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DEVELOPMENT OF AN IMPROVED CRYSTAL EXCITER UNIT

SUMMARY

A aystal osallator mulisplier arcu of gh
stability and outpul power 1s described, and the
factors aftecting the stability, crystal curtent,
and oulpui power of the osullator nre discussed
An exeiter umil for an ultra-lugh-fiequency
Lransmitter which makes use of the crystal
osellator multipliel i conjunction with an 807
{ype tube as & multipher 18 desetibed

INTRODUCTION

During the past few years, the Civil Acio-
nautics Authority has made use of a dynatron
crystal oscilllator employmmg a type 57 tube
This oscillator was adopted because of 1te rela-

tively high hanmente oulput with low crystal
current  Recenl desvelopmenis i the crystal
oscilllator art have indicated that an oscillator
with the crysial connecled from grid to plate
will give supenior performance 1t was decided,
thercfore, to mvestigate this tvpe of wrcuit Lo
delermine 1is advantages for the puipose of
providing a arystal oscillator exciter unit which
would have a stabiity equivalent to the dyna-
iron oscillator, but with a higher output powel

THE GRID-PLATE CONNECTED CRYSTAL
CIRCUIT

The osallaton cnewt wvestigated, shown
figure 1, 18 essentially an electron coupled osulla-
tor, and makes usc of a type 807 tube The
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Ficure 1 —Schematic diagram of the exciter unii
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DIAL SETTING OF PLATE TANK TUNING CONDENSER

l'1eunw 2 —Frequéncy stability of the grid-plaie connecled oscillator with changes 1n cryslal plate tank
condenser setting

advanlages 1o be derived from the use of this
cuewt weie ongmally pomted out to the
Authouty by the Bell Telephone Laboratones
The erystal osallator cucuit 1s composed of Lhe
gnd, cathode and screen grid—the screen grid
operating at ground potential with respect to
the radio-frequency voltages Herealter, this
circuit will be referred to as the gnd-plate
connecled civstal ciremt  The ciwrcuit com-
prismg the crystal, grid, cathode and screen
operates at the fundamental frequency of the
crystal  The plate tank, which dehivers excita-
tion to the 807 mulupher slage may be tuned
to the fundamental or harmonie frequency of
the crystal Since the screen 1s al ground
potential to radio frequency, 1t acts as a shield
separating the frequency conirolling part of the
arcwt from the load eircuit

There are lour mportant factors bv which
A particular crystal oscillator cirewt 1s judged

(1) Stability, {2) oulpul power, {3} crystal
curtent, and (4) ease of stutting To he a
source of tiue frequency, the output frequency
musl be mdependent of the factors which may
change under normal operating conditions such
as ambient temperature, supply vollage and
tunimg of airewits  To be of maxunum utihity
m iransmitting crcuts, 1t must deliver sufh-
cient power to dnive the gnd of the following
amplifier or multiphier {ube To be reliable,
the crystal current must be kept low so that
the crystal will not be subjected to undue
stresses which mught cause 1t o fractme
Furthermore, the circuit should oscillate easily
g0 as to insurc consistent operation of the
transmitter
STABILITY

The frequency vamations due lo changes
ambient temperature ate a [unclion of the
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circutt and the cut of the crysial, and may be OUTPUT POWER AND CRYSTAL CURRENT

limited to three parts per mmlhon per degree The power avadable m the plate circut
centigrade change in temperature, by proper (Le, Cg) 18 Jargely controlled by the plate volt-
choice of the physical and electrical dimensions age and the value of 1, (C; remarmng fixed)
of the crystal For several valucs of I, the power output was
Frequency stability measurements were made  measured as the plate voltage was varied from
by comparng the audio-fiequency bheat nole 200 to 450 volts These data were obtamned
between the crystal osallalor and a stable  with the plate tank tuned to the fundamental,
variable osullator of a National TIRO recerver 24, 3d, and 4th harmomes of the ecrystal
The short time frequency stability of an HRO  These results ate shown in figures 4, 5, and 6
teceaver was found lo be sufficient for this  In oider to determine the optunum values of
purpose Ly, the power output for the various velues of
The stabidity of the eircwit as 1efmred to the L, 18 plotted m fgure 7 for a fived value of
tuning of the output tank (L, ;) 15 shown m  plate voltage (300 volts)
figure 2 In tlus case the maximum deviation These curves mdicated that the optunum
was 1 5 parts per million value of L, for the plate tank tuned to the
The crystal [requency changed 42 cyeles for fundamental should be 750 mciohennies  This
a change in lugh voltage (E;) from 50 to 450 mductance, however, cansed a shght mnstability,
volts or 8 parts per mulhon  This varnation 15 which was removed by mserting 7560 ohms in

a Imear function as shown n figure 3 series with the coil
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1MgurE 10 —Grid-platie connected crysial oscillator

A simular procedure was followed to deter-
mine the effect of I, and plate voltage on crystal
current  These data are shown in figures §,
9, and 10 The crystal curtent for various
values of 1., 15 also plotted on figure 7 for the
same plate voltoge (300 volts)

From fgure 7 1t 1s seen that the optimum
value of L; will be a compromise between maxi-
mum power output and minimum crystal cur-

rent The optimum values chosen from the
curve are
Plate iank tuned to— L 1n microhenries
Fundamenlal 750 plus 730 ohms
2d harmonic 200
3d harmonc R0
4th harmome 80

In the final design, 750 microhenries were used
for the 2d harmonic smce 1t Tepresented a re-
duction of only about 12 percent in output and
jeduced the number of different cols 1equired

R.F volts across crysial (r-m-s)

In this particular oscdlalor 1l was found Lhal
the erystal radio frequency current mm mull-
ampeles was twice the radio-frequency vollage
(1-m-s) across Lhe cryslal

The output vollage available to drive an
amplifier or multiplier stage was determuned
and 15 shown in figure 11 In this case the
second stage 18 also an 807  With a 4-mega-
cytle erysial, the power output of the multiplier
stage at 24 megacyeles 18 shown in figure 12 {n
varwous values of multiplier plate voltage Two
cutves are shown, one for trnphng m the
o=etllator plate cirewt and doublhing in the mulli-
phier, the other for doubling in the oscllalon
and tuipling 1np the multiplier The power out-
put from the multiplier 15 greater when triphng
i the erystal oscillator snd doubling in the
multipher than when doubling in the oscillator
and tripling m the multaplicr state This 18
due to the fact that the muoltipher 15 moie
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CRYSTAL TUBE PLATE VODLTS
Tmeurr 11 --Gnd-plate connecled crystal osallator  Voltage availlable to drive multipher grid

cllicient when operatmg as a doubler  Wath a
multipher plaite vollage of 500, an oulput of
20 watts was obtained at 24 megacycles In
cither case ample power 15 avallable to excile an
amplifier or mulapher of the HK54 type

Figures 13, 14, and 15 are iront, rear, and
top views of the grid-plate connected cxeiter
umfi complete with crystal osaillator multiplier
stage, and power supply designed for relay rack
mounting

THE DYNATRON CRYSTAL CIRCUIT

The dynatron crystal circuit referred to m
the mtioduction 1= shown schematically
figure 16 In this cuemt a type 57 tube was
used with the screen operated at a higher po-
tential than the plate This carcmt was used
prmeipally because 1t was possible to obtam
high order harmonics 1in the plate cirewat and
yet mamtain low ciystal curients  The great-

est disadvantage was n the 1elatively low out-
put power and the lugh plate and sereen voli-
ages ol a receiving type tube Although the
37 operated for extended periods with 500 to
600 volts on the screen, this 1= not a desirable
condition  [urthermore, even though the cry=-
tal current seldom exceeded 45 milhamperes,
the measured erystal voltage was excesive
The r-m-s crystal yoltage of the circuit described
i this report and the crystal dynatron cucut
have been ploited m figure 17 together with
the curve of safe values as recommended by the
Bell Telephone Laboratories From figure 17
1t 15 evident that the voltage across the crystal
m the dynation cireuit 18 greater than the
recommended safe value, wherens, 1n the circmt
deseribed m this report, the voltage across the
erystal 15 well within the safe value and the
power output 1s twice that of the dynatrem
clreuil
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T'rgure 13.-- Front view of exciter unit.

IMGure [4.--Rear view of exciter unit with dust cover
removed.

Trqure 15.—Top view of exciter unit with dust cover
removed.
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CONCLUSIONS

A crystal oscillator multipher cirewit of high
output with low crystal voltage and one which
1= substantially free fiom frequency changes
’_§ A é_t']_é expenenced under normal operating conditions
305u ame «uch as wvarying plate voltage and remt
3000 ndjustment, has been mvestipated and found
supertor to the dynatron crystal ecreutt pre-
viously uged by the Civil Aeronautics Authonty
In addition, the filament supply 15 simplified
by the use of sumilar tubes in the oscillator and
multipher stages

An excaiter unit combining this erystal oscil-
lator multiplier carcut with an 807 type tube
i & multiplier stage has been developed for ap-
pheation to ultra-ligh-frequency transmitters
The exciter umt constructed 1s capable of de-
Liverng at least 20 watis af 24 megacycles
using 5 4000-kilocyele crystal

57
4MC

=]}

i} T

23v

I'1ctre 16 —Schematic diagram of 57 crystal oseiliator
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CRYSTAL FREQUENCY IN MEGACYCLES

Tratre 17 —Gnd-plate connected erystal oscillator Recommended safe crystal (r-m-s) volis across a crystal,
and comparafire crystal (r-m-s) vollages of the 57 dynairon oscillator and the grid-plate connected oscillater
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PARTS LIST

Ry Reswtor, 100,000 ohm, 1 watl
R; Reswstor, 17,500 ohm, 10 watl
R, Resmstor, 20,000 ohm, 100 watt, yariable
Ry Reswstor, 3,500 ohm, 30 watt, variable
R; Reswstor, 1,500 olim, 10 watt
Rq  Resstor, 20,000 ohm, 20 watl
R; Resistor, 40,000 chm, 20 watt
M, Millmmeter, Weston, 05
M., DMulhammeter, 0-100
C, Condecnser, 0 00005 mfd
Cq, C,, G, C, Cp, Cu, Cnp Condensers, 0 01 mfd
Gy Condenser, 0 0005 mfd
Cs (‘ondenscr, Haminar lund, variable, M 358X
("s  Condenser, 0 0001 mifd
;. Condenger, 0005 mfd
C:s  Condenser, 2 0 mfd
Cys  Condenser, Tammarlund, vanable, MC358Y
T, Inductance, R ¥ choke, 750 muerchenries
T: Inductance, Hammarlund coil form 1¥-iueh diameter, No 20 enameled
wire, 15 turn'sfspaced wire diameter
L: TInduetance, same as Ly only Mo 17 wire—8 furny
Iy Inductanee, 3 turnsg enatneled wire No 20
I Inductance, 10-henry choke—110 ma
SW  Toggle awiteh
I, Tilament transformer—6 3 volts—{" [
|, [Mlament tronsformer—5 volts— C T
1, Power {ransformer—1,600 volts -C L

115
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