A 759-MHz Local Oscillator

By Dave Mascaro, WA3JUF
RD 1, Box 467
Ottsville, PA 18942

heart of & transverter. The LO is the

stage or stages that produce the
signal that is mived with the IF signal to
produce the tansmitted signal in an
upconvarter or mixed with the received
signal to produce the IF signal in a
downconverter. The frequency stability of
a transverter depends almost totally on
the LD, since the frequency stability of the
IF transceiver is usually very good.
(Mormally a state-of-the-art HF transcaiver
or 2-maler transceiver is used for the IF
rig.)

My design goal was a kocal oscillator
that could be duplicated easily and could
be used for many different amateur
bands. The LO chain described here is
the easiest to duplicate of any | have tried.
Although designed for a 903-MHz trans-
varter, the same basic design can be
used for other bands.

Circuit Description

Fig 1.is a schematic of my design. Q1,
the 94.875-MHz crystal cscillator, is a
varsion of an cscillator described by Jog
Reiser, W1JR, in March 1984 ham radio
magazine. This is one of the betier
designs published in the amateur litera-
ture, It is relatively sasy to build and fune
up, Q2 is a 94-MHz amplifier with sui-
ficient gain and pawer autput to drive tha
multipliar stage.

The crystal fraquency chasan, 84.875
MHz, results in an LO frequency of
758 MHz. This frequency makes the call-
ing frequancy of 903.1 MHz correspond
to 144.1 MHz on the IF transceiver |+
crystal osclllator and |F-rig. calibration
error), Changing the crystal frequency to
84.75 MHz results in an LO fraquency of
758 MHz; in this case, 803.1 MHz cor-
responds to 145.1 MHz on the IF radio.

Vary few crystal oscillators come out
exactly on frequency. More than the
“gut" of the erystal is involved here. The
circuit dasign and components contribute
most of the frequency eror of a crystal
ascillator. After multiplication to the final
frequency, a small crystal-oscillator error
can contribute o an LO error of many
kiloheriz.

Trying to “pull’” the crystal usually
results in an unstable oscillator, which is
worse than not being able o read the
frequency directly on the IF radic's
display. Measure your local oscillator
frequency and note the frequency errar.
Add or subtract the error from the IF rig

T he local oscillator (LO) chain is the
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display when operating, An alternative is
to replace the crystal with one cut for a
frequency higher or lower than the origi-
nal to correct for frequancy eror.

Freguancy Multipliers

Before going into the specifics of my
multiplier design, a few general words
about frequency multipliers are in order,
Over the years | have tried all kinds of
fraguency multipliers—active and pas-
sive, tube type and solid state. | found i
was harder to get the multipliers running
as | addad mora stages of multiplication.
Even with a spectrum analyzer, most
solid-state multiplier-chain designs are
hard to duplicata.

Active multipliers present a real
challenge. Transistor beta varies from
device to device, so bias characteristics
vary among devices. In the case of a de-
blased multiplier stage, you must care-
fully adjust the bias circuit or the transls-
tor may act like a linsar amplifier instead
of a frequency multiplier. This means you
have to monitor and adjust the collactor
current of sach stage for best perfor-
mance as & multiplier. Many hours can
be spent in front of & spectrum analyzer,
and still the results can be unfavorable,
Of course, when more drive is available,
class-C multiplier stages are easier to
use,

Passive multipliers using varactor di-
odes and step recovery dlodes (SRDs)
wark very well, but their tune-up and
mechanical mounting is fime consuming
and the resulis are variable. The price
and availability of such diodes is also a
lirniting factor for amateur experimentars,

A Simpla Mulfiplier

The x8 frequency multiplier described
here usas an inaxpansive 1TNS14 diode
(D7) and & two-pole microstrip fiter (C13,
L5, C14, LB, C15). The crystal-oscillator
frequency (94.875 MHz) is multiplied
eight times diractly in one staga. The two-
pola  filter selects the desired
harmonic— 759 MHz, All other harmoni-
cally related signals are down more han
25 dB. Non-harmonically related spurious
signals are down mors than 60 dB.

758-MHz Ampilifier

The 753-MHz AF signal at the filter
output is of relatively low power (-10 dBm
ar less) becausa of the low efficiency of
the 1N914 multiplier diode. | tried a
Sﬂhnllky diode at D1, but it made little

difference in power oulpul. | supposs
other diodes and malching could be used
to increase the efficiency of the multiplier
stage, but that would hardly ba worth the
effart. Any signal available at the output
of the filter can be amplified to 2 usable
lewval with monolithic microwave Integrat-
ed circuits (MMICs). These amplifiers are
fruly an RF experimenter's dream-
come-true,

Tha 759-MHz signal is coupled from L&
through & do blocking capacitor, C18.
Following the filter is a two-stage MMIC
armplifier consisting of U2 and U3, Gain
is 20-25 dB depending on the MMICs
themsalvas and the values of bias resis-
tors A8 and RS, Power output in excess
of +10 dBm (10 mW) iz easily obtaina-
ble. There is power output to spara, so
the two-pola filler can be tuned with a little
added insertion loss to furthar remave the
unwanted harmonics. The 10-mW output
can be used with a two-way powar divider
to supply an LO 1o two mixers in a trans-
varter.

Construction

Initially | built the different stages of this
project on multiple breadboards, as | do
with most of my RF designs, | used
separate boards for the crystal oscillatar,
B4-MHz amplifier, x8 multiplier and filter,
and MMIC amplifiers. | scratched out the
circuit patterns cn G-10 PC-board materi-
al with & razor knife and a soldering iron.
After each stage was checked out, | made
a single PC board,

Fig 2 shows the final PC board design.
The LO is built an 11 8-inch G-10 fiber-
glass double-sided PC board material.
Double-sided PC board Is used becauss
of the micrastrip circuitry and to allow for
easy ground connections. The board can
be etched using the full-size artwork
supplied.

After drilling the component-mounting
hodes, you must clear away copper on the
uneiched side for all connections that are
not grounded. This s necessary so that
companents do not short to the ground
plane. This procedure is easily accom-
plished as follows: 1) Drill all non-graund
maunting holes. 2y Clear these hales on
the ground-plane side with an oversized
drill bit. Be carsful not ta drill out the
holes; you just want to clear away the
copper. Set the drill-press depth 2o that
tha bit can only drill through half the
thickness of the board. 3} Drill all the
ground holes. Do this last to prevent
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Fig 1—Schematic diagram of the 759-MHz local oscillator. Capacitors are 50-V disc-ceramic types and resistors are Ya-W

types unless otherwise noted.
Ca, C10—1-xF, 35-V tantalum.
ceramic; may nolt be

neaded.

C7—1-10-pF ceramic trimmer.

ci12 F ceramic trimmer.

€13, C14, C15—0.3-3-pF Johanson
piston trimmer.

C18-C20—100-pF chip capacitor,
100 mil square,

C21—0.001-yF feadthrough.

D1 —1NG14MN4148.

FB—ferrite bead.

sonfusion about which holes get clearad.

Aftar the board is drilled and cleared,
drill bvo holes for 13 and C15. These
holes are drilled on an angle o accom-
miodate the length of the piston trimmer
betwean the fitter poles and ground on
tha revarse side of the board. See Fig 3.
Dirilll the holes for the feedthrough capa-
citor (G21), the rivets (& places) and the
output SMA connector (if used). The
rivets are pleces of wire that connect the
top and bottom ground planes at critical
AF grounding points on LS, L&, U2 and

L1—10 ts no. 24 anam wire, 0.1-in.

L2—0.39-zH molded choke.

L3, L4—10 ts no. 24 enam wire,
0.1-in. 1D, close wound.

L5, LE—microstrip filter poles. See
artwork.

Q1=2N5179.
Q2 —2M3866 or 2ZN5109.
RAFC1, AFC2—0.38-pH molded choke.

U3, A small plece of 50 0 Teflon® -
dielectric coax could be used betweean the
LD and the power divider or next stage.

You can drill small divets into the PC
board whare tha MMICs mount. Recass-
ing the MMICs into the board shightly
allows the two ground leads to be
soldered directly to ground without the
added inductances of the leads. Also the
input and output leads will seat flush to
the microstrip, This is a good practice 1o
get into, at 1206 and 2304 MHz,
where the few tanths of dB of extra gain

RFC3—10 ts no. 22 enam wire, 1/8-in.
ID, close wound.

AFC4, AFC5—12 ts no. 24 enam wire,
0.1-in. 1D, close wound.

U1=TBLOB 8-V, 100-mA 3-terminal
regulator.

UZ—MMIC, Avantek MSA-0104,
Mini-Circuits MAR1 or equiv.

U3—MMIC, Avantek MSA-D404,
Mini-Circuits MAR4 or equiv.

¥1—94.875-MHz serles-resonant
crystal. See text.

add up fast.

All the components can be mounted
niaxt. Mote that some companants mount
on the ground-plane side of the board and
some mount on the etched side. D1, C14
and the 759-MHz amplifier parts all mount
on the etched side of the board.

Insert the crystal lBst so you don't
accidentally damage it. Place a piece of
mica insulating material between the
case (collector) of Q2 and the PC board
to prevent shorting the callector supply
to ground. Dan't forget the hookup wire
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Fig 2—Circuit-board etching pattern (A) and paris-placement diagram (B) for the 759-MHz LO. The etching pattern is
shown full size from the eiched side of the board. Black areas represent unetched copper foll. Board material s 1/16-in.
G-10, double sided. The other side of the board is unatched to form a ground plane. The shaded area in B represents an
X-ray view of the copper pattern. Some components are mounted on the etched side of the board; see text.

batwean RB and C10, as conneclion
is nol made on the PC board. Solder
all grounds on both sides of the PC
board. This also ensures that the un-
etched side of the PC board will ba at RF
ground.

Depanding on your choice, many diffes-
ant enclosures can be used. | used the
PC board itsalf as the wop cover of the
unit. Uneiched PC-board scraps can be
solderad o the LO board to create side
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wialls, and a PC-board bottom cover can
be added. Altermatively, all components
could be mounted on the etched side of
the PC board. Only U1, Q1 and Q2
require different orientation for edched-
sida mounting. Tha board could then be
mounted inside a die-cast boe, & millad
housing or an aluminum box.

Tune-Up
After mounting all componants, install

the crystal. Apply 13.8-¥de (1210145
do usable). Check 1o Se& that reguiator
U1 is working properly at 8-V do output.
Caonnect a spectrum analyzer and power
meter to the output connactor and adjust
C7 for crysial ascillation and maximum
amplitude on e analyzer at 758 MHz.
Mote that you may not need C&, depand-
ing an vour crystal. If the oscillator stans
reliably without C&, leave it out. Tune C12
for maximum output. Adjust the tap on LS



for maximum signal af 758 MHz, while
tuning C12, Then tune G13, Cld and C15
for the cleansst signal and masimum
porver output. G114 will be near minimem
capacitance for lowest harmonic content
at 10-mW outpul.

Go back over all adjustments as nesdad
to get the cleanesi outpul and fhe
requirad oulput lewvel for your project.
At 10 10 12 mW ocutput, sl harmonics
are down at least 25 dB on moat of my
LDs,

It & cleaner LO slgnal |5 desired (har-
manics down more than 25 9B), move the
O tap a lot choser o ground on LS, Power
output at 759 MHz will be about 10-dB
lower, 50 add another MSA-0404 MMIC
after U3, Retune the entire oscillaior
chain, All unwanted aignals will be down
a5 1o 40 dB, and power output will be
+ 10 d&m.

Using the Oscillator Chain

There are other applicetions far this
LD board. It can be used as an exciter
for & 90-MHz beacon transmitier or &3
a crystalcontrolled 903-MHz portable
transmitber by installing the right crysial
and shortaning LS and L& by a few tanths
of &n inch. This is done by moving the
rivat grounds up the lina, which shortens
the polea of tha filker. The power level can
be increased by adusting the power
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Fig 3—Conatruction detalls for the two-pole filter.
The completed 759-MHz oscillator shown from the ground-plane side (&) and the

elched trace aide (B).

supply wp o 14.5 W de, or by adding maore

amplifisr stages. Key the MMIC do sup-

ply with 8 2M3806 PMP transisior for CW
ation.

By changing tha crystal freguency, this
osgillator boand can be used as the low-
frequency parion of a microwave fre-
gquency multiplier chain. &n cutput of B2E
MHz could be wsad fto drive an x4 fre-
gquancy multiplisr to 3312 MHz, the LD
frequency for a 3456-MHz tranaverter
with a 144-kHz IF.

Conclusion

This LD dasign has been duplicated by
savaral hams in the local area and used
in thair $%03-MHz fransverters. Dawve
Hackfard, MACX, uses this dasign as the
exciter for his 803-MHz beacon. My
Bd56-MHz transverer usas an LO like thiz
to generate an B28-MHz signal, which
drives Bn interdigital x4 multiplier 1o
3312 MHz. Generating stable low-beval
RAF &t frequanciea up 1o 1 GHz e easy
with this design. The use of MMIC ampli-
fiors makes it that much easier.



