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A Variable Crystal Oscillator (VXO) with a
Pulling Range of Approximately 200 kHz

at 144 MHz

A variable crystal oscilator (VXO) is 1o be
described thal has been especially designed
for use in conjunction with the mini-SSB
transceiver for 144 MHz described by the
same author in (1). This ascillator provides a
very clean glgnal with a level of approximately
7 dBm. This can be tuned frem 13515 to
135.35 MHz, which corresponds to an operat-
ing frequency range of 144.15 to 144.35 MHz
for the transceiver, in other words for the SSB-
range. Detalls are to be given regarding calcu-
lation of the crystal frequency, which means
that this oscillator can also be designed for
other frequencies. The dimensions of \he
screened module are only 74 mm x 37 mm x
30 mm. It will be seen that its length cor-
responds 1o the width of the transcelver,
which means that the oscillator can be locat-
ed adjaceni to the crystal filter of the transcet-
ver,

1
CIRCUIT

Variable crystai oscillators are pgreferably used
when a relatively narrow lrequency range is 10 be
covered continuously - in con‘rast 1o channe!
swilching with FM transceivers. The frequency
stabilily corresponds to a value between a con-
venticnal crystal oscillaior and that of a good
VFO (LC-osci"ator with variable capacitor or dio-
de luning). Such variable crystal oscillalors
(VXOs) have oeen described several limes in
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VHF COMMUNICATIONS - the last one was a
version wilh aight crystals. whose frequency ran-
ges overiapped (2).

In order 10 ensure a sufficienily wide pulling ran-
ge, a lundamental crystal is used al one sixth of
\he oulpul Irequency The crystal osciliates 1o-
gether with the dual-gate FET T 1 (Flg. 1). The
pulling inductance L 1 and the output circuit
comprising L 2 allow the pulling range and the
maximum oulpul level o be adjusted with very
slight interaction. Oue o the control valiage
generated across diode D 1, the oulpul vollade of
T 1 remains vinually constant over the whale
pulling range.

The push-pull push-push doubler equipped with
Schotiky diedes D 4 and D 5 is provided subse-
quent to the oscillator and generates a frequency
of 45 MHz. This is lollowed by a subsequeni
bandpass filter equipped wilh inductances L 4
and L 5 which is used 1o filter the 45 MHz signal,
especially 10 suppress ils subharmomc
22 5 MHz. and 10 supply a clean dnve signal for
the frequency Iripler equipped with T 2.

The 135 MHz signal generated in the tripler is fed
10 a Ihree-stage filter and is available at the oul-
put atalevel al atleast 7 dBm. This power leve!is
sufficient for driving standard Schotiky diode
mixers such as SRA-1, |1E-500, MO-108.

1.1. Selection of 1he Crystal

In order 10 oblain the required pulling range of
200 kHz at the linal frequency in the 2 m band, it
IS necessary — as already mentioned - 1o use a
fundamenial crystal at one sixih of the required



VHF COMMUNICATIONS  3/83

I _

_'_‘;u;;_a| T. &
T
r‘]x"l_\ |
L1 |
|
LJ
de A YA
79 T
l 7L~—".¢ o} . l;"t}l"‘s

Il ? | IDCGHLMZ

Flg. 1: Variable crystal oscillator frequency mulliplication of six-times the crysial [requency

frequency. Since the pulling range is nan-sym-
melric 1o the nominal frequency (2). the specili-
cations of the crystal should be calculated ac-
cording 10 the following equation:

’ fu + 150kHz _ fy — 50 kHz

8 6 - 6

fy = lower Irequency limil

ful upper kmil of the pulling range

With a pulling range of 13515 10 13535 MHz. |,
will be 22 55 MHz. It is sufficient for one o order 3
fundamental crystal in a HC-43/U (HC-18/V) for
the calculated frequency that is designed for a
capacilive load of 30 pF

1}
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1.2. Special Components

T 1 BF 981 (Philips), BF 907 (1)) or similas low-
noise DG-MOSFET in a plastic case

T 2. BFT 66 (Stemens) or similar low-noise URF
tcansistor in TO-18 case

11: LM 2931 (Nalional Semiconduclor)

D 1: C5V6 zener diode

D2 D03 BB505B0r505G

D 4. D 5: HP 2800 (Hewlett Packard) or similar

Schottky diode

D6: 1 N 4148 1 N 4151 or similar swilching
diode

L1 32urns of 0 2 mm dia. enamelled copper
wire in special coil set, (7V 1S) with core
(yellow). (previously: blue).
Glue the winding lo the coil former with the
aid of a dual-component glue without bub-
bles. Manulacture as shown in Figure 2.

L2: 13 + 2 + 2wrns, wireand coil setas forL 1
Glue the windings into place Manufacture
as shown in Figure 3.

L 3" Miniature cnoke 120 iH

L4: 2 + 8 turns, wire and coil set as for L 1
Manutacture as shown in Figure 4.

L 5. 81urns, wire and coil set as for L . Connec-
tion diagram is given in Figure 2.

L6 — L 8: Ready-wound cail type 05118

Crystal see Section 1.1

Case: Metal case, 74 mm x 37 mm x 30 mm
Tuning potentiometer: 100 kQ, 10-turn helical
potentiomeler
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Fig. 2:

Cannectionsof L 1 and
L S (top), and winding

diagram of L 1 (below).
Two layers of 16 turns,

eachl

Fig. 3:

Winding and connection dlagram of L 2

2.
CONSTRUCTION

All components are accommodaled on the
double-coated PC-board DC 6 HL 012 as shown
in Figure 5. This board is 70 mm x 32 5 mm and
s ground surface is arranged so that no RFcur-
rems from subharmonics can flow 1o the oulpul
pins.
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Fig. 4:
Winding and conneclion
diagramof L 4

The component conneclions designated with
crosses should be soldered on both sides of the
board (lhrough-contacts)

Jnductances L 1. L 2, L 4, and L 5 are wound
according 1o the above-shown illustralions
(Fig 2-4). It is imponant that the winding of L 1
is carried oul in two layers using 0.2 mm enamell-
ed copper wire. A single-layer winding using a
thinner wire would lgad 10 100 low a winding ca-
pacilance and oo low aQ Transislor T 1 is solde-

Fig. 5:
The double-coated PC-board is
10 be soldered on boih sides ol
the board (through-contacts) at
lhe positions designated with a
- cross.
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red onlo the PC-board with the marking facing
towards the board.

After completing the PC-board. the outer frame
of the melal box s soldered around the edge of
the PC-board. The operating and lumng vallages
are fed n via feedthrough capacitors (shor ty-
pes) of approximalely 1 nF (4 pcs ). A thin coaxial
cable (RG-174/U or PTFE-cable) is passed
through a hole in the case and 1s directly solde-
red lo P1 5 and ground - solder pins are nol ne-
cessary A photograph of the pratolype is given in
Figure 6.

3.
ALIGNMENT

Connect the operating vollage and the tuning
potenuometer. Check 1he slabilized voltage of 1 1
and D {, n should amount 1o 105V

X

Set Ihe polenhometer 10 the highesl luning volia-
ge and turn out the core ol L 1 The oscillalor
should commence ascillalion on tuning L 2 This
can be measured wilh the aid of a (high-
impedance) volimeter at the calhodes of the fre
quency doubler diodes: (he reading should
amount 10 0310035 V.

Inductances L 4 and L 5 should be aligned lor
maximum currenl dran ol the complete circuit
should amount 10 15 mA.

Align induclances L 6. L 7. and L 8 lor maximum
oulpul power: an oulpul power ol approximalely
10 dBm should be achieved.

Rotale the core of L 11n, unil the oulpul [requen-
cy is aligned 1o fq x 6 + 50 kHz. The alignment
potentiomeler 1$ now tuned 10 he lowast (uning
voltage, which should resultin g x 6 — 150 kHz.
It 1the inductance of L 1 1s increased luather by in-
serting the core, (his will resull in the pulling ran-
ge lo become considerably greater lowards lower

Fig. 6: The construction requires a steady hand. sharp eyes and a soldering tron with a narrow tip
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frequencies. However. the Irequency s1abiiity be-
cames less and less determined by the cryslal on
increasng the pulling range For this reason, it
should nol exceed 200 kHz (=150 1o +50 kHz
from 1he nominal [requency)

4.
MEASURED VALUES

Stabilized vollage (using 5V stabilizer and zener
diode 5V6): 11.5 V.
Operating current (according 1o fregquency):
16-18 mA
Frequency range: 13515 10 135.35 MH2z
Output power. = 7 dBm (5 mW)
Spurious rejeclion (1, + 22.55 MHz). at least
80 dB

All others atleast 80dB
Harmonic rejection (2nd harmonic) 80 dB

All olhers. a1 leas! 80 dB
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Frequency stability for a \emperature jump lrom
2010 50°C: approx 2 kHz.

Noe:
As is the case of a VFQ, this VXO should be
mecunted in a position in the (ransceiver or recei-
ver where the lowest amount of heating occurs
In aadition 10 this, il is advisable for the melal
case of the oscillalor 10 be surrounded with a
layer of at least 5 mm of styrine foam

5:
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RECEIVER for 136—-138 MHz
(Weather-satellite band)

The receiver described by Rudy Tellert,
DC3NT, in 4/1979 and 1/1980 of VHF
COMMUNICATIONS i1s now available in
the form of ready-10-operale maodules!

1. RF/IF module DC3NT 003:

complete winh special crystal fer,
demodulalor and filtering.  Also
incluges monitor amplifier and sub-
carner oulpul. DM 395.00

2. Oscillator module DC3NT 004:
Enclosed in metal case. Includes AFC
and scanning circuii, as well as a
35 MHz frequency shift circuit for
METEOSAT channels 1 and 2.

DM 168.00

3. VHF COMM. 4/79+1/80 DM 8.00
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