
LINEAR TRANSVEKTER 
By Dave Mascaro, WASJUF, RD 1 Box 467, Ottsville, Pennsylvania 18942 

verthe past few years Amateur 
microwave activity in the 
United States has increased 

dramatically. Many operators active on 
1296 MHz have put their stations on the 
2304-MHz band. Stationswork 10-GHz 
SSBICW, as well as wide-band FM 
with Gunnplexers?There's more com- 
mercial equipment available for all 
bands up to 10 GHz. Homebrewers are 
using surplus l V  receive only (NROI  

I didn't use a 144-MHz i-f post ampli- 
fier after the receive mixer. Unlike the 
28-MHz "front end" in an HF trans- 
ceiver that is normally used for a trans- 
verter, modern 2-meter transceivers 
have good front ends with plenty of 
gain. A post amplifier only makes the 
resting S-meter readings higher. The 
system noise figure is established in the 
34%-MHz LNA. 

Receive portion 
Receive signals from the antenna 

relay areamplified by one-half of a modi- 
fied TV receiveonly low-noiseamplifier 
(WRO LNA). The other half is used in 
the transmit portion of the transverter. 
My first modification involved installing 
an SMA antenna connector in place of 
the waveguide antenna inpuL3 Nor- 
mally a scalar-type feed horn is attached 

MHz. 
As with other bands up to2304 MHz, 

the main modesof communications on 
3456 MHz are CW and SSB. There are 
many ways to generate RF power on 
this band - both CW and linear. Fre- 
quency multipliers with step recovery 
diodes (SRDI and active multipliers are 
used for CW, FM, beacon transmitters, 
and local oscillators. You can use linear 
transvertersfor SSBICW and all other 
modes, just like on the 50 through 2304 
MHz bands. 

Figure 1 showsthe block diagram of 
a 144 to 34%-MHz transverter. The 
transverter transmit and receive mixers 
use a common local oscillator at 3312 
MHz. The 144-MHz transmit i-f is mixed 
with the local oscillator to produce3456- 
MHz transmit signals. During reception, 
the3456-MHz receivesignalsare mixed 
with the local oscillator to produce the 
144-MHz receive i-f signals. A 2  or3 sec- 
tion interdigital filter follows the trans- 
mit mixerto attenuate out the local oscil- 
lator and image freq~encies.',~ 
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Block diagram of a 144-MHz to 3458-MHz linear transverter. 



cap is also installed to bring + 15 Vdc 
into the LNA housing without using an 
external bias-T attached to the output 
"N" connector. 

Split N R O  LNA 
The greater than %-dB gain LNA is 

modified again to make two separate 
three-stage amplifiers. The amplifier I 
use is the Amplica model ACD 305331 
(90 degree) LNA. The 305331 LNA has 
two GaAsFET stages followed by four 
bipolar stages and a filter. Figure 2 
shows the "split-in-half" LNA. The 

t-- SflA to TX 
Mixer RF out 

10 pf chip cap added 

A split TVRO LNA showing two separate 3-stage amplifiers. 

than 30-dB gain and a2-dB system noise 
figure in receive mode. 

I modified the LNA by wiring two 
miniature 50-ohm TeflonB coax cables 
fitted with SMA male connectors into 
theamplifier between the third (0.3) and 
fourth (04) stages. The twocoaxcables 
should be long enough to go from inside 
the LNA and connect to the receive and 
transmit mixersin your transverter. Cut 
away the microstrip at the interstage DC 
blocking capacitor to create a gap in the 
line. Soldera 10-pF chip capto theout- 
put line of stage 03. This becomes the 
receive amplifier output. The existing 
DC blocking chip capacitor becomes 
the input of the transmit amplifier chain. 

Open the other compartment of the 
LNA. Drill two holes and run the minia- 
ture coax through the holes into the 
compartment. Now drill two small holes 
in the pc board beside each of the two 
DC blocking capacitorsto pass the coax 
cable center conductors. Solder the 
center conductors to the blocking chip 
caps and solder the shield of each cable 
to the ground plane at the point where 
the cable goes through the pc board. 
The shield relieves strain on the cable, 
so the chip caps don't break. Apply a 
dab of RTV or silicone bathtub seal 
where the cables go through the hous- 
ing to increase the strain relief and mois- 
ture proof the LNA. 

You now have two separate ampli- 
fiers. The stability of the receive front 
end is maintained because the input iso- 
lator is still intact. It's okay to leave the 

FB FB FB 

RFC 1 RFC2 RFC3 RFC4 
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F.T. F.T. F.T. F .T 

from A from B from C from D 
on tL. Bias h a r d  i n  f lg.  6 

RFC 1.2.3.4 3t. '24, 0.1" ID 
C 1,5,1 1 10 pf chip caps 
C4,lO Johanson Gigi-trim 
4.5 pl  JnC '27273 
C3,6,9,12 20 pf chip caps 
FB Ferrite bead 

Board Material 0.032' Teflon 
Double sided Er = 2 55 

Q I Thornson/Mostek SD 1850 
Q2 Thornson/flostek SD 180 1 
z 1 ,  9 0.080' (1.2 rnm) X any length 
22 0.060- (1.5 mm) X 0.4" ( 10 mm) 
23 0.10" (2.5 mm) X 0.30" (7.6 mm) 
2 4  0.15' (3.8 mm) X 0 30" (7.6 mm) 
25 0.060" ( 1.5 mm) X 0.2' (5  mm) 
26 0 060- ( 1.5 mm) X 0 35" (8.9 mm) 
27 0 10' (2.5 mm) K 0 25' (6.3 mrn) 
28 o 375' (9.5 mm) X 0.275- (7 mm) 

--  

The 2-stage 3466-MHz linear amplifier. 

+ 15 Vdc applied to the LNA; the front so you can use input voltagesfrom 15 to 
end won't oscillate into the open 28Vdc. 
antenna relay during transmit. The LNA The receive amplifier output feeds the 
hasan on-board7812voltageregulator, RF port of the receive mixer. The Mini- 
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Circuits ZFM-4212 and ZAM-42" are 
suitable mixers because they are fitted 
with SMA connectors. The pc board 
mounted PAM-42 is also a good 3456- 
MHz mixer. I used the Anzac MD-169 
(normally pc board mounted). I 
enclosed it in a homemade brass hous- 
ing fitted with SMA connectors. 

You can peak the receiveamplifier in 
a noise figure set-up by tweaking the 
miniature trimmers mounted through- 
outthe LNA. Gain can be maximized at 
3456 MHz. 

Another application for a split LNA in 
a transverter involves using one half to 
amplify the very low output of a 3312- 
MHz schottky diode multiplier for the 
local oscillator, and the other half to 
amplifythe transmit mixer SSB output. 
Try using a second modified 50-dB gain 
TVRO LNA for the receive amplifier. 
This approach worked very well for me. 

Transmitter stages 
You can use the same type of mixer 

for the transmitter as you did for the 
receiver. I used the MD-169. Theoutput 
of the transmit mixer (usually - 10 dBm 
or so) is amplified by the second half of 
the split LNA, which provides + 10dBm 
(10 mW) output. The three bipolar 
stagesand filter provide an excellent lin- 
ear amplifier for low-level signals. 

Two-stage linear amplifier 
A two-stage linear amplifier, provid- 

ing20-dB gain and + 27dBm (500mW) 
power output at l-dB compression, fol- 
lows the modified TVRO amplifier. The 
amplifier is shown in fig. 3. It was built 
into one enclosure to eliminate two 
SMA connectors, and to reduce its 
overall size. The amplifier is built on 
1/32" Teflon double-sided pc board 
(Er =2.55), using microstrip matching 
networks (seefigs. 4and 5). Although 
the two stages are etched on one pc 
board and housed in the same 
enclosure, you can build two separate 
amplifiers. The DC blocking capacitor 
(C5) is mounted in a 50-ohm line; the 
two stages could be separated at this 
point. Use DC blocking capacitors on 
the input and output of both stages. 

'Mini-Circuits, P.O. Box 166, Brooklyn, NewYork 11235. 
(7181 9344500. 

O C H I P  CAPS CI .  3. S. 6. 9.11 4 N D  12 
HOUSING IS 3 3.IB4mmJ x 15- f3BmrnJ x 0 5.tr3rnmJ BRASS STOCK. MILLED TO ACCEPT P C  BOARD 

Component placement of the 2-stage 3456-MHz amplifier. All components mount on the 
trace side of the pc board. 

Full scale artwork for 2-stage amplifier on 1132" Teflon" double-sided pc board. Er =2.55. 
Opposite side (ground plane) is unetched. 

Make all DC and RF grounds low 
inductance paths through to the ground 
plane side of the Teflon pc board. Do 
this by putting multiple rivetsthrough to 
the ground side. Another method is to 
cut small slits into the board with an 
Xactom knife, and insert and solder 
strips of copper foil on both sides. 

All theamplifiers I build for 1296 MHz 
and up are constructed from milled-out 
&ass housings. I solder the Teflon pc 
board into the brass enclosure, and mill 
two slots in the brass housing to 
accomodate the flanges of the two tran- 
sistors. The bypass capacitors and tun- 
ing trimmers are mounted on the pc 
board close to the board edges. This 

allows direct connection to the brass 
housing and provides good DC and RF 
grounding. Holesdrilled in the brass box 
enable you to externally tune the unit 
with a plastic tuning tool. 

The input and output connectors of 
an amplifier should also be soldered to 
the ground plane side of the pc board. 
In my amplifier, I attached the two SMA 
connectors to the brass box with 2-56 
screwsand then soldered them perma- 
nently. I performed this step on a hot 
plate when I soldered the pc board in 
place. You could also solder the con- 
nectors on the ends of the pc board in a 
"launcher" configuration with the cen- 
ter pins of the connectors mounted and 
soldered parallel to the microstrip. 
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KIT, ONLY $675 
WIRED $975 
VHF OR UHF 

FEATURES: 
SENSITIVITY SECOND TO NONE! OaAsFET front end on vhf 

models glves 12dB SlNADof 0.12uV(vhf), 0,15uV(220). UHFmodel 
0.25uV std. 0.luV w~th opt~onal hel~cal resonator preamp. 
*SELECTIVITY THAT CAN'T BE BEAT! Both 8-pole xtal filter & 
ceramic f~lter for > 108dB at only + 12kHz. Hel~cal resonator front 
end to combat desense & ~ntermod. 
*CLEAN, STABLE TRANSMITTER, up to 18W output standard; 50W 
w~th accessory power amplif~er 
*FCC TYPE ACCEPTED for commercial high band and uhf. 
*Courtesy beep, f~eld-programmable CWID, flutter-proof squelch. 
automatic frequency control to compensate for off-frequency trans- 
mltters (all standard features). 
*Full range of optlons available, such as autopatch, phone line or 
rad~o remote control, sub-aud~ble tones, duplexers. 

*FM EXCITERS: 
K~ts $99, Wit $179. 2W 
continuous duty. TCXO& 
xtal oven optlons available. 
*TA51 for lOM, 6M, 2M, 
158-174,228 MHz. 
*TA45l for uhf. 
FCC tvDe acce~ted for commercial bands. 
*Call ;or latest'information on 900 MHz transmitters. 
*VHF & UHF AMPLIFIERS. For FM. SSB. ATV. Output from 10 
to 50 Watts. Several models, kits starting at $79. 

*Rl44/R220 FM RECEIVERS for 2M. 
150-1 74, or 220 MHz. GaAs FET 
front end. 0.12uV sensitivity! 
Both crystal & ceramic 
filters plus helical resonator 
front end for exceptional 
selectivity: > 100dB at * 12kHz 
(best available anywhere)! 
Flutter-proof squelch. AFC tracks 
drifting transrnltters. 
Kit $149. wlt $229. 
*R451 UHF FM RCVR. Similar to above. Tuned line front end. 
0.25uV sens. (0.luV with optional hel. res. preamp). Kit $149. 
wlt $229. 
*R981 FM RCVR FOR 980 MHz. Triple-conversion, GaAs E T  front 

LNG -(*'m 
GaAs FET ,,L) 

PREAMP dc"*.,<q? I// 
$59! b p  

Wirednested 

FEATURES: 
*Very low Nolse: 0.7dB VHF, 0.8dB UHF 
*HlghGain: 13.20d0, depending on frequency 

*Wide Dynemlc Range: to resist overload 

*Stable: new-type duabgate GaAs FET 

* Specrfy tunrng range desrred. 26.30. 46.56. , 
13 7- 150. 150- 172. 21 0.230. 400.4 70. or 
800.960 MHz 

$39 wirsdneaed 
GaAs FET Preamp 
slm~lar to LNG, except des~gned for low cost 
&small size. Only 518'W x 1.518"L x 314"H. 
Easlly mounts ~n many rad~os. 
' Specrfy lunrng range desrred 25-35. 35-55. 
55 90. 90.120. I20 150. 150-200. 200.270. 
or 400.500 MHz 

GaAs FET Preamp with features slmilar to LNG 
serles, except automatically tiwitches out of 
llne durlng transmit. Use wlth base or mob~le 
transceivers up to 25W. 

*Speofy runrng range desrred 120-1 75. 
200.240. or 400-500 MHz 

Low-nose preamps w ~ t h  helical resonators 

You ve wa~tetl a long tlrne for a 
s~mple. rel~able, low-cost 9600 
baud PACKET NETWORKING 
system. Now you've got 1t1 Our 
new MO-96 MODEM and dlrect 
FSK Transmitters and Rece~vers 
for 220 or 440 MHz interface 
d~rectly wlth most TNC's. Fast 
d~ode sw~tched PA's output 15 
or 50W. Call for complete Info 
on the right system for your 
application. 

audio mixers needed to make a 
repeater. Tail & t~me-out timers. 
local spkr ampl, courtesy beep 
. . . . . . . . . . . . . . . . . . . . . . .  $49 
*CWID Kit. Field programmable. 

. . . . . . . .  tlmers, the works $59 
* T D - 2  D T M F  DECODER1 
CONTROLLER Kit. Full 16 digits. 
switches 5 functions, toll call 
restr~ctor, programmable, much 
more. Great for selective calling 
too! . . . . . . . . . . . . . . . . . . . .  $79 
*AP-3 AUTOPATCH Kit. Use 
w~th  above for repeater auto. 
patch. Reverse patch and phone 

. . .  line remote control std. $79 
*AP-2 SIMPLEX AUTOPATCH 
TIMING BOARD Kit. Use wlth 
above for s~mplex autopatch 
. . . . . . . . . . . . . . . . . . . . . . . .  $39 
* M O - 2 0 2  F S K  D A T A  
MODULATOR Kit. Run up to 
1200  baud digi tal  signals 
through any frn transmitter wlth 
full handshakes. Rad~o link 
computers, telemetry gear. 
etc. . . . . . . . . . . . . . . . . . . . .  $39 
O D E - 2 0 2  F S K  D A T A  
DEMODULATOR Kit for rcvr end 
of llnk . . . . . . . . . . . . . . . .  

. > ' - - - A  - - <  

L",""". " ....... 

50 52 11 10 
5 0 5 4  144 148 

VHF t3h l l R  78 30 

MODELS 
1.4 ,483 28 Y1 
145 1.7 28 10 

nltwlthCaK $59 110111 146 1.8 1 0  38-30 ?a 
K~tlesr Case $39 ,,,,, ,,,, 
Wiredwicare $89 211 124 28 30 

end. 0.2uV sens. Kit $169, wlt $259. reduceintermod & cross-band ~nterference ln UHF MODELS ::;::; ;: ;; 
*R76 ECONOMY VHF FM RCVR for 10M. 6M, 2M. 220. Without he1 cr~t~cal appl~catlons KltwithCa5e $69 4324x6 ,,,I,. 
resorafc K~tsonly $129 MODEL HRA-(*). $49vhf, $84 uhf Kltlesr Case $49 432438 50% 

43975 81 1 5  

*Weather satellite & AM Aircraft receivers also avail. Wired wlcare $99 ,, ,,, ,,, ,,, 
' Specrfy runrng range desrred 143 150 150 ,2922 430450 

7- 158 158 162 162 174. 213 233. 420 450 See catalog for full llne of21 tmnsmlnlng 

FCC TYPE-ACCEPTED TRANSMITTERS RECEIVERS AVAILABLE 450.465 or 465 4 75 MHZ converters tor vhf & uhf Hits ani '-a 

FOR HIGH-BAND AND UHF. CALL FOR DETAILS. Linear Amplifren avail up to 5 - 1 * - -_, , - 
' ' 5 -  

r -  - - - 
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"NE\N'' SUPER LINEAR ANTENNA SYSTEM 
MODEL FREQUENCY - GAIN POWER LENGTH USE -- PRlCE 
CA-2x42 146 MHz 8.2dB 200 W 15'4" Base $192.85 

446 MHz 1 1.5dB 

CA-1243E 446 MHz 8.5dB 100 W 4'8" Base S 85.95 
1.2GHZ 10.1 dB 

CA-901 146/446/1.26GHZ 3/6/8.4dB 1 50 W 3 ' 5  Base $ 91.55 

CFC-771 900-930MHZ 7.14dB 50 W 4 ' 5  Base $ 97.40 

CA-1221 S 1 26011 300 15.5dB 100 W 7 ' 8  Base 51 51.90 

CA-2422s 2400/2450 15.3dB 100 W 4 ' 8  Base 5173.55 

NEW! SWR Power Minimeters 

CM 200- 144- 150MHZ $ 62.50 

@ 
CM 300- 200 - 230 MHz 5 62.50 
CM 400 - 420-460 MHz 5 62.50 
CM 900- 900 - 930 MHz S 93.50 
CM 1200- 1200-1300MHZ 5 93.50 

DUAL 8 TRI BAND MOBILE ANTENNA'S DUPLEXERS - TRI PLEXERS 
Dealer inquiries welcomes. 

(7 1 4) 630-454 1 Spec i f i i t i i n s  and prices s u b j  to 

1275 N. Grove St., Anaheim, CA 92806 change without notice or obligation. 

BALUNS 
Get POWER lo  your antenna' Our Baluns are 

already wound and ready for ~nstallatlon In your 
transmatch or you may enclose them In a 
weatherproof b o x  and connect them directly at 
the antenna They are deslgned for 3.30 MHz 00. 
erat~on (See ARRL Handbook paQeS 199 Or 
6-20 for construction detalls I 

lWW.1(14 1.6I.9I.ml lhmpmw.-.M-l I I O  M 
Udrrul l rmnuth 1 KW(4 l lmpanc.1 I 4  M 
Wlrrul Trnm~tCh 2 uw I4 I lm-.l 1100 

Unlr.ru( T r n ~ m l n  I UW(6 1.9 r a l l-r(.n-) 18 00 

Unlwnu(T1.n~n.tchZUW~8 1.9 1.- I I--Mm) I 8  M 

Plea% send large SASE lor lnlo 

4 

J 

BATTERIES 
N~ckel-Cadm~urn.Alkal~ne. Lith~um. Etc. 
INDUSTRIAL QUALITY 

YOU NEED BATTERIES? 
WE'VE GOT BATTERIES! 

CALL US FOR FREE CATALOG 

E.H.YOST & CO. 
EVEREl l  H YOST KB9XI 

SA;"l?C?:l ;:I33 
ASK FOR FREE CATALOG 

(608) 643-31 94 
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C 0 M M U N I CAT I 0 N S 

9:00 am - 5:30 pm 
weekdays 

Weekends and evenlngs 
by appointment 

ICOM. AEA. URSEN. VAN OORDEN. 
VIBROPLEX, NYE-VIKING, FALCON 
COMM LEADING EDGE. ARRL P~BLI- 
CATIONS KAGLO. HAMTRONICS. EX:  

280 Tiffany Avenue h ' v r r r ~ Y e J 1 6 u *  MdhWnJu*' 

Jarnestown, New York 14701 pH. (716)664-6345 



Here's how. 

Please fill out the 
Magazine evaluation 
card and mail it to 

us. We'll tabulate all 
the responses to 

see what you do and 
do not like. 

There will be a 
drawing of evalua- 
tion cards. The 

person whose card 
is picked will win an 
Orr Handbook. Help 

us make the best 
P nateur magazine 

even better. 

Also, each month 
the author of the 

most popular 
WEEKENDER will 

also be given a 
Bill Orr Handbook. 

MAGAZINE EVALUATION & SWEEPS ENTRY CARD 
Here's YOUR chance to comment on this issue of HR and enter our monthly radlo 
drawing. Carefully read all the articles in this issue. Then, rate each article in this 
issue. Also let us know what you think of our changes to the magazine. Each article 
is marked with a letter on the last page. 

Article A B C D E F G H I  J K L  M N O P Q R S T  
I LIKE IT 
OK 
SORRY, NO. 
MAGAZINE OVERALL G O O D  OL N O T S O G O O D  I like the U Old ONew HR Better 

Class 
NAME License Age 

ADDRESS 

CITY S T A T F .  ZIP 

Please run more: 

Please run less: 
JAN. 89 

Subscribe to HAM RADIO today. Tap into 
Amateur Radio's #1 technical and building 
journal. You'll also save $7.05 off the news- 
stand price ($30 per year)! Fill out this card 
and mail it in. 
For even more prompt service, call TOLL 
FREE (800) 341-1522, Mastercard, VISA and 
Bill Me orders accepted. Phone lines open 
Monday thru Friday 8 a.m. to 9 p.m. Please, 
orders only. 
n Bill me Payment enclosed 

Name 
Address 
City State 

0 One year 12issues $22.95 Check if this is a renewal JAN. 89 
n Two years 24 issues $38.95 Please allow 4-6 weeks for delivery of first issue. 

FOREIGN RATES: Europe via Air Forwarding Service ' Three years 36issues $49.95 $40 per year. All other countries $31.00 per year. 

HAM For FREE literature or more information, first 
locate the company number at the bottom of 

RnDIO the ad. Circle the appropriate number on this 
card. affix ~ostaae and d r o ~  into the mail. 
we'll hustle you; request dff to the com- Reader Service panies you are interested in! 

NAME _. C A L L  

ADDRESS 

CITY STATE ZIP 

PLEASE USE BEFORE MARCH 30,1989 JANUARY 1989 
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to connecttons in Fig.  3 

IOUfd 
FB D l  FB 

+ 28 Vdc IN 

1 W 
20V R2 
R I  

Resistors are 1/4 watt except where noted LM317T 

C 16.20.21 10 ufd/35 Vdc electrolytic I -adjust 
C23.24 1 ufd/35 Vdc Tantalum 
D I 1N5248B 18 V/500mw zener diode 
R1 2 0 0  1/2 watt 
R2.3 2 0 1/2 watt 1 ::!: R5 10 KO mlneture pc mount pot 
R7 100 0 minature pc mount pot 
U1 LM317T Posltlve regulator I -adjust 

U2 Lfl337T Negatlve regulator 
' ?-"In 

FB Fernte beads 3-vout 

Bias sources for the 2-stage 3466.MHz linear amplifier. Both regulators are mounted on 
a heatsink with mica insulators, shoulder washers, and heatsink compound. 

Amplifier biasing 
The first amplifier stage (Q1) is a com- 

mon emitter Thomson SD 1850 transis- 
tor,' operated as a Class A amplifier. 
The SD 1850 can be used asa 150-mW 
Class A linear amplifier from 432 to 3456 
MHz. Q1 uses standard zener diode 
biasing. The sec'ond stage (02) is a 
Thomson SD 1801 transistor (a 1 to 2 
watt11 to 3 GHz CW transistor). 02 is a 
common base transistor (operating 
Class AB), and requiresa negativevolt- 
age for bias in addition to the28-Vdc col- 
lector supply. 

I have fotward biased many common 
base devices in the past - many are 
being used on 1296 and 2304 MHz. In 
most cases linearity is as good as with a 
common emitter amplifier. Because 
microwave power output is at a 
premium, Amateurs running common 
base linear amplifiers usually run them 
closer to power saturation (P,,), rather 
than in the linear region. This is why the 
amplifier may sound slightly rough. 

Other than a few local SSB ragchews, 
most communicationson 2304and 3456 
MHz are on CW. 

Low-power devices like the 1-watt 
SD 1801 areeasyto bias linearly. Higher 
power devices like an SD 1597 
transistor" require a little more care 
and a higher current biassource. A com- 
mon base linear amplifier requires 
mainly that the bias source be of very 
low impedance. This is true for the - 5 
Vdc supply, as well as the associated 
components of the LM337T regulator. 
Use an LM337K for higher power com- 
mon base amplifiers. The regulator in a 
TO-3 style case is capable of higher 
power dissipation. 

The two bias sources in fig. 6 were 
made on an etched G-10 double-sided 
pc board (shown in thefigs. 7and81. All 
'SGS-Thomson Microelectronics, Commerce Drive, 
Montgomeryville, Pennsylvania 18936,12151 362-8500. 
All Thomson transistors are available through: 
RF Gain. Ltd., 100 Merrick Road, Rockville Centre, New 
York 11570. 1516) 536-8868 and 18001 646-2322. 
"TheSD1597 isaThomson25wan/l296MHztransis- 
tor for Amateur applicat~ons. 

'5 I 

THE ARRL 

REPEATER 
DIRECTORY 

CONNECT! 
Interested in packet radio? The 
1988-1989 ARRL Repeater Direc- 
tory is for you. This is the most 
complete compilation of digi- 
peaters ever. There are over 1400 
listed! The regular repeater user 
will find over 13,000 listings plus 
band plans, addresses of fre- 
quency coordinators and CTCSS 
(PL) tone chart. Pocket size. Avail- 
able at your dealer or directly 
from ARRL for $5.00 plus $2.50 
for shipping and handling ($3.50 
for UPS.) r /  151 

r /  152 
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Full-scale artwork of bias board. Etched side shown. 
Oppositesideisthe ground planeand is unetched. Board 
material is 1/16"(1.6 mm) G-10 double sided. 

C BOAR0 -- 
SOLDER TO EACH FEEDTHRU CAPACITOR NUT PIECES OF TINNED WIRE 
ARE CONNECTED FROM POINTS A, 8 ,  C AND D TO FEEDTHRU CAPACITORS 

non-ground holes must be "cleared" on 
the unetched side to prevent compo- 
nent shorting. Begin by drilling the non- Component placement on the bias board, showing x-ray view of the traces. Parts 

ground holes. Remove the copper by are mounted ontheground planesideof thepc board, which isunetched. Clear 

counterboring the holes with an over- all nonground holes on this side of the board. Solder all grounds on both sides 
of the board of points "x". 

sized bit. Set the depth of the hole to 
about half the pc board thickness. Drill diode conducts and biases on 01. Set dimensions would stay the same and 
theground holes last to prevent confu- the optimum current while tuning the thestage would be tuned up in thesame 
sionaboutwhich holesgetcleared. Sol- amplifier for power output. manner as a linear one. 
der components or wiring connected to I used an LM337T (U2) as the nega- 
ground on both sides of the board, as tive bias source for the output stage Tune-up 
indicated by an "x" in fig. 8. (02). The output voltage of U2 is halved While I was tuning my amplifier, the 

Solder the ground plane side of the pc by voltage divider R2-R3, because 1.2 two piston trimmer capacitors peaked at 
board directly to the ground posts of Vdc is about as low as a three-terminal minimum capacitance. To bring the 
feedthrough capacitors C2, C7, C8, and regulatorwill go. Note that the - 5Vdc trimmers into range, I had to trim off 
C13 as shown in fig. 8. Do this so that supply must haveafloating negativeter- some of the microstrip capacitors with 
the bypass capacitors C14, C15, C16, minal. Peak the idling currentwhiletun- an Xacto knife. I'd used the microstrip 
C17, C18, and C20 will be close to the ing for power output. The - 5 Vdc is dimensions for some single amplifiers 
amplifier (where they will bypass RF applied to the amplifier bias board dur- that I designed and built earlier. Not 
most effectively). Use small-gauge ing transmit only. This minimizes heat- going out to 50-ohm connectors inter- 
tinned wire to connect the bias board to ing and possible oscillations into the stage produced slightly different imped- 
the feedthrough capacitors. open antenna relay during receive. ance matching. Other than this, the 

Two power-supply voltages ( + 28 If maximum ratherthan linear power amplifier came right up to power and 
Vdc and - 5 Vdc) are supplied to the output (for a rover rig, for example) is a gain expectations. Theartwork in fig. 5 
board. You can also build a powersup- requirement, you could operate thesec- reflects the microstrip dimension 
ply that providesall the positivevoltages ond stage Class C with greater than 1 - changes. 
for a complete transverter (including watt power output. This would elimi- To tune this amplifier and most of 
this bias b ~ a r d ) . ~ A n  LM317T (U1 )sup- nate the negative power supply (possi- others I've built, I used the following 
plies a variable collector voltage for Q1. bly a 6-volt Gel cell or lantern battery). equipment: a Wavetek 2005 RF gener- 
Adjust the collector voltage without You'd ground theemitter of Q2 by con- ator, HP435B power meters, and an HP 
power input (Pi,), until the 18-Vdc zener necting RFC2 to ground. The microstrip spectrum analyzer (part of an RF test 
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station at Thomson). You'll need an RF interested in is the short-term stability. 
generator and a "real" power meter to The actual freuuencv operated on at 
check linearity. DO this by changing the 
Pi, in I-dB steps, while looking for the 
same change in the output. Use the 
spectrum analyzer to check gain and 
linearity. Also look for spurious 
responses. 

Now, set thequiescent current (idling 
current without power input). Attach a 
50-ohm load to both the input and out- 
put connectors. Adjust both bias adjust 
pots (R5 and R7) for minimum voltage 
as measured on the output of U1 and 
U2. Do this before making connections 
to the amplifier, to prevent transistor 
damage. Adjust the 01  collector current 
to 80mA with a current meter con- 
nected in series with the 20-ohm resis- 
tor (R1 1. Next, adjust the collector cur- 
rent of Q2 to 50 mA with a current meter 
in series with the collector supply feed- 
through capacitor (C13). 

Apply 5 mW of 3456-MHz RF to the 
amplifier input, with a power meter and 
spectrum analyzer anached to the out- 
put. Adjust the two trimmers (while 
looking at the analyzer and power 
meter) for maximum output. 

The two-stage amplifier will produce 
maximum power output with 10 to 12 
mW of drive. You can readjust the idling 
current on each stage slightly, under 
power output conditionsfor either max- 
imum gain or maximum power output. 
It's possible to adjust the idling current 
of 01  for 80 to 110 mA, and for Q2 up to 
65 mA, for proper operation. The total 
current at 28 Vdc will be 200 to 250 mA 
when the two-stage amplifier is running 
at maximum power output. 

My two-stage amplifier performed as 
follows: 
Power output at 1 dBc +27.6dBm (580 
mW)/Gain = 19.8 dB 
PSat +29.3 dBm (850 mW)/Gain = 

18.9 dB 

Local oscillator 
The local oscillator is probably the 

most important part of a transverter. It 
sets the transverter's frequency stabil- 
ity. The i-f frequency is usually verysta- 
ble and accurate, because it's almost 
always a commercially made trans- 
ceiver. Of course, all we're really 

3456 MHz can vary many k ~ z  over nor- 
mal temperature ranges. If you need the 
exact frequency (i.e., for schedules), 
use a frequency counter. If a 3.5-GHz 
counter is unavailable, measure a lower 
frequency stage of the local oscillator 
chain on a UHFcounter. The3312-MHz 
local oscillator frequency will give the 
3456-MHz transmitlreceive frequency. 

The local oscillator chain in my trans- 
verterstartsout with a surplus400-MHz 
telemetry transmitter strip, which uses 
a temperature-compensated crystal 
oscillator. You can find surplus crystal- 
controlled strips at flea markets; they 
make stable microwave local oscillator 
sources. 

Step recovery diode 
multiplier 

The 400-MHz module (crystalled up 
for 414 MHz) drives a X8 step recovery 
diode (SRD) multiplier (fig. 9). The mul- 
tiplier functions as follows: A pi- 
network input circuit is used between 
the 414-MHz module and the SRD, to 
provide some impedance matching into 
thediodeat414 MHz. The output of the 
pi-network (C3) connects directly to the 
input of the SRD holder. The SRD pro- 
vides a comb output, consisting of 
many harmonics of the414-MHz driving 
signal. The RF is coupled into the4-pole 
comb filter, which filters out the wanted 
signal (3312 MHz). Dual SMA connec- 
tors on the filter output provide the local 
oscillator signal to both mixers in the 
transverter. 

Most SRDs are packaged without 
wire leads and require special clamp- 
type holders for mounting and heat 
sinking. You can makea brass housing 
to hold the SRD and provide output 
coupling into the4-polecomb filterthat 
follows. Figure 10 shows the SRD 
holder. Clamp the step recovery diode 
between part no. 4 (the RFinput/output 
connection) and part no. 6 (a 1/4-20 
brassset screw). Use a dab of heat sink 
compound where the SRD mounts into 
part no. 6; this aids thermal conduction 
to the main housing. I made the brass 
diode holder on a milling machine to fit 
into the input end of thecomb filter. You 

L I 0 2- (5 mm) X I 25' (32 mm) brass strlp 
C 1.2.3 lOpf Johanson trlmmer JHC -5200 
C4 001 Ufd dISC 
R I  z I KO (adjusl lor performance) 
DI HP 5082-0320 step recovey dlode 
or HP 5082-0800 
or MIA-Comm MA 44608- 1 
or TRW A45365 
Or Thomson OH252 or DH256 
RFCl 121. '24. 1/8' (3mm) ID 

X8 SRD frequency multiplier and filter. 

can make a functional unit with ordinary 
hand tools. 

Depending on the SRD, you can 
make the 1/4-20 brass set screw (part 
no. 6 )  with the appropriate mounting 
hole. Some SRDs have 3-48 UNC 
threaded posts that would screw into 
part no. 6. You could use a glass- 
packaged SRD by making a Teflon 
spacer with the glass diode mounted in 
the center. Fold the wire leads over at 
both ends and clamp the Teflon spacer 
into the diode holder. 

Attach the SRD holder to the comb 
filter asin fig. 11. It'spossible to usean 
interdigital filter, but a comb filter is eas- 
ier to mount and tune up because the 
tuners are on one side.'s2 A comb filter 
uses the same dimensions as an inter- 
digital type, but is configured with all the 
tuning elementson thesameside. I used 
all brass construction. The end wallsare 
1/4"thick brassstock. Drill holesforthe 
four filter poles, and on the opposite side 
for the four tuning screws. Solder two 
SMA connectors to the sheet brass 
covers. Anach the two covers with 2-56 
x 3/16" screws to  hold the filter 
together while soldering all joints on a 
hot plate. 

After you've built the filter, attach the 
SRD holder to it with 2-56 x 3/16" 
screws. Usea small piece of sheet brass 
as a mounting platform for the pi- 
network input circuitry. Attach this 
assembly to the filter so the SRD input 
connection (part no. 3) is in close prox- 
imity to the trimmer capacitor (C3) of the 
input circuitry. 
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Apply the 414-MHz RF to  the 
SRDIfilter assembly. Adjust the input 
network and the filter for maximum 
power output with a power meter 
attached on one output port, and a 50- 
ohm load and spectrum analyzer on the 
other. Use a spectrum analyzer during 
tune-up to ensure a clean local oscilla- 
tor output. Adjust the output coupling 
probe by threading it in or out of part no. 
4. First loosen part no. 3, then tighten it 
up after the output coupling is 
optimized. You'll need to adjust the414- 
MHz drive for proper output at 3312 
MHz (5 to 10 mW at each output con- 
nector). The two outputs will be within 
1 dB of each other - more than suffi- 
cient to properly supply a local oscilla- 
tor signal to the two transverter mixers. 
You can change the 414-MHz drive 
using an LM317T voltage regulator 
which supplies an adjustable collector 

voltage to the414-MHz output stages. 
In my transverter, power input at 414 
MHz was 500 to 600 mW. I made no 
attempt at optimum input/output 
matching of the SRD; power at UHF is 
easy to come 

I provided two outputs on the comb 
filter instead of using a 3-GHz power 
divider to split the local oscillator for the 
two mixers (see fig. 11). This is a very 
simple power divider and you can use it 
on any comb or interdigital-type filter. 
You can take two different levels off the 
filter (for use in a duplex system) if one 
output uses capacitive coupling. For 
example, the center pin of an SMA con- 
nector provides coupling = 15 dB down 
from a normally connected output. 

There area number of combinations 
for the local oscillator chain. In addition 
to what's shown in the block diagram, 
you could also generate 3312 MHz using 

Mate r~a l  i s  brass stock. 
0.82- (2 1 mrn) X 0.82" (2  I rnm) 

x 0.82" (21 rnm) 

O u t ~ u t  End view 
0 u t G t  coupling probe. 2-56 
X 0.75' ( 1 grnrn) brass screw 
w i t h  a 0.2' (5rnrn) brass disc 
soldered on the end 

&ill -24 
for d r 5 0 m t k d  

SRD holder end Flller 

Inside diem. i s  
-2 I - part * 4  

Tel lon bushing 0.20 1- (5.1 mm) 
dlarn. and 0.45- ( 1 1.4 rnm) long, 
d r i l l  end fo r  2-56 screw (-3) 

drill  end tap 
2 PI- for 

* 4  
'3 i s  a 2-56 X 1 .O" (25rnm) brass scl 

and connects t o  C 3  i n  Fig. 9 

dlarneter brass piece 
F i l t e r  

(top view) *5  i s  the SRD mounted betweenS4 
and the 1/4-20 brass set screw. 

*6 i s  a 1/4-20 NC brass set screw 
w i t h  a screwdriver s lo t  cut i n  one 
end and s hole drt l led i n  the other 
fo r  the SRD. 

*7 i s  a te f lon bushing 0.201" (5.lrnrn) 
diameter. This bushing supports the 

Dual local osci l lator outputs output coupling probe and i s  dr i l led 
f o r  the 2-56 screw 

3456-MHz SRD holder and output coupling detail. 

0 25' 16 -1 
x o n - 1 9 m n ) -  

X 3 40Y81 mm) 
b... 't* 

SNA 

output 
- 1  

The SRD/Filter/Power divider assembly. At 
top, the SRD holder is shown mounted to 
the +pole filter. The middle is a cut-away 
view showing the position of the SRD out- 
put probe and dual local-oscillator outputs. 
The bottom is the end view filterlpower 
divider. Connector input-output taps are 
0.25" (6 mm) from the cold end. 

a 1 -GHz local oscillator strip (crystalled 
for 1104 MHz) driving an active tripler to 
3312 MHz. There are a few sourcesfor 
stable crystal-controlled 1 -GHz local 
oscillator chains.* 

Active frequency multiplier 
FigurelPshowsthe x 3to3312 MHz 

multiplier. The active device is an SD 
1801 transistor ((21). The multiplier is 
built on 1132"Teflon double-sided pc 
board (Er = 2.55) and mounted in a brass 
carrier (shown in fig. 13). The multiplier 
is connected to a five-section interdigi- 
tal filter.'r2 I used an SMA connector on 
theinput instead of the SRD holder. The 
input connector is tapped at 0.25"from 
the cold end of the input pole. 

The multiplier and filter are connected 
in the transverter with a small piece of 
UT-141 semi-rigid coax. The exact 
length of the cable seems to have an 
effect on the performance of the mul- 
tiplier. Try different lengths of intercon- 

'Down East Microwave, Box2310, RR I t ,  Troy, Maine 
04987, 1207)948-3741. (W3HOf sells the LMW Elec- 
tronics, model ULO, Universal Local Oecillator kit.) 
SSB Electronics, 152-MHz Local oscillator chain for their 
2304 MHz transverter, crystalled and retuned to 1104 
MHz. 
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necting cable to provide the best match 
intothe filter. The multiplier and filter are 
effectively one stage and are tuned as 
such. Again, a power meter is attached 
to one output, and a 50-ohm load and 
spectrum analyzer to the other. After 
tuning the filter for maximum power 
output at3312 MHz, you can adjust the 

1104-MHz drive level to provide the 
proper level outputsforthe two mixers. 

Here's how the multiplier operates. 
Theinput of Q1 istuned to 1104 MHz (or 
1152 MHz in a3456-MHz beacon trans- 
mitter). The output is tuned to 3312 
MHz (or 3456 MHz). An interdigital fil- 
ter removes the fundamental and sec- 

Dual outputs 
lnput 

UT- 141 Semi-rigid coax 

Board material i s  0.032' Teflon double-sided 
Er = 2.55 

C 1 3.5 pf Johanson piston (1 I Thomson/Plostek SD 180 l 
trlmmer, JMC -580 1 or 5802 
C2 4.5 pf Johanson Gigi-trim 2 1.7 0.08W (2 mm) X any length 500 line 
cap, JMC *27273 22 0.150- (3 8 mm) x 0.30' (7.6 mm) 
RFC 1 61, *26,0.1- (2.5 mm) ID 23 0.060' (1.5 mm) X 0 35- (9 mm) 
RFC2 31, -24, 0.1' (2.5 mm) ID 24 0.150- (3.8 mm) X 0.30- (7.6 mm) 
FB Ferrite bead 25 0.200- (5.0 mm) x 0.30- (7 6 mm) 

26 0.060- ( I  .5 mm) X 0.20- (5.0 mm) 

X3 Multiplier to 3312 or 3456 MHz with a Ssection interdigital filter on the output. 

SMA lnput 

I I 

firass houslng wlth tloard soldered in place 

Parts placement on the X3 multiplier and full-scale artwork below. Trace side shown. Op- 
posite side is unetched. 

ond harmonic frequencies and also pro- 
vides two outputs for the two 
transverter mixers. The typical perfor- 
mance of the tripler and filter with one 
output is 30-mW power input at 1104 
MHz (or 11521, which produces40to60 
mW output. Pi, of 50 mW produces 
greater than 100 mW. When running 
the multiplier on 15Vdc, I'veseen + 23 
dBm (200mW)outofoneoftheseunits. 
You could use this for a beacon trans- 
mitter. The3312-MHz (3456MHz) out- 
puts are very clean; all unwanted har- 
monicsare down greater than 45dB and 
all non-harmonically related signals are 
down greater than 60 dB. 

I-F and DC switching 
It's necessary to have some means of 

switching the i-f transmit and receive 
lines when connecting the 2-meter 
transceiver to  the 3456-MHz trans- 
verter. You'll also need a keying circuit 
to control the transmitlreceive of the 
transverter. This requires one of two 
different hookups - depending on 
whether the 2-meter i-f will be a trans- 
ceiver or another transverter (an MMT- 
144128, for example*). 

Two-meter transverter as an 
i-f 

Separate receive and transmit con- 
nectors are available on the MMT-144 
transverter. The i-f output of the receive 
mixer is connected to the 144-MHz 
receive port on the 2-meter transverter. 
On the transmitter side, you must insert 
an attenuator between the transmit out- 
put (nominally 10watts) of the2-meter 
i-f and the3456-MHz transmit mixer (see 
fig. 14). Adjust the i-f drive level to the 

'Microwave Modules Ltd., Liverpool, England, makes 
a complete line of VHF /UHF transvertem. 
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3333LY 33.4 IoopYagl 9OZMHz 18.5681 197 
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Add $a UPS SIH. 11 1 Wesl ol !he M~ssasstppl 

MICROWVE LINEAR AMPLIFIERS SSB. 
A N ,  REPEATER. OSCAR 

23WPA l w l n  18woul 1240-13W MHz 13.8V $255 
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D O W N E A S T M I C R O W E  
Bill Olson. W3HOT 

Box 2310. RR 1. Troy. ME 04987 
(207) 948-3741 

GIVE YOUR EARS A BREAK ON HF! 

Auto-Kall" 
HF Alert 

Encoder l Decoder-use w ~ l h  SSB I CW I FM I AM 

Novlce l o  exlra Encoder sends 2 slrlngs 01 dlls 

a1 preclse speed 225 comb~nal~ons Decoder mules 

speaker u n t ~ l  s~gnaled B u ~ l l - ~ n  speaker Alarm 

enable outpul Moblle mounllng bracket 13 8 
VDC Easy lo  hook up Greal lor mob~le l o  base 

use HF l ra t f~c nels elc Send or call for complele 
Inlo 

MoTron 
Electronics 

Iritroducto, price: 

6". W Zlsf Ave $129.95 
Euaene OR 97405 I= ,$, ,n ,,p,,,, H I ~ C I , , ~  

U S A  I 

Orders 1-800-338-9058 Inlo (503) 687-2118 
TLX 984794  

1 0  W 
Input Altenuator 

Note 7 

Note 8 RF C o n t r o l  

a l l  resistors are 1 / 2  watt carbon 

R5 = 50 O minature pc board type p o t  

I-f attenuator and adjustable RF control. 

transmit mixer as follows: Turn the RF 
control (R5) CCW (maximum attenua- 
tion). Attach a power meter to the out- 
put of the 3456 transverter. Put the 
3456-MHz transverter into the transmit 
mode and apply the 10 watts of drive. 
Adjust the RF control (R5) for a maxi- 
mum power output at 3456 MHz. 
Reduce the2-meter RF; it should show 
a decrease in the 3456-MHz output. If 
there's no reduction in power output, 
the mixer is being overdriven and you 
must insert additional attenuation in 
front of the RF control. 

It's important that the i-f radio be 
operated at its normal output level, and 
not with the gain or CW control turned 
down. The RF control in thetransverter 
is adjusted to match the i-f level, not 
vice versa. Thisensures that the trans- 
verter will neyer be overdriven, even 
when the i-f radio's gain controls are 
adjusted improperly. The procedure is 
correct for any transverter system. 

Two-meter transceiver for 
the i-f 

Figure 15 shows a Pin diode RF 
switch that provides switching for the2- 
meter i-f during transmit and receive. 
The i-f transceiver is connected to the 
Pin diode switch; this gives two sepa- 
rate ports similar to the outputs of the2- 
meter transverter described earlier. The 
R F attenuators* and R F control arealso 
used in this installation. The i-f drive 
adjustment is the same as if you were 
using a transverter. Don't make 
changes in the RF drive with the2-meter 
transceiver in the "low power" position 
or you'll be asking for trouble. 

2-meteF3q ~ ~ ~ ~ ~ ~ o r ! ~ l ~ O f  19 I 3 
xcvr 

in'Du' 001 u fd  L I 
C4 001 urd pH from receive rnwer I. 

D2 - 
.f port 

D 1 .D2 BA 182, nP3340!, or UM9401 Pln dlodes 
(P~III~S, notorols. Unltmde respecllvely) 
RFCI 101. -24. 118-(3 mm) ID 
L I 1/4 Wavelength equlv = 121. -24, 3/32' 

( 2  mm) ID 
c I-co 001 urd ~ I S C  CODS 

I I 

Pin diode RF switch. 

DC control circuits 
Control the 3456-MHz transverter 

with "hard keying." Use RF sensing 
onlyasa last resort. Hard keying is sim- 
ple. Take a transmit voltage off the i-f 
radio - either via an accessory jack, or 
by going inside and soldering a wire to 
a resistor lead. You just need a voltage 
between 5 and 18 volts on transmit at a 
few milliamps of current. Check your 
radio'sschematic to determine where to 
look with a voltmeter. Figure I 6  shows 
a DC switching circuit that provides 12 
voltson transmit to control the Pin diode 
switch in fig. 15. The 12 volts will also 
key your 3456-MHz transverter control 
circuits and power supply4. 

'Microwave Modules R F  Anenua to r  Models: M M R  

3/25=3dB/25 wan,  M M R  713= 7 d B / 3  wan ,  M M R  

15 /10=  1 5 d ~ / l o w a n  

/ 155 
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v 
Ground on "i , 1 I Input 
transmi t 

1 N400 1 1 KO 

+5- 18 VdC TIP32 
onTXfrom 2N2222A 
1-f radio HPS-A 13 

3 KO 

+ 12 ~ d c  output 
on transmit 

All resistors are 1/2 watt 

C E B C  

TIP30 2N2222A HPS-A 13 
TIP32 

- 

DC switching circuit, controlled by the i-f transceiver in the transmit mode. 

Antenna relays 
You can use antenna change-over 

relays manufactured by Transco Prod- 
ucts, Inc. (and other manufacturers) at 
3456 MHz. Lookforsurplus relaysatflea 
markets. Some have specially made 
connectors designed for the military. 
Unfortunately, matching connectors 
usually aren't available. I use a Transco 
latching-type relay, PIN 82132-909C. It 
cost me $5.00ataflea market. The con- 
nectors resembled an SMA female jack, 
but had male center pins. I removed the 
threaded-in connectors and installed 
female SMA connectors. Insertion loss, 
measured at3456 MHz, isO.1 dB; isola- 
tion is greater than 60 dB. Surplus relays 
manufactured by Electronic Specialty 
Company are usually good for3456and 
5760 MHz. 

Conclusion 
The design for this transverter is rela- 

tively simple. A few basic components 
areall you need to build a "bare-bones" 
unit for mountaintop work. Besides the 
local oscillator, two mixers and the 
"split" TVRO LNA will get you on the 
air. You can use manual transmit- 
receive change-over (moving a coax 
cable between RF ports) with good 
results, asspeed isn't usually a require- 

ment. Microwatt transmitters and diode 
receivers are adequate for most line-of- 
sight communications. You can always 
add fancy switching and higher power 
output later. 

You can usesomeof the component 
designs for other microwave projects. 
For example, the SRD multiplier issuita- 
ble for a beacon transmitter. The HP 
5082-0320 diode is capable of much 
more power output at 3456 MHz than is 
used in this transverter. It's possible to 
find other 1 to 5-watt SRDs that will fit 
into the same holder. Try using the 
active multiplier forthe output or driver 
of a beacon transmitter. Adjusting the 
collector voltage and RF power input for 
maximum yields200 to300-mW power 
output. 

This transverter is one of many pos- 
sible designs." Microwave enthusiasts 
in other parts of the country are using 
surplus phase-locked sources for their 
local oscillators. TVRO mixers are also 
in service. GaAsFETS and surplus tube- 
type amplifiers are being used for the 
transmitters. There's also an assort- 
ment of TVRO, surplus, and homebrew 
GaAsFET receivers at work. 

The majority of activity on this band 
comes from mountain-topping stations 
and local QSOs. Many stations will soon 
be on the 3.4-GHz band, and QSOs 

similar to 2304 MHz will be common- 
place. Besides the parabolic antennas 
normally used on the microwave bands, 
the loop Yagi is becoming a popular 
antenna for 3456 MHz."" 

"The ARRL Handbook 
""Down East Microwave, Box 2310, RR #I, 
Troy, Maine 04987, (207) 948-3741 sells loop Yagi 
antennas for all bands 902-3456 MHz.  
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RELY ON JAN 
FOR 3-WAY HELP: 
1. TECHNICALLY 

CORRECT CRYSTALS 
TO YOUR SPECS. 

2. QUICK TURNAROUND 
WITH HUGE 
INVENTORY, PROMPT 
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PLAN. 
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QUARTZ CRYSTALS FOR 
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MICROPROCESSORS 

FOR FREE CATALOG, 
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JAN CRYSTALS 
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