THE G3WPO
FET DIP
OSCILLATOR
Mk?2

Tony Bailey, G3WPO*

THE ORIGINAL DESIGN for a kit-form dip oscillator, published in
Radio Cammunication, November 1981, has proved 1o be very popularand
reliable, with over 4,000 of the kits built and working. In common with any
design, however, a number of improvements have been suggested over the
past flve years by constructars and, together “with some circuit
improvements from the author, a revised peb design is presented in this
article which shows a very considerable enhancement in performance both
in dip and in wavemeter modes. )
Like the original design, full Kits of parts will be availablz and, as the new
design uses nearly all of the original parts except for a new pcb, coils and
tecalibration, a modification kit is to be made available for those who wish
to rebuild the Mk version.
The new design features:
(N} coverage of 0-8-170MHMz in six ranges;
(it enhanced dip and wavemeter functions;
(i reproducible design on one pebs;
{iv)  new precalibrated scale; and
{v)  audio and meter dip/wavemeter indications.

Mk1 problems

The original circuit utilized a fet kaliatron oscillator covering 1+ 6-215MHz.
Both meter and audio indication of the dip point were provided, While the
dip indication obtained was reliable a1 the higher frequencies, at the lower
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end the dip was much less pronounced and, depending on fet
transconductance, sometimes ditficult 1o detect. The main reason for this
is that with such a wide (135:1) range oscillator having no inbuilt means of
adjusting the gain between bands, the level of oscillation varies
tremendously, and at the lower end is so high that very close ¢oupling is
often required to produce a visible or audible change in the detecied ourput,
particularly so in the 1:6-30MHz region,

The other main problem was thal of insensitivity in the wavemeter mode,
where the voltage supply to the oscillator is removed and the ¢hrouit simply
used to detect and indicate the frequency of an rf oscillator,

Improvements
One of the concepts behind the original design was that the plug-in coils
should not be complicated by needing taps, either inductive or capacitive,
This eases reproducibility problems and, provided that the coil-winding
details are followed to the letter, it should be possible to use the
precalibrated scale provided, cutting out the tedious calibration procedure,
The original kaliatron oscillator has been retained but now uses two dual-
gate mosfets rather than single-gate lets. This change in itself produces a
somewhat better dip, but the presence of the second gate now provides an
ideal means by which the gain of the oscillator can be preset quite easity on

Components list {required to convert a Mk1)

Rt 10k Ct Toko polyvaricon

R2,7 39k C2,3,89 10nF ceramic disc
R3,5 56kn €45 12pF ceramic disc 5%
R4,6,18,19 100kn C6,7 10pF ceramie disc 5%
RE 2200 C10,11 10nF mylar

R9 2-2k0 L2,3 Toko 470xH choke type
R10,11 4710 7B8

R12,21 1:5kQ TH1,2 3SKs8

R13 3-3k0 TR3 4,5 BC238 or simiiar apn
R14 4700 - D1 mm red Led

R15,16 33kQ D2,3 BA4S1

R17,20 4- 7kt Z01 5.6V 400mwW

R22 1k Extension

All resislors are 0-25W 5%, spindle Cirkit

carbon film types. Wire Insulated copper,

VA1 4700 vertical mount G- 2mm diameler

10mm preset

Toko and Alps componen's are available fram Girkt Holdings plc, as Is a Mk
modificalion kit, or a complate se! of components for the Mk2 together with
drilled pcb, coil formers and hnished case (see.advert on page 294).

Members whe wish o homebrew the peb can obtain a copy of the
construction derailh and diagramy by sending a large self-addressed
envelope to the editor at RNGB headquarters,
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Fig 1. Circuit dlagram

each range by means of a single fixed resisior. The resulting dip is now very
considerably improved on all ranges.

To improve the sensitivity of the wavemeter, again by alarge factor, the
two detector diodes have been changed to Schottky barrier types, with these
being permanently biased into conduction by a small standing current,

For those without & copy of the original ariicle, photocopies are also
available from the editor at RSGB headquarters.

Circuit

The new rf oscillator is a mosfet kalialron design, offering wide coverage
and the ability to control the overall gain by varying the Gale 2 voliage from
an external fised resistor mounted within 1he coil former. Inductor L1 sets
the frequency coverage in conjunction with Ci. The latter is a Japanese
polyvaricon dual-gang type and, despite the low cost, has a very high
reproducible specification,

Without Rs in place, the Gate 2 voliage is fixed at around half the drain
voltage by (for TR1) R1/2/3, with the circuit running a1 maximum gain. On
all frequency ranges, the gain is reduced by the addition of Rs as the other
half of a voltape divider with R1, thus lowering the Gate 2 voliage and the
overall gain. The circuit is capable of oscillating up 10 abour 240MHz (the
upper limit being fixed by circuit strays and the minimum capacitance/self-
inductance of 1the polyvaricon) but it is difficult 10 opiimize the
performance at this high a frequency when also trying to obtain coverage
below 3MHz, Consequently, the upper limil has been fixed at 170MHz for
this version, thus still covering all the amateur hf and vhf bands, The self-
inductance of the capacitor has been reduced by improving the stator
earthing arrangement,

R10/11 damp the two rf chokes in the drain circuits, reducing to low

Tabte 1. Value of Rs vs band

Band RS Band Rs

A 1500 D 6800
8 4700 E 2-2k0
c 470101 F 10kQ

These values can be adjusted for improved s_e.nsitivlty by lowering Rs untll
oscillation ceases at some poing, then increasing the vatue slightly.
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levels inherent false dips from self-resonances. The f is detecied by D2/D3,
which are Schoilky barrier types biased into conduction by a stable bias
voltage adjustable by preset resistor VRi—ihis is set so that the
indicating meter reads half-scale deflection with the sensitivity control RV1
at maximum. This bias current is primarily designed to increase the
sensitivity in "*Wavemeler'' mode, where the supply is removed from the
oscillator and the circuit used as a passive indicating wavemeter, but also
assists the dip slightly so has been left as a permanent feature. It also has
the advantage of acting as a batiery condition indicator,

The detecied de voltage is applied 1o the base of an npn fransistor, TRS,
which controls the current flowing through a simple audio multivibralor
consisting of TR3/4, As the current through TRS increases, so the audio
note from the piezo resonator (PR1) increases in frequency, and the reading
on meter MJ also increases. The meter and audio levels are set by the
sensitivity control, RV 1. This ¢ircuit has a higher audio output than. the
original by the addition of R21 as a meter shunt. The multivibrator
commences oscillation a1 about mid-scale meter reading, and has a readily
detectable note which drops sharply as resonance of the rf cirewit is reached.

In use as a wavemeter, $S2 removes the voltage supply to the oscillator,
and the circuit becomes a passive wavemeter with an increase in meter
reading and a rise in the audio frequency as resonance is reached, The
cireuit runs from a PP3 9V battery, with R8 acting as a current limiting
resistor. Consumption varies, depending on the band, from about SmA up
1o 15mA on the highest band. LED D1 is provided 10 act as an on/off
indicalor, .

Cail formers
As with the original, DIN plugs fitted into rigid plastic electrical conduit

tubes are used as coil formers. These are now five-pin types, iwo pins used

for the coil connections and two for the gain setling resistor Rs. Only the
actual plug end itself is used, and is Araldited into the former afier winding
the coil, The cenduit is widely available from electrical siockisis, The lowest
four range coils are wound directly onto the formers, bul the 1wo highest
ranges are air wound with the former used a protective plastic shroud.
This design now uses an additional coil 10 extend the If coverage down
1o 0-8MHz, with the highest range coil also modified against the originil

10 suit the new ¢ircuil conslants, [}
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THE G2WPO MKII FET DIP OSCILLATOR

CONSTRUCTION

The reproducability of the design is primarily dependant on the total inductance and
capacitance present, especislly at VHF and hence a pcb based design will eliminate a lot of
the varfations that would be present in a hard-wired version. Providing the coil winding
instructions are followed to the letter it will be possible to use the precalibrated dial
provided, thus eliminating the tedious process of hand calibration. The whole of the
electronic circuit is constructed on a single sided pcb.

Construction should be started with the actual peb as this can be tested independantly of the
mechanical part. All leads of components mounted om the board should be kept as short as
possible around the RF oscillator section - the MDSFETs themselves do not present a problem
as they are of stripline construction but resistors and capacitors must be inserted as close
to the board as possible - failure to observe this instruction will result in poor operation
and failure of calibration against the supplied scale. All components except for the tuning
capacitor mount on the non-track side of the peb.

1. Insert and solder the connection pins. The four marked 'y' are inserted from the
non-track side so that the stator earthing straps can be soldered to them on the track side
of board, the others go in normally from the track side. Push each bard home with a blunt
nosed tocl before seldering.

2. Insert and solder all fixed resistors, mounting vertically or horizentally as indicated
by the layout drawing. Vertical resistors should be inserted so that the body end corresponds
with the circular outline on the drawing.

3. Insert and solder all fixed capacitors, keeping the leads as short as possible for C2 -
C7. Note that the board spacing for C4 and 5 is greater than the capacitor leads themselves

so take care when fixing these in place.

4. Insert and solder D2/3 taking care when bending the leads not to break the fragile glass
envelope - the banded ends of the diodes must face outwards to the edges of the peb.

5. Ingert and solder ZD), mounted vertically with the banded end facing into the pcb .

6. Insert and solder L2/L3 and VRl preset.

7. Insert and solder TR3/4/5 with the case outlines corresponding to the drawing.

8. Solder in the three link wires using insulated wire.

9. Insert the polyvaricon capacitor from the foil side of the pch {spindle first) so that the
three leads go through the appropriate holes. Ensure that it is flat sgainst the pecb and
golder the two rotor anc the stator lead teo the peb, taking care not to melt the capacitor
body. Cut off excess leads on the other side of the pch.

Using two M2.5 short thread screws, fix the polyvaricaon body to the'pch - DO NOT use the two

BBA x 6mm screws needed for mounting the plezo resonater as these will damage the tuning
vaneg beyond repair.




or braiding
Prepare the two stator earthing straps from single sided pch material¥and tin the surfaces
with & hot soldering iron. Both straps mount with the tinned surface against the inside of
the connection pins (relative to the polyvaricon) with the short stator lesds from the
capacitor felded over against the tinned surface. Sclder the straps to the pins first, just
above the pchb surface so that there are no shorts, and then the stator leads to the straps.

10. Insert and solder Trl and TR2 MOSFET's from the foil side of the board. Note that the
bodies of these sit within the holes provided and that TRY is mounted with the identifying
legend (K88) visible on the TRACK side while TRZ has the legend on the NON-TRACK side. The
longer lesd on each transistor is the drain lead and faces upwards towards the centre of the
board - trim the leads if necessary while soldering in place.

11. Fix the polyvaricon shaft extension szpindle in plsce using the 20mm countersunk screw
provided with the spindle.

This completes pch construction and at this stage you should double check that all cemponents

are correctly placed, especially semiconductors. Also, using the printed peb artwork as a
reference, check that there are no solder bridges between tracks or pads,

CHECKING OPERATION
In order to verify correct operation, coil D is required and this should be built as
described under 'Coil constructiont.

Next, clip of f and remove the center pin of the five pin DIN socket and entirely remove the
lug {if any) protruding from the surrounding metal cover. Bend up the two innermost pins away
from the other two pins and then solder the two outermost pins to the socket pads on the pcb
(shown marked as 'X' on the layout). Then connect the two innermost pins to point F and H
(earth) using short lengths of wire.

Temporarily connect the meter, sensitivity contrel, switch, piezo resonator and

battery. Adjust the preset VRl to mid travel. With no coil inserted, the RF assembly should
self oscillate. Open 52 so that the board is in wavemeter mode, turn the sensitivity control
(Rv1) fully clockwise and then adjust preset VRl so that the meter reads three-quarters

fsd. The audio oscillator should be running .

Turn the sensitivity contrel to minimum, switch S2 to Dip mode and insert coil D. Increase
the sensitivity setting until about 7/8th fsd is obtained and vary Cl over its entire travel
to ensure that the oscillator is working over its whole range. The sensitivity should vary
smoothly with no sudden dips aslthough it will be necessary to adjust the sensitivity control
to keep around fsd on the meter.

To check the dip, either construct coil B, which has a self rescnance at approximately 37MHz,
or use another coil/capacitor combination whose frequency is within coil D's range.

Once the above checks are completed the wavemeter function can be verified, turning the
sensitivity control to maximum and then adjusting as required so that any rectified RF
deflects the meter adequately.

CCIL CONSTRUCTION

It is very important that these constructional details are followed exactly if the
precalibrated scale is to be used. Primerily, the wire gauges should be the same and are
given here in metric rather than swg - using the nearest equivalent swg to the nominated
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metric diameter will be okay on the two high range coils but will result in ipereasing errors
on the lower ranges.

Referring to the drawings, cut the coil formers to the length indiceted and drill two lmm dia
holes in the positions indicated on the four longer formers. Take the length of wire
indicated {see later for coil A), feed through the lowsr hole from the cutside of the former,
and out” through the bottom leaving Z0mm protruding from the forwer. Close wind the number of
turns stated, finelly feeding the wire through the top hole and out of the bottom of the
former again. In the case of coil A, a specific number of turns is not stated (although
sctually about 385), it being more practical to fill the space between the two holes with
wire. Secure the ends of the windings in place with a small drop of cyanoacrylate or Araldite
adhesive at each hole and arcund the last turn at each end of the winding. Reduce the two
free wire ends to 10mm in length anrd strip 3mm of insulation off each. Take the end of the
five pin DIN plug, discarding the metal shroud and plastic cover and snip off the centre

pin.

Solder resistor Rs across the innermost two pins and the two free ends of the coil ta the
outermost two pins. Prepare and smear a good layer of Araldite (rapid setting is best) around
the lower inside edge of the former to about 3-5mm in depth and carefully insert the plug,
pushing the wire back into the former. Make sure that the plug is at right angles to the
former all the way round and leave to set hard.

The two upper ranges are air wound. They are both wound round a 0.375" diameter drill or
other suitable former of the same diameter, the lower lead bent at right angles to the main
winding and the upper lead bent into the centre of the winding and cut off at the

centre. Strip a few mm of insulation from the upper lead and sclder z straight piece of wire
of the same gauge to this running down from the centre of the coil. Cut the two leads to 20mm
in length, measuring {rom the lower side of the bottom turn and sclder to the plug
connections, with the lower ends of the wires resting amgainst the plastic of the plug

former. Prepare the shroud, slide over the coil from the plug end and then Araldite in place.

THE CASE
The case design is dictated by the physical design of the polyvaricon and requires that the
tuning scale be at the opposite end to the coil if a reasonable size is to be maintained.

A slow motion drive is provided to which the tuning scale is fixed and the connection to the
polyvaricon made by a special plastic extension piece fixed to its stubby shaft and then to
an aluminium coupler and extension rod. The piezo resonator is fixed to the rear panel, with
the rest of the controls mounted on the top panel.

A simple two part case construction is used and is supplied ready finished for use.

FINAL ASSEMBLY

It is suggested that the following order of assembly is followed if problems are to be
avoided,

1. Bolt the DIN socket into place on the front panel (with leads bent as previously
indicated) so that the two inmermost pins used for connecting to s are nearest the open end
of the case.

Z., Fix the 4 x 25mm long 6BA bolts on to the front panel with a lockwasher and nut on each to
secure. Add an additional 6BA nut to each of the four bolts and carefully slide on the pcb,




screwing down the four nuts until the rear of the polyvaricon is just touchipg the front of
the case. Check that the pcb is parallel with the front panel on 211 sides and soclder the DIN
socket pins to the connection pads by carefully inserting a soldering iron through the

gap. Then fix the pchb firmly in place using additional 6BA lockwashers and nuts.

~3w-Reduce--the potentiometer spindle te 10mm in length end mount with the tags facing the
front of the case.

4, Fix 52 in place and maunt the meter in position with the tags facing the near outside edge
of the chassis. Use a couple of small spots of cyanozcrylate or Araldite adhesive on the
meter side flanges for a permanent fixture.

5. Mount the piezo resonator using 8BA nuts and bolts (countersunk) with an extra nut and a
plain washer between each flange and the chassis to prevent the plastic flange breaking when
tightened.

6. Insert two 12mm long 68A countersunk screws through the slow motion drive mounting holes,
with a shakeproof washer and two 6BA nuts on the inside of each. Reduce the shaft of the slow
motion drive to 15mm in length and fix in place with further 6BA nuts and washers.

7. Cut the 1/4in extension spindle to 28mm in length, using any suitable material {a pot
gpindle or brass rod could be used), place the aluminium coupler over the polyvaricon
extension, then the extension spindle into the other end of the coupling and the slow motion
drive - it may be necessary to slightly flex out the chassis ends to achieve this. Lightly
tighter up all grub screws making sure that the two chassis end plates are parallel with each
other.

8. Prepare the Perspex cursor. Any light scratches can be removed with metal polish. Scribe a
fine line through the centre of the Perspex to act as a cursor (this can be carefully filled
with ink or graphite to enhance the line if desired).

9. Carefully cut the precalibrated scele from the paper and glue to the aluminium face plate,
the exact position being unimportant at the moment. Fix the dial into place with two short
88A screws attached to the flange on the slow motion drive.

10. Fix the cursor into place with 6BA nuts and bolts and 1/4in spacers as shown in the
drewing, with the cursor line upright. Do not overtighten as this may crack the Perspex.

il. The internal wiring can now be completed following the drewing. The wiring should be
placed to avoid the central shaft as it turns. The leads on the battery connector are a
little short to allow easy removal of the cover with the battery in place and can usefully be
extended by ebout 30mm (either extend the wires and insulate or remake the connector with new
leads after slitting open the plastic cover).

12. The battery is fixed in place aon the bottom cover using double sided adhesive tape
approximately in the centre with long edge of the battery lying facing the open ends of the
cover, svoiding the slow motion drive and tuning capacitor sheft.

13, The only remaining work is to orientste the dial to a known calibration marker. This can
be done by first finding the fdo signal on a receiver - preferably on range £ coil. Then
release the grub screws holding the shaft to the slow motion drive, and while holding the
shaft, turn the dial until the required calibration point lines up with the cursor. Retighten
the grub screws.




The freguency ranges should be verified at the extreme ends of each coil, using a freguency

counter coupled to the coil, or a general coverage receiver. As long as the coverage is

correct at each end the remainder of the scale should be correct. On range F it is possible
- to. adjust the calibration by slightly opening or squeezing together the turns. From

"o experience-of. the MKI, you should find that the calibration is accurate to better than 10% an

all ranges and probably within 5%. If worse than this, it is probably due to either winding
errors (especially if only one ccil is wildly cut) or to a cumulation of capacitive errors
fram construction and component tolerance. If this is the case, it would be best to
recalibrete a new scale from scratch.

Note that it is possible to adjust the resistor value which ccntrols the gain on each band,
either to get the maximum sensitivity out of the instrument by setting the resistor so that
the ecircuit just oscillates over the whole band, or because there is insuffieient gain in the
first place (unlikely but manifested by ceasing of oscillation at one end of a band).

MODIFYING THE MKI

To convert an original model to the new version, it will be necessary to build a new pcb to
this design and to provide a new calibraticn scale. Also new coils with their five pin DIN

plugs will require to be made as it is umlikely that the originals will be easy to modify,

especially if Araldite has been used in assembly.

Once the new pcb is built and checked it is simply installed in the original case, with the
extension rod shortened to accomodate the new spindle length, and the calibration scale
changed.

USING THE INSTRUMENT ‘

The dip cscillator is intended as a guide to the frequency of a tuned circuit rather than as
an absolute frequency indication. The most accurate indication relative te the calibration
scale is obtained with as loose a coupling to the tuned circuit under test as possible, and
maximum coupling is obtained when the oseillator coil is at right angles to the direction of
current flow. You should aim for a dip that can just be seen for best accuracy - overcoupling
will initislly find the resonant peint and produces a spectscular dip but which is also very
broad and inaccurate. Reduce the coupling to find the accurate dip point.

With power te the oscillator eircuit removed by 52, a sensitive wavemeter is obtained which

will indicate the spproximate frequency of a transmitter or escillator. It cen also show the
presence of harmonics. Other uses are for the measurement of inductance and capacitance (sece
{2] for details) and the resonant frequency of antennas since these are also tumed circuits.

The FDO will also double as a rudimentary signal gemerator with the advantage that the RF
output is modulated by the AF oscillator, ensbling easy location on a receiver.

One type of inductor/capacitor combination which cannot readily be dipped with an instrument
such as this is the toroidal core, as meost of the current flow is shielded within the coil
winding. One method of carrying out such a measurement is to use the dip oscillator as a
signal generator, loosely coupling to a detecting circuit, via a 2-4 turn link coil.

References and further reading.
[1] *A FET Dip Oscillatar for 1.6 - 215MHz with tone dip feature'. A L Bailey, G3WPO. RadCom
November 1381.
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COMPONENTS LIST FOR COMPLETE MKII FPO

R1
R2,7

R3,5
R4,6,18,19
R8

R9

R10,11
R12,21

R13

R14

R15,16
R17,20

R22

Rs

10k
39k
56k
100k
220R
2k2
47R
1k5
k3
470R
33k
a4k7
1k

1l off each 150R, 470R, 470R, 6BOR, 2k2, l0k.

All resistors are 0.25W 5% carbon film types.

VR1
RV1

cl
c2,3,8,9
C4,5
C6,7
cl1o,11

2,3
TR1,2
TR3,4,5

Dl
Dz,3
bl
M1
FR1

Slow motion drive

52

Spindle coupler
Extension spindle
Wire

470R Vertical mount 10mm preset
100k lin Alps pot with switch.

TOKO polyvaricon

10n ceramic dise
12pF ceramic disc 5%
10pF ceramic disc 5%
10n mylar

TOKO 470uH choke type 7BS
35Ka8
BC238 or similar NPN

3mm red LED

BA481

5v6 400mb

Cirkit type 909 200uA
TOKD type PB2720

Jackson 4511/DAF &:1

SPCO miniature toggle
RS type 509-793
Cirkit

Insulated copper:
0.20mm 2050cm
0.25mm &00cm

0.56mm  350cm

1.25mm  &0cm
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ALSO REQUIRED

1 off
Z off
1 off
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Notes:

PP3 Battery connector
Knobs
5 pin chassis DIN socket
5 pin DIN plugs
i6mm dia conduit tube
0.25" dia plastic or brass rod
lmm dia pcb pins
MKII FDQ pcb
Chassis
Cover
Dial plate
Dia} cover
strip pcb or braiding
25mm 6BA RH bolt
}2mm éBA countersunk bolt
12mn 6BA RH bolt
6mm &BA RH bolt
6BA plain washer
6BA Shakeproof washer
6BA Half nut
6BA Full nut
0.25" 6BA gpacer
0.5" 8BA bolt
0.25" 88BA bolt
BBA plain washer
BBA nut
M2.5 polyvaricon countersunk mounting screw

The conduit may be supplied in several lengths

Braiding may replace the pcb stator straps specified.
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Errata.

The PCB overlay contains scome errors:-

.C4 and C5 are transposed with C6 and C7. ie: C4 and C5 (12pF) should be in
the position of of €6 and C7, while Cé and C7 (10pF) should be in the position
of C4 and C5.

The Diodes D2 and D3 are shown reversed.

The cirecuit diagram is correct in both respects.
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