Crystal-Controlled Oscillators

A Review of Modern Crystals, Circuits and Tubes

BY C. VERNON CHAMBERS, * WI1JEQ

rEnionte survey of Lthe helinvior of erystal-
oscillator cirenils is desirnble heenuse of
- Lhe new Lypes of eryslals aml tabwes hat,
appear over oo preriod of Lime, Previoons exonina-
tions of erystal-oscillntor cirenita by Lomb U amd
Goodman 2 resulled in much uselul data per-
tnining to erystals and tubes of prewar design.
Although the ascillutor-tube eomplement has not
grown appreciably sinee Lhe Lime of the work hy
Ciomdiman, considerable development was dlone
it the erystal fichl during Whie years of warline
vesentebh, Pl ecystals s cotnmonly available
aon Lthe regular sl the surplus markels are
simaller sl therelore cannol. haoedle ns maeh
power na Lhose produeed in the past amd, as nore-
sult, the operating conditions of an oseillator
virenit are now more eritieal,

The abyjeel of Lhis Inlest investigation was the
delermination of optimum oporating conditions
Fior Uhree popular oseillnlor eirenils using the new
Lype of eryslals in conjunction with any one of
four popular escillator tubes, The eircuits testod
were the grid-plato, the "U'ri-tel, nid the modificd
Pierce and (he tubes were the T'ypes 6AG7, GF6,
GVGOT and GLG. The operntling charneteristios
sought after were goond keying, low erystal cnre-
reend, reduelion in the fregqueney shilft normndly
eavsnd by Laping of Che plale cirenit, amd weml-
erale power onlput ol the Inndamental nnd the
Linrmonie Treogquencios,

For elarifiention it shoubd by sbated Uhal goned
keying in Lhis instanee means 0 keyed signal free
from ehirp amd that power oulput does not mean
mnximum obtainable power, In these tesls power
oulpul was secontdnry to keying and lreguency
shift, and no nttempt was made to generate more
power than woulid be required to drive another
receiving-type Libe or o low-power Leansnilling
tubie sueh ne Uhe SO7, During the Lest Ui G100 was
aperaled at o higher input than the olher Uhree
Lypes of tubes bt this was done Lo permil stuedy
of the erystals in o power cireuil — nol 18 nn at-
tempt to inerease oulput.

The Test Equipment

The test equipment consisted of d.e, meters for
measuring power input and oscillutor output, two
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receivers, o lregueney slamwdard, an awdio oseil
Lbor, s oseillosenpe soud, st Bl nnl Teast, apair
of Glhan, pilol o, O o Che eeeeivers was
wseed Tooe menibovingg The onlpnil sigonnl of the os
cillalor amd Uhe second reeeiver was us=isl in con-
Junetion with U "seape, the madio oseillabor and
the freomency stoudand 1o provide menns of
menstiring the Teeooeney shilt, Owe pilot lomp,
conneeled as shown in Fig. 1, was wsasd Lo measure
ervstal enrvent, Doving test rans, the brillinnee of
Elais Brpvnepe s conpnprredd wille that of Uhee peeoml
Lo whivh was in toen eonmeseted oo eirenil
eonsisting of o hallerv, o meler aml o polentio
tweter, Innsmeh as the lilvents of Gi-mn, bulls
dor not heeome inenndeseent with o eureent, of less
than 30 ma., the performanes eurves of the os-
cillilors do nol show ervstal earvents less than
thiz value. Fortunately, these anmensureabile cor-
renty nee sufe cnrrenls,

The Test Unit

In the test unit all values of €f, ¥ and 1 wore
made varinble so that oplimum eireuit values
eould be readily determined. A I'vpe 807, con-
necled as shown in Figo 1A, was used ns the os
eillnbor loael, The tabe looed allowed sty of Lhe
keving mwnl Lhe olher charmeloristies of Lthe os-
cilllabors wneder normal working comditions, Inei-
dentally, onlpml data Tor the ozeillalors are ex-
pressel in Lerms of eectilied eareent measaeed at
Lhe griel of Che 807, Dol Tor the feed-hack eon-
tensers were calibrated in Llerms of eapacitance
and the plate-cirenit control was enlibrated in
terms of Mrequeney. These enlibralions permitted
rapid logging of the eireuit values lor different
sets of operating ndjustments.

Inpul to the Types GAGT, 616 and GVEGT was
approximalely 5 wabls in all enses ol the inpub
Loy Lhe GLG was around 10 walls, “Che oulput of
Lhe plate supply was eontrolled by o Varine ol
Lhe sereon voltnge for Lhe tabes wig held eonstant
by a VIRR-150 regulator tube,

It was decided ab an early stage of the game to
make the keying, frequeney-ghilt, eryslal-current
nml  power-ontput  measurements with  7-Me.
creystals providing the Tundamental Trequeneies,
It was felt that the 7-Meo ervstals might he a
little more Lricky to ladle than the 3.5-Me,
erystalys aned we wanted toomake the tests a8 con-
clusive ns possible. However, 3.5-Me, ervstals
were used Tor obilaining the harmonie data be-
cause more relinble cheeks coublld be mmde in the
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Fig. 1 — Circuit diagrams of the crystal oscillators.

Cy — 250-ppufd. variable.

Ca, C3, Cs — Feed-back control condensers (sce text and
Figs. 2, 3, 4 and 5).

Ca, Gy Co— 0.005 mica.

Cy — 100-ppfd. mica.

Ry — 0.1 megohm, 14 watt,

Ra — 15,000 ohims, 10 watta,

range up to 14 Mec. than could be made il the
range extended up to 28 Me.

As work progressed a set of fixed circuit values
was arrived at and these values appear in the
parts list of Fig. 1. The values apply to all three
circuits and are optimum for good keying, mini-
mum frequency shift and output at the lunda-
mental and the harmonie frequencies. Circuit
values that apply to a single circuit are listed
along with the performance curves of Figs. 2, 3,
4 and 5.

General Conclusions

The results of the oscillator tests are best
presented by the curves of Figs. 2 to 5, inclusive.
However, additional data of a general nature
apply to all three circuits and this material will
be covered hefore the individual circuits are
discussed.

The circuit dingrams of Fig. 1 show the usc of
regulated screen voltage. (Actually, it might be
more correct to say regulated plate voltage be-
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Li, Ci— Tuned to crystal frequency or desired har-
monie,

T2, Ca — T'uncd above crystal frequency (sce text).

[ — 60-ma. pilot lamp.

MA — Grid-current milliammeter,

REC — 2.5-mh, r.f. choke.

snuse the sereen grid serves as the oscillator plate
in each of the circuits shown.) ‘The value of this
voltage, 150 volts, was determined by the os-
cillator output when a 250-volt plate supply was
used. Lower screen voltages reduced the output
and higher voltages contributed nothing more
than an increase in erystal current. The regulated
screen voltage has two desirable effects: it pro-
vides a noticeable improvement in keying and
makes the power output of the oscillator more
independent of plate voltage. Cathode current of
a screen-grid tube is largely controlled by the
screen voltage, and with this voltage held con-
stant there is less change in plate current as the
plate voltage is swung around a given value.
With the test circuits shown it was possible, by
means of the Variae, to swing the plate vollage
approximately 100 volts above and below the
regular value without affecting keying, [Ire-
quency shift or output to any significant extent.

The output from each of the circuits was great-
est when a low-C plate tank was used. This fen-
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