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DEVELOPMENT OF AN IMPROVED CRYSTAL EXClTER UNIT 

\UM MARY l,,dy hgh l11111110111~ 0ulpuL a~llh hr c lpztill 

A uys1al “s~lll:l lo1 nndLlpllel CII‘C 1IlL 01 IllgIl culTcllt I<P( r11l dl?\ &pmellL~ 111 th? crystd 

hhhty aid output power E desmbcd, and tbr osc,llnto, UL lra, I, ml1caLed LlllLt an osclllntor 

factors afhx tmg the stablllly, crystal ~unenl~, Wl~b LhC ~ryslal L”ll”W Lrd from gml to plntl~ 

md outpuL power of the owllutor nrc dmxss~d a111 glr’e supcr1or prrformnnce It was deaded, 

An excltd'l uml for an ultra-hlgll-fll~qurllc~ tbcrcforr,, LO mvcstlgate this tvpe of mcult Lo 

hunsnutt~r uh~b rnnkrs we of the crystal delermme 11s advantages for the pmposo of 

orclllalor mulllpllel 111 con]unctlorl \I 101 an 807 pm~dmg u crystal oscillator ewlter umt wluch 

type tube ns a multlpher EI drscllbed aould hltvc a stablbty cquwnlent to the dynu- 
iron osallator, but mth a hlgher output powel 

INTRODUCTION THE GRID-PLATE CONNECTED CRlSTAL 

hrmg tbc past few years, the Cm1 Aao- CIRCUIT 

naul~cs Authonty has rnedc use of n dynatron The oscdlitto~ cncult III> esL@xd, shown LII 

crystal oscdlato~ employmg a type 57 tube figure 1,~ esscntmlly an &&on coupled osulla- 
This oscdllttor was adopted becawe of Its rele- to,-, and makes USC of n. type 807 t&P ThC! 



ncl\.mLages to bc dcrnwl from 1110 use of lhls 
(llcult n’olr or1gmnlly pomted out to lllP 
Authonty by tlw Bell Telephorw Lnborntol~s 
The crystal os~dlalo~ cncut IS composed of Lhc 
gnrl, cathode and screen grldptbr xi-‘PEII gnd 
operatmg at ground potcntlal vlth respect to 
the radio-frequency vollagcs HrwitItcI, this 
clrcmt ~111 bc referred to as the gnd-plntc 
connected uvstal cmcult The clrcut rom- 
prmng the crystal, gnd, cathode and xi-cc11 
opcratw Ht the f1lrldomcntal frequency of Lhe 
wptnl The plrae tank, v hlch dehrrrs exclta- 
lmn to LIE 807 multlphcr stage mny be tuned 
to the fundamental or hznmomc frequency of 
the crystal Sum the screen 1s at ground 
potentml to radm frequency, It acts as a shield 
separatmg the frequency conlrollmg part of the 
urcult from tho load c~rcut 

(I) Stublllty, (2) output po\wr, (3) cry&l : 
wnent, and (4) ease of stw tmg To be a 
sauce of tlue frequency, the output frequency 
muql be mdependcnt of the factors ~1~1th may 
ch<~nge under r~ormal operatmg condltmns such 
as amblcnt tempcmtur, supply voltage nnd 
tunmg of arcuts To be of mnxunum utdlly 
111 trnnsm1tt1ng cmmts, It must dcl1ver suffi- 

clcnt power to dnrr the gnd of the follovmg 
amphfirr or multlpher tube To be Iellnble, 
tbc crystal current must be kept low so that 
the <rystul ~111 not be sublectcd to undue 
strcsws which might cause It to fra‘tu,o 
Furthermore, the cncut should oscdlatc easdy 
so as to 1IlS"lT c0ns1stent operatmn of tbP 
trensm1tter 

STABILITY 

The frrqurrlcy vanatmns due IO chuuges ,,, 
ainbwnt tempwatrrre *,P n fun~l~on of tbr 



clrcult and the at of tlw crjslal, und may bc 
lumted to three parts per mlhon per degree 
crntlgradc Lharlge m tempwature, by propel 
chow of tic physml and clrctncal dmux,snms 
of lhc! crystal 

Frequrrq itahdlty measuremmts we,<’ rnudc 
In Lompanng the u&o-hequcncy bat nole 
brtwern the uystal osc,llnlo~ and n stable 
\ amble osullato, of il. National IlRO rcce,>c, 
The short trme frequency stltbdlty of an HRO 
Iwdx~;c* uns found lo br SUffiLlCUl for t1us 
purpo50 

The stabrhty of the cmxut as lcfclred to tbo 
lunmg of the output tank (I,,, V,) 1s ih”\vn 11, 
figure 2 In thn cam the rn~~unum devrutlon 
w5s 1 5 parts per nnlhon 

The crystal frequency changed 42 <y&s for 
H change m high \“ltngo (E,) from 50 to 450 
volts or 8 parts prr nulhon Tlur vxnatlon E, 
EL hear function as shown m figure 3 

OUTPUT POWER AND CRYSTAL CURRENT 

The powel a\allnble 11, the plate crcult 
(1~2, C,) 1s In&y controlled by the plate volt- 
age and the >alue of I>, (C, remamu~g fixed) 
For s~xwrnl ~mlucs of L, the polce, output was 
measured XJ the plate voltage was raned from 
ZOO to 450 xmolts Thew data \,ere obtamcd 
wth the plate tank tmrd to the fundamental, 
St, 3d, md 4th lmrmoruc~ of the crystal 
Thw results ale sh”\r II 11, figm? 4, 5, and 6 
In "ldP1 to cl?terrnln~ HIP optumrm vsluev or 
L,, the powor output, Eor tall? T‘HrIous valllcs or 

L, IS plotted 11, hgme 7 for a fixed vulue of 
plate vo1tagc (300 volts) 

The\e CII~Y’S md~cnled thst the optmnm 
value of L, for the plate tank tuned to the 
fu,dmnental should br 750 m~c,ohennes Thrs 
mductancc, however, cansed n ihght mstabdlty, 
uhlch UUI rzmo\wl by msertmg 750 ohms m 
senes \I lth the co11 



4 



5 



6 



7 

FIGURE 7--Val 
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FIGURE 9 -Gnd-plate connected crystal oscdlator R-F volts acrom crystal (r-m-s) 



A imular pmcedwe M as followed to deter- 
nune the effpct of L, and plate voltage on crmtal 
current These data are shown m figures 8, 
9, and 10 The crystal current for vm,ous 
mlues of L, IS also plotted on figure 7 for the 
SaDlO plate v&age (300 volts) 

From figure 7 It 1s seen that the optmmn 
value of L, ml1 bc a compronnse between max,- 
mum power output and mnnnum crystal eur- 
rent The optmum values chosen from the 
CUTTE are 
Plate tank tuned ta- LI ,n mcrohenrms 

Fundamcnlal 750 plus 750 ohms 
2d hnrmon~ 200 
?d harmomt 80 
4th harmomc 80 

In the final dewgn, i50 mmoherr~eswero used 
for the 2d harmomc smce It represented a i-e- 
dwtmn of only about 12 pcrcrnt m output and 
I rdrmd the number of dlflercnt rolls lequmd 

In ll11s parllLulu1 osclllrLlor 11 wits found 111111 
111~ cly+d radm fr~qurncy current m m1111- 
nmpa es was tmc c the I udmfrequemy > ohage 
(~-m-s) across the crystal 

The output voltage avndsblr to drne an 
mpbficr or rnultqkr stage was detmmncd 
rrnd 1~ shonn m figure 11 In this case tbc 
second stage 1s also an 807 With a 4.mega- 
cy~lc crystal, the power output of the multlplm 
stag? at 24 mgarycles 1s shown 11, figure 12 lo1 
7.unous values of m1lltlpll~r plnle vo1tagc T51-o 
L”lVCS mc! shown, one for tnp1mg m tbc 
owllalor plate rnmut and doubhng m thr mulll- 
pher, the other fol doublmg in the os~~llalo~ 
and tnplmg m the mnltlpber The poweer out- 
put from the multlpbcr 1s greater when tnplmg 
m the cr3-stal omllator and doublmg m the 
mult~plw than \x-l-hen doublmg ,n the osrdlator 
and tnplmg m thp mult~plm state This IS 
dw to tbc fact that the mnltlplm- 1s mole 



. 
r~lhclcnt w11c11 opcr‘lt1ng 86 a doubler Wall a 
rnult1phcr plalc ,ollage of 500, a,, 0111p11t of 
“0 watts was “btuncd at 24 rnrgncycles Jn 
nt11rr case nmplc power 16 ava1lablc to cxc1lr nn 
iunphficr or nnkpbcr of the HK54 typr 

Fxgurcs 13, 14, and I5 ale front, rca, and 
top \IPWS of tbc gnd-plate c”nnerkd rxclLer 
unit Lornplctr w1tb Lqslnl osclllat”l m111tq111rr 
stage, and powc, supplj drslgnrd for relay IUC li 
nlountnlg 

THE DINATRON CRYSlAL CIRCUIT 

The dvnatron cry&l cn-cut refelred to u, 
the mtloductlon ,i shown schcmatuxdly 11, 
figure 16 In thly cucut n type 57 tube 17-a 
used wth the sax-een opcrutfd at J. higher po- 
tentlal than the plate This cucmt w&s used 
pnnc~pally because It wtts posslblc to obtnln 
high “i&l hwnuxxs ,n the plate clrcmt and 
yet lnnllltaln l”\l c,ysta1 cm1ents The grcut- 

est dwl>antage was m the lolatwoly 1”~ ont- 
put power and the lug11 plate and screen volt- 
ages on n recewmg type tub” Blthough the 
,i7 opcruted f”I extended periods with 500 to 
600 volts on the sci-wn, this a not n deslrablc 
condltlon Furthermore, e>en though the cq-E- 
ta1 currfx1t ie1ldorn excePdPd 46 m1111nmpe1es, 
the mei~wrrd crystal xoltnge \\as eucesqve 
The r-m-b cq~yst>nl \“ltnge of the clrcult described 
m this report and the crystill dynittron cucut 
hare been plotted in figure 15 togothcr Nlth 
the cur\ e of safe ~-&es as recornrnended bv the 
Bell Telephone Laborxtorles N’rom figure 17 
it 1s e\tdent that the voltage across the crystnl 
,n the dynkon crcut 1s gleater thau the 
recornm~nded safe value, wherens, m the cn-clut 
descnhed ~1 this repnIt, the voltage across the 
crystal li nell wlthln the safe value and the 
power output IS tvlcc that of the dynntI”n 
cllcrrlt 
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13: Front view of exciter unil. 

VI(:IIKC: I4.--Rear view of exciter unit with dust WI aer 
remuvrtl. 

lhcrrm 15.-Top viewrzfn;;Eier unit with dust cover 
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CONCLUSIONS 

An mater runt combmng this crystal oscd- 
later ndtlpher cncult ulth an 807 type tube 
m a mrdtlpher stage has been developed for ap- 
phcatlon to ultra-l~gh-frcquellcy trnnsmlt ters _- Ihrr IIE 10 -Schemat,c dmgram of 57 crystal ose,,,alv. 
The exciter umt constructed 1s capable of de- 
lmrmg (Lt least 20 watt4 at 24 rrwgncyclcs 
usmg u 4000.kllocyclc crystal 
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