Welcome to the lst Annual (?) 1296/2304 MHz. Conference. We hope
you will enjoy the program of activities and your visit to Estes Park.
It is a pleasure for me to provide this conference for you and to
provide you with the most up~to-date information in this field. I
want to thank all the speakers for the time and effort they have put
into their presentations and to those who have provided valuable
material to include in this book. I know that the publishing of this
material will be helpful to us all.

I would also like to thank my wife, Norma, for organizing the mailing

list, sending out the many mailings, reproducing the presentations

and putting together this book, and for organizing the Ladies Program.

Enjoy!
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THURSDAY,

1985 ESTES PARK 1296/2304 MHz. CONFERENCE SCHEDULE

Holiday Inn - Estes Park, CO

Columbine and Lakes Estes Meeting Rooms

19 September 1985

07:00-09:00

pm

° Flea Market
¢ "Show and Tell"
e Noise figure measuring

FRIDAY, 20 September 1985

08:00-08: 10

08:10-08:40
08:40-09:40
09:40-11:40
11:30-01:00
01:00-02:00

02:15-03:15
03:15-03:45
03:45-04:45

04:45-07:00

am

pm

Don Hilliard, W@PW
Bill McCaa, K@RZ

Welcome and IntroductionN.eeeeseeeesvans

Gordon Hardman, KE3D

Jan King, W3GEY
"Getting Started on 13 and 23 em"........ Joe Reisert, WIJR
Antenna gain measuring

LUNCH

"Using Monolithic Microwave IC's in
1296, 2304 and 3456 MHz Transverters"...... Al Ward, WB5LUA
"Clean Local Oscillators" ...... Richard Campbell, KK7B

BREAK

"13/23 cm in the AMSAT Phase 3
Program"...eevescescessocssseoasssssasssss Bill McCaa, KPRZ

FREE TIME / DINNER

"Transponder Intermodulation" .......

SATURDAY, 21 September 1985

09:00-12:00
12:00-01:00
01:00-Q1:45
01:45-02:30

02:30-03:15

03:15-03:45
03:45-04:45

06:45-09:45

pm

SUNDAY, 22 September

BUS TOUR OF ROCKY MOUNTAIN NATIONAL PARK

LUNCH
"23 and 13 cm Activity, Operation
and Equipment in the U.K." ......... Angus McKenzie, G30SS

"The Care and Feeding of a
7 Foot Dish" tuiviirivvnernnnneneans

"Designing Loop Yagis for
13 and 23 cm" cevevvsrsarseaasssosssssss Joe Reisert, W1JR

Gerald Handley, WA5SDBY

BREAK
"Linear Amplifiers Using
Power GaAs FET's" .................. Richard Campbell, KK7B

Dinner/Country Music Show at Barleen Country Music Theater

1985

08:15-09:15
09:30-10:30

NOON

Thank you for attending this conference.
presentations, the area and other activities.

am

4

"2304 Transverter Design" ................. Al Ward, WB5LUA
"24 GHz Record" w.veeeveveeeeoas Lauren Libby, KX@0

LRI BN I

Conference ends

We hope you enjoyed the
Hope to see you next year!

HAVE A SAFE TRIP HOME






WOMEN'S ACTIVITY SCHEDULE
1985 ESTES PARK 1296/2304 MHz. CONFERENCE

Holiday Inn - Estes Park CO

THURSDAY - 19 September 1985

7:30 pm Presentation on an exciting new food for tomorrow
to meet the needs of today.

[Held . in "The Bridge" overlooking the pool]

FRIDAY - 20 September 1985

10:30-11:30 Tour of the historical Stanley Hotel ($1.00)

01:00-01:45 Tour of the Peuter factory (Free)

02:00-03:00 Estes Park Historical Museum (Free)

e Slide presentation on the Estes Park
Flood of 1982

® Treasure Hunt

SATURDAY - 21 September 1985

09:00-12:00 Bus tour through Rocky Mountain National Park ($12.00)
® Bear Lake Tour, or

e Tour over Trail Ridge Road

[The men's schedule allows them to join us!]

01:00- ? Shopping Spree - downtown Estes Park
06:45-09:45 Barleen Country Music Dinner Theater

Thank you for spending these few days with us in Estes Park. We hope you
enjoyed the area and the activities which we planned for you. Hope to
see you next year!

HAVE A SAFE TRIP HOME
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First Annual 1296/2304 mHz Conference, Estes Park, Colorado, 19~22 Sept. 1985

*Getting Started on 13 and 23-CM" by Joe Reisert, W1JR

The recent activity on the 13 and 23-cm microwave bands has been very
encouraging. However, there are still many other interested Amateurs who need
information on the microwave bands. Typically they ask what are the prime
frequencies and modes of operation. The next questions seem to center around
propagation, recommended receivers, transmitters and antennas. With this in
mind, let's examine these question areas and then review some of the preferred
equipment for these frequencies.

Frequencies of interest: Most of the early work on 23-cm was done on cw using
multipliers, typically from 144 or 432 mHz. This was even carried through to

EME (ref. 1l). However, ' present day operation is primarily on cw and ssb,
especially on OSCAR and weak signal operation. Some FM and FM repeaters are
also gaining popularity but they are hardly the mode for weak signal
operation. Let's keep them out of the weak signal portions of the band!

OSCAR 10 operation is almost entirely centered around the uplink frequency
of 1269 mHz. Most of the weak signal operation is conducted between 1296.000
and 1296.150 mHz with EME between 1296.000 and 1296.050 mHz and the
terrestrial work centered around the calling frequency, 1296.100 mHz.

13-cm is now a fragmented band. Before WARC '79 most of the world had the
full 2300 to 2450 mHz band. However, soon after WARC '79 the band started to
to be segmented. In Europe several countries removed the spectrum below 2320
mHz while in November 1984 the FCC removed 2310 to 2390 mHz from USA Amateurs.
This makes it tough for those using "polaplexer”®” types of setups with 30 mEz
IFs unless they stay in the top portion of the band or use 88-108 mHz IF's
(ref. 2). The EME'ers who schedule Europe have had to resort to crossband
operation from 2304.000 to 2320.150 mHz.

In the USA most of the l3-cm weak signal operation is conducted between
2304.000 and 2304.150 mHz. EME operation is primarily conducted between
2304.000 and 2304.050 mHz. 2304.1 mHz is the recommended terrestrial calling
frequency. It probably will take some time to move everyone to a common
calling frequency of 2304.1 mHz since many of the older transmitters use
multiplier schemes that are centered on 2304.0 mHz. However, in the 1long run
it will be worthwhile since there will be no conflict with EME operation and
the USSR satellites that have been monitored near 2304.0 mHz.

Propagation: Radio propagation on the 13 and 23-cm bands 1is quite similar to
70-cm. However, the typical antenna beamwidths are narrower, transmitter power
is often low (1-10 watts) at the present time and feedline loss becomes a real
limiting factor. As a result, these microwave bands are perceived as different

or more difficult to conquer.

One of the most noticeable problems on the microwave bands is foliage
attenuation (including evergreens!). Foliage can cause terrific attenuation of
signals. You can wait until the leaves fall (if they're not evergreens) but
the propagation during the fall and winter is typically at its poorest point.

However, on the plus side, aircraft scatter and scatter in general are
very noticeable on the microwave bands and are big propagation contributors
when conditions are poor (ref. 3). It is recommended that if you set up
schedules over an obstructed path that both stations aim their antennas at
some common scattering medium such as a tall building, hill or mountain top
and take advantage of the scatter so prevalent on the microwave bands.



Page 2 Getting Started on 13 and 23-CM" by Joe Reisert, W1JR

Pinally, it has been speculated that the optimum frequency for long haul
tropo and ducting is near 1500 mHz (ref. 3). What this means is that there is
more likelihood of long DX via tropospheric propagation on 13 and 23-cm than
at the 1lower UHF/VHF Amateur bands. Purthermore, static, noise, and other
objectionable VHF phenomenon are almost nonexistent at microwaves so it is
more pleasurable place to operate. I think that these microwave bands are
really where the greatest advances will occur in the next few years. All we
need is time to develop the bands, better gear (especially with higher power),
and an increase in the activity level.

Receiving Equipment: Since cw and ssb are the most popular modes for weak
signal operation, the following recommendations will concentrate on this type

of gear. More specifically, we will concentrate on receive type down-
converters, transmitter up-converters, and transverters.

A basic receive type down-converter is shown on figure 1. There is nothing
new on this block diagram. However, the components necessary at microwave
frequencies are quite different from those used on VHF/UHF. Technology has
come a long way of late and is still improving at a rapid rate. Therefore the
modular approach is strongly recommended so that new improved designs can be
substituted as they become available (ref. 4).

Inexpensive bipolars such as the NE64535 work great as a preamplifier or
postamplifier through 4000 mHz (ref. 5). There are now many modular amplifiers
available. At the present time the least expensive are the Avantek "MSA®
- series MMIC's (microwave monolithic IC's). More on this 1later. While these
MMIC's may not have state-of-the-art noise figures for the input preamplifier,
~ they can still easily deliver 5-6 dB noise figures. Siemens, NEC, and others

are now offering broadband GaAs FET versions of the same. The noise figures on
the broadband matched types of GaAs FET preamplifiers are typically 4 dB with
18-20 dB of gain! Expect the noise figures to drop.

Likewise, there are many low-cost GaAs FETs now available (refs. 6, 7 &
8). Simple PI-network or tuned tank circuits still work well on these bands
for input/output matching with either bipolars or GaAs FETs. There is no
longer any excuse for a high noise figure (over 2 dB) on any Amateur band
below 2450 mHz!

If the modular approach is used, new improved preamplifier designs can be
easily added later. HMETs (high mobility electron transistor)} may soon be
available to 2Amateurs (ref. 9). They promise to have lower noise figures than
GaAs FETs with a higher cutoff frequency!

Bandpass filters are highly recommended to remove general crud as well as
the image frequency especially if a 28 or 50 mBz IF is used. If a 2 meter IF
is used with a tuned preamplifier(s), a bandpass filter may not be necessary.

The heart of any high-performance converter, be it receive or transmit, is
the mixer and local oscillator (LO). Trough line mixers of the K6AXN/W1O00P
type used to be very popular (ref. 10). In recent years the W2CQH interdigital
type of mixer has become very popular (ref. 1l). More recently the
anti-parallel harmonically-pumped mixer is gaining popularity (refs. 12 and
13). It 4is simple to build and only requires the LO to be at one 1/2 the
normal frequency!

However, the mixer type most recommended is the balanced type (ref. 14).
- Better yet I recommend the double-balanced-mixer (DBM) type (ref. 15). DBMs
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used to be very expensive but with recent improvements in technology and. the
low-cost TVRO market, they are dropping to very affordable prices.

Also, if two DBMs are configqured with the proper  hybrids, an
image-rejection mixer can be configured per figure 2. This scheme has the
advantage of not requiring special filtering for image rejection even when a
low frequency IF (eg. 28 mHz) is used. It also can be used in the transmitter

as we shall shortly see.

Let's not forget the LO. It must not only be stable but must be clean of
spurious frequencies and should be relatively clean of harmonics of the basic
crystal oscillator. Recommended 1O schemes are shown on figure 3. As shown,
the most popular LO frequencies for 23-cm are 1268 mHz (from a 105.666 mHz
crystal oscillator) for a 28 mHz IF and 1152 mHz (from a 96 mHz oscillator)
for a 144 mHz IF. The most popular IO frequencies for 13-cm are 2276 mHz
(derived from a 94.8333 mHz oscillator) for a 28 mHz IF and 2160 mHz (from a
90 mHz oscillator) for a 144 mHz IF. Properly implemented, the LO output
should be at least 30 dB above any other generated products.

The lowest recommended frequency for the crystal oscillator in a microwave
receiver is 90 mHz. Frequency multipliers in a IO chain should be limited to
doublers and triplers using the recommended multiplication scheme shown on
figure 3. Triplers have 1lower efficiency than doublers and require more
complex filtering than most Amateurs are willing to employ! Therefore, I
recommend that triplers only be employed up to 350 mHz on the output.

Finally, the crystal oscillator should be a 5th overtone colpitts type
with the crystal in the feedback path between the c¢ollector and emitter per
reference 4. A recommended overtone crystal oscillator circuit is shown on
figure 4. Overtone oscillators with the crystal from the base to ground should
be avoided at all cost since they will have poorer frequency stability and
greater phase noise (ref. 4).

Transmitters: The transmitter design is primarily a function of the tyﬁe of
emission desired. As described earlier, until recently most of the operation
on the 13 and 23-cm bands has been with cw and multipliers. Often an 8 mHz
oscillator 'was multiplied all the way up to the final output frequency. In the
more sophisticated setups, an upconverter was used to mix to some intermediate
frequency before multiplying the final step to 13 or-23 cm.

One popular scheme used in Europe (that has also been used by some contest
stations in the USA) is to build a stable 1152 mHz LO from a 96 mHz crystal
oscillator and then multiply it to the desired band (ref. 16). 1152 mHz is a
unique frequency since 2, 3, 5 and 9 times 1152 is 2304, 3456, 5760 and 10,368
mHz respectively, all falling in our assigned microwave bands. Furthermore, if
1152 mHz is mixed with 144 mHz, we obtain 1296 mHz.

By far the most popular transmitter scheme of late is the transverter. If
a common IFP such as 28 or 144 mBz is used, only one LO has to be built for
each microwave band as shown on figure 5. Hence the LO (such as the receiver
10 Jjust discussed) does double duty. This scheme allows cw as well as ssb
operation with more than adequate frequency stability. The image reject mixer
shown on figure 2 is strongly recommended for a transverter since it will
reduce filtering requirements.
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Tube upconverter/mixers such as the 2C39 family have also been used but I
personally recommend the low-level upconverter approach with a DBM since it is
clean and easy to construct. If the modular approach is used, you can add or
change stages as they are built or upgraded. Also solid state devices don't
require high voltages and filament voltages not to mention the warmup and
tuning drift.

It used to be difficult ¢to obtain the required gain and power for
low-level upconverters but that is no longer true. The 1low cost (less than
$3.00) Avantek MMIC's mentioned earlier yield 8-15 dB of gain (ref. 17).
Furthermore, NEC (NEL1300 and NEL2300 series), Acrian, SSM, TRW etc. all have
available linear bipolars that will deliver up to 20 watts on 23-cm and 3-6
watts of linear power on l3-cm at reasonable prices. Medium power (1 watt)
GaAs Fets are also gquite available and power levels increasing to 10 watts
reported. For higher s8o0lid state power, devices can be combined either
directly with matching networks or by using hybrid power splitter/combiners.

If only cw is desired at higher power 1levels, there are numerous solid
state devices up through at least 15 watts on 13-cm. WA3AXV, WA3JUF and W3HQT
have successfully used ssb with some of the higher powered class C transistors
by employing a slight amount of forward bias. However, this technique is only
recommended on selected devices (ref. 18).

Some Amateurs have supposedly run class C devices on ssb with reasonable
linearity. The ¢trick is to inject a small amount of carrier by unbalancing
your balanced modulator. I haven't tried this method personally and would
appreciate information from any one who has.

Admittedly there is still an RP power generation problem on the microwave
bands. The ubiquitous 2C39/7289 vacuum tube is still king for the up to 50 or
s0 watts per tube and more if abused (ref. 19)! Single and two tube amplifiers
are in use on both 13 and 23-cm (refs. 19, 20, 21, and 22).

For real high power there are presently only a few designs available. A
few lucky Amateurs have managed to obtain surplus klystrons such as the Varian
VA-802 for 1l3~cm and its complement on 23-cm. The UPX4 1is probably the most
widely used high-power amplifier on 23-cm (ref. 23). Hans Rasmussen, OZ9CR,
has been producing a copy of this amplifier for interested parties as his time
permits. Recently Buzz Miklos, WA4GPM, gave a paper on a high-power 23-cm
amplifier using the new Eimac Y846 planar triode (ref. 24).

On 1l3-cm some 2C39/7289 designs have emerged (Ref. 25). A real catch, if
you're 1lucky, is the AN/TRC-29 surplus amplifier which uses a single 7289 and
can easily deliver 25-50 watts of output at 13-cm. However, these amplifiers
seem to all be hidden away by Amateurs who someday hope to get on 1l3-cm and
probably never willl

Recently Hans Rasmussen, 0Z9CR, has produced single and two tube designs
for 13-cm. Gain is about 6&-8 dB depending on drive and power level. The two
tube amplifier, if really pushed, will deliver about 100 watts output at 25%
_ efficiency with 5-6 dB gain (ref. 26).

Finally, many bits and pieces of information about designing and operating

UHF amplifiers has been written but not always gathered together. An effort to
do this was conducted in two of my recent Bam Radio "VHF/UHF World" columns
(ref. 27 and 28). Other circuits have appeared in some popular VHF/UHF
journals (ref. 29).
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*Designing lLoop Yagis for 13 and 23-cm” by Joe Reisert, W1JR (Page 5)

Summary: The material in this paper is not complete., However, most of the
missing material can be found in the references. Reference 1 is particularly
recommended reading before undertaking either of the designs in figures 1 and
2. In the designs on the figures, I have taken the liberty of showing all
dimensions without alternatives since nowadays most Amateurs do not really
have the time or inclination to go through the effort required to redesign or
second-guess an author on a complicated design.

I hope the material presented is wuseful and will help populate the
microwave bands. High gain antennas must be duplicated exactly 1if good
performance is expected. The loop Yagi is one type of antenna that is easy to
duplicate with predictable performance. !

References:

1. Joe Reisert, W1JR, "VHF/UEP World-Designing and Building Loop Yagias®, EHam
Radio, September 1985, Pg. 56.

2. Joe Reisert, W1JR, "VHF/UHF World-Stacking Antennas: Part 1", Ham Radio,
April 1985, Pg. 129.

3, Joe Reisert, W1JR, "VHF/UHPF World-Stacking Antennas: Part 2", Ham Radio,
May 1985, Pg. 95.

4. Gunter BHoch, DL6WU, "“Extremely Long Yagi Antennas”, VHF Communications,
1982, summer issue, Pg. 130.

5., Joe Reisert, W1lJR, "VHF/UHF World—Transmission Lines", to be published 1in
Ham Radio, Oct. 1985 issue.

6. Joe Reisert, W1JR, "VHF/UHF World-Determining VHF/UHF Antenna Performance”,
Ham Radio, May 1984, pg. 110.

Table 1: Specifications and stacking information for the available 1loop Yagi

antenna designs. Equivalent dish diameters are shown for 23 and l13-cm.

Design Boomlength* Gain®* Equiv..dish Beamwidth* Stacking distance*
in A (dBi) diameter** (degrees) in A E and H planes

28 element 9.0 19.0 36/20" 18.0 2,50 2.30

38 element 13.2 20.0 39/22" l6.5 2,75 2.55

45 element 15.7 20.5 42/24" 15.0 3.00 2.75

52 element 18.7 21.0 45/25" 14.0 3.40 3.00

* Approximate. The wavelengths of 23 and 13-cm are 9.1" and 5.12" respectively.
** 23/13-cm respectively.



Pigure 1.
WLJR 2)-cm 45 Element Loop Yagi
Preq: 1265-1300 mAx
Gaint 20.5 4Bi approx.
Boomlength: 12 feat )
Beamwidth Z: 15-17 deqrees C : pm—
Beamwidth Hi 16-18 degrees L.: N Yoo Setase
Pront to back ratio: 20 4B ad
8ide lobes: 13-15 48 down
Recommended stacking distance: Zlemant 8 ci
% planes 27 inches (3.00 ) (,;’;2.“‘3, tnota 3
B plane: 24 inches (2.75 ) Ref. 2 1.00" 9,.735"
Notast Ref. 1 4.10" 9,735"
Jotes Dr. El. 5.05* 9.292°
1. All dimensional tolarances should be kept to +/-,01* Dir. 1 6.17" 8.305%
with +/-.025° max. Dir. 2 7.00° A
2. Rafsrence all spacings from the rear of the boom to pir. 3 8.78"
prevent tolerance buildup. Dir. 4 10.56"
3. Loop langth should be approximately 0.500® longer than Dir. 5 11.81°
circumference dimension shown to allow approximately 0.25" pi.. ¢ 14.12"
overlap on sach end. The circumference shown is the exact py. 7 17.68"
distance between the holes in the loop (see sketch below Dir. 8 21.24°
on how to measurs). The dimensions are based on using soft .. 9 24.80°
alumimum loops that are 0.25° wide and 0.032° thick. Dir. 10 28.36" Y
Any changes will cause the dimensions to be re-scaled. Dir. 11 31.92° 8.305"
Dir. 12 35.48" 8.054"
l-(—c_mr,um Feneuct‘——ﬂ 13" pir. 13 39.04"
LA pir. 14  42.60°
{0 O |mss3 440 Dir. 15 46.16°
: Sertv Dir. 16 49.72"
Dir. 17 .28° . o
4. The driven element is made from a pisce of brass 0.25" _DL:.—J._B ::.::- : g:;.
wide and 0.032° thick. Sae detail below (and note 3 above) py., 19 60.40° *
for the measurement of dimansions. Pirst prepars the brass pir. 20 63.96"
bolt as shown. Then insert the .141 diameter semirigid pir. 21 67.52°
coax cable and set the driven element height to the Dir. 22 71.08"
dimension shown on the sketch below. Next check the VSWR. Dir., 23 74.64"% 7.800°
1f the VEWR is above 1.2:1, move the first director and/or 1., 24 78.20" 7.700"
reflector slightly closer or further from the driven Dir. 25 81.76" A
element to minimize VSWR. Then adjust the height of the pir. 26 85.32°
loop up or down to decrease VEWR. When the VSWR is Dir. 27 98.88"
minimum, solder the junction where the loop, .l41 coax, Dir. 28 92.44"
and bolt join as shown on the sketch. Dir. 29 96.00"
Dir. 30 99.56°
- Dir. 31 103.12*
/-’ﬂ“- A Dir, 32  106.68"
r \ on” Dir, 23 110.24°
-‘1 "' o7 Dir., 34 113.80°
1% Y
e ¥) 9 ) 5 Dir. 35  117.36°  7.700%
Dir, 36 120.92* 7.600*
SeLper A Dir. 37  124.48°
TY . Dir. 38 128.04°
K 2 t Dir., 39 131.80"
Fx " 2o =7 '5’:-:':‘:-“: Dir. 40  135.16"
prass BeLT coAX Dir. 41  138.72°
PRRLED To PASS Dir., 42 142.28° 7.600"

Y CoAx a1
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Pigqure 2
W1JR 13-cm 45/52 Rlement Loop Yagi n “ U “
Prreq: 2300~2325 =Az - -
cain: 20,5-21.0 dBi approx. | SR Yoipe tete
Boomlength: 8 feet

Beamwidth B3 15~17 degrees
Beamvidth Hi 17-19 degraes Elemant Spacing Circum.
Pront to back ratio: >20 dB {note 2) (note 3)
Side lobes: 13-15 dB down R‘:' 2 1.000%  5.480°
Recommanded stacking distances Ref. 1 2’7“. 5'“0_
R planet 17.5 inches (3.4 ) ) g{;—% —3‘—:%—:——. 3‘1::.
§ plane: 15.5 inches (3.0 A ) Dir. 2 378

Notes: Dir. 3 5.376"

1. All dimensional tolerancss thould be kept to +/~.005" iz, 4 6‘379:

with */_, 01" max. pir. § 7.051.

2. Reference all spacings from the rear of the boom to g:" : lg'ggg_

prevent tolerance buildup. Di:. 8 12. 385

. xima « . * ¢

3. Loop length should be appro tely 0.375" longer than pir. © 14.388° °

circumfersnce dimensions shown to allow approximately
0.188° overlap on sach end. The circumference shown is
the exact distance between the holes in the loop. The
dimeansions are based on using a soft aluminwum loops that
are 0.25" wide and 0.032° thick. Any changes will cause
the dimensions to be re-scaled. See sketch below on how

Dir. 10 16.390"
Dir, 11 18,393" 4.676°
Dir, 12 20,395" 4.534°
bir. 13 22.398"
Dir. 14 24. 400"
Dir. 15 26.403"

tO MeaAsuUre.
Dir. 16  28.405"
Dir. 17 30,408  4.534"
F‘C‘RG“MFQ‘E”CE—"'/""" ~ Dir, 18  32.410°  4.392°
»a T© Dir. 19  34.413°
{O d',"“ y~\fe bir. 20  36.415°
sctvv pir. 21  38.418"

Dir. 22  40.420"
Dir. 23  42.423°  4.392°
Dir. 24  44.425°  4.335°
Dir. 25  46.428° J
Dir. 26  48.420"
pir. 27  50.433"
pir. 28  52.435°
bir. 29 54,438"
Dir. 30  56.440°
Dir. 31  5B.443"
Dir. 32 60.445"
Dir. 33 62.448"
Dir. 34  64.450" Y
Dir. 35  66.453°  4.335°
Dir. 36 68.455% 4.279*
Pir. 37  70.458"

Ve oAl “AT pir. 38 72.460°

\ l" " Pir. 39  74.463°

"| : Dir. 40 76, 465"

D j:: Dir. 41 78.468°
Dir. 42 80.470"  4.279*

A Dir. 43  82.473°  4.229"
Ty Dir. 44  B4.475"
vl son e Dir. 45  86.478

4. Director 42 completes the original 45 element model
patterned after the 23-cm loop Yagi. BExtending the boom
to 8 feet and adding 7 more dirsectors will increase the
gain by about 0.5 dB.

5., The driven element is made from a piece of brass 0.25"
wide and 0.032° thick. See detail below (and note 3 above)
for the measurement of dimensions. Pirst prepare the brass
bolt as shown. Then insert the .14l semirigid coax cable
and set the driven element height to the dimension shown
on the sketch below. Next check the VEWR. If the VSWR is
above 1.2:1, move the first director and/or the reflector
slightly closer or further from the driven element to
minimize VSWR. Then adjust the height of the loop up or
down to decrease VSWR. When the VSWR is minimum, solder
the junction where the loop, .141 coax and bolt join as
shown on the skatch.

Wu’;
(wore 5)
SeLdER

K 2
"t wTs —7 1D Dir. 46  88,480"
prASS BoLT coAx Dir, 47 90.483:
PRILED To PASS Dir. 48  92.485
1Yl cohx FEED Dir. 49  94.488°  4,229°
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GETTING STARTED ON 13 AND 23 CM

by

Joe Reisert, W1JR






First Annual 1296/2304 mHz Conference, Estes Park, Colorado, 19-22 Sept. 1985

"Getting Started on 13 and 23-CM" by Joe Reisert, W1JR

The recent activity on the 13 and 23-cm microwave bands has been very
encouraging. However, there are still many other interested Amateurs who need
information on the microwave bands. Typically they ask what are the prime
frequencies and modes of operation. The next questions seem to center around
propagation, recommended receivers, transmitters and antennas. With this in
mind, let's examine these question areas and then review some of the preferred
equipment for these frequencies.

Frequencies of interest: Most of the early work on 23-cm was done on cw using
multipliers, typically from 144 or 432 mHz. This was even carried through to
EME (ref. 1). BHowever, present day operation is primarily on cw and ssb,
especially on OSCAR and weak signal operation. Some FM and FM repeaters are
also gaining popularity but they are hardly the mode for weak signal
operation. Let's keep them out of the weak signal portions of the band!

OSCAR 10 operation is almost entirely centered around the uplink £requency
of 1269 mHz. Most of the weak signal operation is conducted between 1296.000
and 1296.150 mHz with EME between 1296.000 and 1296.050 mHz and the
terrestrial work centered around the calling frequency, 1296.100 mHz.

13-cm is now a fragmented band. Before WARC '79 most of the world had the
full 2300 to 2450 mHz band. However, soon after WARC '79 the band started to
to be segmented. In Europe several countries removed the spectrum below 2320
mHz while in November 1984 the FCC removed 2310 to 2390 mHz from USA Amateurs.
This makes it tough for those using "polaplexer™ types of setups with 30 mHz
IFs unless they stay in the top portion of the band or use 88-108 mHz IF's
(ref. 2). The EME'ers who schedule Europe have had to resort to crossband
operation from 2304.000 to 2320.150 mHz.

In the USA most of the 13-cm weak signal operation is conducted between
2304.000 and 2304.150 mHz. EME operation is primarily conducted between
2304.000 and 2304.050 mHz. 2304.1 mHBz is the recommended terrestrial calling
frequency. It probably will take some time to move everyone to a common
calling frequency of 2304.1 mHz since many of the older transmitters use
multiplier schemes that are centered on 2304.0 mHz. However, in the 1long run
it will be worthwhile since there will be no conflict with EME operation and
the USSR satellites that have been monitored near 2304.0 mHz,

Propagation: Radio propagation on the 13 and 23-cm bands is quite similar to
70~cm. However, the typical antenna beamwidths are narrower, transmitter power
is often low (1-10 watts) at the present time and feedline loss becomes a real
limiting factor. As a result, these microwave bands are perceived as different
or more difficult to conquer. :

One of the most noticeable problems on the microwave bands is foliage
attenuation (including evergreens!). Foliage can cause terrific attenuation of
signals. You can wait until the leaves fall (if they're not evergreens) but
the propagation during the fall and winter is typically at its poorest point.

However, on the plus side, aircraft scatter and scatter in general are
very noticeable on the microwave bands and are big propagation contributors
when conditions are poor (ref. 3). It is recommended that if you set up
schedules over an obstructed path that both stations aim their antennas at
some common scattering medium such as a tall building, hill or mountain top
and take advantage of the scatter so prevalent on the microwave bands.
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Finally, it has been speculated that the optimum frequency for 1long haul
tropo and ducting is near 1500 mHz (ref. 3). What this means is that there is
more likelihood of long DX via tropospheric propagation on 13 and 23-ca than
at the lower UHF/VAEF Amateur bands. PFurthermore, static, noise, and other
objectionable VHF phenomenon are almost nonexistent at microwaves so it is
more pleasurable place to operate. I think that these microwave bands are
really where the greatest advances will occur in the next few years. All we
need is time to develop the bands, better gear (especially with higher power),
and an increase in the activity level.

Receiving EBquipment: Since cw and ssb are the most popular modes for weak
signal operation, the following recommendations will concentrate on this type

of gear. More specifically, we will concentrate on receive type down-
converters, transmitter up-converters, and transverters.

A basic receive type down-converter is shown on figure 1. There is nothing
new on this block diagram. However, the components necessary at microwave
frequencies are quite different from those used on VHF/UHF. Technology has
come a long way of late and is still improving at a rapid rate. Therefore the
modular approach is strongly recommended so that new improved designs can be
substituted as they become available (ref. 4).

Inexpensive bipolars such as the NE64535 work great as a preamplifier or
postamplifier through 4000 mHz (ref. 5). There are now many modular amplifiers
~ available. At the present time the least - expensive are the Avantek "MSA®"
- series MMIC's (microwave monolithic IC's). More on this later. While these
MMIC's may not have state-of-the-art noise figures for the input preamplifier,
they can still easily deliver 5-6 4B noise figures. Siemens, NEC, and others
are now offering broadband GaAs FET versions of the same. The noise figures on
the broadband matched types of GaAs FET preamplifiers are typically 4 dB with
18-20 4B of gain! Expect the noise figures to drop.

Likewise, there are many low-cost GaAs FETs now available (refs. 6, 7 &
8). Simple PI-network or tuned tank circuits still work well on these bands
for input/output matching with either bipolars or GaAs FETs. There is no
longer any excuse for a high noise figure (over 2 dB) on any Amateur band
below 2450 mHz!

If the modular approach is used, new improved preamplifier designs can be
easily added later. HMETs {(high mobility electron transistor) may soon be
available to Amateurs (ref. 9). They promise to have lower noise figures than
GaAs FETs with a higher cutoff frequency!

Bandpass filters are highly recommended to remove general crud as well as
the image frequency especially if a 28 or 50 mHz IF is used. If a 2 meter IF
is used with a tuned preamplifier(s), a bandpass filter may not be necessary.

The heart of any high-performance converter, be it receive or transmit, is
the mixer and 1local oscillator (L0). Trough line mixers of the K6AXN/W100P
type used to be very popular (ref. 10). In recent years the W2CQH interdigital
type of mixer has become very popular (ref. 11). More recently the
anti-parallel harmonically-pumped mixer is gaining popularity (refs. 12 and
., 13)., It 4is sBimple to build and only requires the 1O to be at one 1/2 the

normal frequency!

However, the mixer type most recommended is the balanced type (ref. 14).
- Better yet I recommend the double-balanced-mixer (DBM) type (ref. 15). DBMs
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used to be very expensive but with recent improvements in technology and the
low-cost TVRO market, they are dropping to very affordable prices.

Also, if two DBMs are configured with the proper hybrids, an
image-rejection mixer can be configured per figure 2. This scheme has the
advantage of not requiring special filtering for image rejection even when a
low frequency IF (eg. 28 mHz) is used. It also can be used in the transmitter
as we shall shortly see.

Let's not forget the LO. It must not only be stable but must be c¢lean of
spurious frequencies and should be relatively clean of harmonics of the basic
crystal oscillator. Recommended LO schemes are shown on figure 3. As shown,
the most popular 1O frequencies for 23-cm are 1268 mHz (from a 105.666 mHz
crystal oscillator) for a 28 mHz IF and 1152 mHz (from a 96 mHz oscillator)
for a 144 mHz IF. The most popular 1O frequencies for 13-cm are 2276 mHz
(derived from a 94.8333 mHz oscillator) for a 28 mHz IF and 2160 mHz (from a
90 mHz oscillator) for a 144 mHz IF. Properly implemented, the LO output
should be at least 30 dB above any other generated products.

The lowest recommended frequency for the crystal oscillator in a microwave
receiver is 90 mHz. Frequency multipliers in a LO chain should be limited to
doublers and triplers using the recommended multiplication scheme shown on
figure 3. Triplers have lower efficiency than doublers and require more
complex filtering than most Amateurs are willing to employ! Therefore, I
recommend that triplers only be employed up to 350 mHz on the output.

Finally, the crystal oscillator should be a 5th overtone colpitts type
with the crystal in the feedback path between the collector and emitter per
reference 4. A recommended overtone crystal oscillator circuit is shown on
figure 4. Overtone oscillators with the crystal from the base to ground should
be avoided at all cost since they will have poorer frequency stability and
greater phase noise (ref. 4).

Transmitters: The transmitter design is primarily a function of the type of
emission desired. As described earlier, until recently most of the operation
on the 13 and 23-cm bands has been with cw and multipliers. Often an 8 mHz
oscillator was multiplied all the way up to the final output frequency. In the
more sophisticated setups, an upconverter was used to mix to some intermediate
frequency before multiplying the final step to 13 or-23 cm.

One popular scheme used in Europe (that has also been used by some contest
stations in the USA) is to build a stable 1152 mAz 10 from a 96 mHz crystal
oscillator and then multiply it to the desired band (ref. 16). 1152 mHz is a
unique frequency since 2, 3, 5 and 9 times 1152 is 2304, 3456, 5760 and 10,368
mHz respectively, all falling in our assigned microwave bands. Furthermore, if
1152 mHz is mixed with 144 mHz, we obtain 1296 mHz.

By far the most popular transmitter scheme of late is the transverter. If
a common IF such as 28 or 144 mHz is used, only one 1O has to be built for
each microwave band as shown on figure 5. Hence the LO (such as the receiver
LO Jjust discussed) does double duty. This scheme allows cw as well as ssb
operation with more than adequate frequency stability. The image reject mixer
shown on fiqure 2 1is strongly recommended for a transverter since it will

reduce filtering requirements.
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Tube upconverter/mixers such as the 2C39 family have also bsen used but I
personally recommend the low-level upconverter approach with a DBM since it is
clean and easy to construct. If the modular approach is used, you can add or
change stages as they are built or upgraded. Also solid state devices don't
require high voltages and filament voltages not to mention the warmup and
tuning drift.

It used to be difficult to obtain the required gain and power for
low-level upconverters but that is no longer true. The low cost (less than
$3.00) Avantek MMIC's mentioned earlier yield 8-15 4B of gain (ref. 17).
Furthermore, NEC (NEL1300 and NEL2300 series), Acrian, SSM, TRW etc. all have
available 1linear bipolars that will deliver up to 20 watts on 23-cm and 3-6
watts of linear power on 1l3-cm at reasonable prices. Medium power (1 watt)
GaAs Fets are also quite available and power levels increasing to 10 watts
reported. For higher solid state power, devices can be combined either
directly with matching networks or by using hybrid power splitter/combiners.

If only cw is desired at higher power levels, there are numerous solid
state devices up through at least 15 watts on 13-cm, WA3AXV, WA3JUF and W3HQT
have successfully used asb with some of the higher powered class C transistors
by employing a slight amount of forward bias. However, this technique is only
recommended on selected devices (ref. 18).

Some Amateurs have supposedly run class C devices on ssb with reasonable
linearity. The ¢trick is to inject a small amount of carrier by unbalancing
your balanced modulator. I haven't tried this method personally and would
appreciate information from any one who has.

Admittedly there is s8till an RF power generation problem on the microwave
bands. The ubiquitous 2C39/7289 vacuum tube is still king for the up to 50 or
80 watts per tube and more if abused (ref. 19)! Single and two tube amplifiers
are in use on both 13 and 23-cm (refs. 19, 20, 21, and 22).

For real high power there are presently only a few designs available. A
few lucky Amateurs have managed to obtain surplus klystrons such as the Varian
VA-802 for 13-cm and its complement on 23-cm. The UPX4 is probably the most
widely used high-power amplifier on 23-cm (ref. 23). Hans Rasmussen, OZ9CR,
.has been producing a copy of this amplifier for interested parties as his time
permits. Recently Buzz Miklos, WA4GPM, gave a paper on a high-power 23-cm
amplifier using the new Eimac Y846 planar triode (ref. 24).

On 13-cm some 2C39/7289 designs have emerged (Ref. 25). A real catch, if
you're 1lucky, is the AN/TRC-29 surplus amplifier which uses a single 7289 and
can easily deliver 25-50 watts of output at 13-cm. However, these amplifiers
seem to all be hidden away by Amateurs who someday hope to get on 13-cm and
probably never willl

Recently Hans Rasmussen, OZ9CR, has produced single and two tube designs
for 13-cm. Gain is about 6-8 4B depending on drive and power level. The two
tube amplifier, if really pushed, will deliver about 100 watts output at 25%
~ efficiency with 5-6 4B gain (ref. 26).

Finally, many bits and pieces of information about designing and operating
UHF amplifiers has been written but not always gathered together. An effort to
do this was conducted in two of my recent Ham Radio "VHF/UBF World" columns
(ref. 27 and 28). Other circuits have appeared in some popular VHF/UHF
journals {ref. 29).
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Antennass Until recently the parabolic dish has been the most popular antenna
on both 23 &nd 13~cm. The six to eight footers have been most common on 23-cm,
often made from a refurbished UHF TV dish. This size dish is capable of about
25-28 4Bi of gain. Most 13-cm operation has likewise used dishes with the
three to four footers being most popular. Properly illuminated they will
deliver about 24-27 dBi of gain. A six footer at 13-cm can yield up to 30 asi

of gain but only has a 5 degree beamwidth!

Lately the "Loop Yagi®"™ has been taking over on both 13 and 23-cm
especially where wind, ice and snow are common (ref. 30). It surely has a
lower profile. The main problem with the loop Yagi is that the present designs
available are gain limited. At 23-cm the longest design presently available
has a twelve foot boom and will deliver about 20.5 dBi of gain. Therefore,
stacking with its associated problems is needed for higher gains.

Regardless of its shortcomings, the loop Yagli is getting many Amateurs on
the 23 and 13-cm bands and is now available commercially (more on this later).
Designing 1loop Yagis especially on 13-cm will be a subject of a later talk at
this conference (ref. 31).

Feedlines: No talk on microwaves would be complete without a few words on
feedlines. At microwave frequencies, unless you have a clear and elevated QTH,
you will need a feedline that will undoubtedly be your most serious station
limitation.

Heliax (TM of Andrew Corp.) and hardline are the recommended feedlines for
Amateurs operating on the lower microwave bands. They are expensive, but then
again, so is the price of generating power or signal strength at these
frequencies. The recommended transmission line for the price and performance
is the 7/8" air dielectric Heliax which is often available at flea markets. It
has a loss of about 4 dB per 100 feet at 23-cm and 6 dB per 100 feet at 13-cm,
quite low for these frequencies.

Hardline with its aluminum outer conductor and foam dielectric has
considerably more loss than Heliax but is lower loss than any of the commonly
available flexible types of 1line. The "G" Line is also a strong underused
possibility. These and other suggested feedlines are described in detail in
reference 32 80 I will not dwell on them further at this time.

One closing remark on feedlines. Any transmission line loss is a two way
street so you lose both on receive and transmit. Hence a 4 d4dB feedline 1loss
will cost you 8 dB in system performancel! Therefore, it is often a good idea
to at least consider mounting your preamplifier at the antenna to obtain all
the signal you can receive! I'm convinced that feedline loss is the single
most important contributor to poor performance on the microwave bands.

Miscellany: As I mentioned before, there's 1lots of construction information
pertaining to the microwave bands but it seems to be tucked away or scattered
without any real way to pull it together. Many articles are available in the
popular journals and books mentioned in reference 29. Also there are a few
microwave bibliographies that are available. Undoubtedly I'll miss some but
those I have on file are listed in references 33 thru 37.

Commercial Equipment: Finally, for those who just don't have the patience or
time to build, there is now more than enough gear available to get on the
microwave bands without "rolling your own". The following information in no
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vay implies that any of the information is accurate or that I personally in
any way endorse any of the products or companies about to be mentioned. My
apologies to those 1 may have missed. Please bring them to my attention so

they may be listed in future articles.

Companies Producing Microwave Gear {not listed in any particular order):

1. Microwave MNodules of England: Transverters, receive converters and
preamplifiers.

2. 8SB Electronics of W. Germany (represented in the USA by The VBF Shop):
Transverters, receive converters, preamplifiers, solid state low - power
amplifiers. :

3. Down East Microwave, W3HQT: Loop Yagis and solid state power amplifiers.

4. Tonna Antennes (F9FT): 23-cm Yagi antennas and power splitters.

5. BI-SPEC: Ott Fiebel, WAWSR, 23-cm tube type power amplifiers.

6. VE3CRU: Loop Yagis for 23~cm, Microwave Modules and SSB Electronics gear.

7. Maki~Denki (Spectrum West): 23 and l13-cm transceivers.

8. ICOM: 23-cm transceivers.

9. Parabolic (SM6CKU): 23~-cm transverters, tube type 23~cm power amplifiers,
and dishes. .

Summary: This wasn't a highly sophisticated paper. In fact, most of you that
read or heard this material will already be familiar with most of this
information. However, perhaps there are some scraps of information that will
be of value. Also I hope that you will spread the word and distribute all or
part of this information to interested parties in an effort to activate the
microwave bands. The sooner we get activity, the sooner we will get real
growth. As mentioned earlier, any worthwhile information not in this paper and
brought to my attention will be . greatly appreciated and added to future
presentations.
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AVANTEK :
MONOLITHIC MICROWAVE INTEGRATED CIRCUITS
(MMIC)
* 50 OHM GAIN BLOCK
* BROADBAND DC TO 4GHZ.
* DARLINGTON CONNECTED TRANSISTOR PAIR
* INTERNAL BIASING
* INTERNAL FEEDBACK ENSURES STABILITY

* EASY TO CASCADE

c
c ‘ | o o { ]——« oUTPUT
:

© O—

BT

COMMON \/
RB - Shunt Feedback Resistor cc
RE - Series Feedback Resistor

IPUT o

B P
———

OTHER ADVANTAGES
* LOW COSsT
* SMALL SIZE
* REPROOUCIBLE PERFORMANCE
* HIGH RELIABILITY

* EASY TO USE



MMIC
MANUFACTURING PROCESSES

MMIC CHIP MANUFACTURING SIMILAR TO TRANSISTORS

NITRIDE SELF—-ALIGNMENT ION IMPLANTATION TECHNIQUES ARE USED
FOR PRECISE CONTROL OF DOPING AND NITRIDE PASSIVATION

RESISTORS ARE FABRICATED DIRECTLY ON SUBSTRATE
DESIGNING MASKS IS EXPENSIVE
DESIGN ITERATIONS REQUIRED BUT COSTLY

DEVELOPING A FACILITY IS EXPENSIVE

NEED A HIGH VOLUME MARKET TO MAKE PRODUCTION COST EFFECTIVE

MMIC
PACKAGING

100 MIL METAL/CERAMIC "MICRO-X" PACKAGE
70 MIL CERAMIC PACKAGE

200 MIL CERAMIC PACKAGE

TO-8 AND TO—-12 PACKAGE

PLASTIC PACKAGE



MMIC
APPLICATIONS

RECEIVERS RF/IF
TV
TVRO
DBS
COMMUNICATIONS
RF POWER AMPLIFIERS
TEST EQUIPMENT
ELECTRONIC DEFENSE SYSTEMS

COMMERCIAL MARKET

AVANTEK

ALPHA

TEXAS INSTRUMENTS

ST1EMANS

CALIFORNIA EASTERN LABORATORIES
PLESSEY

PLUS OTHERS



AVANTEK MONOLITHIC AMPLIFIER PERFORMANCE SUMMARY

TYPICAL GAIN/COMPRESSION VERSUS FREQUENCY

MSA-
30 50 144 220 432 902
0104' 19 19 19 18 17 14
+8 +8 +7 +6 +4 *
0204 13 13 13 13 12 11
>+7  >+7  >+T7  >+7 +7  +5
0304 13 13 13 13 12 11
>+13 >+13 >+13  >+13 +13  +11
0404 8 8 8 8 8 8
>+13 >+13 >+13  >+13 >+13  +13
4~
0404 >+19 >+19 >+19 >+19 >+19 +19
02103 26 26 26 26 24 22
>+13 >+13 >+13 >+13 +13 +11
02/93/04 34 34 34 34 32 30
>+13 >+13 >+13  >+13 +13 +13
03/94/04 - - - - - -
* Devices are from the _ 04 family

* %

Not specified

Combination not desired for 2304 MH=z.
to compression of 03 stage

Not analyzed

Data obtained from Avantek data sheets

il

1296

12

10
+4
10

+10
+13
+19
20

+10

28

+13

due

A.d.
WBS5LUA
JULY
REV.B,

2304

+2

+5

+13

+19
16

+5

22

+13

WARD

18,

3300

1985
9-9-85

MH=.

dB

dBm

dB

dBm

aB

dBm

dB

dBm

dBm

dB

cdBm

dB

dBm

dB

da8m
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. €123V *1 -3V

e COMPONERT LAYOLT
__Cf- 63__50_/00;1} CHLIP. Mﬂ e
— RFCL2 4 TURNS #28&4 EMBMEL s SLASHED. /QEEHJJ_CMEIQ__W
WIRE. Yol lp 520 * SON_LIMELADTHS AEE . 100"
___RLR2 ___BIAS PESISTORS-SEETABLE __* DIELECTRIC 18.062°6E=/0
__FTLFTZ 470 -10000F FEEDTHRIVEH

AR REZ AVANTEK _mmic
L * BIRS _RES[STTR. CCRT
— DEVICE. (mB) onms_ ___wars(oiss)_ Gpoe oty
____FoR Vec=13V -
__MSA_0lo4____ 30 6T 24 * 2,78 |
_ MSA_0A04___ 30 Q6T A4 ¥ 2.90
_MSA 0304 _ 40 200 .32 $300
" MSh_0404 5650 =g ¥ 3,&5_’_1__;_&~:f
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MHz

500.0000
600.0000
200.0000
800.0000
900.0000
1000.0000
1100.0000
1200.0000
1300.0000
1400.0000
1500.0000
1600.0000
1700.0000
1800.0000
1900.0000
2000.0000

MHz

2000.0000
2100.0000
2200.0000
2300.0000
2400.0000
2500.0000
2600.0000
2200.0009
2800.0000
2900.0000
3000.0000
3100.0000
3200.0000
3300.0000
3400.0000
3500.00090
3600.0000
3700.0000
3800.0000
3900.0000
4000.0000

GCAIN

521

DB ANG
30.42 -130.5%
29.64 -147.8
29.07 -164.9
28.56 176.3
28.07 157.1
27.39 139.4
26.50 122.2
25.65 106.1
24.7% 91.0
23.88 76.7
23.1¢0 62.4
22.35 47.2
21.34 33.6
20.72 21.1
20.00 6.8
19.26 -6.9

GRIN

S21

DB ANG
19.480 -70.0
18.59 -84.2
‘17.5% -102.90
16.65 -112.6
16.26 -129.2
15,60 -146.1
15.00 -181.8
14.45 -176.9
13.8% 1468.9
13.44 1%3.4
12.32 137.2
12.30 123.2
12.10 109.4
11.65% 94.8
11.29% 80.6
10.85 64.6
10.3% 47.0

9.60 28.0

8.45 1.8
.72 2.0

7.15 -7.9

48.09 ,

24.00

165.080

8.80
5B8.aes

150.08888 MH=z~0IV 26e0.080

28.06 .

I

16.89

4.00 i

9.00

20pe.des

286.de20 MHz-OIVY 1600.0800

—>—p—

o4+ ol04
NF=47186],3¢

CASCADE msA 0104

I

AN PLIF IER

mic

A/F=£Ba/gfz 36 ke

&

A WARLD

(2

r_ac
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MHz

500.0000
600.0000
700.00090
800.0000
200.0000
1000.0000
1100.0000
1200.0000
1300.0000
1400.0000
1%00.0000
1600.0000

1700.

0000

1800.0000

1900.
2000.

MHz

2000.
2100.
2200.
2300.
2400,
2500.
2600,
2700.
2800.
2900,
2000,
3100.
3200.
3300.
3400.
3%00.
2600.
3700.
3800.
3%900.
4000.

0000
6000

0000
86000
0000
6000
0000
0000
o000
0000
0000
0goo
0000
0000
0000
0000
0000
0000
0000
0000
gooo
0ooo
0000

GAINM

521

DB ANG
22.70 -89.4
22,50 -107.5
22,28 -126.2
21.96 -142.4
21.52 -161.2
21.1% -178.7
20.65 163.9
20.15 147.8%
19.50 132.1
19.04 119.2
19.1% 29.6
18,44 82.3
17.60 66.7
146.85 53.8
16.50 . 346.0
15.76  27.5°

RN

S21

DB ANG
15.75 27.1
-15, 48 11.4
14,95 -2.7
14,40 -17.6
13.8% ~31.%
13,30 -43.4
12.90 -55.7
12.42 -68.0
11.8% -81.4
11,15 -98,2
10.64 ~104.9
10.95 -112.7
11.24 -128.1
10.52 -142.8
10.00 -156.3

9.40 -170.1

8.8 179.7

9.69 169.9

9.466 149.,1

9,30 128.2

8.49 104.2

-40.09 ;
32.00
24,00
P
H Mh‘“"ﬂk H H
T~
16.80 \
8.00 i
@.4808
5pe,.oss 150.0088 MH=z~DIY 2600. b
28.00 .
14.89 T 4
B IS
8.0@ ' \\\\’/-ﬁ‘\\f
2.98
4.09
19.80
2999 .a9n - 2806 .9800 MH=z-DILV 4009, £29
R CASCROE MIshO204(0304
L C
0204 0304 Mmm
AMPLIFIER
AJunrey
7-5-85
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MHz

500.0000
600.0000
700.0000
800.0000
900.0000
1000.0000
1100.0000
1200.0000
1300.00080
1400.0000

. 1500.0000

1600.0000
1700.0000
1800.0000
1900.0000
2000.0000

MHz

2000.0000
2100.0000
2200.0000
2300.0000
2400.0000
2500.0000
2600.0000
2700.0000
2800.0000
2900.0000
3000.0000
3100,0000
3200.0000
3300.0000
3400.0000
3500.0000
3600.0000
3700.0000
3800.0000
3900.0000
4000.0060

GAIN

s21

DB ANG
14.45 -68.7
14.65 -B86.5
14.74 -104.4
14.67 -122.3
14.48 -139.3
14.19 -155.8
14.10 -169.4
14.60 171.6
12.46 151.5
12.84 151.5
-14.20 135.3
-14.94 114.8
12.25  79.1
12.55  80.9
12.67  65.3
12.46  48.6

EAIN
£

0B ANG
12.45  46.2
11.93  30.2
11.30  16.6
10.80 3.4
10.35 ~10.7
9.70 -23.9
$.50 -34.7
9.07 -47.7
3.56 -40.0
3.25 -73.5
7.65 -87.7
7.00 -96.1
7.29 -104.7
6.82 -117.5
6.65 -126.7
6.60 -140.6
6.25 -154.0
$.09 -165.8
6.00 -177.7
5.95 168.8
5.79 153.8

48.89 ............ ;
32.008
24.00
15.86
" i wwﬂ\\_ﬁ/d\ A
B.0o0
8.006 :
5DPe.desd 150.86688 MH=z-DIV 2900.008
.. 28.08
16.008
12.86 ™
\ j
T
4,00
B.90
2089 .,088 200,088 MH=z-DIY 4980, 000
CRSCAOE SH 0404
> > mmic
— AmMPLIFIER
0404 0404
ASWARRD
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SIGNAL TO NOISE RATIO

An amateur radio operator makes a sun noise measurement on his
2304 MHz system. The 5 ft dish plus the 3 dB coax loss
connected to the 1! dB noise figure preamplifier receives 2 dB of
sun noise. Assuming 55% efficiency, the gain of the dish s 28.6
dBi . He decides to take the 5 ft dish down and replace it with a
7 ft. dish with a gain of 31.6 dBi. He now expects to receive 5 dB
of sun noise ( due to a 3 dB gain increase ), but initially is
very upset when all he receives is 3.3 dB of sun noise, an
increase of only 1.3 dB. What has happened?

Simply, our "S" meter reads signal plus noise to noise ratio.

S+N
N

When a desired signal , be it either a cw signal or sun noise,
is very near the receiver noise level,i.e. less than 10 dB,the "S"
meter reads signal plus receiver noise. If we are interested in
knowing how much we have improved the signal level , the signal to
noise ratio must ‘be rcalculated. The equation is calculated as
follows;

S+N = S + N
N N N
= S + !
N
THEREFORE S = S+N - 1
N N

WHEN THE QUANTITIES ARE CONVERTED FROM dB TO RATIOS

. A conversion table and graph are shown on the following
page. The difference between 3.3 dB and 2 dB signal pius noise to
noise ratio is now .56 - (-2.33) dB = 2.89 dB signal to noise
ratio improvement. Expressing the equation in a form that allows a
calculator to perform the math yields the following :

Let A = S+N {n dB
N
Then S (dB) = 10 log(log ' (A/10)-1)"
N

A.J. WARD
9-4-85
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SiMMIC
Cascadable Amplifiers

Recommended Mounting Procedures

1. PC Board Material:
a. G-10 glass epoxy board clad with 1 oz. copper on both sides is acceptable for frequencies below 1 GHz.
b. .015 inch thick Duroid is recommended for maximum gain flatness at frequencies above 1 GHz.

2. Grounding:
it is important that the amplifier package be well grounded to achieve maximum gain flatness. Plated thru
holes on both sides of the package are recommended. They should be as close to the package edge as
possible.

3. Biasing:
The -21 and -22 models of the amplifiers require +Vp to be supplied at the output lead. The guaranteed
gain is achieved by using an RF choke with a series bias stabilizing resistor. The resistor is required for
temperature stabilization. % watt carbon composition resistors can be connected directly to the output but
the gain will be reduced by 0.5-1 dB. % watt resistors should be paralleled for higher power dissipation if
achoke is not used. (-11/12 models only require Voo = +12V at lead 4.)

Resistor
Bias Bias Approximate Blas Dissipation
Amplitier Current Voltage Resistor (Ohms) (Watts)
lg (mA) +Vo . +9V +12V +15V +Vec =12V
MSA-01XX 17 T a5 235 412 588 12
MSA-02XX 25 ~5 160 280 400 18
MSA-03XX 35 ~5 114 200 286 25
MSA-04XX 50/90 ~6 60/33 120/67 180/100 . .30/.54

4. Cascading:
An external ceramic DC blocking capacitor is required at the output of the ampilifiers. An external capacitor
is also required at the input unless the amplifiers are supplied with an optional 45 pF internal capacitor.
If amplifiers are cascaded, then only one capacitor is needed between stages.

TYPICAL -21 AND -22 MODEL MOUNTING CONFIGURATION

BYPASS STABILIZING
/o CAPACITOR  RESISTOR
PLATED-THRU HOLES O] ] ._ | .
+Vee
BLOCKING RF CHOKE
CAPACITOR
BLOGKING
— CAPACITOR
INPUT | | O o | | outPuT
GROUND A'O GROUND
PLATED-THRU HOLES




TYPICAL -11 AND -12 MODEL MOUNTING CONFIGURATION

BYPASS
CAPACITOR
+Vgg=12V
PLATED-THRU HOLE
BLOCKING BLOCKING
CAPACITOR CAPACITOR

’ INPUT [

(

O | OUTPUT

| GROUND A'O GROUND
PLATED-THRU HOLES

RECOMMENDED PC BOARD DETAIL FOR -21 AND -22 MODELS

P

_________ 4 WIDTH TO MATCH
_} 500 TRANSMISSION
LINE

- PLATED-THRU HOLE

@/ 030 DIA,




‘The Avantek MODAMPTM MMIC is a sili-
con monolithic microwave integrated circuit
that is best categorized as a 50-ohm gain block.
Its applications in the 50-ohm microstrip envi-
ronment are virtually unlimited, and it can be
extremely useful in other circuit impedances as
w?ll.

Some of the advantages of the MODAMP
MMIC include:

L Minimized circuit design time

2, Unconditional Stability

3. Broadband operation: DC to
beyond 4 GHz

4, Near 50-ohm input and
output impedance

5. Flat gain through 3 GHz

6. Easy to cascade

7. Low group delay

8, Internally-biased

9. Good reverse isolation

10,  Extremely compact

The electrical equivalent circuit of the
MODAMP MMIC is shown in figure l. These
amplifiers are available with two bias options,
for operation at +5V or at +12VDC. With the 12-
volt units, the temperature compensating resis-
tor is a part of the monolithic circuit, and con-
nected in series with the power supply line. In
the 5-volt version, the temperature compensa-
tion is provided by the user with an external
resistor. In either case, the MODAMP amplifier
is. typically biased through a user-supplied resis-
tor or inductor to provide isolation from the
power supply bus. An example of a typical bias
network is shown in figure 3. Note that DC
blocking capacitors are also shown at the input
of each module, to isolate the inputs from each
other and from the source.

0
OUTPUT

WA

o
COMMON
Fig. 1 RB - Shunt Feedback Resistor
RE - Series Feedback Resistor

Paralleling &
Unilateralization
of MODAMPTM

The circuit of the MODAMP MMIC is ba-
sically a Darlington-connected transistor pair
with internal feedback. A simplified A.C. equi-
valent circuit appears in figure 2.

Fig. 2

This is a relatively standard broadband
amplifier circuit. Its major advantage comes
from monolithic fabrication, which means that
the reactive values associated with the feedback
elements are very small, for enhanced stability
and greater bandwidth.

Since they are unconditionally stable,
MODAMP MMIC's may be easily paralleled for
increased output power capabilities (fig. 3). For-
tunately, the input and output impedances of
paralleled MODAMP amplifiers fall within the
range that conveniently terminates standard #4:l,
9:1 and 16:1 broadband transformer configur-
ations.

BYPASS
cAPACTIOR suPPLY

EXTERNAL
BIAS RESISTOR

RE CHOKE
Rui = %074 Rout = 50/4

.C‘=BLOCK|NGCAP‘CITORS
Fig. 3
The bandwidth of the resulting multi-MMIC

circuit will be limited by the bandwidths of the
impedance matching elements. In figure 4, for

Silicon MMIC Amplifiers



example, the bandwidth would be limited by the
4:1 impedance transformers.

Fig. &

In applications not calling for the maxi-
mum possible bandwidth, there are many appro-
priate impedance matching and combining tech-
iques, such as quarter-wave transmission lines
and Wilkinson n-way divider/combiners. The
choices for impedance matching and transfor-
mation over octave and multi-octave bandwidths
are more limited. Some of the techniques are
discussed in reference 1.

Again as a result of their unconditional
stability, MODAMP MMICs may also be connect-
ed in push-pull {fig. 4). The advantages of push-
pull over straight paralleling are that most of
the good attributes such as stability and gain of
the MODAMP MMIC are retained, even-order
harmonics tend to be cancelled and, of course,
the push-pull circuit shown in the figure provides
four times the power output of a single device.

In the circuit of figure 4, the input and
output transformers are of the type that are
generally called baluns (for BALanced to UNbal-
anced). A balun provides two signals at the bal-
anced output which are 130 degrees out of phase,
but equal in magnitude with respect to ground.
This establishes the necessary conditions for
push-pull operation.

For those unfamiliar with the concept of a
balun, we can begin by showing a conventional
RF transformer with a l:l turns ratio and a
coupling coefficient of 1 (fig. 5). This same
transformer becomes a balun when connected as
shown in figure 6 (note the polarity of the
windings).

Fig. 6 Balun Combiner

E £
&w»@ ?n% % .

Fig. 5 Single Ended

To more easily understand the combining
effects of the balun, examine figure 7, which is
actually an alternate connection of an ordinary
1:1  transformer that will also provide the bal-
anced to unbalanced effect. Note that the cur-
rents produced by the generators are assumed to
be 1809 out of phase with each other. The cur-
rent from each generator results in a voltage
drop across Ry which is equal to that of the
other in magnitude but opposite in phase. The
net result is that the total voltage across Ry is
always the sum of the two voltages, or 2E at any
given moment. Since the transformer in figure 7
is defined as having a coupling coefficient of 1, a
turns ratio of l:l and no phase reversal, it may
simply be replaced with a short circuit. The net
result is shown in figure 8. This circuit shows
the two generators to be in series, with the total
current being I. The vajue of the current may be
doubled by placing an additional current source
in paralle! with each of the original sources, as
shown in figure 9. Thus the voltage produced
across Ry becomes 2E, with 2I flowing through
it. The effective power is then 2E x 2I or 4EI--
four times the power of a single-ended device.
In the case of the MODAMP MMICs, the current
sources are shunted by 50 ohms due to internal
feedback. Conveniently, this properly termin-
ates the balun, with 50 ohms on each side.

2E

e
AAA. +E

+E
VvV %

h Fig. 7 Conventional Transformer Configuration

—E

.—E ~E

R g} 26 b3
v 2 RS

I

+E +E

Fig. 8 Electrical Equivalent Fig. 9 Adding Two Current Sources

without Transformer to Double the Current

In the push-pull connection, even-order
harmonic cancellation occurs because the output
currents of even-order harmonics appear across
the load resistor in phase with each other and,
assuming that each is a perfect replica of the



other, their sum is therefore zero at all times.

Note that the gain of the amplifier in the
push-pull configuration, is still the same as the
%ain of a single single-ended amplifier channel.

hus, to get four times the output power, the
resulting push-pull amplifier must be driven with
four times the input power,

A push-pull pair of MODAMP MMICs also
lends itself to neutralization, a circuit design
technique which has almost disappeared except
among designers of high-powered tube-type RF
amplifiers, and to the even more worthwhile
design concept of true unilateralization.

Unilateralization is a circuit technique in
which the imaginary as well as the real term of
the feedback elements are cancelled. This cre-
ates an amplifier with a large degree of isolation
between the input and the output.

At first glance, unilateralization might ap-
pear to be the same as neutralization as a means
of stabilizing an amplifier. In neutralization,
though, only the imaginary terms of the leed-
back reactances are canceled because the neces-
ary inverse feedback is provided through an
inductor (or capacitor), which does not track the
reactance of the capacitive (or inductive) feed-
back over frequency. Consequently the conven-
tionally-neutralized amplifier is stable only over
a small frequency range (figure 10).

Ln

¢ =

Fig. 10 AC Equivalent Circuit
Neutralized Device

What is really needed is not an inductor or
a capacitor, but a circuit element which is al-
ways equal in magnitude but opposite in sign to
the positive feedback reactance of the device;
including all parasitic elements of the device
itself, its package and the circuit in which it is
installed.

Such a negative element can best be simu-~
lated with a duplicate active device. In the case
of the push-pull configuration, it may be obtain-
ed by cross-coupling between the input of one of
the two amplifier devices and the output of the
other, and vice-versa. In figure 11, this condi-
tion is provided, with the input transformers
serving the dual purpose of 4:1 impedance trans-

formation and batun.

oF

QI-I‘MI!
Fig. Ul Unilateralized Push-Pull Circuit

The reason that the MODAMP amplifier is
so easily unilateralized is that its internal
teedback network is of very low Q compared to
that of conventional amplifiers. In other words,
in conventional amplifier devices the feedback
elements tend to be more reactive than
resistive, while the feedback in the MODAMP
MMIC is predominantly resistive.

Unilateralization of a push-pull pair of
MMIC amplifiers would appear to negate some of
the advantages of the basic amplifier itself. In
general, this is true. Unilateralization is only
useful in providing slightly higher gain or sub-
stantially more isolation.

To determine the necessary component
values for unilateralization, the s-parameters of
the device should be converted to y parameters.
The real part of the feedback element is equal to
-1/g12, and the imaginary part is equal to
-1/bj2. The addendum shows an example of this
calculation.

After an amplifier has been unilateralized,
the load impedance will no longer affect the
input impedance and vice-versa, but unilateral-
ization often increases the effective input and
output impedance of the amplifier. This is the
mechanism which actually increases the gain.
Again, this is shown in the example in the
addendum. Careful attention must be paid to
the effects of unilateralization on the input and
output match.

Practical application of the MODAMP amplifier

The paralleling techniques we have discus-
sed were tested in single-ended (as shown in
figure 4) and push-pull (as shown in figure 11)
experimental amplifiers. The two amplifiers
were built with little effort toward optimizing
board layout, and with standard components such
as carbon composition resistors and chip capaci-
tors. To optimize performance, microwave prin-
ted circuit layout techniques and microwave
components would be preferable.
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Figures 12 and 13 show the measured har-
monic performance of the two amplifiers.

Contigwration Frequency Gain P_ 2nd Harmanic @ P,
M) (@ Bm (0B below camie)

Single-ended 100 12 +10 «13
Push-pull 100 15 NEX) 26
{Unilateralized}
Push-pui) 100 iz +7 =35

r4

2 Par

AN

aQ

@

g \

e

100 200 300 400
MHz/DIVISION
Fig. 12 Harmonic Performance of the Circuit
Shown in Figure & at 1 dB Gain Compression

N

10dB/DIVISION

100 200 300 400
MHz/DIVISION
Fig. 13 Harmonic Performance of the Circuit
Shown in Figure {1 at 1 dB Gain Compression

Figures 14 and 15 demonstrate the calcu-
lated performance of the two amplifier config-
urations, assuming that ideal components were
used. Actually, the "idealness" of components
and circuit layouts in microwave amplifiers are
mainly a function of how much you are willing to
pay.

Fig. 14 16.0

185 CIRCUIT #11
15.0
145
140
135
13.0
125 CIRCUIY »
12,0 —
FREQUENCY, GHz

S$21/dB

ATP-1060/2-85

Fig. 15 0.0 T
CIRCUIT %4
g
2
N -
5 -0
CIRCUIT #11
\M
-60.0

FREQUENCY, GHz

The calculated design was analyzed with
CADECtmM, a computer-aided design program av-
ailable from Communications Consulting Cor-
poration of New Jersey. The push-pull trans-
formers were implemented using the MCI and
INS code, along with the nodal analysis routine
available in the program.

Addendum:
, Jessypaas o 512521
1 TS TS, 5155,

1
%y

S
el

y -25;4
RS, 3(1+5,,) - 5,.85.1
12 hSl ’512 I2 21

- '2521 L
20 FTLS TS, - 355, | %o
o (5 )(1-5,5) + 81,8, 1 1
S, RS [V - 5,5, |25
22 *3220 1145y 12521 | %0
where Zg equals the characteristic impedance.
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A Clean Microwave Local Oscillator

Richard L., Campbell KKT7B
Department of Electrical Engineering
Michigan Technological University
Houghton, MI 49931

Crystal controlled local oscillators of exceptional spectral
purity have been constructed for 1152 MHz and 2160 MHz. The
block diagram of a complete LO is shown in Figure 1.

Clean local Oacillator Example -- 2160 Mix

Oscillator X6 Multiplier 3 Section 2 Btage 3 Bectiocn +9 dia
+ 14 dBa |4 360 in |1 2160 MHz || MSA 0235 - 22 2160 WAz O 2160 MEs
360 Mix 2160 out Filter Amplifier Filter All othar outputa
< -80 die
Figure 1

The 360 MHz circuitry is conventional, but the later

stages employ two recent developments: computer designed
interdigital filters and inexpensive monolithic silicon
(MSA) amplifiers. The filters are designed with multiple
resonators for good skirt selectivity, but with broad
bandwidths so that they do not have to be adjusted if
constructed to reasonable tolerances. The MSAs have moderate
gain and output power, and provide proper terminations for
the filters over a wide bandwidth with no tuning. There are
no microwave adjustments to make. The availability of
inexpensive gain and custom designed filters makes it
practical to use high order multiplication instead of many
bipolar doubler or tripler stages. It is also possible to
sacrifice multiplier efficiency for stability, repeatability
and graceful tuning characteristices. Step recovery diode
multipliers, although excellent performers is a properly
designed and tuned circuit, have a tendency to become
parametric amplifiers or oscillators with improper matching
or thermal design, component aging, temperature fluctuations,
drive level variations or load variations. They are also

. very expensive in leadless versions suitable for microwave
work, especially considering the necessity of microwave
tuning elements at both the input and the output. The
Schottky diode harmonic generator used here has about 17 dB
more-loss -than-a Step-recovery -diode .harmonic generator, but
tunes very broadly, has a minimum number of components, and
is very inexpensive. The 17 dB loss is easily made up with 2
inexpensive ($6.60 current price) Avantek MSA 0235-22
amplifier stages. A disadvantage of using broadband
amplifiers at the LO output is that they also amplify noise
at the signal frequency, which is then injected into the



LO port of the mixer. This should not be a problem when
using a balanced mixer and signal preamplifier, but the
conservative approach is to use a second LO noise filter
after the amplifier, as shown in Figure 1. With the second
filter in place, all spurious outputs of the 2160 MHz LO are
more than 80 dB below the 2160 MHz output. With a single
filter at the input to the MSA amplifiers, the 1800 MHz

and 2520 MHz spurious outputs are -45 dB relative to the 2160
MHz output. The +9 dBm output level is convenient for use
with an attenuator pad and standard level Double Balanced
Mixer, or to feed a Wilkinson divider for separate transmit
and receive mixers. Performance 1s greatly enhanced by
completely enclosing each stage in a seam soldered box and
using SMA connectors for interconnections. 1In particular the
harmonic generator should be completely shielded, as all
harmonics from the fundamental through about the 20th are
present at various levels. Also note that the connection
between the harmonic generator and the first filter should be
short (preferably a male-female SMA panel mount pair) as the

source impedance is probably not 50 ohms.

The following figures and tables may be used to construct LOs
and filters for a number of frequencies of interest to :
amateurs., Figure 2 is a swept response of a 2160 MHz and
2304 MHz filter, illustrating the isolation between the
signal and LO filters used with a mixer in a 13 cm amateur
transverter. Figure 3 is a drawing of the basic filter
design. Filters are constructed of G-10 board, .141 semi
rigid coax (the center conductor is removed, but is used to
align the rods during soldering) and 0.015" thick brass sheet
(available at hobby shops and hardware stores). The brass is
cut with sharp scissors, and the .141" coax is cut by rolling
it under a sharp pocket knife. Final dimensions were
obtained to approximately 0.01" tolerances with a steel scale
and a set of small files. Table 1 is a list of useful filter
designs. The bandwidths were chosen so that 0.01" mechanical
tolerances would not greatly affect filter performance.
Theoretical losses for the filters in table 1 are on the
order of half a dB. In practice, measured losses are about 1
dB and passband ripple is about 1 dB for the seven filters
constructed to date. Figure 4 is the 360 MHz driver, with
considerable credit due to Joe Reisert, WiJR. Figure 5 is
the 192 MHz driver. Either of these may be easily tuned to
other frequencies. Figure 6 is the Schottky diode harmonic
generator. Half a dozen of these have been built, and all
performed within a dB or so of each other. Sufficient
information is given to cover output frequencies from 758 to
3456 MHz. Figure 7 is the MSA amplifier schematic. R1 and
R2 are carbon film 1/4 watt resistors with sufficient
inductance that no other RF chokes are needed.



Three Resonator Interdigital Filters

Measured Response

2160 MHz 2304 MHz
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Three Resonator Interdigital Filter

Mechanical Details

Ends 0.015" Hobby Brass

#60
/]// Centering Hole
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T et
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3rd Order Chebychev 0.1 dB Ripple Interdigital Filters

Richard L. Campbell KK7B
September 11 1985

Center Ripple Dimensions in Inches
Frequency Bandwidth
MHz MHz A B C D E
758 20 3.893 1.318 3.815 3.792  .317
850 20 3.471 1.345 3.390 3.369 .267
874 20 3.376 1.352 3.294 3.273 .256
902 20 3.271 1.359 3.188 3.168 L2u4
1080 30 2.732 1.305 2.647 2.626 .229
1126 30 2.621 1.315 2.534 2.514 .215
'1138 30 2.593 1'318 '2.506 20“86 0211
1152 30 2.561 1.321 2.474 2.454 .207
12”” : 30 20372 10339 2.283 2026“ 0185
1268 30 2.327 1.344 2.238 2.218 .180
1270 60 2.323 1.179 2.240 2.215 254
1280 uO 2.305 10277 2.217 26197 0205
1296 ' 40 2.277 1.280 2.189 2.168 .201
1296 30 2.277 1.349 2.188 2.168 174
1512 50 1.952 1.264 1.861 1.841 178
1656 50 1.782 1.285 1.689 1.671 .155
1702 50 1.734 1.292 1.641 1.622 .149
1872 60 1.576 1.271 1.482 1.464 142
2160 : 80 1.366 1.237 1.272 1.254 .132
2252 60 1.310 1.315 1.214 1.198 107
2276 ' 40 -1.296 1.415 1.200 1.185 .086
2304 - 80 1.281 1.252 1.186 1.169 .120
2420 80 1.219 1.264 1.124 1.108 111
3024 200 976 1.098 .884 .866 ~ .126
3312 100 .891 1.285 .796 .782 .078
3400 200 .868 1.126 776 .759 .106
3456 300 854 1.034 .T64 . 745 127

Dimensions were calculated using the BASIC program in J. Hinshaw
and S. Menemzadeh, "Computer-Aided Interdigital Bandpass Filter
Design," Ham Radio, Volume 18, number 1, January, 1985, .

Table 1



360 MHz Local Oscillator To Drive X6 Multiplier

iz
41 11
Slew
(4
Ll o *14
veey GBm
8¢ 5 o 10 ol
' J &
49k e (33
.L_ fo 0 :['
+00)
’ 6o
I 3’ '
114
Ql 2N5179 Q2 285179 Q3 285179 . Q4 u3lo
Ll 9t 0.1" Dia 14 6t 0,1" Dia #24 L7 0.75" straight #24
#28 closewound space 1 wire Dia . Tap 0:1" from FT
Tap 1t from FT :
L2 10t O.1" Dia C 0.5 pF gimmick

#28 closewound LS 0.75" straight #24

L3 5t 0.1" Dia #24 L6 0.75" straingt #24
space 1 wire Dia Tap 0.1" from FT

Construction Sketch
. Actual Size

Sides 0.015"

Hobby Brass
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I l T /,/’1,//”/‘ tuning, solder
'*ﬁ’ : & on cover and
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— — f4— __— Base 1/16" G-10

unetched PC board

Figure 4



192 Mz local Oscillator To Drive X6 Multiplier

Q1 2N5179
Ll 9t 0.1" Dia
#28 closewound

12 10t 0.1" Dia
#28 closewound

L3 6t 0.1” Dia

Q2 2N5179

14 6t 0.1" Dia
#24 bare
space 1 wire Dia
tap 1t from FT

#24 bare - space 1 wire Dia

Q3 v310

L5 6t 0.1" Dia
124 bare
space 1 wire Dia
tap 1t from FT

All Feedthroughs
0.001 uF

Construction Sketch
Actual Size

Box 0.015 Hobby
Brass

e

Solder on Tin Cover

‘/’1///” after preliminary
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XN Bchotthy Diode Multiplier

Ko )=t

' -
| o v o

Typical Performance: +14 dBm in at 360 Mz
-8 dBa out st 2160 MRz through filter

c 12 ?Lfb
ia mf
)
R
“3

Cl 20 or 60 pF variable -— resonates with 12 at input freq.

€2 0.001 yF ceramic disk

€3 5 pr Chip

C4 3 pF Chip

L1 resonstes with C3 at input freq.

L2 either: %X at output #24 wire 0.1" sbove ground plane
or: !L about 100 9 at input freq.

Rl 1k Trimpot
Dl HP5082 - 2835 Schottky Diode

Figure 6

MSA 0235 MSA 0235

\ Ccl : c3 ;{ c5
in G}i —&) out

W

<Rl 2R2
- b
CZ;' ;Cﬁ
+12

Rl 270 @ (or as appropriate for other MSA types)

Ccl, €3, €5 10 pF chip

C2, ¢4 0.001 uF chip

Figure 7
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AMSAT MODE-S TRANSPONDER DEVELOPMENT

by
WILLIAM D. McCAA Jr., K@ORZ
August 7, 1985

Introduction

—— o S v S0 S

The S-band output transponder described here is being

devel oped
schedul ed
an add on
and space
prigional design.
design consideration.

for launch in June,

Link Calculations at 2.4 GH=.

Transmitter output power at antenna
Spacecraft antenna gain (8 turn helix)
Spacecraft EIRF

Free space path loss (40,0¢@ km @ 2.4 BHz.)
Signal level at receive antenna

Receive antenna gain (1 meter dish @ 35@%L)
.Signal level at receiver

Receiver sensitivity (75K, 2@ kH=.BW)
Received signal to noise ratio

Implementation in the Fhase-3C SBatellite

ot i, e it S e S S s S i ] A S Py P ot P Sl . (et AN e et S, . it R it S e i i S S i St

+3 dEW

+14 dRic
+17 dBRW
-192 dRE
-1735 dBW
+25 dBic
-15¢ dBW
~1&# dBW
+1¢ dhi

The S band transponder uses a portion of the mode-R

transponder’s receiver.

provided by the mode-R receiver’s first mixer.
when the mode-R receiver

transponder will be operated only
is active.

A buffered output at 53 MH=z.

The

for flight in the AMSAT Phase-3C satellite which is
19846. Since this transponder is
to & Fhase-3 type satellite, the power consumption
must be held to the constraints of the =matellite’s
Thus power efficiency and size become major

is

The following details the frequencies used in the 8 band

transponder.

Input frequency to the 5 band transponder
Input frequency from Mode-B transponder
Local crystal controlled oscillator (LO)

IF frequency including filter (IF)

IF filter bandwidth

Beacon injection oscillator

1st upconversion frequency (FI=3XLO+IF)

2nd upconversion frequency (Fout=54XL0O+FI)
Output frequency from the S band transponder
Reacon output frequency

435.21
53.25
41.93
11,32

20
11.25
137.11

24%1,.33

2431 .33
2401.26

MHz .
MHz .
MH=z .
MHz= .
kHz .
MHz .
MHz .
MHz .
MHz .
MH=z .

The spacecraft antenna is planned to be a left hand circular

8 turn helix
antenna and inside the 1269 helix.

that will be counter wound around the omni



The power drain at 14 volts should be less than 10 Watts
overall and should provide at least two watts of 2401 MHz.
output.

All transponder electronics must function to specification
over the temperature range -25C to +355C.

The functional block diagram for the 8-Band transponder is
shown in the attached drawing.

Mechanical Packaging

Mounted at arm end next to Mode-RB receiver.
Package length = 18.0" max

Package width = 2,.23" max

Package heigth = I.0¢" max

S-Band Mixer, LO Multiplier (18X) 2 X 1.5 X 5.5
Local Oscillator, LD Multiplier (3X) 2 X 1.5 X 2.5
VHF section, Control, Regulator 2X 1.8 X 7

§-Band RF Amplifier 2X 1.5 X 4.0

External connections will be on one of the 3 X 2 sides only.
Two compartments 2 X 1.5 X 10 will be placed back to back.
One housing the VHF Converter, LO, and Control and the
second housing the 18X Multiplier and S-Band Mixer and Amp.

Modul ation

The transponder will be a soft limiting type that will be
suitable for use by one NBFM signal or four simultaneous SSE
signals. The nonlinearity introduced by the amplifier and
limiter does not limit its usefulness to CW or FM only. Since
the received signal to noise ratio will be less than 20 dB,
SSEB can be used thru the transponder as the intermod products
are generally below 2¢ dBE and thus below the received noise
level. This technique is being used sucessfully in the Mode-L
transponder on O0SCAR-14d.

TASK AREA RESPONSIBLE PERSONS
Project Coordination Bill, McCaa, K@RZ
S-Band Misxer Brad Pradley KDZWM
Housings, Construction, and Test Ray Uberecken, AAGBL
S—~Band Miltiplier Chain 8Steve Ernst, WBEWED
Local Oscillator and 3X Mulitplier Chuck Hill, KY@S
VHF Mixers, IF Amp, Control, Gordon Hardman, KE3D
Placement in Spacecraft Jan King, W3BEY
S-Band RF Amplifier George Noyes, WIXE
S—-Band RF Techniques Ken Zurawski, WB9EDL



" Mode-B transponder receiver output

Input freq. = 435,225 MHz

Input signal level = —107 dBm
Mode B internal gain = +26 dB
Mode B output freq. = 53.2565 MHz
Mode B output level = -81 dBm

Control, Regulator Output

Switched 1 Amp at 14 VDL for transmit
Switched 14 VDL for xponder turn on
Regulated 10 VDT at 50 mA

S—Band Power Amplifier

Input signal level = O dBm
Input freq. = 2401.33 MH:z
Stage gain = +33 dB

Output signal level = +3 dRW
Cutput frequency = 2401.33 MHz

N4

VHF 1st Mixer .

Input signal level = —-81 dBm
Input freqg. = 53.2&595 MHz
Mixer gain = +20 dB

Output signal level = —61 dBm
Output frequency = 11.32 MHz
LO input freq. = 41.93 MHz

IF Filter

Input level = -61 dBm
Input/output freq. = 11.32 MHz
Filter gain = —-10 dB

Filter bandwidth 3dB = 20 kHz
Filter bandwidth &0db = 25 kHz

LQ input level = -15 dBm

/]

Local Oscillator (LO)

Xtal freq. = 41.93 MHz

N

IF Amplifier/Limiter

1X output level = —-15 dBm

3x output freq. = 125.79 MHz
3X output level = —-15 dBm

54X ocutput freq. = 2.26422 GHz
54X output level = > +4dBm

V

S-Band Mixer

Input level = —15 dBm
Input freq. = 137.11 MHz
Mixer gain = —-4 dB

Telemetry Monitor Points

Package temperature
Output power

/TN

Output signal level = O dbBm
Output freq. = 2401.33 MHz

Input signal level = ~71 dEBEm
Input freq.
Stage gain = +35 dB

Output signal level = -3&6 dbBm
Cutput freguency = 11.32 MMz
Beacon generator at 11.25 MMz

11.32 MHz

A4

LO input freq. = 2264.22 MH:z
LO input level = +4 dEm

Input frequency to the S band transponder
Input frequency from Mode-B transponder
Local crystal controlled oscillator (LO)

IF frequency including filter (IF)

IF filter bandwidth

1st upconversion frequency (FI=3XL_0+IF)

2nd upconversion frequency (Fout=S4XLO+FI)
Qutput frequency from the S band transponder

y
&

VHF
Input level = ~365 dBm
Input freq.
Mixer gain = +4 dR

Output signal level = —-15 dbEm
Output fregqg.
LO input freq. = 125.79 MH:
LO input level = ~15 dEm

2nd Mixer

= 311.32 MHz

= 137.11 MHz

——

435.210 MHz.
53.250 MHz.
41.930 MHz.
11.32 MHz.
20 kHz.
137.11 MHz.
2401.33 MHz.
2401.33 MHz.

AMSAT

S5-BanD Trensponper
(MoDE -S )
W. McCAA, KORZ
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THE 23 AND 13cm AMATEUR BANDS IN THE UK

by

Angus McKenzie, G30SS






Synopsis of lecture +to be given by Angus McKenzie,
@308s

The 23 and 13cm Amateur Bands in the UK

The 23c¢m band has become very popular 1n recent years
throughout the UK, and in England in particular there
are several hundred stations active. Most statilions
have good antenna systems, and whilst a few run very
low power, the majority have amplifiers with outputs
from 20 to 200W, with Just a handful of stations
running higher power still. 13cm is beginning to
become more popular, and about 100 stations are
equipped, most using at least a 1M dish. Whilest the
area of +the UK is of course very small by US
standards, the country is extremely hilly, and very
few stations indeed are more than a few hundred feet

above ses level, and so this has become gquite a
challenge to DX operation. The lecturer will outline
the spread of equipment used, including the
performance of typical antennas, mast head
pre—~amplifiers, power amplifiers, transverters and
transceivers, and will describe the various
transmission and propagation modes used, as well as

discussing the DX potential of the bands in Europe.
G30S88 has been active on 23¢m for around 12 years,
but has only fairly recently become very active on
13cm.
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TWO TUBE AMPLIFIER FOR 2304 MHz.

Hans Lohmann Rasmussen, 0Z9CR

This amplifier is mainly built up from 2.5 mm brass plate. It is all
soldered together and only a few parts require threading. 3 mm screws
are used, but of course 1/8" screws will do as well.

Partition plate

The plate between the anode cavity and the cathod chamber we can call it
the partition plate. This plate is cut from 2.5 mm brass plate and should
measure 85 x 90 mm. As seen on drawing 1, the two holes are marked off and
bored to 21 mm size. The small 3.5 mm hole is bored and later used for a
ground lug. '

Cathode chamber

The cathode chamber is formed as a somewhat deformed ring, as seen on
drawing. It is made of a strip of brass 1.5 mm thick and 17 mm wide and
117 mm long. The holes are then marked off and bored before the strip is
bent into the form shown. The butt ends should be soldered together.

Finger stock. Mounting cathode chamber.

Finger stock contact rings can now be fitted in the holes bored in the
partition plate. The topside of the rings should be flush with the top-
side of the partition plate. The soldering should be done from the under
side. The Cathod chamber ring is placed on the underside of the partition
plate and centered equally with the two contact rings. A few spots are
soldered on the cathode ring to hold it in place while it is being pre-
heated, and then soldered to the partition plate. The cathode chamber is
to be orientated with the 8 mm hole to the side of this unit where the
tuning piston will be located.

Tuning piston

The tuning piston can be made of a solid piece of brass or built up from
three layers of 2.5 mm brass plate which are held together by two rivets,
as shown on drawing number 5.

The tuning piston should measure 36 x 26 mm, the thickness 7.5 mm. Two
grooves should be cut in the long side of the piston where finger stock
is to be soldered in. These grooves can be cut with a hacksaw. On the
opposite side of the piston, a hole is bored in the middle of the piston,
a 4.3 mm hole, which is tapped to 5 mm thread. This hole should go deep
into the piston to give full movement in the tuning. Later the finger
stock should be soldered into the two grooves.

Cavity strips

The cavity is formed by two strips of brass, 2.5 mm thick and 9.8 mm wide
and each 95 mm long. A notch is filed 57 mm from one end, as shown on

drawing number 4, This notch makes it easy to bend the strip at a sharp
angle, before the curved bend is done in a vice, round a one inch mandrel.



On the drawing, the shape of these strips can be checked. The tuning piston
should be palced between the two straight parts, and a small clamp put on to
hold the position while the butt ends of the strips are soldered together.
The strips that form the cavity serve also as gulde for the tuning piston,
and now the jointed strips can be placed on the topside of the partijtion
plate, where the two holes with fingerstock should be centered in the curves
of the cavity strips. With a large soldering iron a few spots of solder
applied to the cavity and partition plate. This should hold the whole unit"
in position while it is being pre-heated. When heated, the cavity strip is
soldered all along the outside.

Cavity top plate

The cavity top plate is also made of 2.5 mm brass plate 90 x 85 mm square.
The two large convering hoiles can either be sawed out, or by drilling holes
close together all along the marking and then breaking out the center part
after which the hoile is filed to size. Four small holes are bored as shown
on the drawing.

Anode capacitor plate

A piece of 2.5 mm brass plate is cut to 82 x 50 mm square. Two large holes
and four smaller are marked off, as shown on drawing number 7. The two
large holes can be cut out with a special cutter, or by drilling small holes
along the circumference, and then break out the center part and file the hole
to right size. The four 6.5 mm holes should not be bored to size in the first
place but only bored to 2.5 mm in order to mark off the position later. Then
two rings should be made in a lathe. The rings should be 31 mm inside and
about 35 to 36 mm on the outside. The height should be 8 mm. These rings

can also be made by bending a strip round a mandrel in a vice, and then solder
the butt ends together. As seen on the drawing, these two rings are to be
placed very close together on the capacitor plate and for this reason a flat
side must be filed on each ring. These must be filed until the rings barely
hang together, The rings should be placed 32 mm between centers.

The rings and the capacitor plate is pre-heated, and then the rings are aligned
with the large holes in the plate and then soldered.

Finger stock

A suitable grade of finger stock should be fitted inside the two rings. The
finger stock should extend 2 mm above the top of the rings and then after
preheating, the rings are soldered from the underside, or with care from the
top side. Now the fingerstock can be worked with a tapered mandrel until

a loose fit on the 2C39 tube is obtained. Then with a pair of pointed pliers
the fingerstock is adjusted to give a tight fit on the 2C39 tubes.

Soldering the cavity top plate

The anode capacitor plate is now placed on the top cavity plate (number 2)
and aligned with the large oblong hole in order to make off the four screw
holes. These holes should be bored to 2.5 mm and tapped to 3 mm thread. The
four holes in the capacitor plate should be enlarged to 3 mm. The capacitor
plate can now be screwed to the top cavity plate and this plate is now placed
to form the top of the cavity. Two old tubes are placed in the sockets in
order to align the top plate for soldering. The whole unit must be pre-
heated for soldering of the cavity plate. A flatened soldering irom must
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be used to get into the narrow space between the partition plate and
the top cavity plate.

Cathode top plate

This plate is cut from 2.5 mm brass plate and should measure 75 mm x 65 mm
square. The position of the three large holes 1is marked off and bored.
The three small holes should be bored later. While the 2C39 tubes are in
the sockets, the two 14 mm holes should be centered with the cathode parts
of the tubes, In this position the plate should be clamped down while being
soldered. It will be necessary with some pre-heating. It is important that
the cathode back plate be turned with the. . . . of the unit.

Cathode capacitor plates

From 2.5 mm plates are made two shapes as shown on the drawing. The

position of the holes are marked off and bored. The small holes should be
bored to only 3 mm for the time being while the 12 mm holes are bored to size.
The underside of the plates should be planed and smooth.

Cathode stem

From 12 mm copper tubing are cut two lengths of 40 mm. The tubing should

be 10 mm inside, the ends squared off and rounded slightly, then finger

stock contact rings fitted on the tubes and tied with wire while the soldering
is done. Then the finger stock is worked with a small mandrel to get a snug
fit on the cathode part of the tubes.

Soldering cathode stems

With the 2C39 tubes in the sockets, the copper cathode stems are pushed down
on the cathode parts of the tubes. The capacitor plates are slid down on

the copper stems and the position of the screw holes are marked off on

the cathode top plate. 2.5 mm holes are bored and tapped to 3 mm thread. The
cathode plates should be tinned round the 12 mm hole and the copper stems
rubbed with emry cloth in order to ease the soldering. Then the copper stems
are pushed in place on the cathode part of the 2C39 tubes. The capacitor
plates are slid down on the copper stems and screwed down with the 3 mm screws.
With a larges soldering iron, the copper stems are soldered to the capacitor
plates. At the same time a small lug is soldered to the side of the cathode
stem. This lug is to be used for connection of the cathode resistor and heater
current.,

Mounting the cathode capacitors

The three holes in the capacitor plates can now be bored to 6 mm and small
teflon collar bushings (beads) must be made in a turning lathe. Then with
the beads placed in the holes a piece of sheet teflon is marked off and cut
out to shape that extends 2 to 3 mm beyond the shape of the capacitor plates.
The 12 mm hole in the dielectric sheet should fit tight on the copper stem.
Also the 12 mm holes in the cathode chamber top should be chamfered with a
large drill. ©Now the capacitor plates with the cathode stems all mounted
with contact pins and dielectric in place, the capacitors can be screwed

to the top plate of the cathode chamber.



Dielectric

The four holes in the anode capacitor should be enlarged to 6.5 mm and

teflon collar bushings (beads) should be made in a turning lathe. A
dielectric, or gasket, i1s cut out from 0.25 mm sheet teflon. The

capacitor plate is placed on the sheet and the shape and the holes are marked
off and cut out. The large holes for the tubes should be cut to measure 24 mm
and the screw holes for 3 mm screws. The dielectric should extend 5 mm beyond
the size of the capacitor plate. Before the capacitor is screwed onto the
cavity, the surface should be polished with emery cloth, to be sure that no
small burs or 1rregularities are maring the surface, A small chip can in time
cut through the dielectric and cause a short.

Contact pins for heater current

The contact pins for the heater current can be made in different ways. One
is to turn down from a brass rod to the shape shown on the drawing. These
pins are mounted in teflon bushings in the cathode stems. On the drawing

can be seen how the top bushing 1s locked in position by filing a small notch
in the copper stem and then with a center punch make a deep nick into the
copper. The contact pins are placed in the teflon bushings and a small lug
is soldered to the lower end of the pin.

Cathode tuning capacitor

The cathode tuning is done with a disc capacitor. A shaft of 5 mm brass rod
should be 75 mm long. On this rod a 5 mm thread is cut to a length of 30 mm.
In a turning lathe, a brass disc is made with a 5 mm hole and the diameter
should be 1l mm. As seen on the drawing, a small hub is made on one side.
This disc i1s placed on the end of the shaft and soldered. A piece of 8 mm
brass tubing is cut to a length of 40 mm, the inside of the tubing should

be 6 m. Now the ends of this tubing is sliced into 6 contact fingers., These
fingers can be cut with a hacksaw and filed to a pointed shape, as seen on
drawing number 14, These fingers are bent with a pair of pointed pliers in
order to make a tight fit on the shaft. In a turning lathe, a bushing is

made from solid brass. The dimensions can be seen on the drawing. The flange
is filed to a nearly triangular shape in order to be placed between the two
cathode capacitors., Either 2.6 mm or 3 mm screws are used. The slitted
tubing is placed in the hole and should protrude 5 mm from the flange bushing.
Then the hub of the flange-bushing is soldered to the slitted tube. The shaft
is placed in the slitted tube and a nut is screwed onto the shaft and positioned
as shown on the drawing. Then two strips of brass are soldered to the nut

and the hub of the flange bushing. These strips can be of 1 mm plate and

the width about 6 mm. The two angle bends are to give a slight spring effect.

Input and output links

The input link tube is a piece of 8 mm brass tubing with a 1 mm wall. The
tube should be 65 mm long and a notch is filed at one end. It should be

3 x 3 mm and here the link is soldered in later on. A pilece of copper wire

2 mm thick and 65 mm long. The end of the wire should be filed to a slant
which should be fitted to the center pin of a BNC coax connector and soldered
on a teflon bead with a 2 mm hole and fitted to be pushed into the brass tube
where the notch is filed. The copper wire is inserted in the brass tube and
extended through the teflon bead. The BNC connector 1s now soldered to the
brass tube. The link proper is made of a copper strip 3 mm wide and 0.5 mm
thick and about 36 mm long. A 2 mm hole is bored near the end of the strip.
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On the drawing one can see how the link should be shaped. The copper link
is then placed with the 2 mm wire in the hole and soldered in place. The
loose end of the copper strip is cut off and the strip fitted into the notch
in the brass tube where it is soldered fast.

The output link

The output link is nearly identical to the input link. The main difference
is the mounting of a type N coax connector. It requires a bushing with
an 8 mm hole in order to make the 8 mm brass tube fit to the N connector.
(see drawing) The copper link should be about 4 mm wide.

No guide bushings for links

The input and output links are held in place by two bushings on the anode
cavity and the cathode chamber respectively. Two pieces of copper tubing

12 mm diameter and 10 mm inside are cut to 35 mm length. In the turning lathe
are made two flanges 24 mm diameter and with a 12 mm hole in the center. Two
more flanges are made but with an 8 mm hole. The two copper tubes are put

into the flanges with the 12 mm holes. The ends should square with the flanges.
This 1s now soldered together. One of these flange bushings should be placed
on the cathode chamber and centered with the 8 mm hole in the chamber wall.
Here the bushing should be soldered on, but it should be noted that the

bushing should be filed down on the sides in order to pass inbetween the top
cavity plate and the partition plate. Here it should be centered with the

same hole in the cavity wall, and then soldered in place. It is very important
that the link tube get a good contact with the cavity wall at this point.

Poor contact here may cause instability in the amplifier.  So the hole in

the cavity wall should center well with the flange bushing and the hole in

the cavity wall is enlarged to 8 mm. Then the edges of this hole is chamfered,
as later the clamp bushing should seat on this chamfer. Screw holes are to

be bored in the flanges and threads cut in the holes for 3 mm screws -- as

seen on the drawing.

Air shroud
For aircooling of the 2C39 tubes, or 7289 for higher ouput:

A special shroud can be made for more efficient cooling. The shroud is made
of 1 mm plate. A piece of 85 x 72 mm is bent at the edges on both sides.
(see the drawing). A 40 mm hole is cut in the plate and here is soldered

on a piece of 41 mm tube. This tube 1s cut off at an angle of about 15 degrees
and then arranged on the plate as seen on the drawing. Two 10 mm holes are
bored in the tube for some small air ducts. In the bent up edge of the plate
should be bored two holes for screws. These holes should match two threaded
holes in the cavity top plate on the output side. The shroud is screwed on
and two copper tubes are fitted to go from the two small chambers on the anode
cavity and the cathode chamber into the two 10 mm holes bored in the large

air intake tube. The copper tubes should be formed like a small scoop to
catch some air for cooling the lower part of the 2C39 tubes.

From plexiglass a small enclosure is formed. This is to be mounted on the

air shroud which is mounted on the amplifier unit. This enclosure has the
purpose to lead the cooling air -on to the 2C39 tubes for better cooling. From
5 mm thick plexiglass is cut a piece that measures 75 mm x 50 mm. Two screw
holes are bored 50 mm apart and 8 mm from the edge of the long side. The
holes are tapped to 4 mm thread. The plexiglass is screwed onto the edge
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of the shroud with mm screws. Two small end pileces are fitted to the
irregular openings above and below the two tubes and glued to the ends of
the plexiglass already screwed on. Rubber cement can be used for the gluing.

Tuning up

It is of some importance to use two tubes which are about equal in efficiency.
To regular the cathode current it is handy to have two potmeters which can
carry 2 Amp. For preliminary test two 50 ohm resistors can be used, connected
from cathode stems to ground. Heater current should be 5.8 volts and each
tube should have its separate coil on the transformer. A micro amperemeter
with a diode and a wire loop (called an HF meter) is used to measure for
resonance. The wire loop is made narrow enough to be put into the cathode
chamber through one of the air holes,

Drive current can now be applied to the input link connector. Then the cathode
disc capacitor is screwed all the way in till it touches bottom and then backed
off about 3 to 4 turns. At this position there should be noted some response.
If only slight response is noted, the input link should be pushed in as far

as it can go and then pulled out again about 5 mm. Then the disc capacitor

is adjusted and the input link turned until a position is found for maximum
resonance,

A load must be connected to the amplifier when power is on. A simple means
for a good antenna can be made from an empty tin coffee can. About 60 mm
from the bottom of the can, a hole is made where a BNC coax connector is
soldered in., A small dipole is soldered to the center pin of the connector.
The dipole should be 35 mm long. The alternative is a dummy load, but the
can gives a good protection against dangerous radiation. Don't look into

the can when the power is on. With the can placed a yard from the amplifier,
and the HF meter about 10 inches from the can, it can be seen when resonance
is achieved. 400 to 500 volt plate current can now be applied to the small
tab located at the lower part of the anode capacitor plate. The minus lead
should be connected to a ground tab. An extra ground wire is a good thing

to have for safety. With power on and drive applied, the tuning piston is
moved back and forth and there should be some response on the HF meter.

The output link should be turned and pulled in and out of the cavity for maximum
output position. Alsc the cathode tuning should be fine adjusted. If all
seems to work satisfactory, it should be tried to pull the tubes out of the
sockets about 3 millimeters and the tuning procedure is repeated all over,

If the output is increased by pulling the tubes, then some rings can be made
of wire and placed on the tubes to keep the position. However, different
makes of tubes have different maximum positions.

Before running full power test, a non-inductive resistor should be connected
in the H.T. lead and close to the tubes. It is not critical, but a number

of 5 W. carbon resistors, perhaps a dozen, could be coupled together and
mounted in some enclosure. 1200 V on the plates is suited for average operation,
but for maximum output 1500 V is okay. For low power rums, any small blower
will do, but if the amplifier heats up excessively, perhaps it is not tuned
right, or perhaps it would be good with a "slug tuner'" at the output conmnector.
For full power runs, a good sized blower is a must. Also, for full power
output it 1s necessary with more drive than a varactor can give. A one tube
amplifier will be indispensable. When all works right, there should be 75
watts output.
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Principles

Basically, when a signal is applied to the input port, two equal in amplitude
but opposite in phase sfgnals will be produced at output ports 0° and 180°.
The isolated port will essentially be the imbalance between the two outputs.
The {solated port should be terminated 1n a known good 500 load.

The electrical diameter of the ring {s 6/4 wavelengths, Figure A shows the
basic splitting and combining scheme.
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Construction

Refer to Figure B. A 3/16" diameter copper tubing is rolled around s &% inch
diameter form. This ring must be as circular as possible. If necessary,

make a wooden cylinder on a lathe for bending the tubing. Tightly wrap the
tubing while on the form. Wind several turns of tubing on the form and secure
so it won't unwind., With a file, mark & Jine across all the turns of tubing.
Tois will accurately set the length. v

Now cut the tubing into fndividual rings. Chamfer the ends as they will be
butt-joined and soldered. Carefully remove the pitch and "spring-out” of the
rings by bending. Check diameter and circularity by placing back on form.
The rings must also be flat, After this {s done then solder the butt-joint
of each ring.

Mounting Plate

As accurately as possitle using a compass, mark the cover plate for your
selected enclosure. This will serve as a template. Orill all 1/8° holes
only. Position the copper ring with tape to the {nside of the plate and mark
the connector center pin positions on the ring (four places). Accurately
center-punch the ring at these four places and drill the 1/8" holes through
the ring., Now the connector holes can be opened up on the plate to 1/2"
diameter,

Assembly

Once all parts are made, check alignment before soldering. Mount spacers
and connectors to enclosure. Position ring on the connector center pins.
Clean and tin all parts. Temporarily install V/16™ spacers under the ring
to set ring height above the ground plane. Install "N" male adapters on a)‘
feaale connectors to assure good alignment of the center pins. Now solder
a1l ring-pin jJoints. Remove 1/16" spacers and clean all solder joints.
Install cover on box. The unit is ready for testing.
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COMPUTER AIDED DESIGN (CAD) INTERDIGITAL FILTERS
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DESIGN DATA FOR S POLE INTERDIGITAL FILTER. BAMD PASS RIPPLE .S DK
CENTER FRER. .435 GHZ
CUTOFF FREQ. .445 (GHZ) AND .45% GHZ
RIPPLE BW. 4.0000026-02 GHZ
3 DE EY. 4.23703%E-02 GHZ
FRACTIONAL BW. 9.195408E-02
FILTER @ 10.2666
EST QU 14514
LOSS BASED ON THIS QU 2736136 DB
DELAY AT BAND CENTER 33.46925 NANOSECONDS
* 373

X 378
X 383

X 403
* 408

418

423

428

433

438

443

448

453

% " 458
X 463
* 468

2 F W W W RN

X 478
* 483
X 488
* 493
QUARTER WAVELENGTH = 6.783219 INCHES
THE LENGTH OF INTERIOR ELEMENTS = 6,49727 INCHES
LENGTH OF END ELEMENTS = &.553323 INCHES
GROUND-PLANE GPACE = % INCHES
ROD DIAMETER = ,375 INCHES
END PLATES .5 INCHES FROM C/L OF END ROD
TAP EXTERNAL LINES UP .7653194 INCHES FROM SHORTED END
LINE IMPEDANCES: END ROD 68.10758 ,OTHER 73.2929 , gﬁg. kINES S0 OHM
ou

EL. NO. END TO C cT0C G(K)

g 4 -0

i .5 i.705822 . 6518494
1.092273

2 1.592273 1.22961% .5340992
1.467327

3 2.7596 2.540881 .5340993
1.467327

4 3.926928 1.22964 . 6518493
1.092273

S S.049204 i.708822 1.806707

6 i

S.517204

WNoooo oo oN

ol
-

Yy v s ol
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DESIGN DATA FOR S POLE INTERDIGITAL FILTER. BAND PASS RIPPLE .S DE
CEENTER FREQ. .915 GHZ
CUTOFF FREQ. .895 (GHZ) AND .93S GHZ
RIPPLE EW. 4.000002E~02 GHZ
3 Db BW, 4.237039E-02 GHZ
FRACTIONAL BW. 4 3J74S87E-02
FILTER Q 24.59527
EST QU 2104 .424
LOSS BASED ON THIS QU . 3968294 DR
DELAY AT BAND CENTER 33.46925 NANOSECONDS
790
800
810
820
830
840
o 850
) b 3 860
X 8710
* 880
X 890
?00
210
924
?30
?40
X ?50
' % 260
x ?70
‘980
990
1000
1010
1020
1030

LR X X X X 2

X2
»*

LR B X X ¥

GUARTER WAVELENGTH = 3.224809 INCHES

THE LENGTH OF INTERIOR ELEMENTS = 2.927792 INCHES
LENGTH OF END ELEMENTS = 2.94876% INCHES

GROUND~PLANE SPACE = { INCHES

ROD DIAMETER = .375 INCHES

END PLATES .5 INCHES FROM C/L OF END ROD : ’
TAP EXTERNAL LINES UP .2501753 INCHES FROM SHORTED EN
LINE IMPEDANCES: END ROD 68.40758 ,0THER 73.2929 , EXT. LINES S0 OHM

EL. NO. END TO C cT10C G(K) Q/coupP
0 i 0
i .S i1.705822 .6548494
i.328875
2 1.82887% 1.22961 .5340992
1.403962
3 3.232837 2.540884 .5340993
1,403962
4 4,636799 1.22964 .6518493
1.32887%
S S.926567S i.70s822 1.806907
& i
6.46567%



DESIGN DATA FOR S
CENTER FREQ. 1.27 GHZ

CUTOFF FRER. 1.23 <(BHZ) AND 1.3%i  GHZ
RIPPLE BW. 7.999993E-02 GHZ

3 DE BUW. B.474066E-02 GHZ

FRACTIONAL BW. 6.299207E-02

FILTER @  14.9869

EST QU 2479.274

LOSS BASED ON THIS QU  .2337S75  DE
DELAY AT BAND CENTER 1b.73465 NANOSECONDS

-

L RN L

QUARTER WAVELENGTH = 2.323386 INCHES

THE LENGTH OF INTERIOR ELEMENTS = 2.033747 1INCHES
LENGTH OF END ELEMENTS = 2.0S54541 INCHES
GROUND-PLANE SPACE = 1§ INCHES

ROD DIAMETER = .375 INCHES

END PLATES .S INCHES FROM C/L OF END ROD

7POHE INTERDIGITAL FILTER. BAND PASS RIPPLE .S DR

TAP EXTERNAL LINES UP .2164024 INCHES FROM SHORTED END

LINE IMPEDANCES: END ROD 68.10758 ,0THER 73.2929

EL. NO. END TO C cT0C G(K)

0 i

i -] 1.705822
4.21262%

2 1.74262S 4.22964
i.287704

3 3.000326 2.540884
1.287704

4 4,288027 1.229614

) 1.212625
S 5.500652 1.705822
[} i
6.000652

0
. 6548494

.5340992
.5340993
.6548493
1.806%07

1445
1155
1465
1475
1185
ii9s
1205
1215
i22s
1235
1245
1255
1265
1275
1285
129S
1308
1345
1325

1335
1345

1355
1365
1375
138S

, EXT, LINES S0 OHM
Q/Coup

Gl =T o
» o Uoul gt
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DEGIGN DATA FOR S_POLE INTERDIGITAL FILTER. BAND PASS RIPPLE .5 DB
CENTER FREQ. 2.37% GHZ
CUTOFF FREQ. 2.29 (GHZ) AND 2.46  GHZ

RIPPLE BW. 1700001 GHZ

3 DE EW, 1800744 GHZ

FRACTIONAL BW. 7. 157898E-02

FILTER @  13.1890%

EST QU 3390428

LOSS BASED ON THIS QU  .4S04305 DE

DELAY AT BAND CENTER 7.875119 NANOSECONDS

X 2125 50

* 2445 S7

X 2165 52

X 218S 48

X 2205 42

X 2225 36

X 2245 28

* 2265 17
X 2285 3
X 2305 0
X a3as 0
X 2345 0
% 2365 0
* 2385 0
X 2405 0
X 2425 0
X 2445 0
X 2465 3

* 248% 17

X . 2505 28

X ’ 252% 36

X 2545 42

% 2565 48

X 258% g2

% 2605 57

RUARTER WAVELENGTH = 1.2424 INCHES

THE LENGTH OF INTERIOR ELEMENTS = ,9582302 INCHES

LENGTH OF END ELEMENTS = ,978543% INCHES

GROUND-PILANE SPACE = { INCHES

ROD DIAMETER = .375 1INCHES

END PLATES .5 INCHES FROM C/L OF END ROD

TAP EXTERNAL LINES UP 1235284 INCHES FROM SHORTED END

LINE IMPEDANCES: END ROD 68.40758 ,O0THER 73.2929 , EXT. LINES S0 OHM

EL. NO, END TO € CTOC G(K) Q/7CouUP
0 i 0
i .8 1.709822 6518494
1.174962
2 1.674962 ) 1.22964 .5340992
1.247032
3 2,918994 2.540884 .5340993
1.247032
4 4.466026 1.2296% .6518493
1.471962
S 5.337988 1.705822 1.806%07
& i

$.837988



DESIGN DATA FOR
CENTER FREQ. 3.
CUTOFF FRER. 3.
RIPPLE EW. .2399998 GHZ

3 DB BW. .254222 GHz
FRACTIONAL BW. 7.058846E-02
FILTER @ 13.37414
EST QU 4056.6
LOSS BASED ON THIS QU
DELAY AT BAND CENTER

S POLE A
2 205 INTERDIGITAL FILTER
GHZ

28  (GHZ) AND 3.52

.1274947 DE
5.5782417 NANOSECONDS

. BAND PASS RIPPLE .5 DR

X
X
X
b 4
X
X
X
X
X
X
X
X
X
3
b §
~. X
X
X
X
*
X
. X
*
X
3
GUARTER WAVELENGTH = .8678529 INCHES
THE LENGTH OF INTERIOR ELEMENTS = ,5933372 INCHES
LENGTH OF END ELEMENTS = ,6094436 INCHES
GROUND-PLANE SPACE = { INCHES
. ROD DIAMETER = ,375 INCHES
END PLATES .5 INCHES FROM C/L OF END ROD
TAP EXTERNAL LINES UP 8.568404E~02 INCHES FROM SHORTED END
LINE IMPEDANCES: END ROD 68.407S8 ,0THER 73.2929 , EXT. LINES
EL. NO. END TO C cT0C GC(K) Q/Coup
0 i ]
i .5 1.705822 .6518494
4.476397
2 1.676397 1.22961 .5340992
1.251448
3 2,927866 2.540881 .5340993
1.2%1468
4 4.479334 1.22964 .6548493
1.176397
S 5.355734 1.70%822 1.806907
) i

S.85%734

277S
2825
2875
292s
2975
302s
307%
3i2%
317S
322%
327%
3325
3379
3425
347%
3528
357%
3628
3675

| 372%

3775
3825
387S
3925
3975

S0 OHM
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BIASING IDEAS FOR 2C39 TUBES
by
Don Hilliard W@PW

Amplifiers using 2C39 tubes or variants of this tube are frequently
used at 902, 1296 or 2304 MHz. Frequently articles written about
these amplifiers have little to say about bias circuits.

Some years ago I built a 2-stage amplifier for 1296 MHz. using
2C39 cavities from surplus DME equipment, one tube driving the
other, Without giving much thought to what I was doing, I hooked
the cathode circuits up as shown in Figure 1. It worked, or at
least I thought it did, at the time. I could get 60-70 watts
output with 1100 volts on the anodes. A couple of years ago K@RZ
made some comments on how he was biasing his 2-tube 1296 amplifier
that really started me thinking about how poor resistive bias is
for amplifiers of this type. To shorten the story, I changed to
the circuit shown in Figure 4. I made no other changes and my
output doubled from 60 to 120 watts, this from a single 2C39
running 300 ma. at 1100 volts (70 ma. resting current).

The desired objective is to hold the bias voltage very stable at
whatever level you require. The circuit in Figure 1 is perhaps
the worst possible from this standpoint. Let's assume the Rl
value has been chosen to give 50 ma. with no drive applied.

When you apply drive, the amplifier may then draw 100-300 ma.

Of course the cathode (bias) voltage increases by several volts;
exactly what should be avoided. The tube will try to cut itself
off while you are trying to get every watt you can from it. Do
not use this circuit.

Let's look at the circuit in Figure 2. This circuit will do

exactly what we want, but with some limitations. To obtain the

bias voltage you desire, you may have to try several different

10 watt zeners. (2C39 tubes vary greatly as to the bias required

for set operating conditions. If operated at 300 volts or so,

the cathode circuit can be returned to ground. But usually one

tries to get lots of power output and therefore uses 1000 to 1500

volts or more on the anode). Once you have selected the zener you want,
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Figure 2
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you are stuck with that voltage. Figure 3 details how the bias
voltage can be changed in .6 volt steps using the inherent .6
volt drop in a silicon diode. Switch in'a diode and the bias
increases by .6 volts. In fact, one can use several diodes
instead of using a zener plus a few diodes. However, since 12
volts or more may be required to bias your amplifier, 20 or more
diodes may be required.

The circuits described in Figures 4, 5 and 6 use a 2N2955 which is

a PNP power transistor in a TO-3 package. Since the collector is
case, it can be mounted directly to the chassis without the use of

a mica insulator as would be required if using the common 2N3055
which is NPN. A PNP TO-220 packaged device can be used also. I
selected the 2N2955 because it is one of the more common transistors
available at a low price. Such a device is readily available as of
early 1985 at Radio Shack., It is their number 276-2027 and sells

for $1.49. As with the 2N2955 the collector, which is the tab,should

be mounted directly to chassis ground.

The circuit in Figure 4 will not hold the bias voltage to any value
very well. From resting current to full current, it may vary by a
couple of volts. Do not use this circuit.

The circuit in Figure 5 really does a good job. Typically the
variation in cathode current will cause a change of only a couple
tenths of a volt at most. However, one disadvantage is that a
fixed voltage is available due to the use of a zener diode in the

base of the 2N2955.

The circuit I use in most of my 2C39-type amplifiers is Figure 6,
The IM317LZ is an adjustédble positive 3-terminal low power regulator
available from many sources. It is reasonably priced and in a

T092 package. With the circuit values shown, the bias can be
varied from 16.5 to 3.7 volts. This assumes an input to the
regulator of approximately 25.5 volts from the relay supply.
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This range of bias voltage usually allows you to vary the cathode
current from cutoff to about 150 ma. or so. The reason I use this
circuit frequently is that I have a supply of 2N2955 transistors.

Perhaps one of the best biasing circuits is shown in Figure 7. It
uses the readily available LM327T device. One of the older

ILM317K (TO-3) devices will work equally well. The LM317T is
available at Radio Shack stores for $2.79 as of early 1985.

The circuit of Figure 8 can be used if the control circuit is a
grounding one rather than a separate isolated switch. With R1

set to zero ohms and with R2 shorted, the output voltage will be
approximately 3.7 and with R2 unshorted (1500 ohms) the output
will be approximately 12 volts. With Rl set at 2500 ohms and
with R2 shorted, the output will be approximately 16.5 volts and
with R2 unshorted (1500 ohms) it will be approximately 24 volts.

Figures 6, 7 and 8 show a +24 input to the 3 terminal regulator.

I have a 24 volt d.c. supply built into all my power amplifier

to power antenna and control relays. It also is convenient to use
this source for the bias regulators,

Figure 9 details one way to obtain a good meter (500 ma) for use
wherever one might be needed. The 50na. Radio Shack panel meter

can be easily shunted to become a 500 ma. meter. Radio Shack

also sells small spools of number 30 enameled wire. Twenty inches
of No. 30 wire shunting the 50ua. meter does the job. The
manufacturing tolerances (electrical) for these meters are

good enough so that they always are very close to reading correctly,
without the necessity of checking each one individually.

CONCLUSION:

Several circuits have been shown describing different biasing
arrangements for 2C39 amplifiers. The advantages and disadvantages

of these various circuits have been discussed.
'
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INTERDIGITAL FILTER FOR 2304 MHz,

Donald L. Hilliard, W@PW

In QST for March 1968, pages 32 and 33, Reed Fisher, W2CQH, describes

an easy to build filter for 1296 MHz. I have built two of these filters

and they perform as described. I have also built some of the lower frequency
versions for 606 and 540 MHz. They also work well. In the article, Reed
mentions that the design can be scaled for other frequencies. Needing

a low loss filter for 2304 MHz, I decided to try this design. The 606

and 540 MHz filters required some resonator length adjustment. In other
words, there are apparently some of the strays that cause the scaling

formula to change, such as "fringing capacitance".

The article calls for resonator lengths of 2.1" at 1296. This would

2721.6
-f-—(b_ﬂi_;j- . At 2304 MHz,

the required length would then be.1.181"., I made up the filter using

produce the following equation, L (inches) =

resonators 1.187" long and checked the resonant frequency of the filter.
It was approximately 2090 MHz. Using this result to correct the equation,
I now came up with L = %%%%z' This indicated the length should

be approximately 1.076".

Not wanting to make the resonators too short, I changed the length to
1.1". This resonator length produced a filter that peaked at 2324 MHz.,

again indicating the equation needed correcting. (L = %%%%zi>

However, the loss at 2304 was what I considered acceptable, just less
than .3 db Figure 3 shows a plot of loss/frequency. If desired, toning
screws could be added to lower the resonant frequency of the three %"
diameter rods. The loss measured at 2324 appeared to be only about

.1 db. This low value appears to be questionable, but it is what was

measured three times.

The original article should be consulted before attempting to build the
filter. Figures 1 and 2 give some of the details of the construction

methods I used.

I used UGl094/U connectors (BNC) which I would strongly recommend be
changed to type N, C or TNC. The use of BNC connectors at 1296 and
2304 and higher should be avoided if at all possible.
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A TEMPERATURE CONTROLLER FOR UHF OSCILLATORS
Donald L. Hilliard, W@PW

One of the real problems confronting microwave amateurs today is one

of drift in oscillators. Assuming the oscillator is of good design and
quality components have been used in its construction, the primary cause

of drift is change in ambient temperature in the area around the oscillator.
Most commerical transverters have not been designed with this problem
addressed, nor have most amateur constructed units. Typical frequency
excursions may be from a few kHz to a few tens of kHz, for a few degrees
change in temperature.,

The solution to this problem may be quite simple, depending on available
room in the vicinity of the oscillator circuit.

The described circuit uses but few parts, can be built in a relatively
small area, but if thermally isolated with insulation, it should hold
the temperature of your oscillator circuit to a stability of less than
a tenth of a degree,

The heart of the circuit is the thermistor that senses the change in
temperature. It is readily available from Newark Electronics and other
electronic parts vendors. The device is made by Fenwal Electronics and
is listed in Newark catalog number 107 on page 202. The manufacturer's
type number is JA35J1, a 5k ohm unit. It's price, $1.56.

Good thermal isolation is required. A good way to achieve this 1s to
build the oscillator, and multiplier circuits too, if there 1is adequate
room, on a small copper plate or piece of copper plated circuit board.
Also leave room near the oscillator circuit for the controller circuit.
This unit should be of a size that, when wrapped with a layer or two

of 1" fiberglass insulation, may be inserted into a widemouth Thermos
bottle. In the case of commercially made units, this may not be possible.
However, with some ingenuity, it should be possible to adapt this circuit
to your particular unit, The less adequate the thermal insulation, the
more current the heater circuit will use. '

A few words on parts placement. Place the thermistor near the
crystal., It should be held in place with good thermal contact to the
copper plate or circuit board. A drop or two of 5 minute epoxy may be
used to secure it in place. The heater resistor (10 ohm) should be
an inch or so away. It should also be in.good thermal contact with
the circuit plate. Epoxy seems to be adequate. The TIP42 should be
mounted to the plate also. Any power PNP device can probably be used.
The TIP42 was chosen because it is readily available at Radio Shack.

Operation

After the unit has been thermally insulated (thermos bottle), power may
be applied. A current meter should be placed in the 6 volt heater supply
lead. The initial heater current will be approximately half an amp.

After a few minutes, during which time the unit is heating up, the current
will drop down to 50 mils or so and then start increasing to half an

amp again. For several minutes, it will slowly cycle. When the operating
temperature has stabilized, the current will settle, usually between-

50 and 150 ma. depending on how well you have insulated the unit. This

is a proportional controller. :

After the unit has operated for an hour or so, check the oscillator
stability. You will be pleased. No longer will temperature changes
affect your oscillator stability.
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A LOW LEVEL SIGNAL SOURCE FOR 2304 MHg.

Donald L. Hilliard, W@PW

Often the 2304 enthusiast will need a signal source for various
reasons. Described is a crystal controlled source that will deliver
a -50 dbm. signal. The 144 MHz., overtone oscillﬁtor drives a diode
multiplier. The halfwave tuned circuit at the output selects the

2304 MHz. harmonic,

By lengthening the output filter inductance, the circuit could be

resonated to 1296 MHz.

Adding one or more Avantek MSA-0104 MMIC amplifiers would allow the
level to be increased by 20 to 30 db or more. Being wide band
amplifiers, all the spurious signal levels would also be built up so

additional filtering of the desired signal might be desirable.

Spurious levels are typically down only a few db.
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A 1296 MHz, DUAL DIPOLE/REFLECTOR FEED
Donald L. Hilliard, W@PW

Described is an efficient feed for parabolic reflectors with an £/D
of approximately .45. This antenna has a -10 db beamwidth of
approximately 120° in both E and H planes, which is thought to be
about the optimum illumination taper for .43 f/D relfectors.

The so-called "coffee can" feeds described by Norm Foot! are easy and
cheap to construct, but suffer from unequal E and H patterns and

an illumination taper that is not ideal for f/D ratios of approxiamtely
.45. The choke ring described, again by Foot?, corrects some of these

problems.

The "dual dipole" feed described is a scaled version of one I used

for some years on 432 MHz.

It uses a one wavelength square aluminum plate reflector and short

pieces of "hobby shop" brass tubing for the rest of the assembly.
The drawings detail the dimensions and show construction details.

The antenna if duplicated carefully, should have a VSWR less than 1.5/1.

INorman Foot, WA9HUV, "Cylindrical Feed Horns for Parabolic Reflectors',
Ham Radio, May, 1976, p. 16. '

2
Norman Foot, WA9HUB, "Second Generation Cylindrical Feedhorns",
Ham Radio, May, 1982, p. 31.
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A 1296 MHz., DUAL DIPOLE/REFLECTOR FEED
Donald L. Hilliard, W@PW

Described is an efficient feed for parabolic reflectors with an f/D
of approximately .45. This antenna has a =10 db beamwidth of
approximately 120° in both E and H planes, which is thought to be
about the optimum illumination taper for .43 f/D relfectors.

The so-called "coffee can" feeds described by Norm Foot! are easy and
cheap to construct, but suffer from unequal E and H patterns and
an illumination taper that is not ideal for f/D ratios of approxiamtely

.45, The choke ring described, again by Foot?, corrects some of these

problems.

The "dual dipole" feed described is a scaled version of ome I used

for some years on 432 MHz.

It uses a one wavelength square aluminum plate reflector and short

pieces of "hobby shop" brass tubing for the rest of the assembly.
The drawings detail the dimensions and show construction details.

The antenna if duplicated carefully, should have a VSWR less than 1.5/1.

INorman Foot, WA9HUV, "Cylindrical Feed Horns for Parabolic Reflectors",
Ham Radio, May, 1976, p. 16.

2
Norman Foot, WA9HUB, "Second Generation Cylindrical Feedhorms",
Ham Radio, May, 1982, p. 31.
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A 32 ELEMENT LOOP YAGI FOR 1296 MHz.

The following design is an adaptation of the G3JVL/W1JR loop Yagi.
The G3JYL design was a 27 element one and the W1JR was a 38 element one.

Design modifications have occurred over the years and this 32 element design
incorporates most of them. The loop Yagi has a relatively broad frequency
respoase and though designed for 1296 MHz, it performs nearly as well on
1269 MHz. ’

The boom is a standard 8 foot length of 3/4 inch 0.D. aluminum tubing that

is generally available in hardware and building supply stores for about $6.50
at this time (1984). Since the element loading is rather small, the finished
antenna is strorig mechanically.

Using a tape measure attached to one end, the following element mounting
positions should be marked on the boom:

R1 1/4" D9 24 3/32" D20 63 7/32"

R 3 3/8" D10 27 21/32" D21 66 25/32"
Dip. 4 11/32" D11 31 7/32" D22 70 11/32"
D1 5 15/32" D12 34 25/32" D23 73 29/32"
D2 6 11/32" D13 38 5/16" D24 77 15/32
D3 8 1/8" D14 41 7/8" D25 81 1/32"
D4 9 7/8" D15 45 7/16" D26 84 9/16"
D5 11 5/8" Dl6 48 31/32" D27 88 1/8"
D6 13 3/8" D17 52 17/32" D28 91 23/32"
D7 16 31/32" D18 56 3/32" D29 95 9/32"
D8 20 17/32" D19 49 21/32"

The boom may then be drilled using a jig device to hold the boom so hole alignment
is achieved. Such a device is described in Figure 1. A drill press must be used
as alignment cannot be easily achieved otherwise.

Drill all the element mounting holes using a number 32 drill, except the
dipole mounting hole which should be drill 1/4" Also the holes for mounting
a gussett plate should be drilled number 11 for 10-32 hardware. Of course,
these are drilled 90° from the plane of the element mounting holes and
approximately 3 1/2 feet from the reflector end of the boom. Figure 5 shows
a suitable gussett plate.

The reflectors and directors are 1/4" wide straps sheared from 1/32" thick
aluminum sheet. Lengths are given in Figure 2. The length plus overlap is
the length to cut the strap to. A number 32 hole is drilled 1/4" in from
each end of each strap, except the dipole strap. Deburr the holes.

Figure 3 details how the elements are mounted. Of course all elements must
be formed on a round former before mounting. I use a spray paint can
approximately 2 1/2" diameter as a former.

Figure 4 details the dipole element assembly.



After the loop Yagi {s completed, a feedline must be attached. At this
frequency, it is very destireable to use a minimum number of RF connectors.
Therefore, a type N connector designed for use with .141 coax is recommended.
Such a connector is a model PE 4006 from Pasternack Enterprises, P.0. Box 16759,
Irvine, CA 92713.  Another recommended connector series {is the TNC. :

1f 2 or 4 Yagis are to be stacked, it s desireable to use a length of

.141 coax from the feedpoint to the r divider. A suitable power divider
1s described in Figure 6. A single loop Yagi constructed as described

may be all right to use at the 100-150 watt level (at the entenna). For
higher power levels of say 400-500 watts, one should use 4 or more antennas
so that the power at the feedpoint of the individual Yagi 1s not high enough
to cause problems.

Also, of course, the Yagis must be phased correctly when stacked. This means
that the outer of the feeders should go on the same side of all driven
elements. Also, an H frame should be used and not an H frame turned 90°.
There should be a minimum of horizontal members in the framework. Recommended
stacking distances are 20-24".

The boom may be lengthened out to at least 12 feet if desired. The WI1JR version
is 10 feet long and the WB5LUA version is 12 feet long. The additional directors
are all spaced 3.56" and remain at same length as D2S or 7.75".
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gelected hecansze i Would 2ive the most 2ain, The Price of
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The following sPecifications were measured or calewlabed
after obtainin® the dish:

Diameter ~= 7 fzet
Depth  ~~ 172 inches
Foral Lensth -~ 22,8 inches 34,54
FATl Ratio ~-- 8.4 41

The focal length (F) wag combuted yzing the Formula

'F - [)}awaefér,i .
/6 Def?*h

The dizh comes 1n twe Ralves that oafold fo make fuo
geven font by 3 172 foot pigces.  There iz a subford kot
attaches o the center of the dizh and extendz oubward fo
Fusld the feed,  The fesd for the dizh iz 2 dual bow tie
antenns,.  The dizh iz made P of horizostal elbe zPaced 5
144 inches apart., In decder for the dizk to woek
zdtiafactorile in the microwave apechkrum, it Assds bo be
meegred wikh Rardearé 2loth,  The lardest dimsssicon of the
ek shlaold ot ewceed 1418 gavelerndth,.  Thiz squatez ko

172 inel for 12

Y ! 96 MMz,
174 inch for 28004

MH= .

The dizh waz covsred with 179 inch BMakdwire =loth., A four
frook wids by 30 foct lon? Plgce Marduware oloth waz
gecticned intko one foob wide ple seckticonz as shoun in
Fiaups 2, The cutline of £he Ppiess were deawn on fhe
arduare cloth with 2 Permarent ink marker then ool oot
with £in zaipz.  The pie zlicesz must be forosd aeonnd the
center of the diskh oand ok ke Peed sufPorh, Becauze the
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Fesel zuPPopt iz 21iokkly AFF menker it order for it fo ke

" Pastened to the mazt. The dizk ozkodld ke installed on o3
mazt aned formed into 1ts parabolic zhafe before installing
e kardiuare cloth onto blhe dizk, The pis zections of
Barcware cloth were tigd o the ribs of the dish uzing
gin2le atrands of fakaveled Sus wire,  The wire waz weabPed
around the riboa 2ingle time and tied im o8 290ares kaot on
the back fide of the disk uzind tuo pairs of rlisre.  Ths
grcda of the harddare cloth can be oot with diasonal cutbters
Frrmling Piecez of wike cormected to the harduare cloth fhat
man be uzed bo o conneck BRe pig zections bo eack obher,  The
Toas From vzing 129 inck harduare clobl owver s z20lid metal
dizk at 22384 MHz, iz akouh 0.8 4B, The Panels of the odizsh
Were over lapbed 1 25 inekea (174 wavelenatl on 22084 MHr. b,
THiz Will cFeats 3 Iom imPedance Farallel rlate
deangmizaion ling tranzformer which will eeflect g zhort
mircuit 2t the aueface 2ar, ALl Panel overlakszs were it the
mame direction,

The @ain of thé dizk waz measured using A1 Mﬂrd’~,
MBSLUA, antennyg rante. Thw 7 fomt efiak mwa~nr»d 25,5 R
cmy 1296 MHz., and 20 dBi1 on 2324 MHz., Figurs 2 zhows the
thearaetical 2ain for 2 7 Fuot dizl with S6W ﬁ??itlmﬂtw iz
26 dAB1 on 1298 and 30 4R on 2204 MHE,  The gnbennaz
measupted on fkhe rangs and their resbective fains iz shows
in Takle 1.

Arkering 226 2nmd

Tws 2 1k, coffer cans ."5 dBf -

11k, coffee can 2 dEi

43 element lodp w29 ”9 HRi 20 oBi

7 foot dizk 25,3 dBi 20 oBi
Takle 1

The beatiwidbh of the dizk 1z

7o dedress on 1”9 [
4 T dedrees on 2304 MHr
FEED HORH FARRICATION
The dizl wis Fecd with fuo z2éparate feed boras, one for
1296 and one For 2204, Todbidlly an abbtemPt was macdse b

fabricats 8 2im0le Fead hokn which wauld work on bokl 1298
and 2324, The acdvantade of 2 dial band Peed hoen 13 the
buzam feflected from the dizb will radiate steaiokh ook of
the dizh,  The dial band fesd horn waz fabricated uzing a 3
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bain (in dbi) = 10 log, ( h ( __/cg_a)l)

On L1304 A4;Jz
hain = 10l (,50 m(¢%in ) (2.5%cm /m>>”‘>
i gp SO L2
bain = 314D
- On 1296 MHs
beain = [0 /”Z‘/o ( 50{’/7 (ﬂf/n)(ifﬁr‘?eﬂﬁﬁ)l)
2 3cwm
Gain = 26 dBJ

Ff?t/rc %)



1, coffes con and the dimensions shown in Fisues 4. The
ehial band feed horn bad 7 0Bl oof fain on 1296 and 10 AdBLD of
asin on 2204, MWhew tlhe dual band fesd boen was gzed bo
Fecd the 7 foat dizkh, ite Peprformance on 1298 was
acesphable, Mowgewsr, its Pepformancs opn 2304 waz 5 odBi
cdengn From ke Perfornince of the 1 1B, coffes can feed
sl

o efn that Provided the Rigkest 922in waz the

af
B

The fe
e Af hLie

= 2%

2 at
auzben is th

)

[n)

4

rate feed horng,  The dizaduvantate of thiz
weat reflEcted from the dizh will be offzet
rr
H

¥ i

ot e Nt e

ney an@le khat the feed boen 12 offzet from
£ otk dizh, The 1298 feed korn waz fabeicated
pading huwe 2 1h, coffee cins and tkle dimenzions shown in
Fignrs S, Poakh lidz wers Femoved from onge of the ooffae
cans and it waz aoldered o the other ooffes can., The
connectar 1z an M ocovnector boltsd to tkle coffees o with
the ks on the cotside of bhe can. The monoPols was made
Froam #14 copper wire, The 22684 feed horn was fabeicated
waing a1 1k, meffee can oand the dimenzions shown in Fidure
E. The comiechor 1z an M covrnector balted to the coffee
can witk the puks an the outzide of the can. The monobole
12 Plece of #14 coppPer wifre, The two coffes cans wire
el e fo the feed subfort st g distance of 22 daches from
the wcenter of fhe dish, That iz tke zame Place dhat the
i el Ries an the bow tie ankenna wers located.,  The tue
raffee cans were mountesd aPfozite of each obber with fuo
halts and wazhers tlat went fheoual e Front and efear of
the 2204 feed hoen, through the feed 2uPPort, and hhen
hlendly ke 1296 feed hore,  Mazhers and nuts uere
Trztalled in the 1298 feed korn o z2ecurs the feod Porns,

The Belbs were ok down Bo the muts dsing 2 Bolt cubber,

Bd abogt th
the conter

&

o

=

The losz dug te Feed Boeen Blockafe 2 showun in Fioure
Mhen the dizk iz nzed on 2284, the Blockate due bo tke
B feed born will Peanlt in o2 lose of ~8,838 4B, When
elizly 12 wsed ow 1226, the blockase dus bo the 2304 Feed
e Will pesult iv oa loza of ~@.6910 4B, The wse of tuo
g horne rezultz v a4 relatively 2mall loszz2 in 2ain.
Thiz makzz the uge of sdditicnal feed horns For obber bands
Ttk weprd ahtractive,

7
123
the

2
b
o

—

FERFORMAMCE

The Feed horas abobld be mownbed 2ide~bu-zide to
anzire maxmimm Qi The feed Porag weke initially mownted
ong above the obher and the performance of the dizh checked
valng local 1296 and 22084 besconz,  The dizk khad o ke
aimed imta the 9round for masirom 9ain on 2304 and ol inbo
e zkw for maximun 9aiv on 1296, Fidurs 2 illusteates bow
Cthe bean will peflect fron blhe dish 1f the Feed boresz are
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1 30%

FEED HORN

L2358 |

1”, (,of:fee can

9 dB:

Harn Jen fﬂ’h shovld

2 Yo 3 Times

F[?«ure, é

L.

3.7

be

} 0ss (IN DB) DUE TO
FEED HORN BLOCKAGE

Loss =10 Logm(l “(1_/'%_5_>>1

.Ab: Llockage- area
Ao = aloerﬁ;rc area

ON 2305 MH=-

| 2
- L055:I0L"719(”(% >)

Loss = —0.03%4

ON 1296 MHz

Loss =10 L07’0(|‘(w1>>1

T (42)?

Loss =—0-0914B

F?ﬁ-ur& 7



2304
1294 } >
uw[

e

'F77ur¢

mounted one abhowe the other, The beam reflected from the
dish 12 offcet by about the 2ame an2le the feed horn iz
nffzet from the center of the dizh, If the dizh 18 mounted
Almed 3t the horizon, 3 sionififcant amout of 9ain will be
1nst.  Ro mounting the fezed horns side-by-zide thiz problem
can be overcome and 23in will not be lozt, Howevert, the
1226 and 2204 kedmz will rnot he in the zame direction which
will ereste Problems when chanding from one band to
another, In addition, neithér the 2204 beam nor the 1296
beam will be in the same direction 2z 9221z mounted in the
direction the HNizh is pointing.

Thﬁ perfarmance of the dish wai outstanding The digh
can 2a2ily be handled by one Person. The dizh haﬂ e
folloine aduantases:

INEXPENS IVE
HIGH GARIN N
2%5.% dBi on 1296
30 dBi an 2394
LARGE CAPTURE ARERA 4
MULTIPLE BRMDS f.JUST ADD FEED HORNS)
LIGHT WEIGHT
LOW WIND LOAD FOR A DISH
WELL CONSTRUCTED
CAN BE MOUMTED OM CONYENTIOMAL TOMERS

!
LR

L R BN N N U

In conclusion the modified 7 foot Channel Mazter UHF TY
digh Proved o ke 2 suPerb high 23in antenna for the
microuave amateur bands!
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58
18
1
12
13
14
142
15
16
17
18
13
29
21
21
22
23
23
24
24
25
23
26

PRINT "¢
POKE 53230, 18
FOKE 93281.,13

FRIMT "&"
PRINT " KAIGT PARAMETRIC DESIGH PROGRAM"

PRINT " FOR LOOF YRGI®
PRIMT * WRITTEH BY BOB RTKIH3"
PRIMT :PRINT
PRIMT © MODIFIED FOR C-64 BY MHEDB?"
PRINT :PRIMNT ! PRINT:PRIMT
DIM Ac38»
Ac1Y=3.1
(2)=4.095
A(3»=5.17
A4)I=6.8
H(5;~T..o
AlEx=3.56
Ac?r=10,21
A{8)=13,12
FOR X=1 TO 38
ALA+B)=13. 12+4#3. 56
MEXT
INPUT "FREQUENCY OF USE IN MHZ".F
PRINT
FC=1296/F
FOR X=1 TO 38 +
ACAI=SACKIHFC
NEXT
R1=9.67
DE=9.23
@ DIM B(36>
B FOR X=1 TO 11
8 BLX)=8.23
8 MERT
¢ IMPUT "27 OR 38 ELEMENT VERSION",HN
2 IF N<>27 AND NCO38 THEN GOTO 148
® FOR ¥=12 TO 18
B B(X)=8.0
B MEXT
B IF N=27 THEW GOSUB 598
B IF N=38 THEN GOSUR 684
B FOR X=1 TO 36
B BCKXIsSBC(XI#FC
5 HEXT -

28 Ri=R1%FC

@ DE=DE#FC

S PRINT

@ INPUT “EOOM DIAMETER IN INCHES" ;B

S PRINT

8 INPUT "ELEMENT WIDTH IM INCHES",MW

9 PRINT . :

g INPUT “E#EHEHT THICKHESS IM INCHES",T

269 PRIMT "

27
27
27
28
23
30
31
32
33

@ Bi=B/FC

1 Wi=W/FC

2 Ti=T/FC

@ IF B1<{.5 THEN GOSUB 7008

g IF B1<{2.1 THEN GOSUB 700
@ IF T1<.828 THEM GOSUB 756
B IF Tix.B63 THEW GOSUB 758
g IF Wi<.1 THEN GOSUB S99

B8 IF W1>.375 THEN GOSUE coe



348
356
369
365
379
324
334
462
419
420
422
424
434
440
458
4£0
4708
475
488
431
483
486
435
ba]514]
518
52
339
Y515
619
620
63a
708
791
782
718
rg=15]
751
768
21515
891
219
1668
1643
1919
1829
1938
1848
1842
1643
1844
19453
1946
16947
16482
1643
1950
1951
1g6e
1676
1675
1976
1G33
1958
1164

B2=((B1~.5)+(Bl~. 5)?2)*2 28
FOR =1 T0 (H-2)
B(X)=B(H>+(B(H)/IBG>#32
HEXT

DE=DE+DE#B2/168.
R1=R1+R1%¥B2/160
W2=(,1875-W13%4.8

FOR X=1 TQ rH-25
BORI=B{HI+(B(M)/108) U2
HEXT

DE=DE+DE*W2/1608
R1=R1+R1%lLI2/168
T2=(T1~.8282%(.6/.,831)

FOR XK=1 TO (H-2)
BCRI=BCXI+((BIKIA/1080%T2)
HEXT

DE=DE+DE#T2/104
R1=R1+R1%T2/109

RA=4.3

RE=35.5

RA=RA#FC

RB=RE#FC

GOTO 12684

FOR K=13 TO 25

Biny=3.9

MEXT

RETURN

FOR X=18 TO 36

B(RI=7.7

MEAXT

RETURM

PRIMT "BOOM DIAMETER QUTSIDE RAMWGE OF"
PRINT "PARAMETRIC STUDY. CALCULATIOM COMTINUES":
PRIBT "WITH EXTRAFOLATED DATA."
RETURNM

PRINT “MATERIAL THICKHESS OUTSIDE RAMGE OF PARAMETRIC STUDY.

EE%S;H"CHLCULHTIOH CONTIMUES WITH EXTRAFOLATED DATA."
PRINT "ELEMEMT WIDTH QUTSIDE RAMGE OF PARAMETRIC STUDY. )
PRINT "CALCULATION CONTINUES WITH EXTRAFOLATED DATA."
RETURM

PRIMT 03"

PRIMT "DARTR FOR LOOP YAGI FOR USE AT Y,F." MHZ"

FRIMT

PRIMT "BOOM DIAMETER ";EB;" IMW"

FRIMT "ELEMEMT WIDTH ";M;" IN"

PRIMT "ELEMENT THICKMESZ ";T," IH"

PRIMT"REFLECTING SCREEM ") IMT(RA#180@)/1403;" ¥ " INT(RB#1000@>/1608;" IH"

PRIMT {PRIMT :PRIMT
FRIMT "ALL DIMENSIOWZ ARE IM IMCHES"
PRIMT :PRIMT

PRINT "ELEMEMT"," DISTRHCE"," LEHGTH"

PRINT "MUMBER"," FROM"," (CIRCULAR"

PRINT " ", " SCREEN"

PRIHT 1] ll ) i "J it i

PRINT

PRINT "R1", (IMTCACI>#180@)) /18600, (INT(RI1%1608) /1600

PRIMT “DE";(IHT(H(7>*IBGQ))/1@BQ»(INT(DE#iB@B))/iBBB
FOR ¥=1 TO N-2

L=CINT(BOX %1000 )/10688 -

Li= (INTfH(n+QJ#19@ﬁ3)’166@

PRINT "D";®,L1.L

HEXT

EMD



£0 PRINT:PRIMT:FRINT "LORDING"
78 POKE 53280.3

26 POKE 33281,13

9@ PRINT CHR$(31>

100
181
ie2
183
184

b A ek e e
e e e s e
WONAONBL O

P Pt s e
£ QR -
QE Y

A bt 4 et fd ek b ek fek e bk s
W0 0] 03000 00 Q0 03~ Ah
= OWVRNOTAEREDDOD

-
Yo
WM

194
195
136
197
. 158
193
268
285
219
226
234
249
- 245
258
268
z27e
230
2598
308
3l@
328
338
346
330

GOTO 340
PRINT "1 ) o
PRINT CHRS(147);CHRE¢142) (PRINT * MORSE CODE PROGRAM":FRINT
PRINT FROM GST MAGAZIME":PRINT

PRINT * MODIFIED FOR C-£4 BY WASDEYY :PRINT:PRINT:FRINT

PRIMT "COUPLE COMPUTER AUDIC IMTO MIKE IMWPUT"
PRINT “OF TRAMSMITTER TO SEWD CODE"

PRINT :PRINT :PRINT

REM INITIALIZE "SID"

§=34272:¥=8:FOR I=1 TO 24:POKE 5+I.,&:HMEKT

POKE S+1,52:FPOKE S,116:FOKE 5+5, 15/ POKE 5+6,248:POKE 5+24,V:POKE 5+4,17
PRIMT "PRE3S L FOR LOUDER, 5 FOR ZOFTER,":FRIWT "PRESS RETURN WHEHW LIOHE."
GET A%:IF AF="" 5OTO 114

IF A$="L" THENW V=V+1:IF ¥>15 THEN ¥=135

IF A$="5" THEN ¥Y=%-1:IF “<8 THEN V=8

POKE S+24.,Y

IF A$=CHR#%(13> THEM POKE 5+4,@:GOTO 128

GOTO 114

PRINT n"

PRIMT " KEYBOARD=1":PRINT:PRIMT " CODE FRACTICE=2":FRIMT
INFUT * YOUR SELECTIOW".G

oM G GOTD 168,1858

FRINT “J"

INPUT " TIME SET (HHMMSS)";TI%

PRIMT:IMPUT " CODE SPEED")S:T=225/S PRIMT

POKE 252,T:!TC=@
FRIMT:PRIMT:PRINT"TYPE: " PRIMT"<?> FOR MENU"
PRIMT "<¢> FOR TIME"

PRINT "'<#> FOR CEWTIGRADE/FAHREMHEIT COMYERSIOH";
PRIMT “<+> FOR TRBLE OF AMATEUR FREGUEMCIES"
PRIMT "<£> TO CHAMGE CODE SPEED"

PRIMT "“<{4» TO CHAMGE SELECTION OF MODE"

PRIMT "<F1> TO SEMD IMFO IN LINE €5a@"

FRIMT "<F2> TO SEMD INFO IM LIME &3@"

2 PRINT “<F3> TO SEMD INFOQ IM LIME 2&@"

PRIMT "<F4> TO SEND INFO IW LIME 7oB"

PRIMT “<(FS> 70O SEMD IMFO IM LIME &7@"

FRINT "<{F&> TO SEMD IMFO IM LIME 71G"

FRINT “<CF7> TO SEMD INFO IM LIWE s2@"

PRINT "<F8> TQ SEMD INFD IM LIME 726"

FRIMT "HIT IWDI¥IDURL KEYS TO SEMD THEIR CODE":PRINT:FRIMT
GET B$: IF B$="" THEH 289

IF RASC(E$)=63 THEN GOTO 185

IF HSC(B#$>=85 THEM GOTO So@

IF ASC(B#>=42 THEM GUTD S3@

IF RSC(B#>=43 THEMW GOTO S26

IF ASC(BE)=92 THEN GOTO 186

IF RSC(B%$»=54 THEW GOTO 128

IF ASCCB$5>132 AND HSCVB$)<142 THEN €38

IF RSC(B#)=58 THEN PRIMT " (AR>",:GUTO 316

IF ASC(B$I=59 THEN PRINT " (SK>",:00TQ 316@

IF ASC(BF)=61 THEN PRIMT " (KM)"; :GPTP 316
IF ASC(B$r=45 THEM PRINT " (BT>",:GOTO 318
PRINT B$,

POKE 1819,ASC(E$):POKE 56573, 255

8YS 1993 y

GOTO 268

=849

RERD ®#



369
370
389

390

404
419

420

438
449
458
460
470
438
499
509
519
520
539
S48
550
56
570
559
556
560
618
529
£30
640
£50
664
79
630
£99
700
71
728
748
750
768
779
750
798
569
510
528
B3¢
340
558
860
370
539
5398
258
316
920
339
948
358

960
365
979
330
985
350

IF ¥$="772" THEN 181
GOSUB 490

POKE M, 4
DHTHCS:QG;FB;G?;CB; 2C.90.,4E,C9, 58, 86, 4A, AR, BD, 56, 63, A9, 68, 34, FB, 8A, C5. FE, 50

DATAFB. 85,82, A5, 82,81, 85, 82, A8, &1, 98, 02, A8, #3.A%, 11,30, 84, D4, EA, ER, EALEAL EA
DHTHEH;EH;EH;EH;EH»EH;EH'EH»HSJZI;SDJBIJDD:Z@;HB;BS;HB;@B;8D;B4;D4,8D;@1;DD
DATAAB, B1.28. A%, 83,C6,FB, D2, CA, AB, 82, 20, A%, 63, 69, 98, YA, BAR, AB, AS, FC,AZ. FA
DATRCAH, DY, FD,32,E9,81.D09,F&6,88.,D9, F1,588,A3.64,20,R8,83,68,73,31, JS;\._JBF» 'F
DATAZ7.,23,21,20,38, 38, 3C, 3E. 2A, 45, 54, 3¢, 80, 4C. 80, 95, 18, 1R, 80, B2, 12, BE
DATAR1G.04,17,8D, 14.67,86,8F, 16, 11, BH;M8»9q199411493 19,18, 1C
DATAAD,FB,93,4C,51,83,22

M=p+1

GOTO 358

®=8

IF LEN(X$)=0 THEH 384

A1$=LEFT$(A$. 1

A1=ASCCALED

A1=K1-48 :

IF %129 THEH RK1=(X1)-7

R=RE1E+A1

K$=RIGHTS(H$, LEHKFEI-112

GOTO 5689

RETURM

TH¥=LEFT$<(T1%.4>

PRIMT

PRINTY =~ TIME=", TH$, ' ==~ "

50T0 268

N=RASC(B$>~132

ON N GOTO 658,568, 6?9;69@ £99, 704, ?19 728

AD$=" 73 73 73 ":GOTO 758

AD$=" GRID IS ":GOTO 734

AD$=" 3K ":GOTO 750 '

AD$=" CO CQ CQ DE WRSDBY WASDBY MWASDBY K ":'GOTO (59

AD$=" R3T 18 ":GOTO 730

AD¥=" QTH IS ":GOTO 756

ADg=" MNAME IS GERALD GERALD GERALD":GOTO 739

RD$=" RIG HERE IS ":GOTO 754

FRINT " '

%=1

B=MILI$ (AT, %, 15

AER+1

IF K=LEN(RD#>+2 THEW GOTO 204

POKE 1819;HSC(B$) POKE 56575, 255

3YS 1843

PRIMT B%,

GOTO 766

PRIMT " IMPUT" FAR-1,CEL-2";H:PRINT

ON H GOTD 856,280

IMPUT " DEG. FAR";FA:PRINT
CE=INT((FA-323%5/9)

FRINT " FAR";FA,"= CEL";CE:PRINT:GOTO 200
IMPUT " DEG. CEL";CE:PRINT

FA=INT (CE#3/35+32)

FRIMT " CEL“,CE,"= FAR";FRA:GOTO 289

GOTO 264

PRINT "3

FRIMT "FREQ. ALLOC-EXTRR"
PRINT

PRINT *18 PH.","28500-23780"
PRIMT "1@ CW.","28008~2576a"
FRIMT

FRIMT "13 PH.","21256~-21450"
PRIMT "15 CW.","210608-21458"
PRIMT

PRIMT "28 PH.","1420G-14350"

1860 PRIMT "z@ CW.","14060-14388"


http://B0.4fl.RR
http://DflTRFB.85.02.fl5.02.0fl.85.02.R8.81.90.02.fl0.03.fl9
http://A5.FC.fl2.Ffl
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http://DATflflD.FB.03.4C.51/03.ZZ

1005 PRINT

1686 PRIMT "38 CW.","16180-10183 AND"
1887 PRIWT " © 1B115~-19138"
16828 PRIMT

18918 PRINT "48 PH.","?138-7200"

183@ PRINMT "4 CW.","7866-73200"

1848 PRIMT , ,

1853 PRIMT "88 PH.","3775~4008"

1966 PRINT “89 CW.","3508-4060"

1865 PRIMT

1866 PRINT "1860 PH."."12360~2680"

1987 PRINT "1g9 CW.","1508-2080"

1868 PRINT

1876 GQTO 260

1980 FRIMT "71*:G0OTO 269

189a FPRIMT "0

1188 INPUT " CODE SPEED";CC:PRIMT!PRIMT
1118 C8=225/CC'POKE 232,08

1128 PRIMT " 1=LTRS,NUMS, PUMCT" : FRINT
1138 PRIMT " 2=LTRS, NUMS":PRIMT

1148 PRINT " 3=LTRS ONLY":PRINT

1158 IMPUT " YDUR SELECTIONM",PS

1168 CT=1:PRIMT:PRINT:PRINT

1178 PRIMT " 1=RAMDOM SPACIMG":FRIMT
1188 PRINT " 2=5 CHAR. GROUPS":PRIMT
1158 INPUT " YOUR SELECTION";SS

1280 PRINT "
1285 PRIMT “HIT <RUN STOP>":PRINT"THEM TYPE <{RUM 128> TO RESTART":FRIMWT:PRIMT

1219 IF SS=1 THEMN ZR=IMT(RMD{E3#13)

1228 IF 55=2 THEM ZR=5

1238 FOR T=1 TO ZR

1248 ON P53 GOTO 1256, 1284, {319

12580 RM=INT((RHDQ)#473+44)

1268 IF RW>57 AMD RNCE3 OR RM=64 THEM 1230
1278 COTO 1329

1280 RM=IHT((RNDCOI#423+48)

1298 IF RN>57 AND RM<65 THEM 1288

13868 GOTO 1220

1316 RN=INT((RHD(@3¥25+65)

1328 PRIMT CHR#(RM»,:CT=CT1

1332 POKE 1815,RHM

134@ POKE 565793,2553

1359 SYS 16869

1368 MEXT T

1378 PRINT " ") :RM=32

1380 POKE 1813,RH

1358 SYg 1969

1468 IF CT>260 THEM 1428

1418 GOTO 1216

1420 PRIMT:FRIMT:FRIMT " 2688 CHARACTERS SEMT."
1430 PRINT " CHECK YOUR COPY.":PRIMT I
1440 PRIMT " 1=ANOTHER SESSIOH" :PRINT

1458 FRIMT " Z=QUIT"!PRIMT

1468 IMPUT " YOUR SELECTION";YR

1470 OM Y0 GOTOD 1658@,114

1430 END



18 FRINT CHR#(144):FOKE 52280, 4:FOKE 53221, 4

168
118
12a
i%e
138
158
195
200
218
220
2368
2449
245
2564
268
263
263
279
238
et o]
354
3648

355

367
438
485
419
478
430
498
435
599
505
518
515
5208
525
530
5508
338
5609
£50
Eva
638
£36
729
719
71l
712
713
728
738
748
758
7E9
7o
08
5108
829
240
2350
860

DIM ACEs

DIM NE(2ad

DIM 0%z

PRINT CHR$(147>

PRINT :PRINT

PRIMT TRB(?77,"MAIDEMHEAD LOCATOR COMYERTER"
PRINT TABC?2,;"MODIFIED FOR C-S4 BY  WAISDBEY"
PRINT ! PRIMT :PRIMT

PRIMT

PRINT"TYPE <E> TO EXIT/TO BASIC®

PRINT :FPRIMT

PRINT “"TYPE <L> FOR LOCATOR TOQ"

PRINT "LATITUDE/LOMGITUDE COMYERZION"
PRIMT:PRIMT

PRINT “TYFE <D> FOR LATITUDE/LOMGITUDE"
PRIMT "TO LOCATOR COMYERSION!

PRIMT :FRIMT :FRINT

PRIMT ’

IMPUT "WHAT I2 YOUR CHOICE".X%

IF ¥% <> CHR${85) THEM GOTO Ze@

STOP

IF A$="L" THEM GOTO 4@g

IF K&="D" THEM GOTD 244

GOTO 27@

PRIMNT CHR#(147>:PRIMT TAB(182>;"MAIDENHEAD LOCATOR TO"
PRIMT TAB(VD; "LATITUDEALONWGITULE COMVERTER"
PRINT :PRINT {PRIMT

PRIMT "THE COMPLETE LOCATOR IS SPECIFIED RZ"
FRIMT "-/RANHARZ, WHERE “AR” 15 COMPRISED OF z¢
PRINT "ALPHREETIC CHRRACTERS AMD MM’ 15"
PRINT "COMPRISED OF 2 DECIMAL DIGITS.":PRINT:PRIMT
PRINT "“AAMNAAC PRODUCES THE CENTER OF THE"
PRINT “"SUBGRID LOCATIOM.":PRINT

PRINT "“AAMM‘ PRODUCES THE CEWTER OF THE GRID®
PRIMT "SQUARE.":PRINT

FRINT “"AM <R> RETURNZ YOU TO THE MASTER MEHU."
PRIMT "HIT AMY OTHER KEY TO COMTIMUE."
PRIMT ! PRIMT

INPUT "WHAT IS YOUR CHUICE"'7$

IF Z%="R" THEM GOTO 1508

FRINT

INPUT "LOCATOR (AAMMAAS":A%

HE=fA%

L1=LENCA%)

IF Li<>8 THENW GOTO 718

GOTO 2686

IF Li=2 THEM GOTO 728

IF Li=4 THEMW GOTD 728

IF Li=€ THEMW GOTO 728

GOTD £6@

IF L1<4 THEH GOTO R#=A$+"44"

IF L1<S THEW A#=R$+"LL"

FOR K=1T0&

RCKI=ASCCMIDECAS, K, 1)

HEXT K

L9“-9B+(H(2)-63)#1W+H’4>-49+4H(6) 64.4)/24
L3=L3+. 805 ‘

IF L1<4 THEM L3=L9+.,5609

IF L1<& THEM L9=L5+.820
G9=-186+(AC1 ) ~6T)%20+(R(30-453 %2+ (A3 -54.5) /12
09=(05+, 0ABTI#(~-1)

IF L1<4 THEM (3=G5~1.890



520 A%=A%C1,L1)
900 PRINT:PRINT:PRINT:PRIMT

18 PRINT K#," I3 CEMTERED":PRIMT

870 'IF L1<6 THEN G9=G5-.@41

515 PRIMT "AMD ";G3." LOMGITUDE."

928 PRIMT:PRIMT:!IMPUT "HIT AMY KEY TO COMTIMUE" ;X%

938 G0TO 150
948 PRIMT:PRINT

960 PRINT CHR${147):PRINT TAB(10Y;"LATITUDE/LOMGITULE TO"
265 PRINT TRE(7)Y; "MAIDEMHERD LOCATOR COMYERTER"

1608 PRIMT:PRINT:PRIMT

1919 PRINT "PRECEDE SOUTH LATITUDE DR EAST LOMGITUDE")

1820 PRINT "DEGREES WITH A MIMUS SIGM. EMTER"

16838 PRINT “DEGREES. MIMUTES,

1948 PRIMT "BOTH LATITUDE AMD LOMWGITUDE EMTRIES."
1856 PRINT "TQ RETURN TO THE MASTER MENU RESPOMD TO!

AHD SECQMDS FOR™

1655 PRINMT "THE EMTER QUERY WITH <R>."

1858 PRIMT:PRINT

1156 PRINT "EMTER LOCATION, MAME, OR CALL SIGH":IMPUT H$

1155 IF M$="R" THEM GOTO 159

1168 IF M% {> "" THEM GOTO 1134

1178 GDTO 294
1188 PRINT

1198 IWPUT "LATITUDE DEGREES",L#%

1296 INPUT "LATITUDE MINUTES":

ME

1205 IMPUT "LATITUDE SECOMDS";35%

1218 IF L%="" THEW L=@

1215 IF L$COO"" THEH L=WAL(L$)
1220 IF Mp="" THEH M=@

1225 IF M"Y THEN M="AL(M$D
1238 IF S%="" THEMW 5=8

1235 IF SO0" THEM S=VAL(5$)
1256 PRINT

1278 INPUT "LOMGITUDE DEGREES";0$
1280 IMPUT "LOMGITUDE MIMUTES",H#
1226 INPUT "LOWMGITUDE SECOMDS",Il#

1398 IF G$="" THEM G=8
1303 IF G3Lo"" THEM G=VYAL(G$)
12189 IF H$="" THEM H=0
1315 IF H$#" THEN H=YAL(H$)
1320 IF I4="" THEM I=0

1325 IF I$={3"" THEM I=VALC(IED

1358 L8=L+(M/E0)+(S/3E88)
1368 G8=G+CH 58+ (1,360
1370 Li=L8

1388 G1=0G8

1468 G4=(186-0615/26

1418 C=INT(G4) :

1428 ME=CHR$(C+55)

1448 R=(G4~-C>#18

1468 C=IHMT(R>

1480 R$=CHR$(C+42

1598 M={(R-C)%24

1538 C=INMT(MD

1550 Y$=CHR$(C+E&5)

1588 L4=(L1+965/18

1598 C=INT{L4)

1600 T$=CHRE(C+ET)

1628 R=(L4-Co#%1@

1648 C=INT(R?

1668 FE=CHR$C+42)

1688 M=(R-C)#24

1788 C=IMT{M>

1720 S$=CHRH(C+E5)

1730 MI=ME+TS+RE+FE+VI+ES
1748 H=LEHCM$

"AT ";L3;" LATITULE"



5 REM MODIFIED FOR C~&4 BY WRSDEY
18 11=253

‘29 DIM AF(My

28 FOR I=1 TO M

31 RECI="%"

32 MEXT I

48 IWPUT "CALL";I%

S0 REM HASH CARLL

60 H=a

78 FOR J=1 7O LEH(I$)

20 H=H+ASCIMIDECIS, Joo
38 MEWT J

108 H=H-INT (He M %t

118 REM DUP CHECK

126 IF A$(HIO 4" THEM 138
121 AcHI=1%

122 GOTO 48 .
138 IF A$(HI)=I% THEM 170
148 H=H+1

156 H=H-INT(HAMD #

166 GOTD 126

176 PRIMT "DUPE CHLL"
189 GOTO 48

128 EHD

RERDY.

1758 IF ¥>19 THEN GOTOD 1799
1ved FOR x1=¥ TO 20
1778 B#=Bs$+","
1788 NEXKT X1
1783 PRIMT:PRINT!PRINT:PRINT
1799 IF P1<>1 THEM 12310
1280 PRIMT B#," LOCATOR IS ";ME:PRINT “AT ";L8i;" LATITUDE"
1865 PRIMT "AMD ";G62;" LOMSITUDE"
12818 PRINT M$," LOPHTOR IZ "it$:PRIMT "AT "aL * LATITUDE"
1812 PRINT "AWD “;G3;" LOHMGITUDE"
1813 PRIMT:PRINT
1828 IMPUT "HIT AMY KEY TO COMTIMUE":X#
1838 GNTO 154
1984 EMD
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