compact and clean

L-band local oscillators

A clean, L-band
local-oscillator system
featuring spurious rejection
greater than 30 dB

with simple test equipment

The recent popularization of microstripline con-
struction for Amateur uhf equipment! has made it
relatively simple for countless experimenters to build
state-of-the-art multipliers, amplifiers, mixers, filters,
and the like directly from magazine construction arti-
cles. A major exception, unfortunately, has been in
the area of microwave local oscillator chains. Most
will agree that the LO is the weak link in just about
every microwave transmitter, receiver, or converter.
Local oscillators generally require extensive tweaking
on costly spectrum analyzers, even then often falling
short of the required calibration tolerance, stability,
and spectral purity. And, since a spurious or drifting
LO can negate all the benefits of the very finest low-
noise front end or ultra-linear power amplifier, it is
evident that the LO requires a great deal of attention.
I've been making an effort in recent months to take
some of the mystique out of local oscillator design
and construction. In this article | shall present the
results of that effort — a high-stability, crystal-con-
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fig. 1. Block diagram of a module LO system for L band.
Each block represents a physically separate stage, individu-
ally boxed and interconnected by short lengths of coaxial
cable.
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trolled LO for 1.1 through 1.6 GHz that is only
6.4 x 10 cm (2.5 x 4 inches) and employs microstrip-
line construction (with absolutely no coils to wind}. It
can be built for about $70 in parts, and can be com-
pletely aligned with only a VOM and a diode detector.

The basic approach that numerous experimenters
(myself included) have used for L-band local-oscilla-
tor chains over the past several years is blocked out
in fig. 1. | implemented this system modularly, with
each of the blocks representing a separate, shielded
box, the various modules being interconnected via
coaxial cable. The basic 400-MHz oscillator is a ver-
sion of my recently published uhf LO chain,2 driving
a diode tripler built on a microstrip bandpass filter
board.3.In order to make up the power lost in the pas-
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fig. 2. Block diagram of the microstrip local oscillator.

sive multiplier, a buffer amplifier is employed.4 The
final microstrip filter keeps all spurious frequency
components down better than 40 dB with respect to
the desired output.

The modular LO chain has some major drawbacks.
It is physically large, since each stage must occupy
its own separate enclosure to achieve acceptable
spurious rejection. The cost of jumper cables, coax
connectors, and die-cast aluminum boxes can be

By H. Paul Shuch, N6TX, Microcomm, 14908
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designation description

C01-03 miniature ceramic disc capacitor, 0.01 uF

C04-10 ceramic piston trimmer capacitor, Triko 202-08M, 1-
5pF

C11-12 chip capacitor, ATC type 100B, 100 pF

C13-15 ceramic feedthrough capacitor, Erie 2404-000-
X5UQ-102P, 1000 pF

C16 ceramic trimmer capacitor, 9-35 pF

D01 zener, 9.1V £ 5%, 400 mW. 1N52393

Jo1 SMA receptacle, E. F. Johnson 142-0298-001

LO1-07 microstrip inductor (PC artwork LO-1200-601)
Q01-03 uhf silicon bipolar transistor, Motorola MRF-901

RO1 carbon compaosition resistor, 180 ohm 10% 1/4 watt
R02, 06, 07 carbon composition resistor, 470 ohm 10% 1/4 watt
RO3 carbon composition resistor, 330 ohm 10% 1/4 watt
R04-05 carbon composition resistor, 10 chm 10% 1/4 watt
RFCO1 0.33 xH molded choke, Nytronics mini-ductor

Y01 crystal oscillator assembly, International Crystal OE-

5, 90 to 130 MHz (output frequency + 12)

fig. 3. Schematic diagram of the L-band local oscillator. C1, C2, and C3 are miniature ceramic disc capacitors. C4 through C10 are
Triko 202-08M, 1-5 pF ceramic piston trimmers. ATC type 100B chip capacitors are used for C11 and C12. All resistors are ' watt,
10 per cent tolerance. The rf choke is a Nytronics Mini-ductor. The crystal oscillator assembly should be in the frequency range
of 90 to 130 MHz, depending upon the desired output frequency (LO output frequency divided by 12).

prohibitive. Plus, the use of a passive multiplier fol-
lowed by a buffer amplifier is a crude and inefficient
way to generate the required 5 to 10 mW of LO
output.

| toyed with the idea of integrating the LO chain
onto a single board, but became convinced that first
it would be necessary to develop a reliable active
multiplier circuit to take the place of the diode tripler
and buffer amplifier modules. For a time | considered
the push-pull tripler approach which Wade had used
in his 1296-MHz LO,5 but in studying the spectrum
analyzer photos from his article, | noticed a few
potential difficulties. Wade’s output filter had the
advantage of requiring no tuning whatever, but it
afforded only about 20 dB of spurious rejection. His
active multiplier, though far easier to tune than my
diode triplers, appeared to offer about the same
degree of conversion loss. Since | was seeking multi-
plier gain of not less than unity, | decided to try a sin-
gle-ended active tripler followed by a tunable, 3-pole
microstrip filter to keep the spurs down.

What finally produced acceptable results was an
active parametric multiplier, a circuit technique | had

employed in an earlier 1296-MHz converter.6 The
secret is to place a series tank circuit, which reso-
nates at the desired output frequency, in the base
lead of a standard class-C common-emitter multi-
plier. This throws the base into a negative-resistance
region at the stage’s output frequency, enhancing
the gain of the desired frequency multiple relative to
that of the other multiples. The result is an improve-
ment in the multiplier's spurious rejection without
resorting to harmonic-cancelling circuits like push-
pull and push-push.

With the active multiplier and an output filter tacked
onto the end of one of my 400-MHz LO chains, |
found | was getting as much output, with as clean a
signal as my modular LO had yielded. Plus, it took up
only half the space, and without the various coaxial
jumpers between stages. Fig. 2 shows the block dia-
gram of the new LO, and the complete schematic is
shown in fig. 3.

circuit description

Refer to fig. 3 and the accompanying parts list.
The stages to the left of Q3 are essentially the same
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fig. 4. Full size artwork for the printed cireuit board. The
reversa side remaina unatched, soting as a groundplane,

as those used in my uhf LD, except for a few compo-
nent substitutions. Oscillator module Y1 is a high-
stability, crystal overtone oscillator producing —3
dBm (1/2 mW| of output near 100 MHz. This assam:-
bly requires a regulated + 9 volt supply, which s fur-
nished by zener diode CR1. The cutput port of Y1
gxhibits de continuity to ground, this continuity
being sssential in providing a bias return for the fol
lowing stage.

At the input to O1, common-emitter class-C
double stage, C16 is used to resonate Y1's output
inductive link, creating a double-tuned, interstage
transformer batween the oscillator stage and the first
multiplier. The output circult for Q1 consists of
microstripline inductor L1 resonated by C4 at 200
MHz.

Collector current for Q1 is limited 10 10 mA at R2,
This resistor, alang with C2 and C13, provide power
supply decoupling for the first multiplier stage.

02 serves as g second class-C common-emitter
doubler. Its input is fed via C3, which is tapped down
on L1 for impedance matching. R3 provides bhase
bias raturn. The collector is shunt-fed by A6, with a
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fig. 5. Drilling diagram for tha aiched side of the circuit
board. In addition to the etched side, the thres locations
marked with arrows are slso countomunk on the ground
plane sida

collector current of approximately 15 mA, The out-
put circuit for Q2 consists of two microstripline
inductors (L2, L3] resonated at 400 MHz by two pis-
ton trimmers {5 and CB). Inductive coupling berweean
filtering poles, provided by RFC1, suppresses higher-
grder harmonics at the output of the second doubler,
The conversion gain of each doubler — exclusive of
any filter losses — is on the order of + 6dB.

As mentioned previously, tripler (13 operates as a
parametric multiplier. The input is applied via a low-
pass filler cansisting of microstripling inductor L4
and piston trimmer C7. The series inductance of C7 is
such that it self-resonates at the desired output fre
guency, maximizing gain at that particular frequency
by driving the base impedance of 03 negative. For
this reason, use only the specified capacitor at C7.
Shunt collector feed for tha active tripler is via R7,
with de decoupling provided by RS and C15. Collec-
tor current for O3 is on the order of 15 mA, and tha
stage operales at approximately 3-dB gain.

The output of 03 is capacitively coupled via C12
into a 3-pole output filter consisting of microstripling
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fig. 6. Componant placement disgrams for the microatripling and groundplsne sides.

inductors LB, LB, and L7, resonated at 1.2 GHz by
piston trimmers. Coupling between filter poles is a
rasult of the proximity of the piston trimmer stators;
hance, spacing between filter poles is critical.

The final + 10 dBm (10-mW)| LO output is availabla.

on connector J1. This level is suitable for driving
mast transmit and recelve diode balanced mixers,

construction

Assembling the LO is relatively simple, since all cir-
cuitry is mounted on a single printed circuit board
and the bulk of the critical components are imple-
maented as atched microstriplines, The circuit should
be etched on fiberglass-epoxy circuit laminate 1.5
mimn (0.063 inch) thick, clad on both sides with 1
ounce per square foot copper. One side of the board
iz astched in accordance with the artwork suppiied in
fig. 4, the other side remaining fully clad and serving
as a groundplane. It is essential that the pattern of
the prnted circuit artwork be followed exactly (phota
gtehing is recommended), since the dimensions of
the microstriplines are critical and the placement of

the circuits on the board determines the degree of
spectral purity achieved. In fact, the layout of tha
board was changed several imes during the develop-:
ment phases in order 1o optimize performance and
ease of tuning.

Aftar the board is etched, it should be drilled as in
fig. 5. Be sure to remove a small portion of ground-
plane metaliization from around the holes that will
accommodate the center pin J1 and the output and
power pins of oscillator Y1, Neglecting this crucial
step will result in these pins being shorted to ground,
which will obviously have a detrimental effect upon
circuit performancel Note that five of the microstrip-
line inductors (L2, 3, 5, 6, and 7| must be grounded
through the board. This is best accomplished. as out-
lined in reference 3, with eyelets 0.5-mm in diamater
set with a punch and soldered on bath sides of the
board.

When mounting components on the printed circuit
board, you will find it helpful 1o refer to the photo-
graphs, the schematic diagram in fig. 3, the layout
drawings shown In fig. 6, and perhaps to reference
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2. | personally find it easiest to install J1 first, solder-
ing the five pins to their respective pads on the
microstripline side of the printed circuit board and
then running &8 smooth bead of solder around the
body of the connector, securing it electrically and
mechanically 1o the groundplana side. Next, | install
feedthrough capacitors C13, 14, and 15. Here | pra-
pare a small solder preform (1 turn of multi-core sol-
der wrapped around the body of the capacitor just
under the flangel, position the capacitor in its mount-
ing hole, and apply heat to the fange from above.
The solder preform will flow, filling the space
batwaean the flange and the groundplane. This tech-
nidue prevents excess solder from accumulating on
the groundplane side of the printed circuit board,

Installing the resistors and capacitors according 1o
the layoul diagram is relatively easy. Do nat install
power decoupling resistors B4 and RS at this time;
they will be added during the tune-up sequence.
When installing the three transistors, nota that the
raised dot on the plastic package indicates the collec-
tor lead, The base lead emarges from the opposite
side of the wansistor package, with the two emitter
leads appearing at right angles (o the collector and
base. Bend the two emitter leads of each transistor
down sharply before installing the transistars in their
holas, That way the emitter leads can protrude
through 1o the groundplane side, where they will be
bent over and soldered directly to ground,

When installing oscillator stage Y1, care should be
aken 1o prevent traces on the oscillator's printed cir-
cuit board from shorting to the groundplane of the
LD main circuit board. | recommend installing a thin
insulating washer between the oscillator can and the
groundplane.

The only additional advice | might offer in micro-
stripline projects is that it is not unusual for compo-
nent leads to be laid on and soldered directly to print-
ed circuit board traces or pads, rather than running
thie component leads through holes in the board, For
this reason, it js generally helpful to preform and pra-
trim the component leads prior 1o installation,

tune up and test

| cannot overemphasize the importance of employ-
ing a systematic, orderly approach in tuning up local
oscillator chains. Tuning for maximum smoke (a
favarite Amateur pastime) is a surefire way to make
ane or more of the multiplier stages oscillate (see fig,
71. Further, since the LD chain was designed to pro-
vide maximum user flexibility, it may ba built for a
fairly wide range of frequencies and applications. As
a conseguence, sach of the resonant circuits has a
relatively wide tuning range, and it is entirely possible
to tune up any one of the multipller stages on the
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wrong multiple, if maximum apparent cutpul power
is the only criterion,

In fact, whether a microwave spectrum analyzer is
available or not, it's a good idea to pre-align the varl
ous piston trimmers o the appropriate part of the
spectrum. This Is easier than it may sound. If the
intended output frequency is below about 1.3 GHz,
adjust all seven of the piston tnimmer capacitors to
maximurn capacitance (screws all the way in). I the

fig. 7. Aligning microwave LD chaing for maximum autput
powar often results in a spurious cutput spectrum. in thia
cass, tha LO wes tuned for maximum surput. The numerous
spurs near the desired output are not harmanically related
to the crystal frequency. This suggests that they are tho
resiilt of one of the active stages going Into sl oscillation,
Tha horizontal scale is 0 1o 2 GHz, with & veriical calibraiion
of 10 dBem,

intended output frequency is above about 1.4 GHz,
adjust all piston trimmers for minfmurm capacitance
{screws almaost all the way out). And, if the oacillator
is intended to operate betwe=en about 1.3 and 1.4
GHz, pre-adjust all piston timmers at aboul mid-
range. Now, as you procead with the alignment pro:
cedure, it should not be necessary to adjust any of
these capacitors by more than a couple of turns,
Kesp this in mind, because if you find yourself
adjusting the trimmers mora than just a little, you're
probably enhancing the wrong frequency com:
ponent.

The approach | recommend for tuning this L-band
LO requires no test eguipment other than a VOM and
a diode detector |or some other means of monitoring
refative rf power). It is based upon the principle that,
as a class-C multipliar stage is twuned, the signal level
applied to the next stage (hance the next stage’s col-
lector current]) will vary. By knowing what kind of
variations to axpect and by monitoring stage currant
closely, it is possible to tune the LO chain to produce
an output spectrum such as that shown in fig. 8, But
it 15 necessary 1o monitor the varous stage currents



separately, to be sure you're observing proper multi-
plier action and not oscillation.

With the piston timmers pre-adjusted as outlined,
the next task in aligning the L-band LO is 1o get the
ogcillator stage oscillating. On the side of the crystal
oscillator can s a small access hole, bahind which is
found the ceramic trimmer capacitor which reso-
nates the oscillator’'s collector tank cirguit, This trim-
mer is pre-adjusied at the factory to ensure that the
oscillator will start each time power is applied; it
should not be adjusted at this time. Rather, it should
be possible to optimize drive to the first multiplier
stage merely by adjusting C16, which, you'll recall,

-respnates the oscillator stage's output coupling link.

Apply a well-regulated voltage betwesn + 12 and
+ 13 volts to feedthrough capacitor C13. This pow-
ers both the oscillator stage and the first doublar.
Monitor the current drawn by these bwo stages as
C16 is adjusted through its range. Since the sum of
the current drawn by the oscillator stage and its zen.
er regulator will remain constant at between 16 and
22 mA [depending upon the power supply potentiall,
any variation in current as C16 is adjusted represants
the collector current of Q1. There is a paint in C16's
tuning range where the current at C13 will rise
smoothly 1o about 10 mA above its minimum value
(that is, 28 10 32 mA, roall, and this is the point 1o
adjust C16. Now, momentarily remove V. from C13.
If the current returns to the previous value, all is well,
If an the other hand (1 appears not ta ba drawing
any current (that is, total current at C13 decreases to
betwean 16 and 22 mA), then the oscillator stage is
nol starting smoothly and it will be necessary to re-
adiust ¥1's mimmer. Do so carefully, it should be
necessary ta rotate the trimmer only about ten
degraes one way or the other, and the current should
rise again, indicating oscillation, Now, repeak C16 for
the proper rise in current, and again remove and re-
apply power. The adjustments of C16 and the oscilla-
tor's trimmer capacitor are somewhat interactive, so
repeat the above procedurg until the oscillator starts
reliably each time power is applied.

Once the adjustment of C16 and the oscillator trim-
mer is completed, do not under any circumstances
change their sattings while aligning the balance of
tha local-oscillator chain. | usually paint a dot of nail
polish on C16 to lock it down and tape over the
access hole in the side of ¥1, lest | be tempied 10
hacktrack and screw things up completely! Remem-
ber, the objective is 1o perform a reasonably clean LO
alignment without the use of any costly test equip-
ment, so don’t jump sequence.

The sasiest way 1o resonate the collector tank of
the first multiplier stage is to monitor the current
drawn by second doubler, Q2. Apply operating

potential to feedthrough capacitors €13 and C14,
and thia lime monitar the current drawn at C14. This
current should peak smoothly at 10 to 12 mA while
adjusting C4 no more than two or three turns from its
prasef position.

Adjusting the interstage circuitry between the sec-
ond doubler and the parametnc tripler is perhaps the
trickiest part of aligning this LO because there are
three separate trimmer capacitors and the adjust

fig. 8. This photograph shows the owtput spectrum of the L-
band LO system after being aligned as describad in the arti-
cle. Spurious rejection of closs 1o 30 dB was achieved with
the simple west equipment called tor in the article

menis are all interactive. Note that at this point the
anly clue you have to proper alignment is the collec-
tor current drawn by 03, so watch it closely. Apply
operating potential 1o 8l three feedthrough capaci-
tors {C13, 14, and 16), this time monitoring current at
C15. First, adjust C7, shightly, just 1o the point that a
few milliamperes of current flow through C15. Now,
carefully adjust both C5 and CB to maximize this cur-
rent. As before, a peak should occur before the trim-
mars have been adjusted very far from their preset
positions, Once a peak has been found with C5 and
C6 both set at approximately the same point, re-
adjust C7 slightly, At this paint, C4 (the collector
tank of tha first multipliar] may be adjusied ever so
slightly to maximize currant at C15. Now, back 1o C5
and C6 again, then C7 if necessary, and so on unfil
the current at C156 settles in at about 16 mA. Note
that when you’re done, both C5 and C6 should have
their tuning screws protruding by about the same
amaount.

&l that remains is to align the output bandpass fil-
ter. An rf-diode detector can be connected to the
outpul connector, the dc from the diode assembly
being fed 1o a sensitive microammetear as an indica-
tion of relative f output. Any other method of meas.
uring relative f power (bolometer bridge, calorim-
eter, or similarl may also be employed. The chject is
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fig: 9 Example of the output spectrum after aligning the
local oscilfator chain with 8 microwave spactrum analyzer.
Im this case, sll spurs are down greater than 40 dB.

to adjust C8, C9, and C10 simultanecusly for maxi
murm indicated output (the three rimmer capacitons
should all track relatively closelyl. Keep monitoring
the current at C16. If it jumps abruptly, the tripler
stage is self-oscillating. It can be tamed down by
slightly adjusting C7 until currant at C15 returns to its
proper valua.

With CB, €8, and C10 all peaked at approximately
the same setting (not too far, you hope, from ths
preset position) and output power maximized, one
tast adjustment o C7 s in order. Adjust this capaci-
tar for the maximum outpul level obtainable withour
causing an increase i the current at C15. At this
paint, you may ba tempted to go back and repeak all
the other trimmer capacitors in the circuit; resist that
ternptation. You can only disrupt what would in all
likelihood be a very clean output spectrum, such as
that shown in fig. 8,

Of course, if you are fortunate enough to have
access to a microwave spectrum analyzer, adjusting
the trimmer capacitors ever so slightly can indeed
clean up the output spectrum still further [see fig. 9).
But this should be attempted only after the current-
sensitive tuning meathod has been completed and
decoupling resistors A4 and AS installed.

Onae final thought. Those super-purists fortunate
enough to possess a complete laboratory of micro-
wava test egquipment will doubtless notice that any
wning adjustment can potentially affect output pow-
ar, specirum, and frequency. Thus, you may wish 1o
simultanecusly monitor all three parameters during
alignment. Fig. 10 is the lab setup | use in aligning
these LO chains, The key to the success of this
method is the resistive three-way power divider,
which applies equal samples of the LO's output sig-
nal 1o the counter, spectrum analyzers, and power
meter, The divider is built simply from four Z7-ohm,
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1/8B-watt, carbon-composition resistors, arranged
symmetrically in a small shielded box which supports
tour coaxial connectons

parts procurement

Readers of my construction arficles frequently
write asking il | can supply a complete kit of parts for
a given project. Unfortunately, | hava naeither the
time nor tha inclination 1o getinto that business. But
| arm not heedless of the plight of tha home construc:
1or, and as much as possible like to help identify (or
sometimes createl sources for some of the less-com-
mon componants

For example, | hawe in the pas! endeavored 1o
make atched, drilled, and plated circuit boards avail
able at cost, for the benefit of those experimentoers
who prefer not to fabricate their own, This project is
no exception. | will supply the boards for $10 each,
postpaid anywhere in the U.S. or Canada (811 else
wheral.

Ina previous article, | mantioned a source of sup-
ply for the Triko trimmer capacitors | emplay in this
and other modules, Unfortunately, | later discovered
that the importer had a $50 minimum order require-
ment, Thus, | have recently obtained a quantity ship-
ment af the piston trimmer capacitors usad in the LO
chain, and will gladly supply them to Amateurs in
sets of seven pieces lthe quantity needed for each
LO chain) at $10.50 per set postpaid in the U.S. or
Canada, §11.50 elsewheare
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fig. 10. Test configuration for monitaring powar, frequency,
and output spectrum simultaneously during alignment of
the LO chaln,

The crystal oscillator assembly designated Y1 is
available only from International Crystal Manufactur-
ing Company. | recantly spoke toc Mr. Royden Free-



land, himself a ham and microwave experimenter,
and he assures me that this module will be sold 1o
individual experimenters in single quantities. Be sure
to allow siz 10 eight weeks for delivery, as the units
employ custom-ground crystals,

The MAF-301 transistors used for Q1, 02, and O3
are available from Motorola Semiconductar Com-
pany. When | first used this particular transistor in a
1296-MHz preamp a few years ago, the price was §9
gach, Cuamntity production gnd improved yield
brought the price down to $4.30 in 1977, and 10 an
unbelievable $1.45 today. At that price, I'd recom-
mend against trying 1o substitute any other fran-
sistor.

The rest of the components used in the LO are, for
the mast part, garden-variety, Though not necessarl-
Iy available at your corner Radio Shack, they should
nonetheless be obtainable by maost exparimenters
after a bit of scrounging,

Of course, there are always those who need a
microwave LO but prefer not 1o do the scrounging,
bullding, wning, and testing themselves. To such
individuals | am able 1o offer a complately built,
tuned, and tested Model LO-1200 Oscillator Module,
packaged in an enameled die-cast aluminum box,
operating at your specified frequency batwesn 1150
and 15585 MHz, for §160 postpaid. Foreign orders
please add $5 additional postage. This offer is
extanded to licensed Radio Amatsurs only [state
yvour call when ordering), and is restricted to units
used for persanal, noncommercial applications only.
All orders for primed circuit boards, capacitors, or
completa LOs must ba prepaid In U.S. dollars, and all
inquiries must be accompanied by 8 stamped, sell-
addressed envelope,

Frankly, | hope nobody takes me up on tha above
offer. |'d rather design gear than build it for athers,
and, besides, you're missing out on quite a fealing of
accomplishment it you buy your gear ready-made.
Afar all, it is the home constructor 10 whom this arti-
cle |s dedicated,

Happy buliding!
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