surface of the grid
next to the ceramic insulation of the
tube is held against the grid partition.
This is critically related to the resonance
frequency of the plate cavity. To
achieve proper grid finger stock posi-
tion, lay the grid partition face down on
a flat metal surface, insert the finger
stock flush against the metal surface,
and solder from the rear side using a
propane tarch.

Before drilling the 12 holes on the grid
partition for the plate cavity, mount the
plate cavity and the Teflon insulated
plate ring to the output plate and insert

february 1975 [ 11



DRILL_0.128" (3.3 mm) DIAMETER
; X {74 (6.5 mm) DEEP.

¥ \f-—C !
14" \ LN 3/16°
©s5mm) [ 7 (5 mm)}
.378 J
[“75.6 mm7
5/87

{16 mm}

fig. 6. Coaxial couplers. Two are required, one
for the input, the other for the output.
Material is %" (6.5mm) brass rod.

the 2C39. Next, slip the grid partition
into place, allowing the grid finger stock
to hold the assembly together. Align the
edges of the output plate and grid
partition so they are parallel. Then,
using a scriber, carefully mark the outer
edge of the plate cavity on the inside of
the grid partition. This will identify the
exact position for the plate cavity and
will help to properly locate the 12
mounting holes. This is an important
step in fabrication since it is essential
that the grid finger stock be perfectly
aligned with the plate finger stock.

After drilling these 12 holes, re-
assemble the parts and mark the loca-
tions of the 12 holes on the plate cavity.
Carefully drill and tap each hole approx-
imately 3/16-inch (5mm) deep. Use
1/4-inch (6.5mm) long 2-56 stainless
steel, binder-head screws to attach the
grid partition to the cavity.

The 3/16-inch {(5mm) hole in the grid
partition is a clearance hole for the
output coupler (fig. 6). The center

174" (6.5 mm) DIAM SOLDER
BRASS ROO

BRASS VOLUME
CONTROL BUSHING

TURN ROUND

FACE OFF

: ]

L= 3" (76 mm) FOR CATHODE CAVITY
L = 3-9/16" (90.5 mm] FOR PLATE CAVITY

fig. 7. Tuning piston (two required).
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conductor of the N connector is fitted
with a 1/4-inch (6.5mm]} diameter brass
rod turned down on one end to 3/16
inch (Bmm) to slip-fit into the 3/16-inch
hole in the grid partition. The length of
the 1/4-inch diameter portion of the
coupler should be made a few thou-
sandths of an inch longer than 3/8 inch
{approximately 0.378" or 9.6mm) so its
shoulder will bear against the grid parti-
tion wall when the amplifier is assem-
bled. Before reassembling the output
plate circuit, insert the tuning piston
shaft (fig. 7) through the bushing from
inside the cavity and thread the piston

into place.
SLOT WITH FINE
; HACKSAW-60" APART

B _ _ e
(9.5 mm)

/8" L L— A 1.0. FOR SLIP-FIT
(3 mm WITH 174" (6.5 mm)
DIAMETER TUNING

8 SHAFT

A 8
PLATE 58" 1-i/4"
SLEEVE _|(16 mm) |(32 mm)

CATHODE | 3/8" | 3/4°
SLEEVE |85 mm)| (19 mm)

fig. 8. Tuning sleeves. One is required for each
of the tuning pistons in the plate and cathode
circuits. Material is threaded brass tubing (see
text).

tuning pistons

The tuning pistons are made from 3/8-
inch (9.5mm) brass bushings from old
volume controls and 1/4-inch (6.5mm)
brass rods. Insert the rod into the
bushing as shown and solder the two
together. Clamp an electric drill in a
vise between two blocks of wood and
mount the 1/4-inch (6.5mm) tuning
piston shaft in the chuck. Then, using
the hand drill as a lathe, file the
hexagonal surface of the bushing round.
Also, file the end of the assembly
smooth and true.

The tuning pistons are screwed into
the tuner bushing from inside of each



cavity. The tuning sleeves (fig. 8) are
then slipped over the 1/4-inch (6.5mm)
tuning shafts from the outside, and
screwed into the tuner bushings. These
sleeves provide the necessary mechanical
stability and also serve as rf chokes for
the tuning pistons; the amplifier should
not be operated without them.

If brass tubing with 3/8-32 threads
on the inside is not available, tap
13/32-inch (10.5mm) ID brass tub-
ing to a depth of 5/16 inch (8mm) from
each end as shown in fig. 5. Turn down
the shoulder on one end by using your
hand drill as a lathe. One of the tuning
pistons can be used as a jig to hold the
tuner bushing during this operation. The
drill should be run at slow speed if a
variable speed unit is available; other-
wise, use a Variac to adjust the speed of
the drill.

The discussion so far has been con-
cerned with the plate circuit assembly.
This assembly can now be temporarily
laid aside while the cathode parts are
assembled.
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TUNING SHAFT, D,‘",',"" 4
6" (Smm) DEEP —FOUR "B" HOLES 4

CLEARANCE TO K»ﬂfcﬂ .
HOLES IN GRID PARTITION
va" r?.’ mm) HOLE TO CLEAR
GRID FINGER STOCK OF GRID
PARTITION

1l HOLES O.112° (3 mm) DIAM
C'SINK FOR 2-56 FLAT HEAD
SCREWS ON 1-1/8" (265 mm)
DraM
fig. 9. Grid cavity plate. Material is 0.093"

(2.5mm) brass.
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Cathode partition before the mounting holes
have been drilled and the heater/cathode
connector is installed.

Fig. 12 is a cut-away view of the
cathode assembly showing the cathode
plate with its cavity, the type-N input
connector and the piston tuning capaci-
tor and tuning sleeve. The type-N con-
nector and the tuner bushing are assem-
bled and soldered in the same manner as
described for the output plate. The
input coaxial coupler is identical to the
output coaxial coupler.

Fig. 10 is an outside view of the
cathode partition. There are eleven 2-56
clearance holes located 30° apart on a
2-1/8 inch (54mm) diameter circle,
three of which are countersunk to pro-
vide a flush surface for the heater/
cathode assembly. These holes should
not be drilled until later in the
assembly.

The four C holes serve a dual pur-
pose. They are primarily screwdriver
clearance holes to facilitate the final
assembly of the amplifier. However,
they can also be used to attach support
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Front view of the cathode partition. Notch
on rear edge provides clearance for plate
tuning piston.

rods for mounting the amplifier to a
panel.

cathode heater assembly

Parts from a surplus 2C39 amplifier
were used for the heater-cathode assem-
bly shown in fig. 11. The 7/32-inch
{(5.5mm) clearance hole at the center of
the 1-inch (25.5mm) square plate is cut
undersize and carefully reamed for a
force fit over the heater-cathode
assembly. It is important that a 2C39 be
plugged into the heater cathode
assembly during the reaming process,
and also when the plate is soldered in
position. Use solder sparingly so that it
will not flow between the serrations and
onto the 2C39 cathode sleeve. The
location of the square plate is critical.
Notch one side to clear the tuner
bushing.

Before drilling the eleven clearance
holes on the cathode partition for the
2-56 mounting screws, assemble the
heater/cathode assembly to the cathode
partition using shoulder washers and a
10 mil (0.25mm) Teflon insulating
sheet. Use the heater-cathode assembly as
a template for locating the four mounting
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holes. Drill and tap these four holes for
2-56 screws. Then attach the cathode
cavity to the grid cavity plate (fig. 9) us-
ing flat-head, 2-56 stainless-steel screws.

The plate circuit assembly should
now be mated with the cathode
assembly. Before this can be done a
notch must be cut on the grid cavity
plate to clear the plate tuning shaft.
Next, lay the grid cavity plate face
down on the outside of the grid parti-
tion and insert the 2C39 into the plate
assembly socket. Then plug the cathode
partition into the cathode end of the
2C39. If the instructions have been
carefully followed, the face of the cath-
ode plate will mate with the cathode
cavity ring. If it does not, shim the
heater-cathode assembly with a 1-inch
(25.5mm) square, thin brass sheet with
a central clearance hole and matching
mounting holes.

Make sure that the sides of the
cathode partition and grid cavity plate

~FOUR 732° B J DiAM T ES
TO MATCH HOLES OF um.r' CANITY

—NOTCH TO CLEAR
PLATE TUNING
SHAFT, 3/16 PLATE (SCREWDRIVER ACCESS)
I Smeni DEEP

/ ";_ HOLES Om 2-1.
I / CIRCLE 30" APRAT

/ _

O\

216
{1 mm)

@_ ==

19,32 f'll =

10. Cathode partition. Haoles marked

fig.
with letter C are screwdriver clearance holes

to facilitate assembly. Material is 0.093"

(2.5mm) brass.

/ i;?-; _ 23 n—rr_gjtifﬂ." ]
_G}/ T ‘ \43 't

7 1 HOLES 010" (28 mm) DuAA
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are parallel and that they, in turn, are
parallel with the sides of the plate
assembly. Using a scriber, carefully
mark the location of the cathode cavity
on the cathode plate. This will help to
locate the center of the 2-1/8 inch
(564mm) diameter circle and the posi-
tions of the eleven cavity mounting
holes. After these holes have been drill-
ed, reassemble the parts and use the
cathode partition as a template to locate
the eleven 2-56 tapped holes on the
cathode cavity.

— 4 HOLES TD CLEAR
| wsuLaTinG sHoULDER
WASHERS
~HEATER CATHODE
CTOR. /

7/32° (5.5 mm)
/ [ DHAME TER HOLE
riArEJ?]

Wrsis
® f‘rz'..sl?m:
Z ,—!3“-._, -,

e
ms:.u_armr. SHOUL DER
WASHE! 2.5 mml

-
(25,5 mm)

fig. 11. Heater/cathode assembly uses parts
from surplus 2C39 amplifier. Material for the
mounting plate is 0.093" (2.5mm) brass. Use
the mounting plate as a template to locate
four 2-56 tapped holes for assembly with the
cathode partition.

Insert the 1/4-inch (6.5mm) shaft of
the cathode tuning piston through the
cathode tuner bushing from the inside
of the cavity; then reassemble the cath-
ode partition (fig. 10) with the cathode
cavity assembly.

At this point the two major assem-
blies are complete. It is now only
necessary to attach these assemblies
together by threading four 4-40 screws
through the B holes of the grid cavity
plate into the four tapped A holes of
the grid partition. A screwdriver can be
slipped through the C holes to tighten
these screws.

e /
Fll Lé ' @"'-‘?‘J%:” fe:sT.:.mr

Inside view of the cathode partition and
cavity assembly before it is attached to the
plate assembly.

tune up

Check the insulation under the
heater/cathode plate with an ohmmeter
to make sure the filament and cathode
are insulated from ground. Also, check
the plate socket insulation. Wire the
amplifier as shown in fig. 13. Start the
tune up by applying a low voltage to the
plate, or bring the plate voltage up
slowly with the aid of a variable-voltage
transformer.

Bottom view of the cathode assembly.
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The 50-ohm resistor in the cathode
return circuit should be adjusted for a
quiescent (no-drive) 2C39 plate current
of approximately 40 mA with 1000
volts on the plate. With sufficient driv-
ing power, the plate current should
reach approximately 120 mA. (If a
2C39 equipped with a water jacket is
used,* the plate current can safely be
driven to 200 mA.) The 0-260 mA
meter installed in the cathode circuit
allows the grid current to be measured
as the difference between the cathode
and plate meter readings. Grid current
levels over 50 mA may be reached.

| recommend the use of a 2304-MHz
driver capable of providing about 5.0
watts output to compensate for losses
associated with interconnecting cables
and fittings. A 2C39 doubler, using a

CLEARANCE NOTCH FOR

CATHODE CAVITY
PLATE TUNING PISTON. RING.

CATHODE
UNING
PISTON

UG-584
ou TPk

COAX
CONNECTOR

HEATER/CATHODE
CONNECTOR

fig. 12. Inside view (left) and cutaway view
{right) of the cathode assembly, showing
location of the various components.

plate circuit identical to the one describ-
ed here, will easily provide 5 watts of
drive power. With 5 watts of drive the rf
power output from the amplifier should
be between 20 and 40 watts, depending
on the particular 2C39 used in the
circuit.*

Surprisingly, the power gain of most
2C39s tried in this circuit measured

*A Hewlett-Packard 434A Colorimetric Power
Meter was used in conjunction with a 2- to
4-GHz Narda 10-dB coaxial directional coupler
for making power measurements.
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HS VaC

2A

0-200
fig. 13. Filament, 50 C’“DmA

piate and dc bias cir-
cuits for the 2C39
used in the
2304-MHz power
amplifier. +1000v

about 13 dB. A hot 2C39 may deliver
over 30 watts CW output with only 1.5
watts drive. Plate circuit efficiencies run
between 20 and 25%. Typical operating
conditions with air cooling may be 130
watts dc plate power input and 30 watts
of output. The 2C39 plate dissipation
would then be 100 watts and the
efficiency 256%.

{f water cooling is used, over 40
watts rf output can be abtained for 200
watts dc plate input. With air cooling,
15 seconds or more may be required
before full power output is achieved
once the amplifier has been previously
tuned up hot. With water cooling the
key-down operating temperature is
much less than for air-cooling, and full
power output is achieved within a few
seconds after plate power is applied.

By following the instructions given in
this article, you can generate relatively
large amounts of rf power on 2304
MHz. Now, who has a good 2304-MHz
eight-tube ring-amplifier design?
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Wes Hayward, W7Z01, 7700 SW Danielle Avenue, Beaverton, Oregon 97005

bandpass filters

There was a time when the capabilities
of an amateur receiver were well sum-
marized by specifying its selectivity,
sensitivity and stability. While the speci-
fications offered by the manufacturers
of our present-day receivers rarely
include much more, the parameters of
significance to a critical operator on the
high-frequency bands also include the
blocking level, intermodulation levels
and sensitivity to cross modulation.

A severe test of an amateur receiver
is during contest operation when a large
number of signals are present, many of
them quite strong. Undoubtedly the
most extreme conditions are presented
during the ARRL Field Day when the
operator must fight not only extensive
QRM present on most of the bands, but
must also contend with other trans-
mitters operating from his own location,
often separated only a few hundred kHz
from his own frequency. Designing a
receiving system to survive such an
environment is one of the most exciting
and challenging problems presented to
the devoted contest operator.

The solution to large-signal problems
lies in the design of the receiver front-
end. Great care must be used in deter-
mining a proper gain distribution.
Further, the proper active devices must



be carefully applied to realize an opti-
mum dynamic range. Along with these
requirements, the receiver must be pro-
tected from out-of-band signals as much
as possible. This latter requirement is
met with carefully designed preselection
filters and forms the basis for this
article. Clearly the design of bandpass
filters is applicable to many areas other
than receiver preselection.

As with most areas of interest to the
technically inclined radio amateur, the
preselector synthesis problem can be
approached from both a theoretical and
an experimental point of view. In this
article | will attempt to emphasize the
empirical approach. However, any experi-
mental activities are markedly enhanced
by an understanding of the basic prin-
ciples. To this end, some of the funda-
mentals of filter design will be dis-
cussed. Some practical designs are also
presented for duplication by the
experimenter, if desired.

In a recent article by Nagle,1 the
design of bandpass filters was presented
using the classic lowpass to bandpass
transformation. While this technique is
extremely useful for many design prob-
lems, it is generally limited to filters
with wider bandwidths. When you
attempt to build filters of only a few
percent bandwidth, you find that the
results are often inconsistent with the
classic image-parameter designs. The rea-
son for this is that the experimental
results are “distorted” by the finite
unloaded Q of the tuned circuits used in
the filter. Hence, a more meaningful
theoretical approach is to use “pre-
distorted’’ design tables which allow the
designer to account for the unloaded Q

SIGNAL

50a 50n

SOURCE DETECTOR
FILTER WA
Cd I

iSa)
ps Bt

fig. 1. Basic test set-up for aligning and
evaluating filters.

of the resonators on hand. The term
“resonator’’ is used in preference to the
more usual ‘‘tuned circuit’” since the
methods are applicable to systems at all
frequencies from audio to the micro-
wave region.

25 25
50
L 400 50

fig. 2. Single resanator filter for operation at
7 MHz. The inductor, L, is 1.3 UH, consist-
ing of 17 turns number-22 wire on an
Amidon T-68-6 toroid care; unloaded Q of
the inductor is 275. Response of this filter is
plotted in fig. 6.

measurement techniques

Shown in fig. 1 is a generalized block
diagram of the test set-up which should
be used for the alignment and evalua-
tion of preselector filters. There are
three basic parts to the system: a signal
source, the filter being tested and a
calibrated detector. There are a number
of pieces of equipment which could be
used for both the signal source and for
the detectar, depending upon the gear
available in your own lab.

One suitable signal source would be
one of the many inexpensive signal
generators on the market such as the
Heath 1G-102. However, it is quite
important that the output impedance of
the source be constant and known,
typically 50 ohms. This is rarely the
case with inexpensive signal generators.
This problem is easily solved by insert-
ing a 10-dB attenuator between the
generator and coax leading to the filter.
Similarly, a vfo-controlled {ow-power
transmitter covering the frequency
range of interest would be suitable if it
is used with a 10-dB pad.

Although high-frequency oscillo-
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scopes, wide-range spectrum analyzers
or even a QRP power meter2 are all
suitable as detectors, probably the most
commonly available item is your station
receiver. As with the generator, it is
quite important that the input impe-
dance of the detector be 50 ohms,
rarely the case with receivers. Again, a
10-dB pad at the input to the receiver is
a suitable solution. |f you have great
faith in your receiver’'s S-meter, you can
use it as the output indicator. A much
safer method would be to precede the
receiver with a step attenuator and

Ry

77

fig. 3. Equivalent circuit for modeling the Q
of the inductor used in the circuit of fig. 4
(see text).

monitor the receiver output with an
audio voltmeter. Since all measurements
will be done with the attenuator using
the substitution technique, the audio
voltmeter does not need to be calibra-
ted. The attenuators described by
Daughters and Alexander® are very in-
expensive, easy to build, and usable into
the vhf spectrum.

The test equipment | use is variable,
but typically starts with a homebrew
signal generator with about 4-milliwatts
output. This output is split, with one
component feeding a frequency
counter; the other output feeds an
attenuation pad which then drives the
filter under test. The output of the filter
drives a step attenuator which drives a
broadband amplifier. This, in turn, is
applied to a square-law detector using a
hot-carrier diode. The system is suitable
for measurements over a range greater
than 50 dB at frequencies up to the low
end of the vhf spectrum. All measure-
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ments presented in this article were
obtained with an HP-8640B Signal
Generator and a Tektronix 7L13 Spec-
trum Analyzer, used as a detector. How-
ever, al! alignment and initial evalu-
ation was done with the iess exotic gear
available in my home workshop.

the single tuned circuit

As an initial step in our investigation
of filters, let's take a look at the
common, single resonator. While this
configuration is hardly profound, it is
typical of the minimal preselection
found in most of our amateur receivers.
Secondly, many of the conclusions you
reach in pursuing such a simple system
are qualitatively very general and can be
applied in building more elaborate, multi-
resonator filters.

For our design example, the resona-
tor shown in fig. 2 will be considered.
The coil is merely 17 turns of number-
22 enamelled wire on an Amidon T-68-6
toroid core. This will be resonated at 7
MHz with a 400-pF mica compression
trimmer capacitor. The unloaded Q of
this inductor was measured as 275. As
will be shown, a laboratory Q-meter is
not necessary for this measurement.
Energy is coupled into and out of this
resonator with a pair of 25-pF capaci-
tors. In all analysis, always assume that
the filter is driven and terminated by
50-ohm resistive sources.

To analyze this circuit, one more
element is needed: Some means for
modeling the Q of the inductor. This is
shown in fig. 3. As is well known, the
finite Q of any lumped tuned circuit can
be represented by either a series or
parallel resistance connected to ideal
inductors and capacitors. For our appli-
cation the parallel representation is more
useful and yields F{p = 15700 ohms.

Although | will not go through the
details, the resonator is easily analyzed
using classic ac circuit theory.4 First, it
can be shown that the 25-pF coupling
capacitors have the effect of transform-



SN
TR

fig. 4. Two forms of the double-tuned reso-
nator. Capacitive coupling is used in (A);
inductive coupling is used in (B). Performance
of both circuits is identical.

ing the 50-ohm source and load to
parallel equivalents. In this case, the
series B0-ohm resistor and 25-pF capa-
citor transforms to a parallel resistance
of 16.6 kilohms in parallel with a
capacitance just under 25 pF. The net
load across the resonator is now the
parallel combination of the two 16.6-
kilohm external loads and the 15.7-
kilohm resistor representing the induc-
tor losses, or, in this case, 5.5 kilohms.
Using the equation in fig. 3 which

relates Q to parallel load resistance, the
loaded Q is calculated to be 95. Addi-
tional arithmetic will show that this
filter has a bandwidth of 74 kHz and
insertion loss of 3.7 dB.

The data on this resonator become
more enlightening as you consider some
other component values. For example,
if you change the input and output
coupling capacitors to 10 pF, the loaded
Q goes up to 210, yielding a filter with a
bandwidth of 33 kHz, but with an
insertion loss of 12.5 dB. If you use
50-pF input and output capacitors, you
realize a filter with a Q of 32, band-
width of 220 kHz and insertion loss of
only 1.1 dB.

Probably the most significant conclu-
sion is that insertion loss must increase
as you go to narrower bandwidths. For
the single tuned circuit it can be shown
that the loss is given by

. Q2
Insertion loss =-10 log, 5, |1 - Q, dB

From the equation you see that filters
with low insertion loss can be realized
only by using resonators with a very
high unloaded Q, or by acceptinga wider
bandwidth (i.e., reduced loaded Q).

While all of this may seem to be

fig. 5. Two-section, double-tuned filter for use on 7 MHz. Measured response of this filter
is plotted in fig. 6.
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quite basic and perhaps academic, it is
quite significant, for it allows you to
make measurements which will tell you
a lot about your filter. For example, if
you measure the bandwidth and the
insertion loss of the filter shown in fig.
2, you can then calculate the unloaded
Q of the resonator. Alternately, if you
use a 1-pF capacitor to lightly couple to

sarily matched in the classic sense of
maximizing power transfer. Similarly, if
the input impedance of a receiver is
specified as being 50 ohms, this means
that the unit should be driven from a
50-ohm source. However, the impe-
dance which would be seen by a bridge
looking at the input may be something
quite different.

///

SINGLE RESONATOR
a (FIG. 2)

|
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o

RESPONSE (d8)
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[

DOUBLE TUNED
CIRCUIT
(FIG. 6)

-50 —@-/
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2.0 7.t 72 73 74
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fig. 6. Measured frequency response of the single- and double-tuned 7-MHz filters.

the load and the source, the insertion
loss will be 46 dB, but the measured Q
will be within 1% of the unloaded Q of
the system. This method of Q measure-
ment is straightforward, and applicable
at frequencies well outside the range of
the typical Q-meter.

Before progressing to the double-
tuned circuit, there are a couple more
calculations which are enlightening. If
you disconnect the generator but leave
the output terminated in 50 ohms, the
input resistance seen at the input to the
filter is about 102 ohms, and not the 50
ohms you might expect. When working
with filters, impedances are not neces-

22 [[§ february 1975

In the example of fig. 2 series capa-
citors have been used to transform the
generator and termination to resistances
useful for loading the filter. However,
the more common, and often more
convenient, method is to use link coup-
ling. Toroid cores have as one of their
virtues the asset that impedances trans-
form as the square of the turns ratio.
Assume, for example, that a three-turn
link were placed on the 17-turn coil and
that the link is terminated in 50 ohms.
The effective resistance across the coil is

thus
17\2 _
50 (—3'> = 1606 ohms



This is, of course, in parallel with any
other loads which may be present,
including the resistance representing the
unloaded Q of the resonator.

the double-tuned circuit

Shown in fig. 4 are two forms of the
double-tuned circuit. Although a bit

capacitive coupling should be used be-
tween resonators.

Consider an empirical approach to
designing a two-resonator filter. The
first step is to choose suitable compo-
nents. Generally, the only criterion of
significance is that the unloaded Q be as
high as possible. If capacitive coupling
between resonators is to be used, it is

L 33 turns no. 20 enamelied on Amidon
T-106-2 toroid cores (approximately
14 uH). Links are each 2 turns

6 turns no. 20 enamelled on Amidon
T-30-2 toroid core

Lm

Co 4-section air variable, 10-160 pF per
section
Ct  35-pF trimmer capacitors

fig. 7. Four-resonator filter designed for the amateur 160-meter band. Measured response of this

filter is plotted in fig. 9.

more complicated than the single reso-
nator, it has the property that steeper
skirts can be realized while maintaining
a wider 3-dB bandwidth, As might be
expected, you must pay the price of
higher insertion loss to realize these
assets.

Fig. 4A shows a capacitor for coup-
ling between resonators as well as capa-
citive coupling to the external load. Fig.
4B shows the use of inductive coupling.
For fixed-tuned filters the two methods,
or mixtures of the techniques such as
link loading with capacitive coupling
between resonators, are virtually equiv-
alent. However, if the filters are to be
tuned over some band of frequencies, a
little more care should be taken. If, for
example, a dual-section variable capa-
citor is to be used, the scheme of fig. 4B
should be used. If inductive tracking is
to be used (a la Collins receivers), then

generally advisable to fean toward lower
L to C ratios in the basic resonator since
this makes adjustment a little easier.
Once the resonators are chosen, each
resonator is loaded lightly and equally
and the two resonators are coupled
lightly. The generator is set at the
desired center frequency and the system
is tuned to resonance. The insertion loss
is measured and then the generator is
tuned over the range of interest. A
single peak is typically noted.

If the bandwidth is too narrow and/
or the insertion loss is higher than
acceptable, the coupling between re-
sonators is increased until the passband
response begins to appear flat. If the
coupling is increased further, a double-
humped response will be noted and the
insertion loss at the center of the filter
will increase. At this point, the loading
of the two sections must be increased,
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the filter re-resonated at the passband
center and the coupling adjusted for a
fairly flat response. For the class of
filters considered in this article it is
important to keep the loading equal on
each section. This general procedure is
continued until the desired bandwidth is

7.5 dB, an acceptable figure for typical
40-meter work. However, this much
insertion loss would be clearly intoler-
able on the vhf bands, or even on 10
meters.

There is a slightly more formal, but
extremely useful, method for adjusting

fig. 8. Construction of the four-resonator 160-meter filter shown in fig. 7.

obtained, always remembering that
there is going to be a tradeoff between
bandwidth and insertion loss.

Shown in fig. 5 is a photograph of a
two-section, 40-meter filter which was
built in this manner. A pair of the
17-turn toroids discussed earlier were
used with a 400-pF compression trim-
mer for tuning. Loading was accom-
plished with one-turn links. A mutual
inductor was used for coupling between
resonators. The coupling inductor was
one turn, about %-inch (6-mm) long and
Ya-inch (6-mm) in diameter. Shown in
fig. 6 are the measured responses of the
single-resonator (fig. 2) and double-
resonator filters. The superior skirt re-
sponse of the two-resonator system is
obvious. The insertion loss of the
double-tuned system was measured at

24 february 1975

a two-section, equally-loaded filter. In
the earlier discussion of the single-
resonator filter it was noted for the
7-MHz filter that very light loading
occurs as you couple into the system
with 1-pF capacitors. This was used to
advantage in measuring unloaded Q.
This light “probing’’ of a resonator is
also used in this filter tuning technique.

In a two-section filter designate the
resonator driven by the generator as
resonator A; resonator B is connected to
the load. The two resonators are
assumed to be identical. The following
tuning procedure is followed:

1. Resonator B is shorted at the hot
end. The generator and detector are
each lightly coupled (i.e., 1-pF capaci-
tors) in an identical fashion to resonator



A. This resonator is tuned for resonance
at the center frequency and the coup-
lings to the generator and load are
checked for at least 30-dB of insertion
loss.

2. The ultimate design bandwidth is
picked and designated as BW, The coup-
ling element between resonators A and
B is arbitrarily adjusted to some level
and resonator A is re-trimmed for a peak
response.

3. While still lightly exciting at the
center frequency and probing resonator
A, resopator B is unshorted and tuned
to resonance. This is detected as a large
dip in output in the detector, often as
much as 30 dB in tightly coupled,
high-Q resonators.

4. Now, the generator is detuned from
the center frequency of the filter. As
the generator is swept through the range
of interest, two strong peaks will appear
in resonator A. These frequencies are
noted.

5. Steps 2 through 4 are repeated with
different adjustment of the coupling
between resonators A and B. The cou-
pling is correct when the frequency sepa-
ration between the peaks (step 4) is BW
x 0.707.

6. Now, resonator B is again temporarily
shorted. The detector is left coupled
very lightly to resonator A. However,
the generator is tightly coupled to the
50-chm generator. Resonator A is tuned
for a peak response at the center fre-
quency and the loaded 3-dB bandwidth
is measured by sweeping the generator.

7. Step 6 is repeated while adjusting the
loading until the loaded bandwidth of
resonator A equals 0.707 BW.

8. The detector is now lightly coupled
to resonator B and resonator A is
shorted. Resonator B is tightly coupled
to the generator and the loading adjust-
ed as in steps 6 and 7 for a loaded
bandwidth of 0.707 BW.

The filter is now tuned. While this
method sounds a bit cumbersome, it's
really much easier to do than it is to
describe. The resulting filter will have
something close to a two-pole Butter-
worth response. As a general rule-of-
thumb, the insertion loss will be around
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fig. 9. Measured frequency response of the
four-resonator 160-meter filter shown sche-
matically in fig. 7.

4 dB if the design bandwidth is four
times the unloaded bandwidth of the
resonators chosen. Decreasing the band-
width to just twice the unloaded resona-
tor bandwidth will increase the insertion
loss to around 10 dB. If the coupling
between resonators is made a bit tighter
and the ends of the filter are loaded
lighter, a Chebyshev response results.
This will steepen the skirt response at
the expense of additional insertion loss.

four-section design examples

As you progress to filters with more
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than two sections, the problems also
increase. As expected, the insertion loss
increases as the number of resonators
goes up. However, the skirt response
also becomes better. In many receiver
applications, the noise figure degrada-
tion resulting from a higher insertion
loss makes one shy away from filters
which are overly exotic. A better ap-
proach is often to place a low-gain
amplifier between a pair of
double-tuned circuits.>

One empirical approach to the design
of a four-pole filter is illustrated in the
circuit of fig. 7. This unit was built for
use at W7RM on the 160-meter band.

L 35 turns no. 22 enamelled on Amidon
T-68-2 toroid cores (7 UH). Input link
is 4 turns, output link is 3 turns

terminations at each end. Then the two
filters were capacitively coupled
through a small air trimmer. Final
adjustment was done by trimming the
frequency of the resonators and the
coupling capacitor for optimum pass-
band shape. The fact that one capacitive
coupling element was used in a system
with capacitive tracking led to a 1-dB
variation in insertion loss as the filter is
tuned over the band. Also, it was found
necessary to adjust the turns spacing on
some of the coils in order to implement
tracking.

The Top-Band filter is shown in the
photograph, fig. 8. The resistors near
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fig. 10. Four resonator filter for use on 80 meters has 100-kHz bandwidth, 4.4-dB insertion loss
and 6- to 60-dB shape factor of 5.16. Response is plotted in fig. 11.

The filter is tunable from 1.8 to 2.0
MHz and has an insertion loss of 5 dB.
The 3-dB bandwidth is 30 kHz and the
6- to 60-dB shape factor is 4.78. Stop-
band attenuation is more than 120 dB.

The key to the performance of this
filter is the high-Q toroid cores chosen
for the resonators. Amidon T-106-2
toroids were used since they exhibit an
unloaded Q of 330 at 1.8 MHz, a feat
difficult to achieve with air-core coils of
any reasonable size. Incidentally, | have
found the Q and inductance data
supplied by Amidon™ to be quite reli-
able and repeatable.

The filter was built by first con-
structing two identical double-tuned cir-
cuits. They were each adjusted for
about 2-dB insertion loss with 50-ohm

*Amidon Associates, 12033 Otsego Street,
North Hollywood, California 31607.
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the BNC coax connectors are 3-dB pads
which were inserted to insure that the
filter termination is always fairly close
to being correct. This is often a problem
on the 160-meter band where split
freguency operation is used. Shown in
fig. 9 is the measured response of the
filter when tuned to the European
160-meter “window’’ at 1830 kHz.
Presented in figs. 10 and 11 is data for
a filter for the 80-meter band. This filter
was designed using the pre-distorted
design data presented in Zverev,6 assum-
ing an unloaded resonator Q of 225.
The measured insertion loss of 4.4 dB
was slightly under that predicted,
indicating that the unloaded Qs were a
bit higher. Otherwise, the results are
very close to the desired Butterworth
design. Although the filter was designed
and aligned at 3750-kHz, re-alignment
at 3600 and 3900 vyielded similar
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fig. 11. Measured frequency response of the
four-resonator 80-meter filter shown in fig. 10.

results. To fit the design exactly as the
center frequency is changed, the cou-
pling capacitors between the resonators
should be directly proportional to the
total tuning capacitance in each
resonator.

The synthesis of multipole filters of
narrower bandwidths or at higher fre-
quencies becomes more difficult. The
four-pole 80-meter filter described
above had a bandwidth of about six
times the unloaded bandwidth of the
resonators, consistent with an insertion
loss of a little over 4 dB. If a sharper
filter is required, the only solutions are
to accept much higher insertion losses,

*A helical resonator has been described in the
amateur literature as a coil surrounded by a
shield. A more accurate description is that the
helical resonator is a quarter-wavelength of
special helical transmission line. This line is
similar to coax except that the inner con-
ductor is helically wound, yielding a very low
axial propagation velocity. Hence, an elec-
trical quarter-wavelength will be much shorter
than an equivalent coaxial resonator.
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or to use resonators with much higher
unloaded Q.

Myers and Greene? have reported on
the construction of helical resonators™
for the high-frequency region. For ex-
ample, a two-section filter was described
using resonators capable of yielding an
unloaded Q of 700 at 7 MHz. With such
resonators a double-tuned circuit at 40
meters would yield a 4-dB insertion loss
with a bandwidth of 40 kHz. When
tuned in the CW segment of the band
there should be more than 30-dB atten-
uation over most of the 40-meter phone
band. If proper input-output isolation is
maintained in such a filter, the attenua-
tion to even-order, harmonically-related
bands should be wel! over 60 dB. While
such performance will do wonders for
the typical Field-Day installation,
proper filter adjustment is mandatory.

Oddly, the basic problems become a
little less difficult as you move into the
vhf region for it is easier to build high-Q
resonators. The procedures are essential-
ly the same as those described, although
the systems may look much different
physically. The single, most important
concept to remember at any frequency
is that the price of narrow bandwidth
must be paid in insertion loss.
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principles of

A discussion of

the various
speech processing systems,
and some suggestions

for further

experimentation

Although there is a great deal of interest
at present in developing practical speech
processing systems to increase the
effectiveness of radio transmitters, the
basic principles and problems have been
understood since the 1920s.1,2 First of
all, most speech falls within a frequency
band of a little over three octaves
around the range from 300 to 3,000 Hz,
and most of the speech energy is con-
centrated in the lower octave of the
range. These lower-frequency sounds
contribute to the individual timbre of
the voice but have little to do with the
intelligibility of speech. Furthermore,
most speech intelligence is carried in the
band around 1 kHz in most voices. Most
ears are most sensitive around this band,
too.

Speech has a high ratio of peak-to-
average energy. The peaks may be
clipped until the speech envelope ap-
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Barry Kirkwood, ZL1BN, Department of Psychology, University of Auckland, New Zealand

speech processing

proaches a series of square waves at
clipping levels around 30 dB, where
speech is still readily intelligible al-
though unnatural sounding. Due to the
wide range of individual voice character-
istics, languages and dialects used there
is no agreed index of intelligibility,?
and optimal speech processing systems
must be tailored to the individual voice.

Practical speech processors are
designed to take advantage of all or
some of these facts. In communications
practice the designer is prepared to
sacrifice voice fidelity for increased
communication effectiveness, but it
should be kept in mind that very subtle
processing techniques are part of the
normal practice in recording and broad-
casting studios where the object is to
keep maximum fidelity of sound within
the limits of the transmission medium.
These systems are well worth study by
anybody developing communications
speech processors.

frequency shaping

Since most of the speech energy is
concentrated in the lower part of the
voice frequency range and contributes
little to the transmitted intelligence, it
follows that an immediate increase in
the transmitter effectiveness will result
by ensuring that the transmitter speech
amplifier has a falling bass response. The
higher-frequency speech components
above 2.5 kHz contain little energy or
intelligence and are normally restricted
in communications systems to reduce
the transmission bandwidth. In ssb
transmitters the extreme high and fow



ATTENUATION (dB)

voice components are usually attenu-
ated by the sideband filter. Moreover,
communications microphones are gen-
erally designed to emphasize the
essential mid-range voice frequencies.
Nevertheless, some advantage can be
expected by designing the speech ampli-
fier so that it has a frequency response
similar to that shown in fig. 1 where the
slope is 12-dB per octave below the
knee point at 1.1 kHz.3

Good results are also reported by
Schmitzer4.5 using a speech processor
with a preamplifier having a passband
resembling fig. 1 with a slope of 6-dB
per octave below 2 kHz, increasing to
12-dB per octave below 300 Hz.

It is impossible to predict the in-
crease in effective communication
power due to frequency shaping alone
since individual voices vary, but it is safe
to say that the advantage will increase in
proportion to the deepness of the voice
and the bass response of the micro-
phone. Subsidiary advantages include a
reduction in ac supply hum and other
low-frequency noise which become a
severe probiem when high levels of
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fig. 2. Frequency response of an amplifier that
places a notch between the lower and middle
speech bands. Theoretically this should give
improved intelligibility, especially if the two
channels are independently clipped and then
summed together.
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fig. 1. Frequency response of a speech pro-

cessor with 12-dB per octave rolioff below 1.4
kHz and sharp rolloff above 2 kHz.3

compression or clipping are used follow-
ing the microphone amplifier.

Listening to transmissions on the air
leads one to believe that many signals
would have improved intelligibility if
the size of the coupling capacitors in the
speech amplifiers were reduced, a simple
and inexpensive modification.

There is room for experiment in even
more radical shaping of the audio band-
pass. For example, it's possible that the
introduction of a slot into the audio
bandpass in the region of 700 Hz, so as
to split the band into two parts as
shown in fig. 2, would permit a gain in
intelligibility for a given power. By
juggling the output of the upper and
lower channels the best trade between
intelligibility and naturalness for a par-
ticular voice and style of operation
should be possible. How wide or deep
the slot should be made (or if it should
be made at all) is a matter for urgent
experiment.

Freguency shaping alone will give
advantage in any form of voice trans-
mission, but speech pre-emphasis be-
comes imperative if any form of com-
pression or amplitude limiting (clipping)
is used in the system. In fact, any device
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of this type that does not use pre-
emphasis is failing to make the best use
of its possibilities and demonstrates a
lack of understanding of the principles
outlined in the first paragraph of this
article.

MIC
INPUT

OUuTPUT TO
MODULATOR

coNTROL  [VARIABLE
VoL TaE  |GAIN AMP

AUDIO
INTEGRATING
NETWORK

i)

fig. 3. Block diagram of a simple audio
compressor.

dynamic compression

Since the amplitude of the energy
peaks in speech are much higher than
the average energy level, and we know
that reducing this dynamic range has
little effect on intelligibility within wide
limits, it follows that some increase in
effective communications power should
be possible by applying automatic gain
control (agc) to the audio amplifier
section of your ssb transmitter. All
dynamic compressors work by feeding
back a control voltage from some later
stage of the system so that gain is varied
in such a way that the output level is
held more or less constant.

The automatic level control (alc)
used in many ssb transmitters functions
as a dynamic compressor. Many of these
systems work by taking a small control
voltage from the grid circuit of AB1
tetrodes which is developed as the tubes
run into grid current. Thus, as the tubes
are pushed into AB2, the speech enve-
lope of the ssb signal is rectified and fed
back to an earlier amplifier, reducing its
gain, tending to compress the trans-
mitter output. Many amateurs run their
transmitters well into alc and thus have
a certain level of compression without
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realizing it. When additional speech pro-
cessing is added to the system the result
may not be as good as expected since
the system is already providing some
compression.

Running such transmitters into alc is
a questionable practice. No figures on
intermodulation products emitted by
equipment as it runs into alc seem to be
available. The distortion level on the
verge of AB2 operation need not neces-
sarily be high so long as certain design
considerations are met: notably low
impedance and good regulation in the
grid bias system. But most alc systems
run by virtue of having a considerable
impedance in the grid circuit over which
the alc voltage is developed and there is
likely to be a sudden rise in splatter
products as alc operates.

Audio compressors acting on the agc
principle have been critically discussed
elsewhere$,6 and many practical designs
have been described.?:8,9 With sophisti-
cated designs intelligibility in noise may
be increased up to about 4 dB. The
chief disadvantage of simple com-
pressors is that in the intervals between
words the gain rises and, thus, back-
ground noise appears to rise. Tailoring
the time constants in the agc loop
cannot give a very high modulation
index: if the time constant is fast
enough to follow the fast speech sounds
then the system is pushed into clipping
and heavy distortion can occur. A slow
time constant means that initial sounds
overmodulate before the system can
compensate for them.

Compressors, especially those with-
out careful audio-frequency pre-
emphasis, may actually degrade the
intelligibility of the transmitted signal
while appearing to put out more power
since a receiver S-meter may read con-
siderably higher due to the fact that the
compressor is integrating background
noise into the transmission.

audio clipping

Like an audio compressor, an audio



amplitude f(imiter is an apparently
simple device that may be inserted in
series with the transmitter microphone
input. If used intelligently it is possible
to obtain at least 6-dB increase in
effective power, equivalent to an input
power increase of four times, albeit with
considerable loss in the natural quality
of the voice.19 Properly adjusted audio
clippers prevent overdriving later trans-
mitting stages.

All clippers operate by setting up a
stage that will pass signals up to a
certain amplitude but limit all signals
greater than this level. The net effect of
this is to put a flat top on the speech
envelope which, at extreme clipping
levels, approaches a train of square
waves. Fourier analysis and practical
experience show that a square wave
with a 1:1 duty cycle generates the
fundamental plus odd harmonics. If the
square wave becomes even slightly
asymmetrical even harmonics appear, so
it follows that care should be taken to
ensure that the clipping action is truly
symmetrical.

Many published designs are open to
the criticism that the clipping is
accomplished by a simple pair of diodes.
For the system to show its full capabili-
ties some care must be given to the
design of the clipper. Carefully matched
silicon diodes with forward bias may be
adequate, but a better approach is to
use a true differential amplifier clipper
as shown in fig. 4. Another approach is

jvo »9v
Ok pauF

4

2pF
Ql, Q2 BCY87 DUAL
OR MATCHED BCI09s

fig. 4. Differential amplifier clipper that pro-
vides gain as well as precise and symmetrical
clipping.

to use an operational amplifier-clipper
as shown in fig. 5. These have the
additional advantage that they produce
gain as well as limiting.

The high-order products produced by
audio clipping can cause splatter. The

CR1=CR2 MATCHED LOW-
VOLTAGE ZENER

OPERATIONAL
AMPLIFIER

QUTPUT
CLIPPED
AT ZENER
VOLTAGE

—0

fig. 5. Operational amplifier used as an active
audio clipper.

low-order products fall within the
speech passband itself and cause distor-
tion of the speech. This is one of the
limiting conditions of audio clipping
since it is clear that a point will be
reached where increased clipping
generates sufficient distortion products
for intellibigility to drop. It is for this
reason that frequency response shaping
becomes so important in this system: if
low-frequency speech components are
reduced by a preamplifier with a band-
pass like that shown in fig. 1, higher
clipping levels can be obtained for a
given degree of distortion.

split channel audio clipping

Another approach to the distortion
problem in audio speech clippers is to
divide the speech spectrum into bands
which are independently clipped and
filtered. The general idea is shown in the
block diagram of fig. 6. Although | have
not been able to trace a detailed discus-
sion of this system, one referencel4d
gives a performance curve of such a
device showing results comparable to an
rf clipper up to 30-dB clipping level.
Another device of this type is under
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development by R. Newsomell but full
results are not yet available.

Another advantage of splitting the
speech into channels in this way is that
by adjusting the gain of each channel
the system can be easily optimized for
individual voice characteristics. the dis-
advantage of this system is the increased
complexity. Nevertheless, it is com-

with considerable sophistication if satis-
factory operation is to be achieved. This
problem has been discussed else-
where.4.5 One solution is to use a
passive filter section preceding the
active filter. By careful choice of values
it is possible to achieve an attenuation
of around 20 dB per octave above 3 kHz
with little overshoot. Such filters should

CLIPPERS BANDPASS
FILTERS

- * * — 250-500 Hz

1SOLATION AND GAIN BANDPASS
ADJUSTMENT FILTERS
Mic
INPUT
PRE AMP 250-500 Hz
fig. 6. Block dia- 500Hz - 1kHz

gram of a split

1 ** F—1 500Kz - tkHz |

channel audio
clipper permit-

ting high clip-
ping levels with
reduced dis

e IxHz - 2xHz

— ** 1 1kHz - 2kHz [

tortion.

posed of inexpensive components and is
an obvious project for amateur experi-
menters since it can be set up with fairly
elementary test gear.

At first glance it seems a simple job
to get rid of the high-order clipping
products that fall above the speech
band. Note that it is also necessary to
cut off the upper speech frequencies
prior to the clipper; otherwise they
would interact with the high order
harmonics and produce further inter-
modulation products that fall in the
desired passband. The problem is to
produce a filter that sharply attenuates
frequencies above about 2.5 kHz. Such
a steep filter requires either high-Q LC
circuits or active RC filters. Filters of
this type tend to overshoot (ring), and
in this application this means that when
each clipped wavefront passes through
the filter, spurious pulses are generated
which overload the subsequent stages.

It is clear that the lowpass filter
following the clipper must be designed
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be checked for ringing by feeding 1-kHz
square waves through them.

In summary, it can be said that audio
clipper-filter type processors can be
made to give a very good account of
themselves, but considerable care must
go into their design. A good example
will be as intelligible as an rf clipper up
to about 20-dB of clipping although the
rf clipper will sound much nicer. A bad
audio clipper will sound awful long
before 20-dB clipping is reached and,
like some compressors, may result in a
bigger but less readable signal. Com-
pared with a full rf clipper the single-
channel audio clipper shows advantages
of cost-effectiveness and may be easily
transferred from one rig to another.
Audio clippers work well on fm, too.

rf clippers

Since rf clippers have been discussed
at length elsewhere,10.12,13 they will
not be discussed in detail here. It is worth
noting, however, that few of the discus-

OUTPUT TO
TRANSMITTER



sions on rf clipping mention audio pre-
emphasis as described in this article. If
audio-frequency shaping is added to an
rf clipping system increased effective-
ness will result.

It is remarkable how little work has
been dgne on the most elementary form
of rf "'clipping: clipping the double-
sideband signal after the balanced

RX MIXER

CONTROL LINE B8+
- 100V RX, OV XMT

undesirable feature that as the diodes go
into clipping they load both the filter
and the balanced modulator. This must
add distortion to the signal. A more
sophisticated system would be to use
isolating amplifiers between the modula-
tor, clipper and filter with a proper
differential amplifier clipper. Fully
developed, the results should be at least

TO I-F

9MHz FILTER AMPLIFIER GRID

TRANSMITTER
BALANCED
MODULATOR

fig. 7. Simple diode clipper operating upon the double-sideband suppressed carrier signal prior to
the fiiter in a Yaesu FT-200 transceiver. Diodes are unbranded high-speed computer types.

modulator and prior to the existing ssb
filter. A practical circuit using this
system is given in fig. 7 and has been a
great success at ZL.1BN; a Yaesu FT-200
so fitted ran up nearly a million points
for a national win in the 1971 ARRL
DX test, not to mention wins and places
in other contests. With the microphone
gain up full, the output reads over twice
normal without running into alc while
voice quality is excellent. Note that the
coupling capacitors in the speech ampli-
fiers have been reduced.

This unit represents the greatest in-
crease in transmitter effectiveness per
unit cost | have ever seen. Certainly it
doesn’t have the potential of formal ssb
clipping, but heavier clipping of any sort
would probably show up the limitations
of the power-handling capability of the
sweep-tube finals. As things stand they
go on year after year without replace-
ment.

The system shown in fig. 7 is about
as primitive as one can get and has the

as good as the best possible audio
processor.

It is worth remembering that what-
ever system is used, extraneous noise
becomes more and more prominent in
the transmitted signal as clipping levels
rise beyond 20 dB or so. It is possible to
reduce environmental noise to a degree
but it is quite a trick to talk without
breathing.” This is a consideration to be
taken into account before scrapping a
system with moderate clipping for one
that might provide more. For praetical
purposes 30-dB clipping can be taken as
an upper limit.

It is generally recognized that the
final amplifying chain of the transmitter
must have sufficient power capability to
take the increased duty cycle of clipped
speech ssb. Apart from the risk of
thermal breakdown of components,

*It would be good practice to precede the
clipping stage with a squelch circuit to elimin-
ate background noise between speech syllables.
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operators should check the dynamic
characteristics of the final ampiifier
stage by running a series of dots and
dashes from an electronic key and
examining the envelope of the CW
output with an oscilloscope. Waves in

frequency and then converted back to
audio and fed into the microphone jack
of an unmodified transmitter (as in fig.
8). This system has most of the virtues
of both rf and audio clipping and it is
surprising that amateur versions are not

U
CLIPPER OAUI{TDP(?T
BALANCED FILTER FILTER BALANCED
MODULATOR 20.2-22 2kbz 202-22 2kHz MODULATOR
GCSCILLATOR
20kH?

fig. 8. Block diagram of a speech processor in which the clipping is done at a low radio frequency
and then converted back to audio to be fed to the microphone input of a transmitter.

the top of the pulses are usually a
symptom of poor dynamic regulation in
the power supply and imply a rapid in-
crease in spurious output from the trans-
mitter if run at full bore on clipped ssb.

other systems

In the speech-processing circuit used
in the commercial Comdel processorls
the signal is processed at a low rf
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common in the literature.16 Since the
cost of ceramic filters for 455 kHz is
dropping relative to the cost of many
other components this system would
compare very favorably with the more
elaborate audio speech processors in
cost-effectiveness. This would seem to
be the method of choice for the experi-
menter wanting to increase communica-
tion power without making internal
changes to his ssb transmitter.
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amplifier With AGC,”" ham radio, November,
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ing,"”” VHF Communications, June, 1970, page
218.
11. R. Newsome, Department of Psychology,
University of Queensland, Australia (Personal
Communication).
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No. 4, page 97; No. 5, page 152.
15. J.R. Fisk, W1DTY, "“Speech Processing,’”’
ham radio June, 1968, page 68.
16. H.G. Elweill, Jr.,, W2MB, “RF Speech
Processor for SSB,” ham radio, September,
1973, page 18.
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No room? Get a
-fjain vertical antenna!

| Even if you're limited to just a few square feet of real
| estate, you've got room for a high performance Hy-Gain
multi-band vertical. Great coverage in minimum ground
space, or roof mount for optimum performance using
Hy-Gain 12RMQ or 14RMQ Roof Mount/Radial Kit. All
these antennas are entirely self-supporting.

T 18HT Hy-Tower 6 thru 80 meters

Unquestionably the finest multi-band omnidirectional
vertical antenna available. Entire structure is radiating
element with automatic band switching. All hardware
iridited. Unique stub decoupling for 50 ohm input on all
bands. Also operates 160 meters with loading coil. Takes
maximum legal power with ease. No roof mount. Ht.
50". Wt. 100 Ibs.

Order No. 182

18AVT/WB 10 thru 80 meters

True Ya wave resonance on all bands, automatic band
switching and optimum wide-band performance com-
3 bine to make the 18AVT/WB one of the most popular
amateur antennas. Three heavy duty Hy-Q Traps, top
1 loading coil, extra heavy duty construction. Roof mount
with 14RMQ. Ht. 25". Wt. 10.7 Ibs.

Order No. 386

18V 10 thru 80 meters

Low cost, high efficiency, and quality const uction
make the 18V ideal for budget-conscious HAMs. Easily
tuned to any 10-80 meter band by adjusting feed point
at base inductor. Highly portable. Roof mount with
] ! 14RMQ. Ht. 18". Wt. 4.6 Ibs.

Order No. 193

[ ; 14AVQ/WB 10 thru 40 meters
} | Improved for even greater wide-band performance!
W Three separate Hy-Q Traps with oversize coils for ex-

tremely high Q. 's wave resonance on all bands. Out-

standing low angle radiation pattern. Roof mount with
‘ 14RMQ. Ht. 18". Wt. 8.6 Ibs.

Order No. 385

12AVQ 10, 15 and 20 meters
| Inexpensive tri-band vertical for performance with mini-
| mum investment in space and equipment. Low radiation

4| angle. Roof mount with 12RMQ. Ht. 13'6”. Wt. 6.8 Ibs.
Order No. 384
: 1 For prices and information, contact your local

Hy-Gain distributor or write Hy-Gain.

No. No. No. No. No.

-Ijain
182 386 193 385 384

Hy-Gain Electronics Corporation; 8601 Northeast Highway Six; Lincoln, NE 68507 ; 402/464-9151; Telex 48-6424
Branch Otfice and Warehouse; 6100 Sepulveda Bivd.. #322; Van Nuys. CA 91401, 213/785-4532; Telex 65-1359.
Distributed in Canada by Lectron Radio Sales, Ltd., 211 Hunter Street West, Peterborough. Ontario
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phase-locked
loop

Easy to build
phase-locked loop
RTTY terminal unit
uses only three ICs
and requires no

tuned circuits

Here’s a simple RTTY terminal unit
which should interest both the beginner
and the old timer. It is easy to build and
adjust, and does a good job of copying
both wide and narrow shift. The circuit,
shown in fig. 1, uses a 741 op-amp IC,
U1, as a limiter, an NE565 phase-locked
loop, U2, another 741, U3, as a voltage
comparator or slicer, and an MJE340
keying transistor.

This terminal unit requires no fiiters
because it works on the fm principle.
Although the theory of the phase-
locked loop has been covered exten-
sively elsewhere, a short discussion will
be helpful. Simply stated, the incoming
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Nat Stinnette, WAAYV, Post Office Box 1043, Tavares, Florida 32778

RTTY terminal unit

signal locks onto a voltage-controlled
oscillator, the oscillator frequency is
placed between the frequencies of the
mark/space tones. As these tones alter-
nate, the output of the PLL can be
made to produce plus and minus
voltages by connecting a voltage com-
parator to the output of the NEb565.
This plus and minus voltage corresponds
directly to the mark/space tones and
can be used to key the loop circuit of
your teleprinter.

This method of RTTY demodulation
has the advantage of requiring no tuned
filters and will tolerate considerable
drift and copy shifts from 170 to 850
Hz simply by properly tuning in the
signal.

Construction of this circuit is not
critical and a perf board will serve quite
well.* A regulated power supply provid-
ing £10-12 Vdc is required. A tuning
meter is required and the simplest is a
zero-center milliammeter with suitable
dropping resistor as shown in fig. 1. It
indicates a plus current on mark and a
minus on space. When receiving a prop-
erly tuned FSK signal the needle tends
to hover around the zero center. If a
zero-center milliammeter is not avail-
able, use a vtvm set to about 25 Vdc
and advance the needle to center scale.

*Just prior to publication the author advised
that he has designed a PC board for this PLL
terminal unit. Undrilled circuit boards are
available from his for $4.75 each. Complete-
ly wired and tested units are available for
$25.95. Editor



alignment

Adjustment is easy: after connecting
the loop voltage and the power supply
to the terminal unit, check the plus and
minus voltages. These can be from 10 to
12 volts but should be within 0.5 volt.
The input can be 500 ohms or the
speaker output from your receiver.
Close switch S1, tune in a good, steady
narrow-shift RTTY signal, preferably
running a tape. The received tones
should be in the vicinity of 1500 Hz.
This can be done by ear and is not at all
critical. Set potentiometer R1 at the
end of rotation {maximum resistance).
The zero-center meter should read ap-

22M

advanced further the meter needle will
move toward the minus side and the
machine will eventually run open.

With a little tuning practice and
watching the meter a signal can be
tuned in with no difficulty. After a
while you may want to adjust R1
slightly one way or the other to receive
signals better at some slightly different
tone. However, once it has been proper-
ly set it need never be changed. With the
audio input off the vco can be heard by
connecting headphones between pins
4-5 of U2 and ground.

It is possible to receive both wide
and narrow-shift RTTY with one setting

\2

+2v
AUDIO o

Yans
=]

+j2v
—0

INPUT
ut s )
1 741

-i2v bS

fig. 1. Circuit for the simple phase-
tlocked loop RTTY terminal unit. Only
adjustment required is potentiometer R1
(see text).

proximately zero or a little on the plus
side. Now advance R1. The meter
should move more to the plus side and
flicker back toward zero. If it does not,
change sidebands if you are receiving in
the ssb mode.

If receiving in the CW mode, move
the bfo to the other side. Open switch
S1 and turn on the teleprinter. As R1 is
further advanced a point will be reached
where the machine will begin to print
and the needle of the meter will stay
pretty near zero during copy and maxi-
mum plus on mark/hold tone. This is
the proper adjustment for R1. As R1 is

PRINTER

MJUE340
2N5655

of R1, but if the circuit is adjusted to
receive narrow-shift, wide-shift RTTY
signals are sometimes hard to tune with
the same setting. However, since
narrow-shift is generally used now, one
setting for it should suffice. If you
expect to regularly copy both shifts, it
would be a good idea to install a second
potentiometer with a switch to select
either wide or narrow shift.

Switch S1 should be closed while
tuning as random receiver noises and
other stations will produce garble. It
must also be closed when transmitting.

ham radio
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1200-MHz

New Fairchild
sub-nanosecond
logic circuits

can be used

to build
frequency scalers
that operate

to beyond 1000 MHz
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Doug Schmieskors, WB3KEY, 330 West Greenmeadows Boulevard, Streamwood, lllinois 60103 IS

frequency scalers

Fairchild Semiconductor has recently
introduced the 11C00 family of sub-
nanosecond logic for instrumentation
applications. The entire family is voltage
compensated to improve noise margins
and eliminate the 2% power-supply
regulation requirements of uncompen-
sated ECL ICs, thus making system
design much more simple. Isoplanar |l
processing is used to achieve maximum
speeds and keep die size to a minimum.
At this writing the logic family consists
of only about six devices, but two of
these should be of immediate interest to
the amateur.

GHz prescaler

The 11CO05 is an asychronous divide-
by-four counter which operates from a
single power supply and features toggle
rates in excess of 1000 MHz over the
entire 0°C to +75°C temperature range.
The input may be ac or dc coupled so
that either an input amplifier or a
simple biasing network may be used.
The singie rail power requirement allows
the use of a +5 volt supply in predomin-
ately TTL systems. The 11C05 will
toggle with a sinusoidal input to a
minimum of about 256 MHz, or, with a
square-wave input having fast edge rates,
to dc. A circuit showing the 11C05 in a
divide-by-forty uhf prescaler appears in
fig. 1. The many owners of existing
95H90 vhf prescalers wili be pleased to
note that the 11C05 can be directly
interfaced to their present circuits with
a minimum of modifications.
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fig. 1. Divide-by-40 prescaler for use to above 1000 MHz uses t11C05 divide-by-4 counter and
95H90 decade divider (unused CP input is tied to ground). Ac-coupled 11C0OS input requirements

vs frequency are plotted as shown in fig. 2.

As shown, with an input amplifier
{an Amperex ATF417 was used in one
design), the input sensitivity is better
than 50 millivolts rms to above 1000
MHz. The 10k resistor from pin 4 to
ground is included to eliminate noise
triggering in the middle frequency
ranges. A glance at fig. 2, a plot of input
sensitivity vs freguency, shows that this
is necessary. Fig. 2 also shows that no
input amplifier is necessary between
about 150 and 800 MHz if a minimum-
cost design is desired. The function of

1200

the remaining termination and bypass-
ing components associated with the
11C05 is obvious.

The balance of the prescaler consists
of the 95H90 in a standard configura-
tion with the 2N5771 used as an ECL-
to-TTL level translator capable of driv-
ing one unit load. Although the diode
used from the 2N5771 base to the Q
output of the 95H90 was a low-
capacitance 1N4149 type, the more
common 1N4148 should perform satis-
factorily.

3
(53
o

mV PEAK-TO-PEAK

400 \

7
v
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A

AN s
//
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800 1000 1200 1400

INPUT FREQUENCY {MHz)

fig. 2. Ac-coupled input requirements for the Fairchild 11C05 1000-MHz divide-by-4 counter.
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The less popular 95H91 divide-by-
five counter may be directly substituted
for the 95H90 with no change in wiring.
This results in a divide-by-twenty pre-
scaler suitable for use with counters
capable of 50-MHz input frequencies
and offers some additional advantages,
e.g., mental mulitiplication of the
counter reading by two is easier than
multiplication by four. Also, a simple
timebase divider can be built to double
the gate time and vyield the correct
display.

uhf prescaler

The 11C06 is a 700-MHz type-D
flip-flop. When used as shown in fig. 3, a
divide-by-twenty uhf prescaler with tog-
gle rates in excess of 5560 MHz from 0°C
to +75°C is the result. Again, an ampli-
fier or an input biasing scheme may be
used. An unamplified input was chosen
for this design to illustrate its simplicity
and also its adaptability to the 11C05.
This circuit may also be used with
existing 95H90 designs, or a 95H91
could be substituted to build a uhf
decade prescaler that eliminates the
need for mental gymnastics or time-base
modifications. The only concern is that
the counter must accommodate the de-
sired maximum frequency divided by ten.

operation

As noted above, when either of these
prescalers is used with most counters, it
will be necessary to multiply the reading
by the scale factor or to build a simple
binary divider and insert it into the
circuit between the crystal and the
existing divider chain. This divider
should then be switched into operation
anytime the prescaler is in use. An
unused set of contacts on this switch
could be wused to reposition the
counter’s decimal point one place to the
right to reconcile the decade of division.
The only drawback to the time base
extension is the doubling of the gate
time which results in a two-second gate
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and a four-second wait for display up-
date. However, to most people, the cor-
rect display is probably worth the wait.
No 1296-MHz signal source was avail-
able for testing, so it is not known
whether the 11C05 prescaler can be
used at this frequency. However, it
appears that some devices would oper-
ate successfuilly, particularly at lower

temperatures.

2 TO 95H90
PIN ONE
680

fig. 3. The Fairchild 11C06 700-MHz type-D
flip-flop may be used with a 95H90 decide
counter to build a divide-by-20 prescaler,
(unused CP and D inputs are ties to ground).

conclusion

In summary, the Fairchild 11C00
series of sub-nanosecond logic has ex-
tended the range of digital techniques
beyond 1000 MHz. As additional ele-
ments such as phase-locked loops, wide-
band amplifiers, phase and frequency
comparators, etcetera, are added, the
applications base will broaden to in-
clude communications, frequency
synthesis and data handling. In small
quantities the 11C05 is $87.90 and the
11C06 is $21.97; both are available
through franchised Fairchild distributors.

ham radio



fm channel scanner

for the
Heathkit HW202

Adapting K2ZLG's
popular vhf scanner
circuit to the

Heath HW202

The scanner described by K2ZLG in the
February, 1973, issue of ham radio can
be built into the popular Heathkit
HW202 vhf transceiver at a cost of
about ten dollars, making a fine addi-
tion to the unit. It is extremely useful
when mobiling in areas of light two-
meter activity and saves wear and tear
on the channel-selector pushbuttons {as
well as the operator’s fingers).

Ken Stone, W7BZ, 641 Grant Avenue, Twin Falls, Idaho 83301

The circuit in fig. 1 is essentially the
same as that described by K2ZLG.
However, all parts not required for
operation with the HW202 have been
eliminated. One unexpected but for-
tunate parts saving resufted from the
discovery that power can be supplied to
the scanner by connecting it in series
with the lamp that illuminates the panel
meter. This results in less battery drain
than when the circuit is powered by a
separate voltage-dropping resistor and
zener diode. Somewhat less than the
optimum five volts is supplied to the
ICs, but due to the relatively slow
toggling speed, no problems have been
encountered.

The lamp behind the meter, however,
blinks a bit with the scanner’s fluctu-
ating load; if this bothers you, a zener-
regulated supply can be installed. To
operate the receiver in the scan mode, it
is only necessary to turn on the scanner
power and depress one of the channel
selector buttons part way so that all
three are unlatched. If you wish to
manually select one of the channels,
power to the scanner must be removed
so that two crystals cannot be switched
in at the same time.

february 1975 1




construction

The scanner is designed to fit into
the space normally occupied by the
optional Heath tone-encoder kit. If you
have already installed the tone encoder
you might be able to mount the scanner
externally. However, it would be better
to consider outboarding the tone en-
coder due to the number of leads
involved with the scanner circuit.

+5v

5

toggle switch with a shank long enough
to go through one of the holes in the
sub-panel and also reach through the
plastic strip.

Another amateur who modified his
unit obtained a small slide switch from a
hobby shop which worked as well and
mounted nicely on the plastic strip.
Either way, a little care is required to
get everything to fit together properly

7430

8| 7! 0|

Ql, Q2 = 2N4140, 2N250K,

Qat
SQUELCH
INPUT OR SiIMILAR

The parts were assembled on a
printed-circuit board which was tested
for correct operation before permanent-
ly mounting it inside the transceiver.
There is nothing critical about it, and
hard-wired or perf-board construction
will work as well as printed circuitry.

The LEDs and the scanner on/off
switch were mounted on the plastic
fitler plate which was removed from the
front panel. Holes were pierced in the
plastic strip and the LED leads were run
through the holes and extended through
a hole in the sub-panel with color-coded
wires. The color code was matched to
similar wires connected to the channel
switches. The on/off switch is a small
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fig. 1. The K22ZL G scanner circuit modified for use with the
Heath HW202 fm transceiver.

without shorting any of the LED leads
during assembly. Be sure to observe
polarity when connecting the LEDs.

It is necessary to partially remove
the front panel for easy access to the
receive channel pushbuttons. After you
get to them, connect a color-coded wire
to each of the two unused lugs at the
bottom rear of each of the three
channet buttons. Then bring all six wires
out to the side of the chassis and
reassemble the switches and the front
panel. It is helpful during the debugging
process if you make these wires fairly
long. They can be easily shortened later.

The scanner input lead is connected
to the base circuit of Q107, the squelch



emitter follower. The upper end of
R174, an 82k resistor, is a convenient
point to make this connection without
removing the receiver circuit boards.

As mentioned before, power is ob-
tained from the lamp circuit. This is
easily done by removing the ground
connection from the base of the lamp
and connecting the positive input of the
scanner board to this point.

testing

When all the connections have been
made and power applied to the trans-
ceiver, the LEDs should light insequence
from left to right. Manually opening the
squelch, or an incoming signal on any
channel, should stop the searching
action. You may have to adjust the
value of the 470k resistor in the squelch
input circuit slightly, depending on the
gain of the transistors used on the
scanner board. The rate at which the
scanner operates can be adjusted by
changing the value of the timing capaci-
tor in the 7400 clock circuit. The 39-uF
value results in a scan rate of about six
channels per second.

circuit noise

After getting the scanner in opera-
tion, you may notice a clicking noise
that can be guite annoying, especially in
a quiet room. These clicks are simply
key clicks from the switching oscillator
stage in the receiver and can be reduced
by connecting a 2700-ohm resistor from
the base of transistor Q116 to ground
(the oscillator stage). The resistor will
reduce the transistor’s forward bias dur-
ing the time the scanner is moving from
one channel to another. In addition, the
emitters of transistors Q109 and Q110
are returned to ground through R183
which is grounded to a portion of the
PC foil shared by the oscillator stage. A
680-pF capacitor from the emitters of
Q109 and Q110 to the nearest ground
on the circuit board should completely
eliminate the clicks.

ham radio

a second took (from page 4)

while others are opposed because a large
number of Communicators on our vhf
bands would create undesirable crowd-
ing and interference. Remember, how-
ever, that our vhf allocations are very
susceptible to raiding by other radio
services — a healthy and growing
amateur population is probably the most
effective weapon we have.

If the proposed regulations are
adopted, the written examination for
the Advanced Class will apparently be
essentially that which is now required
for the Amateur Extra Class. If you've
been thinking about going for your
Advanced ticket anyway, perhaps now
is the time to consider it seriously
because the present examination is
probably considerably easier than the
new one will be. And, if the new
regulations are adopted, the only privi-
leges the Advanced Class will be denied
are the small high-frequency CW seg-
ments which will continue to be
reserved for the Extra Class.

Under the new scheme, incidentally,
the Extra Class exam will consist only
of a 20 wpm telegraphy test. This class
will carry both high-frequency and vhf
privileges, and will be issued for life
(only the station license need be re-
newed every five years). The new regula-
tions will also give Technicians full six-
and two-meter privileges (50.0-50.1 and
144-145 MHz), so nearly everybody
gains.

Docket 20282 is probably the most
far-reaching proposal affecting amateur
radio which has ever been issued by the
FCC, and it deserves the attention of all
of us. Since copies of the complete
Docket have been sent to all the sub-
scribers of ham radio, and the ARRL
has sent copies to all their affiliated
radio clubs, the material is widely avail-
able. Read it, then stand up to be count-
ed. Comments are due at the FCC by
June 16, 1975.

Jim Fisk, WIDTY
Editor-in-Chief
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transistor

A complete discussion
of transistor
breakdown voltages,
what the ratings mean,
and how they affect
the application

of the device

The pages of all the electronics maga-
zines are presently filled with lucrative
offers of all types of semiconductor
devices, and many of the prices are
really quite reasonable! Most amateurs
operate on a limited budget anyway, so
these offers are quite tempting. The ads
often state ‘' ...replaces types..."
but all too often this is not the case.
Why?

One of the major stumbling blocks to
a thorough understanding of the appli-
cations of transistors is the lack of a
working knowledge of transistor break-
down voltages. Breakdown in a device
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breakdown

James E. McAlister, WABEKA, 10 Leacrest Place, North Little Rock, Arkansas 72116 N

voltages

can often lead to its sudden and myster-
ious failure without leaving any trace as
to what happened. Another similar
device is then inserted, and the same
thing may or may not happen. It's no
wonder that the amateur who does his
own design or substitutes ‘‘grab bag”’
goodies into a proven circuit is often
mystified when the circuit fails to oper-
ate propertly.

diodes

In its simplest form, breakdown in
semiconductor devices can be observed
in an ordinary diode. The diode is a
junction of positive {p) and negative (n)
type semiconductor materials, and theo-
retically will conduct current in only
one direction. An illustration of this
forward bias condition is shown in fig.
1. The relationship between the current
i and the voltage v will be defined later.

If the diode is inverted in the circuit
no current (except for reverse leakage
current) will flow. This witl remain true
until the reverse voltage reaches a point
where the current begins to increase
almost without limit. The value of
voltage at which this phenomenon oc-
curs is known as the breakdown voltage.
Fig. 2 shows the “reverse bias’’ configur-
ation which will lead to eventual
breakdown.

Depicted in fig. 3 is a graphical
illustration of the relationship between
diede voltage and current. In the for-
ward bias region, current tends to in-



crease rather smoothly as voltage is
increased. In the reverse bias condition,
however, current flow seems to remain
at some small and almost constant value
until breakdown occurs; reverse current
then increases very rapidly. The reverse
current is referred to on data sheets as
“reverse saturation current’’; symbol-
ically, it is called |,. Both I, and BV
vary considerably among individual
devices, and ranges of values are some-
times presented on data sheets along
with other pertinent characteristics.

It should be noted that the well
known and widely used zener diode is
actually a diode used in the reverse bias
region. Its breakdown or zener valtage is
closely controllied and specified.

In diodes, the reverse breakdown
voltage is sometimes called “‘peak in-
verse voltage,”” or PIV. In the selection
of rectifier diodes, proper attention to

"
"
I A

fig. 1. Forward-biased semiconductor diode.

PIV is always given for the potential of
breakdown is quite clear.

transistors

Now that some insight into a diode’s
behavior has been given, transistors can
be tackled! Consider the circuit of fig.
4. In this particular case the collector-
base junction can be treated simply as
the ordinary diode just discussed. As
before, a reverse leakage current (now
called l.,) flows through the collector-
base junction and some value of reverse
bias will eventually be reached where
lco begins a rapid increase. This, again,
is the value of the breakdown voltage,
and is designated as BV.,,. Stated
another way, it is the breakdown volt-

age between collector and base with the
emitter lead unconnected (l, = 0).

Even if some emitter current is allow-
ed to flow, the breakdown point will
still approach BV .po, but the current
increase is not as dramatic as when |, is
zero. Fig. 5 will clarify this. A similar
condition exists whenever the base ter-

fig. 2. Reverse-biased semiconductor diode.

minal is left unconnected. This time,
however, the voltage of importance is
called BV _., (see fig. 6). Note that
BV eo is less than BV, . The actual dif-
ference is dependent upon the electrical
parameters of the individual devices.

Strictly speaking, the open-circuit
base is not often encountered, so some
alterations should be considered. Con-
necting the base to the emitter through
a resistor modifies the 1./V . relation-
ship as evidenced by fig. 7. With the
resistor in the circuit, breakdown can be
increased above BV ., to BV,,,. If the
resistor is actually decreased to zero
ohm, another value, BV ., (the /s is
for short circuit) is obtained.

As if this weren’t enough to remem-
ber, there is still one more breakdown
voltage — BV e,. This is generated by
applying negative bias to the base. For

e FORWARD
8IAS
REGION

Ve

iﬂ

fig. 3. Typical characteristic curve of a semi-
conductor diode, showing operation in the
forward- and reverse-biased regions.
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the purposes of this discussion it is not
necessary to know the empirical rela-
tionships between BV e, BVcer, BVees
and BV eyx. However, knowing their
approximate relationships to each other
and under what conditions they become
important should be one of your goals.
Reference to fig. 7 should provide some
insight into approximate magnitudes of
the various breakdown voltages.

From this graph it can be seen that
breakdown can range in values from a
low of BV e, to @ high of BV p,. By
no means do these curves represent ail
transistor types; they are, in fact, some-
what idealized. In spite of this, they will
give you a feel for the concept of
breakdown.

using the data

At this point some attention should
be given to the application of the

1+

fig. 4. Diode equivalent of a transistor’s
collector-base junction.

various ratings just discussed. Each rat-
ing has its own special significance, and
it would hardly prove practical to dis-
cuss each in detail. What will be useful,
though, is the formulation of some
general guidelines to help you in the
application of the transistors themselves.

While it is unusual to find a wide
variety of breakdown voltages specified
on a data sheet, BV .y, is commanly
specified. [n order to wisely apply a
device, however, BV ., should also be
known since it establishes the minimum
breakdown voltage. Another item usual-
ly stated on data sheets is the static
forward current transfer ratio, or dc
beta; its designation is hgg. The actual
value of BV e, is dependent upon these
two items just mentioned. It can, in
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fig. 5. Transistor collector-base breakdown
characteristics with the emitter open.

fact, be approximated from the equa-
tion

BVieo = BVepo/{1+heg)l/n

where n is an experimentally deter-
mined factor. For purposes of approxi-
mation, you can assume n to have a
value of 2.5 for silicon transistors and a
value of 6.0 for germanium transistors.
Fig. 8 is included to aid in the estima-
tion of values for BV ¢,

From the equation you can see that
for a current gain of zero, BV ., will
equal BV y,. With small-signal devices,

COLLECTOR CURRENT (l.)

Iceo
COLLECTOR-EMITTER VOLTAGE

fig. 6. Transistor collector-emitter breakdown
characteristics with the base open.
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fig. 7. Transistor collector-emitter breakdown
characteristics for various base biasing con-
ditions.

current gain is usuaily rather large, so
BV eo Will, in most cases, be the smaller
number by a rather wide margin. This
has the practical significance of a built-
in safety factor — use of the BV qo
rating for selection of a device will
almost always insure that breakdown
ratings will not be exceeded because the
base lead will probably not be anywhere
near an open circuit. For additional
reliability, though, an additional safety
factor may be applied. In many military
designs this factor will vary from 0.5 to
0.75. For amateur work, 0.75 will suffice.

BVY%eo
(SILICON) Ve 1o
(GERMANIUM) ¥ 300
200 N
100
-+ 200
hFE
20 50 100 1 50
B0 o e — — — o] g —— — - 100
100 0 I
200 I
<50
fig. 8. Breakdown volt-

age nomograph. A ger- --30

manium transistor, for example, with a for-
ward current gain (hfe) of 50 and BVgyq of
100 volts has a BVgeq Of approximately 52
volts (if the transistor were silicon, the BVgeq
would be slightly more than 20 volts).

The term “‘breakdown’’ carries with
it the connotation of complete destruc-
tion, but this is not always the case.
Device destruction often results because
large voltages and significant current are
present in a device simultaneously, and
its power rating is exceeded. In many
instances, however, breakdown is used
to advantage. Current flow is limited to
the extent that the product of current
and breakdown voltage falls well within
the dissipation rating for the device.

As previously mentioned, the zener
diode is one application of controlled
breakdown. The emitter-base junction
of transistors (the breakdown voltage

|
r
I
=

fig. 9. Using transistor junctions as zener
diodes.

ranges from 0.5 to tens of volts, depend-
ing upon the device type) is often used
as a zener diode. Similarly, the
collector-base junction is sometimes
connected for use as a high-voltage
zener (voltages up to several hundred
volts are possible). Fig. 9 illustrates
these two common applications.

conclusion

From this discussion it should be
clear that the term ‘‘breakdown volt-
age” does not refer to a single, well-
defined quantity. Likewise, the process
of breakdown in semiconductor devices
is not an easy one to comprehend. While
the presentation here is not intended to
be exhaustive, the information should
allow a reasonable approach to device
selection and substitution.

ham radio
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You will add a real plus to your SSB
station when you give it complete
160-meter receive and transmit ca-
pability with the exciting new Den-
tron 160 XV Transverter. Just two
simple connections with no modi-
fications and you're on the air.
5 watts drive gives 100 watts DC
input.
Automatic input overload protec-
tion — you can not overload.
3.8 to 4.0 MHz input
EQUALS Ma_tchgs 50 ohm antenna
Built in 110/220 V 50/60 Hz
supply

’ Dentron 160 XV Transverter
$199.50 ppd. USA

plus even more!

Let the Dentron 160 AT antenna
tuner solve your 160-meter antenna
problems the easy uncomplicated
way. This transmatch will load any
random length antenna from a short
whip to an extra-long wire. Use it
with virtually any existing HF an-
tenna you already have. Handles
maximum legal power. Use with the
160-XV or any other 160 meter
equipment requiring a 52 ohm an-
tenna.

Dentron 160 AT Antenna Tuner

$59.95 ppd. USA

27587 Edgepark Dr.
North Olmsted, Ohio 44070

[ ] Teleph 34-7388
W ey
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The exciting new 160-V Vertical Antenna

Here is a brand new vertical designed to operate on
160, 80 or 40 meters. Put this together with your
triband beam and you have all the antennas you
need for complete amateur coverage of HF & MF
frequencies.

Height overall 24’ 7

Ground or Pole Mounting

Base fed — Center Loaded

Quick Band Change by adding or removing capacitive elements
Excellent broad Bandwidth Characteristics

Rugged — No guy wires required

Easy one person assembly & erection

Write for full details

The all new 160-10 AT Antenna Tuner

Here it is. Amateur Radio's first 6 band antenna tuner. Covering all
bands 160 through 10. You'll find everything you ever wanted in this
exciting new product.

® Matches coax feedlines

® Matches balanced feedlines 300-450 ohms
® Matches single long wire antennas

® New compact, low profile design

Write for full details

7O/

27587 Edgepark Dr.
North Olmsted, Ohio 44070

= Telephone (216) 734-7388
BANKAMERICARD
| el ]
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circuits and

techniques
ed noll, W3FQJ

mosfet circuits

The metal-oxide semiconductor field-
effect transistor {mosfet) is now used
extensively in transmitters, receivers and
test equipment. Some common and some
unique circuits have been built around
this device and are being used in both
amateur and commercial communications
equipment. They perform well as ampli-

OXIDE
INSULATION

/
[ ]

N P

N-CHANNEL

SUBSTRATE

fig. 1. Construction of the depletion-type mosfet.

fiers up into the high uhf spectrum, and
the dual-gate types are particularly
popular in mixer, oscillator and converter
circuits. In addition, they serve ideally as
balanced modulators and demodulators.

Basically, the mosfet differs from the
junction fet in that the gate itself does
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DRAIN—TO- SQURCE VOLTAGE (VDS)

fig. 2. Operating characteristics of the n-
channel, depletion-mode mosfet.

not actually touch the channel — there is
an intervening metallic-oxide layer be-
tween gate and channel as shown in fig. 1.
However, the gate electrode acts as a
control element just as it does in a
junction fet. The oxide insulation be-
tween the gate and the channel keeps the
leakage current very low and the input
impedance very high. Nonetheless, the
charge placed on the gate determines the
charge motion along the channel between
the source and drain. As in the case of the
junction fet, the gate charge determines
the extent of the depletion region in the
n-channel.

As the gate is made negative, relative
to the source, the number of electrons in
the channel is depleted. This activity is
similar to that of a junction fet. During
normal operation the gate of the junction

OXIDE
INSULATION
S G 2]

I3
D] ] ke

SUBSTRATE

fig. 3. Construction of the enhancement-
mode mosfet.
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fig. 4. Operating characteristics of the n-
channel, enhancement-mode mosfet,

fet may not be permitted to swing signif-
icantly past zero voltage because the
junction will then be forward biased and
input impedance falls. The mosfet has no
such limitation; the gate can be permitted
to swing past zero, increasing channel
conductivity without any increase in the
gate current or drop in input impedance.

The drain current vs drain voltage
characteristic of a depletion-type mosfet
is plotted in fig. 2. Note that the gate
signal swings to either side of the zero-
volt gate-bias curve. Drain current rises
on the positive side; it falls on the
negative side.

DEPLETION ENNANCEMENT

73 G, G, G,
2] s
DUAL GATE GATE-PROTECTED

fig. 5. Symbols used for various mosfets.
N-channel, depletion type is shown in (A);
n-channel, enhancement-mode type is shown in
(B). (C) shows dual-gate, depletion-mode device
while (D) shows a diode-protected mosfet.

A second basic type of mosfet is the
enhancement-mode device shown in fig.
3. In this device there is no channel
present in the substrate that exists be-
tween the n-type source and n-type drain.
With no bias applied to the gate there is
no channel current. Likewise, a negative
gate charge results in no channel current.

If a positive bias is placed on the gate
of an enhancement-type mosfet it will
attract electrons from the p-substrate into
the region beneath the gate, forming an
n-type channel that links the n-type
source with the n-type drain. Conse-
quently, there is a charge motion along

SOURCE GaTE ORAIN
/— s 0p
n \
P
A SILICON SUBSTRATE
° SINGLE
GATE | GATE 2
SOURCE DRAIN

5 0p

o w7

L T X
e ouAaL

fig. 6. Construction of single-and dual-gate
mosfets.

SILICON SUBSTRATE

the channel which increases with the
positive charge applied on the gate. If the
positive bias voltage is made to vary with
signal there will be a like change in the
channel current. The Ig vs Dy g curves of
fig. 4 show how the drain current in-
creases with an increase in the positive
gate bias.

The basic symbols for the different
mosfet types are shown in fig. 5. These
symbols signify an n-type channel. How-
ever, they can also use a p-type channel -
the symbolization is identical with the
exception that the substrate arrow must
be painted in the opposite direction. The
symbol in fig. A refers to a depletion-
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fig. 7. Dual-gate mosfet with diode gate
protection.

type n-channel mosfet; fig. 5B refers to
the enhancement-mode type. Fig. 5C and
5D refer to dual-gate, depletion-type
mosfets. Fig. 5D refers to mosfets that
include internal protective diodes.

The high input impedance is both an
advantage and a hazard of the mosfet
device. Since the input impedance is very
high, a tiny current or static charge can
build up a very high level on the gate,
possibly destroying the device. Thus mos-
fets must be handled carefully and circuit
arrangement must be such that excessive
charges are exciuded from the gatel(s).
The internal protective diodes avoid these
hazards by establishing conducting paths
when the gate charge becomes excessive.

dual-gate mosfet

The dual-gate mosfets bring added
versatility to mosfet circuit design. The
two gates and balanced configuration is
attractive for all types of balanced ampli-
fiers, modulators, mixers and demodula-
tors. In straight amplifier and mixer
applications the second gate provides a
means of applying agc voltage or local-
oscillator injection. Most dual-gate mos-

BIAS

fig. 9. Biasing circuits for single-gate mosfets.
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fets are n-channel depletion types, fig. 6.
The two devices shown are similar except
for the addition of a second gate. As a
result there are two electrodes that
control the conductivity of the channel.
In fact, in mixer circuits the signal
applied to gate 2 is used to modulate the
transfer characteristics of the input gate.
As a result there is a form of mixing that
has improved linearity over conventional
square-law devices. Good conversion gain
is obtainable with minimum injection
level.

fig. 8. A complimentary-symmetry/metal-oxide
(cmaos) circuit.

The addition of internal protective
diodes protects the gates against damage
from normal handling and use. These
diodes drain off high-voltage charges and
protect the input circuit from excessive
voltages and signals. For example, any
voltage transients in excess of +10 volts
are bypassed by the back-to-back diodes
connected between each gate and the

o

Voo



substrate. As shown in the basic structure
of the gate-protected mosfet chip, fig. 7,
there are two n-type input wells. The
p-region of the gate forms a diode junc-
tion with the well, the well junction with
the source serving as the second diode. It
is interesting that such a protected-gate
mosfet is less subject to static discharge
damage than even a bipolar transistor.
Mosfets lend themselves to inclusion in
integrated circuits. One of these is the
popular cos/mos or cmos IC using both
enhancement and depletion types. The
term cos/mos {(cmos) refers to compli-

ouTPUT

=74

fig. 11. Simple rf amplifier circuit using a
single-gate mosfet.

mentary-symmetry/metal-oxide semi-
conductor devices. Two enhancement-
type mosfets are shown in the cmos IC in
fig. 8. Note from the direction of the
substrate arrows that the upper device has
a p-channel and the bottom device an
n-channel. Such configurations are
especially adaptable to logic circuits in-
corporating the attractive features of high
input impedance (low input capacitance)
and very low power demand.

[
/.~

fig. 10. Biasing methods for dual-gate mosfets.

INPUT

1* o

&

+Voo

fig. 12. Mosfet rf amplifier circuit using resistor-
divider biasing.

Biasing methods for the single-gate
mosfet are given in fig. 9. The insulated
gate provides a high input impedance and,
like the pentode vacuum tube, there is no
significant input current. The circuit in
fig. 9A is biased with the source resistor
Rs. the direction of source current being
such that a positive bias is developed in
the source circuit. This in effect biases
the gate negative for the n-channel,
depletion-type mosfet. Operation is simi-
lar to the cathode biasing of a vacuum
tube. If degenerative feedback is wanted,
the filter capacitor is eliminated from the
source circuit.

External biasing, using a two-resistor
divider, is shown in fig. 9B. In this
arrangement the source and substrate are
both grounded. The most popular form
of mosfet biasing uses a combination of
both types as shown in fig. 9C.

In circuit application there can be a
considerable variation in drain current for
individual devices. Thus, with a certain
fixed bias, the actual drain current could
fall between somewhat wide limits for a

AGC

o
0 Yoo
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fig. 13. Mixer circuit using a dual-gate mosfet.

given transistor type. The combination of
external divider bias and source resistor
bias confines this limit to a much
narrower range.

Dual-gate biasing schemes are shown in
fig. 10. In fig. 10A a combination of
two-resistor divider and source resistor
bias are used. Note that there are two
inputs, suggesting that the circuit could
be used as a receiver mixer or for signal
combining or switching. The circuit in fig.
10B shows a basic rf amplifier stage using

GAIN
254
+i2v
3B 68k ouTPUT
y—-O
INPUT _ g
pany
v}
+ 22
RI SRZ
472 S470%
%
1.,
fig. 14. High-frequency rf ;17\

amplifier using a duai-gate mosfet.

similar biasing. The exception here is that
one gate is used for agc voltage or some
other form of controllable bias, as from a
receiver rf gain control.

basic circuits

A typical weak-signal rf amplifier using
a single-gate mosfet is shown in fig. 11. In
this circuit a small amount of source bias
is used; the substrate itself is grounded.

When greater dynamic operating range
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is required and/or critical operating
conditions must be maintained, a combin-
ation of source and external bias can be
used (fig. 12). The way in which the bias
dividers are connected is such that there
is minimum loading of the input resonant
circuit. Instead, the bias voltage is
developed across the capacitor connected
between the bottom end of the resonant
circuit and common. Therefore, it is not
necessary to shunt the divider resistors
between the high-impedance input gate
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22

OSCILLATOR

100 oo
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fig. 15. Mosfet dual-gate mixer.

and common as is the case for the bias
arrangement shown in fig. 9C.

In the caombination-bias arrangement it
should be noted that negative gate bias is
developed across the source resistor while
the two-resistor divider results in a posi-
tive bias voltage. The actual gate bias is
the algebraic sum of the two.

A very popular mixer circuit for
modern receivers is shown in fig. 13. The
signal is applied to the top gate; its bias is
determined largely by the source resistor
Rs. Local-oscillator injection is made at
the lower gate. Optimum mixing bias is
established by R1/R2 combination.

40823

470

144

fig. 16. Product detector. Excelient isolation is
provided by the dual-gate device.



receiver circuits

The circuits that follow are very prac-
tical ones gathered from proven amateur
and commercial radiocommunication
equipment. Parts values are given when-
ever they are known. The first three
circuits are receiver types used in the
Ten-Tec Argonaut transceiver. They
demonstrate how a dual-gate depletion-
type mosfet can serve in a number of
basic receiver circuits.
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DETECTOR

fig. 17. Sideband carrier oscitlator using diodes
for upper/iower sideband switching.

A high-frequency amplifier is shown in
fig. 14. The input circuit has high Q and
the low impedance of the antenna is
matched through the tap at the low end
of the coil. The input gate tap is further
up the coil. A resonant output system is
included in the drain circuit. In applica-
tion this can be a high impedance output
or, if a low impedance output is desired,
it can be obtained by tapping at the low
end of the output coil.

Input gate biasing is handled with
divider resistors R1 and R2. The second
gate is used to control the gain of the rf
amplifier. Note the convenient manner in
which this can be accomplished using two

BALANCED
MODULATOR

fig. 18. Wide range, untuned, high-frequency
crystal oscillator.

fixed resistors and the gain control poten-
tiometer.

A signal mixer circuit is shown in fig.
15. Separate gates provide input for signal
and local-oscillator injection. Component
values are similar to those of the rf
amplifier except for the simple gate-input
circuit for the local oscillator signal. The
output resonant circuit is tuned to the
intermediate frequency.

Fig. 16 shows the same mosfet being
used as a product detector for demodula-
tion of CW or ssb signals. Note the many
similarities of the three receiver circuits.
Such a device and associated components
could be easily set up on a vector board if
you wanted to try a bit of mosfet
experimentation.

The i-f signal arrives by way of the
input resonant circuit. The demodulating
oscillator supplies signal to the second
gate. High-frequency components are
filtered out in the drain output circuit. A

fig. 19. Sideband mixer circuit using a dual-gate
mosfet.
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resistor-capacitor lowpass filter passes the
voice frequencies to a succeeding audio
amplifier.

The next four circuits were gleaned
from the sideband transceiver manufac-

RFC
P L 7o .

L
S 33k 40673

circuit for the particular crystal to be
activated. Since the unit is a transceiver,
the output can be used as injection
voltage in the demodulation of an in-
coming signal by the product detector or
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fig. 20. Using a mosfet amplifier to drive a vacuum-tube rf power amplifier.

tured by Sideband Assaciates (SBA) for
operation in the 2- to 23-MHz range and
used primarily for radio-marine communi-
cations. Two mosfet devices are used in
the carrier oscillator, fig. 17, along with a
diode switching arrangement that can be
used to select either the upper or lower
sideband. The 40468A is a single-gate
device. The circuit between the gates
serves as a means of coupling the oscilla-
tor to the isolating output stage.

The upper/lower sideband switch
applies +9 volts to the anode of the
switching diode that closes the feedback

+vee

68k
A >
5 1o T
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as the basic carrier applied to the
batanced modulator for the transmit
mode of operation.

Since the transceiver must operate
over a wide frequency range the channel
oscillator must be able to accommodate
crystals over a 2- to 23-MHz range. The
two dual-gate mosfets operate in the
untuned crystal oscillator circuit in fig.
18. The Colpitts type crystal oscillator is
followed by an isolating amplifier stage. A
small netting capacitor can be used for
netting an individual crystal to a precise
assigned frequency.

fig. 21. Two-stage mosfet amplifier and fet detector.
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A transmit mixer is shown in fig. 19.
The low-frequency sideband signal and
high-frequency oscillator signal are mixed
to produce a higher sum frequency at the
output. A double-tuned resonant circuit
provides adequate output bandwidth and
excellent skirt rejection of undesired
frequency components.

The ease with which a mosfet can be
used to drive a vacuum-tube stage should
be attractive to those of you who want to
build a hybrid transmitter but just
haven’t gotten around to it. Fig. 20 shows
a simple circuit arrangement that permits
you to drive a modest power pentode
with a mosfet. The channel frequency
signal is applied to the input gate, ampli-
fied, and is resistor-capacitor coupled to
the grid of the vacuum tube. To prevent
instability and possible self-oscillation
when operating over a wide frequency
range a simple capacitive feedback link
can be used. The neutralizing capacitor is
adjusted for an optimum setting that
covers the desired transmit frequency
range,

If it's something different you wish to
experiment with, and perhaps something
that could be made quite effective for
specific needs, take a look at the circuit
of fig. 21. This is a two-stage mosfet rf
amplifier followed by an fet regenerative
detector (a TRF receiver). All | know
about the circuit is given in the sche-
matic. Maybe you'd like to expand upon
it and come up with a small, low-power
CW receiver. Two applications that come
to mind are the 160-meter CW spectrum
and the isolated segment of the 10-meter
band assigned to novice operation. No
doubt the receiver could be adapted to
multiband operation as well as coverage
over a wider frequency band with
appropriate trimmers.

The gain control regulates the voltage
applied to the second gate of both rf
amplifiers. The dual-gate connection per-
mits this isolation of gain control and
signal circuits. The feedback path and
regeneration control circuit is located in
the emitter circuit of the fet detector.

ham radio

The
“STANDARD”
by Heights
Light, :
permanently
beautiful
ALUMINUM

And now, with motorized options, you can
crank it up or down, or fold it over, from
the operating position in the house.

Write for 12 page brochure giving dozens
of combinations of height, weight and wind
load.

HEIGHTS

MANUFACTURING CO.

In Almont Heights Industrial Park
Almont, Michigan 48003
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cofrecting mechanical
backlash in the
Collins 70K-2 PTO

When the 70K-2 PTO in my Collins
312B-5 remote vfo developed an annoy-
ing mechanical backlash, | decided to
dig into it to see if I could fix it myself
and save the $75 or so Collins currently
charges for a rebuilt PTO. Initially, |
was hesitant to work on the PTO for
fear of upsetting the frequency calibra-
tion, but when the problem became
sufficiently annoying that | had either
to fix it or replace it, | decided | had
nothing to lose by trying. As it turned
out, the remedy was simple and did not
require disturbing any of the internal
wiring of the PTO. The frequency cali-
bration was unaltered, and the backlash
was completely eliminated. The 70K-2
PTO is also used in the KWM-2, 325-1,
32S-3, 75S-1 and 75S-3.

The symptom of the problem was
that in certain areas of the PTO range, |
could rock the dial back and forth up to
1 kHz without changing frequency. Of
course, mechanical backlash can also be
caused by a malfunctioning dial mech-
anism, but in this case | determined that
the problem was in the PTO itself. The
first thing to do is to get the PTO out in
the clear where it can be easily worked
on by loosening the two set screws that
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hold the dial drum on the PTO shaft
and removing the two mounting screws
that hold the PTO rear cover to the
chassis. With the 312B-5 there was
sufficient slack in the wiring that it did
not have to be disconnected, but this
may be necessary on the other equip-
ment. Once the PTO is dismounted
from the chassis, the rear cover can be
removed and slid down the wiring har-
ness out of the way.

On either side of the PTO shaft there
is a screw which extends the entire
length of the tuning coil form and is
threaded into the tuning coil rear cover,
Turn the shaft back and forth through
its entire range a few times and note
how the heads of these screws work in
conjunction with the special bushings
and washers on the shaft to act as stops,
limiting the total shaft rotation to 2%
turns, The bushing anu washers should
not be removed or toosened, as they
determine the end points of the tuning
range. It is important to note their
relationship with respect to each other
and to the screw heads in order to
properly reset the tuning end points
when reassembling the PTO.

There is a single tiny ball bearing
which is held between a dimple in the
tuning coil rear cover and a dimple in
the end of the tuning coil shaft. Holding
the rear cover in place, remove the two
screws and be careful not to lose the
ball bearing when removing the rear
cover,



Looking at the rear of the exposed
coil tuning assembly, rotate the tuning
shaft and observe how the coil core
moves in and out, riding on a spiral
groove cut into the shaft. The core
assembly has an anti-backlash spring
which rides on a groove on the inside of
the form. There is a lubricant which
appears to be a graphite compound used
between the shaft and the core. In my
unit there was an excessive build-up of
this lubricant at certain places on the
shaft and inside the core. This build-up
was thick enough to overcome the
tension of the anti-backlash spring,
allowing the core to rotate instead of
moving in and out, thereby causing the
backlash. Turn the shaft until the core
can be removed, and wipe the excess
lubricant from the shaft and from inside
the core. To reassemble the PTO, mere-
ly reverse the disassembly procedure.

John Becker, KOSWEH

simple
satellite antenna

K4GSX'’s article on simple stationary
antennas for satellite use showed how a
ground-plane antenna could be adapted
to OSCAR use by slanting the driven
element and using a matching section to
accommodate the change of impe-
dance.” I've been using a simple ten-
meter inverted-vee antenna for OSCAR
reception quite successfully since
December, 1972. As can be seen in fig.
1, a tilted vertical is physically one-half
of an inverted-vee or drooping doublet,
but without the matching section or
radials. Therefore, an inverted-vee is a
double-tilted vertical fed in the center.

A dipole theoretically has a radiation
resistance of approximately 72 ohms,
and slanting the wires downward lowers
the input impedance sufficiently for

*Dale Covington, K4GSX, “Simple Antennas
for Satellite Communications,” ham radio,
May, 1974, page 24.

direct connection to 52-ohm cable.
Other advantages of the inverted-vee
include ease of construction and erec-
tion, and the possibility of adding a
balun later, if desired.

The characteristics of an inverted-vee
are somewhat different than those of a

’

Eu.
fig. 1. Diagram showing the physical character-
istics of a quarter-wave tilited vertical, to that
of an inverted vee. The inverted-vee in (A) uses

two center fed quarter-waves. The tlited ver-
tical in (B) in one quarter-wave, base fed.

dipole, and it is suggested for satellite
communications that the wires run
north and south because the radiation
pattern is off the ends of the antenna.
This arrangement facilitates reception
since the satellite travels in a polar orbit.
Because of the antenna’s physical char-
acteristics, the inverted-vee probably
offers the best compromise between
horizontal and vertical polarization,
and, therefore, is well suited for satellite
work while still meeting the four design
objectives cited in the article. Although
no claims are made as to the radiation
pattern, it should probably be close to
that of a tilted vertical.

Craig Caston, WA6PXY
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two-band
fm transceiver

The Comcraft Company has an-
nounced the introduction of a new all
solid-state two-band, frequency-
synthesized fm transceiver, the model
CST-50. The CST-50 features operation
on both two and 1-1/4 meters with
25-watts output and 5-kHz frequency-
synthesized channel spacing. Operating
modes provided include simplex, split
transmit and receive, and repeater off-
sets of plus and minus 600 kHz, 1 MHz
and 1.6 MHz.

Frequency coverage on the 220 band
is from 220 to 225 MHz while on two
meters it is from 142 to 149.995 MHz
(to cover most MARS, CAP and CD
frequencies). The frequency synthesizer
is a digital type using programmable
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dividers and phase-locked loops to
generate the desired frequencies by
reference to a single 5-MHz crystal. Two
thumbwheel sets are provided for set-
ting up either transmit and receive
frequencies for non-standard repeaters
or two separate repeaters when standard
offsets are in use.

Additional features of the CST-50
include the wuse of an eight-pole
10.7-MHz crystal filter in the receiver;
transmitter coverage of both bands
without retuning; illuminated thumb-
wheel switches for night mobile work;
PTT mike and mobile mount; and
quality construction using epoxy-glass
PC boards and vinyl-clad outer cabinet.

The CST-50 is priced at $769.95. For
more information, write to Comcraft
Company, Post Office Box 266, Goleta,
California 93017, or use check-off on
page 94.

ARRL antenna book

The new 13th edition of The ARRL
Antenna Book represents the most ex-
tensive revision this publication has
received within the past 25 years. Al-
though much of the basic information
of previous editions on subjects such as
radio propagation and antenna theory
has been retained in early chapters of
the book, all information has been
carefully edited for clarity and has been
supplemented with later data where
modern technology has brought new
knowledge.

In the later chapters some striking
changes from previous editions will be
noted. A large section appears on the
use of the Smith chart in solving
transmission-line problems. Information
on cubical-quad antennas has been
greatly expended. Design and construc-
tion information on log-periodic an-
tennas has been added. Construction
information on standard antennas —
dipoles, Yagis and simple arrays — has
been revised extensively, and new an-
tenna types such as a 40-meter sloper

More Details? CHECK—OFF Page 94



are described. Information on rotator
and tower selection and installation
have also been added.

Four new chapters appear in the
13th edition, one on antennas for re-
stricted space, one on antennas for
space communications, one on measure-
ments and one on specialized antennas
that amateur radio enthusiasts often
hear about but are unable to find
information on — the Beverage, discone,
conical monopole, fishbone, bobtail cur-
tain and others. From its newly design-
ed front cover, which retains a bit of the
appearance of the covers of older edi-
tions, to its completely new index at the
back, this edition is packed with useful
information on all types of practical
antennas.

The new edition contains 336 pages
and is priced at $3.00 from HR Books,
Greenville, New Hampshire 03048.

160-meter transverter

The new 160-meter transverter from
Dentron Radio provides up to 100-watts
input over the entire 160-meter band.
This new unit, which needs only two
connections to your existing ssb trans-
ceiver, requires only five-watts drive for
full rated output (3.8- to 4.0-MHz
input). The transverter includes a built-
in power supply for 115/230 Vac,
50/60 Hz.

Also available from Dentron is their
new 160 AT antenna tuner which
matches any 160-meter exciter with a
50-ohm output to almost any random-
length wire or existing antenna.

The 160 XV 160-meter transverter is
priced at $199.50, postpaid in the USA.

More Details? CHECK—OFF Page 94

NEW BIPOLAR MULTIMETER:
AUTOMATIC POLARITY INDICATION

Amps 10 1 Amp $
(Optional probe)

40 MHz DIGITAL FREQUENCY COUNTER:

* Will not be damaged by high power transmission levels,
* Simple, 1 cable connection to transmitter's output

ES 220K — Line frequency time base
1 KHz resolution 5 digit: $79.50. Case extra: $10.00

ES 221K - Crystal time base
100 Hz resolution . 6 digit: $109.50 Case extra: $10.00

DIGITAL CLOCK:

ES 112K/124K * 12 hour or 24 hour clock: $46.95.
Case extra: = Metal $7.50

CRYSTAL TIME BASE:
ES 201K - Opt. addition to ES 112K, 124K or 500K
Mounts on board. Accurate to .002% . . . . $25.00

1.D. REMINDER:
ES 200K - Reminds operator that 9 minutes and 45 seconds
have passed. Mounts on ES 112 or 124 board. Silent LED
flash: $10.95. Optional audio alarm 54 extra,

Dependable sohd state components and cwcuitry, kasy reading,
7 segment display tubes with clear, bnight numerals These products
operate from 117 VAC, 60 cycles. No moving parts. Quiet, trouble free
printed circuit

Each kit contains complete parts hist with all parts, schematic illustrations
and easy to lollow, step by step instructions. No special tools required

ORDER YOURS TODAY

Use your Mastercharge or
Bankamericard

Money Back Guarantee

505' Centinela * Inglewood, Ca. 50302 = (213) 674-3021

february 1975 61



OSCAR 7 ?

432 MHz UP-LINK

144 to 432 MHz
Varactor Tripler
MMv432 $75.20
MMv432H $112.80

ANT: 17.3 dB Multibeam
70/MBM46 $51.75

145 MHz DOWN-LINK

RX: 2 to 10 Meter
Converter
MMcl44 $53.70

ANT: 12.6 dB 8 over 8 Yagi
D8/2M $39.95

435 MHz

TELEMETRY

RX: 435 MHz to 10 Meter
Converter
MMc432 $64.45
ANT: 17.3 dB Multibeam
70/MBM46 $51.75

{MPROVE YOUR RECEPTION WITH
KVG CRYSTAL FILTERS

XF9A SSB 2.5 kHz BW 5 POLE $31.95
XF9B SSB 2.4 kHz BW 8 POLE $45.45
XF9M CW 500 Hz BW 4 POLE $34.25

MATCHING OSCILLATOR CRYSTALS
8998.5 kHz UsB
9001.5 kHz LSB
8999.0 kHz cw

F-05 CRYSTAL SOCKET
Export inquiries welcome
SPECTRUM
@ INTE