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SECTION 7 

OSCILLATOR CIRCUITS 

PART A. ELECTRON TUBE CIRCUITS 

L-C OSCILLATORS. - 
!he LC type oi osciiiator uses a tuned circuit con- 

sistinq of lumped and distributed inductance and lumped 
and distributed capacitance connected as o series or 
parollel resonant (tank1 circuit to determine the frequency 
of operation. Series resonant tanks ore sometimes, but not 
often, used depending on the oscillator circuit selected. 
Operotlan is narmolly h the radiofrequency rmqe (opero- 
tion in audio ranqe may occasionally be used!. Csclllo- 
tiun is achieved by tile upp:icatior~ ci poSi1;u.t (ii.g?!jeia- 
tive! feedback from plate (or aEy otber e!eme.t! to grid 
through external or internal capacitance or inductive 
coupimq, dependino upon the particular circuit cmiicuro- 
tion. 

Class C operation i s  usually employed for power os- 
cillotors, and Closs A operation i s  used for test equip- 
ment oscillators where waveform linearity i s  important. 
Closs E operation i s  normally not used, but zoy occasion- 
ally be encountered. 

Efficient circuit operation and noximu;r. frequency 
stability me achieved with o tmk circuit having a high 
loaded Q (this i s  equivalent to low Q, or high C to L ratio). 
This i s  produced for parallel-tuned tanks by using a large 
tuning capacitance (high Cl with a small inductance. For 
series-tuned tmks a high L to ratio i s  used to achieve 
the some effect. Normally the inductance of the tmk cir- 
cuit lemoins fixed, and thecapacitance i s  the variable 
txnina element. Inductive tunino may be encountered. . . 
particularly in the low- and very-low-frequency r-i ranges. 

Grid-leak bias i s  aenerallv used for self-excited 
oscillotns ond may be elther shun! or series (see 
Sectlon 2, porogrqn 2.2.23, with the series form prwiom- 
inating. Either shunt or series type plate feed is employed, 
with shunt feed being used for those oppllcotions where it 
i s  desired to isolate the tank circuit from dc. Generallv 
spoking, oscillator operotion i s  basically independent of 
the type of bias or method of plate feed. For design pur- 
poses the oscillotor i s  considered a s  a Class C ampiifler 
with a feedback loop, operating at the some voltaqes and 
cu i ra t s  a s  - but .,;ith c lower a.:er-.'l x.;!er 0-t- 
pit  m a u s e  of feedback and circult iosses. 

Althouah there are o number of types oi i-1: oscilia- 
tors, anc each type nos o particular aavantage or IeavJre 
cloimed for it, they are usually all operable over the range 
tor whlch tuned clrcults can be orveiopea. Tneretore, 
their rmges of operation many times overlap, and the 
particulcn circuit used m y  Se selectee or.iy Secmse 2: the 
designer's ?reference or previous familiarity with the cir- 
cuit. In addition to the constant frequency, and thermal and 
m ~ r h m i r a l  cmsiderations afforded the tmk circuit: 
the plote resistance and omplification factor o! tt.e tube 
used, plus tube element capacitances and stray wiring c o p  
nrltaqcpsi riptermin? the osciilutor wrformanc~ to a 
;rein exte!!!. hiinst c!icn?tc cnv k mrmqed 50!!nnt !be 
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tuning element con be grounded to prevent hond copocitance 
effects, although it may be mechmicolly or economically 
unfeasible to use some of these circuits. 

The figute shows both series and shunt plote-voltage 
feed arrangements. The series feed mrangement is eosily 
recognized by the fact that the plate voltoge is applied 
through the tmk circuit. Capacitor Ci bypasses the tank 
to sround for rf, so one end of the tmk i s  at r-f ground 
potential, and the tuning copocitor i s  effectively grounded 
to eliminate hond capacitance effects. The tmk, however, 
i s  at iull d-c (and r-f) potential md  dangerous if touched 
(for high applied voltoge). 'The identifying characteristic 
oi the shunt feed arrangement i s  that the plote of the tube is 
connected to B+ through on r-f choke, and coupled through 
C7 tn the tmk. F . f f e ~ t i ~ e l ~ ,  fh? tn1k is  !~-n!n-!eI !i?m 4 ~ .  
hut 1s coupled for ii. in  mast shunt-feed c~rcults the tank 
capacitor c a n k  grounded directly rather :hon through a 
bypass capacitor. Usually shunt feed 1s avoided where a 
larqe ronr]e of f r p q l ~ n r i ~ s  is tn k C O V P ~ P ~  !pr!ic!ularIy 
at the higher irequencies) because of parasitic oscillotions. 
or dead spots, resulting from unwonted resonances of the 
r-f choke and tube or wiring capacitances. 

RFC 

SHUNT FEED 

SERIES FEED 
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TICKLER-COIL OSCILLATOR. 

APPLICATION. 
48 

The LC tickler-coil oscillator i s  used to produce a slne- 
wave output of relatively constant amplitude and fairly 
constmt frequency within the r-f range. ' h e  circuit is gen- 
erally used a s  o local oscillator or beat-frequency oscillata 
in a superheterodyne receiver. 

CHARACTERISTICS. 
Utilizes an L-C tuned grid circuit to establish the 

frequency of osc~llotion. Feedhack is accomplished by 
mutual inductive coupling between the tickler coil and the 
L-C tuned grid circuit. 

Operates Class C with automatic self-bias. 
Frequency stability is fair. 
Output amplitude is relatively constant. 

CIRCUIT ANALYSIS. 
G.n..ol. Oscillations of a tuned circuit will tend to 

die out at an exponential rate and will finally cease, unless 
energy i s  replaced at regular intervals. For oscillations 
to be sustained, sufficient energymust be supplied to over- 
come circuit losses. The use of an electron tube a s  an 
amplifier provides the odditionol energy necessary to 
sustain oscillations. The energy applied to the tuned cir- 
cuit must be oi the correct phme relctionsh~p to oid the 
initial oscillations and of sufficient omplitude to overcoxe 
circuit losses in the tuned circuit. 

The circuit used to provide this type of feedback is 
called a r.genermtiro circuit, and the energy supplied 1s 
called posltire feedback. in the accorpanying circuit 
schematic the tuned L C  clrcuit i s  designated a s  L1, Cl ;  
the tickler (feedhack) coil i s  designated a s  L2. 
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feedback voltage to inductonce L l  by uansform?r actlon. 
Capacitor C2 and resistor Rl  form on 8-C circuit which 
Is  used to develop the operating bios. Capacitor C3 func- 
tions a s  an r-f bypass to place the B+ terminal of tickler 
m i l  L2 at signal ground potential. Resistor RZ isolotes 
the B+ line born the r-f signal and cnd slso serves to reduce 
the input volroqe applied to the oscillotor circult. Capacitor 
C, i s  the output coupling capacitor. 

For the following discussion of clrcult operation, 
refer to the accomprmying illustrat~m of osc~llotor grid- 
sipal voltage and plote-current wavelor-ls. 

Theoretical Grid-Voltape and Plate-Current Wovefoms 

0 +-K! Initially the tube is at zero bias (t, on waveform 
illustrotion1 to permit the  circuit to be self-starting. When 
input power i s  applied to the circult, the tube conducts be 
cause of the lack of operating bias. As the plate current 

-4" R Z  increases through tickler coil L2, an expanding magnetic 

OUTPUT field i s  built up around the tickler coil. This expnding 
.field causes an increasing voltage to be induced in induc- 

'1 tmce L1 of the tuned circuit, and this voltage i s  of such - polarity that the grid oi Vl i s  node positive with respect 

- to the cathode. The positive grid cond~tion increases the 

- - Ebb Uow of plate current, which further increuses the field 
a b u t  tickler coil L2; cmsequently, the voltage induced in 
Inductance L1 increases md  the qrid i s  driven further in 
the positive direction. This process ccntinues until 

L - C  Tickler-Coil (Amstrong) Oscillator saturation is reached, ot which time no further increase in 

Circuit 0p.retlon. The occompmyinq circuit schematic 
illustrates u triode electron tube in an L-C tickler-coil 
oscillator circuit. Inductance L1 and copacitar C1 form 
the resonant grid circuit. Inductance L2 is the plcte, or 
tickler, coil and i s  mutuolly co~pled to L1, to couple a 

plate current can take place !point o on waveforms). 
During the period of time that a chmqinq voltaqe i s  

induced in inductance Ll,capacitor C1 charges to 
maximum; also, capacitor C2 receives a charge as the 
result of grideurrent flow through the low internal 
ca thcde- tq id  resistance of the tube. 

CHANGE 2 
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Tuned-Plots Amrtrocj Oscillator 

The parts in the tuned-plate oscillotor are labeled the 
some a s  in the illustration of the tuned-grid oscillator, for 
comporisicn. The differences are the use of shunt plate 
feed in the tuned-plate clrcuit lnstead of what i s  essentiol- 
ly series plote feed in the tunedqnd cucuit and the use 
of series grid-leak bias instead of shunt gr~d-leak bias. 
Actually, the use of shunt or s e w s  feed does not change 
the method of opetation; ~t merely illustrates possible cir- 
cuit variations. Grid-leak components R i  mdC2 operote in 
the same manner as described for the tunedqrid version, 
and C3 is a plate block~nq and coupling capacitor instead 
of M 1-1 bypass. Note that plate dropping resistor R2 i s  
replaced by radiwfrequency choke RFC, which keeps the t-f 
from being shunted to ground via the power supply filter capaci- 
tors. \When tile circuit 1s energized, the flow ;t plate cur- 
rent produces tank cucuit variutions thouah L2, ond an 
m-ahose voltage is fed back through grid (Tickler) coil i l  
to sustain feedback exactlv a s  described under L-C cir- 

~~~ 

cuit opemtion for the tuned-wid circuit previously discus- 
sed. The grid leak formed by R 1  and C2 controls the ampli- 
tude and arid hion. ,~~~ -~... 

Detailed *nolysis. Since the oscillator i s  considered 
to be a Class C amplifier with o feedback loop, a rigorous 
mathemtical onolvsis is cornpiex because the circuit a p  
eration i s  inherently non-linear. ?he onalysis con be 
qreatly simplified by usina the equivalent plate circuit. 
~~~ 

togethe, with o few ossumFfions. This method of onalysis 
i s  helpful in determininq the conditions necessary to pro- . . 
duce sustained oscillatkns and in determining the basic 
frequency a1 oscillation. With this appmch,  it i s  custom- 
ary to neglect the flow of grid currenl, but to bear in mind 
that ~ t s  eifect must be considered and the ilnol results 
rodiiied to toke the grid current into cccount. Actuolly, 
losses due to grid current can be treated a s  on equivalent 
loss in the tuned circuit. 

The a c  equivalent circuit for the tuned plate osc~llator 
is shown below. Assuming that the currents ore sinusoidal 
and neglecting grid current flow, Kirchhoff's lows and 
ihevenin's theorem can be applied to this circuit to obtain 

ORIGINAL 
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the llmlting mameters thot detervine osclilat~on and 
frequency. 

Tuned Plate Equivalent Circuit 

Mathematical analysis of the equivalent circuit for the 
tuned-plate oscillator shows thot the critical value of 
coupling is: 

which gives the minimum value that M can hove and stlll 
allow the circuit to oscillate. To satisfy this condition, 
M must be pasitlve and: 

Thus, the coupling between grid and plate coils must 
exceed the minimum value indicated in equation (11, and 
must have the sign to produce a positive grid voltoge 
component when I L ~  i s  increasing (this i s  the condition 
required for regenerative feedback). ?he lrequency of 
oscillatian i s  determined by: 

It is evident from (31 that the lrequency of oscillation IS 

affected to some extent by the resistance of the Iwd, os 
well a s  the plote resistance of the tube. With r, >> R to 
provide better frequency stability (*h~ch condition normally 
exists), we can soy that tor all practical purposes, 

or f = , where C includes all of the stray and 
2 n F  

distributed capacitance that tunes L,. 
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A similar analysis oi the tunedqrid circuit can also 
be mode by using the equivaient circuit shown belcw. 

Tumd-Grid Equivalent Circui! 

In this instance it can be demonstrated that the requrement 
for oscillat~on 1s: 

Since the quantity M appears in the denoninator of one 
term and i n  the numerator of the other, the value of q, i s  
!;;;i !or both hqh and !cw values of M ,  w~th o minimum 
value existing so mew her^ between. This is to say that in 
the tuxed-p;ate circul!, rv!!i:r d.rre is ; ;:i:ica! :.c!ce cf 
codpimg belaw ~ h i c h  oscillat:or, n:ll not c c m ,  there is 
no limit to the maximum value oi coupi~nq; aithouqh piate 
current and output may be reduced as a consequence, oscil- 
:-.,-- Lu.~u.. ,.,::; ..... c-;!: - .... =cur. Fw the t8med-grid c;rciit tt,e:e 
exists both a iower and an upper ilmlt; thus ~i the voiue 
of coupling 1s too iow or too high, the circuit will not 
swi!!ate This ,upper limit nn M roulti be a proctlcai dis- 
advontaqe; however, it appears to be oi ccademic interest. 
slnce it is only true for large ,vaklies oi Lp ~ n d  C. Thot is ,  
i! ~ c ! c a ! l ~  cF!!er m l y  in iow r-! or oudio ireqoenciei. At 
the higher radio frequencies the effect of tube capc?tonce 
uil: ~,st-;:Yt;i =k i j ; t  i;izcjt̂ TCP rlkCC !t,e v3!ile !̂ ).I 

d ." "".:<!\. ,x. < ,~,,.8:::,-c. 5ck!;,lb tt,,y: it i s  ix- ," .. .<...., . ~ .  
. uiuLticai -- ur impossibir :Y ~.b t~ i r i .  T?,ij, ;kk.cijt, thtl i  :: : 
A>fi-r---  hptwwrr !he " , , r e  i r i d  ?id-:uned ;i;ci;i:;, 
theoretlcoiiy, ?t !s of no [~roctico! conseqbmce. 

R e  ! r ~ n l ; ~ n r v  c! csc:!!aticn icr !he tu~edqrid  
u><.:i21>r :s ;?"c<. z s :  

. . -  
k:ii- :his ;r;:;.;;ian i! zc:. Se sen: t?"! ?I li !f "5':~ 

small a s  compared with I,, the quantity (L,r, i L,R,) Is 

na!r.!yrL 
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nearly identical with L,r,. Equation (5) may then be r e  
written 0s: 

'ihe tuned-grid circuit is slm!iar to ine run&-piute v r ~ a i v v  

in that the ratio rp/R should be os large a s  possible for 
g o d  irequency stability. Cne other iact may reodiiy be 
seen if equation (5) is rewritten as: 

Nhere f, 1s the same os 1n equatim (6). 
Since the oceroting irequencv oi tne osciiiator is equal to 
the tonk resonant frequency divided by o number slijhtly 
greater than unity, the operating frequency i s  sl~qhtiy less 
than the natural resonant i~equency of the tank c~rcuit. On 
the other hand, the tuned-plate verslon has a higher ire- 
quency oi osciliation than its tonk circuit, as shwn bf 
equation (3).  Thus, c: thc opc:ating kequency, !be t~ned-  
grid tonk appears a s  on ir.&dct~ve reactance, an3 the tuned- 
plate tank appwrs as o capacitive rwctance (neglecting 
the effect oi resistance, which is of academic Interest 
only). 

Vector Dioprom. It i s  sometimes more helpful to use 
vectors to show the reiatlonshlps of me iaiious iii:ents 
and voltages in the circult. The ilgure celaw shows the 
iipctor dinnrcm !nr the t~>n~d-?:ate circuit. In this !Laarc, 

Tuned-Plate Vector Diagram 

The voltaqe -peg i s  used os o reference. e, is ahout 1'300 
cc! cf phcse with - t i p  "F i n d ~ n l - d  hy t h ~  n ~ m i v e  s i~p l  , .", .. ~~~~~ 

preceding ihe real yxntity -pep ' h e  direction ci i ; ~  as). 
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be established from the fact thot e, (the voltaqe induced 
in L,) equals-~wM~LP,  and must lag i ~ p  by W because 
of the -j coefficient. Similarly, it c m  be seen from the 

a-c equivalent circuit, that i ~ p  will lag ep by something 
less  than W0 k a u s e  of the resistance R in series with 
the coil. The amount of phase difference betwem e, and 
~ L P  will depend m the0  of the coil ,  being closer to 9W 
with higher values of Q (urn) .  This makes e, log-pe, 
by some smoll angle, which is dependent on the circuit Q. 
i c ,  since it i s  coosidered purely capacitive, will lead e, by 
90°. The vector sum of i ~ r ~  and e, must equal -pe,. 
For this to be true, i ~ r .  must lead -w, by some small 
amount, and since the current through o resistance is in 
phose with the voltage drop across i t .  i, may be shown a s  
leading -@,. Thus with i, having a Iwdinq phose angle, 
the tuned plate circult is shown to be capacitive a s  was 
also proven in the mathematical analysis. Note that i, i s  
the vector sum of i c  and i r ~ :  therefore. i c  must be the -. . . - 
larger quantity. 

'The tuned yrid circuit may be similarly represented by 
means of a vector dioyam os  shown klo;: 

As with the tuned-plate oscillotor, the vector representinq 
the vol tav -pe, i s  used as a reference; e, i s  oqoin shown 
displaced 1800 from -w, Since the plate circuit is indue 
tive and resistive in nature, plate current i, will lag -pea 
by a smoil angle, 6. This angle will k small because r, 
' 7  joL,. The voltage induced in the secondary circuit, 

;.* elnd, will log i, by 930 since e1.d equals- juMi~p.  ?he 
voltage elnd may k represented by a geneiator in series 
with the grid circuit. It was shown in the mathematical 
analysis that the oscillator operates slightly helow the tank 
frequency; therefore, the capacitive reactance of C will be 
slightly larger than the inductive reactance of L,, Viewing 
the grid circuit a s  a series circuit in relation to e,,d, it is 
seen thot the secondmy current (i.) i s  slightly capacitive 
and will lead e,.d by o small anqle. Since qrid voltaqe e, 
is the same a s  capacitor voltage e c .  it wi!! lag current i. 
through the capacitor by 90'. From inspecdon of the vector 
diagram, it con be seen thot angle Bis the same a s  the 
anqular difference between er,dand ii.. Higher values of 
circuit Q will tend to diminish this angular difference, thus 
diminishing angle- Band improving the stability of the 
oscillator. 

FAILURE ANALYSIS. 
No Output. If the circuit is in a non-oscillating condition, 

negative yrid bias will no? be developed: os a result, the 
applied plate voltoge will be below normal becouse of the 
passage of addition~l current through the droppiny resistor. 
22. Excessive circuit losses present in the resonant cii- 
cuit or the tickler (feedback) coil will prevent sustained 
oscillations. Reduced tube gain will also affect stage 
regeneration; changing volues of the grid-leak bias com- 
ponents, R1 and CL, will directly affect the operating bias 
and, hence, the Class G operation and yain of the tube. 

Reduced or Un*toble Output. A relative indication of 
oscillator output is provided by the amount of blos voltage 
developed across R1. This negative bias voltage i s  nor- 
mally from 2 to 40 volts, depending upon circuit design 
md  the applied plote voltage. 

Aredunion in the applied plate voltage will cause the 
output to be reduced. An unstable voltage source will 
cause the output to be unstoble in amplitude, and may also 
produce some frequency instability. Losses in the tickler 
(feedback) coil, due to shorted turns or poor soldered con- 
nections, can cause reduced output or unstable operotion 
resulting from changes in amplitude of the feedback sign91 
coupled into the resonant circuit (L l ,  :I). 

Incorrast Out .i Fr.qu.ncy. Normally, a small change 
in output freque~. -an be compensated for by realigning 
or adjusting the v. Lile component of the L-C resonant 
circuit, assuming t i r  oll component parts of the circuit 
are known to be satisfactory. Since L l  and L2 are mutuolly 
coupled, any change in inductonce of one coil will have on 
effect upon the inductonce of the other. Thus, if several 
turns of tickler coil L2 should become shorted, the resonant 
frequency of L l  , C1 will likely be affected md  the output 
frequency will change. This condition i s  also likely to r e  
duce the oscillator output, since L2 is the means by which 
feedback or regeneration i s  accomplished. Furthermue, 
chonges in distributed circuit capacitance, chnnges in the 
value of output coupling capacitor C4 and its associated 
circuit imd, or changes in the value of r-f bypass C3 will 
produce a change in the resonant frequency of L1, C1; 
thus, the output frequency will depend upon the amount of 
reactance reflected into the tuned circuit (Ll, Cl). 

HARTLEY OSCILLATOR. 

APPLICATION. 
The H ~ r t l q  osc11:~ts. 1s xed :o prd 'uce a rlne wove 

r A?ll cl :3nslm: mp:!tdk and f3.rly ?7nst?rt ! r eq~enq  
within the r-f (ond sometimes audio) ronue. The circuit i s  
generally used a s  a local oscillator in receivers, as a siq. 
no1 source in signal generators and a s  a variable-frequency 
oscillator over the medium md high-frequency ranges. 

CHARACTERISTICS. 
Uses an L-C poraliel-tuned circuit to establish frequency 

of oscillation, with the inductance connected a s  an auto- 
transformer between yid, cathode, and plote to provide 
the feedback needed for oscillation. 

Operates Class C with automatic self-bias for ordinary, 
or power, operation and Class A when output waveform lin- 
earity i s  important. 

ORIGINAL 
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Frequency stobillty 1s only h i ,  but better thm hot  of 
the Armstrong oscillotor. 

CIRCUIT ANALYSIS. 
Genermi. A sme-wove output may be obtained from m 

oscillator utillrlnr, a tuned L-7 arzdit. Tne L-C: ci:cui! 
(~urr#r:tor~iy cuiied u L C J L ~  ~ i ~ u i L ' j  td=ter,jjires tk~e freq"ezcf 
at which osciiiotion will t&e place. At my pcrtlcul~r 
~ n s t m t  of time, the apposlte ends of .i imirred ~nductclncr 
ore at dillerent polantles, or 182 degrees out of phnse. 
Likewise, the qrid and plate of o triode ore 183 degrees 
out ai phase. Therefore, comecling tibe t?med circuit to 
tne qrtd and piate of the triode will not affect h e  pclarity 
a! operctlor.. :When the caL5ode is 1a;iFe"g me :nisctance 
-: . L" .  ... "2 -;.-.,;+ - A  " - , h " A m  ,.,? ~-., ,,.< . ., , , , rs  ?r,-  -. .......... .............. -, 
field will ie produced hetween the cathode-to-plate turns 
J! tne iiductoi. A voltage *.ill 'k ;;.ouce6 i:. the 1u;r.s a! 
ihe lnducror connected '&ween rile cothude und q r d  'by t : r  
cathode current tlow, and tne poiari~j oi tr.e ~nciiccc vcit- 
age wiii e m i i e  proper direction ro couse M increase of 
cathode cuient. Thus, a positive regenerative action is 
prodilced Ly the tapped, tined-tank circuit connected 'b 
tween the electron-lute elements. As long as ieeflbnck 1s 
sufficient to supply the losses in the tuned circuit, ccn- 
rinuous, undampd asciiiotions are picduced. 

Circui t  Omrotlon. The bosic Hartley osciilator cii- 
cuit i s  shown schematically in the foliowinq ;llustratian. 

d ias  and plote ieeo arrangements wiii be d~scl~ssed ~otei. - . . .  . . ;,, r,ec ; ;Gck; ";: zsr,r ;::; c: .::~:.-< :!.,! > ~ , , ~ ,  . , , . ~ -  ~~~ . . .  -, . - > , - . - -  "" !  ,+,,"h , -  *.,. !,o, . -q-qo-.D7 ..... ". ..... -, .....-...---.-.....-. .. ~.~ , , . I ,  .................-- < . .  ............ i ., 
between ip and is operatt~g essenticliy 5s i n  

. . . ,: ... " ; ,  . . .  = . .  > l . l l  ......I"... 
0.b to il determir,~nj the teeaxcx :?plli3be. 
.-, , , y  &e<.!! , , \ , I  11, <c,,,E>;c,j !>:r: .,7: :>,: <;:,zc.:z. . . 
Cfi!) o ; s ~  p:,2,:fs :::,: :wi!=:k !:: 3>2.!!2!::7..:. 

lapolnq the comooe cioser ro :ne pizrc in;ieusra we :err- 

bock wher! rr.? ieejbnck js  pritlrllrlly :ouiorrpiisi~ei or ;lei- 
trostatic cou~itinrj tnroujn 13e tmr: c1rc.111 L J ~ A C L I O O C ~ ,  

:vi:h !he size ci !he p!3!e !c+, I.,, ?e!pr~inim.:: r b  !e.b:ek . . 
m p l t t n ? ~ .  i ? ? p ! ~ ( ;  !w n,tr,c ir maser ;o the ?;>ti :+iii-., 
, , " " 2  : ,  , . . T i -  -. ..,- ".Y.l .""_ -." .............. ill?l '-  ' - .. , ,- . . . . . .  ....... ..:.. ...-- .-"..""" ,,. q.,.o~",;.,'.! !,., t i , . . ' . ,  .., , , ,  , , , ,  , , . 
t l n k  c l r r # ! i t  ird:,r!-nc?. 
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Shunt-Fed H ~ r t l . ~ .  The circuit for :he shunt-fed 
Hortley osci!lator is shown in the following illustration. 
Grid bias i s  developed by 3, md C,, connected in series 
between the tuned circuit and the ;~ i<  o! t5e triode tube. 
eL .... -I... '--A -""-."-,,"&"A L... "m""a.-,;",, ,ha ,,,".+ 
"""lil "'"CC 'siv 1. .. uLi,,r'~''i"ru ", -.i..l--....y ." ..... 
circuit to the plate through C,, which isolates the tnnk for 
dc, 5-! con-ects it ti. the :!ole fc i  r-! currwr i lnw inriio- 

iiequency ci:ukr ?FL: offt.15 a hi& i-ilpdmce :a the ;!, 
s b c t  !IG.NS !L~w~gh the tznk cirzui: 2nd not through the 
power supply, but it peirnlts the dc to flo* to the plgte. 

3 ., OUTPUT 

% RFcd 
r-+ + i - - E b b  

Shunt-Fed Hartley Circuit 

'The -.wnzr in +hi& oscil!atlnns OCCUI md the automatic 
~ ~ 

ampill"& re~uialion Lv qrid-ieuk b u s  are i:tijticzl ta? 
'bath the Hortley ond me Armstrong ~scillctors.  .jete; to the 
previous discussion of the L-C tickler coil oscill~tor for 
am expiornodo of this uch~i i ,  cr13 assr;ire ;hit I ~ E  Lp 
>;ition ?n:,zta! L js t,, :ick:er mi!. 

-. 
I?? use 3f 3 ll$-J 10114 ciicuil, cons~siing '1: : .XI,? 

I .. ......... E-_il > L.. li..ii,. ... .L- ...i ,.>- ... :, ..A .... ?.-.. .,-, ̂  ^, -. !hn ,.Irr,,"" 

tdLLe, effect?;eh s i i a ~ 9 s  :̂ .I tube e!ec!rade cilpucit~nres 

................. 
k ..... ,:. . 

. . . .  -, , . . . .  ..:I ric ,.. Lq"\,. ,- \uq + 
. . '-......... ~ 9.- t,? !n:< :kLatlzh i.~> LTe .,r. :?,: 

, , 
.-.-A .................... -' .'= ..-L :c .;c,,c!!,, ,:sp",,! I! ? C ~ C  in! , ~ ~ c ! # , d ~  the 
">C "; L"p"L,is"c :Gupl;;,j tLL 1::c :;:A ::::*;: ;:k.c:c 52=:>25. 

Seti.s-F.d Hartler. i:le shunt-!e.? ci:cuit mcy % . . . .  
?i.>!;: 3>;L;..2,; ta 2 ,:d:,::,>,.:y d > e !  ..2:~5s p:;:2 :s?: :::z:i- 
I,?nr, by T,:v;n? t i e  ;r3llr? zsonrc!l?il i rnT In? ~ 7 1 ' ~ : : ~  lo 

3fi.j ccm.,2ci.:>,4 1t.e :z:k,de ::. :k,c . . . . . .  ........ . . . .  .,^.., ......... ................... , , , .  , 
. . : ,u-.. :.-. 8 -  ," "" *.,, "",.m" ,u,, 7,-r,r,. . , ,,r . ,,, ... , .... ..", ...-... ,-," ..-.............. 

, then serves only to bypass the I: 
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maun! t n r  017te volt7tje iu?71y. 7iz 31PI i t13"  i f  the :II- 

r a t  1s otner vise i;entlc,~! to thlt 31 t l ;  si;.nt-!ej  cult 

-irevmusiy 3c;crite:. 
Detailed Ano17=is. The andysis oi the Hartley ascil- 

lntor i s  similar to that a i  the tuned-plate Armstrong oscil- 
lator previo~~sly discussed. Tne equivalent circult is 
shown below lotelled exactly a s  in the previous example. 
Since the tank cod is now topped, the totol tank induct- 
ance, L, i s  L, + L, + 2M. Resistors R ond R, me equal 
to the r-f resistances of L, and L,, respectively. 

Hartley Equivalent Circuit 

inoiysis of the -l~rtley c~rcuit sno.,s t h ~ t  the 3n:uiar 
113 :uenq is: 

1 s  in the cose of the tuned-ol~te 3scillator, riil:n no poser 
i s  t d e n  from the circ.rit, the f~quensy  is nr~ctically 
given by: 

1 
i = (11 

2 7  $52 
where LT = Lp t Lq + 2M, or the resonant frequency of the 
tank circuit. Thus while the oscillation frequency is 
slightly lower thon the tank irequency, lf o high r, and a 
small R are used, the tonk will govern Lie frequency. 

The criteria for oscillation is that: 
p(R i Rll CLT 

gm = (3) 

(LP t M) ;p (L. + M) - (Lp t M)] 
Examination oi equatlon (31 indicates that even w~th M at 
zero the equation will be satisfled; thereiore, oscillatiwl 
con occw even when there is no inductive coupling be- 
tween the plate and grid circuits, the feedback k i n g  capac- 
i t~vely coupled throuyh C. As night be suspected, since 
the criterion !or oscillation is nct critical, the Hartley cir- 
curt o:iiilotes easily. 

Vector Diagram. The relationships between the cur- 
rents ond voltages in the circuit are shown in the vector 
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d ~ a q a m  klow.  Reier to the equ~valent cncult diawing 
for easier understondlnq of the deve!apment of the vector 
dlogrom. 

Hartley Vector Diagram 

The voltage -pe, is used as a reference vestor, and 
eq is 180U out of phase. It was pointed out in the math- 
ematical analysis that the Hartley cucult operates slightly 
below tonk resmonce; thereiwe, the tank clrcuit will 
appear resistive and inductive, causing i, to log -peg by a 
smail angle, and e,, the voltoge ocross the tmk, to lead 
by a small ongle. The current I L P  will lag ep by some 
angle less than 90° dependent on the Q of thot branch. 
The current i r  will lead e, bv some anale less thon 900 . , 
since that branch is lmgely capcitive.  The voltage in- 
duced in the arid coil. - i & i ~ ~ .  laas ~ L P  bv 90° as indic- 
ated by its -j ;oeiiicibni, wh%the*po$t~vecomponent 
(ijwi,L,), will lead i, by 90U. Grid voltage e, i s  the 
vector sum of the voltoges developed across the gr~d coil 
L,. Note thot with higher values of circuit Q the voltages 
developed ocross t h e q ~ d  coll will more closely approach 
in-phase quantities, and the ongle between ip ond e, will 
also dlrrinish, thereby improving oscillator stability. 

FAILURE ANALYSIS. 
No Output. If the circuit i s  in a non~scilloting 

condition, negative grid bias cannot be developed; as a 
result, the applied plate voltage may be below normal 
kcouse of the addition01 current drain unless the power 
supply is well regulated. Far this condition, the plate 
current will be much higher than normal. Excessive clr- 
cuit l s s e s  in the resonant tank circuit will prevent 
sustained oscillations. Reduced tube gain (if sd i i c~en t )  
will also af ien oscillat!m. Changes in volue of the giid- 
leak bias components, C, ond R,, will directly c!iect the 
operating bias, and hence the ciass oi operation ond over- 
011 qoin of the tube. Such chanqrs, lf sufiicient, nay 
cause a loss of oscillotion. Too high c value oi grid leak 
resistance moy cause intermittent operation or "motor- 
bcoting". Shorted turns of the oscillator coil is), in ad- 
dition to afiecting output amplitude and irequency, ray 
cause loss of oscillat~on because oi lmding eiiects. A 
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leaky p l a e  czwcltor 7 ,  mcy clso !ogd the osdl lnor  
s~~ft.clently to stop o;prc:lm. !I tce sr,mt-tea clrc.lt. 3 

defecr.ve rodlo-!rerrcencv cnoke F F I  or couplma ~~~~~~~r 
~ ~ . . 
Cc may stop oscillation since the oscillator is dependent 
on these componeirts far develapment and applicatim of 
feed-back -voltages. 

R.6uc.i oi  Un.tat!r C~tput .  P. rdative indicntim 
oi osciiiator ourput is prwided by the aiil~.&7t of bias 
voltage developed ocross R,. Variation from the manu- 
facturer's rated value i s  indicative of abnamal operation. 

A reduction in applied plate voltage will cause a 
reduced output. Therefore, an unregulated voltaqe source 
will prduce output amplitude variations and probably 
frequency changes or instability. Losses in feedback, dbx 
!3 shorted turns or poor soidered connrt~iwia. ~ w r  ic~Se 
reduced output or unstoble oprotim. A leaky plate cap- 
acitor, C,, may cause reduced or unstable output by Iwd- 
iny the ascillator a by ;educing plate voltage by oddly to 
the normai currenr flow through a SeriGs res~stance. Cart. 
shouia 6e used in selectinq a replacemint for n defec!ive 
r-f choke, since an impopr  replacement choke may cause 
unwanted oscillat!ons by resonating with distributed circuit 
capacitances or withthe distributed capcitances at its 
own windings. Similar care should be exerclsed in replacing 
a defective tube in those oscillators operatinq in the 
higher frequency ranges where interelectrode capacitarccs 
may cansitute a considerable portion of the tuned circuits. 
Variatians of this physical capacitance from one tube to 
mother may, in addition to affecting output frequency .cause 
the osciiiarai io ahiil fr0iiii One made o! opc:zt!cr~ to ancther 
a s  the oscillator i s  tuned through i ts  frequency range. For 
example, a Hartiey oscillator could shift to Colpitts opera- 
ticm under the right mnditions. ?his sNfting may cause fre- 
quency jumps ondfoi dead spots in the tuning range of the 
osclilotor. At the higher frequencies it i s  gccd practice 
to try more than one rephcement tube if the first substitu- 
tion does not achieve the desired results in frequency of 
operatim and stability. Realignment of circuit compmmts 
to cumpensate for a ~ t e  substitution should be avoided 
wherever possible. 

lacerr.st O u t ~ u t  Fr.gv.nsy. Normally, a small change 
in output frequency con be compensated for hy reaiigning 
or adjusting the variable component a f  the LC resmant 
tank circuit, assuminq that d component parts of the cir- 
nii! or? known to be satisfactory. Changes in distributed 
circuit capacitance or retieztei load rffictance wili affect 
the frequency to some extent. n u s ,  ar, inaecse Ln capaC!- 
tance will lower the irequensy, m i  " decrease i;,  id;^;:- 
l a c e  will increase the frequency. Thereiore, core must be 
>~st?d in  Vleremovai m a  repiccement ui p r s  Y. order n;L is 
disturb the distributed capacrtance oi the clrcult whlcn is 
inherent Ll the piccement of p'hysicoi puns und tile iiiinu' 
of the circuits. Lmqe chmges m mbient temperature mirr 
affect the operotlnu fremency of the oscillator. Such 
rhrmys ~ntild co& a g u t  throuqh fdiure of rm osciilator 
oven, changes m filament supply voltage, etc. The e f f m u  
of tube substitution on oscillator frequency were discus- 
sed aixve. 

#I).MW).lM OSCILLATORS 

COLPITTS OSCILLATOR. 

APPLICATION. 
The Colpitts oscillator is used to praiuce a sine- 

wave outpct of cmstan! amplitude end fairly constant 
frequency within the r-f range. The circuit i s  generally 
used a s  a lwal oscillator in receivers, as a signal source 
in signal gserators, mr! os o variable-frequenq oscillator 
over the low- and veryhigh-frequency ranges, espcially 
where inductive tuning i s  desired. 

CHARACTERISTICS. 
3ses o parallel-twled L-C c!rcuit to determine the 

frequency of oscillation, with a capacitance voltage divider 
:fir= ~f feedkck :c cezzc! zszi!!c!i~.. 

Operates Class C with automatic self-bias tor ordlnay 
or power operotim, and Ciass A where output u:aveforii. 
iinmrity is important. 

I-?.. a. <.. ^_..<,."Iart ';eq2er.;y st&;lity is ,: L.: , ,  A, 'a lL,Ug,22: cy"..".L... 

:a Lbe stohi!ity cf the Hartley circuit, except it i s  con- 
sidered somewhat better at the lower frequencies. 

CIRCUIT ANALYSIS. 
G.n.r.1. When a tuned L-C ( t d )  drcuit Is mnnected 

between the grid and plate of an eiectrm tube, the phasing 
is of the correct polarity to sustain osc~llotion. ?he cap- 
acitor of a tuned tank circuit may be a single capci tor ,  
oi it can be two seriesconnected capacitors with 0 total 
capacitance equivalent to that of h e  single capacitor. 
!z ei'her case. the i ~ e q l ~ n q  nf oscillation is the same. 
The two se;ies-mznected capncitors will for;;: a capac!taEce 
voltage divider across the tonk circuit. Tapping the 
cathode oi the tube to inis voitaye divider provides a 
canvmient electricoi (and mecha~cal)  cannectim, ond a 
means of controlling feedback between the grid, cathode. 
and plate elements. The ratio of the capacitances used 
wiii determine the amount af feedbock, m d  the total cqnc i -  
tance value will determine the resmant frequency for any 
particular value of t d  inductance. Varying the inductance 
i s  o convenient metho? for tuning the tank over orange of 
frequencies with a fixed amount of feedback. The Lse of 
capacitive tunlng invoives ihe s i m u i t ~ e o u s  tuning of &xh 
capacitors to mzintain (he proper rotia of feedhck. Far 
tuning over a limited r a g e ,  capacitive tuning i s  some- 
umes empioyed. 

CSrcuit o, , .~~;.~.  'The ,> iPx+~ ...- --.-<:I-.-- wau..2L.u. 

ckcait is sh8wr. schem~iml iy  in the tollowinq iiiustrauon. 
'!be ;.-;d !T.k -~.-... -..dS.- "f , ? ~ ~  ""4 ?. < "  c*.{pq --." -.-ull -. .i.. " _, ~ ~ - 1  

cnd the para:le!-or,nec:& inductor, i. Feedback is - , . - - 
---v,..u 2-1.d b; !he -x~:+i,e x!"!!~~d!.vide~ n,-!ia cf 
i, mc i. (or by the use 01 lj i:.;jible iop~ciio:  Sr.a:~-.q 
C;, ;=: Z;). 7he :Y?~cL.I i ~ f i ?  ""..P' 7 s  
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Bosic  Colpinr Circuit 

The capacitive ratios vary with circuit design and 
frequency, from about a 1:l ratio to a 1:4 ratio, with the 
larger copacitor being C,. Fcr high-frequency use, the 
capacitance voltage divide1 may consist of only the in- 
terelectrode capacitances of the electron tube. 7he cir- 
cuit may be arranged for grounded grid,cathode, or plate 
operation without affecting performance; the gmunded- 
cathode configuration i s  probably the most frequently used 
Circuit. 

For simplicity, biosing and plote-voltage feed methods 
are not shorn in the basic circuit, but are discussed 
where applicable in the follow~nq circuit variations. 

Shunt-Fed Colpins. The circuit for the shunt-fed 
Colpitts oscillator is shown in the following schematic. 
Grid bias i s  developed by R, and C, in the shunt grid- 
lwk bias arrangement. Shunt plate feed is also used, 
with C, serving a s  the plate blocking and coupling capaci- 
tor, ondRFC a s  the r-f isolating choke. The tank circuit 
consists of inductor Land copocitor C, which ore parallel- 
connected between the q i d  and plate of the electron tube. 
Capacitor C consists of two serlesionnected ccpcitors,  
C, and C,, rrhich are external to the :"be and form o feed- 
back voltage div~der to 7;h1ch the ccthide is connected. 

Hunt-Fed b l p i n s  Oscillator 

The aanner m whlch oscillot~ms occur, as well as the 
automotic regulation of an,plitude by qiid-leak b ~ a s ,  is the 
some as explained in the previous discussion of the L C  
tickler coil oscillator, except that feedback is obtained ham 
o capcl t ive  voltoge divider instead of an inductive voltage 
divider. Assume thot the tank circuit consists of Land C 
where C represents C, and C, in series. The tank circuit 
then 1s identical with the tuned grid clrcuit of the tickler- 
co11 oscillotor prevlo~sly described. Sir e the tonk is cni- 
nected between h e  plate and grid of the electron tube, 
and C, and C, form o capacitive voltage divider, it is 
ev~dent that there will be a division of feedbock voltage in 
Inverse rouc to their cowcltance. For a spec~flc frequency 
tt.e larger capacitor will iave the lowest impedance, and 
the smaller capacitor the highest impedance. For equal c a p  
acitors, the voltages acrGss the copacjtors will be equal. 
Thus, with the cothide connected to the common connection 
of the c o w l t o r s  .the tank voltage will be divided between 
cothodeundqrld and cathode*nd-plate in accordance with 
the ratio of L', to C,. Any voltage chmge in the plate cir- 
cuit will appear across C, and be fed back through C, in 
the correct phase to drlve the grid in thot direction to 
increase the initial change. Tnot is,  lf the plote voltage 
i s  increasing, the grid change will cause o further increase, 
and if decreasing, a further decrease. This i s  exactly the 
same result that is achieved by die plateqrid coils of the 
Armstrong c~rcuit  or the topped inductor pf the Hortley cir- 
cuit, a s  discussed previously, and sustained oscillations 
will occur. 

S~nce  the tank capac1tonce is composed of series- 
connected capacitors, each capacitor wiii be larser than 
the total capacitance thot is effective in tming the circuit. 
Since these series copoci1Ors ore conrected in parollel 
with the qtid-tozathode and pla1.e-tocathode tube capc i -  
tonces, they will swamp out the interelectrode capacitance 
variations old thereby increase the frequency stobillty. 
Note, however, that as the capacitance oi the feedback 
capacitors a~prwches  the volue of the tube element capacl- 
tance, thls swamping effect i s  decreased. Stab~lity there- 
fore, i s  or 3 maximum 01 the lower frequencies. The grid- 
plate copacitonce, which is usually larger than the other 
element copacitonce, remains in shunt ,with the tonk in- 
ddctor and wlll not k compensated for. If desired, copaci- 
live tuning can be ochieved by using a shunt tuning copac- 
itor across Land leaving the feedbck capacitors fixed. 
The advantage of the Colpitts circuit, however, is in the 
use of larqe variable inductors and fixed feedtuck-tank 
capacitors for owration in the low- and medium-frequency 
1-1 ranges, where the greatest stability is obtained. 

For hiqh-frewency use, the Colpitts con be employed 
a s  an  oscillator convolied mainly by the zopacitmce 
between the tube elements. so thot inductance alone is 
needed to achieve oscillation. This arrangement results 
in higher frequulcies of operatim thm with other L C  cir- 
cuits, and is exemplified by the series-fed versim of the 
Colpitts known as the ultraudion circuit, which is discussed 
a s  a separote c1rcult !oter in this section. R e  output 
coupling may be either inductive or capacitive, a s  desired. 

Datai1.d *nmlrsis. The equivalent p!ote circuit for 
the shunt-fe5 o l p i t t s  osci1lo:or is shcwn below. 
Ass-ming thot the PFC has infinite reoctmce, negiecting 
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t t e  grid capacitor reactance, and assuming that the circuit 
has an infinite grid leak with no grid current, it can ke 
seen thot: 

Colpitts Eguivalont Circuit 

9.e n d y s i s  of the Cdpitts osciiiotor is s~rniiar to 
that of the Hartley, except that the capacitive reactance 
of capacitors C1 andC2 is substituted for L, md L,, and 
the inductive reactance far C. The angular irequency is: 

Fcr 1!! ?roctical purposes: the frequmq is: 

i = I 

-,I. c: c2 <.. 
y - c i + c z  

nine rrlterla tor osciiiotian is mat.  

= 5 + I, .? (C, + c21 
C: L 

Capacitors C1 and C2 form a capucitive voltage divider 
nrrnss 1. :cousin: the mid excitation voltage to be propor- 

,I__.__ ..,., nj ,.a ..-.... '?he ee!.~!!~ln+n!ps 'wrween h e  cul- 
. ~> rents ano voilages are ailuni~ L ~ I  ,,LC rniui :.,9,,.., ,.<... 
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Refer to the illusuotion of the equivalent circuit for 
development of the vecta quontltles. 

Colpitts Vector Dinpram 

' h e  voltage generator -p, i s  the reference voltage, 
e, being 1800 out of phase. It was shown that the Colpitts 
oscillator operates o b v e  the tank irequenci. Therefore, 
the tank circuit appears slightly mpocitive, and i, leads 
-peg by a small angle while e, lags -w,. The current i, 
through capacitor C, will lead e, by 90". Current i, 
through the branch containing L andC, i s  primarily induc- 
tive and will lag e, by in angle less than W0 determined 
!o_r?ely hy the Q of L. The voltaae el. since it appears 
across capncitor C,, will lag i, by 9CU, the:eb,y s-tis!,!Lq 
the conditions for oscillntion. It can be seen that with 
n;gker values c i  clrcui! .:, t ~ r  piuse ,!iiierriice &.veer 
i, and e, will be diminish&. 

FAILURE ANALYSIS. 
No Output. I: the c i i c ~ i t  is in o no i i -o~~i ! !~ : i~~  

condition, the negative grid bios will be much less than it i s  
in the oscillating condition, because it wlll conslst oi 
contoct-potmtial bias only, :vhich will allow the !uk to 
aperote at approximately zero instead of at cutoff or higher. 
Tnus he piote - .:'I "-be. 'L"" "n.".nl "',I lllur,' lily i L u r w i  r'rrll.rr. 

Excessive !~.CCE.S p r e s ~ !  !n !he ~ e s o n ~ n t  !mi( rlrruit will 
pevent sustained oscillations. Reduced tube gam, if suf- 
i,c,en,, wi;i ULW "!:tit csci::z:icz, hd: ,;;:!! ?.Ct be 2s . . 
7 - . , . - ~ . - P . > o  ---.- q <  -- ... :- .be -. 22+,2,:ii,,- +4ksck cir,:33ts. c.>hc~~cd 

vaiues oi grid-leak bios componmrj: ZQ ui;d C, nil1 Jiirct- 
iu  n f fwi  the oopiatina h i 3 5  =..d c h ~ a e  h e  "iplitude ci t?e 
3srlllatloas; if the cnonge ?s Large, osc~l ia t~on moy even be 
;i-ve.!ed. if smzl!, t he  e!iec! ~ c v n o t  be ~ot icmbl? .  A 
ieftctive ;;d.~-ktq;enq :L-cke PF'J or :c.lp!i?: cs:cp:- 
,>r C, may cause Lass of osciiiution s i n e  the clrciilt 

depends on these components ior tne drveiopmriii urd 
~pi.bi;;ticn o! the !rrdScck .i:!!a;e, 

Reduc-d or U n s ~ b l e  Output. A reLotive indication 
u i  u ~ c ; ~ : u ~ ~ ,  uuiput is pii.;ldzl kf %1 c:m0.~1! o! ME 
voltoae develooed across R,. Variation from rhe stand- 
ard operating value is an indication of atr.ormol o p r o -  ..-- " .d.."*."" ..i ,,,,,, :;14 I,:,.:- iclr;;,lz - , I !  ,-c;.;;;. ~.",.. ' .  .-*" -. ----.-- - .  

"--" , , ,. . . .  8 "e'D'"'0 (1" ""'w",:"::?': Y" ,,", 2" >"u ,,.= > - 

wlli produce output omp1:tude var1r;tIcns onc p:c%23iy some 
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frequency change or ~nstobillty. Losses in feedback due to 
shorted turns, poor soldered cannectlans, or changing 
volues of feedback cawcitance can also cause ieduced 
output or unstable opemtlon. Care should be used in selec- 
ting o replacement for a defective r-f choke, since an 
improper replocement moy cause unwanted osc~llotion by 
resonating with the capacitance of its own windlngs or 
with distributed c~rcuit  capacitances. 

Incorrect Output Frequency. Normally, o small 
change in output frequency can be corrected by adjusting 
the vorlable component of the L-C resonant tonk circuit, 
provided that all component parts of the circuit ore known 
to be satisfactory. Changes in distributed circult mpan-  
tance or reflected Icad reactance will offect the frequency 
of operation to some extent, being most noticeable on the 
higher-frequency ranges. Changes in s u q  capacitance 
which parallels the trmk clrcuit will hove a geater effect in 
changing the frequency than grid-cathode Er plate-cathode 
capacitance changes (provided that they are large enough 
to overcome the tonk swamping effect). Care should k 
used in replacing o defective tube, particularly in oscil- 
lator circuits operating in the higher frequency ranges. It 
i s  good practice to my mote than one replacement tube if 
the first substitution does not achieve the desired results 
In frequency of operation ond stability. Realignment of 
circuit components to compensate for obibe substitution 
should be ovoided wherever possible. Lorge changes in 
ambient temperature may offect the operating frequency of 
the oscillator. Such changes could come about through 
failure of an oscillator oven, changes in filoment supply 
voltage, etc. 

CLAPP OSCILLATOR. 

APPLICATION. 
The Clapp oscillotor is used to produce o sinewove 

output of constant om?litude m? f3lrly const3nt frequency 
within the r-f ranae. The circuit is used as a k o t  fre- 
quency oscillator in receivers, a s  o master oscillator in 
transmitters, and qenerally as a var~oblefreuuencv oscil- . . 
lator over the high- and very-high frequency ranges. It is 
also employed a s  a crystol convolled oscillotor m f r e  
quency meters and in signal generators. 

CHARACTERISTICS. 
Uses a separate series tuned L-C circult to determine 

the frequmcy of osciilotion, with a capacitance voltage 
divider forn of feediack to cantrnl oscililation. 

Operates os Class B or C with automatic self-bias for 
ordinary or pwer  operation, and as Class A where output 
ti?Vziorn linearity is irnportnnt. 

Frequency stability i s  gwd. The c~rcui t  i s  considered 
to have better stability than the Colpitts circuit. 

CIRCUIT ANALYSIS. 
Ganerol. The Clapp circuit i s  considered to be a 

variation of the Colpitts circuit discussed previously. It 
uses the stotilizlnj effect > f  3 series tuned t ~ n k  circuit, 
coupled loosely to the tube feediack l a p ,  to provide better 
frequmcy stability. It incorporates copocitive tuning which 
require the use of only one tuning capacitor. It also offers 
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a convenient method of tuning over o s m l l  tand of be- 
quencies where bond-spread or vernier-type tuning is de- 
sired. 

Circuit Operotton. The basic Clapp oscillator circuit 
1s shown schern~ticdly belon.. The tuned tank circuit can- 
sists 31 series-connected comonents L 3rd :l in >orAlel 
with the basic capacitance feedback voltoge divider, C, 
and C,. For simplicity, the biasing and plote feeds are not 
shown in this iasic circuit, but S I ~  discussed 1s  necessary 
In the iallaiiin2 clrcuit iissussion. 

Basic Clwp Circuit 

['he csoacitonce roti3 i3r the voit>je dlvlder *hich 
orovi3es the bos~c  feedhck ( 2 s  in the Jolpltts clrcuit) 
may vary with the circuit design ond the frequency. Usually 
it is 1:l with C1 k ing  smaller (about one-tenth C, for 
hiqh-lrequzncy operstlon). 

i'he circult m a y  he orrmged for qraunled grid, catnode. 
or plote operation without affecting performance: the 
grounded-plate configuration is the most hequently used. 

Ihe frequency 3f operltlon is dependent uoon the d u e s  
ot the three capacitors ond inluztor 1 s  iollo~.+s: 

Thus it i s  evident that when the ratios of C1/CP and CI /  
C, are very small, the resonant frequency will k primarily 
determined by the values of L and C, alone. This i s  the 
condition usually desired. 

Since tne resonant freque~cy is pri-nnr~l,~ ietermined 
by i and C I  when Cp and C, are comparatively large, the 
Clapo circuit nay employ much larder volues of CJPUCI- 

tance in  the feedback voltzge divider th?n c ~ n  the eluiw- 
lent iolpitts. The larger wluei  of capncitance much nore 
efiectively swano interelectrode :opxitances: 11 n3s teen 
estim~ted tho1 2s much a s  o 430 to 1 reSuction of zh3nge 
in cap3cit3nce Ly temperature or lu te  vori3tions nly be 
3t t~ined.  

As in the other L-Z circuits, the ~ o s t  stable operstion 
is obtained with a high loaded 0, which is produced for a 
series resonant clrcuit by a hlgh L to C (not C to L ratio. 







ELECTRONIC CIRCUITS NAVWIPS 

c a d  LC. Ebb 

A -- - T 
I \r/ I ?  - - -  

LI 1 eaBEbbQjq 
- - - - - - 

Ulunt-Fed Tuned-PIota Tuned-Grid Oriil!ab: 

tion and automatic amplitude regulation are the same a s  
described previausly in ather oscillator discussions. The 
feedbock action takes place a s  described above, making 
use of the coupling between the plate and a i d  tanks pr* 
vided by the mid-plate tube capacitance. At radio fre- 
quencies which require the use of relo~vely l a r p  inductors 
and when appreciable power i s  used, it is important for the 
tanks to be shielded or turned a t  right angles to each other, 
to prevent possible inductive coupling effects which would 
d~tttriorote circuit performance. 

Output i s  obtained by inhctive coupling to the plate 
tonk, although a capacitive connection may be made if de- 
sired. 

D.toi1.d Analysis. The equivalent circuit of the tuned- 
plate, tuned-qridoscillator is shown below. 

Basic TPTG Equivalent Circuit 

". .' . , I  -.-- ---- -.-- i-I..... *L" .--- "", ',,,n,,pn,-,r .),,Ice ",euni,,,uL"r "rciu<ia L a - . .  ,.... .. "-."... -, 
of the tonk circuits, both the piate tank and the q i d  tank 
wi:l appear resistive and inducuve to the s i q o l  source 
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Lbditied Tuned-Plate, Tund-Grid Equiralmt Circuit 

The fiyure above shows the tank circuits replaced by their 
equivalent valuesof modified equivalent resistonce and in- 
ductonce at the operating frequenq. Notice that this equiv- 
den t  circuit closely resembles that of the Hartley osciliator 
which was shown previously. Therefore, the operation of 
the TPTG oscillator, at the operating frequency, i s  hs ical ly  
that of aHartley oscillator without the benefit oi mutual 
inductance. However, adjustment of the tuned circuits to 
meet this condition i s  rather nitlcal. Note from the equival- 
ent circuits that the basic frequency-determining components 
ore the plate tank and the piote tegid  capaciiancr oi tiit. 
tube. C,,. The plate tonk, therefore, i s  tuned to e s t~b i i sh  
the frequency of operation, while the grid tank i s  tuned to 
establish the proper ohcsing 2nd amount of feedback voltoge 
lor g i d  excitation. 

Vector Dia0ro.n. The relationship between the a n e n t  
ccd voltoges in the circuit i s  shown by the vector diagram 
below. 

Tuned-Plate TunekGrid Vector Diagram 
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The constant voltage generator output pe, is the refer- 
ence voltage. It is assumed that there is no induct~ve 
coupling between the plate ond gild tank circuits and that 
the frequency of oscillation is slightly lower than the 
resonant frequency oi the tonks. Since the tonk clrcuits 
are tuned too higher frequency than the osc~llatlon I re  
quency, they offer an inductive reactance. Also, since 
the feedtack must cccw through the grid-plate interilec- 
t r d e  capacitance, the grid tank must offer a lower induc- 
tive reactance than the capcitive reactance of the elec- 
trodes (the g i d r a t h d e  and plotera thde capacitance is 
assumed to k a port of the tuned circuits). Therefore, the 
inductive plate tank causes e, to lead pe, by some angle 
dependent on the circuit values, and i, r, lags. The in- 
ductive plote tank current i, also logs e, somewhat less 
than 90 degrees. Since the reactance of CqP is greater 
than the grid tank reoctance, i, leads e, by almost 90 de- 
grees. Voltage e,r i s  developed across the inductive grid 
coil (tank) and, therefore, leads it by olmosi 90 degrees. 
This voltage is exactly 180 degrees out of phase with 
w,, satisbing the requirement for oscillation. 

FAILURE ANALYSIS. 
No Output. If something hoppens to either of the tank 

circuits so a s  to cause a lorgeenough shift in that tank's 
resonant frequency, the circuit will not oscillate, andonly 
contact bias will be developed. Plate current, therefore, 
will be higher than normal and the standard operating volue 
of grid bias will not k obtained. Excessive losses if pre- 
sent in the tonk circuit will prevent sustained oscillation. 
Changes in the values of yid-bias components Re  and C, 
will offect the operating bias and chonge the amplitude of 
oscillation. A large chonge may prevent oscillation, where- 
a s  a small change may not have any noticeable effect. Al- 
though loss of tube gain will reduce the amount of feedback, 
the TPTG circuit i s  a vigorous oscillator when properly 
adjusted, so thot considerable reduction in  tube amp11- 
fication i s  necessary to reduce oscillation. Too close 
coupling of the output circuit to the plate tank will produce 
the same effect a s  o lossy tonk circuit, ond reflected 
reactonce moy cause sufiicient detunir~g to prevent oscilla- 
tlon. In the shunt-fed circuit, o defective rodlo-frequency 
choke RFC or coupling capacitor Cc may cause loss of 
oscillation since the oscillotor depends on these com- 
ponents for isolation from the low a-c impedance of the 
plate supply and for coupling of the a r  signal to the tuned 
plate tonk. 

Reduced or Un~table  Output. A relative indication of 
oscillator output is provided by the amount of bias voltaqe 
developed ocross R,. Variotion from the stondord operating 
value i s  an indication of obnormol operation. A reduction 
of applied plote voltage will decrease the output. Therefore, 
an unregulated voltage source will produce output amplitude 
variations and probably some frequency chonge or instability. 
In this respect, the tuning of thegrid tank i s  important, 
a s  it hos ogreat effect on the stability of operation, A 
leoky coupling capacitor Cc moy cause reduced or unstable 
output by loadinq the oscillotor or by reducinq elate voltage . . 
by adding to thenormal current flow through a series voltage 
droppina resistance. Care should be used in selectinq a .~ . 
replacement part for o defective i-f choke, since on improper 
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replacement may cause unwanted oscillot~on by resonotiny 
with distributed circuit copacitonces or ,with the distributed 
capacitances of itsown wmdings. Simllar core should be 
exercised in replocement of ndefective tube since the 
oscill3tor depends on interelectrode copocitoncesas o part 
of the tuned c:zuits. Varlalions of this physlcal capacit- 
ance from one t u k  to another may h enouqh to seriously 
detune the oscillator. It is goad proctlce to try more than 
one replacement t u k  if the first substitution does not 
achieve the desired results in freauencv of oceration and . . 
stability. Realignment of circuit components to compensate 
far t u k  substitution should not crdinarilv be necessary. 

Incorrect Output Fsequ.nsr. Assuming that all component 
parts of the circuit are ~nown to be satisfactory, changes 
in output frequency can be compensated for by rmliqning or 
tuning the tank circuits. Detuniny eiiects caused by re- 
flected load reactance will affect the frequency of operation 
to sane extent, being most noticeable on the very-high- 
freauencv ronaes. Chonuesin tonk inductance caused bv . . -  
shorted turns, porticulorly in the ~ i d  circuit, will result 
in a different frequency of oeeration, if oscillation still . . .  
occurs. Loige changes in ambient temperature, such a s  moy 
occur throuqh failure of an oscillator oven or chonqes in 
filoment supply voltage, may affect the operating frequency 
of the oscillator. Chanqesii distributed circuit capacitances 
will also affect theoperbting frequency. Therefore; care 
should be used in the removal and replacement of wrts ,  in 
:::icr rot !r :1;1 :r2 !1? ?~sI!~DJ!?~ : . : F I . ~ _ ~ J ~ c T )  ln:eienl .r  
:i e cr  1~1331 x::, 3 r d  n.1::r.j 3: :rr 2::c::t. 3 e  .I!!Y:IS oi . . 
tube substitution were discussed atnve. 

SERIES-FED TUNED-PLATE TUNED-GRID. Series 
plate feed is easlly accomplished with the tuned-plate tuned- 
arld circuit bv connectina R + and the RFC in olace of the - - 
ground to L2 (refer to shunt-fed schematic), connecting the 
d a t e  directlv to the too of L2. and bv~ars ina  the bxiom end . - 
of L2 to ground with Cc. Circuit operation and failure 
onolysis are exactly the some a s  far the shunt-fed circuit with 
two exceptions: (1) With the series connection, unwanted 
low-frequency (or hlgh-frequency) parasftic oscillations caused 
by resonances of RFC and C, or of RFC and Cpk are elm- 
inoted. (2) The effect of dc in the tank circuit must k con- 
s~dered; since the capacitor and inductor must withstand 
both d-c and r-f voltages, their insulation to ground te 
comes an important factor. 

ELECTRON-COUPLED OSCILLATOR. 

APPLICATION. 
The electron-coupled oscillotor i s  used to produce an 

r-f output of constant amplitude ond ext:emely constant 
frequency, usually within the I-f ronge. The circuit is 
generally used in my type of electronic equipment where 
stability i s  required, and the output waveform need not be o 
sine wove, os some distortion of waveform i s  normal. 

CHARACTERISTICS. 
Uses the shielding effect between theplate and screen 

urid in a tevode or ~entode to isolate theplate load from 
theoscillntor, andemploys the electron stream between the 
s n e e n  arid and olate to C W D ~  the osci~lotor Output to the 
plate load. 

7-A-16 
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Operotes with practically any circult configur3tion o! 
the L-C or R-C type, but 1s mostly used with i - C :  clrcults. 

Frequency stability of ciicult i s  very goad - i:etter 
than tho1 of the previously d l s c ~ ~ s s e d  Vpes of cscillntors. 

CIRCUIT ANALYSIS. 
General. In the t i i o d r : w e  oscillctoi , i3ilotlGn oi tne 

plntp siippiy vnitngp on6 reflecte< inc< ~ Y C C ! ~ C ~ ~  zgESc5 

siiqnt frequency variotionsbecuuse the piote is involved in 
the feedbuck loop. By using the cothalie, grid, ond s i r e r n  
grid o f  o tetrcde or pentode a s  the ~ s ~ l l l a t o r ,  the plat. 1s 

elirn~nated from the feedback loop. Since the plzte current 
!n the tetrode or pentode i s  i e h t ~ v e l y  ir.ceper.de.n! sf pi3te 
. \-1,age ,- . zkiiges 2nd r e r , a i ;  net::. :;r;:mt ic: -: : ;=cii~ 
.,l!-e .! screfc .,.I, "..- ,,.,.- 'i -.-,. .!---I-.- --' ",." - . . - , - , . . . . - .. -. . - . . . . . . . r. - . - . . - - -. . - -. . 
hove procticoiiy no effect on the other elementi. L'onnecttng 
the screen 3ri.I us the $ ~ t e  -f the 1:ide a s c i : i ~ ~ u r  ekctro-  
staticoily shlelds the plote of the pentoie ar ter-- . k e ,  an; 
pn,,"lo" ,,,-,%,+ ..,, . ?( ,ha :!-+, . .,, ,L,,,!-.,J ."." L * L ~  ---".-" ... ,,, . " ~, .. ",. ,.. , 
plate electron strwm. 

Any of the previously discussed oscillotor clrcults may 
3e  used !or tne osc~ i la t inq  portion of the elect;an-ca,~pleJ 
osciiiotor circult,  and the electron t s ' k  con k e!tner :: 
tetrode, i: ?entobe, ;r a 3eac:-jawer t , k .  

' I h e  teiiode i >  a :our-element tube. .ii,ic:: u i r s  2 sxrcen 
jr.3 ta a;ceit,ate tie floh c! eiectruns from the ~ c t i ; ~ &  t i  
the plate under control oi thecontrol grid. A s  tne electrons 
pass  through the screen grid to the more posltive pliite, some 
of them impinge on the screen grid cndproduce a screen- 
grid current, which amounts to  about one ter.th of th,e plate . . 
rorrenr. Secondary eitctrrrr; <re err!tt?.: ny rno ;mr!!?m?i 
the electron stream striking t i e  screen <;ridofid by :he strear. 
r!ri"inq tn~:!.!~. Ycr-li:y, ,:-he1 !?$;l2!.- .!c!!~:? :: '::<PC: 

. , *i " ."- _^ _ ....,...- .-. ,a:m .---->- ~,.o., ..,- ,.r,ei-,,,,, ,,i,,je, t aiLi.:,?.-r;- il?:tr;:.z ;I; 

a:rracted to tnenearest element, piote or screen, ondmereiy 
Increase their respective currents, '#hen the p h t e  vu;tage 
iz x c :  2:  be!?#? !!.e sc:ce:<:i< .:3!!2<c, spzcc c h z : ~ :  ! z : x  
G v i r r ~ o l  carnode between the screen q : l  m i  plnte 3 1  t k ~ s  
n,:!,fies the effect  of c l r s t r m  cljujiinj. Tiirr~iuie, t l ! ~  
screen q l d  i s  usuoily suppiied from the D I ~ I ?  source mrau?n 
o ser ies  voltogwiroppintj resistor, :ni it is i-ii!xin to 

, . qro~md wlth a cnpciltnr In prwiide nn eli.cr;-<:nr~r i;:i.c. 
h e  br:m-po'~er tctrc3e  us^; SP;C;C~ :C:;!:.,Z!:CE m?  XJC:- 
formmi; plctzi  c s n n e c t e  to 11s c.:thodc ra provi,ii rile , ; m i  
effect .  ? ' h e  I ! ; ! ! z -~  f i f th  ? I e r n n +  I l h n  c:!nnreiii.r . . 
qi??!. urun!!y cnr?.cte'l !D !*E ~ t t ' r  ~?!cIL~!!" 1??l?z7:71 . . .  
nplwr?" rqq SCTP'I" 3[!" '"3 "!q!m, 7" ~,!I"!",I:P 'Yr"'":'l"- 

em!rw;n eii.?nj. i~ s o r e  !:xer 13. ~ i l ~ . i e s s ? i  ~. r:r:j :3?nec- 
:!:n :.- jrougnt SL: ex:~:~:!!;, ;?:m;.; 2 :  =2n-::.! :3 

around, screen grid, or plate 2s i e s i i e i .  In the ili-tron- 
coupir:: n?,c,il!,to!, i r  I +  ,::,,nu; - r r l - - .e l  -- -.r..,-i. .7 

? i f e i t ] j ~  r i ~ n r o i t q t ? c  ~ i , i ? i i  pP!#~efi !" C,z:.>c:!. ? , <  
-,... ,-...- ..-: F.... ~ - , .  ~ . , .  , . . ~ .  ?.".-, ... U."b. .u ..A ..,... ".L ."" ?...., "~ .""- .A*<,.u,,- 
to i!le o-.:ili;ltoi L'LI,:UI!. il!:c!, c :lm!lll:e ni t3  11 i7:rrou:!,? 
cannectrd supp:esrs: ic  -re3 :c t i e  ~!ect:zn-c?:p!d =I:- 

cuit. the cathode i s  C I K , O ~ S  ?ro~>ndeO. O T ~ P T Y A S P :  i ~ i i l  e i e ~ -  
, 4 . 4 . . .  ..L! .. :... !ion zic:113, - -  . 12. -..,< .--- s,"".= .... "".: 

ieaulls. 
;> ,e  e i z c t ? ~ ~ - c ~ , ~ z ; e &  ;;;:e :,;,>,: F .7"  :,* 77j<,t #+: i : , , -  

ronr rir-,,I ', n m+l*iiern,~l-.., ?-^.'*, n y  :I?:!:!", I?' 
. , 

C" r'l.' L-. ' .  ..>L, X -i'.-.'. ".. ... ' ' ' ..'I"'..-. ". 
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tne qrld tar.:, or it  may k tun& to a normonlc, operating 
35 o frequency m u l t ~ p l ~ e r .  in test-eqlpment  appllcotlons, 
" -- , ,.,.oie or a resistor ( ~ n s t e a d  of 3 tcnk iire::it) i s  
~sua!!y x e d  with 1qh t  imdin; t3  ass-re maximum frequency 
i ~ o ~ i ~ ~ t y .  4, FroFerly desiTed electon-cocple.! asci~!a!or 
~ r s v l d e s  the srcblllry of a moster oscillator-pcrwer ornpililer 
r l r c l i i t  rnrnilr;ntlon with only on? tll'w, nnii i t  .in. riw ?"we? 
-.,*-.,. - 6  "- "".,<,.",*... *.;aAn "-"....<"- ". .L" .--" ..L.- 
il'rY' -' "' C.,Y"Y.L"' Yyi i"L . i l lJ  U i  Y i i  _-"liii j l U L C  

v?:1?3e mi current. 
, , 
Sihen o resistor ar cno ie  is usedin tne output circuit,  

the waveform is not exoct!y sinusoidcl ' k c u s e  the plate 
current does no! vary lineorly ,with ice screec-grid c r r e n t .  
,L.!lhough the c-inual g:iducries tie rcrccr..grl; cwrel: 

;.",l,;:!y, tt;ii. 35z,1i;:1n:.j ~ l i i ~ . . : , ~ l ~  r?oidll!r tc+ , . L . .  . . .. 3 - l  ... ._..I, 
-1" _..U,. "..Id..." _... "I.. .l,i I-.--,. .,.,.. " .... ".14...: ".i 
of t i e  current controlled by the gild reaches theplate. Some 
2f me e;e,;trons in h e  sc reen-p i~ te  region air ottrccted wck 
to tne screw, yrld, while a t h s s  are snunted to the mtnude 
, .. . . . . 2. L... I ~..:_ i 
" , , , - i :CI-L I - .  -. A . ~ .  :,..>2. 

!nstant when the SCTPPP-;TI~ c11:rent is  be'q? c!i3htl:i in- 
creased,  the plate a i i e n t  may or mcy not beincreased by the 
sclile arriaunt - In i ~ c t ,  ir mny c t u a i l y  :decrease. Hence, 
tne output ~ ~ 3 v e f s r 3 ,  which i s  tile result of piate current 
flow throi jn tne.,m3 ~ e s i s t 3 n c e .  will not be exdc!:y l i e  the 
screen-qld :.avefarm: it  will be s:n113:, but distorted. If 
3 piole tank or on i.-i. iliter 1s employed, the dlsmit?on w?il 
be corrected and 2 neoriy sinusoidc! .w~veform will resslt.  

Circuit Oporotion. The schematic of an electmn- 
coupled oscillotor using opentode tube i s  shown below. 
T h e  oi i i l la tor  section utilizes !he baslc Hartley sh,mt-fai 
->.. ... .*.L . --.:-- , , , , , . . .-, .=: ;:7:+ !s+ 25 :i5cz55*,j >re.ri:z::y 1:. - . . - -. . , . . . - - - . . , . . - . - - . 

-.. -"iiilita: iiicii: ,  i n 3  n.i:n :he si;een of (hi 
. . .  . .': . . . A  ,.,"":> -,-.* , A, ... ""- <,.<.-. 

?e t.::.'J. ~ m c  IS tcnen !r?E t r e  r i l l e  ;:rcr:t 3: me 
, _._: . . . , . . . , i _, ~~ .. "-.'.""'. Y+I".."I. ". ... ti -... "lul pl/..."ll ._. ."l..l.l". ,l 

. . 
3: y7.2 ;:y\.>2#&!) :l*:-sse: gs:i,ig>>:, 2.. 

, .  , =k-:,><.%~~p;e2 "=l>.x!, i . L * ~ ~ 5 ~ ,  klu:c ' ; ~ l : " ~ z  ;a +>.Leu 

13 !re pentade tnro;?! 3FC2 to Keep r f  o t  91 me pn'Ner 
-.A .be -, .t-, , ,  '- ----- -L..r!_l .- .' -... ... -. .<. .. -<?" L......> ,..,.=. .< .nc :::: 

, , ,  .~ , - " p . :  ,.;,mr,r,!,;,-, <: ,>, ,-  , ,  , r  ,.,,,- r r , , :  :,- ~. .. . . . >.,. . . . , ..! ,.. r,...?,:. rr-i.,!?. r .,>\.tr , : r , ? m l r ,  :< 
. . 

;3te?.tlol :.rm tne plate, c trscplc; resistor, !!I, 1s jener-1- 
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ly used, but may be omitted in some versions of this cir- 
cuit. Since the screen i s  above ground a t  r-i potential, 
RFCl is necessary to block the rf from the power supply. 
If R1 i s  a high-value resistor of say 50W ohms or more, RFCl 
may be omitted, because the high resistance of R1 is com- 
parable to the reactance offered by the r-i choke. Note 
thot the suppressor element is connected to the cathode, 
which is grounded. If the cothode were above ground, the 
suppressor could not be connected to the cathode or it 
would capacitively couple the oscillator into the plate cir- 
cuit and destroy the shielding effect of electron coupling. 
Since in this instance the cathode is grounded, the s u p  
pressor performs its normal function of eliminating secand- 
ary emission and isolating the plote and the screen grid. 

The oscillator normally operates Class C, andfor each 
pulse oi oscillation o corresponding pulse i s  produced in 
rhe p13te ~rrc.1: i-.rc~qt roi.!a.~?n o! :re e:ec::o: str.?.lm. 
Tn.s electron c o ~ p l ~ n ~  exi j t j  oetw,sr tne screan . n i l n c  
plate. Plate loud variations produce plote wltaqe and cur- 
rent changes, but, since a change oi pentode plate wltage 
has little effect on plate ~ r r e n t ,  these changes hove 
negligible effect on the screen-grid voltage and current. 
Hence, the stability of the oscillator remains relatively un- 
aifected by load variations. It should be noted that, although 
the p t a d e  i s  considered to be unofiected by supply valt- 
age variations, only thetetrade circuit can be designed by 
selection of proper plate and screen voltages to be complete 
ly independent of supply variatiocs. The advantage of the 
pentode arrangement i s  thot groundedsothode operation can 
be used to provide an elecirostotic shield between plote 
and grid or screen, and secondary emission effects need 
not be considered. 

The tetrode version of the electronsoupled oscillator 
which i s  particularly opplicoble to beam-power tubes is the 
grounded-screen circuit shown below. In this circuit, the 
shunt-fed Hortley is used; the operotion andcomponents of 
the circuit are the same a s  just described ior the pentode 
E.C.O. illustrated above, with the following exceptions: 

Tetmde Electron-Coupled Oscillotot 

Since there i s  no suppressor element in o tetrode tube, 
secondary emission effects are encountered. Therefore, R1 
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i s  needed to keep the plate voltage always higher than the 
screenqrid voltage, in order to owid formation of o virtual 
cathode within thespcesharge region between the screen 
grid and plote. Because the screen i s  grounded by C,, an 
electrostatic shield is provided between the oscillator and 
output sections. Since the cathode i s  aboveground and coth- 
ode current flows through the L, portion oi the tank, the 
full current of the tube i s  utilized to provide feedbock 
through the tonk inductor. Actually, this i s  a series plote- 
fed connection. Since the plate current of the tetrode i s  
independent of plote voltage, k i n g  controlled by the p e  
tentials on the screen and control grids, no undesired coupl- 
ina resulis from the flow of cathode current throud L,. The - ? 

original derivation of this circuit utilized a voriable resistor 
a s  RI, and thescreen-gnd voltage was adjusted for maxi- 
mum stability. Since a slight incrwse of screen voltage 
(caused bv suu~ lv  or load variations) decreases the fre- . . . .  
quency, while o similar change of plote voltoge increases 
the frequency, R1 can beadjusted for specific screen wlt- 
age where a frequenq change in one direction will cancel 
a corresponding change in the other direction and result in 
freedom from irequency changes due to supply voltoq- 
variations. 

It should be noted that, if a pentode is used in the te- 
trcde circuit, the suppressor should not be connected to the 
obovqround cathode, or capacitance coupling wtll exist 
between the suppressor ondground and inject an undesired 
coupling between theoscillator and output sections. In- 
stead, thesuppressor grid should be tied to thescreen or 
the plate, making thetube efiectively into a tetrode; a pen- 
tode with an internaily connected suppressor is not usable 
in this circuit. 

These circuits ore drawn in their most usually encountered 
form; namely, with a plote output tank which mny be operat- 
ed either on the fundamental or a harmonic. Circuit opero- 
tion i s  the s m e  as discussed for thebasic oscillator with 
the addition of the electmnzoupled circuit theory just com- 

RFC 
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pleted. The tuned-plate tuned-grid version i s  not shorn be- 
cause it isusuolly in the form of a crystol-controlled elec- 
trm-mupled oscillator, in which the grid tank i s  replaced 
by the crystal and the plate tank i s  the output of the oscilla- 
tor. This circuit version i s  discussed !ate[ in this section. 

O U T P U T  

- - - - + 
E b b  

- 0 
COLPITTS E.C.O. 

I - 

i A - - A - - - - , A - "  
L * *  

- 0 
! 

CLAP? L C . ?  i... - 
. . 

FAILURE ANALYSIS. 
No ourput. Fo~lure of osc~llation would cuuse no 

output, and m ~ l i i  result Iror.~ the sane effects desnibed 
in the failure malysis section of the Hartley osc~llotor. 
ir, odditlon, Iwr of sup~iy voitsqe cousei by open comp- 
rrents or o short from piate to qoun!i ivolii effectively stop 
ourp~lr. .c i? i~i lv ,  In ~ q i s  rype of ciiculr rum emission couij 
drop to the pal.; where there is sufficient current for the 
35~iiioto: section; but proct~coliy none far rhe piare. %ere- 
fore, the cl:cui! sno'lld be co~s !de rd  r!s baslc3ily o twa- 

r ~ufput i!rsi 2nd then 
!! ?>e >!-k .,c:,'.t 

~. ~- ~ . .  
b . .  ~ . ~ ,  . 

r is operatifig, lack 

R.dus.d or unstobl. output. In oddition to those 
a;seS foj :be L ~ ~ -  ,L - ,,s. - i ~ i - t r  .,I,,, ,I L,, : _  the t!grtley 
cis;iiioio: cirruil U ~ . W ~ S S ~ M  me :oiia*iim; shouid ir cor- 

siderea: 11 the  sic osziiiator i s  unstable 31 nos a recuceo 
output, tnen, with oil arner cona~tions equai, rrle plate aut- 
put will also be unstable or reduced. Thus the oscillator 
sho,id first be iavestig~ted for proper opemtior.. Since 
the screen v d t q e  determines the amount of phte Cuxent 
drawn by the tube, a reduction of screen voltage would have 
2 more notice~ble e!iec! m the output before it dropped k 
iow the point where oscillation a u l d  be sustained. An in- 
crease in resistance of the screen dropping resistor, if used, 
is a primary cause of reducd outplt. Where the plate mlt- 
age is supplied through a load resistor, it iscommon for a 
rii* resistance to develop, reducing b o ~ 7  h e  piate mirage 
and the output. ?his condition con result in instability if 
f:hp plot? voirng~ k m m e s  lower than thescrem voltage. 
I! ,he outpu! . i i . r ~ i t  of the plate i?cludes a tuned t n k  cfr- 
mi;, a noimol insreuse of output i s  to be expected whw, ::e 
tonk 1s f-nea to the s w e  frequenq as the oscillctor or :c s 
inwni i im hvmon!,-. Therefore, any effects causing ronk 
5e:;;ir.~ -;!I i:.me?;;:e!y resu!: in ; re'l;ce? o-tp-I. ';V>,cz 
instabi!ity !E  :mdcce? by lwd variations, it can immediately 

, , k asmmei ;no: rb: ;-.ectron coupling is involved; in :h;s 
case, the c::m:t should ue checked for capacitive ccupling 
SeMeen sirisr. xi pime nr for 3 chonije in voltoje :~ t ; a s  
3ue to an exiesslve voitu.je irop or a snort clrcult in eltier 
ine screen or piate. :inen tse screen ci:renr incremes 
abnormollv. seconaary emssion effects or 3 detective (?om) 
aiote r i r s u ~ i  c m  be silsoected. 

inc.rr.cr Gur.ut F..qu.nc.. ";'iic ;;is .&2;uL.. :.c- 
. ~ .  . . .. . 

<,dc:>-" 1: :=:=l.r.~<>=,z U d 5 . , A . . ,  Z" :.?: C - : ; : ~ : G :  &::i:r: c: 
~~ ~ ~~ ~ ~- - . . 

: : .,.Jiii ,,,ii C""Ciii, i.;. ;ii;.;.;i u".r" .iii,ki :~ . .. 
lade l t~d~2atmns wmid ~nd~co te  !?#at c j  m s n p  ct ~ s c s i i o i ~ r  

, , ,  , .  , 
#-..i.'." -1 '; ..-- "" .: -.. ' ... '2. <.'i'"" ---- '. .. ..' 

osc111ztor :rewe-:?/ cncnge i s  ?,a: 2-e to ;ampor.e-.rs :n :np 
~ . -  . ~ ~.. . ~... ~ - ~ .~ ~~~ . ,.). , . l  . i . i  7 - . , , i  v , , 7 , , , , , . ,  ,-,.. - 
~ , . ~  ~ ~ - .  2~ ~ -~ ~ ,. . . . . ..';-.'; . . . ' ' .'- 
of men ,,! snorte~i Dvmss ~ooocitors. zhilli7es I!; l o r e  k.,i- 
,".. ,",es, ".""." ."-',.....-, . ,.,-.,L ... ". *,."> - qac:::'<e c<,-; . . .(:..-. 
,3L"el (,, ;;..; 
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ULTRAUOION OSCILLATOR 

APPLICATIO.{. 
The ultraudlon oscillotor i s  u s e  13 oraduce o s ln twa, i c  

output of constunt omp!lta?e j n i  falrly Zonst~nt frequency 
rilthln tne r-f rnn?e. It is ljenercily ssed 33 3 vgi l~t le-  
frewency oscillotor on he ,very-high w.c ~ltr3-h:gh-ire- 
wenq ranges. 

CHARACTERISTICS. 
Uses a parollel tuned L-C circult to ceterrnlne the 

frequency of osciilotian, ,wth a capacitive voltoge div~der 
form of feedback to contr3l ~sclllation. 

Operates Class C 7ilth automatic self-bias for ordinzry 
opOIat10". 

Frequency stability is foir - slmilor to that of the . . 
Colpitts operating ill hiqh fre~uencies. 

;)scillates easily 01 f ~ q u e n c ~ e s  mien 3re too -1qh ior 
other types oi osc~liiltors, or ot whicb. they ore v e v  un- 
stable. 

Has only one tunln:, control, 2nd requires orlly two lea?; 
far connections between the tank an i  the tube. 

CIRCUIT  ANALYSIS. 
Gsneml. The ultroudion circuit i s  essentially o series- 

fed Caipltts oscillotor with 3 parollelktuned tank circuit 
for determining the frequency of apergtlon. ' h e  prevlaus 
discussion of the Zololtts os~1113tor C ~ T C U I :  i s  uenerolly 
applic3ble to the ultriu&an osci1lo:or. Ihe foliowing 
discussion i i ~ l l  be llrn~ted to coint~ncl out the basic differen- 
ces of opeiatlon between the two c~rcuits and any spec101 
considerotions necessary for hiqh-frequency aperotion. 

Circuit Operotlon. The ultroudion circuit is shwn 
schematically below. 'The tuned tank circuit consists of 
L ond I ,  connectd ietneen the plore and grid of the lute. 
Shunt grid-leak bias i s  used (C, and R,) because of the 
series plate feed. 

Ultroudion Circuit 

wO.OW.102 OSCILLATORS 

The radio-frequency choke shown in dotted lines in the 
ths cathode clrcult i s  slmetimes Inserted (open cathode 
lead at x). to rnlnimize the effects of stray wirina coooci- < .  

:once; 11 i s  usvoliy seif-resonant ot the frequency of opera- 
Idon. Alrhouah ttefrequenw isdetermined by the tank cir- 
cuit, the fee&ack IS Antrailed by the rotic bf gridcathode 
md plate-cothode electrode copocitance plus my stray 
.*iring CapaCItcnce. Operouon isexactly the some a s  pre- 
viously discussed for the Cnlpitts oscillator clrcult. To 
visaolize the circuit operotion ond component relotionshlps, 
refer to the equivalent c i r c~ i t s  shown in the illustrations. 
Fi,~idre A shows the tasic ultroudion ~ ~ t h o u t  the cathode 
RFC, und figure 3 shows the arrmqement when the cathode 
choke is used; each c~rcuit *ill ie discussed separately. 

El 

Simplified Equivalent o f  Ultroudion Circuit 

ORIGINAL 
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Since t i i s  i s ~ i l l a t o r  1s d e s i p e d  !or e.xue.~i!/ 91.jh- 
frequency aperotion, assume that the taok ~ n d t c t s r  !- i s  
xerely a single wire loop oi  small dio-.eter connected 
between the yrid and p l t e ,  so that tire i n i u i t ~ r  ~ r ~ c l u . l r ~  
the l eads  to the tube ;s part a! tiie tcnk. For t;c n:nent 
neglect C,; since the  inluc!r: :2 ;a~,r.i;:~2 L+!.:=<r i b , ~  
"!3!0 xCq;'?d. i! IS ~,v:ien! :nzt :he 4::':-p!~!c !L:.e .:1;:c.- 

. . 
tonce is in shunt s i th  the :o?uctcr -2: :cr:cs 3 9:;: sf !+,e 
tamed cl;c\ilt, as shorin ir .L.. :F,e ijril-i?ttj!e i i i  p!.>t?- 
cathode tlite copilclt3nii;  foilir z v o i i 7 . j ~  ?ivide; k . t n t ? n  
-jrld a n  piole, .ulth tne .c:th?di i t  j l x n !  p?tf ' i!l~i.  L!il:- 
#is?, the iistribute: wiriaq , ~ 1 p ~ i ! , i ~ ' - ~  L1, m i  -11 
ore i n  pnroilel wltr tne w l t l f j ~  ?;,:!?e; :ma, r$?rr .-P :.r - 
cier:>er$t ~ : ~ ~ ~ o c L I J ~ ~ ~ : ~ s  >re >.:. ,~i, ,  !hz, . ) ! , I !  11 ' , > ~ t l , x ,  

, , 
~ , i  iiac L . ~ v ~ L , L " , , L ~  a , ,  L,,C ,>W,,d,K -,",,Jr,. , ' C , C , , A , <  1," L , , C  

Cc!p!!!s !hin:y, i! is seen !no! C,; 14 1' , - .  ,- :-::ez i x z  
, $ > , , . . . . . . . . . .  ........ . . . . . . . .  -. ....... 
:!?!ere!ectronei :?U?~C:!:?C" !i :is-!!,; ;.:::!!, .!!!:: ! : c  ::I. 

p la te  c c p ~ ; i t a n i e  Len; iurgc; thlir: r i t k r  I,, L: ;,i. 
Inerelore, tnc j;,l.cli:e -"t; 3.. -. . LdpdL,,u,,L. a- .> ., .,,? ..,, 
capacitor n c i n i s  r h i  :on<, i,i,::mj elll,>i t ; .  ~ r i  in -3s: I:,- 
slm.::es j r r a t d  l i ; z ~ ,  h e  k!:l sdf.-s <:.~~;:C.LJ. ;;.: 
~!~!+:~:+,odc <:~pxi!,~:,  . c  .. Trca&, ...... ; .',, i:, ;,! . : 
-cross the tunk !~.?#.!~!rr, !?e !zn:: :.irz!i:i :s it!:!!.:! 

. . .  ,"*- - , , h a  ,""A.,""b --""-,.-.. ".. . ....... P - ....... ... -r"- . ,  . . . . . . . . .  
irequmcy-?ete:rnining cornpanen:. :.ner? t t e  strTf .J , : i r ~ j  

copocltance i s  l a r j e ,  11 assumes :nore coi~tro! 0.9-r :rcg!cl.x 
tnm tne tuue c q a c ; t a n c t  Socs; the:eicre, ?~;t.+rtia i : re  
~ ~ i r l c q  may c a s e  extreme de:;fi;n j o i  the ;::;.l~t. 

- .  
i o  ?ilniinc:e i i l is  i i i a ,  ;ufiiiiiiuiiic ci:t;: .,I:;.- 

tne  tube capaclt2nce alone to control ienibark . i h r  arrr.ld~c-- 
nf a i s  , , ~ o i  1" th!+ r r o  r n r i n i e  . r  nr:,... 

-.. ,.,, k,nd, , 2s tho 3FC :s ck,cs+r, tc r~s:,;~,,.*v ,:.::>, :t. 
cupocltonce sorr~ewiirre w l r i l n  iiirtunlr:g iilrigt. iii~lm9 A .  
stray capocitonces to grolinj e i ieceveiy f ~ m ~  n J I ~ ; x ~ c e l !  
;2ccciti.;e ? :.,! ic: zc:csc !kc !,..k c::--i!, S-1 5 z.!E !.= - 
eiiect on <he ieedbnck c i r m l ~ .  , n u s  rh r s r ruy  wir!ng ;u- 
poc,;mce oiizct> ale ii*dcr,Ly "f  dQerui,<>rb t G  >",,,c E A ~ E , , ~ ,  

but i t  does  not oiiect ieedback: consetnen:iv, ice !line ho!  
i s  most d f e r t , . , ~  for the  i r ~ < ~ t , e , , p  oi  o!,-,,>!>,,r ! . . h , , t ~ ' l  , , I ! ,  

'k u s ~ i  
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.,., L 5 ST311 713:;.; ':.! ,<.:~~; :'V2; LX!!!':(i32 3t L?e bsl~>b.e7 

lre;t.enc~::z. A:. ?[, .;I -: :.L ,:i-i.;;i.tnni;- c3nnect.an i n  the 
L,.., 2% .::F; ( i h t ~ .  -s,i) 2;  t r e  plate r ,FJ  sl:l ;lsc resuit 
i , ,  3 !3c< >! 3 ,ip,L. 

I < e d v : ~ d  sr Un.Gt C>.,r,u+. G", ol<.re ,Vah,?,qe 0: . . .  . . . .  . : . . . . . . . . . . .  . , ;., ...... .- . . . . . . .  :c .. .7.. ...,.. 5, : ;  .,::. :?:,:& !?.2 :J:- ... ,--. ..-,< .. - -  -. ..-..., ""*- .-,",.. "-. ><.. il.> _ , ~  -,.- ...,.. 1." ._.I..- ,"... I . ........ A, 

.,., ., .c ," .,,- ~, , . . . . . .  <.; , J... 1 :  ~ l i i t . ; ~ l e  cji.r3!;3n \viil LICCS 
, . , . . .  . , ,~  , . I . : - , ' < ;  ........................ 1 -  . ; ,  . :  - .  . , . i -;  i ,a,:l,l $;of j .?PCZ..ji 

. ? I  ti:c :U!:~$CS:IPI.! ,i:ls.es of C , cr R;. 11 ~re. ;ent  in :J sd;- 

iir-lect z r l i n : ,  i!ru; ~3p3.:!tgn;e ,:?,!?I! c i i e r t s  VP f te , i -  
-,,,;, ,:2;t<,,,z ~411; I!:,,; &:,>-,~z,-,? ,;,5t,:,:;;t;. .! re,<,j,-r;GR ,GI 
111-1.. . ?, *-,:3-,7: ;,:;I ..!??I :,:;I? ..,e m,,nj' 'm? s:?~!!:?;. 

! : 1 , : - ,  I ,  .,:i :I:i.ii.."t,,"I 
$ 1 .  . , ~ . ,  . .  I " '  ,'Y>L'L."'U"> .,,',-/ . . 

:a <:r!n?l!, .>ir!!r,!!::r!,. !!?? !!!.,nor , ... iren,l.nr;~i , ......... L,p^l\,gp 

. . . . . . . . . . . . .  . . .  ....- ...................... , , , , . *  .I . . . . . . . . . . . . .  ..~:, ..... .-,, ,.-.: I:',::! v1:e 
....'.,.. , , .r5e:,  .. ....... ,'~ .,.. ... ~. - ... ...... 8 ,.::e r~?i-reni :n!  ! g ~ . e  S ! - . C ~ J : ~  

dc >,L~: .i (I,= I.,S >~.L,~LI!,,~I>,I ;..cs u~.2.eze 1:e &a::?: 
:r;;!t; ;n ;u!;;r : reTccq  m2 SIZL?:::.!. 

I..r>,rsct O:,; ,,>, il~q.le~FY A !  - 4 ,  l i i i l j  

,, .. , , , , . ,  :.. ,. , ,-,:$J,.:>,.-z 2 L  ~c.;. .L. lqL,:  v,:;; ~:!ezt ;:1e !I?~- 
. . . . . . . . . . .  ..I, . .-., , . ,= -,,. , 7 .  ~, . , .  , . . . . . . . . . . . . . . . . . . .  ....... , . 

. i ~ ~ ; ~ ,  .. I . ~ .I .,..,..,: .. , -  t,:- ;?, I.! -.!orlri!,ln.-P on,+ the ,~ . . . . .  . . . .  ... , . -,,,, .-........ .,....".*..-.,...." , , < , ,  8 " " "  .. .. . ............. ,... r ~ . . .  ,.>- - "  ..*, " ..,~-. . . 
,;;z. , ;.;::r, t-c ~ : : i c : : ~ x t  md pi  i:ri-a<nclc ,vo:;o!ions 
r m i n r j  t c r  i m s t  t-iiect. Cr;1nje;4 in tnc p h t e  uait.;ge ,will 
,:r;~::, :, ~ T L J ~ E :  ~ * J L  -.z, c, , :z~e z t  tke higher i ~ e q e ~ c l e s  

. I I ,  ! : !  1:s e l l e= t s  a! W t e  sue- 

. . . . . . . . . . . . . . . . . .  - .......................................... ~ . . ~ "  ..... -,, , "  ...... .L...pL, ".".L"4.. "4~eu. .. ----,.-, ..-- - ...... . i r i G , r .  "-V?. 



ELECTRONIC CiRSUiTS NAVWIPS 

parts are needed to mve. 2 jlver rmqe of frequencies. For 
example, the cdpocltmce of o convenient tuning capacitor 
for the broadcost :rmde overaoes a b u t  350 ~icafarods 
maximum snd 30 to 43 picolorods (inciudiny stroy circuit 
capacitance) minimum, thus covering orange of 10 to 1 in 
capacitance; however, the frequency of the tuned circuit 
varies inversely os the squore root of L x C, so with o 
fixed value of L the frequency will vary sliyhtly more than 
3 to 1, a s  confirmed by the fact that the rmge usually mver- 
ed i s  5 9  :u 160'2 kc. Since the P-C circuit frequency vales  
inverseiy L7e copcitrnce rl~tio, it i s  ps s ib le  for an 
R C  csci!!3rsr !o cover G rangeof from iO to IO0,WO 
cycles per ser-;.;; in orliy iour steps (or bands) usiny the 
conventional tuning capmitor, a s  compared to 12 bands 
fo; the L-: djc.::a2:. 

To provide a sinusoidal output siynol, the R-C oscil- 
lator necessa:i!y m u ~ t  cper3te Closs A a s  a linear ampli- 
fier with positive feedback. Thus the over-all efficiency 
i s  low; a s  a result this type of oscillator i s  generally used 
tor labratory and test instluments, rather than as power 
osciiiators. 

The stabllitv of theRC oscillator in the audio ranoe 
i s  generally much better than that of a comparable L-C 
circuit because the L-C circuit requires a huye inductor 
which Is susceptible to disturbmce from stroy fields and 
it i s  difficult to shield odewotely for maximum stability. 
The use of inverse feedback (when possible) aids stab;lity 
a s  weii a s  improves the woveform. 

R-C PHASE-SHIFT OSCILLATOR. 

APPLICATION. 
The R-C phase-shift oscillotor i s  used to produce a 

~ ~ n s t ~ t - o m p ~ i t u ~ e ,  constant-frequency, sine-wave output. 

CHARACTERISTICS. 
Utilizes a singlestaye amplifier with resistance- 

capacitance network to provide in-phase feedback. 
Output frewency in audio range; usually lixed-frequency, 

but may be voriable for certain applications. 
Frequency stability ywd. 
Operated Closs A to obtain a sinusoidal output. 

CIRCUIT ANALYSIS. 
G.n.ral. In the basic circoit shorn in the ocmmpany- 

ing illustruliun, u sharp cutoff, pentoae-type t u k  is used 
.IS tile omplilier  be: however, o triode tube can be employed 
in a similor circuit. Bias voltaye i s  developed across 
cathode resistor R4. Cothode h o o s s  cowcitor C4, bv . . . . 
virtue of i ts  fiiteriny action, keeps the bias voltage re- 
latively constant and o!zces the cothode at siunol-uround . . 
potential. 'The s~n-wove voltaye is devdoped across 
plate-Iuoc resi2:.>r 85; c??aci!or 56 i s  the output coupliny 
copac;!ji. 'my v m i ~  I-.? in plote cunent will cause a mr- 
resmx?:hc: zh314e i n  ?:ate v01:aye. These plote voltoge 
variarims atil :Isc be present ot the grid of the tube, since 
the plate is cnuplec, ro the qid Lbioilgh the phaseshift 
networkn. 71. 

n,r cae-otin j c-zditio-, fcr osciliation is a function 
oi rile c m s n r  ai bics esi;b;ished by tne cathode bias 
resistor, 34. The use of de,?enerative feedbock (can- 

OR!GINAL 
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cellation) and regenerative feedback (reinforcement) in the 
circuit simultaneously for undesired and desired frequencies 
i s  made possible by the action of the phoseshift network, 
21. The phaseshifting network i s  comprised of three 
separate R-C sections; each section i s  effectively o series 
R-C circuit. The three R-C sections are designated as 
Cl,  Rl; C2, R2; and C3, R3. ' h e  discussion yiven in the 
following paragraphs describes the action of only one 
series R-C circuit, but applies to all three sections. 

OUTPUT 

I ; f4 f4tc5L + 

- J  Ebb 
- - - 2- - 

R-C OacillMor Circuit 

PhosrShlh M.trork. It i s  the property of a capacitor 
that an a-c voltoge applied across the capacitor lags the 
current through the capacitor by 90 degrees. In a series 
circuit containing hoth resistance and capacitanrr, how- 
ever, the voltage lags the current by some angle less than 
90 degrees. A series resistanceapacitunce circuit is 
shown in the accompanying illustmtion, together with i ts 
vector diagram. 

Vector h o l y r i a  of R-C Circuit 

The values of capacitive reactance (Xc) and resistance 
(R), chosen for each section of the phaseshift network, 
are such 0s to cause a total impedance (Z). Assuming 
that this impedance represents the first section oithe 
phoseshift network, it i s  across this section that plote- 
voltage variations ore applied. The applied voltage i s  
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represented in the vector diagram as E.. R e  circuit mrrent 
passes through resistor Rand, slnce this current lmds the 
applied wltoge E, by 60 degrees, the voltage drop ER OC~OSS 

resistor R leads the applied voltage E, by 60 degrees. ' h e  
-.!to?, En, deve!o$- ocrcss resistor R 1s app!ied to the 
sffond sectirn m d  i s  shifted mother 60 degrees in phase, 
so that theoutplt wltoge of theseand series R C  section 
),.-A- C k.. 19" -,,en,,? %mI+rnma +ha 
A=-" ". .*" "*"..-". ...- --."". .-.."v- ". 
R C  seciion i s  appl& to o third skt ion,  i d  isogain shift- 
ed m addltirnol 60 deqrees to lead theapplied voltage E m  
by a tom1 of 180 degrees. ' h e  output o f t h e  third R-c 
secticn i s  applied to the grid of the tube. 

Referrino to the vector dlaaram, it is aopcrent that. - .  . . 
since the capacitive reactance (Xc) va les  with frequew;, 
.L- ' ..:-- "L..," -. LI..,.. ,,.- & c-,,.?- "., f5: ,..k<?L +km ~ , , &  ..bq"-..b.-u "W." ". "-?" -..-> 
circuit is desirgied will be shlfted more or less than 60 
degiees by each section of h e  network, so ;hat L+e :oiul 
phase shift contributed by ali three sections will be 
i sns thi ig  more or !?ss than exonly l80 deqccs. Ir; :his 
manner, the circuit is caused to osciilote at only one 
frequency; that is, the frequenq which is shifted exactly 
180 degrees by the phose-shift network, 21. 

By increasing the number of phase-shift sectlons com- 
Drisino the network, the losses of the total network can 'be 

&;eased; this means that the odditionol sections will each 
be requiredro have a lesser degree of phase shift p;i 
section so that the over-all phase shiit of the network 
remains at 180 degrees for the desired frequency of oscil- 
lotion. Assuming that the values of R and C ore equal in 
all sections, networks consisting of four, five, and six sec- 
tions ore designed to produce phose shitts per section oi 4>, 
36, and TI degrees, respectively. 

Ctrcutt Oprmt!on. r)sci!!n.lio?s or? !nitia!!v I . tatpi -. L1 
this cucwt by small changes inthe E-sappiy voltage or by 
random nolse. if i t  were not for the octlon of the phose- 
shift network, Z i ,  the voltoge ioriations led from the plate 
Sock :c the c;:d o! :5e kk wx!d c3nc.l L+e 2!n!e?x?en! 
variations, slnceriietube introduces a poioriry inversion 
between the grid and plate signals. For example, :f the 
plote-voltoge variation at any lnstont of time was positive. 
the positive variation would be present on the grid. Tois 
positivegoing grid voltage would then couse the plate 
current to increase, in turn causing the piate-voltage vorio- 
tion to go negative and, thus, conceiling out the originai 
qrid-voltage voiiation. 

Ac+~lminn fhnt the ~..- nlnteun!!nne vnriminn+ ore npp!ipd 
!c the g!:c !8L' degre: nn!?i-:?.3ce w!!! ~ P S : P !  1'3 tne 
?nlr:o! qia-slgnol voitg?e. r a n m u m  dege~oiot~or  ior ron- 
celia!:~~) wll! M C , ~ ' .  !!own\'t.r. !!lne p!n:e-'.c!!n- ,- var!o- 
tions fed bock to the q i d  apprmch zerodeqree phase 

~~ 

dliierence mlninrrn de"en?rotlon w l i i  ocrur. ii~er?tore. 
if the phose difference betweeo the piate-voltage vorlntlons 
jndlhe inifis! grK-signa: vc!tcqe :s erczt:y zer- :!n ?ncse;, 
the pialevoitaqe variotlons w ~ i l  reinforce t t~e  WIG-simai 
voltage at ony instont of time, causing regeneration; 
furthermore: these voriotions will be amplified by the tube 
and reapplied to the q i 4  amplified agoln, and so on, until 
u point of stage equilibrium i s  reached ond no further ump 
iification takes ploci. The phoirshif! network provides 
me ryu!rM ?""nap s b i r  oi  i62 "pqrers vn nr!n: tnr vnitoqp 
, . .  . , . . . . . . . .- LULK i" L;,C 3,;L 1.1 p;,">c * I % . ,  L,C ,,I.,..,. ~,',A-.,,~,,": 

OSCILLATORS 

voltaoe and couse rweneration. 'The circuit then oscillates 
under these conditions with relatively constant amplitude. 

The ~hahase-shift oscillator is desimed primarily for 
fixed-frequency operation; however, the operating frequenq 
caz L x  mnde va::ab!e b) ??sing tvaricble recistors or capoc- 
)tors in the phaseshift network. An increase in the d u e  
nf reziqtnnr~ nr coyritcnce will decrease the operatina 
,'.3,""1Ly, ' Y - Y-,SYOL A--"-"" 2 "  iil .k.. L l l C  .,"I,," .YUC ". ..' .,.",-*""ma ..*.".~,..- ". -. -",,"",- 
lance will Increase the operoting frequenq. In several 
p iact~ml opplimtlons of this cumit,  three or more fixed 
R-C sections ore employed together with o varioble section 
to provide o limited range of o ~ t p u t  frequencies which are 
determined by the setting of a wrioble capacitor. !n this 
;;;cu;t vo:ia:ion, 1hef:xeS 3C sections use volues of 1 on? - , , ,, > . ,  ,.'. ---. ~~L.. 3 .... L-. - 4:uc:: *11? $,!U"IIlT +,r>uac > , ? r 2 L  g"l,,Gn.,", <.,"<, 
180 Zegrees at the operating frequenq desired, and the last 
!var:oble) R C  secuon campietes the requlied phase shlil 
to exoctly 180 degiees. The operating frequency i s  then 

, , ., . ~t .L. .. .L!- .---- :.-. 2e:e:m:~~ gy ire s-::.::; s: ::!r V,LL:UV~= i i p d i i i i i ~ .  

FAILURE ANALYSIS. 
NO Output. Assuming that iiie applied voltages are 

correct, the lock of output results from two possible con- 
dtlons; either the lpln of the tube has decreased to a pin1 
where gair is insufficiefit to overcome the losses inherent 
in the phos r sb~f t  network, or one or more sectioos of toe 
phase-shift network i s  possibly defective and does not 
provide proper phase shift of the p l a t e - t q i d  feedback 
s iyo l .  

In some cases,  the phase-shift network must be replaced 
os 3 assembly i! !an? de!e.i,:e. In cases where t'.e 
phose-shli: net.mfk 1s composed of individual resistors 
and ccpzcitcrs, a e i n i v i & 2  compnmts may be :heck4 
and replaced if found aeiectlve. 

R.duc.d Output. Reduced output i s  generally caused 
by decreased stcge guin; howeve:, a small reduction in . . 
,jmn riav i s m e  osii:iztioirs 13 iecse xtore  -y app:ec:on:e 
decrease in output can be detected. 

Nonslnu.oldol Output. Nonslnusoidal output results 
" " : -- .Le -̂ ..I<-.-. -.i,, ,I i t ,  'S " c . i ,  I.. .. ..- ........ ". r"...".. ". --- 
;hg:octeris!ic carve. S ~ c h  operati,>: resuhs from a change 
in 5-suppiy voi~.age or bii;.- voliaqt. which muses yiiia! j i  -"-->-.- -14..-<-- -' ,L.s *,.,",,. ,v",,ein..? -'...- ".- -..lr.", .. .... ..".?". . - ~ . . .  

Output Frequ.r.cl Insorr.n. Since the values of re- 
sisiance sni cnpultuncr tiiui fvrui i!ic pl~ase-shik ile:- . . .,, ii.i__._.< ..= ^ _.-:.__ i.P^..e",rv ",I ."p"rr..,"...r ..; -,,, " & ~  -.,,.,,.- ..----..-, -. ---. ~ ~ - . ~  . . .  ., . ......... 
o9y Chrsgt :rl c ~ r ~ ~ m f i s ~ i  ':ciues wi i .  iii  i e i . e ~ i r j  .x 3 

. ,. 
..ii,,"",. ,,,in- ~~~~ t i - , .  +I,-" i; ;,*- , , , ,  ??i,?E. 

APPLICATION. 
?be Wim-bridge OsCl:!a:~r IS used as 0 varlaole- 

!;er,iefici cscil!ct~: !G: :es: ? ? i p ~ t x t  z?.d lsh:ct5rs; e q ~ i p  . . ~ ~ 

mmt tc supply c sinusoida! O Y ~ U ?  of practicaUy cmslm! 
,. > 3 ., ... c : , :  L- -..A:-'.-" 

i inipIitulie uiu e,,ic~LIU,,ur >L""..,i, , r r r  "uui"~..iyuiirr, 

and low-radio-frequency ranges. 

CUdldCTFXI(T:TZ - . . . . . . . . - . . . . . . . . . . . 
, . 7 ,  .. ,,,,, ...- i, .,!,,"" , : , , . . , ,  ,,, .,,!,!, :, ,,,;;,,, :,&"il 

voltage otthe HC frequency to prmuce 0sc;~iauon. 

ORIGINAL 



ELECTRONIC CIRCUITS N A V W I P S  

It operotes as o Class A 1:nenr nmplifle: ond employs 
negutivr feedback to produce qn almost perfect sine-wove 
output. 

It also uses negauve feedback to prov~de a procticolly 
constant output omplltude. 

Frequency stability i s  excellent (2 to 3 ports per 
million). 

Opeiates over a wide frequency range (10 cps to 200 kc 
or hlgher). 

CIRCUIT ANALYSIS. 
Gonorol. 'When the output of a linear amplifier i s  

applied to i ts  input, a feedback ioap is produced. If the 
feedback IS outof-phase with the input, or neqotlve, the 
amplifier output will 3e reduced. If the feedhck is In- 

phose, or positive, the omplifler w ~ l l  oscillate. The 
frequency of osclllotion for positive feedback can be con- 
trolled by using a frequenq-select~ve network in the feed- 
back loop, such os  the Wien br~dge. 'tihen negatlve feed- 
back i s  applied to the cothode circuit cf an amplifier, it 
produces a degenerative effect  which reduces the output 
and improves the amplifier respanse (this is called inverse 
feedback). By use of the impedance bridge circuit il dif- 
ferential input con te used to provide oscillation at the 
desired frequency, with omplltude and waveform control. 

Circult Opermtlon. The basic bridge circuit and feed- 
back loop are shown in the accompnying simplified 
diagram. In the actual circuit, R4 1s a small incandescent 
lamp with a tungsten f i lame~t ,  and IS normally operated ot 
a temperature that produces o dull red or orange glow to 

Simplified Wien Bridge Oscillator 

give automatic control of amplitude (thermistors are also 
used). Resistors R l  and 9 2  ore c f  equal value, as ore 
copc l t o r s  C1 and C2, with R3 hav~nq  !wice the resistance 
of lamp R4 a t  the operating temperature. The bridge i s  
balanced a td  the circult oscillates at o frequency given by: 

900,0M).102 OSCILLATORS 

It con be seen by Inspection that resistors R3 and R4 
form o resistive voltoge divider ocross wh~ch the output 
voltage of V, i s  applied. Since these resistors ore not 
frequency-responsive, the voltage at any instant from point 
B (and the cathode of V1) of the bridge with respect to 
qround i s  dependent upon the ratio of 8 3  to R4 for any 
f iequenq whch  the amplifier produces at i t s  output. Com- 
ponents RI ,  C1 ond R2 C2 form a reactive voltage divider, 
between the output of V2 w d  ground, which i s  frequency- 
responsive, with the grid of V1 connected at polnt A. Thus 
the voltage across R2 i s  appi~ed to the input of the ompll- 
f ier ,  between qr13 acd ground. :,Vher, the voltoge between 
point A and ground i s  in phose with the output voltoge of 
'42, maximum voltage will oppmr between the qrld and 
ground; therefore, maximum amplification occurs and a 
lorge output voltage is pioduced by V2. Two amplifier 
stages, V1 and V2, ore used to produce a total phose shift 
of 180 degrees x 2, or 350 degrees, to insure that the volt- 
age ot tb,e cutput IS in phase w~th  the input. Thus reactive 
networks Rl,  C1 and R2. C2 are not required to shift the 
phase to produce oscil!ation, but are used to control the 
frequency at which oscillot~on takes place. 

The monner in whlch these vanous feedback voltages 
vary in amplitude and phase ore best shown by the graphic 
representation below. The center (dotted) vertical l ine,  
(ordinate) represents the frequency a t  which the oscillator 
operates. The left and right vertical lines represent a 
frequency much lower than the operating frequency, and a 
frequency much hiqher than the operating frequency, res- 
pectively. 

CURVE C L A G  

w 
2 - 

- 0  Z 
4 

u 07 

4 I 
& 

Phasing Diepram 

Curve A represents the negotlve feedback between p i n t  
B of the simpilfied schematic and ground. Since it i s  the 
some ot oil frequenc~es, it i s  represented by the horizontal 
line covenng the middle of the qroph. Curve B represents 
the posltlve ieedbock wltoge exlsting between the grid 
(paint A) of V1 and qround, or the voltaqe across R2. At 
frequencies below the operating frequency (f,), the series 
reactance of C1 i s  large, and the voltcqe across R2 i s  
reduced. As the operating frequency is opprooched, the 
reactonce dminishes, clnd the voltage across 4 2  reaches a 
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maximum at lo. As the frequency i s  increased o b v e  f., 
the parallel reactance of C2 shunts R2, effectively reducing 
the voltage across R2. Thus, h t h  above and below L the 
voltage across R2 is reduced, nnd only at the operating fie- 
quency 1s it a maximum. Ar rhls frequency, the psr;ivi.  
feedback uolfage (ot the grid) i s  exactly equal to (or very 
,. , , s~lqrluy q!cuLc> LI#cu) the fieqtive fse?b~ck .~o!tcqc (2: !$,c 

cathode), ompiiilcotlon is ct a maximum for Vl on6 V2. 
Now mfisider the phase of the output vo:iaqe .which is fd 
back to the input of VI; this i s  shown by curve C. Becose 
of the phase shift produced by R1, C1, o phose shift occurs 
abave or below the operating irequency; at the operating 

'he 3x1- frequency, however, the phase change is zero, a23 ,;. 
put oi V2 is exac!ly 360 degrees from the inp.21 voltoqe, 
tecxse  3! !hi. p k s e  ! n v e r s ! o ~ ~ ~ r ~ u ~ i  :WO i:anes ,a! ~ V C ~  

iifimtlon. n u s ,  below f, the phose onqle leads md oha,/e 
f u  it logs. The out-af-phase voltoqe above 3nd below lo. 
together with the decrease in the reqenerotive ieedL-ck 
wltage appiim to the gild os compared with the oeqri ir io- 
uve ieedm?~  ita age opplied to thecuthcdr iif 'v': e f k t i v e  
ly stops oscillouon at all frequencies except the aperoang 
frequency, where RlCl  equals R2C2. 

The schemotic of the W~en briiige oscillator is shown in 
the accompanying illustration. Operation is the same os pre- 
viously discussed. Amplitude requla:>or. :s providej cy the 
use oi resistor R4, which i s  on inccndescent lamp ( X i )  i i th  
a tungsten filament. The current though thls lamp consists 
of the ccthcde current of V i  plus the o c  current ot the oscil- 
lating frequency through R3 and R4. The design is such 
.L-. .L. i--- :- ̂ -.̂ ."A ", n tar-*" ,,,, icanci,i>,o -in, L:'", ,,,r ,",,,p "t-,".L." ". " r..... 

(where the resistance of the lalnp chcnges rapidly with 
temperatilre). Vhen the amplitude of osc~l la t~on tends to 
Increase, the o- companent of the current thrauqh the 

cathode and through the lamp incrwses. The resistance oi 
R4 (DS1) increases in value because o! i ts  higher tempera- 
ture, and, beins in the Inverse feedhck ci:cuit couses an 
::crsese o! deqenemtive feedbark- Tht)s; the ompilrude 
of osc~llation i s  outomaticollv reduced back toward the 
original level. 

In the scnemauc, resismrs 51, 82. 33, and i S 1  and 
z--opocitors Z i  .md J? iom the oms of L9e Hie", >ridye. 

Wien B t i d ~ .  Oscill~tor 
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Tube V1 i s  R-C-coupled throu$n in3 to the grid of V2. 
R5 i s  the plate resistor of Vl, which produces a LBOdeqree 
phase inversion. Resistor R6 i s  the grid resistor for V2 
across which the output of V1 i s  applied. The circuit de- 

. . 
;;gc is s;ch that Lh.e phase sh.if! !hro??qh fie cnupiincj net- 
wark consisting of 85, C3, an? R5 i s  kept to o minimum. 
Thz csthnde nf V2 is h i n c d  hy R7; wllii.:? i: !cf! tlnhyoassed 
iu pmuide dnjenerqiion and hilp keep LL.c oatp~:  ?.:avefo~m 
!inear. The sinurnidol output waveform is developed m o s s  
HB md applied through 34irom the plate of V2 t i the  input 
of the Wien bridqe ns r: 36Wearee phase-shifted siqnol, 
~ h i c h  is now inlohase with thk oriainal siunal. 4" outout . ~ 

is oisa taken !rom Li.2 plate of V2 tircuqh cipacitor :5 for 
external use. The vnlaes 98, C4, wJ 5 me ~ l s o  &:sen 
. - - - - . . : A .  - .L..l..,. -.-;  ^ ..inc, "hi,, ." ,.".,", ,. """" .w.b .............. "! s l  !"?t 

the bridge circuit done determines the ieedhck trequency. - 
i he operollon of r'nis circuil i s  siniiw :a tirot 0: mi. h s i c  
circult described a h v e ,  rrlth k e  asciilction irequency being -. .L. 1 ~. ... L--- a, "1 "-,."l"D" "7 ",,A ,.,;,,, 
'J! L!lE ,3c,."r>,L" -,,=.- , , ,  <,, c",,".4 .,- -& ",." ....,. 

7 ' 
wov~farm linearity retuned by inverse feedback throulfl R 3  
and R4. Bioslny i s  o combination of cathode and contoct 
bias, with o lorye omaunt of deqenerotion (inverse feedhck) 
being provided by the untypossed cothade bios circuits; 
the output wovelorm is exuemely linear. Tne output ompll- 
?ude i s  amall k a u s e  of Lie lmge omaur.1 of deijenerotioo 
empioyed, and clrcult stablliry is excellent ~ i l ' i l  o nin~mum 
of phose shift or frequency variation. 

FAILURE ANALYSIS. 
No Ouqut. Since the feedback loop involves two tubes 

1-3 3 bridge network, it : z  zppm-t t h ~ !  or open c!rcu!t 
in the coupling capacitors or t ins resistors wil! stop oscil- 
:man i ! n m c & ~ i ~ : ~ .  k: E A C ~ ~ S ~ ~ E  pkSc:z sk,;:: :c;:d >{ 
the chmqe 31 coupi~oq networK values due ;c = y o 4  may 
cis0 couse stoppiny ot oscillotlon at tne lower trequencies. 
It is rather improbable tnot &onyes due to the oyiny of tuies 

cesul! i r ~  !he s t c p p ~ , ~  of o~c i l l ,~ t~ , - , r ,~  ,;::kc,j4;, !a;!c:,: 
01 one tube due to lack oi emission or loss oi < j a i l  co~iid 
prevent operation. A deiectlve lamp would produce on open 
rnthode -trruit i n  V 1  ~ n d  stop osciilotion. Usuallv a resls- 
tonce check wi!l qu:c~!y isa!a!e me trouble !c th!s circtiil. 

R.Jsi.l or ?)nzt;b!. Ou?~t .  P .e  prhci:" c o m p n e t s  
to suspect in the case of reduced oiltout as ths decrion 
tubes and the degenerative feedback components. An in- 
ireas? o! :z::,a5e i ias :es!;:cncc ,w!!L s ; ~  =: !=&;. za~c! .  
...~ , , ,  L .  

L -  - - 4 i .  "-1 -.I.. ... i l l  ... '!,-" 7 . .  l::,?:uF. ,,.,, ,. .he . , .  . .,.., ..,,,. ..... .,- 
LL$e -... ,,, .,",p~!, ht .a:!! probbbj d!s!c:: 5 ~ 2  ,h,z~~e!cm. 

?mr connectionsmdsoldered j o ~ l t s  wlil cis0 cruse erI'ner 
;3nditi0rr. ioliowmg me s:gr.c! poln lrorr :r!c 13 piote wi*. 
m oscilloscope wlil quickly show iack oi mplirude ond 
mr iovelorm Gistartion. :~~oror~mil:ii.d 2: .u* i reqYrnaes 
mzy occur throuqh common impedance couplinq m :he m w e  
r.p;iy, 315 s??u12 3C S I I S ~ ~ C ~ ~ S ~  ti ni.r.lilt>!lrl,,i .,- 
. . 

ot  ;;? we freq -- . ..'.",!*"" -,.. :., "e ,,L, o,.,, ".,",*L-" *.,. 
Inconect Fr-qumcy.  Since !he hequency i s  primarily 

under conuoi of the reactive portion of the tridue netrrork. 
these components should be suspected h e n  the frequency 
is incor:ect. :,here h n d  sa;tchinj or:< !urrmq nrmqemm~c. 
oii- ini1,de: in :he dejiqr,, !!oulty switches, p ~ o :  mntzcts, 
u u  'hi L U ~ ~ ~ I ~ L ~ ~ L A I >  wuuid  k 8 ~ c  utt(muiv <"use 3: t r -  

~~ , , 
<" .,., -,., ... 
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ELECTROMECHANICAL OSCILLATORS. 
Tne electromechanical type of osc~llotor combines the 

extreme stotility of the highquality mechanical oscillotor 
with elenrical coniral of excitation to ottoln a frequency 
stability on the order of 0.0015 percent (for quartz) .~ithout 
temperature compensation. Generally speaking, there are 
two types of electromechanical oscillators: the crystal 
type and the maynetostriction type. The crystal type of 
oscillator uses noturol or synthetic nonconducting crystals 
excited by the piezoelectric effect ond vlbroting at or near 
their natural frequency to control the frequency of oscilla- 
tion: the maqnetostriction type uses a magnetic field to 
excite o metal bar, rod, or tuning fork at its mechanically 
resonant frequency. 

The electrical excitation of the mechonical device at or 
near i ts fundamental, harmonic, or subharmonic frequency 
produces stable mechanical oscillations; these ore convert- 
ed into electrical impulses of the same frequency and are 
fed back into the oscillotor circuit to sustain highly stable 
oscillations at the desired frequency of operation. 

The maynetostriction oscillotor i s  usually used only at 
audio frequencies, and the crystal oscillator i s  used at 
both audio and radio frequencies. For audio frequencies, 
the crystals usually consist of Rochelle salt (sodium 
potassium tartrate), which breaks down and decomposes a t  
temperatues above 135 degrees Fahrenheit. For radio fre- 
quencies, other kinds of crystals are used. The most popu- 
lor, economical, and plentiful kind is the quortz nystol 
(shown below), which in its notural (alpha) stote only re- 

9W,M)(1.102 OSCILLATORS 

Originally there were only two quartz crystal cuts, X and 
Y, with axes at right angles a s  shown in the illustration. 
However, today there ore many cuts at slightly different 

Natural lruortz Crystal, Showing the X, Y, and Z h e r  

quires cutting, grinding, and polishing to size. The fre- 
quency of oscillation i s  determined mainly by the thickness 
(or lenqih for v e v  low frequencies) of the crystal slab. 
The crystal cannot be made to vibrate too strongly or it 
will shatter. Tournoline crystals were once popular for the 
higher frequencies since they are more rugged and thicker 
for o given frequency. Because of the expense and scorcity 
of large-sized crystai prisms, and since tourmaline has o 
negative temperature coefficient which prevents o zero- 
temperoture-coefficient cut from being ot~tained, tourmaline 
crystois ore not in common use today, although they ~noy 
occasionoily be encountered. 

Relationship ol Axes to Cuts 

anyles, each having a certain temperature mefficient over 
o limited range of temperature and frequencies. The most 
stable i s  the GT cut, which has a zero temperoture coef- 
ficient over a range of 100 degrees centigrade, within the 
r-f range of 100 to 500 kc. As  might be expected, this cut 
i s  expensive; therefore, it is used only in primary standards 
and clocks where the greatest accuracy is necessary. The 
X-cut family includes the X, V, MI', NT, 5O X, and 1800X, 
covering o range of 5 to 20.000 kc; the Ycut family (shown 
below) includes the Y, AC, AT. BC, BT, CT. DT. ET. EF, 
and GT, covering a range of 60 to 20.000 kc, of which the 
A T  and BT ore Ule most popular. 

Typical Y Cuts 

Since the high-frequency crystals are thinner, it i s  evi- 
dent that there i s  a frequency at which [he thinness and 

ORIGINAL 
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iragility of the nystol determine the maximum frequency of 
operation. Therefore, there is a deiinite high-frequency 
limit beyond which the use of crystals is impractimble. 
The low-frequency limit i s  mostly defined by the bulk of 
the crystol and its mounting problem. Actuaily, for iow 
audio frequencies, the Rocheiie solt type oi crystal i s  
used (for lohrotory and experimental work) in preierence 
to ine quartz crystoi, mosriy bruuubr ui iilc ii::iiuliy ;ir 

securing basic quartz prisms 01 the proper size and their 
acmmponying hiqn cost. 

'While the natural frequency i s  the one most used, it is 
also possible to yrind crystals to operote on harmonics 
(called overtones) which ore not inteyroi multiples of the 
iundamentd frequency. Overtone operation i s  aiso aided 
ty  special circ?iits to ensure or enhance this type of oscilla- 
!:on. 71:s. gn extre-e!;. h!qh-!req~iency niltpiit con :x otr 
tained by the use a f  second, third, fourth, or fifth overtone 
operotion (overtones usually utilize the odd rather thon the 
even values) with a stability ewol to thot of the iunda- 
mentai frequency. Thereioie, crystai controi is econimi- 
caliy ieasibie and procticai in the ieiy-high znd ukro-high- 
frequency reyions, where frequency stability becomes a 
problem, with a minimum number of doubler and tripler 
stoqe.5. 

Generally speaking, the X-cut crystal i s  siightly thicker 
than the Y%ut crystol: therefore, ior a given appiicotion 
the X a 1  crystal can produce a greater output. Originally, 
temperature compensation wos a requirement ior frequency 
stability, but with the various low-temperaturesoefficient 
cuts now available, It i s  usually not necessary to use tem- 
Fer2?Lre ~ ~ l c h c !  eXcq!  !!"f !he mnst rirjorolls use, 0s in 
frequency standards and !;eqi;ency synthesirers, or *here 
the ambient lemperature vories greatly, a s  in oeronouticcl 
or mobile operauon. f i e  foliowing chart iliustrotes srvtro: 
crystal cuts and their temperaturefrequency variations. It 
i s  seen that the GT cut varies only slightly over o large 
ranqe of temperatures, while the CT cut varies rapidly 
first in a positive direction and then ;n n negative directios 
over a relatively small range of temperatures. R e  BT cut 
i s  an exponded version of the CT cut, covering o yeater 
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ronye of temperotures. Althouyn the AT cui also vorles 
considerably, it reaches zero variation over a smoll tempero- 
ture ronye around 50 degrees centigrade, and varles only 
5 parts per million ior a t o r  - change oi 15 iegrees. 

Synthetic crjstols sirn~ioting :he s t ; ~ t ~ , i z  a! 5d;:tz are 
uvoiiobie, iui ure nut it, mass pi-duct,;i, 2; :ile present 
state of the art; hence, in 1t:e ioliowinq ci;cuit discuss~ons, 
.LA .-.- -.-, ,,",""- "+h -,,., <,-" ? "  ..,- .L..,. ;; ,...., u... b "" " ..... " ..!!I ?w!? n 
naturoi quartz crysioi. Since i n t  c i r b l i i ~ i ~ u ~  .lmd /jiiidkjcing 
of cwstols i s  a !id?. and s c i e ~ c e  bi I::. z5#r.. thsv %I!! . . 
herwiter be discussed only whi-n i.leil ~.opertie; 3re pert,- 
nent lo circuit ooeration. For further 1n:ermction on m~s:31- 
iogrophy, see the iiandbm: oi Piezo-electric L i y s i a l i  ii; 
Radio Equipment Desiyners ( W A X  Technicoi Repoi i*~.  
156, doted Cutober 1936), *?,:in is ,ziaiiz::p zii.qi t i e  
e n :  , I  ' n77e;cp. 

There ore two types of operatior. pnssik~le witt, crystol 
ssciliators, n c - ~ ! ~ ,  C ~ ~ . ~ ~ ! . C ~ ~ ~ ~ ~ ! : ~ ~ ~ Z ! : C ^  ??: L ~ ~ % ~ P , -  

i t a b l ! i i e d  operatios. The cr;srl!-:?r!rg!!e? ?rc!!l,z!nr !c 

deP,neG as z:, ~sc,;lztor ... F,,::', -.;. ,.:: ::z.::z:z '!x:::,%: 

.LA --.-.-, - - A .  '. -. -,; .,--" , a , =  L.y.L"., ",,< *...a. .,&.".'".. .> ". ".. i z ! e :  ^̂ 1- 

plete caotial of the crystal. On the other bani: the crystal- 
stabilized oscillotoi is inherently 3 tree-runnlxr; osc~!latc: 
*ithout the nystol in pluce, but whes h e  frel;>e-;; of 
resonance oi me crystal is approact~ed, the nee-rdnniirg 
osciliotor iocks !n r:?d is kept npt.,i:?ir,, 1 8 ~ 8  ,a irobiliiec, 
state aver i j-c!! :nn:je o:xr.d !i; ;:;st2: i:?y:ecc;. r?,!~, 
the crystal-s:obiliieA csc;!lc:or :..,r,ie- :;i: a! !ie . r ; e  
fits of the nystaiantroiled osc~llatni, but 1s sliyhtiy more 
susceptib!e !c frequency i"siol!i!l!! bem,~!=e -1 the  in-erent 
freer\!nnin? leslqn. The ~o!!~F-!?.. i 5 -  i s  r e  
limited p< tk? s{s!c]->2:~tt>21:e~ :y>* .2{ >z,z2!:::-: s;?,:? i: 

i s  the only type used ;,> the N~vI. 

GRID-CATHODE iMl iLEG)  i ! ? Y ? i ' . : .  3i;.iii&Tfi2 

APPLICATION. - i.?>e ;*;i!;er crFatc; 2s:i;;:::r :::2<.: ;: ?!,?2 :c z>;:c:{ 
a constunt-irea.vency sine-wove cd1j.i: at .: ;-I.:.:vP~I c ~ i i -  
stont amplitude, usuaiiy within the r-I ronqe. 'This i:rcc;t 
ir .uS-A .l.ia.al.a. n Lir. i l i l  ~,rnhla  ~ ~ ~ ~ i i , ~  iiamlnrlr. / g  
.l" b" " 1..9,.., l.l".l .. > _ .  _ .  
r;eejej: ssc$ the hsi,: ::.:::)7tc? L 7  7 :q?,:? .:cr 
tc~eivei:  : I ~ Q > ? ~ , C ~  ~ t ~ r ~ d ~ r 2 .  ,>: ?ES: ?Z2i;TE::. 

CHARACTERi5TICS. 
11..1:_.- 7 "  1. .. ., ., -., .-> -. . . .$..*.? 
Y L l l l l C *  ~ . I I Y C . ~ L I I I I  I i l . l i  - - .  .. .. ,. . . , 

, , :. . .- '.., , . . . , ,  ,, ..,, 
~ ~. - .  ~ . . ~~ ~,~ 

-:,<L:a; .- -L<;:.Euc=- >=:,-==. " . t .  .. :,. 
i : ~ ^ i r ~ i  ?"k. 

i-F f e d i n  .; occurs :ii~ir rsro,,: , ,, , . . ,,, -,- -,--.. . ,. . .3?0 !.:k ,?:MT::-K:e. 
n.,~.._.,q_ _ . . _ _ I /  .,... L n ... ,. -...---,.. , . " > &  

2 z  . . ~ ... ~ ~ 

. . , . s . .L . :  I - -  A . , , . , .:c J J C . I L C  _ 1:- - ~~ . - .. ~ ~ 

tixeo ona sel!-3:us !or s-.rc:a: oesi.Jci 
=---. en-, p . *L:#:* \ .  ' ?  ,"-,I .", .,>A,\ ,~,, . ,, ,~ . .a "?-, . . ., . . . - , . . - -. . .. . >~ ~ .... ,,.e compe2sc!:nn. 
n . .a- . . .  ..--I <...A- < "  "*"c,"-, " ,,.y.i ,-"- I" I." .... 

CIRCUIT 4NALYT:' 
* , : . . . - ,..̂ . . ..,"i ,L.".- .-.."-. ""C." ..-,, ,- . 

, c v i c w  ,>: C:"S;G: :?::,z,z:ks A S  :;;:: !;; %:k.;;:..z< 
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A quzrtz prism has t r e e  hg;ic ~ V E S ,  X, Y, Z P ~  2'. The i 
onis :s the aptical 3x1s .  I?C Y 1 ~ 1 s  1s ccns14ereri t ie 7 e -  
c h o n ~ c ~ l  iris,  or15 the i< 3x1s  is c?nsi ierd  t ie  ilcct:!m! 
onis (see qmrtz irystol i l lui1r:~ta rh.,-,el. ;jo sieralectr:: 
effects are directly sss3ciate.i witn t k  Z ccis: gn elsctrrc 
field applied i n  this lirect~on 3ilduces nn piezoelzctr~c 
effect on the crystal, lor ~111 3 mectja~icol stress clon: 
the Z oxis produce 3 '!iff?rence of potenti:'. A simple 
cornpress~onnl or teqsicm; rec!lnniczl streis O D F I I C ~  alonq 
the Y axes will cause J chon j r  of nal3riz3tioil of the X "xi.., 
but rot the Y nnis; 'r:oiiever, l i  3 sile:jriqq si ilengrli sticllr 
i s  applied dlont; ti)? 'r 3xi: c :!,angt- l! odarlzntion *:!I 
occur. :i!ner. the crystol 1s ;,!rrtct.ed 3101-1 ! ! ' s  X ":<IS, o 
positive c ' l c r , ~ ~  <ill! 2?3e>r .n cne -21 c! 1:. c:):;!:!, 2:)' 

when the crystol is conpressed a l x g  the X  ox^, n nerptl,ic 
charge will opcex. Thus, ?ieimlectric effects are oiodvc;.: 
for either X- cr Ysut cr,ystols, ns j i o i i n  in the occon- 
ponyin? illus:rlticn. . . 

'The piezoelectric effect i s  deilnei 3s tilot effect wiici 
produces o po:entiol 3cioss tile pur3llel focei ai 2 C I V Y ~ ~ .  

line dielectric s!itstonce imen pressure or torsiz:;3I forces 
ore applied between tile iocrs, ur,  ccnversely, tb.c: effect 
,which causes t~ne C I ~ S ~ O ~  !O 119t01t 1:self ',!!-#en o v~lt3qc is 
applied between the fzces. i'i.:~s, ;v?-, 3lterloti.q rnl:cc,~cs 
are applied ietv.een the crvstol fzcos, it , j ~ l l  iscill-!tt. 

S H E A R  

- ~ ~ -  

Piezoelectric Act ion 

(vibrate mec!~oniculiy) at o specific f ieqre~cy,  rzL,iir i is- 
termined mainly by the thicir,ess of tne crystal. 

"#hen loosely couple? t 3 sultaM- nscillotoi c:rcuir 
nnd excited at the P:OC?I i r i q ~ . e ' q ,  ti!? cryst;! rii!! s!:b - 
iize the frequency ci osci:l~tint:. I! the circuit is arroryo: 
to provide self-oscillct~cil 3 :  t : ~  rlgti~ial fre.j?lt.ncy of iwtn- 
tion of the crystal und rid1 nnt ~ i c i l l c t e  r,,itio:t :i:e cry:i:l, 
it is o crystal-controlled cscillotor. Normaiii, a crystal 7:s 

two frequencies 0: oa,!es oi operJtiiln: t;,. resa.,cnt 

ffundarentolj freq~enry, or s e r i e s  !node, and the onti- 
issonant frequency, ur pore l le l  .?ode. 'P1e series -75 
?oroilel modes ore sirnilgr to the equivulent ty?es ai 
resonance. In trle scrics mode, t!~e crystnl ;:esents 2 I::w 
impedance ond provides o maximurr nf st3bllity. I:? t:;i 
porullel mode, it presents o i-ig!r impcianc- !:!~J.II!;. ccr.  
sidered infinite), sirce the crvstnl I; use? zs 3 hisL,-2 
inductor chich is resonated .vith t-3 cr,s::: C L ~ C I : ~ ~  i n !  
capacitance (inclsdinq crjst31 i;:?cr c~3cc:t:;irc), 
to form a hijhlv stoile parol13i-rcrc;r.m E ~ , E Y , I  z:er:!:.,; 
s t  the ontireionort f:e7ue?ci cf ::.; L : ~ s ~ - I .  -,-kc ::I!- 
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resonunt crystal frequeccy 1s 0111075 sliqhtly hlqher than 
119. noturai, or series-resonant, frequency. 

ik,e v~ristion vi l ; i  freqvency of the series reoctunce 
iV,) of o typical quartz crystal is shown q~alitotively in 
the acnmpcnyinq flrjure. The solid line represents the 
con.htlon where the resistsnce ?, is equal to zeia (which 
,s only tneorctically possible!: the dotted line represents 
t:;e t i ~ p  con?i!~mi where ii !,as some fl:litr value. T h u s ,  

Yoriation of  Series Reactance ol Crysta l  with Frequency 

;,here li is equal to zero, the serles readonce is equol to 

i zen, at f, = rod h m q s  
2ii ire 

from + infinity to i n i l n ~ t y  at the frequency f,, [the solid 
iine on the qrapi!). ',\'hen P is greoter than zero, the dotted 
line indicates thot the series crystal reactance has o finite 
:;~oximum nnd minimun, ond that it ofluolly has a zero volue 
t toth f ,  ~ n d  !,, the series- and paiallel-resononce f i e  

luencies. For o reosonobly small R,  the frequency difference 
Letween f ,  and :, is cppmuirnotely the sorne os thot between 
1, and I,, (they ore quite close). !n practice, the frequency 
jifference DE!\;CO:I series 3rd puinllel resonance varies 
nl t l  the type of crystol ond its cut. For exomple, a GT- 
cut quartz crystal con hove 3 ,Jifierence os low os 0.08 
percent a! the resonant frequency, and on AT-cut crystol 
can be LS jreat as 2 percent. 

The series mode nf operation is 3s izlly used for wave- 
filter clrcuils where a specific frequency i s  to be obsorbed, 
31 101 overtone ~ s ~ i l l s t o r s  operaling at hiqh frequencies. 
Tile prollel :node is usually used i:r oscillstor circuits 
.ihrre its extremely high Q produces stable operation not 
r~ormclly possible with the ordinory inductor or LC tank 
circuit. As issued, the intiresonant (parollel-iesonant) 
frequency is marked on the holder unless otherwise speci- 
fied on the nameplate (avertone crystnls ore stomped at the 
overtone frequency). Crystal calibration and ratiny ore 
for n specified shlint capxitance ond holder, and for opeio- 
: i ~ n  i n  o standard cirallt. Foi MIL STD crystals the circuit 
, s  t:at soec~i!eJ i.1 t-e Standoid. For cammeiciol crystals 
t te s;iexuti; oi Cr,c c ~ T ~ J : !  U S F ~  h i  ~olibiotion is qenerolly 
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supplied wifi the unlt, or is othemise specified. ?it,en 
used in a nonstondord circuit, the crystol will aperote at a 
slightly diiferent frequency from the culibrotion abtoined 
~n the stondard circuit ( 2 3  kc moxlmum), depending upon the 
tolerance to which 11 i s  ground, the hol5er capacitance, 
and stray inductonce and capacitance effecis of #iring. 

Generally speaking, time series-resonant crystal oscills- 
iui i,"> yieo;i.i :ii-qui-iliy stOtl:itj ~ i r '  CG;, qiiriiZtC iiiqhi: 
frequencies, whereas the poraiiei-resonant type osciiiaroi 
i s  more ecanomico: to construct, can ;;e;;te cue; ; i;ide; 
frequency ronye (by substitution of different ciystols), and 
can generote grwtei output. However, tieie zie i xmhe: 
of exceptions to this qenero! rule. T R ~  por~llal-reronant 
oscillator is ?r~morily used wit5 !und3:ent31--9?: q r r - i r  
at frequencies k i o w  28 :zc. !,t ~ o : t v e , , i ~ u , . ~ :  :rzA~:: :,i 
t n i s  type, t n r  -ryclnj -:is: nnerq:? ?rrwcr:: ;:r- r c . : ; ? ; ~ .  
(series-resonant) and antiresonant (jorallel-rcsan3rt) !re- 
quencies, thereby behcvir:; ns zr in?;ctcr. !!::,!rr ! i lcc 
-ondi:ians, 1' -'.-,." .... 11 -" m.-A - , ,.e b..bu.. ..... ..". wu... 1.1. :! t::e cr;.stll k c -  
zomes Setect~ve ~ n 3  t;~,e x:,:,;tc,~ ~: ,  ; :LC ::,::::.c:.;, 
tLo]!& y9e, !Jzxj,3",T s:zLi!itT j s  zck )cv,z 2 !c,.; :;;- 
st01 drive and with operation in the closs A to c l ~ s s  R 
ionge. For maximum ?or;er 3iltpu1, the oscillctor s sperated 
closs C. With normol voltages the electromecinnicul caunl- 
ing in me parallel mode of operotion tends to become too 
weak to sustoin osciilotion at ti!r iiqher frequprlci?~. T i t s  
reduction i n  couplinq, p!us :he s?;,ntiz:j c!!cct: cf !me 326 
crystal capacitances, makes increase? drive ond plzte ,vc!:- 
age necessary to produce oscillation, thus leading to crystal 
frocture or instobilily; hence, it is imprcctical to useme 
?oroilel mode at the higher frequencies. It is possible 
fr;ough, by !rldl:lplic;tl;fi I :J-ler :,; : .:,~ 

sequent stages, to obtoin high-frejoc,nq o?e6:t:a:: sit:: J 
porailei mxie mslc  cryst-i. 

The series-rosonont oscillator is illli~ust u l ~ . : ~ . ,  l i e d  
with overtone crystals. Because the output is lovier than 
that of the parallel-resonant type, the operating ronqe is 

. . . -. 
restricte~, ails more ?a::; ;:c ;e;;;:m. ice  se::us-r:v~::.;::: 
crystal oscillator i s  usually used only for high frequercies, 
or for low and medium frequencies where specmi desiqn 
considerations 3a4e its 9s. j.isti!inb!e (zns!!:! fnr ! ~ c ~ I ~ I P ~ -  

cy standards and lohoiatarv and tcst cii;lpmenti. 
T L -  :. .:- -< .I. .,,er,,, ,, .,,e mechacic;! c;ai~v~!cnt of the c:;;:~! 

nccil!gtnr p~oviies il ~ f o h i ~  nsrlilotnrv r~r t t i ln  thr:i ; s  i,i!li. 
affected by the varying prometeis n! the electron t11be 
circuit (and !sr .;;hick, cr fs t , i  ~ ; , t z l k 2  zs=;l!c:;:: 7:: 

-,+-,l', ", tkISi , : , .j  es ,-:! !!he ,:,,:r,,l,:::,:,.,:e ,::r !: :? ,;,-,it,- ,..? 

have little e l f ed  or: the f r e 4 ~ 3 ; ~ y  0: ~ ~ e r a i . ~ , , .  1,. !::!, 
:>,e chanr~e a! crvstcl J i r . e ~ s i ~ : , ~  :,,!!, :e:: :;er:: ,;? ..&,,:!:, 
has n Greater effect. in rnis resrle-!, t!:e  cut crv;tcli r,n; 

c l e m ~ r o t u r ~  coefiiciee cl! ?O tc 25 xr !+ 9.7 

-"'ior ,..... per jeyee -",.' .-,.. ,,I. ..- - A r  '? I -  ' " " ' . i< , .  i -  .,.-.- -... L.." " 8  

? 50gwkc ?- d - - - > -...- :-:- . . 4 .o-;lp,p. -' 1 or>,, o L 2 . , I". . " - ,  
to ii50 cps), and the Y-cut ciysrlii rnus a posiv,ve tri pelt)- 
!-re c5ef!icieqt "! '15 ?: 125 pp+ "? m , i i r ~  nmr ,-,..r.o 

centirjrade. 3 z s ,  it con be !!nlierstouJ ti:ut varmmx cr!rsid 
cut; 2;o.:idc 'i!fCr2;! telPe:l! mef'iciel!s, r:::t. 
otie ior different ranqes 01 operotion, *it!! SUCI: different 
cut designed tor zero terperot.re cne:!!c~ert !;ee TrTJl- . i= 
, .". .--- ," -.,. "i"-* ",... ,,?, ...- 8 " - ,  *--.." ..,,," :!!~!s!.".:~." .". .."..~.."..."..".I"..". . . " L....... 
' ~.-.:-.:-..\ -- --  ---. .L" .-.. -..,-..I- ,TL- 
"CUYS"'I I U I I Y L I Y I I ~ I  i: id l i " ,  i.,ii(_i. >.. I , .  I,.... , 
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GT cut is tne only one wnich covers o lorye ronge of tem- 
peratures.) For exoct Irewency operation, as needed ir 
frequency standards or for spec101 uses, ternper;t,>rt. cum- 
pensation is utilized, with tt.e crystal qrouna on? a t  for ,z 
zer3 terper3ture coe!!iciec: Tie: z !tzpcr3t-re :?n;e rcs:!y 
-ustoiced by t ie  ti.ermos!~ticnll~; con!mlle? we? .  

The ef!ec! of the cryital i!nljer mr! tne sh33'3 CI tiie 
cryst l l  hove 3 sllrjht effect n.1 tile resonont fieouencv. 
L ../,,-., . 1411"" . ,  . .i.,. + k  , ...- , *  .I.. . 1. L - ' o v n n n a  ...v.-, , " Y.^,,t  -*. m,c , - ,  

-3y he cln~pe,! 01 tile e,<q?s ~itllnut ~fiectlr!  DDelOtlOn 
(see occorrpanyin3 liir!stiltlonj, wirrels dr, :<-,:..ut i~yslrli 
,will aqriilnte only i f  nll ed le-i ore ire?. Since the cwstii 

CRYSTAL 

BOTTOM PLATE 

CRYSTAL 

AIR GAP 

BOTTOM PLATE 

Typical M ~ u n t i n g r  
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the plates of tne bider.  Thus air yo? i i l l e r s ,  prav1de.i 
with o varioble tap plate adjustment, ore som-times used. 
Changing the pffectrve copocitonce hv sd;astjna t k  qqop 
chonqes the frequency of or~rntioir +liyhtly (from 9 0  cps 
to 3000 cps maximumi. 

Crystal Equivalent Circvit 

The electrical equivalent circui, oi the zrvstnl ard 
holder 1s ~llustrated in the fiquie omve. to show the p r o -  
meters and mmpnents needed to simulate o sinyle quartz 
crystal. The inductance, L, is on the order of henries (for 
low-frequency crystals) with o Q of 1Vl.000 or better. Ttle 
series resistonce. R, vories from unit to unit but is usually 
less thor 500 ohms (the lower the better since it represents 
a loss of power). The capacitance of the crystal without a 
holder i s  represented by C ond is on the order of o few 
picofarnd-. IVihere nn air gap holder is used, the copoci- 
lance of the holder cir gap i s  in series wit5 the q s t o l ,  
a s  indicated by C,. The holder c o ~ c i t a n c e  (with no olr 
yap) appears in shunt with the ciystol and also includes 
any wiring, stroy, and distributed capacitance plus the q i d  
interelectrode mpocilance of the tube, oll of which are 
lumped toqether as Cd. For the pornllel-resonant -rode of 
crystol operation, this capacitance i s  fixed at 12 2 :iliarods 
for Military Standard crystals. 

The Viller-ty;~ :rys+>' osci!l:~tar uses t>c  r.ryst71 ccil- 
nected between the y id  and carhode tube elements. Fle 
cause of its popular usoye, it is sameti~,es considered the 
bosic crystol oscillator. Pawever, the PieTce-f.!pe -jstnl 
oscillator which uses the crystol connected tetiieen the 
grid and onode tube elements, ond i s  discussed loter in 
this section, i s  also a bosic type of crystal oscillator. In 
some other texts the Miller oscillotor may be called the 
PierceMiller oscillator. However, tc avoid confusion in 
this Handbook, the yrid-cothodezonnectei crystal 1s miled 
the Miller oscillator, while the grid-plat~onnected crystol 
is called the Pierce osc~llntor. The W,iller ciralit i s  p a u -  
larly used because, for o given amount 01 cryst31 excitation, 
it provides o greater output than ony other circuit orronqe- 
ment: the output is oreater becoflse the I asic feedback 
occurs betrieen the yrid ar~d plote of the electron t u k ,  and 
not through the crystol. Thls glso prevents the crystol 

from being subjected to sufficient strain to couse fracture 
af the crystal, and the tube may be driven horder. 

Circvi t  Operotion. The hsrc  'Aillei oscillator is shown 
in the accompanyiny iliustioiion. The nystol is lucoted 
between the yrid and cathode, and qrid-leak bias is obtained 
through R1, with the shunt capocitance of the crystal, 
together with that of the holder, acting a s  the qrid-leak 
capacitor. The tuned tank circuit, LC, is l m t e d  in the 
piatetocatt:ode circuit. As shown, the rfc and C1 form I 
conventional series plate-feed decoupling circuit, but the 
tank may be shunt-fed, if desired. 

g:c & +  - - Ebb 

aosic Ctyshl (Miller) Oacillalor 

Crystol action in controlling oscillation can be explained 
os follows: Assume thot the tank circuit in the bosic 
oscillotor is tuned to a higher frequency than the anti- 
resonant (porollel-resonant) crystal frequency, so thot the 
plote circuit appears inductive. Assume also thot filament 
and plote potentials are applied and that the crystal i s  not 
vibrating. A positive voltage is present between plate and 
pound, ond a negative voltage i s  present between yrid and 
ground (due to mntact potential). By piezolectric oction, 
the negative grid voltoye will couse the crystal to be de- 
formed sliyhtly. Assume that o noise pulse occurs and 
causes the grid to yo more neqotive, thus further deforming 
the crystal. The delorminq of the crystol produces a piezo- 
electric action, increasing the charqe on the wid in the 
same direction, and drives it further neqotive. When plote 
current cutoff i s  reached, the feedbock becomes zero, and 
the accumulated yrid voltoge discharges throuqh yid  leak 
resistor Rl. As the qrid voltage i s  reduced, the deformo- 
tion of the crystal is reduced, and the neyotive piezoelec- 
tric chnrue on the mid i s  also reduced bv a correswndino 
positive induced piezoelectric voltoye until plate current 
again flows. This cumulative oction causes tile crystal to 
vibrate mechanically near i ts porollel-resonant frequency. 
Once started the vibrations continue and induce in the qrid 
circuit on a c  voltaqe of a frequency almost equal to the 
vibration frequency of the crystal. As long os the plote 
tank i s  tuned to present on inductive reactance, the proper 
phase for feedbock i s  maintained. When the tank is tuned 
on the capacitive side of the frequency of oscillation (to o 
lower ireauenml, the Dhase of the crvstal oscillation . , ,. . 
opposes the platel-qrid feedbock, and oscillation is r e  
duced ond eventuollv staooed. Tunino the tank circuit . . .  
allows the feedtack to be contrailed from minimum to moxi- 
mum with a corresponding output. To produce the proper 
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phase relationship, tuning i s  opprooched from the high 
copacitonce side of resonance. Plate current varies in a 
similar monner from o high volue to a law value ot the 
optimum point, then suddenly increases and abruptly reaches 
i ts nomol static (non-asc~llotiny) value os the series- 
resonant frequency is approached. Trle action described, 
although slightly exaggerated for ease of understanding, 
hoppens very quickly. That is, the tube reaches 1:s c!ms 
B or C operoting condition in one or two cycles oi operation. 

Since the crystol i s  essentiaiiy the e ~ u l v ~ l e n :  of o hiqh- 
Q circuit, it resonates only over o very notrow range of Ire- 
qumcies (tuning i s  very sharp:. Therefore, slight chwyes 
in tube parameters ond supply voltoyes hove c minima! 
effect, a b u t  lW to 2W times less than in the convent~on~i 
LC oscillator. 

aiastng co"'itie,o,io",. I;, t:,e L G 5 i C  :;i:;c: c:cA;k:c: 
s h w n  cm.;e, ?!e Li!as is supp!ipd meons rf r~rid-leok 

~ ~ 

action, as 11: the mnventianal LC feedtick oscillate:. 
Since the crvstoi represents a very hiiln-0 circult ia C of 
100 times or more than that of the conventionai t a n ) ,  
it is evident that y id  leak reslstor Fii effectively acts os 
a shunt lor the voltage generated by the vitrstinq crystal. 
Tnerelore, an r-1 cilake 15 some:mes jlazed ir, series with 
the grid leck to reduce the load m the crystal ond help it 
start oscillating more msiiy. When a bias ktteiy replaces 
the mid leak and the series-connected r-f choke is also 
used, the grid operoting p i n t  is !,xed i y  me battery bias, 
and the circuit can be adjusted for moxlnlum power output. 
with minimum nystol excitation and qood output waveform. 
The combination of tottery bias and r-f choke, however. 
-1."" ..+ -"La 6". nnc.. ctnrt inr5  Tha ,,co nf ""t,"d~ t,j"?, "--" , ,Y  ,,,,.... " _il) I___._ . .3_  ..- .~ 
rogether w i t h  the r-f choke ilni s i i ~  i.i .with:": ;;;e rj:i:i 
resistor, normally provides the most efiective stnrtinq, iind . , 
1s used where <eyed oscillztor oper;tlun ;s ;e!&;:e: (:rcx:- 
mum stability dlctotes that keyed operztion 3e avadedj. 

As the hiss is increased, the crystal mrient increases, 
becouse more excitation i s  needed to swing the operation 
into the cutoff region ulid overcome the sics. ;'ne inc:ccsei 
bias olso increases the mechonicol distortion of the crystal 
and causes it to vibrote norder. If driven excessively, tne 
crystal *il> . .vzuc,er. -L-- 

0th.r Considerations. Tie  ?!ole ioltaqe applie? ta the 
ziysral osciilotor i s  Iirnitsd to a vohe !mei tk,cn tk.5: a? 
;!ie?. tc !L.c c!cn?cr? LC nri!ill!ni, I ~ ~ r n u s ~  ns 1 0 ~  power 
increases with qr! incrmse of plate valtoije, so loes the 
iee<m~k vuii~qe, W J L ' : ~  1 ~ 0 1  iricrssss :!~.s cur;e;: tb::~;~:, , .' .--. """0 " i  .-",.Yi,.! . . , , , :*. , t  ! :,,s t Y , ~ ,  "!!"$'. .,.- ". .. . , ~ . . .  . 
i , i  ~t may exce& tk,e ~vnhs ,wke:c i: cd-a=a t:,e :: . . 
,v!~,!,,!r .;n i i ro i i$ jv  i r , ~  i: ;k:;::e;;: ,'2: ;i:c= :te t % ~ i i 2 -  
ture ai the crystal depends upon mr current I;OW i r l r i )~+t l  i t  
c m n  1 I~LCT :i-/?-:s : ; -!ess  the crvs!?! hcs 3 zerc !en?en- 
I-;: z,ef!ic:c.: L . 5 :  ; ;;,k :?:Z-;L. :::::-. - .  *'-- !;-7;?-?: -, 
arcration -will Y ' J I ~ ,  either incrwi:ii i.7 <ezezsiq,j, de 
oen$inq uoan whetner tne temperature coriilcirni is wbriive -. " -,.. *<..- ". ,,by ".. . -. - iempero:il:e cL;::nges ex!e!nzi to the :rystz~ *iil: i h 2 n i l ~  
.L- .- -1-1. .-. "." ̂̂+.̂  " mn"rirnnrp ni tho t,,lh. ,,., ,.,, ~ ,,,.,,. I ,..L.-! --.... ?. -u.u-....... .. ? r l  
supply voitoye changes wili inonqe tk~s p i ~ t e  impedance 

-. 
snd affect the f r q u e o c y  ot operotlor. ! h r s  irequencr 
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plate load impedance will affect the phase shift in the 
feedback loop, and cause the crystal to operote at a i r e  
q u e n q  somewhat nearer to or forther from the ontiresonant 
frequency, to satisfy the conditions for sustaining oscilla- 
tion. 

The biller oscillator provides on overage frequency 
deviation of approximately 1.5 tunes tho1 of the Pierce 
oscillutor (to be disciissed Loterj and i s  theretore less 
stable than the latter circuit. On the other hand, it will 
give the szme outp~t  (or slightly more) witn only half the 
grid excitation and crystal current. Thus, with the s3me 
excitation, L+e Miller osallator can supply twlce the power 
of the Pierce oscillator and effectively aivlote the need 
for on odditlonai storje of ampiifimtion to brmg its output 
,;p to tie voiue needed to drive a follorinq p i e r  ampli- 
:,er. ,Tie  r,'g!, U8Lcp"L p,w.z, ; u ; ~ & ~  c<ccufi:z !cr ::,c 
P ? p ~ l ~ ~ ! ! y  c! the &!?~!PT c!rcillt 0n6 its almost unlversol 
USFA.) X::er: us& hltn ,l pent&, tae Miller ci;c;~:.p:cv:der. 
max?murn output witn mlnimur, crysiui s t ~ u i , ~  and exiitatiin, 
and also greater sIaGlrlty (see t-e iiectron-Zuupiei zryji~11 
usc~iiator clrcult dlscussian given iutri in t in> section;. 

Dstoiled Anolrsis. The basic ??,ille: oiallator is con- 
sidered to kc: vmiotior, oi the tuned-yrid, timed-plute 
osciliotor, in whichlhe feedtlock occurs solely throuqh the 
idrid-plate interelectrode capacitonce. The equivalent cir- 
cuit 01 the Uillei osiiilator is shswn  wiow 71:th 5135 3r.i 
plate voltayes omtied far smplicity. The crystal imk 
(tuned-grid) circuit is repiesented by L i .  Ri, C3, tuned by 
interelectrode capacitance C,r, and the plate tank by L2, 

I 
A .: 

Bal i c  Miller Equivalent Circuit 
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R2, tuned by variable capacitor Cz. The two circuits ?re 
coupled by the internal plate-grid copantonce. 7,,, far 
feedback purpcses. 

The plote c~rcuit must nppeor ickctivt. so that the cor- 
rect phose shift will be produced in the developed r-f plotc 
voltoye to canpensole for the effect of tt,e resistonce I" 
the feedback loop; this resistance prevents the necessory 
1BCbdegree phose rotation of the equivalent generztor volt- 
oge of the amplifier from occurring entirely in the feedtack 
circuit. Since the load capacitance is o function o! ire- 
quency, the Miller oscillator cannot be operatd ~t more 
than one frequency and still present the same loc.! cnzaci- 
tonce to each crystol unit, unless provision is .node for ad- 
justment of the circuit parameters. Hence, t ie  tuned tonk 
circuit i s  required so that the plote circuit ~ 1 1 1  oppmr 
inductivewhen the tank is tuned to the hirjtl-frequency side 
of crysral resonance. 

Let us exomine the means by which the proper phase 
relationships between the q r d  and phte voltw4es are naln- 
toined to produce oscillntlon. In the convention01 electron 
tube, the grid and plote voltages are alwnys 1PO degrees out 
of phase. When the grid voltage i s  positive, it couses the 
plote current to increase. Consequently, t i e  voltaqe drop 
across the plote load impedance produces o negatiue-qolng 
output voltage. If this output were fed hack to the (jrld, 
it would oppose the grid voltage and r e d ~ ~ c e  or prevent any 
possible oscillation. To produce osc~llotion it is neces- 
sary to shift this phase another I80 degrees. T h s ,  o posi- 
tive-going grid voltage must be reinforced and en'lonced by 
o positivegoing (ieedback) voltoge from the ?late circJit. 
If the feedback voltoye i s  sufficient to replace any lasses 
in the feeihilck circuit, continuous osc?llotior wlll occiir. 
Now consller the crystol oscillator equivolent circult which 
follows. 

Crystal Oscillator Equivalent Circuit 

The equlvolent yenerator voltaqe is - pE,, where i s  
the amplificator fador of the tube ond E, i s  the excitation 
voltoye on the yid. A, is the plnte resistance of the tJ5e. 
ond Z, i s  the plate impedance from plote to cothade, i;lth 
Z, a s  the grid impedance from arid to csthade. T k s e  im- 
pedances are reactive, and must always have the some sign 
for oscillation to be produced. Considering an ideal circuit 
with no feedbod losses, the plote-to-qrid impedance, Z,,. 
i s  the dominant impedance in the feedbock circuit, a d  1s 

always opposite in siyn to Z, and 2,. If Z, and Z, ore 
positive, Z,, i s  negative; thus the current, i,, leads e ,  
and - pE, by SO degrees. If Z, and Z, are negative. Z,, 
i s  positive:  us i n  logs e ,  90 degrees. The voltoge ocross 
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Z,,, of courss, i s  in phose with e ,  ln  both instances. Since 
Z, 1s opposlte in slgn to Z,,, e, is thus opposite in sign 
to e,, and the required phose reversal tokes plsce. Note 
thot i, i s  first rotated in phase witi' respect toe,; next, 
e, 1s :ototed in the some direction with respect to I,. 

In o proctlcal circuit, the feedbck losses cannot k 
zero; thus on exon 180.degree reversal cznnot be obtained 
ir  the !eedback circuit a:one. This means tho1 e, must 
first be rotated by on amount exo-fly sufficient to moke up 
the losses in the feedbck c~rc~uit. To do this, the plote 
tonk is tuned to c higher frequency than the antiresonant 
crystal frequeccy. Therefore, Z, appears as an inductive 
ieostzrce, 3nd e ,  i s  rotated in  o leodinrj direction. 'lle 
snoller the vdue of 'i,, tne more nzarly will Z, control the 
phose of I,, and the more detunrd must the tonk circuit 
become in order to produce the necessary ratorion of e,. 
If proctic3lly all the resistance in the feedback oimis he- 
tween the q i d  and the cathode, a s  is normally the case 
rihen e, i s  developed directly across the crystal unit, e ,  
must be rotated through a lsrqer onqle than otherwise, 
thereby requiring tne tank circuit to be detuned to a greater 
degree. 

In o conventional porollrl-resonsnt crystal osc~llotor 
hoving an  ideol feedmck 31m, the kequency would be en- 
tirely determined by the resonance of the tank clrcuit: thus 
fluctuotlons in R,, although effective in chonglnj the octi- 
vity, would not dfect  the frequency. In practical circuits, 
chanyes in t a l h  R, and Z, will sliyhtly shift the phase of 
E, and, consequently, the frequency. The baslc amount of 
frequency shift i s  fixed by the crystol u s d ,  vaiying directly 
with the Q and the shunt co?ocltance of tn.' cr.,stol. This 
is the reason for usinq 3 standard "slue of 32 prcotornds tor 
ciystol copocitonce; the 0 depends upon crystol lrocessing 
on3 composition, an? thus varles somewhat. 

In the Lvliller circuit, the maximum permissible voltage 
ocross the c ~ f s t a l  unit i s  (k + 1) times the anximum voltage. 
where k i s  the qcin of the stage and i s  equol to e,/e,, a s  
shawr. in the q s t o l  equivolent circuit. Thecieticolly, 
this q n i ~  c3n opproach the m:l of tile tube 33 3 11mit w5en 
the loo< impedance. Zr, is larye as compared w~th the 
plate resistance, r, (as shown by the simple electron tube 
amplifier equivalent circuit below); this explains the large 
output obtoinoble from this circuit when used with hi-mu 
tubes. 

Electron Tube Amplifier Equivalent Circuit 
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i s  approximately half that permissible with the Miller cir- 
cuit. The plote Iwd of the Pierce oscillator i s  resistive 
ond i s  usually lorye enouqh in vo!ue thot minor fluctuations 
in the tube plate resistance have much less effect on the 
frequency of operation than in the Miller circuit. This i s  
used to best advantage when o pentode i s  employed, since 
its inherently high plote resistance and low grid-plate 
capacitance permit a greater range of plote l a d  with the use 
of an external capacitor to fix the omount of excitotion. 

Circuit Operation. The h s i c  Pierce oscillator circuit 
i s  s h o w  in the accompanying illustration. Conventional 
grid-leak bias i s  obtained through C, and Rp, which operate 
a s  described previously in Section 2 and in the LC Tickler 
Coil Oscillator Circuit discussion given previously in this 
Section. The crystal, which i s  connected between grid 
and plote, offers o high Q. The inductive reactance of the 
crystal, together with the capacitive reactance of C1 (which 
consists of tube and stray wiring mpacitance), provides 
the final phase rotation required to produce the 180-degree 
shift in the feedback voltage in order to sustain oscillation. 
The plote load i s  resistor Ri.  C2 i s  the mnventional plate 
bypass capacitor used in series plote feed arrangements. 

Pioce Cvstol Oscillator Circuit 

The use of resistor Rl  in the plate circuit provides a re- 
latively flat response over o wide range of frequencies, so  
that various crystals may be substituted for operation on 
other frequencies without any tuning being required. In 
some instances, however, when it i s  desired to operate on 
a sinole frequencv or over o narrow ranae of frequencies, 
with kcreused output, an r-f choke i s  skbstituteh for ~ 1 :  
This choke eliminates the d-c wwer loss in the resistor 
and provides a high r-f impedance for proper operation; 
s i n e  the plate voltage i s  increased, the (rqsistor voltage 
drop i s  eliminated) output i s  olso increased. 

Now consider one cycle of operation. Assume thot 
crystal Y i s  a t  rest and that the circuit a s  illustrated a b v e  
i s  inoperative, with no plate voltage applied. At rest, the 
crystal i s  unstressed and there i s  no charge on either plote. 
When the plote voltage i s  opplied, since no bias exists 
initially, heavy plate and grid current flows. Simultaneously, 
the crystal i s  stressed by this plote potential, and o peiz* 
electric charge appears ;cross the crystol. The sudden 
shock of applied plate voltoge causes the crystal to start 
oscillating ot i ts  parallel-resonont frequenci. Assume olso 
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thot the plote voltage stress induces a positive piezolec 
tric charge on the grid, which tends to increase plate cur- 
rent ond grid current flow. The plote current quickly 
reuches soturotion at some low plate voltoge, caused by 
the drop through plote resistor R1. Meanwhile, yrid current 
flow i s  producing a negative voltage drop across R,, thus 
chorging C,. As the crystol vibrates in the opposite d i r e  
lion, it induces o negative chorge which adds to the negu- 
tive grid voltage produced by the chorqing of C,. As a r e  
sult, plate current is now reduced by the inneasing mid 
bios, rmd the plote voltoge rises. 'Ihe rising plate voltoge 
ogoin induces a positive charge on the grid. The cnjstol 
now flexes in the opposite direction, md the plate voltage 
again induces a positive charge on the grid by piezoelectric 
effect. Grid current flow ogoin tends to charge C ,  and 
the cycle i s  repeated. 

For oscillations to occur, the crystal must be effectively 
synchronized in its vibration, so that the piezoelectric 
effect does not oppose oscillation by reducing the feedhack 
between yrid and plote. The proper phasing i s  accomplish- 
ed by canneclion of the crystal between grid and plote. 
The inherently high Q of the crystal makes it a n  as o large 
inductor to shift the phase of the feedtack voltoye in the 
proper direction to muse oscillation. Capacitance Cl pro- 
vides additional phose shift to complete the i8Cdegree 
rotation needed. 

Bias Considerations. As in the conventional LC oscil- 
lator, arid-leak bios mov be em~loved for self-bias and - .  
ampllt;de stabilization,'but unlike the grid-leak circuit in 
the Miller oscillator oreviouslv discussed. it usuollv em- 
ploys o yrid capacitor (C,) because the crystal is connected 
between grid and plate oildconnot provide the necessary 
mid-leak mpcitonce. 

During operation, giid bias i s  produced by the grid leak 
and capacitor combination of R., C,. As grid current is 
drown the capacitor charges, and in the absence of mid 
current it discharges. After o few cycles of operation on 
equilibrium state i s  reached where the slight omount thot 
lmks  off during the negative cycle Just equals the omount 
of charge during the positive cycle; thus o steady bios is 
maintained. This action i s  similar in all respects to that 
of the conventional mid leak in other forms of oscillator 
circuits. 

Since the excitation in a Pierce oscillator i s  low, it i s  
common to use a higher value of grid-leak resistance than 
in the Miller oscillator (mid bias i s  equal to 18,).  Fixed 
bias can be used in pla& of grid-leak'bias to ataiilize 
the operating point; however, fixed-bias operation 
normally requires that startlng provisions be made, 
particularly if the bias voltoqe i s  at or below cutoff. 
h e r e  a power-type oscillate; is required, a mbination of 
cathode bios and mid-leak bios i s  sometimes employed. 
Use of the cathode bias provides o protective bios voltage 
in Ute absence of excitotion md  allows the use of a lower 
value ol gribleakresistonce. However, the use of the 
combination bias also retuces the starting sensitivity and 
may be objectionable for keyed oscillotors. 

Other Can=lderations. Although the Pierce oscillotor is 
normally used without a plate tank circuit, this is not al- 
ways so. Where the output waveform is importmt, use of a 
selective tuned circuit in the plate circuit minimizes the 
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hormonic mntent in the output and thus provides o purer 
waveform than i s  produced by a resistive plote lcad, wh~cn 
i s  not frequency responsive and provides o high harmon~c 
cantent. Selection oi the circuit with a resistor plate load 
ior use in o crystal calibrator to supply harmonics a: 230 to 
3W times that oi the fundomenrol proves p*rriiiuloily ;d- 
vantonywus. On the other hand, wher, overtone operation 
1s desired, me Tiri~.r c i l ~ u i i  mu.; "5s G :uiiii? :c.& c!:c.i! 
to select the desired overtone ii  o useful and procricai 
output is to be obtolned. 

Since this circuit is o viqorous oscillator, it lends 
itself to use us a muitiirequency oscillator which permits 
numerzus crystals !c be switched into tt!e clrcuit to obto~n 
operotlon over a wide ranye of frequencies, os showr. in the 
foliowlnu ~: l~st ra t iur .  .A 3 ~ r t 1 c ~ i a r  oimt!aqe cf the Pierce 

M~lti lrequenc~ CRstol Oscillator with Plote Tonk 

"-". .uu;i!stor is  tho!, s~."ce crystal octlvity varLes cons~derob!~ 

from crysroi iv civ5ia:, lt ii:: G~c:~:c ,::::'? i! ,.vezk. Cry~t'it 
a s  ,well oj. a stroag me. Since th.e Pierce osciiiator is 
normaliy operoted ot o lower output than thct of the Miller 
oscillator, on additional amplifier stcqe mn Ninq tne outpu! 
.I? to the sane level. Such operstjon c m  :le accompiished 
conveniently by usin? o singie dun!-!node cube as asciliu- 
tor ond ompiltier. 

T .-I, of o tuned outout circuit sometimes causes dii- 
!ic-!!:. when o mvstnl i s  which has n stran? over- .-- .<, .e  ict!v:ty c? comprirei wl rn  tile iund2msniui. be=;-se 

!he Uierce circuit !enas ro resnond o: the irequenci G! . , . ,  
s!:ol;esl allv!ty. non?ver Inri is a iiiuii 6: i;t. .Y.-:~: 

rnther than the circuit, a s  a iundamentaiqround crystai r,as 
!:s qientesi qctivitv nt tne tumamentoi xeouency. 

'iecause !be plofe impedance 1s :esistive and cf 3 
, , oigil oiJei, ::ui:jctii:.; i:i !Lie ;lz:e I ~ S ~ S I - ? C P  'ji iubc 
(whlrh ore o n i ~  o small urrcentoqe ai t ie  total ei.'!r 
resistonce) because of voryinq supply voltoqes or loads have 
!e$s effect ?n rho not"~lltirequencv, so that this circuit 
i s  bosicaliy rore stoble than the !?i!!er :ype osciilatot. 

&couse tne crvstoi is in series wit?. the feeiiock 
53- 3hte  !2 or14 QC? ?oc iuii plate voiti~ge iiiross i t ,  
-- -.:-- - ..-. - 1  ..-.." i- .i C...,. 6 rn reen ," P I X P , ~  "i,,i" L.*",.",, z,,L.,< ".,,",- " . .- . , 

voltage aelov rnar nn;a a u i i ; i u n c  s x - ~ i ~ ~ r s  :;&&:: 
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and produce shottering of the crystal, or a frequency chang'e 
due to heating of the crystal. 

Clrcult Modlflsotlen.. %me typical circult modifications 
mode to improve the operation of the Pierce circuit or to 
overcome an inherent defect are shown in the following 
illiistmtioas an?, are occamy~led  by c brief explanation. 
There are many variations of the basic Pierce circuit, 
: ;c-;e as !sn: cn the ays!o! i+ connected between the 
grid and any e i e ~ i ~ r i ~ i  other than the cathode, the resdting 
oscillator i s  basically a Pierce circuit. 

r p OUTPUT 

Crounded-Plde Pierce Circuit I 
The ?rounded-plate version of the Pierce circuit 

uses a capacitor. C2, to block the plate supply from the 
crystal and thus minimize the electrostatic strain on the 
crystal. Sometimes on r-f choke i s  placed in series with 
the cathode to reduce the shunting effect of C1; however, 
this choke is unnecessary if the other components ore 
properly chosen. The plate load resistor, RL, may Or may 
not be used [when it i s  not used, C3 i s  also eliminated). 
It might appear that, with no cathode choke and no plate 
load, the shunting effects of Ci and the power supply 
cnpocitor would riiectiveiy short~ircuit  the ;;ystol nnlpu!: 
however, since the output i s  taken directly between the 
crystol and ground, the shunting has little effect, and moxi- 
;;,ti;;, i i i s tn j  wii:piit :s obtoL?ed. 

TL ..,e -- ,,eration cf this circuit is procticaiiy identical 

nickz ;k,;: o! :kt ha;;; ?ie:ce ~s-i!L!o:. Even thouqh the 
schematic of the grounded-plate Pierce circult shows that 
Zi prrvenrs ihe ?i plate voltage !:or: st-aininq the ctysto!: 
It does not prevent the piote voltage changes irom appearing 
on the c~~st l r : .  iurthermore, C? is charged and discharged 
tb~3ugi the cystu: mpacit;nce. Therefore, the crystal 
i s  initially shocked into oscillation by the o-c or r-i voll- 
oqe chonqes occurring in the plote and grid circuits. Once 
oscillations are started, the operation i s  idenlicai with inar 
previously described fa the basic circuit. 

Anc:he: voriotion, using combinotion cathode and grid- 
leak hius. is st,orn in :he i$ii3ai:.q iiyxrr. 
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- Y 
OUTPUT 

1 f 

Combination Bias Arrangement 

In the circuit above, Rk i s  a low-value resistor (say 200 
ohms) and furnishes cathode bias, being bypassed by Ck. 
Grid-leak bias i s  supplied by Rq (resistance on the order 
of IW,WO ohms) and C,. The grid capacitor i s  made vari- 
able to provide a slight arnollnt of tuning for the crystai, in 
order to permit operation with crystals of different fre- 
quencies. Actually, it has the some effect a s  CI in the 
basic Pierce circuit, shown previously; that is, it provides 
the proper phasing for the predominantly inductive crystal 
to ensure oscillation. Capacitor C2 effectively reduces 
the strain on the crystal though it does not isolate it from 
the plate supply. in this respect, both this circuit and the 
preceding circuit show two variotions of us..,g a blocking 
capacitor in series with the crystal to reduce the crystal 
strain. This i s  done to proted the crystal; with a constont 
d c  potential applied to the crystal, it would be permanently 
strained in one direction, and could be shattered by the 
excessive strain produced when the oscillations are in the 
same direction a s  the applied plote voltoge, causing it to 
vibrate greater in one direction than the other. In the cir- 
cuit above, the plate load resistor i s  replaced by inductor 
L1 to avoid t h e d i  losses in a resistive load. 'Ihe indue 
tar also makes it desirable to have C, variable to compen- 
sate for the phase-shifting of L1 (it i s  assumed that the 
distributed capacitance of L l  in this case does not tune the 
inductor to the frequency of oscillation). Resistor R1 is a 
voltage-dropping resistor which i s  used to reduce the plate 
supply voltoge to the desired plote voltage level; it i s  not 
required if the correct voltage i s  provided by the power sup- 
ply. Capacitor C1 i s  the conventional series-feed demupl- 
ing capacitor. 

Another method of connecting the crystal to ovoid the 
strain produced by the plate voltoge i s  to ground the cry- 
stal directly ond to ground the plate through a capacitor, a s  

. - 
the piate so thot the clystol i s  connected between qrid and 
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GrouadcdCrystal Circuit Variation 

plate, but i s  unstrained by t h e d i  supply potentiol. Resistor 
R,, and capacitor C2, together with RFC and Rt ,  provide 
combinotion grid-leak and cathode bias, and C1 and C2 
form the typical Colpitts type capacitive feedback voltage 
divider. Capacitor Ct represents the total qrid tuning capa- 
citance (both the interelectrode and s t r q  wiring) which i s  
the effective tuning capacitance across the crystal (32 
picofarads for MIL-STD types). In this case, it i s  clearly 
seen thot thecrystoi acts a s  the tank circuit (see U i -  
troudion Oscillator equivalent circuit shown below), but 
that it i s  shunted by the grid leak, which effectively reduces 
i ts Q. The output i s  token from across thecrystal through 
coupling capocitor Cc. 

Again, the circuit operation of the groundedcrystol 
stage illustrated above i s  practically identical with that of 
the basic Pierce oscillator previously described. ?he cry- 
stal i s  shocked-excited into vibration bv the a c  d a t e  and 
grid voltage changes. In oddition, the capacitive voltage 
divider formed bv C1 ond C2 omvides additional feedback 
to overcome the shunting effect on the crystal mused by 
grid leak A,. Their value i s  such that the circuit will not 
oscillate with the crystal removed. Their use makes the 
circuit easier to start, and permits the use of crystals with 
much weaker activity than normal. 

D.ta1l.d Analy.1~. Tne Pierce oscillator i s  considered 
to be the ultraudion version of the Colpitts type of L-C 
oscillator circuit, with the crystal taking the place of the 
plate tank a s  illustrated in the accompanying illustrations. 

The Pierce circuit operates at a frequency which places 
it on theinductive side of parallel resonance in. the crystal. 
When a plote tank circuit i s  used, it isalwoys tuned to a 
lower frequency to make it appear a s  a capacitive reactoncc. 
Thus, the crystal operates somewhere between its series- 
and parollel-resonant frequencjes. The tube grid-plate in- 
terelenrode mpacitonce, Cq,, i s  in shunt with the crystal, 
and the effective tank tuning capacitance of the inductive 
crystal i s  the electrostatic crystal capacitance (represented 
by C in the Ultraudion equivalent illustration) in parallel 
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Pisrc* Equiv.!.s! Ci::*it 

Ultaudion Equivalent Circui! 

with ?rid-plote tube caDocitonce r:?t, toaetrier with the 
s?rre?-p"r<>ii4 < r n r , ~ i > ~ r ~ u ~ i u ~ ~  ui ~ a l i - . ~ L ~ l ~ ~ ~ . ~  L-;~ci:z:.ct, 
:Cqt, m,i nioie-cniiiuie LO"KL<~~;;. Zpk :.lj:iIii i:.c!:~'c: . . . . .  

~~~ ~ ............. r . e  ~is!rinotad wirlrr.] ~weo:~i i i , ~ ~ i . .  i :,a:. . ~ 

a13 crystoIs, fhls copocilmce i s  dwoys !lei4 !a ?i j ~ z ; -  

:aloas coroi. xiii~ cie plaid i ~ i i j i t  r.iir.t.t . :...ll .... 
tive, consisting 01 R r  oniy, a s  s h ~ w n  in tne Pierce eqr 
:eat 2:rc .':I rrp,e, l?y  sm"i: ( ; r . - ! , I 1 ~  ,,,.. !.! J?!" ,,i i -.i 

. . . . .  c"roci .- - " 
LujLSO iO i i l i l l i m i ~ ~ l ,  US 2 ies-11, i i : i ; i i ~ l : t  ..:; : 

:.lore stable frequency of operotion thon the Miiler asc:!- 
lotor. Cqacitor CI, previousiy i!lustroted ;n the bas:: 
?ieice oscillator ci;~uit, i= usunlly ~nssited !a eyiur? t!m! 
(he osii]lote .vi:i, -" "."..-. ' --,- -; -..;. ,,".., * .....-... ........... 
tnis. A:though t i e  iiis:;! .:j;,l c;:-~:: L, !:, L :; ::c :l- 

. . .  
!us!rrx!on) i.; mnnwieci i ~ r i w r e ~ ~  v l i i i  un3 u i i ~ ; .  L,: .LC: . , , ,  . . . .  
"YLh Y i i U . 3  .i.L"U,. .... ..; . . _ . . .  . ~. . ~ ~. 
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tric charge applied to the gridsmhode interelectrode czpa- 
.:itonce, C,i, :tat couples the c~ysta l  into thecircuit elec- 
trically, as i s  evident from exom~notion of the Pierce equi- 
volent circuit <"own previously. Recailse the piate c~.cuit 
i s  yiedominont!~ resistive, smol! !!uctustiors in  he n!q:e 
...I-.. -I..̂  ^i^""or in nnoinlinn .,nl,n,,oc .. ,:a,>tutbc ........ .. u.yL< ... uy-." ...., .......... 

sm.!ler cercemoae of the ai,erali rctoi a!*e resistcnc?: 
:?,;;c!o:c, ;:-s:er !:e:ce"cy s!&i!ity i -  ohmind thnn ir in*  
runxi piatr usui~~uioi ,  iil * h i d  p k t i  ;ssistmcc :h~.:z; 
l ie  ; milch ;:ect?: ?ercez!zqe c! !k !!n!o! Inor' re;!sfm?-~ 
* 
i he tiigt:er olate resist~nce on2 lower p - p l a t e  cspcc:.- 
.::.ie cf the screen j i i d  tr:be arc p3-tic,~!sr!y ~ d v ~ n t a ~ ~ w i  
, n  ri:e Fizrcz oscilhini. Sirlce the i;yata! is effect,:?:: 

" ... ~ . :  ..:. -,..,.. * ,  ..... -.~. .. r ,. !. i ..l,<iiii :7i~'4;.1..: .. ..:I,-,1i! , , ~ + i , l < > :  t:,,~: :::? ~ s ~ . ~ T s ~  .:,;;!::7c , ; ' : =: 1. 

.. --.--- .-" ........... . . 
, . , ,-  . , .;,:I , .  , !  ::,:,.?, ,,,, : , , s  ., ),,. ::.,. , 

sitzqe m i  pzi.'.: 3iSsip~:i,;ii tilot the ays(al con .*i:-.-'--; ...... 
-. 

- 3  - 7 .  !.::s) .?E TTX!T,L? .utp,,t tr,,, f r c  

;;;? :J! ..:c:.. :: !:7.1!e5 , > 'he ...... ~ ~ v c t n i  , .... r.o;l.vih71Alir.: - 
. . , . .................... ... ..,. ,, . .  .... I .  ................. __.? ,. ~ 

I- :.-L. ^ .̂ -1.. L?." -,.I.. 7 L ..-. :.. . ....... .... , --,, 3-.. ly""", - . I "  .... ,..> - . . . . . .  
+i!~!y o! t j e  oid !-,nrh-cn~lre tvpe.1 

i41LURE ANALYSIS. 
NO Output. i! the crystol 1s removed or if pmr ill deir;- 

:I.$- koiier connecr:%s mcse on upev (or tii(jt8-resiit~n;e) 
i:irc;;lt, C::;. ~ : ~ s t a l  wiil no: oszillat-z, cn? n? -ntp:!! .?I!!! n= 
.;ttci-:ed. ,'i!sc, if 1:)s plste lca? iesiitcr is open ir  if : 
+or: circuit lowers thc plate vcltoge silificiently, tile cr:s- 
;:  ill no: ~scllior?. In :k.e case 31 Cve1-?7Cif-nlon "he- 
!:-<'.! o. l i r  7-2 ic l?ers ?re 11.rp.i. t i p  r ryq !? !  -0.1 !? . . . . ~',ral :,z'L:,>:e 3; .-i cr,:s nec*-E2n tae cq'sra1 o;,o n::);'.'., 

zi.3res. on3 I !  w!ii not r ~ r c t e   UP!^ deuned. (RP~UIII ?:,- 

-1  ro lPrxrlr ~el'?,; tic r o i  ;ttesli,t t i  Lieon I: ,3iisr.: , - ~ c r ! ~ y  c u ~ l a r i  L ~ l ~ i ~ i :  4:)~: i ir i im\jl~tl ,m GI m31slu1e ::1-, 
;sicie;,i,>;is;, ;3r ;!s: .:.J~:c ~1;5!3! C!P'::?C: n?:9;"~:. 
roinoi!y, wi:h :̂ .c zooled, pieris72reiyp-z tn!dei, r!r:;-: 
= ,,?pecercnru hn n r p l  <en?.% i)iocjting czv:~i:oh ri': ~. 
'ismnncc! the crvstol 2nd stop ooeratioo. 

:nif!lr?c?t :?c?bnc': clpccitonce bet!".%, electr".! 
s:,pnlen!s ( r m ~ t  l~keiy V?,I> f i en~o ies j  v<;l: $~e,e:;! ::,c ::j<- . . - - ...... L2, :iu:z2 .:~-~:i:;~?~, b,:,! *. ,?  ~ ~ - , d i t : ~ ? ,   ill r:g: <:,:zgr ,,.:: - 

. . 
!~t,'. .?,:c!, hzi g i ~ ~ i ? ~ i s k f  cscil!atel UE.C?S tne tl9e r i  

. . 
;.,,-~- . , 

" b...... ....... I",. A: .I ..;~ .,.- . . .  *~.,:c. ,; .:::::::: .,..:: 
ornt~biy preien: opriuliilr~, t,ut niay result  in r?3::cc? c: 
ol,r. iis~laily, oniy noen-circult~o or srro:t-iiizbrtes z:i.-i 

. . ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  v. . . . . . . . . .  . ' .  

.. . . .  i_^ ,.___ .*,_." ". . -oi i . / . l  ,.-,-,. ^. rr.p ^ . . . . . . . . . . . . . . . . . . .  
~ ~ . . . .  ..... . . ........--...... .. ,.- . . . .  -~~ . . . - ............................ ! ..,.... ;. I ' b  . . - - - . e m  

2 : , r L  >,>C ..,-- > L . >  -*,. , ..... .XJ- ....I.... 1.. ............. 
. . , , - . .  . .  ....... . . . . . . . . . .  . .~  ~ , . . 

c,r,;L:!r , s  :!v:eLt:v=. 
- 2  . A . 2 - - - -  3 . -  :..: ..... .,.,, .....-.. ::,, .*""-F.. . . . . . . . . . . . . . . . .  .^. - 1  r=. ,... i.-.! .̂......A ..*inn -,,- : . . . .  . . . . . . . .  ..................... . . .  ... 
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dirty crystal may not osc~l la te  ot 011 or only weakly, and 
could be the muse of reduced output. With unsealed nys- 
to1 holders a reduction in output, hord starting, or stoppage 
of oscillation was a signal for possible cleaning: however, 
with modem sealed holders the possibility of crystal con- 
tamination i s  not very likely, but should be kept in mind. 
(Return nystal  to repair center: do not attempt to clean it 
yourself.] 

Unstable Output. Instability may be due to on inter- 
mittent or w a r  (high-resistance) connection in the feedback 
circuit, but it i s  more likely to be due to o defective ctystal 
which has been partially fractured by over-excitotion, A 
crystal which normally operates satisfactorily in a tuned 
Miller oscillator may be defective and hove a spurious i r e  
~ U R I C Y  which i s  produced olternotely with the desired fre- 
quency, when the crystal i s  used in o Pierce circuit, and 
thus muse an unstable output. Such a condition i s  evi- 
denced by changes in frequency, due to erratic jumping 
from one frequency to the other. 

Incorrect Frequency. Since the crystol frequency is 
primmily determined by its own constants, an incorrect 
frequency i s  probably the result of a change in the crystal 
itself or in the holder and associoted wiring capacitances. 
Normally these changes are very smoli. If the crystal is 
not temperatureconuolled. overexcitation can cause suf- 
ficient hat ing of the crystal to change the frequency: this 
condition i s  normallv indicoted bv o continuous diift in 
one direction a s  the crystal i s  heated. A zerc-temperature 
coefficient crvstol operatino within i ts ronae of comoensa- 
tion wil! not be affected by minor temperature changes. 
Since o tcnina odiustment i s  usuallv not aovided, a . . . . 
noticeable change in crystol irequency mdicates a circuit 
or nystol parameter change which should be checked. With 
the few ports concerned in this type of oscillator, it should 
not be t w  difficult to determine the defective mmwnent. 
Crystal or tube aging effects may also cause o change in 
frequency, which would be indicated by a slow change over 
a long time. Any decrease in giid circuit resistance moy 
cause an increase in frequency, and an increase in the wid ~. 
resistance due to high-resistonce contacts moy denease 
the frequency. Cleanlnq the crystal sometimes restores it 
to its normal frequency af operotion. However, do not 
attempt this yourself. Return it to the repoir center. Actual 
aqinq of the crystal may cause a change of frequency, which 
is not correctable except by grinding or platiny (at the 
recair center) to restore the proper thickness. Such oging 
usually does not occur quicklv, but i s  cumulat~ve over o 
long period of time. It should be noted that frequency is 
based upon time and that time i s  controlled astronomicallv 
and does vary in very minute parts. Thus, primary frequen- 
cy standords are only accurate to 2 or 3 parts per 100 
million for short time operotion, but this occurocy decreases 
a s  the time interval is lengthened. Rerefore, crystal fre- 
quencies should not be expected to be absolutely accurate. 
However, they should be a s  accurate os their rated toler- 
ance, and should normaily require a stable secondary Ire- 
quency standard to determine their error. Yihere crystal- 
controlled receiving and transmitting frequencies ore in- 
valved, it may sometimes be suspected that either one or 
the other i s  in error when, in fact, Loth could be in error. 
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ELECTRON-COUPLED CRYSTAL OSCILLATOR. 

APPLICATION. 
The elecuonaupled crystol oscillator i s  used almost 

universally to provide on approximote sine wove r-t output 
over the low-, medium-, and high-frequency r-i :anyes. It 
utilizes o screen qrid or pentode tube to provide extreme 
stability and greater output than i s  possible with o basic 
triode crystal oscillator, and i s  widely used in transmitters, 
receivers, test equipment, ond other equipments which r e  
quire crystal frequency conuol. Its widest application i s  
Lor frequency multiplication in the plate circuit. 

CHARACTERISTICS. 
Utilizes piezoelectric effect of a natural or synthetic 

crystal to control frequency of oscillation. 
Uses electron coupling to the load to reduce suoin on 

crystal, to minimize lmd variations, and to provide extra 
stability. 

Normally operates with automatic self-bias and class C, 
but may be operated with combination fixed and self-bias 
and class A or €3 for special design purposes. 

Frequency stability i s  better than frequency stability of 
triode crystal oscillator, and power output i s  also yreater. 

Output wavefr i s  a relatively constant amplitude sine 
wove, but if outpu primary consideration it may be a 
distorted sine wove 

Uses o tuned platt .ank for harmonic operation. 

CIRCUIT ANALYSIS. 
Gsner.1. The discussion on the ElecuonCoupled LC 

Oscillator given earlier in this Section i s  generally appl ic  
able ta this circuit. The bosic nvstalsontrolled circuit 
employs either a Miller or Pierce oscillator which utilizes 
the screen mid of a tetrode or pentode tube a s  the anode. 
Either g ro~dedsa thode  or grounded-plate circuits may be 
used. with the mounded mthode k i n a  used mostlv with a 
basic Miller os~illator,  and the grounjed plate t e k g  used 
mostly with the basic Pierce oscillator. The basic Miller 
oscillator i s  usually used for single-frequency operation, 
and olwoys incorporates a tuned tmk circuit. The Pierce 
oscillator i s  used where a number of frequencies are to be 
covered by chonqinq of crystals, with no tuninq adjustment 
being pro;ided: however, plate tuning i s  required if harmonic 
operation (freauencv multiplication) is desired. . . 

Circuit Operation. A typical electron~oupled Pierce 
tme  oscillator i s  shown schematicallv in the followinq 
iiiustration. The qounded-plate version of the basic cir- 
cuit i s  used to minimize the electrostatic strain on the crvs- 
tal. The illustration shows a pentode tube rather than a 
tetrode because better electron muplinq, or looser mupl- 
ing, between lmd md nystol oscil1ato;is possible because 
of the effect of the suppressor element. Tne lwser  coupl- 
ing results irom the fact that the screen grid completely 
sunounds the control q i d  and effectively isolates it from 
the plate circuit, and from the fact that the suppressor, if 
grounded or properly biased, minimizes mpacitance mupl- 
inq between screen and plate. Thus, the muplinq between 
oscillator and lmd circuit is provided by the electron 
strmm alone, and m y  reflected lmd changes have negligi- 
ble effects. Although the circuit shown may ot first glance 
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Gromded-Plotc Pierce Electron-Coupled Oscillator 

a o ~ e a i  :a be a Miller oscillator, it can je s e e  t h t  the 
&hode i s  effectively above ~ ~ o u n d  ond that the oscillator 
piate (the screen grii) is grounded ior oc by copci!oi 74; 
hence, the crystal i s  connected (as  in the typicoi Plerce 
circuit) betwem qrid and plate (screen). This t w  of con- 
nection prevents the supply voltoge fron p l o c i n ~ ~ r m m e n t  
eiectrostatic strain on the crystal, and is preierrffi for :;.ox 
reason. 

In the schematic, the suppressor is shown yrounded 
through CS, and it i s  held effectively at zero Sins with 
respect to tne plate by its connection to B+ throua!! R2 iar~ 
internally connected suppressor type tu'& should nor be 
used in this drctiit). R;s, bv ccss:r~ctisr., !he mi? i s  
effectively shielded from the plate, 2r.d the couplkg effects 
of piateatnode capacitance are &ereiore ; d u u d .  Slut= 

. . 
!'.e ascf::atai pia:- ;t*r :,,::re;;j is ::;-:221, tee :: 
?ire4 to keep the cotnode "hove qrouna ior ri. The i i ~ i i ; : !  

:. : Z ~ C ~  kn- 3CTEEC F!?!? i""* iesistnr 2. !ill,>,,,!', ,-.7r,,,.-- 
Live coupling. Actually, the plate lac3 car, be an r-i c n x e  
- - - . , . . 4 - r - -.I-:;+ ,.+,.. ti.? - i l r . , i :  ji lrPi,::iiii ir : I , -  -. - -- 
iundomentol keq-ency. X w : .  .: .i i - i i d  !L. ?.Ale .: 
:rip!'? Lhe !requ%rj. ~t ,i IPCPSSI;V to tune tie !dot? . . i r -  
cuit to the desired iiarm~nic, or overtone, ior maximum out- 
put. Gmbinution fixzd-hias i f i~ i i ,  .?c!:c;e ?;,.lde: 3 ;  zr.! 
R r j  and seli-bias (from 33 is used to stabilize :he circuit 
against irequency cinnonges NUS& by i i u a  vuiiutiulii >,e- 
cause the excitation chonqes for various crystals md fre- 
quencies of owrotion. Theie:ore, .wit!. a fixed ~scilloto: 
,n-,:,:i .vc::c~: c:.:& :- :~l~::~:=l,; :::~!i*:!.;.d b y  
1 - - 1  ..-:^.:^-- "^A i.. ri.._ni., r,,nnr,Dc nr ,;,n,ni, ' l inu r u r u u u , , . .  ,r"rL" ", i..r".. -- .' :'!"'" 
stable owratinq paint established by the fixed olas, uslioiiy 
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onlv temerature effects need be considered when ewluat- . . 
inq the shart-time frequency s:obiilty of the circ:;i:. In a 
twical circut of this tvw, chanqes in resistor values of . . . ~ 

20% result in a frequeno chonqe c1 only I par: per million 
(pprn!; and capcitance c3onues o! dp to 13% proci~ce fre- 
quency cb,a.rges of less t!.~?. 5 cp-, whrrmi c'lanqes in 
temoeroture of the nystoi ond other circuit p r t s  prc3,ice 
!rsq~ency change? nn high os 35 ppm per degree centigrade 
o b v e  ambient rmn: temperature. Use of a crystal with c 
better tempeioture coefiicie~~t oni -wit:. ten?erat;re c3rt:oi 
con reduce thls to a short-time frequenq vcrintlon a! only 
? to 3 ppm, 

", ~:ectror! coup?!iq also 3ii3rds qrmlei output because 
the circuit ex?!oys :he e q - i i o ~ e ~ t  2! two t u k s ,  the tnode ---.:-- --- ..-,, ---.-+,-- w w  u -. .- . ~ In....,.1tlnp .. ~ + , - ~ ; l q t ~ ~  wlrn low orid 
excitation and isw crystal strcln, on0 tne uenrooe s c u v r l  
speroiinj ;s ar. am+Ii:ic: Liose!; :j;;!s? t- " 2  ~ s c ~ l i o t o r  

. . 
oy the eiectron s::ear berweer. screer~ 3-7 ;lit€. ~ P < U S ,  

--->:i.-. , .., .,,,., *. - .".,,! !i-...p..,. ~- -7 :/.I; !:a t!e5 

whi~h. I! l s e  in the b s i c  o s ~ ~ l l o t o r  wmld ncm~l ly  sho:!er 
the crys:ri!: z~nsequently, !he power wtput !;om the anpit- 
fier plotc .s yrmtei t.iiiil \>st 5;- the basic m:t. The 
over41 result is a stabie crysta; osciiiatoi 0pei:tmg w~f?. 
crystal excltatlofi s n  :fie ordc- -i 7 ie7i ~.i:li\.c.:% ,cg,3 71,:- 
v ; d ; ~ ~  s pzaer o.!pu! gr! ti!e ,ii,ier i,f nott?,. i: :;st cuses, 
the nu!put is q u a i  io or jrroter ti,;:, i:,; :.;ii!3L!î  
from tile Sosic Miller type power assillator, on3 ' ' 7 s  a 
q;ester frequency stability. 

Now mnsiler one cycle of operation. Wrien 3 i  volt3ye 
is applied, the fixed co:hode blas produced by voltage 
?i-i?p: Oi 2nd Fi ?e:-:ts n ?el? l i r w  ni = m e n  unu c,,,;tc 
zuirent. ticcr :he plat- in isolo!ed from the iscillator 

' . I  - :. L.. .L- i;".^' r.,"l-,rccn, ."<< . , .  . .  . . > L . .  , . . I ...... ." , - 
,,"d ,i 3nbt :z:Lzd$, ::~e S ! ~ C : ~ ~ ~ ,  stre,zx i7. ::>r: 
plate mrren! f l ~ u  hos no elfect 3n oscliiaror operoilon. 
Siace !he mid is locofed Detween cathode and screen. .. . 
e:e=:zcs .,.,;I; s2 ;n!e:cep~:,i :r,: ;::e 5;*7,:z ,:,,::2::, 

ing o smcli grid cunent to flow. Grid current iiow mrouyh 
R, devnloos a neqatlve mas on :'he grid, vinicii irrids tu 
cho:ge C!. ?:s Fjn_nd C! nr t  "i n rrrid leak ind qnd 
copxitcr,  iesj%:ij.e!Y. Cin::: :~n~-.~ls,  !he znrsto! is 
s~,uckzrii'.' ,m :..- L l i i U  Y>LIIIIIII., --..:,I" .,-- ", 'ha ,..- "k""..'". - , . . . .3. . .  ,*" ,... ,,.' .. . 

-, 
. t d t n r . ~ c  no ryrmi ~ i h m t i o ~ . ~  j~:d,.~;e I ol';-- .. ... .~ 

electric uoltnge oilmis the cri.s!nIl ond Detwrm ar!,? s o  
4.*4,p2 :t;,* :,.;??fi is bf:"?::22 :,.: Z?: 27.2 2 5 :  :! 

. . . 7-^i..: : ,,<,-;:'---- :. .--...-.-. . . ,.~ ... ~~ 
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ELECTRONIC CIRCUITS NAVSHIPS 

The electron stream between screen and plote varies in 
accordance with the crystal oscillation frequency. Since 
the plote voltaye and current are greater than the screen 
voltage and current, the r-i output voltage developed across 
load resistor R L  i s  larger than the voltage developed 
across the crystol. Since the plate i s  isolated from the 
screen and oscillator sectlon of the tube by the zero sup- 
pressor bias, any lwd voriotions or supply voltage changes 
have little or no effect on the oscillator. Tnus, a more 
stable and higher-powered output i s  token from the plate 
circuit of the electroncoupled crystal oscillotor. The d-c 
power dissipated in RL, of course, appears a s  a loss of 
efficiency, since it i s  wasted in beating the resistor. 

The acmmponying circuit schematic shows the Miller 
version of the electronsoupled crystal oscillator. Although 
this circuit requires two tank circuits, it has the advantage 
that doubling (or tripling) can be accomplished in the final 
tank, while the basic stability of the fundamental frequency 
is retained. 

Miller Electron-Coupled Oscillator 

Note that in this circlut the mthode is grounded: hence, 
even though the suppressor i s  shown externally cmnected, 
an internally connected suppressor type of tube could be 
used without impairing the electron coupling. Actually the 
semnd tonk circuit (C4, L2) need not be used; a resistor 
or RFC could be used in i ts place, but tuning the plate 
circuit ensures that the proper output frequency i s  selected 
and reduces the harmonic content to a minimum. From the 
illustration it i s  evident that the basic oscillator circilit i s  
connected between the cothode, grid, and screen (anode) 
tube elements, just os in the Pierce electron-coupled ascil- 
lator. However, the nystoi i s  connected between y id  and 
cothode, and the operation of the oscillotor i s  a s  described 
previously (see GridCathode (Miller) Crystol Oscillotor 
discussion at the beginning of this section of the Hand- 
book). Electrostatic isolation of the plate by means of the 
groundd suppressor limits the mupling to the electron 
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streom alone, thus providing increased stability &use of 
freedom from the effects of load variations on the oscillator. 

FAILURE ANALYSIS. 
NO output. Lack of output from this type of oscillator 

may be due to o foult in either the oscillotor portion or the 
amplifier portion of the circuit. Thus, it should first be 
determined whether the crystal oscillator i s  oscillotinq, 
using the failure analysis discussion of the tas ic  oscilla- 
tor os a guide. If the oscillator is operating, then lack of 
output i s  caused by lack of plate voltage due to an open or 
short-circuited condition. An open suppressor byposs 
capacitor may muse a virtual cothode to be formed between 
screen and plote and reduce the output almost completely. 
A defective elwtrm tube may oscillate, but have insuffi- 
cient emission to supply ony appreciable output in the 
plote circuit. Usually, the cause of o no output mndition 
can be quickly localized to a particular port by a resistance 
check of the few components involved. 

Reduced Output. This condition i s  more likely than no 
output ond may be caused by low plate voltage, by the 
presence of a high resistance in the plate load circuit due 
to poor connections, particularly in tuned tank circuits, 
and by excessive bias. Shonsircuitinq of the cothode bias 

. ~ 

and the tube would not operate; an increase in this resist- 
ance would minimize the fixed bias and allow the cothode 
bias alone to prevail, causing class A operation of the 
plate section, so that reduced output and o reduction of 
harmonic mntent would occur. 

incorrect Frequency. Since the frequency i s  determined 
by crystal operation, any basic frequency changes will 
OCNr solely in the oscillator section, except when the 
circuit employs a plote output tank. If this tonk becomes 
tuned (either accidentally or by component failure) to the 
wrong harmonic of the crystal frequency, the circuit will 
produce an output of incorrect frequency. Any changes 
caused by loud fluctuations or supply voltage fluctuations 
will be so small that they may go unnoticed unless precision 
measuring equipment i s  available. 

OVERTONE CATHODECOUPLED (BUTLER) CRYSTAL 
OSCILLATOR. 

APPLICATION. 
The cothodecoupied (Butler) crystal oscillator i s  used 

primarily for overtone crystal operation on high or very high 
rodio frequencies. It i s  used in receivers, transmitters, 
test equipment, and other equipment which requires the use 
of o stable crystali-ontrolled high-frequency oscillotor. 

CHARACTERISTICS. 
Uses on overtone crystal to provide operation an fre- 

quencies which are not intey;ol harmonics of the funda- 
mentol crystal frequency. 

Employs two triodes coupled by the crystal operating at 
Series resonance, 

Normally operates closs A, but may be operated closs 
C for greater power output. 

ORIGINAL 
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wit5 successlveiy ~ e z i e r  osci:ictlons kmnq abtolned os 
the nu%er!col voitie of th2 l.iert3ne i!,xe"-ses. 

Now consider one i-tcie >i optratlac:. '%hen oizte volt- 
aye i s  applied to V; ond Vi, slnce no in:tluI bios exists, 
there i s  a henvy flow of ' jkte current. The flaw of ?]ole 
current through HI on4 92 p r , ~ d ~ c e s  3 cothole bias sn each 
tube which reduces the piate current flaw. At the same 
time, the flow of picte currerr in V i  tnrouqh plote resistor 
3 3  ,irops the supply voitaqe to tile proper value. Any a-c 
voriotions in val toq~ prod~lced by chonqioq plote current 
throuqh R3 are bypassed to ground by C1, and tube Vl 
operotes a s  a cuthode foiiowe:. T'le initial flow of current 
shock-excites the crystal so that it vibrates at its series- 
:esonont frequency. At resananze the crystal aoomrs as o 
low value of resistance, while on elther side of resonance 
i t  appears a s  a iarqe resistance. In the off-resononce, 
hiqh-teslstonce state, the crystal cttenuates any iee.'tack 
from the plate of VZ throuyn Vl and thus prevents oscilla- 
tion. In the seiies-resonon! stIte,  the low nysto! resist- 
ance perml!s practically 311 the leedhck to be opplid 
across R2. (?he crystal resistsnce, 8, ond the csthode 
bias resistor, R2, fcrrr 0 vcltor~r ?;vi.!er co,,n?cted in 
parallel with 81.) 

'With the nysta! nsciilatinq an the positive holf-cycle, 
assume thgt a positive voltaqe produced bv piezoelectric 
effect is npplied to R2, and increases the bios. ' h e  plote 
current of '42, therefore, i s  reduced. Since the output volt- 
aqe i s  developed onoss  the inpedance of the plote tank 
circuit, o reduction in p!ote current produces less drop 
across the tank, and the plate voltoqe approaches the 
source (qoes pasitive). Thus, a pasitive-rjolnrj vol!ole 1s 

fed throuqh couplinq copzltor C! lo the qrid of V1. The 
positiveswinqinq qrid voltaqe produces on Increase of 
plote currect in V1 and n pos~tive increase clcross cothode 
bios resistor Rl. Since the yoin tnrsuqh cotnode follower 
V1 i s  less thon unity, no amplification of the siqnai occurs 
through Vl. Sufficient ieedback occws, however, to replace 
the small circuit losses; t h s  oscillation is sustained. 

On the zeqotive half-cyc!e of operotion the crystal de- 
velops a neqative ual:aqe which is opplied to Ri. The bias 
on '$2 is thus reduced, and the piate current increases. 
The output voltuqe produced across the tank circuit i s  now 
neqativeqoinq, and i s  fed back to the qrid o! Vl to reduce 
plate current flow. Consequently, the voltaqe drop  cross 
cathode resistor R1 i s  decreased, and a neqntive-wino 
voltaye i s  applied throuqt, the crystal to mniotoin oscll!o- 
tion. 

Althouqh it miqht oppeor thot the feedkc.. ,ioltoqe is 
such as  to oppose crystal osciliotion, it m:>;t he renilzed 
thot this circuit will ooerote with the ciystol removed i f  
the equivalent resistance (or 2,. chms connrction) is 
placed ocross the crystol tirrlnnls. Operation without the 
crystal, however, i s  never os stsble 3s with the crystal. 

Circuit Modifications. AS with all other osciliotor clr- 
cuits, there ore nlimerous vorlotims of the basic circdit. 
A tvpicol voiiotion i s  shown in the accomponylnq illustra- 
tion. 

Ths circuit i s  essentioliy identicol with the bosic 
Butler overtone oscillator, excect for !he insertion of 3 

tuned tmk i n  the plote clrc,nt oi the cathode ioilower. 
Thus, the cathode follower stoqe kcnrnrs 3 ca thndxcup ld  

OSCILLATORS 

Frequency Multiplying Overtone 01~i l l .1~ 

staye. Tine effect on over-all operation i s  to make avail- 
able on outpul which con be tuned to a harmonic of the over- 
tone frequency (instead of beinq bypassed to ground a s  in 
the basic circuit) and provide effective freauencv multioli- . . 
cation. 

A s  for a s  the basic oscillator i s  concerned, the owro- 
tion is the same a s  described for the basic circuit. Although 
amplification occurs in the plate circuit, since the plote 
load of V1 is tuned to o different frequency, any couplinq 
effects throuqh the plote-gid capacitance do not affect the 
bosic frequency. 

An electron-coupled version i s  formed bv connectins V1 
a s  u conventional pentode nmplifier which i s  resistance- 
corncitonce coupled to V2, with the freauencv multi~fvina 
tank in the plate circuit oi.Vl, a s  illust;ated below.' This 
version i s  identical with the bosic Butler circuit except 
tho: the screen of V1 octs a s  the onode of the cathode 
follower stage. Wit$ the screen c-c-wounded throuqh C2 
and the suppressor tied bock to the mthode, the plate i s  
coupled solely throuuh the electron stream hetween screen 
and plote. The rfc and C3 form a conventional series plate 
feed decoupling network, and R., i s  the screen resistor. 
A11 other components funniw a s  in the basic osci!htor. 
In this circuit V1 i s  usually operated class C, and has a 
high applied plote voltage. Thus, the plote output i s  con- 
siderably higher than in the previous triode type of irequen- 
cv-multiplying circuit, and the tank L i  and C I  may be tuned 
to either the second or third harmonic of the osciliotor 
frequency. The basic tank C, Ls i s  tuned to the funda- 
mentol frequency. 

ORIGINAL 
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Electron-Coupled Overtone Oscillator 

Although other versions of the Butler circuit exist, they 
ore similar to the versions described above. ?he identify- 
ing feoture 01 the Butler osciiiaror is :he cu~;:;aclim: ;+ I:- 
crystal os a series feedbock arm between two cothode- 
co~pled stages. Overtone oscillators with qiidcathode or 
grid-plate connected crystals ore special versions of the 
Miller ond Pierce circuits. 

FAILURE ANALYSIS. 
No Output. A primary c a i s i  of inoperotioz is a .'e!?c- 

tive crystal or p o t  holder connections: the crystal and 
holder resistance should not exceed 5W ohms for proper 
operation. Since two tubes are involved, a defective tube 
i s  olso n possible cause of no output. An open circluit in 
the feedbck oath, either in the couplinq copacitor or crys . - 

to1 holder, wili also stop operation. In odditlon, short- 
riiolited carnwnents will cause the affected tube to draw 
/rrmter thhn normal current and stop osciilotion. A snort 
c:re~it acrnss r e  r iysrui  *i;i nu1 siilp asciiloti;;.: &;ex- 
:ng on the 6eslm. ir i s  possil;r for oscl:lzii;ir :; ;-,ntin;e 

.,, . 31 me tank irequenq. Lucn ol i ~ " " ; i  Y-'.- U..U~= *I.. u..,.. 
stop operation, but iow suppiy voltage wiii p r i r n a l ~ ~  oifecl 
oniv th? output omplituoe, j e c d ~ ~ r  oi :i:s it* LuLLs,v.i;.:.. 

involved, a q u i d  voltage and resistance checn snoula 
isolate the s e f ~ l ! v €  p3rI. !! (xl l ls  0x86 v,>;~~<;zs CGDG: 

no",,oi, me mlise of :roi;nic is ... i. -hi. .... ,-I,.i:,..i "., -.-.. '3: :hie tank 

tuning capacitor is shorted or tuned to the wronq trequency. 
I! other q s t o i s  oscillate in the circuit, clmnlnq the de- 
fective crystal may restore octivity. (%turn cs s t a l  to 
repair octivity lor clmning.; 

LOW or un.~bI.  output. Excessive S:CE en -.ne cr cctc . . 
%bez ,,W!! rm>m !'!P "I>!"OI. ,?!Ki, ","> ~""12 k cz":cc 2; 

nmvy curre,,t ti""",,,' A;'= L" , :>"L .~  :,;::. ::u.z:::: 5.2: :- 
deiecrivc i u k s  i ~ i  skl~i:-zi;c;i:c?, c~zpo-e-ts i? the n!nt? 
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circuits. A chanqe in the qid-leak resistor and in the 
coupling capacitor constants may couse blockinq and 
motorboatinq or intermittent operation. A weak or dirty 
crystal may also produce low outol;!. (Replzc? the crystal.) - ~w low or t m  huh a plate voliarje a n  muse instobi!ity. 

lncorrnct Frequency. The series-resonant nystol oscii- 
- : " I  " A  Thoref",., n "nnnne in ire- .",U, ,- ,,,- ,.."". " .--.- ~- 

quency will pro,wb]y ,m due i" ciy-'-3 >,"A L""a=" ' = . . c L L d .  " ' 4 " " ' ~  

Cieoninq the ;r+stol should zestore proper operation !clem- . . 
i n j  to be done only ot repair activity); if not, there i s  a 
possibility thot chonaes in stray copcitance between 
cothode and "round (perhops from ii ihantje o: Imd dress) 
have mused a siiqhr detminq. Tnouqh operation at a fie- 
quenq above the series fie,~uency con occdr, it is mther 
" i k . t i  .-. , h.;nii;P tn. l i  se::es reC; :Is! :LT IV !l,j; pep 

mit a s  much detuninq as those of pamllel resonance. 

MAGNETOSTRICTION OSCILLATORS. 

APPLICATION. 
?he magnetostriction t w  oscillator i s  usilaliv used at 

audio, supersonic, or low rodio frequencies to provide on 
extremelv stable sine-wave output. This circuit i s  employed 
in preference to the crystal type of oscillator at the MY low 
frequencies bemuse of i ts simplicity, ease of construction, 
ond economy due to the !ack of suiroL!e qdortz cryst-.is. 
it finds paruculor application in Inbratory test equipment 
and low-frequency stondords. 

CUADACTER!I?!CS. 
fises n,citel-s;eei ailov lo 2on;:a; !he freWersr 

of osclilatioo. 
Feedbacn 1s t:,rouilh noqnetss;:;;:;;:, e:iec:s w.5 -.ot 

through externally coupled inductors. 
Provides frmuenc, stib:lity of less tion m e  cjcie per 

second at audio frequencies. - 
rroduces on opproximare sine w a v l  oi rsiativeiy con- 

stant amplitude. 

C i R C U l i  ANALYSIS. 
Gsnerml. Tke xagnetosrrictior, e!fec! i t  simiiar to the 

piezoeienric eiiect found in crystal osciiiaiors. instmd 
, . 

wi udnq r:riiiis ~b,siji;, L.;.i;j.~:. i: 372:~:~: by the -C 
tect of 3 chai;qing magfietic iidd. $ken on iron*!loy rod 
is placed. within a iiloqzenc neid, ;ne:r 1s u -lur;;ir 
: . ..,., - . . , T,, .. . ,A2, ;,:, :k+ :<*ji= ,,: >,.:.2 :,;, :),c ;;: :;; ::e 2zT,c!<: 
!i?l?. ?1!4 ~ ~ ? ? ? r ? ~ s i o n n i  S ~ T O I P ,  :n r l l r t ,  i w r t z e s  ine --. --"-*-- .. 1"" ..-.. .","." .". .,.,, 4 ,, ,-,; , , ,  "~.i ir,; ii, ... "..- ,-.. .. ~. ~ ~ - . ~  ~- ~~~~~ 

:et--ns lo necrly its farrner ienjth. ;m;!or!yi wle?, a roc ---.- - . "" -" ,<?: ;O:A .A ,,,,,,,.. ;,. $b, .!,7!<r, . . ...,,......l ~.. . ~ 

. . .  
A. lfiouces a cndnqe ,fi me ~nad:~e:i; i.e.~, . . . : : Y : ~ . ; , ~  -. :- ..--- :",. ,hD ';-,A 3%- :-4 ,,,..- + - 5  

. . -.-"" ...- ..-... ... .~ 1. :e t i  :e?e~oenr 'jmr 
:he x i z i ? ~ !  ?!rector of the -,c,:-~!i.c fie!! md the aniari- 
zanon oi me merui i u i  un6 ,is ~~n~pi .s , ; . in. .  !?zez :b,c 
chanoe in lenaih of <he h r  is oe~forxec 31 tne :eson.int . . 
(mechanical1 trequency oi me h r ,  on2 <he i:;d;cci 
i s  orooerlv ot!osed to enhance t i e  tieid that oroduces the 
srroin: slechur.icsJ i.i~il:i:ioris lie set ;; 2: !be !fii?;-e-.:~! 
: ,-,,, " , , ,~ "  -,t :?,: > ,,>:. -!----A ," " ;,"-,: ,,,,. ;,;  ,,,, , , T  . . - -. . . . . , . .,,, , -." ,,"." .,, - .. 
, , , . . ".̂  ..... i "  iiar..,"i mn,,nn ,m i -  

. ,  . ..,, .. , , . , , , ~  .,, ,, ,, .. .... .. 
lai to 3 tunina fork. The metal csmpasitlart at the t u r  

?-A_?? 
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2ercnclr . r~ its efficiency ona ;ii+i.tl,crliss 3s 3 resocm3r. 
A pu:c iron rod w~l l  oscillate ?ir, l r p ~ l y  ii  3t all, 1n6 3 

ruckel cod '*ill vibrate stronrily, hit  has poci a t ~ S ~ l i t ~ , .  A ~. 
combimtiar, of nickel and Inn, such os Inv-i or Sraic metll, 
osiillotc. strongly but nos o poor te:.p-;ruture c?efficient. 
.., ;::th the a3dition of a small cmount of c h r s n i , ~ : ~  to the 
r,ickel allzy, one of the stroilijest vibrators and nost 
ieodi:y avoiloble metals (Nichrone) i s  pi3duced. A cappei~ 
n l c k ~ l  dl9y (Monel) hos too little resid1;oi mcqnetism to 
oper0.e without an external field, h t  when 3 porrnoneat 
mat:nct i s  held nearby it oscillates strongly. Temperatuic 
effects will cause chonqes ~n the tar lcnottl and thus afiec: 
the frequency of operotion: hence, for extreme s t ~ b i l l b ,  
(he cl!oy niust hnve a small temperoti,re ccrificient or 
:e-npeioture control mxst be ~ised. Opewtioa in this re- 
spec! is similar to the operotion of crystol oscillators. 

'T?e chanqe in le.-qth ot fun!..nen:il l ~ i q l t i d i n d  [ z l ~  
," - . lv ,m.ul ,  ..-'-.." riiroliuns i s  on t!,e order 01 one part in one 
i;;i!.l?on (of sn inch) far a fie13 ot one youss, os!lq o n?ckS 
rod us an excmple, but wken t ie  rod is resonant, the c h ~ r c c  
in !encjlh i s  multiplied oae hucdred times or more. Thus, c: 
ihe iesonont frequency the mechonicol chanrje i.1 lenqtt, 1s 

sufficient to produce a substantial chalige of Lieid nnd clrp 
trol tile opeiotion of the oscillotor. At 1k.u lower oudio 
irtquencles, it is desirable to us€ on oscillotor phcsed to 
osciilgte very Leebly, 11 at all, wifno.it tne rod. At s~p;.i- 
sonic and low r-f frequencies oi from 25 ro 300 kc, the 
oscillotar i s  not very greatly ,affected if the basic ~!cc-. 
iroclu circuit oscillztes stiongl:, .ultia>r t i e  -a!. The 
stability of the tor prevai!s in elihei mse. B;. .itilizins 
nickel tubinri with a negative tempeiot;ie cr,eff?cient on!+ 
!illin,; the tubiilg .with Stoic mew1 ,which tlos n positis.e 
terrperiltllre coefficient, temperature compensntion ma" t;- 
cihieie i  t3 produce 3 i le~r l :  zer~temp;iotl;re-coefijcje~it 
3ar. 

Alchouqh opeiutio:~ is jossiiie ot 2 mer:scyclcs and . , 
n:r;rrr. the ascillatian i s  iucmlly l ~ e b i e  on:! not nmrly Cn 
I!;. ;. z s  that of the ccn,,er.tionn! qocrtz c:y~tal: therelure, 
>j?xt;on of this type of :isilllatr,i 1s ~s,!n!!; :rstiic!i-d '9 

:he lower frequencies. 
C i r c u i t  Operotion. Ihe bnsic ciricit cf the r:3;.nuto- 

slric:ion oscillator i s  shown in the accomponyinq il lustr-  
tion. k i d  bios i s  obtained conventionally th:ouyh yrid- 
leak cperotion (C, a,), and series plote ieed i s  used. ';is 
coils ore wound so a s  to produce the some flux ot the platc 
end o :  the bar for an incieosinq plote current or on increas- 
iar! grid current (they are in-phase). This mndition. <;hick 
~soppos i t e  to that & the nohol  feedbock ~scillato;, prc- 
duces deoenerotive feedback. rather than reoeneiotiie feed- 
tcck. In addition, these plate on3 qrid coils iove no 
r:ouplrnq or only very loose coupling. Thus, the osc~llotor 
~ i l i  :tomally not oscillate at all, or oscillate ordy feebly, 
us  u !esult of feedback beween the interelectrode copaci- 
tunce;. Cawcitor C1 i s  the tuniilq cnpncltor, and is con- 
nee.?- so os to tune Loth the plate 3nd grid coils (either 
;r:c ulcr,e nay be tuned l f  desired;. F31 a single frejuenc, 
or i r~<umcies  within o narrwi ranqe of operatian, Ci m 3 y  

be iixcd and diifcrent lenqths of rod may he inserted in the 
lo113 isimilor to crystal pluq-in operation) for the di:frrent 
::my' 6 ~c ies ,  
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Mugneroat:letlon Oscillator 

Assuxt :not plote voltage is applied and tho1 the plate 
p,,T.er: . . ;s praducinq a steody strain on the rod. If a noise 
>..se ccccrs and produces on increose of flux in the plote 
zcil, c ~on!p~essionaI wove W I ! ~  be started at the plate end 
li the h r  and wi!l travel to the left toward the yrid end. 
Ti is  com;ressionai wave ds~e to magnetostriction will 
.:zve! through the bar in 2 monner slmilar to the prowyotion 
;: sorind rrnves through a metal bar. ' h e n  the compres- 
.;io?ol wave rmches the grid coil, Lg, the lengtheniny of 
n e  'bar induces a positive voltage in the grid coil, which i s  
ip:.lied to the grid and causes the plate current to incrmse. 
'Toe irlsreased plate current induces o stronuer field around 
Lie plate coil, inducir~y another compressional wave into 
:ne h r ,  l i e  compressional waves in the bar are reflected 
::om the yrid end and travel back to the plate end, where 
they ayain are reflected back toword the grid end. '#hen the 
zclmpressionoi wave which i s  reflected from the grid or left 
21d of the bar rmches the right or piote end, a voltage i s  
induced in plate coil L, b,j the lengthening of rhe bar. 
n i s  voltaqe, by induction, n m t e s  a stronger field around 
the plote coil. Consequently, the motion of the plate end 
3f the bar is further reinforced, causing it to vibrate more 
strongly. As a result, onother compressional wove i s  
started and the cycle repeats. When the induced and re- 
flected waves are in phase, the yrid-reflected wove orriviny 
21 the plate end will olwoys reinforce the induced wave 
at the plate end, producing a stronger oscillation. There- 
fore, the lenyth of time it tokes for the wave to travel from 
one end of the bar to the other and return will determine 
the phasing of the reflected and induced waves. For wch 
length of bor, there will be a specific time token for a wove 
to travel to the end and retuin; il the lenyth is mode equiva- 
leni to on elecuicol half-wovc-length, wch wove will rein- 
force the other. When the frequency of the tuned circuit 
(as adjustd  by C1) i s  approximately the some a s  the resw 
nun1 frequency of the bar, maximum reinforcement will occur 
and maximum mechonicol vibration will be produced. With 
the bar initially unpolarized, operation will accw at the 
second harmonic. Therefore, the bar i s  usuolly permanently 
rnaynetized and inserted into the coils so that the field of 
the plate coil i nnmses  the polarization. Operation then 
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takes place at the fundamental frequency (I = v/2 1 
where v i s  the velocity of sound and 1 is the length of the 
bar). Adjusting tuning capacitor C1 for maximum plate 
current tunes the oscillator to the bor frequency, and feed- 
bock is provided mainly through magnetostriction sition. 
Even thouyh there may be some coupling to produce osc.1- 
iarion without ihr ' h i ,  tiit:, :k,e ';I in place o:ci!!ct!oz !s 
strengthened and maintained, k i n g  conuoiied by the nie- 
chanical vibration of the bar. 

When the bar vibrates a t  an oudio frequency, the sound 
is audible close to the bar. Tne operation i s  similar to the 
operation of an a c  driven tuninu fork. The difference i s  
thot the tuning fork i s  actually driven by an o c  siynal 
(audio) from on oscillator operating i t  the frequency of the . 1- 1 ,,i,,,,q .,I<. ?".c :~niz;. !grk uihrqtions inflil-e a -rn:per,r 
chanqe in o pickuo coil around one leq of the fork, thds 
inducinq o stable mechonicnl!y controlled signal back into 
the drivinq osciilator. The uutput of the maynetostrictioc 
osciilator LS usually capc~ t lve ly  coupied irom the piilte 
cucuit into M ampiiiier, operatinu as a buffer an either the 
fundamental or the desi;edharmoiic frequency. 

FAILURE ANALYSIS. 
Nu 0 ~ 1 ~ ~ 1 .  If the bor (or tube) i s  mechanicoily defective 

or the tuned circuit is not adjusted to the bar frequency, 
no output will result. A plate milljommetn connected in 
the olate circuit will obruotlv indicate o two or three times . . 
increase of current when tuning capacitor C1 i s  adjusted to 
the bar freauencv. Otherwise, the circuit is prohrblv open . . 

-, - 1, L -  -h.-l_-l ... i.L "I ^L ," ,"P,~~ " ~ l i Y Y I "  US L CChCY ",, " ,.,,.,.." 
L o r  Output. A low suppiv voitaae or pooi soidered .~ . . ~ 

connectians which introduce high resistonce into the cir- 
cuit can cause a reduction of developed slynol. Excessive 
bias developed by an RC yrid-lwk combinotion which has 
twlorue a time constant can cause blockinu of the mid on6 
motorbaatiny. Normal resistone ond voltage checks will 
qiickly isolate the defective port in^ n! the c~rcuit. 

Incorrect Frequency. Since feedback occurs at the bar 
frequency and i s  practically independent of the tuned cir- 
cuit, only a free-running osciliator operating considerably 
away fiom the [undomental bar frequency ccn produce an 
incorrect frequency. Actually, once the bor starts osciilot- 
ing the tuned clrcuit can M varlei o?ei quite d notich;L!e 
tuninq range before oscillations cease. Tnus, small changes 
in the LC circuit will affect oniy the output ampiitude. 
-, 0: this :;rw;: 2s 3 i:ul-s!:,:v si'.ilizei 
sterns from the fact !.'.at on!;. !he .mrc!!i.z:~~l ..:Lmtio? nl . . 
ine odr ce~e:Lraea ::.e kekde?ci z! zz::!!z:i::~. T?,e:?!2?5, 
at low oudio frequencies it will be practically impossible ,... .., ,L abtuiri ii ,2~cierefi1 i ; e+e :~ , ,  ?,: :~ '  ~ : ~ ~ ~ c : . z : ~ z ,  \?.AY.F:, 

it i s  possible for spurlous osciiiatlons to occur at o ! r e  
~ ) ~ s r i t u y  riot iejited :a the Sc; keqccn?: bec3use ?! n;)rro- 

t;on of !he electron t4Se c i rx i t  cs ~ n c k e i  51- o! self- 
excited oscillator. The frequency of operutmi snou;: ' nd l -  
cote the relative values of components involved, so thot 
the circuit con be examined !or lumped capacitance and 
inductuqce which could resonote at the undesired ascillot- 
1% frequency. 

~ , ~ o . l m  OSCILLATORS 

NEGATIVE RESISTANCE OSCILLATORS. 
The neootive resistance tvDe of oscillator includes the . . 

dynotron, which operates by virtue of secondory emission 
effects in a screen arid tube. the nwative tronscanductance 
pentode (or tronsisnn) circuit: ond the push-pull (or koilitran) 
circuit. Tnere i s  aiso a wssible fourth class, thnt is, the 
ne:ntive mid resistance tvoe (better known a s  the tuned 
grid oscilloto; ::i!h mpci t ive  feedkck inherent wittiin the 
tube); however, this oscillator i s  not used very much ot 
present. Since it i s  sometimes included in the neqtive 
resistonce muup, however, it is mentioned here; tne inter- 
ested reader is referred to standard texts for this data. 

Negative resistance is a somewhat vogue term, *hlc". 
is not very wellunderstood by the layman, 01 even by many 
e ~ ~ ~ i ~ ! ~ ~ ~ .  \~ :~ i : !y ,  i: i; c :̂I- xed !? ?nsrr!+ nn 

imaginary property dealt with in the mathematlcol anaiysls 
of oscillators [and aiso m ompiifiers to u limit& eiten:). 
!t 1s often enoneausly delined a s  ine opposite 01 wsitlve 
;esiz:ap,cr, wi:i;il is ionsi?iie? n: ~;n\en!ic~n!. or lea!, 
resistance. This definition is h s e d  on the fact thot posi- 
tive resistance manifests itself by an increasing voitage 
drop a s  the current is increused. Negative rrsistznce, on 
the dher hand, manifests itself by a deneosing current os 
the voltaqe applied to the device exhibitiny the neyotive 
resistance is increased, or by a decrease in voltage a s  the 
current i s  increased. While these phys~cal eifect- are 
real. the derivation and meanino of the term i s  ourelv orti- . . 
iicial. 

In the mathematical analysis of oscillators, a series 
nf !ems have been developed to describe the properties of 
the circcir; Lqey are then added old equoted to zero. One 
of these terms is always positive resistonce, which i s  
ieal; it exists m tne d x  and a-c resistm,ce uf t!,;. z i i l s  zi.2 
leads, and is always assigned a wsltive value. Therefore, 
to be equated to zero, the series must contain certain other 
terms that are of equal, but negative, value. It is this nego- 
live resistance which, when it eqiiol; tne pcsitive resiar- 
ance mathematically, permits oscillation. With ony type of 
oscillator, both the positive ond neyative resistance con- 
cepts upply. in ;he ;s;il!~:-,rs carsidsr-d previmsly, the 
negative resistonce i s  creoted by an external circiii:, s;:c': 
os on inductive or copactive ieedbuck orrunyemint. In 'Li 
:;.I? neg;:i7c ;esistancc !y;r gf nsci!lntnr, iowev~r ,  t h ~  
negative resistonce is on inherent property within the tluse 

device wi,ici,an;li~iij it, TF-.. 2 lr's .a '. ,'" - -  rl'-ui,.r -:--,:+..,:....",.,,, ....u..-? 
;,tb,er tkZ, the :e::::cze::: :c 51u9L:i,! ,> t m F .  ,ciycJ;t r,r i:$.::,-~ 
lor in paiolld for sometimes in seriesj niti; the rie&t:i.i 
:apjq!".,r~ T!!+ t,,S," s;n"l,ciP< G I  ::;is P;?e c! :!I::.:! 
makes :t gsei-i if its inherent deiects do not nu:!ify  ti,^ 
.?.'i..!l!,3.!. Q!  its ~iq~p!iciIv. 

h 6 . 3 I O  e!fec!iri n; ,  to 1::.!3:;t:n2 r . s 9 0 ~ i r r  ,ori .mnce 

i -  In vis~ial ize it a s  c generotor of enerqy. :fi contrast :c 
positive resistnnce, which di..lpotos enerqv or o raLr pru- 
~ t l i u f i u j  !c thz S+G? s! :he i .~ ,peszei  .:?!!g:e PI Z:J~P.! ,  

i l e i~o t i~e  resistance grnomtos energy ot a rate pmportiorol 
to 1"e square ai ~ i i r  il!iP~ch5d iii:tzyi cr ;:rrcn:. 

Negative resistance moy be eltner voitoyrcantrolhd ur 
cdrient-controlled; the ~ c c o m ~ n y i n q  fiqu:e i l l~s t io t t s  the 
---'. ------..in.- -.-. ;-.,-. ,,I illLi" ll,? tiiiii.< !̂ ,:,-,,7::c:_ 
"iili-,lliiilili l.."."~,".." ..-1 _. . , ,  
A -  --- '0 *^^- O^"h *.ma ,<  7" ,,: "t;,i,_ ".. j _ " ,  Y &... ..r_ ._ ~ 

In the voltaqecontrolled device, a s  the voltage is increosea 
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the current rises to a peak, and then drops to o low volue 
from A to B (this i s  the neyotive resistonce reqion) and 
then increases to a new pwk volue thus the voltaye i s  a 
single-valued function of the current. In h e  current-con- 
trolled type, the voltoge vories similarly a s  the current 
i s  increased, and the current i s  o sinylevalued function of 

Voltoge-Controlled Cvrrcnt-Controlled 

the voltage. Note the choracteriatic "lazy S" pottern of 
these curves, which makes them easily identifiable. The 
oscillators described in the following discussions ore all 
of the voltagecontrolled type. 

When either a parallel resonant or a series resonant tank 
circuit i s  connected across o negative resistance device, 
i t  can be mathematically demonstrated that oscillation will 
occur if certain conditions ore satisfied. The basic equivo- 
lent circuit of o negative resistance oscillator i s  shown in 
the accompanying illustration. L, C and r in the figure 
represent the tank inductor, capacitor, and tank resistance 
respectively, and p represents the negative resistance. 

Boric Negative Resistance Orcillntor Equivalent Circuit 

It can be shown mathematicolly that when p is smaller thon 
the ratio V r C  the amplitude of oscillations will build up. 
On the other hand, when p i s  greater thon the ratio of WrC, 
the oscillations will diminish in amplitude ond eventually 
cease. The criterion for constant oscillation with no change 
in amplitude i s  thot p be just equol to L/rC. Thus for 
oscillation to occur, p must be less thon, or equol to, L/rC. 

If o yenerator i s  substituted for p in the basic figure, 
it can be understood how the basic concept of neqative 
resistance applies. The region where the device exhibits 

ORIGINAL 
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o neqative resistance normally covers o linitea rwge, 
and i s  never ossocioted with posti-ie resistance. Thot is 
tasay, when the device is opeigted a s  o conventianol 
feedback osc~llotor, the operating retiion is hyond that 
portion associated with the nedotlve resistance iropertles. 
Thus, devlces which eanitit negative resistance con i l s ~  
be employed in circuits involving the posit~s>e resistonce 
region of operation without any conflict with their negotive 
resistance choroaenstics. For example, the same type of 
tube which is particularly useful in the dynotron oscillator 
(because of i ts  lnherent secondary emissian nt plate volt- 
ages lower than the screen voltage) may olio be used in 
conventional LC fedbock oscillator clicuits operating ot 
higher plate ond screen voltages in the sc-colled positive 
reqion. Far qood woveform, it i s  important thot large capaci- 
tance values be used i n  the tank circuit of the negotive 
resistance oscillotor, as smoll cupocitance ,will cause dis- 
torted output waveform. 

DYNATRON OSCILLATOR. 

APPLICATION. 
The dynatron oscillator i s  used to produce a stable 

sinusoidal output over the low, medium, and high-frequency 
r-f ranges (and sometimes the audio-frequency ranges). It 
i s  used mostly as a signal generator for laboratory or test 
equipment purposes or a s  o beat-frequency oscillator in 
receivers. 

CHARACTERISTICS. 
Uses the negotive resistance of a screenilrid tetrode to 

produce oscillation. 
Provides very good stability, but at a low output ompli- 

tude. 
Uses a two-terminal tuned circuit to determine the fre- 

quency of operation. 

CIRCUIT ANALYSIS. 
General. The dynotron circuit was originoily based 

upon the use of the type 24 scieen-grid tube, which ex- 
hibited considerable negotive resistance at low plote volt- 
ages. Tne negative resistance was due to secondary 
emission from the tube plate. Present doy tube rnonufac- 
turing and design methods have minimized the undesired 
secondary emission, but it still exists at very low plate 
voltages in most tetrodes. Secondary emission occurs 
when the plate is much lower than the screen voltage, 
because of bomkirdment of the plate by electrons which 
have passed the screen ($id. With high or norms1 plate 
voltaye these electrons ire attracted back to the plate and 
have no effect. With low plate voltaqe, however, the field 
of the qrid extends into the plate region and attracts the 
secondary emitted electrons knocked out of the plate. Thus. 
the plate current i s  reduced by the omount of secondary 
electrons captured by the screen yrid, and the screen cur- 
rent is increased. The accompanying figcre illustrates 
typicol plate and screen zurrents for o type 24 tube. These 
cuives ho-ie the distorted "lazy S" shape c'lorscteristics 
of negative resistance a s  explained previously in the general 
discussion. 'When the tube is ,~perqted in !he regia  o! 
negative slope with o tank circuit connected to either the 

7 - A 4 6  
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sneen or the plate, oscillation will occur. Maximum screen 
current flows when the plate current is minimum (point B 
on the curve). Useful oscillot~on is possible between 
points A and B, with the oscillator adjusted to work at the 
midwin! of this negative resistance region. From points 
B to C and beyond is the positive resistance reyim, which 
ronnnt be used for dvnotron operation. It can be clearly ---- .i-. *Lo nlnt- nf the livnntron mllsf  he operated a t  .,Gc,z u.", ".. ?.".- -. ~~~~~ 

extremely low wltoges: therefore, the omplitude of oscillo- 

Plate and Screen Current Relotionrhips 

tion i s  limited and the circuit i s  capoble of only a small 
output n e  olltgut ~rnplitude is controlled by adjusting 
the q i d  voltaqe, ,w!;ich varies !he slope ci the negative 
resistance reyion. 

t 3 e  ot the advantages of this type ai osci:latoi is that 
it requires only a sinqle caii w~th tuning capacitor, instead 
of a topped coil or an additional tickler windiny. Thus its 
extreme simplicity mode it popular. On the other hand, since 
secondary emission varies with the zije ziia emissmn of 
the tube, md since tubes of the some type and manufacttire 
hove widely different secondary emissions: it is necessary 
to have o plote volluqe control t; perzit oiju::ment 1st 
stability wlti. tube aging and the use of different tubes. 
Because of the low output and the variation of secondary 
emission !rom L d k  ;G tube, this :j:?dit i s  a?! i14r7 wide!y 
used today. 

Clrcvi t  Operation. A typical dynotrorl uszi::uLai circuit 
, *  *?; ,-,> !:~< iz "" c.-=.,7.\p.7,., : .... :yo ." ",,- .. ~, L.I.LY.,Ip -... I, " 
The qr:? !s t(!ns?i by mmns of potentlometer 3i; when 
--.-- -*., :... o-,~... ..-. ... A A ~ , . C + - P ~ !  !hr ,!,,d iirm of the 
potentiometer effectively p!aces the rpid at o nore nerptive 
vi;i;,L;: ;:,:k :e=;--: := f ^ ?  ^?thn,<n i n  ?na ir';tinn n! 

rotot~on, and s t  u ;ess nrijat>ve potent;;! Ir. t'.+ ;I!.?: !irez- 
.:-- ..,,. ,! - .m.,,+,mn .,.u..u... 3. screen ic  m n v c i e d  to the hioh s ~ d e  
G: t ie  ;!ste s q ~ l y  n?d Sypcrsed by C,,, and the plate is 
connected to o witage dlvidrr consistiny of Rl ail?. 32. 
-. 
I bus, the plote voltaye 1s reduced below the screen volt- 
aqe. Capacitor Co is Vie convenlionai series-ier6 Lypba. 
The tw& tonk, consistins of Land C, i s  placed in the 
:!a!. aizu?t, altnou<)n it codd also be placed in :k,e screen - . , 
; cG:p-: i; hit.!! ,r,ii.i;,:ii.;:v ::7- ::2 L . ~ C ~ O  5,; - 

OSCILLATORS 

The inherent stability in this type of oscillator is bosed 
upon the action of the tank circuit primarily, a s  in other 
types of the LC oscillator. Although operation at a low 
 late voltage limits the output to a low d u e ,  it also con- 
tributes some stability, because load changes are a smaller 
percentaye variation thon in other self-excited power type 
asc:llotors. Since the teedMck is inherent in Lie rube, 
rather thon being provided by on external circuit, changes 
in tabe e1emer.t capacitances nre not a s  effective in cous- 
lng frequency chanyes, thus contributiny to the stability of 
this type of osciilator. Rerefore, a dynatron which i s  
properly adjusted for the correct operating point and plate 
vcltuge i s  practically equivalent to the electroncoupled 
LC osciliator, a s  far a s  frequency stability is ccnceined. 

Operation at a low amplitude insures better linearity 
nqd less homanic content in the output, accounting for the 
relatively pure output waveform of this type of oscillator. 
?';;;a:ian of !he ;-id vcltoye changes the slope of the neya- 
rivp resistonce chorocteristic and thus qovems the operat- 
iny amplitude. 

Detailad Analysis. Mathematically it con be demon- 
strate? that when cn LC tank circuit is c o n n ~ t e d  to n 
ntqutive resistance element oscillations wiil start and 
continue, with the negative resistance supplying the losses 
mused by the positive resistonce c! the tank. in me con- 
ventional external feedbck oscillator, thls same actionis 
35t:ined by 1% feedint; Mck of output voltoqe in-phosr 
with the input ~ l t a g e .  In the dyncwon it is inherent within 
the electron tube. Tnus, in tire sor~ventionol feedhck ^"""' t raii..~ or, IS ihe plnte voltorif. is inneosed, the oiate cur -  
rent i s  olso increased and the amplitude of oscillation is 

- 3  ' : - : . - A  i.. IL- -nl..ol cllnnl\r i,nltnno In ?he p"",""'~ .':"'LC" ", Li,. r".. -1 _lrr., . ...~ , 
dynatron, with the plote operating at o lower voltage thon 
the screen, a s  the plote voltaye inmeuses tne plate cur- 
:ezt d r c r s i e r  As :he pl;!e current deceases,  slnce 1i.e . . s;pz!%! vc!tcqe remmrta aubs t~n t i~ l l . f  thc sar,? (~2n:ide:i?; 
a regulated supplyj, tnere is more voilaye avoi1oo;e tor me 
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loud. Thus, a s  the tube current becomes smoiler, the volt- 
oue across the lmd builds up. In effect, the tube is releas- 
ing eneryy from the power supply instead of cbsorbing it. 
Therefore, the tube can be considered os o qenerator which 
supplies power to the tank circuit. This generated energy 
i s  used to overcome the losses in the tank circuit, and the 
oscillation builds up until on amplitude is reached where o 
state of equilibrium is obtained, and continuous oscillations 
are produced without any externol feedback circuitry. Ail 
that is required is to shock excite the tank circuit ir.to 
oscillotion, and once started the action continues. Starting 
is produced by turning the circuit on. The initial rush of 
current to the plote produces o tronsient oscillation in the 
tonk circuit, at the approximate frequency to which it is 
tuned. In the absence of negative resistance, this oscilla- 
tion would quickly die out, being damped by the positive 
resistance of the tank. The inherent negative resistance 
of the tube, however, provides an effective in-phase feed- 
back. Consider the tank circuit ond its operation. In an 
oscillatoiy condition, the coil and capacitor ore interchong- 
ing energy. First the capacitor tends to charge as the 
trcnsient increases, and the charging current flows through 
the inductor in a direction which increases its magnetlc 
field. As the transient reaches its peak and drops, the 
magnetic field about the coil collapses and induces o r e  
verse voltage in the coil, which i s  in the direction of copaci- 
tor discharge. Consider now the instantaneous a-c mm- 
ponent of plate voltage. As the transient increases in 
amplitude, the total effective plote voltoge i s  increased 
and the instantaneous plate current i s  reduced. With 0 

lowered current the plate voltage tends to rise, and this 
constitutes a higher effective plote voltoge. Thus, the 
action within the tube i s  such as to aid the tronsient, and 
the tube i s  quickly driven to i ts saturation region (point B 
on the plate and screen curves shown previously). At 
saturation the plate current does not chanye, so  the inductor 
field collapses and the reverse cycle occurs. Since the 
voltage is decreasing, the plate current increases: this in 
turn, reduces the ovailoble plate voltaqe, and the tube a b  
sorbs the power. The transient i s  now falling and effec- 
tively subtracts from the total applied plate voltoge. Thus 
the plate voltage i s  driven in o negative direction (a 
peculiarity of the dynatron region), whereupon the plate 
current chanye reverses itself. At this rime the capacitor, 
which i s  discharged, proceeds to charge again andthe 
cycle i s  repealed. The limits of operation ore set by the 
applied grid bias, which determines the operating po.~nt, 
and the static plate voltage. 
Unfortunately, tile effects of secondary emission ore not 
completely cont~ollable, and the setting for optimum ompli- 
tude and efficiency for each tube of the same type varies. 
The negative resistance oscillator circuits which iollow 
are considered to be better from the standpoint of stability 
and criticalness of adjustment than the dynotron circuit. 
When the tank tuning capacitance is reduced to thot of the 
tube elements and leads, the output waveform i s  considera- 
bly distorted, and operation approaches thot of the relax- 
otion oscillator with the frequenq of operation being set 
by the time constant of the resistance and capocitance in 
the circuit. With the tuned tank, however, the onqular fre- 
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Since r, which represents the UT resistance of the coil and 
leads, i s  usually only o few ohms, whereas the negative 
resistance p i s  seldom less than two or three thousand ohms, 
the frequency of oscillation is practically equal to 

in p which result fromchonges in the supply voltage have 
negligible effect on the frequency of oscillation ot the 
threshold value, where p is equal to or less than 
L/rC. 

FAILURE ANALYSIS. 
No Output. A no output indicatio:~ will te coused by 

lack of supply voltage, or by a plote voltage which exceeds 
the screen voltage ond places operatior. in the positive 
resistance region, producing a non-oscillatory condition. 
An increase in coil resistance due to poar contacts or 
soldered joints can place operation in the non-stortinu 
reuion: such resistance will be so hiah that it will he 

~ ~ ~~ 

revealed by o resistance analysis. With normal voltoges 
applied and no oscillation. either the tonk circuit is short 
circuited, ar the secondary emission has changed and re- 
quires on adjustment of plate, screen, and q i d  voltoges or 
o change of tubes. A change of load can chonge the nega- 
tive resistance values and place the circuit in the non- 
operative region. In this case, removing the load will 
restore normal operation ond indicate the source of trouble. 

Reduced Output. A primary couse of reduced output, 
whichis common in this circuit, i s  for o chonge to occur in 
secondary emission, requiring a readjustment of operating 
voltages or the selection oi anotiler tube. A chonge in q id  
voltoge to an operating region of small slope will also couse 
an amplitude chonge and reduced output. Such a condition 
will be evident by a grid valtoge check. The reduction of 
applied plote voltage through o defective voltage divider 
can also couse the same condition. Thus, voltoge and 
resistance checks should quickly reveal any defective com- 
ponents. If the trouble stiil persists, either replacement of 
the tube or readjustment of the circuit voltages i s  in order. 

Incorrsct Frequency. Changes in lwd or changes in 
applied screen ond plote voltages will chonge the frequency 
slightly, but the effect i s  usually negligible. Since the tank 
circuit i s  the primary frequencydetemining portion of the 
circuit, any larye frequency change will be due too  chonge 
in tonk circuit parameters. Usually the tuning range is 
sufficient to adjust the circuit to the desired frequency. 
Once properly set, any noticeable frequency chonge indi- 
cates either ambient temperature effects or poor contoct 
resistances (soldered joints) in the tank circuit. Otherwise, 
the tube parameters have changed and selection of a new 
tube is necessarv. 
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TRANSITRON (NEGATIVE GM) OSCILLATOR 

APPLICATION. 
The transitron, or negative transconductonce (g,), 

oscillator i s  used to supply a stable sinusoidd waveform at 
audio and low or medium rodio frequencies. It is used 
mainly in test equipment, receivers, and iabrotory instiu- --..- .L-. ..... :.- . -:-..I- L--> -... :.-L:-.. --":I,".-. 
i , , ~ , , , ~  L,>", .cyu.,= u O.,X,PLb L"A,,"=...Lb,2..," "=-L.."L"L. 

CHARACTERISTICS. 
Uses the neqotive transconductonce effects 01  a pentade 

to provide negative resistance type of oscillation. 
Uses on external capacltnr coupled between Lh,e sup 

pressor ond screen to obtain r.ego:ive t;anscond;ctance. 
Stilizes o twn-terniaa1 tznk circuit t3 derenine t re  

!!?:.ie?cy C! cp:>!l?::. 

CIRCUIT ANALYSIS. 
~ e ~ e . m l ,  %efi 2 aecptiye .7~ i~z4e  1s ~x.!.e,j t; ::,e =;s- 

pressor q i d  ci 3 pentode, it n l ~ i  rmsr r;rcrra:,i lnvr !;uvr 
passed through ine sneen grid to return to the screen qil& 
If the negative suppressor voltoge i s  decreased (mode -,ore 
pcsitive), more electrons wll! be ottracte.' 13 the plzte, 3c? 
tb,e screenqrid current will be reduced. Thus, the screen- 
to-suppressor transconductonce i s  negative. With proner 
voltages and circuit orronuements, the screen current .will 
decrmse with a small positive voltoge increase on the 
suppressor, even when the screen voltage is also increased 
on equal amount. The accompanying f~gure shows rr typ~cal 
screen current versus screen voltoqe cnorocterisric mrve of 

w!,;ci, ::s s&ppr=ssor cJup]e; :;:e sc:e*(l 

!nrouyh a capacitor. The typlcoi C~storted '.lazy S" pattern 
i~dicates  tho! there i s  a ceantive slcpe. Th,;s, oscill~tior. 
will occur I! on L"' tank clrwlt is connectea!!n the scree- 
ciicuit. 

. , , 
7 ' " '  -?rrnl ; .i,.,s.... .,-,;<, !l"rly, ,.,* ,,1" :,r ............ ,.~. .... 

, . 
o;i ustea to m-t.- .. ,". .- <,,e ..-, u,,,ad...  , - ,  -, .,eqo:i.de -. :es~stx:e d e  
veloped. With the negative tronscanductonce orrnnrjernent. 
the control and development of the neqative resistance 
effect is by electrode ~0113.~es 316 ci:mit p:amete:s. 
-b .- t L  . ,,,, ,,e tronsi:ron ascillalo: docs not ?e& ;-on CCC~:?~ 

cry emission far its ssei;ti;n; ::,e;e!a;e, it ices  n:: b,o.:e 
r k  ~~nciesirohie !mt\ires 0: the dy~ukuri  ua~iiiutut, u L < i ~ ~ ~ i ~  
. . . . . .  . . . . . . . . . . . . . . . . . . .  .,,= L,,Lu,L *a a"...L .... ". .,.u.- -"...? 

Circuit Operotion. The schematic of the iusic transitroo 
osc~llotor i s  shown in !he accompanying flqure. In  th:s cir- 
cuit, the LC tank is inserted in the screen mid circuit, and 
the sneen i s  capocifively coupled to tne suppressor throuqh 
capacitor C,. The output is token ca;acitively from the 
screen circuit thrDuqh Cl. 

Basic Ttanritron Oscillator 

Cotnode bius is employed, ond tile q id  is returned to po- 
tentiometer Rk. Voiiatlon of the negative grid bias permits 
t ie  slap? o! the ne9otive transconductonce region to be 
controlled. Thus, b t h  autput and linearity control ore 
."....< ,, .... L ...-. :- - , - - - A - .  -..> .... -. 

. i . .  :: %.?r ill.;; :.- ..uLCl ,>' ' ",,"LiJ "- r~ 

lentla1 witn respect to the screen q l d  by means oi ine vilt- 
sqe divider  oilsi is tin:: o! 51 ond 32. The Sasic arronrjr 
Tent : S  tb,e s a m  as :n the dynotron asciilotcr, except rnlt 
!:e >ento?. hop ?:: ~?Ci!!nnoi e!e-,ezt, !?e s2:presscr. 
Since the suppressor is iomted "etween the screen ani 
oiole, i! wiii mntioi the current between these elements 
*be:, prc;cr!y tiCS&. 'rc pro.'xcz t h ~  le;ct:.re t:ccscol. 
ductonce, the 5mi.pn is capori!ive:y coupled throrirjb = t o  
the suppressor, 2nd the sdppressor is ret~:::e.' 16 j:cxd 
through 4,. P.s o resui! o! these connections, instontaneaus 
0s variations of !he screen voitoges 315 e!iectivei.; 2 ; ~ i l e ;  

to the suppressor, an3 i.c vnriot~ons are eifecred :r.iougi 
tr,e n; netwo:x in  ;;co;%;:,ce wlth tne ti7.u ccnsmnr. iar  
xoper operation, it 1s imperative tnat the reociancr 01 C, 
at the noeratinc~ frenueom be very small as commred *ilth 

~~- .~ ~~ ~. , ,  
L,,C ,c>.aL",,"= <. 1 ,*. :<.;s 2s ~ 2 C Z S S Z ~ "  2 2,,SuIc ,LC; 
....... t, ~ > :  r . .  . .., L... ~., .......... 
u$"L,,L.,2>:, 2.. 2 2  >.I= , = = d w . A  ",a.:d,4= d U P C . A >  "'-."*a . .< . . .  . . 

~~ ~ ~~ ~ ~~~ ~~~ ~ ~~~ ~ ~ ~ 

L , , u ,  "r," ..tL.c "u.,"~d= .,",Le< dL,:,,,, dLL,:,>, ,..> *,>c,. 
,* 
,c b s  a iJrge value oi reactonce. ;k.e etieci cu! :ce wli- 

. . . . .  . . 
",<= d..I"CL Z*.LU.l L a  .& .C"d"* i1,c icc:LPdux d,." .-:dCd-c " 

iii(9ei aeqatlve ieslstance, w h i m  is lot 3esire.5. . ~ .  . 
?rlt,, "r , , I ( , "  rl,,:,j t L,; =;e, t . , , t !> i!r ,.,>;.,.., ir 

~ ~ ." ",.-" -u..-... .... .......-.... . . ~ ~ , , . .  , _ijl .-.- .... ..... 
~ ~ 

piote currents ti,): iespectively. Voriotlons i n  suppressor 
voltoue (e.,,) hove iieqiiuible ei:ect on the !;to: number o: . - -  . . 
electiocs lea-ling the ectoo? k o u s e  o! the shieldmy 

^' .ha ;rr *;.., -.,A ,.*.' .... 2 -  ,-p.nccn. ..- ,, "~ ..-. ". ..,." b.-b.. >" ....-. y.."". ..,-" -??.. "U". 9 . . A  

..^I* -..e .... A^*-  -̂ ".,̂ I ,..-A ...,c, ̂ " .̂ ..,, .. .u..u.r , ,.....- .'. . .....- ...,... ... .,.' ". . .-..... -. .... -;cce 
LU, ,~ , ,<  m;?.ce,> t , , ~  ~ L , < = , x  ",,C ~ i a t = .  :.iz&,,," t i ,?  ~ " ~ ~ ~ ~ ~ -  . . .................................. . .  ....- ............ .......... -. . . . . .  
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electrons passing throuqh to the plote; consequently, the 
plate current, i,, increases while the screen current, is,, 
decreases. On tne othei hand, making the suppresm volt- 
age more negotive results in  fewer electrons being passed 
through to the plate, and a decrease of i,, wltk an increase 
in i.,. Typic01 vcriotions of the screen and plate currents 
with chonges in the suppressor voitage ore shown in the 
accompanying qoph. A decrease of 1.. ,with, on increose 
of e., indicates the existence of o neqotlve transconduct- 
once between tile screen suppressor r~rids. Since the 
reactonce of C, is neqligible at the frequency of oscillo- 

Plate ond Screen Currents v r .  Suppressor Voltage 

tion, the alternntlny companmts of the screen voltoye ond 
the suppressor voltoye ore of the some polarity. Therefore, 
on increase in screen voltage instantaneausly increoses 
the suppressor ~ l l o g e  and, because of the negotive trons- 
conductance, decreases the screen current. Thus, the 
negative transconductance of the tube produces, in effect, 
a negative resistonce between the screen grid and cothode. 

'When the vansivon oscillator i s  adjusted so that the 
negative resistwce i s  smaller than the vohe needed to 
produce continuous oscillations, any brief oscillation or 
transient caused by closing of the plote switch is amplified. 
As a result, the operotinu ranoe on the screen current versus - .  
suppressor voltage choracteristic curve is increased, and, 
because of the curvature of the charccteristic, the overnue 
slope of the part used i s  demeosed. Since this is the some 
a s  increasing the volue of the negative resistance, the 
mplitude of oscillation increases until the value of tile 
nqotive resistance i s  such that it mointains a constant 
amplitude of oscillation. 

Dstoiled Anoirsis. For oscillations to be sustained. 
the losses in  the tuned clrcult must be replaced by enertly 
supplied from the elemon tube. The losses produced bv . . 
the circuit resistances are best illustrated in the accom- 
ponying transitron equivalent circuit. 
The nqative resistance presented by the tube to the tuned 
circuit is represented by RN, and the tank circuit losses 
by R t  in parollei with the LC tank. The shunt resistance 
of suppressor return resistor R., and imd resistor RL are 
effectively in parallel with the negotive resistance and 
the tank loss resistance. The sum of RL, Raw and Rt is 

ORIGINAL 

NEGATIVE , 
RESISTANCEi RESISTANCE i REACTANCE 

Tronritron Equivalent Circuit 

the effective positive resistance. The current in RN must 
be equal and opposite to the total current through this p s i -  
tive resistance. If RN is larger than the positive resist- 
ance, the current through RN i s  too small and the oscilla- 
tions die out. If RN is smollei, the current is tm large 
and the oscillations increase in amplitude. When the cur- 
rent through RN is just sufficient to sustain oscillations, 
the circuit i s  the equivalent of a sir-le LC combination, 

md the frequency of operobm IS: f = - 1 

277 

F A I L U R E  ANALYSIS. 

NO Output. The loss of plote voltoge due to defective 
divider resistors, the lock of screen voltage due to an open 
tank coil or a defective S U D D ~ Y  source, or a defective tube . .  . 
will cause loss of output. A change in the value of the 
feedtack comcitor con reduce the feedtack below the 
om7unt required for sscillot~on, depending upon the frequen- 
cy of operation, High resistonce coil mntocts (pwr solder 
joints) will also cause circuit losses high enough to stop 
operation. Since there ore relatively few components, trou- 
ble should easily be isolated by o voltage check to deter- 
mine proper operating conditions, and by o resistance 
analysis if the voltages are apparently correct. It should 
not be necessary to select tubes to produce oscillation. 
becouse, unlike the d~natron, the circuit is operable regord- 
less  of secondary emission. Restoring oscillation by the 
selection of tubes indicotes insufficient feedback between 
the screen and suppressor due to incorrect or chonqed values . . 
of R, or C,. 

Reduced Output. Excessive reactance in the suppres- 
sor-screm feedbck circuit can change the negotive resist- 
ance value and reduce the amplitude of oscillation. How- 
ever, reduction of output is more likely to be caused by 
excessive bios on the control grid, which will restrict 
operotion to a very limited range of negotive slope. Also, 
excessively low screen and plate voltages will muse a 
reduction in overuli amplitude, even though the tonk cir- 
cuit at resonance will provide on increase of output. In 
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oscillators coverlnj a aide frequency inoge where the feed- 
back copacltor 'value 1s changea by n swltchinq nrr<lnqe- 
ment to produce aptlmum feedback, dl!!lcu:t;es mth sw~tci; 
cont3cts ~ 3 y  cause loss 0! amplitude on 5oi.e of the ronles. 

!.;or:=:$ F:rqurcc; =r ! . ~ ? ~ b i l i t :  S!nrp t h ~  tnnx c i i -  

cult is the ar!n;aP, <rewe-cydetillmining eiemell, nornol 
vnr!ntilnc nf i r q ~ : ~ n ? ~  i + e  to ooinrj of components shouio 
be e ~ s i l y  compen;a:ed !a: by a',justmmt a! the !un:ng 
ropocitor. Nter the copncitor 1s od!!bsteri, i f  the fcc:quenq 
varies it i s  probably due to the eiiect oi ambient tempera- 
'uie cb.arqes c: r-f hmt:n? on the tcnk ~n?lx!cn:;.r :?rd dis- . .  -3; '.. '.?.,,"t~~ - >,>,'. 2 %  ,flC?. 

KALLITRON (PUSH-PULL) OSCILLATOR. 

APPLICATION. 
.!?,e ?LS~-?~J!! necati,:e :es:s!wce ! S D ~  .-.i osc!ll~tnr. 

4. i?~n 7 5  !re ~ ( o l l i ? , ~ ~ ,  I ;  ! i w  to ?TT-I:~,? ?:re n:,c:* 
..>.>. e"".. .. -.-,. . ,,* , " ,  

,#L,  .,,<> '" .,,,-, ...... :>.v :.::r,l:;:. L,>!ltrll i, ?: I ,>? 

is n ~ s : ! ~  conji-e? 15 !dcr?!c:;, t p o  ~ d l i .  ? m ~ r ~ t c r c  in4 

test equipment. 

CHARACTERISTICS. 
tises two tuoes in o pusn-pull ieedbaii: arrunyement. 
Uses a tuned LC tank ta determine freqlienq of me;- 

,:tion. 
Produces a sinusoidal output waveform, with low hoi- 

manic content. 

r!arv!T A U ~ L V S ! S ;  
ienarm!, in - :i13r"e.: " , , I !  ...... ,, . , ,: .......>.... ,r ,."<.,rru.. -..-... n ...... " ...?. ! 

voltoqe applied, the quiescent plute currents i l n i  voltoyes 
are equoi.  iihen ail ina,: 1s ajaiie;, iiist m e  t;oe con- 
ducts, ond then 1t.e other candacts. Assmlnq o sine wuve 
input, 3s tube 1 qoes throuqh o ~ s i t i v e  ;?id excursi ln, it 
develops on inverted polarity .oitpu! across its plnte lood 
resistor. if inis inverted ~ U I G U !  i s  uppiled to tile rpid ot 
tube 2 ,  a positive output will be developed in the plote 
lood 01 t u k  2. If the plate output of tube 2 is fed back to 
the qrlrid iif tube i, i:lc p o i l i i ~ i  .:.,>~t E:x;~:;~c: iii!! kc 

:ions equoiiy. .As the :nput wovei  
~ ~ > d . , i i ~  &tic., x:";:, xi;:. $5 

900.W0.102 OSCILLATORS 

T O  TANK 

4 

plates. The second horxonic output i s  effectively reduced 
by !i;e push-pull oction, and the third harmonic content is 
reduced by the tuned circuit. Therefore, the output woveform 
i s  relatively pure, novlng G minimal lrount of ?or;lonl: 
3;stortion. 

Circuit Operotion, h e  scnemotlc oi a typlcoi Kaiiliron 
oscillator is shown ir: the accornwnying illustrotior. Usual- 
ly o dual triode in one envelope with its accompanying 
circuitry is #used to provide, in zffect, a sinqle tube oscil- 
lator. To keeo the push-pull relationships in balance, t he  
u ! !  i enerdl i .  toke? izductiveiy, but it -cy Se !Ilre? 

In push-villi tnrouyn a common cotnode Dios resistor, it can 
he seen that as the plate current of tube 1 increases the 
bias also inamses ,  and, being applied to the V2 cathode, 
it .............. ?".. .. ". ... uLca e bu,,e,,, ". ,,,E L. 02 <he other !isif 
cycle, the operotion is reversed, with the V i  current de- 
creosinq and the \'L current increasing. l?le net result 1s - . ..b,..,.u.. ..o..~:-.i>.~n -,.- r~..r.n .....,......... in m t i r ~ o  niprant Fendhackis ?h 
txcr?  by cross,-onneiting t : e  jiids and plctes :i..;ocgh C_. 
.", , , - , 2 ' 3 "  , . .  " .... " .... ". 

P Z Y L ~  L Y  ii.il ezscs, 
.-?,:?!-.-: ti- :mi!??? nn '$2 . J ~ ~ d  7" i n ! i  whl i - i  i n r r ~ o s ~  
the plate voltage of V2 and feeds  b o c ~  a rising wid voltage 

, , . . . . . . .  . .~ -- .L . .---- ., ",.","*LO "-"a: 
L U  r ,  + I ? " .  L'" ..CII'* ". ".' ",. Y1-,i .,....,. -,-.. --...-..... ... - ."..^..-Y .... .........' .> .. ,<. ; , i , : ; . .  :- ,.i.,,:i,!:i,! L." i,i',",-,i: . ,  Ti- . . . . . .  . . . . . . . . . . . . . . . . .  . . .  .. , ,  . ,  
i C . j  i i i i  , i i . i  i i a r r i i : > ,  : , s ,  41.: ;ie :;:*" ' ....<. 1; ..< rryri,l;.i, - - 
,,? , , , < ,  " ,,,,, ;.- .'.~" ,~%4:-+=) *?  >-,--a. ,<.?, h,, !r,E . "l"" "...r.ur ." -- ... ..< ..... 
~ p p i l e i  i n t e  voi!aqe n ~ r i  fir uoiuss oi the giate i m d  r e  
z/s:0:s. Uc:veue: t te  xoc! E.!!CCI~V~ -etL.08 1s !c d ! ~ s t  

... L I . .  L ........... -,,.. :- .L," 4 *...- 2 .-"I.,., 2" 
. .  ; , . .  l. . . . . . . . . . . . . . . . .  
:%c!,:,i:., :. >(:! ::; :>pe!,,,+ ~ s ~ e ~ , t , , ~ ~ ~ y  ;s $7;s, 

,,> pn : ,. . , . , - - , 7r:cr. 51 t!le 9:i.i cotplinq ri:.,cttai i h  s ~ i . ~ ? ?  ...... 
" . * .. , . . - , .,i ,in ..... 2 8 -"b ,...:. i.... ., I , . . ,  I .  ;:>., .............. ..., .................... . ,. . 
,""'j?:i "U,. ,a:!,-: I.,? ;Pr..,c,n:.< 15, 7 !  ,: z , , :z ; -  . ,,  >:,: L , # ?  ---. - ~ . % .  , ,  
.. I ..I.... L. .--- --..4 .. -,.*-. .k" ....... -:,.- ... . .U:lll - . / _ u i i  . A #  ih i"././iLiC. . . . i /L ,  , ..,,. 
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OUTPUT 

u+= 

Kallitron (Push-Pull) Oscil l~tor 

typical neyotive resistance characteristics, os illustrated 
in the accompanying figure. 

Typical Current-Voltage Characteristics 

With the feedback action now understwd, it can be 
clearly seen that when the LC tank is connected between 
points A and B it is alternately charged and dischorqed at 
its natural resonant frequency. Since the voltage on one 
plate i s  increasing when the voltage on the other t u k  
plate is decreasing, points A and Bare  olwoys of opposite 

potential. aith a low-resistance tank circuit in ploce, the 
negative resistonce action, produced by the tube operating 
ot reduced conduction, effectively supplies energy to the 
tank circuit to overcome its positive resistance losses, so 
that continuous osciiiotion is mointoined. 

FAILURE ANALYSIS. 
No O~ lpu1 .  Lack of plate v o l t a ~  due to on increase in 

external load resistance or short-circuiting of the supply 
will cause lack of output. Since the neyative resistance 
primarily depends on the amplifying oction of the tube, 
insufficient omplificotion may also result in no output. Any 
chonye in the feedback circuit which reduces the feedback 
below the criticol point con also stop oscillation. Since 
these conditions are generally produced only by an open- or 
short~ircuited component, resistance and voltage checks 
should quickly isolate the defective component. Tank cir- 
cuit losses resulting from shorted turns or from increased 
resistance due to poor contacts (pwr solder joints) can 
also Le o contributing cause. Shorted turns will show up 
a s  o change m frequency if the circuit oscillates at all, 
and excessive resistance will cause reduced amplitude if 
it does not entirely stop oscillation. 

Reduced Output. Excessive bias resistance will cause 
a reduction of amplitude. A reduction of applied plate 
voltage will also reduce the amplitude, but it con easily 
be detected by o voltoue check. Chanues in the feedback 
capacitors or the grid-ceok resistors will also reduce the 
amplitude. Checkinq the capacitor with an insircuit 
capacitor onalyzer will quickly determine whether the 
copocitonce is correct, ond a resistance onolysis will 
determine whether o grid-leak resistor has chonyed value. 
A decrease in the omplificotion factor of the tube with 
aging con also reduce the miltput. SuLstitute a known ywd 
tube to determine whether the tube is ot fault. 

Incorrect Frequency or Instabil i ty.  Since the tonk cir- 
cuit is the primary frequenq-determining element, major 
frequency change would indicate the possibility of shorted 
turns or a reduction of copacitonce. The nature of the 
trouble i s  indicated by the direction of the frequency change. 
Thof is,  an increase in frequency indicates shorted turns 
or o reduction of capocitonce, and a decrease in frequency 
indicates an increase of capacitance, since the number of 
turns cannot increase. 

Usually minor frequency changes, which may be produced 
by slight changes in plate voltage with changes in lwd or 
line voltage, con be compensated for by retuning the tank 
circuit. Since the stobility of this circuit is normally 
Letter than tho1 of either the dynatron or tronsitron, smoll 
frequenq changes will require the use of a reliotle second- 
ary frequency standord to determine them. At the frequen- 
cies used, chonges in tube element capcitonces with tem- 
perature i s  rother unlikely to affect the frequenq. Unstotle 
operotion might possibly be caused by o reduction of the 
tonk copacitonce to a minimal value, due to such trouble 
a s  defective bearinu contacts in the tunina cooocifor. This . . 
could produce a distorted woveshope and possibly result in 
the relaxation tvw of oscillotion. Such operotion would be . . 
ev~denced by abrupt changes in current ond voltage from 
one value to another, and the frequency would, no doubt. 

ORIGINAL 
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be out of the irequency range for which the circuit was de- 
signed. 

TUNED-LINE OSCILLATORS. 
A s  the frequeiicy of operationextends iilto t>e VliF ocd 

~ ~ 

UHF regions a d  into the microwaves, it becomes more and 
=ere $ffiC"k to prG*Gcc osci]la~oEs 2ziny c-?. :e>!iy,c! 
electron rubes. At h e  exrremeiy hiyh frequencies even ihe 
best oscillators ore not .very efficient. The diffi;-lties of 
hiyh-frequency operation involve the constructim of the 
electron tube. As the frequency increases, the transit time 
between electrodes must be considered. Also. !he tube elec 
bodes hove capacitance between eoch other and ground, ond 
tieir Ieods have inductance. A: the lower frequencies these 
c c ~ c ? ! x c r s  ! n i ~ i i t , ~ n r ? ~  ,re n~,:l.qir,l+- 1s i n m ~ r e a  
wlth the other lumped circuit camponents, but at the very 
hiyh frequencies they become !:e malor pait of the circuit. 
miird oilen rilust ke niniiiliitd ia ixtiir& :LC uppc: !re j;cnc~. 
i ~ m ~ r .  To minimize lead inJucronce, eiection t u k s  ilit 
demsed (no base rs used), tiiey use l a y e  leads to minimize 
skin effect, and sometimes have their qrids or plates brouyhi 
out through the envelopes. To reduce interelectrode capaci- 
tonce, tubes ore m~niaturized to make their elements smaller 
(this also reduces their power-handlinq capability), and 
special construction in the form of o planar triode 31 tetrode 
is used. (The planar type of construction uses o single 
flat yrid (or plate) through which the electron stream passes, 
instead of grids or plotes made up of wires or screens, 
which ore "wrapped" around the emitter a s  in mnventionol 
isbe const-?ritli.il.) Eke oiiginol .'?ri.votion of the planor 
tube was the well ~nown iiyhinouse rube ioiso miled disc  

...I tube), which is so named because of its phys~csi 
resemblance (three or more stepped cylinders) to o ltgnt- 
house. These tubes utilize coaxial and planar elements, or 
rings, with direct physical connection to the electrodes 
themselves. There ore two forms of oscilliitor used. 3r,e ." I--- .......... ,.,h,-h -,," "per~tes in L,e VUF r q i w ,  uses n s p c ~ n l  
socket ond its operation is similar to thot of a mnventional 
LC oscillator. The other, which is used in the UtlF region. 
incorporates a series 01 coaxiai cylinders Into whlch the 
lighthouse tube fits a s  an inteyral p r t ,  forming o t ~ n e d  
line coaxla1 oscillator. Tubes used for low power and 
receivlny purpose ore usually prov8ijec w~Ih convent~~nai 
pin type sockets, and those used for tronsmittiny ore either 
provided with a special socket and plate cmllrlq fins or ore 
inszrted t:,s :aiit~es cr ;.:es :c :c;; c c ~ z p c z :  a;;:. 
T!,e co$i5tIuc:mfi c: a :,?xc: :;he js ~i!z~t;z:ei iz :hc 
occdr,pcrlyir$,j ;,qure, 

in addition lo the crnrxloi line osc~liators, ilinej trans- 
, .". 

rniSSii)r. iii.c, "i i C L l . r i  +;:,c, i > i l r , i i " i a  ric ;isi A,C>. 
tuned lines in  these osciliotors are arrongea piallei  ra eacn 
n r h ~ r ,  b ~ ~ b t w J  uf a i i ,~<, .~e< c,:,mi,>l!.+. A: ::,e h;e;  
,re",, . .,uenc;ri tcs line- ;re _sed is ii.?ua;xes an,? a:? 
with o shortiny capacitor. At the hiyher trequencles they 
ore tuned wlth o shortmy bar and operote essentially as a 
quarte: wove tronsmissian ilne. 

The tuned line con he su'.st?tu!ed for on LC tank circuit 
beijuse it possesses the so-e p:o~r!!es as the t!.?nM 
,mi. &i,e,, ti,e i,i,6 is EiGc;;" z TuGrte? .&~.fe:sc"t:, ~ G Z G  

I... _ _ I  ............................ ,.- """.-" ..,, ................................... 
---- :. ̂ .^r^^,r n i;.,,. ,-^nrinnro ", ,ho i " " ,  ""A " 
"$,C,,, ....." -,,. r .......... -. ................ 
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im-Annm nt th- (OI ~ n d  When it is coupled t o o  source .... """ -. .....-...... 
a hwiY cii;;e-. .,:!I '!".., ," ," ,,, *,.A ,.,.. ;,. .:,e line at !he short- 

ed end, but only n small current (or no current) will flow at 
the open or input en-, bemuse o: !he high inplit impeaonce. 
7his effect is exactly the same a s  that produced by the 
conventional LC tank; therefore, the quarter-wove l i w  con 
be substituted in its place. 

iise oi the rronsrnission line tuned circuit provides a 
hiqher 0 and lower losses than i s  possible with convention- 
al lumped inductnnce and capacitance. Tne hiyher O is 
ottoined kcouse tile resistonce uf liir line is lou for o 
given value of reactance, since O i s  equal to X d R .  The 
low resistonce i s  obtoined by uslnq reiatlveiy iarye dia- 
meter ~8~bing, s i ~ c e  dl  cadid frcqhi2r8:ies Z~rrer.: f!m;s cr. 
the outside of the conductor becodse of skin ef1.c~. For 
UHF appllcotlons this ioss 1s mode even iess by siiver- 
?. ..... - i.".. .... , i:," ........... .... ii,.b ,:,i ,:m-:.,ctai, g; I:,=: !i,* :.: ,-,j;;i.n: 

!lows !Ir?c$ n highly r nn r i l i r t i v~  pntn ol a i iv~r .  Fnr 
: : - ~ . l ~ ~ . , . k "  ---. ??...".? ...- -"""mp,,;- ,,,- 1;"- < <  r .en,,en,. ....,.. ." uu ........................ . . 
iy -s&, and for ~ s h - p u l l  z i r c ~ i t i  hlnnzed ?~3-wire !me 
-:I<-- - ""*  ".."" ,>?-? ", !,,.,",."""~,,,.:"!:",,~ -",, -..... c . - . .  - ,- - , .  ~~ ~~ ~ ~ . . 
urso te use<,. Yne mi,iei,iiic i1i.t. nos 1r.e ;;A;:;on~l 2;- 

8 - m t n r m  +hnt  *h- nlifer mn.il:rfnr F ' I I P ~ ~ S  !he i"ner ~nn?.:,-tnr .-.,.-yu . .......... 
2nd !.us iduces  :cwa>!e.' 1cdi7ti~r !:or !"ck to ? 

minimum. 
An inc~dentai feature oi tile q u ~ n e i - w ~ v e  bansmission 

ilne lank results from the use 01 the hiyh-impedance properly 
at the open (input) end and the low-impedance nroperty at 
tne outptit end to instilore h e  line os for as r f  is concerned. - . ,  

^ . . C  .^.cnn..r: -.: ,,: i:,.. : I , , -  ,,,,," .i, i , ,  : :" :i i j t  ,i,- I,-: ... - - ... - -. . -. .. - - .. - ................ ............... . , " . , ! , .  ! ; .  iiii..?. . 7, ,s  !,p;r,; 

!n re i l#>re d i ~ l w t r i ~  10ss.e~: which otherwise would be intro- 
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duced if on octuol ir,sulotor were used. Unfortunately, this 
feoture cunnot be used where 3c is opplled to the line a s  in 
series plate feed arrangements, but it can be .~sed in shunt- 
feed oirongements. 

The tuned lines and circu~ts discussed in this section 
ore conflned to negative qrid oscillators: that is, to oscll- 
lators where the average qrid voltage is always negative, 
since there are other special oscillotors (such os the 
Barkhousen-Kurz and Gill-Morrell oscillotors) which use 
positive grid aperotim to obtain UHF oscillations. This 
clossificatlon is necessary to ovoid confusion, 3s both 
groups o p e o r  tc ce identical scllematlcally s t  first gisnce, 
sinc? htl- f ~ o ' 3 y  V~ci jd lines. The p o s i l l ~  grid -ialtaqe 
i s  the major identifying feature of the postive yid  oscillo- 
tor, and the ci:;u!t s?erntion is entirely different from the 
operation desnibed below. 

Because the reactance of the tube interelectrode copxi- 
tonce and dlstiibuted circuit cojncitonce i s  small of ultra 
high frequencies, the c i r c u l ~ t i n ~  (or charq~nq) current in 
these capacitonces i s  iuye. It is on tile order of many 
amperes lor large power tubes. This high current adds 
nothing to performance, ond may cause damage. Because 
of skin effect, the current follows the surface ol the melol 
electrodes of the electron tube, and causes localized b a t -  
Ing of the seals, sometimes causing cracks and tube failure. 
Thus, in UHF oscillators the tuned circuit is designed to 
have a hiqb inductance ~ n d  the minimum capacitance thot 
will resonate the tank to the operating frequenq. Tuned- 
line tanks provlde the required high inductonce with a 
minimum of copocitonce. Thc trend in present day tube 
manufocturina i s  to employ ceramics instead oi glass a s  . . 
dielectrics, becouse of theil better heat resistance and easy 
machining properties, in addition to the reduction of inter- 
electrode capacitances. The push-pull circuit effectively 
reduces these copacitonces to half their normal value since 
they are in series in push-pull operltion. Although on open 
transmission line hos some eddy current and radiation 
losses, close spociny to less chap one hundredth ol o 
wavelength (a few inches) causes the field around one 
conductor to neutralize the field around the other. Radi- 
ation and eddy current losses ore thereby m~nimlzed, but 
not as completely os with the shielded cooxial line. 

The Q of the quorter-wove short-circuited section of 
line i s  much higher than that of the conventional tank cir- 
cuit because larger diameter conductors can be used than 
in the convention~l coil, maklnq the skin effect less. 
Specially construded ipionor) tubes extend the transmlsslon 
line os o port of the tube leads. Thus, the interelectrode 
capacitances and lwd inductances of the tube ore all in- 
corporated a s  a port of the tuned circuit. 

Transit time produces two different effects at UHF. 
(1) It causes the plate current to log the grid voltage by o 
smoll angle, so that the phose difference te:ween the plate 
current and plute volt3qe i s  greater thcln 183 deqrees. As 
o result, the power output i s  decreased and the plote dis- 
s ip t ion is increased. (2) The transit tlme permits on 
accumulation of eiectrons on the grid and causes q i d  cur- 
rent flow, even when the q i d  is negative. T h ~ s  produces a 
q id  loss which is simlar to the loss incurred by shunting 
the grid wwh o IEi15107.:. At nxtremtly nigh frequencies this 
loss 1s so ;imt t x t  t i e  effect is as though the shunting 
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resistor produced o short circuit between yrid and cothcde 
and prevented proper excitation of the tube. The y id  loss 
olso results in the development of heot, whlch can exceed 
the tube rotings. 

Therefore, while tuned lines, toyether with speciol tube 
construction, offer a portiol solution to the transit time prob 
lem, o different kind of generotor other than the simple 
ultraudion feedback arrangement is required to operate at 
UHF with reasonable power output. The liqhthause tube 
provides efficiencies on the order of 48% at 500 mc to 10% 
at 21W mc for C'N operation, and 52% to 35%, respectively, 
for pulsed emissions. The present day trend is to use 
klystron generators for UHF, plonar tubes for VHF, ond 
either klystron or magnetron generators for microwaves and 
beyond. 

LIGHTHOUSE-TUBE OSCILLATOR. 

APPLICATION. 
The lighthouse tube oscillator is used a s  an r-f source 

in the UHF range far receivers, test equipment, and low- 
power oscillators or transmitters. The plonar type triode 
or tetrode i s  used for transmitters where more than a few 
wotts ore needed. 

CHARACTERISTICS. 
Uses special tube construction to overcome hiyh-fre- 

quency limitations. 
At frequencies of 300 to 1500 mc uses external lines, 

and a t  frequencies of 1500 to 2500 mc uses cwxiol cylinders, 
into which the tube is inserted as an integral part. 

Tuniny is accomplished by means of shorting bars or 
plungers. 

Has low output and low efficiency (10-30%). 

CIRCUIT ANALYSIS. 
General. The so-culled lighthouse tube oscillotor is 

operable over a large range of frequencies, and the frequen- 
cy of operotion basically determines the final form of the 
oscillator. At frequencies up to obout 1500 mc, the size of 
the coaxial elements that would be required is so yeat  thot 
external open-wire line or tubing must be used. When the 
frequency approaches 2500 mc, however, a a x i d  elements 
become small enough for practical use, and the tube itself 
can be inserted into them to form part of the line. Since 
the design of the lil~hthouse tube provided the necessary 
means of overcoming the difficulty of obtaining oscillations 
at the high frequencies o b v e  300 mc, there have been a 
number ot similar desiqns. Thus, the h s i c  lighthouse tube 
evolved into the co-planar type of triode and pentode. in 
this tube the elements ore coaxial cylinders, with the out- 
side of the ring forming the electrode contact. Planar tubes 
usino done rinos instead of cwxial cylinders con be used . . 
in moxial lines, or separately with o special socket. The 
receiving type (or low-power type) has a conventional octal 
socket using only cothcde and heater pins. The transmitting 
type requires the special socket and is usually equipped 
with rodiotion type cooling fins connected to the plate and 
normally requires forced air cooling. Where cwxiol con- 
struction is used, the cwxiol line itself octs a s  the heat 
rodiator. Since the basic lighthouse coaxial unit is repre- 
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sentative of this type of design, all discussion ,will be con- 
fined to the original type of lighthouse tube. Although now 
replaced by t u b s  of planor des~qn, the orioinal liqhthouse 
tube moy still be encountered. 

Ctrsult Operotion. The construction of a typicoi self- 
contained lqhthouse tube osciiiotor i s  shown in the 

MICA BYPASS 
CAPACITOR 

I 1 -A & 
C4TtiODE GRID CATHODE - . 

TUNlNO 
SLUG 

Ceoxiol C a ~ i t y  Tuned Oscillator 

,, sc~mpony;nQ ::lusi:o:iofi. "e iu-i;.ei ,GiSe?b!i ,:o;z;:::, 
of three concentric tubes, or cmxlai lines. Tne inner 
tubing i s  connected to the plate, the center tubing to the 
control ?rid, ond the outer tub~ng to the sneli or wse 
envelope of the tube. R e  outer tube is effectively shorted 
to the cothode for rf by o built-in mica mpacitm connected 
k w e e n  the met01 envelope and the cothode. 

The cothode (oute:! cr.? con!rol g i ?  cyiinders Lorm 
o cwxiol cathode line which is effectively short-circuited 
bv a cowcitive nonsonductino olunaer at o wig1 ,. . 
abproxihate~y 3/4 of o wavelength from the &nt oi 
connection to the tube elements. The Dosltion oi !cis 
plunger Is odjustd for the proper amount of feedback. ?Fie 
capacitance between tne plunger dleiectric ond me grld 
cmductor of the cmxial line effectively shunts the r! to 
the cathode, but does not short-circuit it for ac. The d i l  
lath between the caU.Ide arb(: ior, i i~l ijii; IS ;::~::ez 3:1 
qrid-in4 resistor S,, byp i s s~d  by y;id i;~;i:;; Cp, 
wnicn prwucrs giii-;mk upe;;;ir.g k,;;~. .:. sk,~;:;;,; 
piunqer is Inserted into the piate iine 1/4 wovelength 
irom Tile open en6 i j14 wave i:un; j h i c  iu  i s e  t?:t $;r 

circuit. ?late voltage i s  sipplied hy conneclmg R+ to me 
ziarqer. T??? +a! rtr,.,,it $,,0",Jd by  !kt? 5t:G~tifi,3 zldfi~?: 
offers o high imwdcncr to r-! energy ,z quciter xave- 
length owoy, so that no rfc is needed to lsolote the 
plate supply. Since the qrid 1s locoled approximately 
one wavelength from the open end of the line and o hiqh 
impedance is reflected there by the plote tuning p i u n ~ r ,  
the j;i? i s  ;!so p!:ced ct r s in !  I! nign !mpedmse w l h  . . .  
resect iu i u i r .  :?,u= ::re b;?i, cw;;e2gln :3zj pl::e 
..' -.- .-' .i. ....,., .-.,o,.,.. ",.oio"",& * " , L A e  

IU,,"ILL.A ",," " -___ . .~.  , 
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conductor both o n  as porollei resonant tonk circuits. The 
tuning of the plote circuit determines the opetoting 
frequency of the oscillator, and the tuning of the cathode 
circuit determines the proper amount of feed-back for 
stable oscillation. Since there is a certain amount of 
in1eroct:o~ te:reen the plate and cathode c!rcu!ts, i! iii 
necessary when changing frequency to adjust both 
:!c!!:?rs !cr n;t!m?lm n*rn!!on, 

D.iaii.4 An.lr.ii. The r-! equivalent c!:cuit o! 
the lighthouse tube oscillator is shown in the accompanying 
illusltotion. 

Liphthous. Equlval.nt Circuit 

-, 
; r:e in:e;eled:de ccpaci>nnce o! !h.e !!!ghtho~se tihe. 

plus the capacitive effect of the open ends of the grid 
conductor, 1s represectec in tne diagram os C,k. The 
net reactance of the prallei  tuned circuit containing 
CK and L t ,  sh~nted by C,,, must be mpacitive to en- 
sure that the voltage divider which they form with Cqp 
suppiies oilernoting voiloge of the proper piorliy t i  
the grid. This means that the frequency of the cathode 
tank circuit must be lower than the output frequency 
of :he oscillator. 21e  operating ::qi;enq a! :he as 
cillntor i s  determined primar!!y by the resonant tank 
in the piate clrcuit iC,, i , j ,  which is in paroiiei with - -,,, a d  the c:fcciivt i-pjr ;ipdt;nce a! the vo!ta;e 
divider network; consequently, it is lower than the resonant 
trequency ot tne piate tank aione, and siighriy higher hull 

, . - . . 
I:e4.;--.cy r'e cqih,o& :,gnk. ':j; 2;̂ ::de the ;:s;er 

!eetlrck !c suii!,~in "sciiloti~n: it LS nwes~arv  (not the 
.=:----+ ~ - .~ .  . .uy~-..- l  i.o-..---. -i .. .ha - - ? h G p  ..- 2 - ~  tlnl rlrru:! 

than !he ressnan! Irequeocy of the plote tank circuit. ?his 
.- .""--....."..a..=-.: ------':-'-A L.. "".^i..! .-.:- +,.nil" ~~~ nf the !inns Pcr:ic!i15r 3 '. 
cure i s  necessary in o~jusrrng Cne cathode line, I! tts 
!?3e ie !M ~ h ~ r t ,  i! cp?en_rs lnlisrllve nnij osciliotion 
srcps. CS the other ilond. if the !he is t w  ! m q  the 
e f i e n ~ v e  ieedmci. dividei c<~~oci tunie  i i  izcrssed, ; ~ d  
the omphtlde of the feedback voltage becomes too low t~ 
sustain oscliiat~on. Cons~der now one cycie oi o ~ r u i i u c i .  
When the plote voltage ;s applied, heavy current tends to 
!low in the plair circuit since the tdbe is self-bi~sed 2nd 
;;,";.,;:;,,;:,:,,. :<?=??, ~ TL.  : ..; -,...- ". s$.-:. .... ~. - - ~  ~ , .,- *,,,,,,>, .-,,, "~ -*...,,. 
"",. ;:", >.-,:>, ,-;,1:*-7r;< 7 ~ 6  ,T::%T::~? !ZE%S !ntS 
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oscillotion. Since the grid-cuthode tank (Ck L k l  i s  tuned 
to a lower frequency than the oscillotot output, it 
appears os o capacitive reactonce shunting the grid- 
cothode interelectrode capcity,  C,k. Neglecting the plate 
tank for the moment, it i s  seen thot C,, will charge due to 
momentory grid current flow, since CgD and C,r form o 
capacitive voltoge divide; between plate and cathode, or 
ground. Assuming that the charge is in such a direction 
os to make the qrid more positive a momentary and amplified 
increase in plate current will occur. This action i s  
regenerotive. Since the plote tonk is tuned to a higher 
frequency thon the r-f output, it appears a s  an inductive 
reactance shuntinq C.,. The result is to produce o . .. 
negative grid input resistance which overcomes grid circuit 
losses and permits oscillotion to cccur. This negative 
resistance &curs primarily from the tank circuit which, 
in effect, returns energy to the circuit through its flywheel 
effect. When the gr!d pulse reaches i ts maximum, the plote 
tank oppeors a s  o high inductive impedance across which 
the plote voltage i s  dropped, During this time the tonk 
absorbs energy from the circuit. As the grid swings 
negatiSve plote current i s  reduced and eventually cut off. 
During this time the tonk is returning energy to the circuit. 
The feedback i s  now in an opposite direction to the initial 
charging current (Cg, is discharging), is likew~se 
regenerative, and quickly drives the tube to cutoff. Once 
oscillatory action i s  storted it continues until the plote 
voltage i s  removed, or until the grid tonk is detuned too 
far from resonance to retain the proper phasing. IL tuned 
too high in frequency it o p w r s  inductive and the feedback 
i s  opposed and oscillotion stops. Conversely, if tuned 
t m  low in frequency it octs a s  a heavy capacitive shunt 
from qrid to cathode and also stops oscillation. 

Grid bios is provided by grid-leak resistor R, and 
capacitor C,, which ore connectedbetween the open (high- 
impedance) end of the grid line and ground. After a few 
oscillations are built up, a small chnrqe is put on C, each 
time the lower end of the tank circuit swings positive. 
During the time the grid i s  not positive with respect to the 
cathode part of the charge leaks off through grid leak R,. 
The voltage to which the gridcapacitor i s  charged ultimately 
makes the grid sufficiently negotive so  that only a small 
amount of charge i s  added to the capcitor at the peak of 
each cycle, and all of this small increase of charge lwks 
off through R, during the remaining tlme of the cycle. 
Thus thegrid i s  maintained at the proper bias for good 
operation. If the high negative bias required for proper 
operation were applied ot the time the oscillator was 
turned on, the tube would be completely cut off ad 
oscillations could not start. It can be seen from the 
schematic that this circuit is essentially a simple 
tuned-dote, tuned-arid oscillator with the basic feedbock 
being supplied throiqh the plate-teqrid capacitance. 

FAILURE ANALYSIS. 
No Output. Since the unit is of integral construction, 

loss of output may be cousei by failure of the cavity t c  
tune properly, a defective tube, or an open or shorted 
supply. Where contoct fingers are used for the shorting 
plunger, a s  in the plate line, poor contact will cause 
improper tuning and lack of oscillotion. Also, poor 
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contact will cause a reduction or complete lock of plme 
voltaae, and ~roduce loss of oscillotion. The presence 
of voltoge may be determined by o voltmeter. Pmr contacts 
will be indicated by fluctuations of the plate current as the 
plunger is tuned, and sometimes by burnt spots on the lines. 
A defective tube i s  usually indicoted by lock of normol 
plate current when due to lack of emission, or by a b  
normol plote current when shortcircuited. Because of 
the inherent solid construction of the coaxial tuner, 
pou contocts or tube failure are the most common 
troubles. At radio frequencies any additional resistonce 
in contacts produces losses whichare serious in the UHF 
range. Therefore, e f f ~ t s  which are not very noticeable a t  
the lower frequenciescan produce complete lock of 
oscillotion at UHF. Since the inner cavities ore in- 
accessible until disassembled, the only practical check 
i s  o test for voltage on the heaters and plote, and between 
grid leak and ground, if accessible. Observotion of the 
>late current while tuning and o check of the voltages 
should be made first. The unit should then be disassembled 
and the tube and cooxiol tuner checked. if the trouble 
still persists, substitution of a tube known to be gold will 
isolote the trouble to the tuner. 

Reduced Output. Reduced output is usually due to 
low plate voltage or improper tuning. LW plate voltoge 
con be the result of poor contact resistance in the tuner or 
a defective supply, which con be easily located by making 
a voltage test. Improper tuning con be quickly verified 
by slight readjustment of the controls to  see whether the 
output improves. With normal plote voltage and correct 
tuning, if the output remains low, either the tube or the 
grid leak is probably defective. The tube can be tested 
by substitution of a tube known to be s o d ,  ond the grid 
leak con be checked by a resistance analysis. 

Incorrect Frequency. Since the frequency i s  deter- 
mined by the adjustment of the plate tank, small fre- 
quency changes can be corrected by tuning. Plate volt- 
oge and lmd changes will also affect the frequency t o o  
small extent; these can be checked by changing the 1md 
and measuring the supply voltage. Normoily the high Q 
tank afforded by the ccaxiol cavity results in a highly 
stoble frequency. In cases of high ambient temperature, 
however, the line md cavity dimensions may change and 
prcduce a drift in frequency, depending upon the metal 
used. For temperaturecoused changes, adequate ventila- 
tion bv means of forcedair coolina i s  necessarv. If the 
cavities and lines are mode from temperaturecompensated 
allovs, the cause of frequency chanaes will be limited to . . 
supply or tube defects. 

I n s t ~ b l l l t y .  Unstable oscillations may be mused by 
erratic plate supply voltage, lock of regulation, or 
improper tuning. 

LECHER-WIRE OSCILLATOR. 

APPLICATIONS. 
Lecher-wire oscillotors ore used in the VHF ond UHF 

regions to generate rf for the receiver oscillotors, test 
equipment, and transmitters. 
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CHARACTERISTICS. 
Uses a pair of lecher wires, or tuned lines, in place 

of conventional LC tanks. 
Frequenq of operotion i s  such that use of quarter- 

wove or holf-wave lines are practical. 
Has better stability and efflciencv thon a cooven- 

tiooal LC circuit. 
Usually used with the planar type of high-frequency 

Pube, but not restricted to ony type (con be use6 with 
any tube that wiil oscillotel. 

CIRCUIT ANALYSIS. 
Geoerol. The lecher-wire, or tronsmlssion-iine, os- 

pliiotnr is derived from the lecher wire wovelenqtil 
measuring prlncipie on6 rhe orpililoiivr, U! ~~U~I;T,.SS~G;. 

: . , ,eo.,. ... The lecher-wi:. :rizc::!n IS shown in t h p  

occornpanylnq ii!ustmt;on, in ,wh:ct tv:c wx?iui!ei hires 
n few i n r h m  o p t  are comcitively covp!eC 
to on r-f source. Assuming that the coupling 1s loose, tne 
wires ore in effect open-circuited. The ienqth of the 

1 

SOURCE 

I 4 t 1 
7 

-,,+A- -- I,? h - 

wires should be at least one full waveiengn at frequency 
of the r-f source. When a shorting bar in series w~th a 
cure"! !nd!cator. such as 3 lorno or !-I ommeter, 1s 

oiaced across the lines, it will be observed thnt nt c 
point 1/4 wovelenqih from the source moxlnun cunrn in 
cb!ci?ed. !! t h e  shnrtinlhar is left at tho1 sffit 2nd 
ai,-,:b,r: cn- is mci,e? ?!cr!? !he ! i . p  nn !lln?tic~i ~ c x i n ~ r n  
~nd~; i : i a~ .  { b t  not !hp ssme vci,le:% w l i i  w <nt;>lr>r . 21 u 

pc!n! !/? .#:?e!enqth !:I- tne !!IS? innlcniion (34'4 x u ~ r -  
length k;~, the sou;zeJ. i?!s 3eponsrrctes trio: sidil:ln'j 

waves exist on the line. L c h  o device can k us& to 
-czrore !he irelurncv n! ooerotlon in waveienqti,s. ,*:.en 

the !eci.c: wi:e 1s co~p le?  !4~ou?h n sinqle-tun loop to the . . 
,-f source, t+,e iine is ;o7L::21e< Z!CS?2 S! 22:- er2s:  
IP tils crse; the first indiccltlun wiii ?e o~to i ; . e  ;: :7c 
L.o!f wavelenqth poinr. 

Trensmiscinn l ine  theor" predicts that a hull-wave 
line repeats, or reflects, the i n p t  condltlans at the outpat. 

i f  o trcr.smlssion line is opm4icuited, it will 
~~:.&Tcx:.?u 1 . r ~ i 4 " ~ "  n~ rhr *,if-wave i . i lnt5,  as  

:- .h- "h-\,- ?,",>f.2 Ti t"? ,T~"Sr",5~,<,,, ;,,te 3 >  oii""l, I,. "II.- ..2-... . , L  ,. , ,  shorteo, i i  , Y I J L  :.uvr L:E iunibL i . . i ~ u u ; i - i  .. i , . i  

w;ue pants as  shown !<I till:;n;;> :i,;~:;. C;:. 
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H12 L O  Z Hi2  LO 2 H8Z 

verseiy, 0 cuariei-urovc iine (L: +t;; ;is 2 :..;? 

lrrput lmpedonce (ur ;;a z ~ ~ i i e )  die-  ;k;:te? o: :: ;̂ in! z 
Zuaiter iYzve from the :nput ea5, on? if shorted at the 

Closed-End Line 

Input, w i i i  hove 3 mmoxirrrar ii!.pei~ii.; GI;, ;~ii:ii ,;Ye 
.iT . .be . - L - - ~  .;,,, -- sL-w- ,," ,. ,Z !$,e z b ~ e  ~ild~t~::!.;ns cf 

ooen and closed lines. 
..., 
fnfiei: >lofi::r>q C A A  ~,<, ::,c ::::u=!::::: ::::, 

tne current and voltage ore out of phuse. Tkat is. at G 

point of moximum current, tile voltaye is G:  o minimum or.;, 
- .  . , , T  , , ,  : _"...5.1c.,, ", ? - _  .. . . .~ 
:. -. - - : - :  - , . -  "" "+ ,->,," ,.o "-.;.?q ! , i  ,> .. " "... ..- " .. ... . . . .  , , , 

~.,.,,. 
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Thus, either voltage or current indications may be ssed 
in the lecher wire. 

If the lecher line is ottached to the grid mdcothode 
of an electron tube and ground, and i s  tuned to a 
quarter wavelength, the current through the line will be 
hwvy since it is limited only by theresistance in the 
line a t  the short; this i s  the equivalent of o series 
resonant circuit formed by an LC: tank. At the grid ond 
cathode (one quarter wavelength away), the impedance 
will be high and only a minimum current will flow between 
cathode and grid. ?bus the line simulates o parallel 
resonant circuit, with a heavy circulating line current 
and minimum external current a s  shown in the following 
illustrotion. 

Shorted Line Eqrivoleats 

Clrcult Operotlen. When the lecher line is connected 
between the grid and plate of an electron tube, a simple 
ultroudion oscillator results, with the line forming the 
tank connected betweenqrid and plate of the tube, as 
shown below. 

OUTPUT 

t t 

Simple Lecher Line Oscillator 

ORIGINAL 
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In the illustration o capacitive shortinqhr i s  employed; 
since plate voltage is present on the plote bar, it would 
be applied to the grid if o direct shorting bar were used. 
At the frequencies used, thecopocitor has such o low 
reoaonce that it is effectively a short circuit for rf, hut it 
will block dc. Cnid-leak bias is obtoined through the 
action of R,, and the totol effective grid~athode circuit 
capacitance acts a s  the qrid-leak capacitor. The :-f 
output can be token from the circuit with a hairpin coupling 
loop or capacitively from the grid or plate bar. Tuning 
i s  accomplished by moving the shoningbar along the 
lecher line. The amplitude is controlled by the grid-leak 
volue and the applied plate voltage, by the spacing 
between the bars, ond by the tube elenrode capacitance. 
See the ultroudion oscillator circuit discussion in onother 
part of this section for on explanation of the feedback 
operation of this type of circuit. 

Although the simple oscillator just discussed is 
operable, it has been found advontogeous at UHF to 
utilize circuits which minimize the circuit capacitance. 
This allows the lecher lines tc a n  more like lumped 
components, and thereby serve as the controlling factor 
in the circuit, permitting tube replacement with minimum 
effect cn circuit ooerotion. 

OUTPUT 

n 4 I 

R F C  \ u 
+ d 
Ebb 

Purh-Pull Lecher Line Oscillator 

The tubes may he any type that will operate at the 
desired frequency of operotion. In this circuit all 
elements ore baionced. Since the interelenrode 
capacitances are in series in o ptish-pull oscillator, the 
effective capacitane shuntinq the circuit i s  half that for 
o single tube. Thus, the charging current for this amount 
of capacitance i s  reduced with a consequent reduction 
of capacitive circulating currents. As a result, tube 
seal heating effects ond circuit losses ore also reduced. 
Since the tubes ope:ate alternately and the currents are 
opposite, losses resulting from eddy currents and 
radiation from the lecher lines are reduced. Such reduction 
is due to the complete balonce in the circuit and the 
close line spacing which muses the electromagnetic 
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field around one line to almost completely cancel 
that around the other. Since the same voltages ore 
present on both grid bors and on both plate bors, shorting 
bars con be used. 

For best efficiency and stability at ultra hiqh 
frequencies, not only the tube losses but also the 
losses in associated circuits must be kept a s  low a s  
possible. On the other hand, bath the loaded U and the 
unlooded Q must be kept high a s  possible. For this 
reason, the tuned circuits associated with UHF osciliators 
use resonant sections of transmission line, rather than 
coil and capacitor tank combinations. 

Since the coaxla1 iine is a form of transmission iine, 
it has properties similar to the open-wire type. At high 
'---..---LC ;* .. hnc +he fllrthor ~-~ odvnntnn~ of ~ h i ~ i d i n ?  the 
line, because the center conductor 1s enrlreiy surrounded by 
the shield. As o result, cmxial lines reduce radiation 
and eddy current losses to an absolute m~nimum, and for 
. L : - .  ,,,,a .euou.. ---- are used ex!ensive!y. A typical rmxiol type 

of lecher line oscillator is shown in the following 
illustration. 

R FC 

Ebb 

Li this :yp of mci!!n!m, the grid ond ?late cmxio! 
lines are shorted by smollcawcitors. C1 ond C2, and 
have an effective ienath of one quarter wave each. This 
osci!!ator corresrpnds to a t'm~d-plote, t l~nedy id  LC 
oscillator with series p!n:e feed 3.4 <rid-lonk b!os The 
iiiornent type a! tube skown 3tillzes !Pe tronsi~rrnln: 
action of a half-wove line sectLon to bypass the iiioment 
to ground. At !OW frequencies !he f:laaenr would or 
directly bypnssed to ground with a capacitor. At the 
UHF region, however, tnls methm of nywsslno proves 
ineffective because the filament leads are long enough to 
offer a large lndudive reactance. As 3 resuit 01 tr.e 
tronsfarmer oction in tne noif-wove iine, connecting C3 an6 
C4 to the for end of the line provides on effective shunt 
a: :hc fi!cmezt !r;:!?2 ?he ?-be, vhjrh nrdinnri!:, i s  
inaccessible. Since the length of the line includes the 
filament leads, the physicai ienqth of the external ilne is 
s l i , ~ k t ! v  - ~ ~ ~ ~ ,  -hnrre: thm ; Czlf-wavelenzth. 
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FAILURE ANALYSIS. 
No Output. Lack of supply voltage, a defective 

tube, on opencircuit, or improwr tuning can cause 
loss of output. Resistance and voltage checks will 
quickly reveal lack of circuit continuity or incorrect 
voltage conditions. '?he trouble then may oe e~ther in 
the tube or tuningi. If the circuit will not tune and the 
plate current is excess~veiy hgn or i n r ,  r ie  rube is 
defective. Substitution of a t u k  known to be good wiil 
further localize the trouble. Lack of conrocr in rne 
shortingbar is then most probable, since it i s  wssible 
to hove a low d c  resistance or continuity indication and 
a high r-f resistance which wil! not show on an ohmmeter. 
The usual troubles in  thls type of unit ore open or hiqh- 
resistance circuits due to pmr solder joints or iefective 
componenrs. % o s ~  iilir s r r i i u ~ , ~  ;,,.;;>,;;.;;~l:~ ;-? 
c!ectrim!!y of exce!!ect cncs!rl!rtion 11 I s  nossible, 
however, for silver-pioted comwnents eve lop  o h e m ,  
oxide film whlcr. etfect~veiv ocenclrcults rnem ot iiiiF, 
particularly in oreas where ccrroslve vapors react 
with the silver. in this case, frequent cieaning IS 

necessary, or gold plating may be required. 
L o r  Output. Low plate supply voltoae. to~ether .. . . . 

with reduced a b e  emission, is the primary cause of 
low output. Substitution of a qocd tube and a check 
oi vc!toges w!! !  detcc! !h!s type G! tmuble. Improper 
tuninq can also result in reduced output; it con k 
eliminated by a slight readlustment i i  the shorting bars 
!or maximum output. Defective contacts in the shortinq 
bars ore usually obvious, causing erratic indications a s  
[he bars are moved si~ghiiy h c k  m i  ior<n. A $;,-z- 
resistance grid leak con also reduce the ompiittide oi 
9sci!la!ions. hut i t  1s pr?~!!" i n c n ! ~  hv n reslstonce check. 
In the open-wire unshieldei line: it i s  afso possible for 
neoibv obiects to oroduce cwucidve unbaiulce and . . 
mistuning. If this effect i s  present, the plate meter wiil 
SLOW c chanae in c-me?! 5s the hands i r  other nh!ens 
are moved near the iuning coniiilis. 

Insenest Frequency. %is type o! ssci!!otor i s  od- 
justable over a sufficiently brmd range inat normal 
plote voltage chonqes or slight emission changes may 
be compensated for by tuninq. S~nce the sahiiiiy is 
determined by the tuned lines, any lmqe fr-quency ihongp 
indicates o deiecl in the iuning o: tne ilnes. r 71s can be 
coused bv ocu contact resistance of the shorting cor and 
hy lefpctive s h o r t i n ? ~ o w ~ i l o l ~ .  Reflected load rwctonce 
cnn oisn o i i ~ t . ~  c xr,.wc C , L ~ ~ , . ~ ~ U ~ ~ ,  , ; ,A> LSI,UL;LU,, .a 

normoiiy in,iiuored bv o recan ul ulr i:rque:iiy ti uiiqiiilil 

-value as me imo I +  sojr,:rra. i i r ; q i r  ,:ne - . i , - . , , r  

usuoliy so stabie that caiibrotion mwklrgs ruied on tne 
m e  ~1se.i i-r u usw iu a i c - ax . ' $  irieii:,iiie ;fie .iiie 

frequency. Noimciiy, o resistance onolis ;s  and voiwgie 
-'le:t; ern. ; , -  ."..LI. ."- ---- ?no-. ... :n, , .r  
b.. .-,-.-..., ~ . .  ~ . . i; oli iesijtonie an; voi;;;s ..., ". ... " ,,.,.,,.: r i .ur~u.rr , .b ..- ..,.u., 
ss~bstitute a tube known to iP@ 10 l i e t~ rm:np  whether 
the internal oiote resistance has chanqed suf~iciently to 
be at !wit. 
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path, but reaches the anode. At the critical value of field 
(B in  the figure), the electron just gazes  the plate 
and returns to the cathode. When the field exceeds the 
critical value (C in the figure), the electron follows o 
smallerdiameter circular path ond retwns to thecathode 
without getting near the plote. 

ELECTRON 
JUST GRAZES 
THE PLATE 

A B 
WEAK FIELD CRITICAL F I E L D  

Electron Path with lncremsing Mapn.tir Fir ld 

The current flow of the magnetron for the previous 
cor,2itions is shcwz, peiisps ZOTC clecrly, by the 
foiiow~ng groph. Il'iin ine low value field u constant 
flow of current occurs between anode and cathode until 
the niticol field value i s  reached, whereupon the current 
obruptly ceases and drops off to zero, since the electron 
can no longer reach the plate. The useful point of 
operation is where the electron is just prevented from 
reaching the plate by the critical iield value. Osc~llation 
is then produced hy the current induced in the cavity or 
resonator by the e!ectmn mnvement. 

ORIGINAL 
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',While the octuol electron flow in a rnoanetron is 
complicated, it is evident that since on electron is 
basicollv a neaotive charae of electricitv, os it 
approaches onklectrode it will change the field distribution 
around the electrcie, inaucinq a positive charge and 
causing current flow within or on the elrctiude by  
electrostottc inductlan.. A s  it recedes, o negotive 
c"age ,.,,ll %,,c j,,&,ce& Tr .L. - 1  --..-- .--- L..- .!.,. 

1, ,,I= ZLCL,,",, ,x"L,,Lo ...& 
electrode it . ~ i l i  be aosorbed, ond current wiii cease. 
. .. 
dnen positive onc neqatlve ctmrges are inducei in 3 

resonotor, current flaws olternotely back and forth within 
the resonator, at the frequency to which it is tuned 
(resonsnt), ond r-f oscillations ore thereby produced. 
This is the simple basic principle by virtue of which, tr.e 
maqnetron operctes. 

Negative Rer:s?;ncs M;;aa?ron. l i.? ?en'x*:;ie ,... ~ r- i i=.-  . ~ ~ 

nnc? moqnetron is o variation of the basic rnapetron 
dsing 0 split anode. It i s  caooble of operating at a 
hlgher frequency (tliun tile sir,glr plate nagnetion) md 
with nlgner output. its generoi construction is slii;iiar 
to rhe hasic magnetron, except that it has o spiit plate, 
2s shown in the accompanying figure. These half-plates 
are operated 01 different poten!ials by cmnecting them to 

PLATE 2 

Split-Anode Magnetron 

opposite ends of a tuned tank circuit (or covitv). 'When 
:he tank circuit is oscillating, the voltoqe on one half- 
p!ote i s  increased, wniie (hot on the orner noli-piate is 
dec:eosed by 3.. equal amount. Txs results ir, 3 iifferent 
electron trajectory. 

A graph of tne piace cuireni versus iul:ajr 
characteristics of one segment of o two-segment mog- 
netron, showing four different values 01 voltaqe o p p i i ~  
.. ., ."- ...i ",..e: ".- sej-.-ln:, :C c":,!: 1:: !i.l ,2p;ofl plrlyin,3 
!;;-re. I!:!e ! k t  !c: ~CC! vol tqe  there is n neytive 

, . I  - , .... L --,...o?. .=.- 2 ,.*. " . . "c ,k"  ." .,,r "U,,Z <,..:.c ... z ~., ." ,----, . .  .. 
voitage oppl~ei  co the segment is increasing. Likewise, 

. . . c :: ' C  , . - - .--. t- t._ . .  ^ ^^--^_.._ :̂ 
d - . ,>"C  ". ,,~= a... =. L,.LL -".,=... L" ..,t -c .. 
a spin-anooe magnetron os o iunctjon oi tne oiiieienee 1- 

.L ,lie p ~ t e n t i ~ i  ;! :he :.VC SC;?C~~L. .ib.c:: the :.c!!:;e 2- 5 2 ~ .  

=e,7T.e?+ ,, :, :..-;- ,,d,, eu 2 - .  :he -!her se;nent 3ctenti3! is !:were? 

o iike amount shows the same ettect, that is, o nega- 
tlve slope. .From the earlier discussion on negotive 
resistance oscillators (see contents list under 
?:EGATIVE TSISTAUCE CSCII.I.ATORS for location) it -... " "e see- ... ? " , t  ... ". th3c - r ? r l r o  .- .. wms - a resemblance to 

. . . . . . , .' - ~ - - ,  ,--.. , , ~ , .  .*". .-A;c"."" nmm,..,,,m ilic i""l~"l >"&" u .,,L LU. ., ... ". ... "...".+" ..-,u...u - , *a,a :*.- .&;- , , , '&,A,;!! .,.,,,; ,,,.* ,,,,., ;:,,::~,,-,. 
~ ~~~~ 
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Plate Current vr Plote Voltage Chamct~rlrtlc 

of the negative resistance type if a porallel-tuned tank 
is series connected, either from one segment to the cathode 
or between the two segments. A schematic showing the 
tank connected between the two segments is shown in the 
following figure; this is a typical so-called push.pull mop- 

netron clrcuit (from its resemblonce to the push-pull 
type electron tube circuit.) 

Consider now the effect of the different potential 
fields between the segments md the cothode. In the 

I TANK 

C 

PLATE 2 

Push-Pull Mopnebon Circuit 

quiescent or static condition, since the plate poten- 
tic1 is applied equally throuqh the tonk coil, the d s  
field between the cathcde and either segment i s  of equal 
strength. Once shock-excited (by application af B+), 
a transient oscillation i s  produced to increase the 
potential on one segment and decrease the potential 
on the other segment by a like amount. Thus the field is 
stronger in one half of the area around the cathode than 
in the other half. By applying the external permanent 
magnet field so that it is perpendlculor to the cothode, a 
cycloidol motion i s  imparted to the single electron in o 
manner similar to that described in the basic magnetron 
discussion. The effect of the distorted field, however, i s  
to  cause the electron to make a number cf revolutions 
before eventually being attracted to the segment with the 
lower potential a s  explained below. This action occws b e  
cause after the initial deflection by thC field in a 
particular path of motion, the electron posses the split 
between the two plates and enters the electrostatic field 
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set up by the lower-potential plate. Here the maynetic 
field has a stronger eiiect on the electron (since the 
~!ectrlc fleld is ~ m k e r ) ,  ond COUSPS ~t to be deflected 
with a smollei radius of cwvature. A s  the split is possed 
oqnin Ion the opposite side of the cathode) and the 
electron once agoin enters the higher-potential fleld or-, 
it isagain caused to deflect ,with o chanqe in therodius of 
curvature. Thus the electron continues to make 3 

series cf imps through, the mognetlc and electric fields 
until it finally hits the Low-potentiol plote ond is absorbed. 
The acmmpnnying !igu:e shows the effects of different 
potentials on the motion. In p r t  A the fields are equal, 
with the permanent magnetic field below the criticalvolue. 
In B and C the field i s  above the critical volue and cuirent 
flows because of the action lust discussed. Two different 
electron paths are shown for clarity. Actually, it has 
been found that ootimum efficiency i s  obtalned when the 
electron makes opproxi-stely I? ii.olutions before 

Electron Transit Poths 

contactln the anode. Since oscillation is produced 
by the negative resistance effect, the tank frequency 
governs the poth of the electron and tronsit time is 
moximized. Naturaily, this con hoppen only at the lower 
frequencies. As the frequency of operation is increased, 
the transit time eventually b ~ o m e s  the important limiting 
parameter, ond the neqatlve resistonce oscillation is 
ineffective. Since a very concentrated field is required 
for the neqotive-resistance muanetron osciilotor, the 
length of the tube plote is limited to a few centimeters 
for 3 magnet of rwsonoble dimensions.. In oddition, o small- 
size tube is required to make the magnetron operote 
eff~ciently at UHF. Therefore, the plate size ( a e a )  is 
limited, and produces a serious lirnitat~on on the per- 
missible plote heot dissipa!lon. For this reoson, heoiy- 
walled olotes ore necessary to lncrwse the hwt radiotina 
properties, and artificial air or water cmling is necessary 
for hioh-oowei ooeratlon. '!'!!me oarameters, in effect, ore . . 
the limitotions which restrict its use to the low-irequency 
end of the UHF spectrum and ccuse the tronsit-tire 
magnetrcn to be in greater demand. 

With the electrons trovel~ng in numerous loops, there 
ore bound to be collisions between electrons and bom- 
barding of the filament (or coth&e), producing secandory 
emission and in some cases even destruction of the 
filament or cothde. This action is cumulative, and 
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sometimes results in filament burnout before the current 
con be reduced to o safe value. To minimize this effect, 
and to prevent unstable operation, the tubes ore ooerated 
with reduced plate and flioment voltoge. In some'tubes 
it is possibie to use the electron bombardment of the 
cathode element to provide the hwt  for emission, once 
oscliiarion i s  sroned. 

Transi t  Tim. Mopnctron. in this type oi magnetron 
the plate or anode blcck i s  usually constructed so 
that it functions os o tank circuit resonant t o o  porticular 
frequency. The construction may be that of a simple 
shorted quarter-wave line resonator, a s  shown in the 
accompanying illustrotion, or as o multicavity resonotar 
also illustrated. 

C A V I T Y  

In either csse there .are no external tank clrcuits to 
oe tuned, and tile output oi tne maqnerron is plcnw 
u: by 1 transmission !ine with coupling loop (w apei- 
lure for waveguide) built ii.:o the tube. 'Jsuaily, the 
anode is composd of more than two segments; 35 many 
32 eight or more are often used (wh~ie a s  mony os 64 
cavities have been used). While this type of mogne- 
tron has a reasonably high efficiency (30 to 60 pei- 
cent1 and loroe outout. 11 is limited in rnar rhe ireuuencv . . .  . . 
of oscillation is fixed by theresonator. ?.us it tends to 
be supplied a s  a sinale-frequency unit *hick. dsuo!iv has . . . . 
pravislons ior :wing over iimird ran+ (u.1 t!;c zr i t ;  ..! 
1% at 9 gc), and is operated ot a lived freqaency. The 
averoqe power is limited by the iiiament emission, mo tne 
;szk ;cwc: ii.?::e2 sy !!;$ ::z%~jpJ.q ,<c,;:,I,2e j; ;,?z :,%:*;" 

,.,. ..:t'.s!sni vi!$c:! 5zz.?;e. Act-~a!!y, ?-.r!r: i??t!nl - .~.,.. .L.~ L - k ~ - . ~ > .  ----" ..-- -.-. ;.+- -:"." ,- "C."'.".. L r.".. .."i.,'..",. ".." -.,. ~. 
mthode, and must be proprly a?jbst-Y' ty ; j.ioce.is 
k:,>;.; s* c,oz :=", ;ke: .:;>,:.! :: cz: >.z-s :y  
nign voiloge praperiy nlinaut Go3a.je ,h;!nin :;;;..:;:.L:.~;. .. ..W I;~C!T311?.  :c;;i;e ;? iri!i2 h:?'~k-i.? ?er!nl 
3: ~ ~ 5 3 ~ . i " ~ b e C ' ~ ~ s e  uiolent internal 3rcins 3m.m 
when iney ore iksr pui into operotion. Actuillly, 
arcing or spai~ing in smoll mag-etrons, on2 in hijh 2o;;c: 
magnetrons 1s very common. ;i occurs w ~ n  ii ne* :u'& 
or after long periods of idleness once o tube has k e n  
swsoned. h e  of the prim muses is the i ik r i : i i i ,  i: 
yd5 1: c!l, t,J:* *iezec;< ,?c?;:,~ ;:Le ze?:cis. 5,:cL c;2 
,.!<<, ,~,!,,,*! *,v ?*,? ?,?es?n<e G: she?: :<::sc,"s :n t:e :;*, 

mode shiftina. and bv overworkinq the cothode (diowing 
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excessive current). While the cathode con withstand 
considerable arcing for short pxiods of time, if continued 
excessivelv it will shorten the useful liie oi the moqnetron 
and can quickly destroy i:. Uence each tine the exces- 
sive uriing occuis, the :-5e mist be seasand  aqoin 
until the arcinq ceases and the tube is stabilized. 

Tk: :ccsoni:q :rec-d~re is re!n!ively <im?ie. The 
magnelron vo!toge is r u i s d  from a :on s a k e  Until orclng 
sccuis s~.vero! :imes 3 second. Tne vo!tsge i s  left at 
tho1 value until the arcing dies out. Then the vcitoqe 
i s  raised further until arcing ogoln occurs, and is left ot 
that value cntil the orcina aaain dies out. 'Whenever the , . 
arcing jeccmec vev, violent and resembles a coniiwous 
7rc the ov~:ie:l mltoqe li excessive an: 1s :educed 10 . . , ., -*r7,:: :?,e -27z=.ra? 10 rwa,.y:. :s"L,"cssd c,!c . . 
7rocedure is aqcin co~tinued. 'When normol rated voltage is 
reuci-~? i n d  the e qletron remiins stobie I! tne rot& 
c;;-rec: vo!xe. !he r m s x i n q  is campletd, it i s  g a d  

, . . ,, ,fidlAlefbdLC? GiZZlCe :: SX%?. 7.Cr .CirOCS le:? 1ClZ 

eiker in the eq;:,-ex, ;: he!.' 2s s x r e s ,  when Ion: 
psriods of non-operering time have occumuloted. iollow 
the recommended prxedu:es and times for seusomnq 
specified in the equipment technical manuals. The 
preceding infoimotlon isgeneral and of an informauonai 
nature only. 

The outputs ;i ?ti!sed zojnetrons a:e ar: the order 
of m e ~ w o t ! ~ ,  with o r  a,vemge power of not mxt.  more 
than 1000 to 2000 watts k i n g  usable for CW operotion 
(a typica! 3-megowott pulsed radar has o bkw average 
r?!?c2!. Unw?.ie., l s  th? sfltr of tne 311 chanqes. tilese 
!ii;.ita!iznz c:,inae; thus ;ibe:e = i... *a. on:: hi,$ 
power, 5 to L O  mqawotts now represents kljh ?owe:. . nr sonsti~ct;or, a: :r;r.s.r-amr z;:?e::ar.s is 

voii&: t:,ey ope;a:e :r, :Re VHF, 3UF, and SHF reglons. 
Some x e  not ?x~L!e, whi!e others are volinge tunable 
(cnode ptential  isvoriedj, mechonico!!y tunable by - 
itand or bv motor, or ore fixed-tuned. ;hey ?irv,i;;de v v e :  
outputs of 50 to 100 milliwotts lor receiver operation, 
and in the megnwatt regiop for high-power iodars, with all 
lo,;gcs ai in-heinecfi ?;sir;. T 5 q  ;re p:cvi?d w!!h 
integral built-in permanent n3,zne:s or ,with externol magnets. -. 
!hey are supplied with ironsn~ission line o~tpuis  oi W - Y ~  
. .. ... ;+i ..""..I.^* I.,"o mllrinl.,huil"e ?-.- <".,,-~", -~ ,," . , .  . . . - - .~ .. . . 
gdde oout~uts. Tney cie of qioss-metal or cerami~metol 
consiriicrion, wlrh u d v u ~ : r ~ ~ ~  cI;;rnd for i-x:.. %!i~;j 

. .  . .  . . --..- .-. ".. - -.,,. -: ":. &":% !,~, : ,~>,N r>c;w-i5, .-" *... c..=- " -, ... ~~ ~.. . . , , ::" rorcei u ~ r  ,ar i~a"io a.r-c;x"eciiun, 2: ay .~ea: e . ~ c ~ ~ ~ c ~ ~ ~ ; ~  
,,, ! r , ?  .-,,,.,:,-r,r,*+r+A ?\.C*S. :i is c;:~ie:,t, ::7,e:c!c:e, :!:st ~ ~ ~ 

1% suc:ect o! mognenons ccvrrs '> ;;urge held, w ~ t h  u 
:,i-...: h. ,- i,,??? :LF S,?^IT ! !Liz :RCLz:CI-! .II~?2;.!. 

-. , ,< : 2 1 ~  . .~ ' - - .",-:.?. 2 .,-., ... . .~ . . ........ ' 7  

?roi,i,<ed to ins~:re c basic t;rdr!.!-iil3inq of the eneia! 
arlncinies ot aoeratlon: wltn !ne lmprtant principies 
i z ~ . h ; ; . i e i  2: zxsr.?ci  3; r.eed&. !':! ?e!d!s ?- 9 

specli:c type of 3o;netr02, consuit the :;anufanurer's 
. ,. . 

spec';., ,b".,d,:>, ,., u,i:j ;=!5 t,; ,: ,,,:.e C G ~ . ~ ; ~ : , C ~ S ~ ~ ; C  :?it 
for fullher iniormation. 

De+oiled Analysis. Tne -oyer:?n, while capgble o! 
"-"-.".,",. ,.,, "r ,,,,,, ~ ,,,,.w,7 "? ,-,~,-;;;,;:;:,r,<. <; :A:r:;r; .... " . . ~-~ . . . . 

, " ? 8 , ,  = * , , . - A  ;nr 7,t:;ccG T,,,",~. ,,,&#, ;;, ,:;,: J , ~ > :  \,> ;;, CG&,~. . -. . , . -. . . - . -. * . . . . . . . . 
'.hat is ,  the magnetron IS capaaie oi producing puiseo 
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powers of more than 1300 times greater than the best c-w 
output at the some frequency. Ebslcolly, there ore three 
fonors whlch produce the favoroSle con4!tinns f ~ :  pulsed 
powers; the mqnetmn is more efflc~ent at very high levels 
of power and voltage; an oxide cothode under pulsed 
operotion produces currents ovei iW times greoter than 
thot obtoinoble under d~ (non-pulse3 or ' t ! )  conditions; 
and finally, by puising with smoll duty cycles, onode heat 
dissiption is less oi a problem, so thot greater Fowers 
can be handled. Cn the gther hond, o new probiem is 

posed, ,where the build-up of nsc:llatians from noxe to 
Lull power must occur reiiably for every ;ruise In 3 time 
tho1 moy be os short as one-hundredth of o microsecond. 
Failure of this buiM-up produces misflrlng or mode 
chanqmnq, and oftec occnrs under the proper conditions. 

From the p~eceding discussion it i s  clwrly seen 
that the understanding of pulsed opeiotion involves 
new concepts, some entirelv different from those in C'ti 
operation, Since the moqnetron consists basically of 
on emission system lnvolvin~ e1ec:ron flow, ~ l u s  resonators 
(or cavities) whlch modify the electron !low, and o mwns of 
extroct:ng the r-! output, a discussion of the functioning 
of each o! these items logically leads to o better under- 
standing of the magnetron oscillator. 

?. 
r irst consider the emisslon svstea, which moy be c 

straight :iloment, o coiled filament, or cn oxide-coated 
cathode cylinder. Magnetrons using thorioted tungsten 
or pure tungsten iiloments are generally oprr3td 31 

high ternperotuie; becouse of their ruggedness, these 
filaments ore suitoble for c-w type tubes, but consume 
considerable f~loment powei. The l~u-temperature, 
oxide-coated fiiosents operate best far pulsed-type 
tubes, producing much lorger emissions tho" tile hlqh- 
temperature type (for a given filonsnt power). q o ~ e v e r ,  
since they are not as rugged, they are more susceptible 
to damaqe from electron bombardment ond deterioration 
effects. The oxidecoated mthode cyiinder prov~ies the 
most practical construction for low-temperature Operation; 
keeping the heater filament independent of the opera tin^ 
circuit ovoids any filament inductance effects which 
might adversely affect the ireqency of opeiotion. Another 
type of operotion is olso possible with the cathode sleeve, 
namely, cold-cathode operation. aecouse of the ex- 
tremely high secondory emission produced by electron 
bombardment of the cothode by electrons out of the useful 
orbit, once started by heoted-cathode operation, cold- 
cothode operation may be obtained by lowering the 
heater voltage or by removing it entirely. Such operntlon 
is commonly used in high-powered mognetrons, operating 
with extremely high plote voltoges ond heavy electron 
bombilrdment of the cathode. 

Since it is desired thot the elections travel in the 
interspce area between the onode and cothode of the 
cavity block ond thus contribute to the excitotion of the 
vorious cavities, end shields are placed ot the ends of 
the cathode. These shields, which are of various designs 
(some may be only small protaberences at the ends of the 
cothcde), rninimlre the electron leokage paths ot the ends 
of the cathode. These cathde end shields ore consid- 
ered to operate by producing a retordlng electro 
static fieid at the ends of the intersincial area. By 
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distorting the equipotentiol lines at this p i n t  in such a 
'Nay a s  to produce oninwardly directed force upon the 
electrons attempting to leak out of the area, they simply 
urge the electrons toward the center plane of the anode 
block. 't!hile in some cases secondary electrons may 
also be emitted from the end shields, through bombardment 
by partially ccntrolled electrons in orbit, the useful 
electron emission is usually restricted to the cathode 
alone. An exaggerated illustration of end shields and 
the retording field they produce is shown in the accompanying 
illustration. 

A N O D E  BLOCK 

INSULATION 

\ REThROING FiELO / 
PRODUCED BY S H I E L D  

A C T I O N  

Cathode End Shields 

With the cathode emitting a stream of elecuons lnto the 
inteioctlon space, let u s  examine the methd by wiuch the 
electrons prcduce oscillation. A holf-secoon o! o typical 
eqht-covity anode is shown in the following illustrotion, 
with the fields ond current flow os mdicated. 

Assume far the imtlol operotion thot the cavities hove 
'keer: excited by on r-f held so  that each covlty is oscillo- 
ting. Ir, the capacitive s p c e  between the walls of the en- 
trance :o the cavity (slot) a cha r9  exists, with one wall 
negative and the other wall positive. By construction, the 
segments are placed 180 degrees o p r t  electrically (pi 
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Regardless of the t y p  of resonator used, it is primar- 
ily the simple equivalent of a pnrallel LC tuned circuit, 
which cnn be represented schematically by a series of 
tonks, os  shown in the followins illustration, the interoction 
s w c e  1s rep:esented oy cowc:zr.ce WtNeerl 1.t ZPCIF X U  

cnlhode: lnd~cuve e!f ects cre n~:lh-te< i ~ r  r~mpl~c. :  y. 
While the resonators are shown connected in series. 

actually each one i s  independent and i s  dimensioned and 
shaped so  that all are resonant t o  the same frequency 
(identially s h p e d  resonators ore used). They ore coupled 
together by the interaction space between the cathode and 
anode. The spocing of the cuvity entionces i s  opproxi- 
mately a half-wave a t  the desired hequency of oprotlon 
(ossuming the pi mode of operation). T h e r e f o ~ ,  the smll -  
est  number of a v i t i e s  thot are operable i s  IWO (2 x 180 
equols 360 degrees), corresponding to split-plate usoge. 

Roktinp Elactroa FIald 

Iron emitted after the wor king electron catches up. For 
this reason there i s  an effective electron density grouping 
(or bunching) atout the wohing elecbon, or a wloclw 
modulation effect simihr to t k t  in the klysum. Thus 
standing waves sirnilor to those on traveling wave tutes 
are mused to exist in the interaction s p c e .  

While the 1-1 field was initially assumed, it i s  produced 
by application of the on& voltage or negative cathode 
driving pulse, which i s  sufficient to shcclcexcite the m- 
vities, and with the proper phsing oscillations are built 
up. This proper phasing i s  produced through construction 
and by the proper selectim of anode voltages ond field 
strength. Since the phasing of rmgnetrons i s  a highly 
technicnl subject and of concern only to the designer, it i s  
beyond the scope of this technical manuol and will not be 
discussed. 

Types of Cmv111.s and Modes. There are basically, 
three different trpes of cavities used in unstraped resonant 
systems; these are the slot, the vane, and the holwnd- 
slot types of side resonatas shown in the fiw. 

Resonotor Equiralent Schsnatic 

The maximum number of cavities i s  limited only by con- 
stiuction since multiplication by two produces the same 
result (2, 4. 8. 16, 24, and up to 64 a s  a practiml limit). 

Consider now the mode of operntion. Assume o tosic 
sixsavity magnebon, a s  shown in the following illustra- 
tion; opmtion is possible in three types of mcdes, a s  
shown. 

SLOT VANE HOLE AND SLOT 

IT;, .- 
= . 2  E,, 

2 -  2 .  

160' 110. 

sad & ,no. 6 8 \ 9008 \so. 
MODE MOOE MODE 

' d 2 d  lo. 720% ' 4 6 6  

5%' 3 9 

Examples of Various Modes 

7 4 6 6  ORIGINAL 



ELECTRONIC CIRCUITS NAVSHIPS 

In part A of the figure there is o phasing of 60 deqrees 
between adjocent segments. Therefore, six segments must 
k traversed before a totnl phase rototion of 360 degrees 
(one cycle) is obtained. Since there ore 2 pi radions in 360 
degrees by nngillor mmar,wi this represents o rotation of 
2 pi radions divided by 2 pi, or mode !. In part B of the 
!inure the seoments are semrated 120 denees, and only 
onc~ha!! as mny seq-en!s (three reg men!^! nepi iP tr~?v- 
ersed to oraiuce o comolete cvcie of ooemtion. When the 
conplete cycle oround the magnetron is traversed, a totol 
of 720 deqrees of rototion is completed (two complete 0- 
cles of opemt~an), or 4 pl radians divided by 2 pi, giving 
mode 2 .  in mrt C of the f ; sae  cdiocent seqments are 
oppasite!y plarized, so *,fit only !wn segments need he 
~ I U V ~ L ~ C ~ ~  iG ,-c,rfic:e;e G ?",-!:. ?.c:c!c:c, :: c cc?2p!e!c 
rotation of the moonetron kv i ty ,  IOBU deqrees of rototion 
is p r d u c d ,  or 6 pl radlons Oivlded by i pi,  givinq mode 3. 

Slnce o slx-covlty magnetron can owrate in -1 least 
2 )  ,,-- m ~ , , < = 5  >*::y, ;..,.-- ? . - A  ,""-<-"nL""s . . - . - . . .. , , . ,  -l~.,c. #-,,.,,,,, \., ." 3$.,." -,,""-, :his , . 
represents 2 r 3 mndes, or n totnl of ! m d e  for each m-- 
vity), theie is o frequency for each of these modes ot which 
the output is o maximum. Thlhus the mgnetron generates a 
serles of discrete frequencies arranged symmetr~mlly (in 
the idml case) arowd a cecter frequency of mxlmum 
amplitude for each mde. A typicol plot o! waveiength 
vc:ia!ion with mcde foi typicoi mnqnetran is shown in the 
following graph. 

The c-w magnetron provides a different output from that 
of the pulsed magnetron, in that o steady anode voltage is 
si~pplied, ond the outout is m a ~ n l v  concenmtedat the m d e  
chosen by the plote , ~ o l t o ~  ;r.d :urxr! ;:piied. It s:;!! 
does not consist of o single ireguency, however, since 
ir.e a v l t y  2: rn1c:cwcve i:eqser.c;es car support i ::~r,,ki 
of different types oi osci!louon. This concept is d~ametri- 
ca!ly opposed to the normal concept of a tuned took k i n g  
respor~ive to only one !requency. It is ttue, however, be 
muse  tiie ~mqr~etrofi CGnSiSts not oi a slngie coui:y, but 
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of o numter of cavities, each coupled to the other. As in 
coupled circuits a t  the lower frequencies, it i s  possible 
to achieve a response curve having a m i n  lobe with numer- 
ous side lobes, depending upon the intemction and amount 
of cotiplinq ktween the cavities. n i s  condition is further 
complimted by the passibility of phased bunching of elec- 
trons in the intemction space; thus it c o n k  clearly seen 
that a single pure frequency output is rother unlikeiy. in 
the tunable types of magnetrons, the main spctrum mn k 
shifted to the desired frequency by tuning. In the fixed- 
tuned m@etron, opemtion consists mainly of operating 
ot  the proper current, which for a pulse of a porlicular 
shape prduces the desired min  lobe at the proper i r e  
q u e x y  with c minimum of side lotes (other modes). A 
1:rpin~I i x , t ? l i f  q p w t r u m  for a pulsed rmmeton i s  shown in 
the accornpnylnq iigure.. 

- I  t 
FREQUENCY fo 

Typical Magnetron Spectrum 

The biwd spectrum shown is mused minly by pulsing. 
Eemise  the p l s e  is a :ectlr.;le wiLb steeply s!oping 
sides, lt opproxlmates a square wove with a similar hor- 
monic content. Thus, in effect, mny  frequencies are in- 
duced into the cavities, and all those to which it responds 
il!! he present. The shape of the anode pu!se is important, 
since it can muse o d~storted output and place the main 
out put energy in an unwonted port ion of the spectrum. It 
should olso k understood that this discussion is necess- 
x i ly  generc! since it concerns actions mostly of interest 
to the desip.er. 7he technician is concerned with rmking 
the mqnetron perform as designed. He a n  control only the 
voltages applied and the currents at which it is operated, 
;!s a2y s v i t y  t-&?in; which m y  tp passible. Therefore, 
ti-; preceiinq discussion o! modes 0.1 r-?rum effec!s 
ls ir.ter.ded tc mdicate, in 3 very !?-lted mnner, internai 
cpeic t~o.~ effects which ore highly complex and ieyond the 
scope of this circait ornlysis. The interested rmder is 
:.!erred to standard texts such os the Radiation htorotory 
:c!:-E 32 M I C ~ O W ~ V ~  Mornstrons, from which mch ot thls 
.roterial *as selected. 

Since me unstrapped nagnetion presents a n-rnbe; o! 
:odes z! cearly q t n i  outputs it m s  keen discarded for 
t ie  .tmpped type, and for o specio! vpe known os the . .- - - ----..-- L " > > e -  nf the rie.irm nf the cn"i,y. "."." .",, .i." 9,,- _. 
Stropping consists of connecting together alterrnte segments 
with short, h e o q  cond'ictors, 0s shown in the accompanying 
fia,ii; m,--+,"?"<"7 
~~ . .,..> .,...u~..., . .  . fa-vars rode i. the pi mde ,  and 
o : o ~ i s  d;cii;ie se;;;,ent; 2: :Le SCme :o!entia! ! ~ h l c h  
corresponds to a snltt 01 i p l  iaaionsi. 6peruilon u l  rrwur 

7-Ad7 
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2 is impossible, since it would require a shift of 4'3 pi 
radians between altermte segments, and mnnot occur with 
the segments short-circuited. While the strops ore essen- 
tially simple short circuits, ot the frequencies used they 

Double Ring Shupping 

inve inductance: moreover, since the straps pss near the 
segments whi cil they connect, they also have cawcitonce. 
As a result, the f requency of the mode of opemtion is 
slightly altered. At the pi mode the svaps are a t  the same 
potentials at the ends, and carry no current (except for a 
slight capcitive current beween them); therefore, the 
inductance i s  negligible and the capacitive efiect predomin- 
otes, lowering the tosic frequency of the pi mode. When 
the rmgnetron is excited in a different mode, there is a 
difference in potentiol beween the seqmena, musing the 
straps to carry more current between them b 2: lse  of the 
difference in potentials. Th;r iroth inductive ond capacitive 
effects opemte on the other modes, c!>~r.ging their opem- 
ting frequency. The result is to further seprate  the modes 
and eliminate the possibility of simultaneous opemtion on 
two closely s p e d  modes. Suppression of the unwanted 
modes incrmses the over-ell ef ficiency of the mgnetron. 
While it might appear that the symmetry of strapping i s  
essential, this is not so  in practice. Actually, by omitting 
certain straps (usu;!ly the ones a t  the output resonator 
and adjacent to the input cathode), even geater discrim- 
mation i s  obtained. 

The rising sun magnetron design evolved from the fact 
that symmetry i s  not required for best results in strapping. 
The typical design of alternate mvities of the some shape, 
with adjacent cavities of dissimilar shape, produced the 
so-mlled "rising sun" design. Since the sizes of the 
mvities in the two goups are different, the mode frequen- 
cies of this type of mgnetron tends to form into two groups 
a s  though there were only two resonators. Thus the re- 
spective mode frequencies are well sepmted from the pi 
mode, and this unit is suitable for pi mode operation with- 
out the use of strapping. The rising sun design i s  used 
a t  the higher frequencies (above 10 gc), while stmpping 
with the conventioml desiw i s  used a t  the lower frequen- 
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cies to provlde o srmller assembly. A typical rising sun 
design i s  shown in the following illustration. 

SLOT TYPE MODIFIED SLOT 
A N D  H O L E  

Rising Sun kbpmtron 

Coupling Methods. R-F energy is usmlly removed from 
the rmgnetron by mns of a coupling loop. At frequencies 
lower than 3 cm the coupling l w p  i s  made by bending the 
inner conductor of a cmxial line into a Imp (center-fed 
coupling) and soldering the end to the outer conductor, so 
that the Imp projects into the mvity, a s  shown in the 
following fiqure. 

CollxMl (centst-fed) Coupl in~ L w p  

At the higher f requencies to obtain sufficient pickup the 
loop is lomted a t  the end of the cavity (halo loop), os 
shown in the accommnying illustration. 
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External (halo) Coupling Loop 

Other forms of inductive couplings ore shown in the follow- 
ing illustmtion. 

In the seqment-fed imp  it i s  presumed to intercept the 
flux passing hiween cavities, while the stropfed loop 

STRAPS Y v  

Segnnnt-Fed Coupling Stmp-Fed C o u p ~ ~ n g  

ORIGINAL 

900,OM).102 OSCILLATORS 

Intercepts the energy picked up between the strap and the 
seament. On the output side, the cmxial line feeds onother 
c& line directly, or it feeds a wowguide through o choke 
joint, with the wcuum seal a t  the inner conductor helping 
to support the line. Direct wovegillde c O M R ~ ~ O ~  i s  usually 
through a slot in the tack of the mvity, with on iris feeding 
into the waveguide connector through a window. 

Tunln* The magnebon is hsically fixed-tuned. it i s  
pretuned by adjusting Lhe stmps, pressing them in or out 
to resonate with a test voltage inserted into the covity from 
o klvsuon at the desired o~erotina frequencv: the adiust- . ~ .  
men! is mode for rmximum response on o detector-indicator. 
Some mqneums  hove o flexible plate ormnged to move in or 
ol;t by m&ns of o screw odjwtment. Still other magnetrons 
k ~ r -  ?in+ nr r d s  thnr screw in or out of the cavities (as in 
the klyswonj, ana some iow-powered lypes ore vui1ugttuni.d. 
, I - .  ~ ~ l n l l y ,  preiiu,ing is necessary before the mgnetran is 

placed in oreration; therefore, some form of mechanical 
tsninr: which mn k evternnlly wrformed over o s m l i  mnw 
is used to odj ust it to the desired operating irequency. 
(Of course, this frequency must h within a spffified h n d  of 
frequencies over which the magnetron is designed to be 
operable.) Thus in most cases the mognetion output fre- 
quency is essentially [!xed, with the iereiver havinq its 
b a n d ~ s s  and frequency outomaticolly centered and main- 
coined in sync'monism with the wonsmitbj nagnewon. 

FAILURE ANALYSIS. 
No output. Lack of output con be caused by nonos- 

ciliation of the nagneeon, or by oscillation on an undesired 
node which wlii not coupie to the output circuit; it can a k o  
be mused by o short circuit or on open circuit. Use of the 
;;;.;r.eters 2nd vokmeters suppiled with the quigment will 
usrally pinpo~nt the trouble. A steady high current with 
low applied onode voltoqe usislly indimtes o loss of rmp 
netism which o l l m s  the elections to puss directly from 
a t h o d e  to o d e .  12 $is case, remopetization or r+ 
placement of the moaners will qeneroliy restore opemtion. 
(Sometimes insertion and reinsertion of the small soft iron 
t n r  placed between the moanet poles durinq storoqe, known 
os the keeper, o few times will restore the magnet.) An 
nndetr rmthoae short will produce h a w  plate current and 
blow fuses or apemte protective circuits immediately ofter 
the plate v o l t a ~  is applied. Such a condition will h ~ n -  
iiccted hy I simple nilrnmpter check between the anode and 
?.tLmdc. ~ ! ? h  ?CI I.!*~.. -..r.d. 

a exo:ic becvy ;!ate c-rrert, uswiiy o c c o m p n ~ ~ d  & 
zcisr  and intermi iiosnes ,wlthm the magnetron (seen 
.L. , , , ,o~qh lhe coup!ing ;w:ts or at v?s!aie portions of the 

?loss m v ~ l o p e i ,  particularly in high-power moqnetrms, in- 
4:mtes orc~ng .  'This 1s o common wcwrence otter perloas 
af long idleness or after e x c e d n g  the permissible ratings; 
l i  a n  olio ke mused Sy :md cknqes  or discantinu!t!es 
,.I choke or rotating joints, Droauclng excessive i-i ieiiec- 
tions. Imrnediote reduction of plate voltage i s  impemtive 
t c :rev?"! &mry m the mqnewon ar modulator equipment. - 
Ihen, by foilowing the nornal s.o.onfng process, the arcing 
shcuid occur iess frequently until the magnetron stcbilizes 
c k  resumes n o r . 4  oprozlm. 

M ".-.o '- -n -,.tnt,, l lnrti n " u r n b r  ni slorrio? urrrmyts .. ." 
. . , ,  

mue wen mat. uric  lrir iu .pu~ uit-I; -iiua d:u7v:r,  k.1; 
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is a poss~ble indimtion of an open filament. Particuloily 
with extremely high-powered tubes using very high voltages, 
the phenomenon of cold cathode opemtion can occur through 
the bock bombardment effect.. Checking the filament for 
continuity r l i h  the plat. veltog. removed will quickly d e  
termine whether this condition exists. 

Since magnetrons are expensive and usuallv do not olua . * 

in a s  conveniently os common receiving tubes, replacement 
of the magnetron should be resorted to only after 011 other 
checks hnve been made. Where the current meter indimtes 
zero, it i s  most pro'mbly an open circuit caused by mthode 
burnout, an open anode or mthode lmd, or failure of the 
modulator or power supply. Checking with the voltmeters 
provided on the equiprent will quickly determine whether 
the power supply and moduiotor are norml; if they are, 
the open must be between these units or within the m p  
netron.. A resistance check for continuity of connections 
will indimte whether the condition i s  exterml to, or within, 
the mgnetron. Do not overlmk resetting any overlmd re- 
lays or replacing open fuses in the search. 

If-duced 0utput Reduction of output below norml is 
usually more difficult to analyze than lack of ourout. since . . 
the mgnetron i s  very susceptible to wriations in the 
strength of i ts  mgnetic field, anode voltage, ond lmd im- 
pedance. Such wriatlons muse a loss of output power and 
effic~ency to a large extent, and usually affect the fie- 
quency of operation. A shift in the mode of operotion can 
usually be mused by any of the previously mentioned 
Items, and, since the magnetron i s  normally designed to 
operate a t  o particular frequency with maximum output, re- 
duced output may indimte such a condition. perhaps the 
tes t  method of trouble shmting i s  to use a swctrum arnlvzer 
such a s  the echo box, detector, and meter, o r b  direct ob- 
servation of the 1-1 envelop on an oscilloscope. Since the 
shape of the high-voltage modulator pulse i s  important, 
using a portable spectrum analyzer connected via a direct- 
ional coupler to the magnetron output will save time. Dou-. 
ble moding will h indicated by the presence of two or more 
maximum lobes. A jittering pulse which changes in ampli- 
tude or wiggles tock and forth is immediately apprent. 
Changes in  lood con h m d e  and the effect observed and 
ewlmted. Likewise, the anode voltage can te wried and 
its effects okserved; any frequency instobility will be evi- 
dent. The effect of reduced output will be obvious from 
local meter indications in the case of c-w rrngnetron type 
of operotlon, but they are not a s  accurate and ore some- 
times actually misleading in pulsed operocon. A change in 
current or voltaqe will show immediotely in the steady 
voltage type of c-w operotlon. However, in pulsed operation, 
where the pulse width and duty cycle govern the average 
value of the current ond voltage, a change in pulse width 
m y  compensate for a change in duty cycle (or vice versa); 
thus the pulsed indications nny appear normal, when oct- 
uaily there is a reduction in efficiency and output power.. 
Law power output usually results from a weak magnetmm or 
or low modulator output. If the modulator pulse is norml, 
the trouble lies in the magnetron. A wmk mgnet will cause 
a loss of power, bj reducing the efficiency of operation, 
and also a change in the spectrum, which is usually obvious 
on the oscilloscope. For further informtion, tests, and 

ly?:co: rcvelgr-5 reler :o Test ~a1h.d. ond Proctlc... 
NAVSI-IPS 91822. Ltes! ec:t!m. 

Insen.ct Fr.gu.nsy. Whle mgnetron troubles m y  be 
divided into three general clossifimtions, namely, wrong 
frequency, pmr spectrum, and low output, they are usually 
interlinked. For example, o magnetron operating off fre- 
quency will most protably show a poor spectrum and pro- 
duce a lower output, a s  compred with previously recorded 
&to obtained when the magnetron was known to be operating 
correctly. In the m s e  of wrong frequency operation for 
fixed-tuned mgnetrons, there are three mssible muses. 
l'hc magnetron -ay be ceiectlve. 0: ! r q ~ ? c y  pdl!lnq or 
psr lnr ,  m y  x >resent. Fr-~ecc) p.:lin> my ro perecl  
because of some fault in the r-f system, such o; varying 
impedance, faulty rotating joints, or be mused by a strong 
reilection from a nearby object. A change in magnetron 
frequency due to a change i n  load impdance is known as 
'pulling". The effect  of pulling i s  greatest a t  high out- 
put powers. The operating point of a magnetron is usmlly 
a compromise between high output power and gmd frequency 
stability, ond is usually chosen for a matched l a d  condi- 
tion. kgnetron performance is often summed up in what is 
called the pulling flgun. This figure is the total change 
in frequency (usmlly in megcycles) which occurs when 
the lmd i s  adj us1 ' to produce a voltage-standingwove 
mtio of 1.5:1, ano phase of the reflection is wried 
through 360 degrees 

When off-frequency ,peration occurs and another mp 
netron i s  substituted, satisfactory operation of the replace 
ment does not necessarily indimte that the original mag- 
netron i s  defective. In some cases a magnetron m y  be in 
good condition, but bemuse of individual differences it 
may be more easily pulled outside the operating tond by 
extermi conditions (such a s  a change in l a d  impedance) 
ttnn another magnetron of the same type number. Blind 
replacement of the magnetron when off-frequency opemtion 
occurs, therefore may result in the dismrding of a per- 
fectly gmd tube. The VSWR of the I - f  system should first 
be checked to determine whether it is high or low. With a 
low VSWR, norm1 opemtion of the 1-1 system is indimted, 
and the fault i s  most likely the mognehon. Sometimes the 
effects of pulling ore not noticed if the frequency i s  within 
the opemting bond, so  thot ocmsioml off-frequency 
operation is possible without any visible external indim- 
tions. Frequency pushing (indimted by waveform distor- 
tion) m y  be present bemuse of improper anode or iilament 
voltage. Magnetron pushing, mused by a change in &c  
anode voltage, i s  frequently indimted by o poor spectrum 
shape: this condition results from improper modulator wlse 
amplitude or stnpe. The frequency of &ration may be 
slightly altered, or may change from pulse to pulse. Al- 
though such opemtion may be indimted by a changing 
anode current, a more definite check can be made by use 
of on oscilloscope. 

Magnetron pushing is usuolly produced by a change 
of input conditions. The pushing figure i s  usuolly ex- 
pressed in terms of megocycles per second per ompere. In 
most m s e s  pushinq can be neqlected for the longer wave 
lengths where it i sdight .  It &"not, however, brneglected 
ot the shorter wavelengths. Reprdless of the muse of the 
frequency change, in the m s e  of the tumble mgnetron, 
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only a slight adjustment of the tuning control to e s t ab  
lish the desired frequency may be 011 that is ieqwred. 

When frequencies appear and disappear in the swctrum. 
the muse i s  usmlly arcing, which produces temporoq 
transients. If this cor.dit~on xcurs  irqaently, seasoning 
is necessary: there is also the poss:bil:ty that the r m g  
netran i s  k ~ m i n q  iunrtnhle ond opprmching the end of 
its useful iiie. If it occurs infrequently, operation mn be 
considered normal, but there is the possib~lity of incipient 
rmgnetron foilure. 

REFLEX KLYSTRON OSCILLATOR 

I DDI trATlnUI -. . -.--..-..-. 
The reflex klystron is used a s  o low-power r-i osc;liotor 

in t ie  microwave reqim iirum :OX [tic to :O,OM iiri: i;. 
receivers, tert eiinpment, an6 low-powe: t-cr.smitte:s. 

CHARACTERISTICS. 
Uses special tube construction to prod:lce r-f feedback 

and 0sci:lation. 
Operotes as o pasitive grid osciilotor. 

07 exrcnai, Uses a tuned mvity, either integral (built-I..' 
to d~wrmine the tosic mnge of oprntian. . . 

uses nepnve  anode irepiier-&otrj \;iLigr. 

CIRCUIT ANALYSIS. 
Generml. A klvstron tube 1s a spec?a!ly constiucted 

electron t u k  using the proprtles of tmnsit time and "el- 

.x i ty  modulation of !k electrcn ' m m  rr ? i o d u r ~  mrrowov~ 
frequency operation. It can be used as on osciliotor or or. 
ar,>:;fie:. ?,e ~zc!i!ier ?7,p!c.;s ?#:s c: rere zc,!:!:zz !: 
paduce the pr;pi buncnmq of elecuocs, upar. whlch its 
function and ompliiying properties ore msed. The ampii- 
fier type of klystron con produce o large amount of power 
,,." :-, +- .- megwa!l;l and COT. Le ~ui-3  os .ii ~iii::i:;i if  ::5 

per feedtock arrangements ore made. However, ine reflex 
kiystron offers a simpler type of feedtock arrangement and 
perfarms sp~ i f i co l ly  as a s p r i o l  tube designed for oscii- 
lator 0pero:ion alone. Although the power output of the 
iei!ex k!.ys';on is l:mited, it is c d ~ l ? c t e  for recl?vi.cy and 
test quipmen! functions ond for low-ijo*ier transrr~tte:s. 
Where hiah wwer is reaured, it con be achieved bv ,ELs?nq 

.. . 
::,i crc#3 LL.: .- :C 2,,l.,Lec v:-:. ' .- ~. I >  .,r,"+,:~s:qb,! <:stczr?z !-e 

'.lvsnon cs7x;ly i l i r i s k s  suii:cj~r! ~CWP- !c: !%-:L. 

relatively short it ccn:n;s;icr. p ths .  
&nerolly spmkin q; oithooqh the efilcienc~ of the klv- 

-:r2r is !cr - 2 r y v a l  w.m - ~ T ! P X P ~ C ~ P +  obto!nnlim w i , r  

conventionti! :uks a: !he lavier !reqdencies !or! %e ~ i ' i ~ i  
~f'>, ,ss.  .. " <" > ~ " m p r e d  *i!h F X ,  i: ;s ~To:c 2::;::e:: :!.K ::.* 
?the.er type; 4 iirjn-ireqoercy qenerorors in the mlcrowove  
region. Tt,e negative q i d  tetrode provides opprox~m!elv 
:h2 zEt. -!!icierc:. .t wn -, bllt "litPit iiinn tn ZPrn 

oround i50C mc; slrniioily, the liqhthouse !uk ;ave:s 2 

mnge oi irom BOD mc to i2CC or 300G mc w:ti com;aia~la 
efficiencies a:.3 :ken :'F c2t72! i r 5 ~ s  oii:  he -,?~!~coYI . . ... ? 
I.!  , ..-.. "- . . 4 . ."  " , , I  4 ,  , mr ".," rp\,"",. 

,,"..i.Ll, "r .- - - , - - -  . .  __ --,. ~ - 
with elllclencles not less Iran run .  .r. :cis r e s w . . ,  1r.r 

# ,  , rettex kiyst:on offers the iowest ejiiciency '!I!! I r s  c u i u ~ !  
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of 2 or 3 percent) mosdy kecocse of its si-rp!ic?!y of con- 
structior. For example, the use of more cavities to povlde 
better bunching would qive higher efiiciency. Act~uily. 
the klystron is the only device other :bn the maqletron 
(and 3ertaao the trovell~na wove r "be! which offers ?roc- 
rim! opei-,:iur. on the aic;owave frequencies: it 1s iimpier 
and chmper t h n  the magnetron (or TA'T) on6 mare !:ex:b!e 
In its opplimtions, which is the rwson for 11s popolar use. 
Present trends ir.licate tho! the :c!!ez k!ystror ,wi!i Se re- 
placed for b,igh-power opemrlor by the twm or thieeccvity 
klystron. kit far simplicity c:d economy lor low-pwt.: ap 
- ,  2.;,. .,.-.. ~ .,,... -- s thc rei!er kl,:str.r :s -ere nrcc!iml. 

Tbc k l s - - t s  -s c :-:?I: ??A:-: 711, !her the ~pgt:,;p 

-;- .,b -. ~ L P  h v h ~ v  f~-;.:e-r!-s ~PCOUSC me re'ro3e 
piimarliy has o smci~er catnode a rm,  13 ilnired in tile 

J ; i  
.. - L  -!... ..->.--- .L". -a- 

d s  ,.." ,= .d..d,c fi..d. .... i3 7jp!:^d, nFi k c  T-?!er . , . 3 :ie ic.,.r.:2;e5 i:yEfTjy :,-=7;e Tr:iy;' 

'LD -1ti4~ .- ir ",.t ~ ~ . .  "-:tii .. . ,- ~ ;ja i; : ?,?; -,Ti.- 1T !g-:" 

as necessciy, ona, ' h n g  oiltslde the i-i field in  the ;ax, 
it is unaffected by radiefiquencv b.;v'mrdment or other 
de!e:e;ic-s eiiects. Aithou;h the r.ep!i.ie l1i6 t l ik  ;IS n 

closeiy r p ~ c e d  grid c x  p l ~ t e  (1.0 ieC:sc ti;nsi; t:xe 
eiiec-;i, :be ktnt.. .rp IF; :?:F ;c:/',??~ 
ir, tk,e kiys::z3 is !:xce [on t?,c z : ~ c :  cf 2~ :-,-h>, ;e:~,it- 
. :.,I,. . -  :;;ye: 2;::e: ;!z:s  .".ZI!=~S b.2:::: ::.,:::z..: :̂ ?;:s. 
Slnce there is no qld svlictwe in the klystroil tc hmt and 
muse losses (actually, grids are sometines used, but are 
vrry idqged) and the collector i s  l x o t e d  outside (he r-i 

, e ticlen- fleid and designed solely to d i s s in te  heor, Sette i '  
CY results 7FIe ~ ! O T  I O S S  1n i h e  kibistror is d~rlccuic  i a s  
!such os the loss prduced by windows in cavities far 

--..;.a- !...".I ". -.,-I' .c ",I]: n*"j",,c? -n,.< ..._._l".._ ~ , .. -.. 
-*.. . . . - I-' . . .;in , - .. , is iz.ited jr!y Sy :he sma!: :-f irk: ??,~i!: 
loss nna by 'mm !mdlng of the output cov~ty. i<oimaiiy 
there 1s no neg~ltive feedbck to be overcame by virtile o! 
i;le;i!i.-!-:;oie :;::;!ir.z, 33 iz :be 2e;zti:e z!? ? 2 k .  

since the input ond output mviries are isoioied. in 6 e  
cose of h e  reflex 'klystron, positive feedbck is okcinel 
by the use of o replier electrode so that oniv one ccviry 
!s required. 

!r !he 211~ed:n: d!sc~iss!"-, i! n ~ l m h ? r  of ~ n e ~ ~ l l t i e s  
were zade t i  biina siit the lnherer! :'<!fere::ces k?.+i.?: 
neptive grid t t k s  and the klystron. Since tine .i:>b!rcr nt 
i-!Ystrcn- Z Y A  ~ h ~ i r  Ae-iT rq-sider~!inlis rnuri 0 l n r n ~  
4;-I2 ..-.- , . . i ;~l .- ; C  L . , n n A  thn c,-nw -.--- C $  .. ;hi; te?t ., 3nl 
.i^.^ . , & .  . cr" -- . --.. . i.nrl"r.n*c .. .- ... .. *nu*:" 0,!;.2rp.r nrrr,,irc 

,. .- . "- , S<.hl'. :-,d:! eXCe?!!.3"- "2 il?? ,:I 1r.e 7;.r-ri::.'ic 

?" 1 ":.?71r -7 .,-r.-.;?"T .n ?-s::,p !r',:, l":y 1 . .  tVLC. 

Therr!cie, !he !n!erer!ed rriqti-r 15 ~ P ~ F T ~ P <  10 nther ipx!s 
I , . . ..._ - _  - ...-- .̂ _": __ ?_. _^^  ""," .,.. " +...---. -. , ,. 

7en~roilrl~s mode ierrlr. should % v r w a  i.ii;lalr. Tile 
"."- :; -....,.- iai, :kt !3ll:.*s wi!! Sp :es2ic!ed !c b s i c  arix!:!?~ 
wh!ch "11 'k n ~ i i i ~ i l  fn onv f v n ~  of r u k .  
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excitation of the covities. A tosic kiystron (nct reflex 
type) is shown in the accompnying illustration to e s t a b  
lish the fundamental principle of opemtion. As shown in the 
figure, o heater is used to produce elecuon emission from 
a cathode. 'The electrons from the mthode ore attracted to 
the accelerator grid (No. 1) , which is at a posltive poten- 
tial with respect to the cathode. The accelerator grid m y  
be a flat q i d  structure or an annular ring (cylinder or 

BUNCHER CLTCHER 
GRlDS GRIDS 

+ R E S O N A N T  
C&YITIES 

Ebb Ebb 

Basic Klyshon 

sleeve) through which the electrons pass unhindered. 
Assume thot this attraction ~roduces  a constant-velocitv 
electron beam, which is fwther attracted to the next elect- 
rode, the buncher arids (at mvitv), and then to the next 
electrode, the cotcher grids (or Avity), also at o higher 
positive potential. If the output hom the mtcher i s  fed 
tack to the buncher, and if the proper phase and energy 
relations are nnintained between the buncher ond the 
mtcher, the tube will operate a s  an oscillator. The 
collector plate, which i s  also at a positive potential, serves 
only to collect the electrons which pss the cotcher. 
Successful operation requires that the energy needed for 
bunching be less ttnn that delivered to the mtcher. Ampli- 
fying oction i s  obtnined b u s e  the electrons p s s  through 
the buncher in a cantimous streom ond are effectively 
grouped so thot they pass through the cotcher in deiinite 
bunches or groups a s  exploined in the following progrophs. 

Bunching i s  produced by applying on olternatinq vol- 
tage to the buncher grids (produced by excitation of the 
buncher resonator by the passing electron bwm). Assum- 
!ng that o sine-wove voltage is produced and applied he 
tween the buncher grids, it is evident that on the positive 
alternation the buncher grid nearest the mtcher effectively 
has i ts positive potential increased, and therefore further 
accelerates the electron flow. On the negative alternation, 
the some buncher grid voltage i s  made less positive and the 
electron stream is slowed down. Since a continuous strwm 
of electrons enters the bunching qids ,  the number of electrons 
accelerated by the olternatina field between the buncher 
grids on one half-cycle of operatian is equalled oimast 
exactly by the number of electrons decelerated on the 
neqtive halfsycle. Therefore, the net energy exchange 
between the electron strwm md the buncher i s  zero over o 
complete cycle oi alternation, except far the losses that 
occw in the t,uned circuit (cavity) of the buncher. 

After pss ing  through the buncher grids, the electrons 
move through the drlft 'pose in the tube with velocities 
which have been determined by their transit through the 
buncher grids. Since in a mnventionol klystron the drift 
space is free of any fields, at some point in this drift 
space the electrons which were accelerated will cotch up 
with these which were previously decelerated (in o prior 
passage) to form a bunch. 'The cotcher grids are placed of 
this point of bunching (determined by frequency and transit 
time), to extmct rf energy from the bunched electrons. 

At the mtcher a different situation exists. Sincethe 
electrons are traveling in hunches, spaced so  that they 
enter the cotcher field only when the oscillating circuit is 
in its decelerating half cycle, more energy i s  delivered to 
the mtcher than i s  token from it. 'The remaining electrons 
in the beam pass through the grid and travel to the collect- 
or plate, where they ore absorbed. 

In the reflex klysiren, the cotcher giids ore replaced by 
0 repeller plate, to whlch a negotive potentiol i s  applied, 
as illustmted in the occompnying figure. 

In this type of klystron, the electron beam i s  also 
velocity-modulated, and, by proper adjustment of the n e q  
otive voltage on the repeller plate, the  electrons which 
have p s s e d  the bunching field m y  be mode to pass 

Reflex Klystron 

through the resonator again (in the reverse direction) ot the 
proper time to deliver energy to this circuit. Thus, the 
feedtack necessary to produce oscillation is obtoined and 
the tube construction is simplified. Spent electrons ore 
removed from the tube by the positive accelerator grid 
(when used) or by the grids of the positive buncher cavity. 
Energy i s  coupled out of the mvity by means of a onetwn 
hairpin coupling imp. The operoting frequency con be varied 
over a small mnge by changing the negative potentiol 
applied to the repeller, k m u s e  this potential determines the 
tmnsit time of the electrons between their first and semnd 
passages through the resonator. Since rmximum output 
depends upon the fact that the electrons must return 
through the resonator at just the time when they are bunched 
and ot exactly the decelerating half-cycle of oscillating 
resonator grid voltage, the output i s  more dependent than the 
frequency upon the repeller potentiol; therefore, the amount 
oi tuning provided by "awing the repeller wltoge i s  limited. 
Usuolly the volume of the resonator cavity i s  chonged (by 
mechonicol tuning) to make a morse adjustment of the 
oscillator frequency, and the repeller voltoge is va:ied over 
a narrow range to make o fine adjustment of the frequency 

ORIGINAL 
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(electronic tuning) consistent with g w d  output. Since the 
same grids perform the dual function of bunching m d  catch- 
ing in the reflex klystron, they are frequently referred to a s  
the bunchercatcher grids. Because of the variation oi fre- 
q u e n q  with acceleroting voltoge, it i s  difficult to achleve 
linear amplitude moduiotion wii i  o 'kiystron. Frequency 
modulation may be readily accomplished, however, by in- 
troducing a smail moduioring mirugr u i  iilr ~ ~ i i ~ u d c  lii i r  

peller. Tne tuned circuit used in the reflex klystron i s  a 
cavity resonotor, which has a very high C. Depending upon 
the tube type, the cavity may be an integral cavity (built 
into the tube) or an external cavity (clamped around the 
tube). Severcl methods ore used to tune cavity resonators. 
Capacitive tuning i s  provided by mechanically -varying the 
qrid gap spocing; inductive tcning i s  provided by mavlng 
sac* >lugs irh 2: ZU; Z: err;?, ::>,k = > . ~ , ~ e z  :>,: .,zi- 
une, making it either smaller and tuned to c hiqher ire- 
quency, or larger 2nd tuned to a lower iiequenq). !n some 
instances tnemol tunlnq i s  used by applying "eat io qrid 
gcp to produce capacitive vaiations. Several types ai  our- 
put couplings ore used, but the coupllng imp  is the most 
popular t y ~ .  Capacitive probe coupling i s  often used with 
the externol type oi cavity h o u s e  construction difficulnes 
do not reodily w m i t  the use of cospling loops with thls 
type of mvity. At frequencies above 10,WO mc woveguides 
cre emp!oyed, and the output is coupled to the woveguide 
through a window or aperture. 

Detailad Analysis. In the practical klystron, the func- 
tion of the acceleroting grid i s  provided by the cavity, which 
i s  maintained a t  a positive potential sufficiently strong to 
proittce ;he imcui  e i i r ~ i  oi xcaleioting tile e lx t iocz  t; ; 
constant velocity. A focus eiectrode, in t he  iorm oi a 
cylinder connected to the cathode, i s  also providw' to confine 
and effectively focus the electrons into o norrow beom. 
F o c s i n g  i s  achiwed electrostatimlly without clny exter- 
nal contro!. Any eiectrons which travel outside the bwm 
ore intercepted and removed, while those within the beor) 
s r e  otuiicted by the strong posi:;ve cavitj. fie!?l a36 3cce!::- 
ated uniformly. A !ypical refiex klystron, showing the 
focusing electrode and the coviry structure, i s  i l l~strated 
in the occompanyinq figure. - j ! - I REPELLLR , - - - - - - - - -,,,,OLI'F 

CATHODE - 
ANOOE 

IRESONATORI 

3-..i..r Om<;-. Xi" ..... . . -. 
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Note the mrticular shape of the mviry, which has a post? 
shaped center hole. As o result of this construction, the 
cavity i s  very narrow a t  the point (the gap) where the elec- 
trons poss through it. The narrow gap i s  necessary for proper 
operation since the transit tlne through the cavity must be 
much leas thcn the Zne for a CO.-P!~:C cycle m the ! r e  
quency of opemtion. Beyond the center hole the cavity 1s 

-..-L . I---... . Th- 1 .." nm.,<"" r" ,,f -. tho ,-P,,;,,, __  "t -. tho .... """ w ~ * , P  > - ~  

the ends are ciose togeihrr rnoy k considered i ap i i t i .de  
in effect, and the renaicing por!ions, where the capacitance 
i s  small, m y  be considered inductive in eifect. Consider 
now the ope:ation of velocity modulation. Since the  cavity 
is developed as  a quarter wave cwxiu! resonator, the input 
and output ends ore at oppasltz polarities. Aiso, the cur- 
rent distrubution is opproxinotely uniform a t  the center, 

. . 
*he?? tnr k , 3 r  ;i,sio,~= , .  t m e s  p i o c ~ .  E P ~ C P .  in :kc gut a 
uniform electric fieid 1s produced. The passage of the elec- 
tron Seam t h m u , ~ i  this  iield wiii distcr: t t , ~  fie!? an6 m s e  
m e i q  :i be ibsi ibe2 f i o ~  :hi. SECX. TLuc, :he ca,:ity is 
excited, ~ 3 i  i t  osci lhteb .;t J litqlien-j ie;iriiiine: ty 1:: 
dimensions, These li--'"-.~- - -....- -:. --'-.. ~ ~ i ' r i r ' u n ~  p:vuuis upjua.ie V"."' 

i t ies  a t  the entrance (grid 1) and exit (grid 2 )  grids, because 
the sides of the cavity ore exactly one qoorte: wovelengh 
owr t  a t  the operating frequency. By virtue d resonance 
and the use of a high-Q mviry, the r-i oscillations develop 
c loroe lnstantaneaus voltaoe, which on t i e  positive ~ l t e r -  
nation ploces the exit g ~ i d  a t  o more positi-ie pcter.';~! 
than the eneonce grid. As a result, the exit grid i s  polar- 
ized in the proper direction to attract the electron beam 
and i nnease  the electron heam velocity. See the following 
ill..r*-"ti-- ... wu..u..u., <ir n - --rrocrrt-r+inn ...u,--u...-..-.. ni -. thr  m \ r i h r  -. "-tin? -. ..-~.~ 

3- !he rlegn%e alterr.ti;n ihc h- i s  ippcse? GCC e::ec!- . . . .  s. "-; "".. , L ~  ,.L,!",,-~ ,,,-. ,~ ,,,,,< 
..L " * Z  ~ 

. . 
trle O-,Z "SCli~OtiGn $u21a+ <.LUC.><~..{ Ze ;d  LU ::,L: ,:,L 

j,"X :r. :.at Z!&C:& 7*? ;: l(js.:p. ti-c:?t, 6 1 1 i  :+ lrnlti5l 
l.nlo=i,.. .... TL:e 2 I t ~ 2 3 1 t .  ??:?l?r3!in' 132 :?PcP~o..J~:o~ n! 

:ne oram, roqrtbrr r i l r i ~  fir incl:cciivc y c ~ ; ~ i  ,>ij ;l,c;,~; ,. produces a bunching of the eiecrrir .~.  ;m efiec:, ~ h c  k c c h -  
es of eiectrons occur 3: a ~ 1 1 0 5  eqti~i !i the fiequi.iliy oi 
ascillation. Thus, ostuai densit" nodolotior. :s prod~ce!. 
wst8it tn? ~n an uiternatin? cdner.~ ,arf:nq :fi st~en;:h, G', 
., . . .-  . . . - . .-,..,., . - ? - -. . . , , :,i".,-',;, "".,-' ""7. :';:;';; ': 1 :rJc: 
; ,.,,,, ::" * . ! !  , ~ , ?  ,<; ,.-: - - - ~ 8 8  3 ., ,,,,, , ,~,, ,>.,  
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5ef.irr the c..'?c::ons with i1ffe:ent c-celerati3ns nre 
ccm.ple!ely bunched, they erter into th? iepeller-$ate fleld, 
which :s neptive "nd reoels :he elections. An electron 
which N O S  acceieroted 3y the ilelC at the covity q l d s  will 
penetrate the e iect~ic  f ~ I 3  zt the repellet plote too  greater 
depth thon one which was occeleroted less or not ot all. 
and will require o longer !ime to return to the cavity. Thus, 
bunching can be achleved by odj ustment of the repeller 
plcte voltage !o the optimum v a l ~ e .  Nien the vo!tage :s 
optimized, bmches ore farmed at the cavity by those elec- 
trons which were a:ce!eroted meeting thase wiuch were 
not occeleiated, but which pssed  rhiouin the j c p  nt a later 
time, cnd olso by thase decelerated electrons ,which possed 
through ot I still loter time. 4 typlc31 Applelate dmgrom 
illustrating the bunching effect i s  shown m the accompanying 
fiaure. 

REPELLER 

t I 
DRiFT 
SPACE 

t 
B U N C N E R  

B U N C H E R  
G R I D  t 

V O L T A G E  0 

To more clearly u~derstmi? tuncher 2nd catc5er cpezticn, 
*e shall review the sperc:ion of the Wscavity !yCe of tube. 
Action is k s e d  i p w  the foc: ths! electrons ,uil! $ve cp 
ecer~q when slowed dowc, and absorb energy when accel- 
erated. In o:der for an electron to ;:ve up the grea!est 
omn-nt of ener ,a  to the ca:cher, it is necessary tict the 
electron orrive at the center oi the cotche: ot the ivstant 
when the electric field ot the center of the mtcier ho: its 
maximm neqtive (retordino) value. Slm~!u:ly, in arder 
for o symmetrical qrorip of elec'lmr tz 6eli.4-! c. m ~ c h  
enerm as psssible, ?he center of !he youp must arrive of 
the center o! the cotcher  hen t!le cotcie; field has its 
moximum n e i p t i v ~ v a l ~ e .  Since the electron at the center 
of the g:aup is the one thnt p:ssed the center cf the buncher 
a: the instont when the Suniher iieLi wos changing from 
negative to positive, the tlme d.,, reqarel by thls elec- 
uon to move through the dis:once s tam the center of the 
buncher to the center of the catcher, rus t  te equal to the 
time in!~rwl betweel the zero value of the huncher field 
and ii negative mxinum of the catcher ile!d, os shown in 
the following figure. It is evident iron exilminotlor: of the 
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illustration that for maximum enerqy transfer, the catcher 
field must lag the buncher field by the angle 

where T is the period of the field and n is any integer. 

Bunther-Catcher P h s .  Rekltionshipr 

Up to thls point nothing has teen said reqrding the m m s  
by which the catcher is kept in oscillation. The motion 
of an electron through a covity resonator sets up an e l e c  
tromagnetlc field within the resonator. In o klystron the 
electrons pass through the mtcher in bunches: therefore, the 
fields resulting from individual electrons will, for the most 
wi t .  reinforce each other and thus ~roduce a resultant 
iieid of appreciable magnitude. ~ & a u s e  the bunches 
ilass throuoh the cotcher at time intervals wual to the na- 
turd period of ascillahon of the mtcher, the catcher is 
set into oscillatian. Since the amplitude of oscillation m n  
build up only if the mtcher gains energy, the oscillotion 
octomaticaliv tends to assume the proper phose relative to 
the cycle of arriwl of electron bunches to result in nnx- 
imum trannfer o! enern from the electrons to the mtcher. 
Since the cavity of the reflex klystron acts both a s  a bunch 
er and o mrcher, If on output i s  to be obtained, the returning 
electrons must h phased so a s  to impart energy to the n- 
vity and be absorbed. It is necevlry that they opprmch 
the cavity when the bunckr voltage originally induced is 
opposing them, or producing deceleration. Theiefore, the 
time taken for a bunch to return to the mvity must be 3/4 
of c cjcle of the operating frequency to supply energy by 
feedtock and satisfy the requirements for oscillation. The 
phasing must be such that the electrons odd energy to the 
cavity. Tneref ore, during the first qmrter cycle they have 
not yet returned, and during the second quarter cycle they 
ore in phose opposition ( 1 8 O 0 a ~ r t ) ,  but at the 314 cycle 
they ore in  phase and will add energy to the cavity. A bunch 
of electrons which returns to the nv i ty  at a time equal to 
3/4 of a cycle, or any whale number of cycles plus 314 
cycle, will supply energy of the pope1 phose for sustaining 
oscillations. Thus, oscillations may be obtained at a num 
ter of repeller plote voltages for a given frequency setting 
of the resonator mvity. 

Oscillations of maximum amplitude are obtalned when 
the frequenq of opemtion. a s  determined by the retum tine 
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of the reflected electrons forming a bunch, coincides with 
the frequency to which the resonator is tuned. Since only 
one resonator i s  used, the tuning of the reflex klystron i s  
reh~ively  simple. Although the frequency of operation for 
Pied cavity i'uning --j. Se w:id 5, chonqinq the repller 
voltaae, the wwer output drops off on either side of the 

voltage which produce oscillation result in whot i s  known 
a s  different nod.' of operation. ?he most negative repeller 
voltage for which mcillotion results i s  known os mode 1. 
Lower values of repeller voltage successively produce the 
higher modes (2, 3, 4, etc) of opmtion. A typical output 
response with repeller voltage mriotion i s  illustrated in the 
foikw~ng figure. 

, TRANSIT TIME WAVELENGTHS 

I 
3 / 4 1  

1-3/41 MODE I 

0 REPELLER VOLTAGE - 
Power Output vr R * ~ . l l * r  V o l e r  

Since the bunching of the electrons for the higher-numbered 
modes i s  not so weil defined, the net enetw qiven up by 
the beam to the resonator field is less, ondthe output phiei 
i s  smaller, us illusmted. On the other hand, because the 
bunching i s  not so well defined, the modes ;f bigher nu- 
Ser are tunable over a greo;er range of frequencies (by ad- 
justment o! the repeiier voitage). Tne occampanylng 
ii]istmtior ' - 1  -.-- .--- '. . d. ~ , r r , , ~ n i i  t ~ ~ ~ , , ; ~  , U L . ~ ~ .  .e:s;s noies  i-di- 
cotes thot for the lower repeller voltages (mode 3) the range 
oi eiectromc tumng increases wr h e  output decreases. 

Tuning Rang*r vr Mod.. ol Opemtlon 
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The variation 01 frequency with changes in the repeller 
voltage permits the reflex klystron to be used with on a u t e  
matic-irequenq-control circuit, which controls the klystron 
frequency by lowering (or by increasing) the repeller voltoqe 
in !he prop! direction to compensate for any frequency 
chonge. Thus, the circuit can be mode self-tminq and pro- 
vide reasonably ao0d frequenci stool!~ty, prticuhrly m 
pulsed operetion where voltnges nnd pillse nrnplirl>des 
change drastically. (See Section 21 for n discussion oi 
vorious types oi AFC circuits.) 

~~~i~~ ~ a t h ~ d s .  The methd used for tuning tne 
resonator has an irnpartont maring an the performance of a 
reflex klystran. Tuning i s  commonly accomplished by 
varying the !e;lgth of the :-f lap, to ndj lust the copc:tivr 

-I .L- ----.-.-- _.i . i^ . .^L i-. i^*^*.,!.ait a .*^ ,,*. 
*,L;,>L, L,. ,,,= ,,,",,".".. " .... "",.. ... .- "... b. 
tive portion is altered. Copaciuve t~ning requires smoil 
rnotlons far iarge iirequency sniirs, piuculariy near h e  
law-frequency md of the tunlng iar.oe. Tus extra sens;uvlv 

, . ,.,,., & r;ib)sr >'..-. .--- -. - ;-..-..;,-- ' n  -~'"Y,!L".~r YX l i  ill.. li-lliii 

up@.  !he opplica!ion. Canemily speaking. I! creates a 
problem when temperature campensotion is attempted because 
there must be considetoble reduction of motion by o mechan- 
ical linkage between the control knob and the g p  itself. 

The use of capciuve twiny reduces the range -.,er 
which reasonabie e1f;cienq :s obtained. .".s rhe irquegcy 
is raised by lengthening tne g p  tne tnnslt ong;e inrouin 
the p p  increases rapidly because the electrons have fcr- 
ther to go and less time to make the trip. The beam coup 
ling coefficient also drops rapidly ot the high frequencies 
so that the output drops quickly. On the iow-irquenoj side 
of resafi.,nce, z ~i-i!:? ?ra;ri-c!! scc;:s, i: is, l o t  52 

rapid. Since the :esonotor must incorpomte n flexible 
< ~ a p n ~ a ~ m  to prr. i t  ~ J p a c i G , , ~  t.mir~<, @:UL~C:..D a:,ae l:. 
prowding the proper vocuwrl seal; also, me tuk is S L S C ~ ~  

tible to changes caused by strong sound waves lmpinqirj 
on the diaphragm, and to changes in turometnc pressure, 

. . . W,#.LI~ ...- LUUSS - -.-L, p ~ ~ ~ l e : l l -  -- ,- - I~IYIIIYLIIYI .--- -, UPPI_ I-LI .,-. 
On the other hand, induc!ive tuning is usually less 

sensitive because lorger mechanical motions ore required .A ,, ...-A,,,.- .,,,,, , .L ;.,c sane effect. T- rrdic! ca.:itle~, szre.li nI"rc r--,- 

ore used (as muny oi focr !3 six) 131 !ninq. This ie:iSi 
of tuning usually results in o :ixrd-i.ur~d .iiiiilii;;iiii: ie- 
l̂.Jrc " ' * L ~ . " " ' i y " , ~ i  4 . ~ . -  A i i i , r , l i t . r ;  ......- . .-. ~ , " " , A , r . i  . .~ I"",e 

control a! o nn.~!kr o! ,lugs. However, since the trnnsl: . . . .  
:ir,,e vdzle> ,,,,-hy ,?,t., tt,c p;dsC :..& .:::~:*; ::-,GG :!.;I - ," .. , -? .- -""": .,..:- ... ";"" L , .;. . ,.:,, !,,> -. - -- ... ~ - ~ , ,  

-, , '3re 3vai;aL:e .*3<fi 1aixG...e ~,,;,;z::. ; :,c .2;q<~i .-:..1,,, 
. ,  . .  . .:__._ , . , . "  ~ ,,,, 8,7,~,,7r , ~ J L > L , , L : S x , , , > , , r , "  L ;<; A ,  ,., " . " ~ ~  ~ c . < ,  d. G C X X ~ L ~  c",- 

Ity, but a! .=rn!iy redocen cil!c!~.ncy i i ~ > , l o . - ! r l v c  rt,;;,n , 
."-" , , , , , , #  F cb"?::! c:! !C I!. 

I L  I ..> . ,A,. , -  . . > I .  . - - 'A, , .  2 .. ..,c, .., . _ ._  ,. .~ . . .  
!c !henno; !mins k c a ~ s ?  of tt3e :zz:>:sx:?< 3 :kj= h:x?r$ 
rontroi cl:cul!. Since rne merrm? -.:oilor, 1s l . s l ? ~ l i ~  5ml11;;, 

t.,r:n. i.. .,ll,llli?^l'.. -I.* ,.<',,i '-? i.+.","i .-y" , - .-.....5 .- e.-. ... . . , . .  ~ ~~ 

control. The main .?:lwk:rk ::i .i-.-'. . r -  .... : r a n t r ~ l  is :i:ermcl 
. . >~ : -L  - .,.-:; .--"" ---." -,.,,A"- '."",,"-",, 

>,iC,U", W J t L L 2 ,  pLC"c,,,* " ,"?.a ~L4p..d. ." "" ~ , ,  .,"9"...,-J 

chapqes: as o iesuir, 0vers"ool '&comes o ma;or prooleah. 
L? ;ere--1 .- , "erna! ... %-.in,; ic ~ s + u o ? l y  !?r 5??11?1 irg!:iq- . . 
,,,,,. -: ,..> ;Rr iii^:wi :";i; ,,!. -.- :.-4- 

., , , , , , , , , , , ,  ,.,? ,,,,.,. ,.,,, ~ -. 
- .  

<-.L.^!.*p 1 . ,  #:>#u I : , ; :  , y > , ,  :,L',t:,., ,,:,- 

udiy hove Sulit-ln odpdt :~ris!ts :not :ons:s: xs:2olly 01 
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o coupling device and on output transmission line. The 
most common pickup device i s  on inductive l w p  formed on 
the end of a cmxiol line and lnserted in a region of the 
covity where the mgnetic field i s  high. Aperture coupling, 
sometimes called iris coupling, i s  also used, but to o lesser 
extent than the pickup Imp. In waveguide applications, 
the aperture i s  usually used for simplicity and convenience. 
For external cavity tubes employing cwxial-line tuners, a 
cawcitive probe i s  sometimes used. 

FAILURE ANALYSIS. 
No Om*. Incorrect or no plate voitoqe a n  prevent 

oscillation. An incorrect repelier voltagecon uslaliy be 
readjusted (within range of the control) to the proper value, 
or output frequency moy be adjusted by tuning the-cavity 
until the tube operates on some other frequency. Lock of ~. 
osciliation for a l l  values of repeller voltage and covity 
tuninq indimtes on open circuit, loss of accelerator anode 
voltoge, or a defective tube. With on external covity kly- 
stron, poor electrode contacts m n  also cause lack of output. 
A voltage check will quickly indicate whether the potentiols 
ore normal. Note: AIIhough low valtmgo. are used, ths 

covly  Is p0.lt1ve while the r.pe1l.r is ~ p t i v e  so both 
suppll.~ in series provide o po=siblllty of dangerou. shock. 

0bs.n. s o f e y  pr.soution= when testinp. A tube with d e  
creasing emission indicates incipient failure by a gindual 
reduction of plate current, ond failure to oscillate 
at the uslnl repeller control settings. Such a condition 
becomes progressively worse over o period of time, and 
complete faillire mn be anticipated. Loss of output when 
automatic frequency contiol is used con result from failure 
of the AFC circuits; this type of trouble con be determined 
by switching to manual control and noting whether norml 
tuning occurs. Since the reflex klystron is an integral unit 
with only output and supply connections, complete loss of 
oscillation i s  usually due to mistuning, loss of supply vol- 
tage, or o defective unit. 

Reduced Output. In the majority of mses ,  reduced 
output i s  caused by mistuning or lock of proper electrode 
voltages. Mistuning con usually be corrected by o slight 
readjustment of the repeller voltage and the cavity tuning 
unless the tube or supply is defective. There i s  also a 
possibility that the output lmd has changed, requiring o 
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readjustment of the controls. Where stub tuners are e m  
ployed in the output circuit, reduced output may be caused 
by improper stub tuninq. ln either mse, a slight readjust- 
ment of mch of the tuning contiols should quickly indicate 
which i s  at fault. Operation on a lower mode due to incor- 
rect supply voltoge can be detected by a voltage check; 
this condition is usually indimted when the controls must 
be set too  position other than normal for maximum output, 
or when reduced output is obtained a t  the optimum adjust- 
ment point. If the supply voltages and lmd ore normal, 
reduced output usually indimtes incipient tube failure.. 

Ineo...ct Freqwnsy. Slight changes in frequency con 
usually be corrected by making slight repeller voltoge 
chanqes and bv tunina the cavitv. Normllv a rouah f r e  
quency setting is obtained by adjusting the cavity tuning, 
and a fine frequency settins with optimum output i s  obtained 
by adjusting the re&ller c&trol. A simple voltoge check 
should indimte whether the repeller and cavity voltages 
are correct. If t h ~  cavity tuning is operable and the iepeller 
voltage is correct, incorrect frequency operation can be 
caused only by l a d  changes or by a change in the tube 
cavity mechanism with age. It shodd be possible to r e  
store the frequency by proper Imd adjustment. Changes 
in the mode of operation can be detected by noting whether 
the tuning range is greater and the output 1s less. Where 
AFC circuits are used to mintain the frequency, o shift to 
manual control will quickly determine whether they ore a t  
fault. 

Changes in frequency resulting from changes in temper- 
ature ore usuolly compensated for by adjustment of the 
tuning controls; such changes m y  be mused by localized 
heatinq due to improper operation when power type klystrons 
are used, or by greater than normal ambient temperature 
chanqes. When proper operation and normal temperature ore 
restored, the unit should again stabilize a t  the proper f r e  
quency. Unless t h e m 1  compensation circuits or devices ~. 
are provided, it will be necessary to compensate by the 
use of monual tuning. If continued drift is observed, the 
tube ratings are probbly being exceeded. Where a stable 
frequency i s  important, an AFC circuit i s  usually incorpor- 
ated. Improper operation of the AFC can te checked by 
switching to mnual operotion and observing whether oper- 
ation i s  norml. 

ORIGINAL 
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PART 8. SEMICOHD'JCTOR CIRC'JITS 

L-C OSCILLATORS. 
The L-Z type of Vansistor oscillator uses a tuned 

o hi$ impedance ot the resonant frequency with high cir- 
csiatlnq cilrrent and minimum line current, while the series 
resonant tmk oilers a low impedance at resonance with 
high line current md no circulotiny current. In most ap- 
plications the parallel resonant tank is used. 

iilhvzin operc:lan is usuoliy in :i:e r O d l u - I ~ e q ~ r ~ : ~ ~  
range, it i s  also possible for o tuned L-C tank to operote 
s t  audio frequencies. Oscillation is achieved by ?ositive 
(reyenerotlve) ieedbcck (usually iiom !he collector to the . . .  .--~ .- . -- ., , , 

I..... ... .... . .  ,,, 4 " cilCUi. ,-" ,,- - ,  .". .? , u,, ,.xed .) ...; ..e,, uiou3i.  
inductive or capnd:ive --upling, c: hmji: the intsna! 
transistor parometers themselves. 

Opmation i s  usually Class C, but it can be Class 4 ior 
waveform (test equipment) oppiications. Bias i s  obtained 
as specified !or the h s i c  transistor in Section 3 of this 
technical manual. A combined voltoye jivider md f e d -  
Sock type biasin" anonqement i s  often used becslise it 
help5 pr3doce oscillation, ond at L+e same time estoblishes 
a stobi- d--c bias pint .  Emitter biasing with a bypass 
c2ooci:ar is also used, the operation beiny similar to that 
- i the  ;T:,.!2c".cco.;!a hIzsing cnmbin,tinn fnr 

electron tuks .  Usually, ;hi. mp l i t~ t l e  IS rejuiotei bj 
drlvinri the transistor into the saturation ond cutoff regions 
of its chorocter~stic or by usiny specici %ode arranqements 
where needed. Either shunt or series tvpe collector feed 
may be employed, but the shunt type IS pre!erred for Tester 
output efliciency. Actmlly, for design purposes the oscil- 
iotor I S  conslaere6 to be o Zioss Z ampiifier with a feed- 
back imp, operatiny at the some voltayes md currents a s  
un ampliiler but with o lower over-ali output because of 
ieeddck and circuit losses. i f  proper desiqn considera- . . 
lions cre taken into account, the loss of poeer in the ieed- 
uock looa i s  neqliqibie, a s  the weii deslgned trmslstor . . 
ompiifiei is normally operated wilt. u p w i r  :es*iie of 3 
least 10 percent. 

Frequency stability is equlvaient lo, ana sometimes 
- 

Letter imn, thit ,of the ?:e;tmn t ~ k  ,c:i;:-;-.;;I. : I ?  ,.;. 

i n  poiticiiior, L\e low powe: employed :with tra~s!stors nrwes Y ,  

- - 2 , i "d :1 ; "~<"~~ :;-;:. > ::&:Y.:y 5::7,:>;::.:: 5::::=: :: :.::.::.- 
lzes thermoi Changes. riowevrr, the transistor operating 

:- hSt "."re "."."̂ , ^~",." '  i,"- "L"""es caq ,,",,,, .a .,",,,C ,L," L...AL"., ".,d ...,,. "."" ".,"..y 
c a s e  1;;~e freqaency chccges. L!n!cr!xc!c!y, vcl:sge 3rd 
current changeson the tronsistor eiements ore no! equoi ona, 
therefore, do not entirely cancel out to provide voltage or 
current stabilization. Actualiy, the tronsistor osciiiotor 
;reduces 3 CllIreOl woveform which, when posvd through 
tk.2 l x d ,  pids.ces o me-wove output voltage. 'Thereforei . . . . -  ".., .- "."-.,,"" " ,,..- ", ?"-""-" .""" .......... * 
I. ,a ,,,vrs l..lpUi,",,. ," ""..-ill -.111.7-- ... -1 .-..Iy- 

, . -----,-. *-.,....-. ..,,,?" ..,.,,. inn; ,,"",,, 'k ..,..- ...... , ........... . .  

lected if amplitude variations me to he minimized. It should 
be noted that the tronsistor i s  particuloily susceptible to 
instant domge by transient voltages. 

In the following discussior. the three Sasic circuit can- 
L . - .̂.- ,^ "i-l .arnnni,inn ,,,,,U,~U,,~ for e,,., u,LL.LuL,L ~e sh ,.... ." "." 

and to point out any snlient difierences that exist. Normally, 
the cozzcn-em?t!er c i ~ c d t  i s  fie n!?e most e ~ r n l ~ n t ~ ~ r ?  fo: 

, ~ , , ~  ~~. .P ~ ..... ... 
U "~m'kr  "f ICUSUnb, U b  I U I I U W b .  lllr PVIITL, L U i l r i i L ,  Y I l i  

voltaqe goinsin this cor.!igu:ction a r e d l  better tho? 1, 3.d 
the highest possible power gain can be ochieved. There is 
3 phase (polority) reversal between input and output so L4ot 
additional phase shiiting in the positive feedhack diiect~on 
I S  eosiiy ochieved by addition of the tank clicuit. Also, 
the common-emittei circuit i s  the counterpart of th2 elect;::. 

, , 
::;re qoonied-carhade c l r ~ u i : ~  30cmocr:u:e ir:ou: ~::GWI~LLL 
impedances make less power necessmy for feedbock. Where- 
2s with the common-base conf~gurotion, the low-input mC 
high-output impedaxes inherent in thecircui! cause m?s- 
mote, in me feetback ;irSY:t, ;ro&;cii.g gi2c:er losses r:? 
reqdiing more feedhck. Therdrren: g-i;, in the C4 Circ~jt 
i s  less thm 1, even though voltage and power gains ore 
higher than unity, arcd the input and output currents ore in 
phase (this mndition is advmtogeous for oscillators not 
having a tank circ~uit). A somewhat similar condition exists 
in  the commonsollector circuit; that is, high input and mod- 
erate output impedances provide mismatching ond require o?- 

ditimal feedback. Low voltage gain negates thecurrent 
md  power goin possible, andthe in-phase output condition 
tends to prevent, tather thm enhance, oscillation. 

Tronsisto: poramet::sge~erol!y limit the marim~m ccrki? 
::cjuenq of osciliotion for any porticulor osclilator c~rsu:: 
'wkich i s  defined a s  the ciphn cutoff frequency ( i d )  Lor the 
common buse conflquratlon and the k t o  cutoif irequency 
(f,,) for the common emitter. This is the frequency at which 
the forwwd cxrent gain drops 3 db, or ta 70.7 percent sf :te 
1OMc;s value of current gain. !t should be noted tho! this 
value i s  not i,,., which is the maximum throreticu: frequencv 
at which the transistor could oscillate. or as sometimes 
stated, equai to the irequmcy at wbch the power gan  1 s  m t v .  
7ne cutoif ireauencv octuailv defines the h~ahest  fremnm~v . . . . 
ct which the most useful power gain is obtained. Trais!sto!s 
are usable and will oscillatein t!e reGion between the :utatt 
fie4ber>cY 2nd heir o~tpkt ,  !.~V<FVSI, vill hi. !c*sr t.=r. 
that between 10W cps and cutoff. At exactly f,,,, thmrtti- 
coily no teedhck con occui ond there wili te no osciilotiw~ 

. . 
,2! >.,J: ! re.$de r!,;y. 

5:~ce trnsis!crs ~ C V Y  ::?.!eieIec!rnCe cc~pnc!tmre s ! r ~ i n -  ~. .. _I=..-. . .L^-  ....... +. L--. . - - 2  ............ .- .-... .iLi, .. i.."ll." - -rr. ........ . . > 

in "ese .+dues con asc;iio:;oc, Since C1o;s C qer. 
-. . ........ .-  . . . . . . . . . .  . . 

~ , l  -..-,, .li ,u.... "..; ..... ......... -.__- .... .. 
oms,, Cbe is smoi1 and con oe nqiectea. ~ n e  ioieccor- 
:3-b"C C;pCCitnnCc, CCi, .;2!iei ^" ... '" .,.b " -,-.u3" -o..-s 6 - - -  ' . 9- .- ' . 
; : c ~ ~ z : o ~ s  f;; > , i q h - ! ~ e ~ ~ e ~ ? i  ::z?s~s:c:s :C 3s !.::!. 2: 5: 
picoiarods or more ior oudio transistors. inneased coiiector 
voltage wili reduce the collector-bse capacitance, and In- 
creased emitter currmt will increase the milector-base cc- 
poclta.ce, Sut these cffect r  are rot equnl on6 !he:pf~rp -l? - cot compensotr each c!?ei. 1 ?e ioii?ctor-trrrn:ttrr ray- - . < .  ,,, .. .,-i.,.nr." . . ., ,. .- ",., :s .. :,2 ii. !L:>:cx ,;:=2:r: I!:?!: .;t 2 : .  . .2iL.> 

, , . .  , , , . ,-,," .,,. *,,. -.....-.. m. ....,... " ....... ..,,.-.., 



ELECTRONIC CIRCUITS N A V W I P S  

TICKLER COIL (ARMSTRONG) OSCILLATOR. 

APPLICATION. 
The tickler coil (Armstrong) oscillator is used to produce 

a sinewove output of constant amplitude and fairly constant 
frequency within the r-f range. Tne c i r c ~ i l  i s  generally used 
a s  o local oscilhtor in receivers, as a signal source in s i p  
nal generators, and as o vonoble-frequency oscillator over 
the medium- and high-frequency ranges. 

CHARACTERISTICS. 
Uses an L-C parallel tuned circuit to establish the he- 

quency of oscillotion, with feedback k i n g  provided by a 
separate tickler coil of proper pola~ity to sustain oscillation. 

Operotes Class C with stobilized bias for opplicotions 
where linearity of waveform i s  not importont, andCloss A 
where linearity of waveform i s  important. 

Frequency stobility i s  ioir (generally comporoble to that 
of the Armstrong vocuum-tube asci!lotorl. 

CIRCUIT ANALYSIS. 
General. A sine-wave output may be obtained from on 

oscillator utilizing o tuned L-C circuit, especially when the 
tronsistor i s  operating over the linwr portion of its transfer 
characteristic curve. The L-C circuit (commonly called a 
tank circuit) determines the frequency of oscillation. The 
tank circuit can he located in either ihe base or the collector 
circuits to produce two versions of this circuit known a s  the 
tuned-base md tuned-collector circuits, respectively; these 
are similar to the tuned-grid and tuned-plote electron tube 
oscillators. Although three hasic transistor configwotions 
(common base, common emitter, and common collector) con 
be used, generally, only two, the common emitter and common 
base, ore used in practice. A trend i s  developing towards 
the use of the common-emitter arrangement in preference to 
the others, since it so nearly parallels the electron t u k  
ond has input and output impedances that are more easily 
matched. In the CE circuit, since the input and output are 
180 degrees out-of-phase (opposite polarity), it is necessary 
to provide o 180-degree phose shift (reverse polarity) to 
bring the output in-phase (of proper polarity) so that oscillo- 
tion may be sustained. However, in the common-base ond 
mmmoncollector arrangements, the input and output ore 
already in-phase (identically polorlzed); therefore, no phose 
shift (polarity reversal) i s  required (at extremely low fre- 
quencies excessive phase shift m y  prove troublesome). 
ne basic advantaae of the Amstrono oscillotor, however. 
i s  that since the fekback i s  developkd by a separate 
(tickler) coil, the amount and polarity of the feedback are 
easily adjusted at the time of manufacture by changing the 
number of turns or direction of the windinq. 

Circuit Operotion. The three basic transistor confiquru 
tions of the Armstrong oscillotor ciicuit are shown below. 
Bias and plate feed arrangements are omitted for the sake 
of simplicity, but will be discussed later. It is assumed 
tho1 forward bias i s  applied to the emitter-base junction 
and that reverse bias i s  applied to the collector-base junc- 
tion. Only junction bansistors are discussed, since po~nt- 
contact transistors requize slightly different considerotions 
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Basic Armstrong bnfigurotions 

and their use is constantly diminishing, except for special 
applications which will be discussed elsewhere in this tech- 
nical manuol when applicable. . . 

The common-base circuit i s  usually preferred ot the 
higher frequencies kcause  the collector-emitter capacitance, 
C,,, helps feed bock an in-phase (properly polarized) volt- 
age independently of tickler coil L1, ond osciliotion i s  more 
easily obtamed. In the common-emitter circuit this capoci- 
tonce feeds back an out-of-phase (oppositely polarized) 
voltage which requires additional feedback from the tickler 
coil to overcome it. In both the CB and CE circuits, since 
feeedback is primarily provided by voltage induced through 
the mutual induction between L l  ondL2, and since the volt- 
age goin of these circuits i s  greater than unity, oscillation 
i s  easily sustained. In the common-collector circu~t,  the 
voltage goin i s  olwoys less than unity; therefore, feedbock 
tends to be insufficient for stoble oscillation at the lower 
frequencies, while at the hiqher frequencies it i s  ossisted 
by C,,. In some instances, on external npocitor i s  added 
between the collector and emitter to provide additlono1 feed- 
back, but when thls is done the oscillator con nc longer be 
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considered an Armstrong circuit; consequently, the CC cir- 
cuit is not often employed for this type of oscillator. 

The CB circult with the tuned collector permits conven- 
ient matching of input and output impedances, since the law 
input resistonce is easily matched with the tickler coil, 
and Lie high mtpiit impedance i s  motched by the tmed 
pmallel-resanont tank circu~t. Moreover, the collector-hose 
;-.----I -mm-;.-n-o i e  r.unmnd hv rho hinhr tank " ". __r"_.."r."_ ._ ___..r__ _, ..._ ._  >-. 

in ihr ~ulnrntnrc-rniiisi ciicuit, :he mderote inpiit and 
oatput impedonms are more easily mctched, and the tonk 
may be placed in either the base or collector circuits without 
noticeably dfecting the performance. 

The operation of the L-C circuit i s  identical to that 
of the L-C clrcuir for the Armstrong electron tube oscillator 
c l r a l t  descrikd in the beginnin of I'his sectlor.. The tron- 
sistoi onlor i s  cs iolio~,s: i ts  :he cscillu<o: >> b w i i ~ i j e l  
on, cwrent flows through the transistor a s  determined by the 
Siosinq circuit. Internal nolse or thermal variations (initiol 
mrmt !  picduce o feedback voltage between the collector 
and the emitter wnich i s  in-phase wth :he i n p r  ciicuit. 
n.. A ~ Z U S ,  a s  the ezitte: current increases, the co1l~-tor 9.1- 
rent olso increases, and additional feedback between L i  
md L2 funher increases the emitter Nrrent until it recches 
the saturation region, where the emitter current no longer in- 
creases. When the current stops changing, the induced feed- 
Sack voltage is reduced until there i s  no longer my voltage 
fed back into the emitter circuit. At this time the collops- 
ing field around the tmk md tickler coils induces o reverse 
wltage into the emitter circuit which causes a decrease in 
the emitter mrrent, md hence a decrease in the collector 
-.-.--* TI.- An".-cinn ->..on, th- inA,,roc n nrp,,tilr rP. .UIILII.. 411. l..." " .._ ..... - ..--. ~~ ~~ 

verse voltage ir. the feeaback lmp, driving hi eaittei 
current to zero or cutoff. Although the emitter current is 
cut off,  a small reverse saturation current (ICEO) BOWS; 
this current has essentially no effect on he operotlon of the 
circuit, but it does represent o loss which lowers tbe over- 
d l  efficiency. In this repect, tbe transistor differs from 
the electron tube, n h ~ c h  has zero current iiow at cutoff. 

The d~scharge of the tank capacitor through L2 will 
cause the voltage applied to the emitter to rise from a 
revers+bios voiue imaugh zero to u forwori-bios value. 
Emitter and coilector current will flow, ond t i e  previous 
described action wiil repeat itself, resultung in sustained 

.,! ~ u ~ u t i o a a .  A c t u ~ l l ~ ,  the abjbrztr,q actior. cf ixxsistor 
parameters provides bath a resistive and capacitive effect. 
which causes h e  trequency o! operotion to be siig'nrly iower . . 
!:!o!! L:!e !U<X. cl:cul[ !eagavj [  ;r?,7ien,rv, b>: :h? :re,q"encf 
c:c:esse is sc smd! !ha! the 'msic iiequency of operation 
. ----.'.-.nj '"' -11 .,.-*.-.I n . , I M C P c  

f" pP 7"- tn"k !.- ~- .* ... .A~.~. ~,~ . .  , 

:s!,~es cf Ll cnl C z! resonance. 
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3.4.i, ior bias explanation). Emitter swamping resistor R E  
bypassed by Cl,  i s  used for temperature stabilization. 

The collector is shunt-fed through R c ,  with C2 serving 
a s  the coupling (and blocking) capacitor for the tickler coil, 
to prevent shunting of the d-c collectn voltage to ground. 
The tuned tank consists of L 2  and tuning capacitor C, 
coupled to the base of transistor Q l  by capacitor C3, which 
prevents short-circuiting of the base biasto ground through 
the tank inductor. 

When the circuit i s  energized, the ilutial bias i s  deter- 
mined by R i  andRa, ir.d oscillition i s  built up by feedback 
from L l  to L2. Besides actina as a thermal stabilizer and 
swamping resistor, the combinofion of RE and C i  acts 
similarly to a wid leak in an electron tube circuit and builds 
, , " "  ., .. degenerative bias which places operation in the Class 
C region. Thot is ,  while R s  and R i  produce a forward blos, 
RE produces a reverse bias, with the algebraic sum of the 
!wo biases providing the operating bios. Circuit constants 
can be adjusted by changing the valuesof parts to prcduce 
practical!y m y  value of bins between Class A. md C. ?he 
r-f output i s  taken from the collector through C,,. The out- 
put frequency i s  determined by the resonant frequency of 
::,e tank. 

7un.d-611.cbr O.ei!lotor. R e  tun&-co!!ecta: 
(tuned-plate) Am,strong oscillator using the common-emi::e: 
confiawotion is shown schenaticallv in the accomwnvinc . , ~ >  

illustration. One voltage supply i s  used, with fixed base 
bios k i n q  supplied bv voltoqe-dividin~ resistors R l  and R R  
3s in the t&ned:bose oscillator shorn previously. I l e  ar- 

- 

rangemmt below uses series base feed, togeths with series 
collector ieed thwgh the tank inductor, although parollel 
feed may Se used eq~al ly  well. 

T u ~ d - B o s .  0.sillotor. ?he tuned-base (tuned-grid) 
Armstmng osciiiator uslng Ule common-emltter mnuguration 
is shown in the accompanying illustration. One voltage sup. 
ply is used, with fixed bias being supplied by voltage 
, .  . ,. 

Ir>l>t,21a 1:; .xl,i .r:- :ie I : ~ ~ i i i . ~  i, piiriiiiip:l - , - ~  
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Tuncd-Collector Annrtronp Oscillator 

Since the collector is series fed through L2, tuning cop- 
acitoi C is obave ground and will be subject to hand-cap- 
acitance effects. ln some circult variations o rodie 
frequency choke may be usedin series with the tank and 
bypassed to chassis to shunt any remaining if around the 
power supply. Base bias resistor RB is shunted by Ce, 
to prevent signal variationsfrom affecting the fixedbose bias. 
Emitter-swamping and base-biasing arrongements opercte 
exactly the same asin the tuned-base oscillator previously 
discussed. The r-f output, however, is token through m- 
ductive coupling to the tank circuit. Use of series collector 
and base bios feeds eliminotes the need for coupling and 
blocking capacitors, and thus eliminates any dead spots 
caused by unwanted resonances of these parts with stroy 
circuit or internal transistor copocitonrr. The feedback 
polarity i s  orranged to provide o 18C-degree phase shift, 
in order to produce positive (regenerative) feedback similar 
to thot obtained in the tuned-base oscillotor. Placing the 
tank in the collector circuit provides an effective swamping 
capacitance across the collector and emitter, to minimize 
effects due to the variations of CCE. Although this circuit 
appears to be more stable from a fiesueno/ stondooint thon 
the tuned-base oscillator, it is not so stable thermally. Since 
the series feed orranqemenf i s  usedin Sath the collector and 
base, there is a d-c ioth of relatively low resistance for 
reverse saturation current lcso,  which tlows during cutoff. 
The path i s  from the negativecollector supply through the 
low resistance of L2, through the collector to the hose of 
01, and through the low d-c resistance of L1, then through 
the hiqh base bias resistance Rs to the positive supply .~ . 
termink. Thus the relatively high resishnce of collector 
resistor Rc of the tuned-base oscillator circuit is replaced 
by the very low d-c resistonce of the windings of  land L2. 
As a result, the individual transistor I c s o  current determines 
how large a current will flow thiough the tank and feedback 
inductances to decrease the effective circuit G and reduce 
the overall efficiency of the oscillotor. Where botteiy power 
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supplies are used, such lwkoge current will provide a small 
but constant drain on the battery, an effect not possible with 
electron tubes. 

FAILURE ANALYSIS. 
No Output As in o vocuum-tube counterpart, loss of 

goin in the transistor con result in lack of oscillotion through 
loss of feedback. It should be kept in mind thot, unlike the 
electron tube, the t~ansistor cannot lose gain through 
loss of emission. Failures of the trans~stoi mostly result 
in short- or open-circuit conditions rather than deteriorated 
operation. An excessive time constant in the emitter bias 
circuit, produced by an increase in the resistance of RE,  
could cause blocking effects. A change in the value of emit- 
ter bios capacitor C1 will affect the operating bias, but will 
be rather unlikely to completely stop oscillotion unless the 
change i s  large. Once oscillations have started, lass  of 
forward bias through an open in the base circuit will not 
necessarily stop oscillations because the feedhock sign01 
swinging hoth positive and negative (on a reference of zero 
or the established self-bias) will apply on the negative or 
positive half cycle, depending on the circuit configuration 
and the type of transistor used, a forward bias ond cause 
emitter collector cwrent to flow (while possible, this con- 
dition i s  not very common). Particulai care should he token 
not to aggravate troubles by applying potentials greater than 
the rated voltages (or of the mong polarity) to the transistor 
elements when checking the resistance of bios elements and 
circuit mntinuity. Failure of the tank and tickler blocking 
capacitors in the parollel-fed circuit will couse the shnting 
of bias or supply potentials and stop oscillation; howevei, 
a t  the low voltages used such failure i s  not very likely. 
Shorted t~ckler or tank inductor turns or pmrly soldered 
connections may produce sufficient shunting (or high resis- 
tance) to stop fsedbck,  although the tank inductor change 
would prohbly be indicated by a frequency change rather 
than loss of oscillation. A shu t  in the tuning capacitoi can 
cause loss of oscillation, ond it may not be detected by a 
continuity check unless the tank coil i s  disconnected. 

Reduced or Unstable Output. Instability should be 
resolved into one of two types - frequency 01 amplitude. 
If temperature variations ore the cause of frequency in- 
stability, tile houble i s  most likely in the biasing circuit or the 
emitter swamoina circuit. Openino of the bias wltcae divider . . 
or shorting o i  one of its resistors will provide less Stability, 
but such o condition i s  easily found bv checkinq for Drooer . . .  
bios with a high-resistance voltmeter, preferably of the 
electronic type. It i s  imoortant, in the case of the electronic . . 
voltmeter, to make certoin that its chassis dcesnot have an 
obveqround voltoqe which could be accidentally applied . ~~ 

to the transistor under test. Frequency instability con also 
result from poor connections or changes of L and C values. 
Mechanical, electrical, and thermal considerations affecting 
the tank circuit should be considered. Lock of regulated 
supply voltage for bias and operation i s  important. In gener- 
a l ,  the percentage of regulation in the supply voltage must be 
better for transistor oscillators than for vocuum tube oscilla- 
tors. If external to the equipment, power supply regulat~on 
effects con sometimes be easily corrected by appropriate 
use of Zener diodes at the points offected. 
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Instoblllty in the amplitude con h traced in  nOJ1 cases 
to voriaticns m the supply ,voltage or to component fa~lure 
ln lim~tiny ' ides  placed in the clrcu~t far :'ne scle purpose 
of maintoinmy amplitude stability. 

: ,, 
rlniie reduced output car, result tram loss a: q x n  in  tne 

tronsistai, this condition i s  not a s  common 3:. n is a i r h  
electron tubes; therefore, it i s  more 1oq?c7! to inve~tiqcie 
supp!y and blos vcitages first oeiore chmginl] r!:~nsisiuia. 

Excessive bics, rcther tnoa loci; of bms, 1s more hkeiy to 
reduce o u ~ u t .  

l n s ~ r r a s t  Output F r s q ~ m s ~ .  Ncrmolly , o small chonqe 
~n output frequency con be compensated ior by reol~gn~nq 
CI U:us!1nq the viriotle iazponent ci h e L - C  re;occ:tt tmk 
cucult, 055117!n? thot nii C ~ D O ~ ~ E I  pC1150i  rile circuit iirr 
srami to be s.:l!stuctorv. Cllzngts i n  r;;:ri>d:c~ :~;.3;1:- ,. . .  . 
once or reriffleu ~ o u u  ~ruiiui;~ ;kc ;Zĥ : :!.: fi? 
~ , e - c y  o! cperc!?oc. bdd~t inn~ l  cnporltnnre will lower tne 
frequencj and less cspcc:!wcr wi l  iicrease hc ireqtlency; 
ro:resgondlr.q chayes  in lnri~ctor~ce wiii prodace inr aln,c 
effect. A chm,ge in t:unsistor pus-e:cis w~li alsc i:ien 
the frequency: tor example, on increase in  tne coiiecror .vo;r- 
oge will reduce t ie  collector-base capoci!once, wklle an in- 
c:eose m t'.r emitter current n;:i ;nc:eas; :?," cc!ir:ro:- 
bose copxitcnce. Power z'~;p!y rqj~lctian eiiens cln; 
therefore, k s~spected vihm temporary frequency chanr;es 
ccc-:. Csm:c::osn ?i cc tu~!  ~cdlcortons wit" those ot the 
operational standardwill qenerally indicate tne mec at iauit. 
It may normolly be ossumed tnot malor ireqdency chonyes will 
~nvolve the trar.slstcr elements znd components asscci-led 
.witrr :he toon circuit, s,nce fney coosrl!cte tne m:or i r e  
quencv-"eierrrir!inu.ir!~nq po, l~o,~ G: : t ~ i  C~TU;:. 

HARTLEY OSCILLATOR 

APPLiCATION. 
The Hartley asciilatc; is ;set tc p:cc:ce 3 s:nrwa\,r 

:L:C;: sf ~3:stz~: iz71:t,i?e in!.i.v concron~ ' - ~ O U P P , P ~  . , 
. . 

,w:nrn me rne&~rr!- u ~ v i  i> ig i~-C~rque. l~y :f ;cc;cs. Tzc :;: 
id: is eni;i!$ x e d  cr. c Ixc! csc:i!!?r i? rec??\rrrs, 
0s o siqnal source m siqnui Jtnri2tois, an; zs G vc:ic;:e 
frequency osnllotor ior genera! use. 

CHARACTERISTICS. 
ases on L< pmC.ie. t ~ t , c >  2~:cl~:; L: esl3zJiz:. ?,e ::> 

?"en" of csc!l!otion. 
L'et'Lnrk 15 oblained tr~au<n a mrnxnn, roppec ,COIL, - -. - 
t l?-r"P= 3 .t,,ss , *,I:, S I " L , : ~ %  >,-a ::. c;;;.:::.;;.. 

-. " . ~.~ , . '#?ere + , , ~ e ~ o r r r  1s .m: >n~pu:.a:... u ~ , ~ - ~ a ~ ~  .- m.2z:L A...L- 

211:y c: wqv~!nrr ;s ix,,purtur.i. 

Ftequency srabiiity is iai: (k i ter  in;n ttlci ci tne 
41ns111lx O S C L I I U ~ O ~ ~ .  

CIRCUIT ANbiYSii. . , 
&" ec.,,. )!+ ra>,*c.,c L":pd[ ::,dy ;* A;: -i,;z: :..>rc> zr: 

oscillotcr .iti!iz!zo n tuna?  circuit, especi3lly when 
t"e Ironsistar is operatino WET the lineor portlor, 0: Its 
::ar.sfrr :hcr~cterlst:c xrve. ??~e L.-C: c:rcs!t (com.mcnl~ . . 
cd id  u l u n r  ~ i isui t ;  iiteiiiiicis :L,L !:; jL;ac,; 3! ?2::1!1- 

! ir ~"1' ' J :;""i" .;'"::": :': :7.: :zn.' ?'2-':1"', 

n p r r i n n  ni r n r  ~ilnir  lu;iu:lr Lul ~5 LCY juih :i i , i ; i j ~  - , ~. . . . .- . 
@"a ,.., E." ." . ' . . .  ." . . - -  ~ 
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ductor tank circuit m q  k used a s  either on autotransformer 
or o phose shltter, depending on the type oi feedbad; needed 
!or the specific circuit configuration. ilnlike the Armstrong 
oscillator where feedback om be shifted in phase 1800 by 
reversing <he tickler coil, the iiartiey oscillator will opercte 
lniy in o common-emitrer arrmgmmrnt since the ieedhck i s  
nlways shifted in phose 1800. 

ci,c"i,G TL- ,,,, La-:" ,,., ..-..7:+.". .."..".".". -- "-..I:," ,",.T",<mn 

of the Hardey ascillotcr clrcult 1s shown in h e  iu:luwiug 

11lustrot:on. Bios ond collector ieed arrongernents ore not 
shown, but will be discussedloter. It 1s ossurnm that for- 

oia- .. ;; .-... ; ,.,,,,,,, -".. ---;. ,,,., eb ' tc :neemil:ei-kse :~mctlail 

and ;not reverse bics i s  applied to the collector iwction. 
This discussion concerns junction :rmsistors only; how- 
ever, point-contact transistors operate in a somewhat 
similar monner. - ,,,- ,,....,.,, "-,iiii -:- :- -:-.I". l^ ". nlarlmn ,.." -2>&ulL 2 0  a3,>,,,,,, ~" ",. .*.-..-.. 
:lice ;Isc?:!ator ir. tnot it rewires a iairoeger pnust sn.1: 
I ,rdi,, -, ai1e;tsr tz h s i  I 3  produce ~CS:!:YP (regenerat~vei 

'relmck. l c u n - l r ~  tne emltter top (see lliustiotlon k i a h  
is: ;:3~2~14 ?s:nts! ;:&CCOS t ~ e  e f f~c !  of ~nverling the 

. . 
v:lr:ilngs clnc t n ~ ~  pioviclrs the dtsxec 18"vdec;ee ?hose 
s h ~ f t .  Tne rrscnmit frequency is determi~ed by L4e tuning 
s! :hc :z-L c-;cc:!c, ,C, cn? is :?ve. by I ~ P  iormziin: 

. - 
0 t E  G C 

- .. .. 
r """I,. "iilIlilii.i Gijii,din< F't:;:: 
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- 
Ine f i p i t  shows t h e e  slfferent arronqements oi the 

common-emitter cor.figuotion far jrounding the tronslsto: 
elements. These circuits provide o convemmt n e t h e  for 
grounding the rotor of the tunlng copacltor to el~mlnote 
hand-copacitmce tunlng effects and to obtain proper feed- 
back phasing. Note that the three configurations in the il- 
lustmtion ore all common-.min.r arrangements and Itfiat the 
only difference from the &sic scnemotlc is the youndlng 
point. In some texts. these configuotions ore referred to a s  
cemmon bas*, common emitter, ond common sollector, 

respctively. In oll three grosndulg arrmgements of the 
figure, the feeiibock 1s ied irom collector to h s e ,  and iqe 
emitter is the common slement. 

The discussion under :te 'i:nstron~ circuit concernma 
the relatlve merits of the vorlous conf~gurations md the 
transistor action cre oppliccble to this oscillotor. Opero- 
tion oi theL-C clrcu~t 1s s in la r  to tiio: ;f th,e ackle; coi: 
electron tube oscillator circuit discussed at the Seginninci 
of this Section. !n fact, the operotion oi the Hortley arcuit 
can be considered exactly the s a r e  us thot sf t?e Armstror,r, 
circuit, with the tickler mil  being an integral portion of 
the tuned tank clrcuit. The frequency stablilty o! :k,e !artley 
oscillotor i s  slightly better than that of t k  Arnstronq 
oscillator becouse the tank tuning capocltor tunes the entlre 
call and feedback loop, snd a high Ctc-L ratio provides 
effect~ve capacltooce swoqing. 

ShumcFed Hortiey. Tne shunt-fed Hartley oscillotor 
uslna the common-em~tter confiquotion is shown in the 
fallowing figure. One vol~oge supply is i?sed, with ilxed 
bose bios klnq su~p:led by .raltocre-divilinci ~esls tors  P I  . .. 
and RB (see Section 3, porkgraph 3.4.1, ior kxp~nnation of 
biosing). Emitter swamping resistor R E ,  bypassed by Cl. 
1s used for temperature stabilizot!on. 

The collector is shunt fed through radio-frequency choke 
RFC, wlth C3 serving os the d-c blocking and r-i coupl~ng 
capacitor ta keep the tonk coil iron shortlng the collector. 
Similarly, C2 serves os the Sase blocklrc and coupling cop- 
ocitoi to prevent shortms of the base to 410und through the 
tank inductor. 
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When t l e  shunt-fed circuit is energized. the initlal bias 
is determined by Rl o n d R ~ ,  and oscillation i s  built up by 
ieedbxk s~ppi ie?  irom the collector to the h3se Lbmugh 
sections LC and Le of the tonk inductor. Note tiot an o i  
path exists from the emitter through the LC portion of the 
tank and coupllng c ~ a c i t o r  C3 to the collector, and thot a 
similar path exists through LB and C2 to the base. As 
asciliation occurs, a degenerative bias is developed across 
R E  (if C1 i s  of the correct value) similor to thot of the 
grid-leak-capacitor combination used in electron tube oscilla- 
tors, and this bias ploces operotion somewhere hetween 
Class A andClassC depending or the parts values. Usually 
the values of voltage divider Rl and RB me chosen to pro- 
vide Class A bios for easy starting, and the values of RE and 
C1 are chosen to prov~de Closs B or C b~csfor  the des~red 
efficiency of operction, with thermal s tobi l~zat~m.  The out- 
put moy be token from o capacitor connected to the collector 
or from on lnductor mupled to the tank. 

Series-Fed Hortls*.  ?he series-fed Hartley oscillotor 
is s'mm below. The k s e  circuit is volt9qf-divider biased 
and emitter stobillzed 0 s  m the shunt-fed verslon. The 
collector voltoge i s  applied through the tap on the tank in- 
ductm, the voltage source h n g  shunted ior ri by C3. Op- 
eration of the series-fed circuit i s  identical to thot of the 
shunt-fed clrcuit discussed previously. Since o d s  current 
flows through o portion of the tank clrcuit, the C i s  lowered 
ond the frequency stobllity i s  not as greot a s  h a t  of the 
shunt-fed clrcut. 

D-toi led Anall.is. Like the vocuum tube oscillotor, 
the transistor oscillator can be converted to M equivalent 
circuit and Malyzed mothemoticolly to determine thecon- 
ditions requuedfor oscillation and the frequency of opero- 
tion, usmg the h-parameters of the transistor. A typicol 
common-emitter eqcivalent circuit lor the Hortley osciilator 
i s  illustrated below. Since the mathernotical analvsis i s  
mmplex and beyond the smpe of thls text, md exon only 
for low audlo frequencies, the interested reader is referred 
to stmdatd text books for this data. 

Hunt-Fed Hart lq  CE Oacillamr 
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The cccompnylng vector diorjrm 713y be more h e l p i ~ ~ l  
to  a better un ie r s tad ing  Gi c s c u ~ !  iipe1!2!!Oir s?nce it  shows 
!he ei.oltage and current r e lo t !onsh~~s .  T i e  commani:nltter 
circuit i s  illustrated. 

Hmrtlry Vector Diagram 

The voit:oe e,,,, i s  used 0s ,J reierence vector. Sinir :he 
Hnit!-v rirr:jit operotes sliohtiv rplnw resononce, the tcnn 
r-?rc)~!! o?!l?tns  resist:^^ d," I ~ ~ u z ~ ' ; ~ ,  LZ;;:~.; :, :2 !c;  
e q e r , ,  056 :he v0i:aqc dCIO*> ::,e ?,z;& zx, :c :?:< 5; 2  ST.^!! 

. ~. 
anye. currer,i L " l e d G 5  L 2 G "  L".;,." ..*.- :-:- ::.::. L'Y ::;7- 

since that branth is iorgeiy mpoCiL~ve. C ~ r r e n t  :X i q s  -. . . . ., ~ .. " r e  m e  s a -  3 : : . . -. 
that hranch. :'he voitaqe inmce? 17 :re wsr :ill -:i',?.:"ln:., 

,"qc . -- 
.l 37 * C ? y V +  ,:> !,! ,3,, , ,>t~$ r ,? , ,,% :: ,,,, e:.:. . , , .  

wluit [he i .OjiW<C COm;xX.v:.; -;; ;E;:? 1; 5; ?? 22 
qreee. The base voltoqe, F:,, is the " s t a r  sum 01 rn? vzlt- 
noes induced i n  base m;i La. ? I c e  trot w::5 k y l r r  l i ~ ~ u -  
5f zip:-:. ,? :r,e ,~ - l !~ .~e? ,  :!!?,!ei,>p2" ,OC?GS> tr,e VlC. c;;. .:.2:c . , c]osely rpFro2c~  i2.ch2.c -,..- -" * ,..ac ~ . ,  --" . . ,p -n  .!= :,-# ,,=an 

> . , .  
, o n  , I m : ;  2 ;  : !  1 "'. . : 1  i . I  

a r n n i i l ~ ~ .  
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FAILURE ANALYSIS. 
No Output. La,:k i i  3sc:!;;tion mcy 5e j u e  lo o shorted 

or open-clmlte? trur;istor. 3e!er?nictlon wltn age rouslnq 
lock ai qaLi -.a? resuit : I X i r  - ;::-temperaxe zonditions. 
, ... > 
ulilixe b - i u u i , ,  :->:, ;::??.;i.:, ':c: ::.!%s bvf rpeio!ei ror ..... in.., .m,i,.a..ii .,il.i--... Y >e!e~!or,ztim ~ r : d ~ r  proper opera- 

ting conditicni. Cal,::e 31 :be coi ieaa;  J P ~  bast kji%kinj 
ccpcc:!ae ,.?ill scnrt-crrl:!r !he binsin? orrungenen; tttouqh 
i n r  iurk cull acli;pieient o-,e;s:;a:.. L\?n<:r:s!! cnr,3:!?ccs 
o! tl-e Li;s:r.,- :?s?E.?:c 111:~ r!lp oscill'lfion: tio:~qh : t  1s 

more likely th;t rMuieJ out;,';: will :?suit r,?tirr tirir: no 
: ,  ,+>e:i ;;l.c ..:.- , ~ ,. ---.. . .. . - i . :c  - 2- .c :; ieep r: 
, . . ., - .. . . . . .. .. _: __^,  -_ ..... .,. .. . 
xcy shun! tbe rt to ,qroi,n$ tnio-l?, ewe: sapply coP3;itcrs. 
$ xFr. ;<;:; -. - ..'. ... - . r - -  .-,: . ; . * b +  q1-:- c7,,s. , ... " ,..,. 

. , ,  
,. ,," e- qw,:),; so:cel?u *-,:#x:e.L L,!,s ~ A sk,c::c? zdi::2:, 2! . .  . 

the :bpi:; .:ajaci:e; :,.111 slap cs;i!!otigr;, ond jt cannot be ~ ~ . .  -.-- L. " ,., -.,"-< , ~ ? , ' s =  ",+ , , . ,.#< ,-L>,. ,a >,:+ 
--znrc:..-.. ,?hen ~I~IP,IF-C>MTI~,! irith test cq~iicment ,:on- 

~ ~ 
. ," ,,,.,.; ..,L :.::;: ;;:Ex::: , - . - ;. . ~ 

p;iie:; jpc:;;::;:s cf i.:<-ess:.i2 \ . ~ l : r l : ~  !c * b e  1.ns!rtor 
by using a common g r a d  an w t h  ihe bonslstor and test 
ihass , s .  ';sf F.:qi-1npe&nce rreters to ovo:1 piacing a d-z 
shim: or retwn p31h lr. tne circuit cnd :ou:mg 111p;op~r 
current ilow or voltoge dlst<~ut;oc. 

Reduced or Unstobla Output, Instzbility shonil  be . . 
i e s o h e d  i;ta c r r  a! twc ?per-  .:equency or mpriruce. .? - 
FrequalLy :r.st:Ml!b wll: mcs! I:?.?!? resl;!: from pocr tor:k 
circuit c o n n ~ t i c n s ,  poor i n s ~ l c ~  :n beween  turns, or chsiig- 
e s  in L 3n2 C .:olaes. A!so, cb,,z::es in the supply voltoqe 
,w ' l l  .~~ p r p d + - ~  *h.-nqes i? !re?),-c? b-;;use oi chcnges in 
.-- -^ .... --.: ..: .,., ;; ? '  ; -.----! -".."-,+"-"- 
L 8 1 L  v, >..,. " -.,"..i.- ... .... . .. K . . . > ~  , ~ " v " ,  ,." 
?! t i e  wanslstor with differti.: .:::;l. .:31t.2~ns. Excessive 
S i O S  *,,A .;rZ%L7 :c-se 2 :*::::.zr. ::: 2d:GL: .3:>: .Wi!! 1 Lz .  

likeiy be proor;;e? by or. :-c:=ct ::: icle o I  tt;r h a s  re- 

sist;: :: s;rc::.; :! $ r 2 ? z s  L ~ F ~ I - s  Z C > C C ~ ! O ~ S  with the con- 
sequent p re iuc t~on  of Sqenc.nt:on. -5.-:rro!ure chanqes 
Ore l i ~ t i o l i ~  w:.iencei 5, i;:c:eu-d ; ~ r r e c t  ;n m e  c;i:cc:o: 
circuit ond con ke d d s e d  by o shorted emt te r  iwompinq 
I C S ~ S : ~ ~ .  

." ..,,..,,, . ,.<>. 
~.."u,ya ~ .,.*,. . 

- - 
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tank cucilit, since tt.e.9 cozs tk~ te  t ie  malor frwuencydeter- 
mining pcrtion of the clicult. 

COLPITTS OSCILLATOR. 

APPLICATION. 
The Colpitts oscillator is used to produce o sme-wove 

output of constait amplitude ond falrly constant frequency 
wlthin the r-f range ord sometlrnes within the audx range. 
The circuit 1s generdly csed os a local oscillator in receiv- 
ers, as o siqnd source in signal generators, as c variable 
frequency oscillator for rjeneml xse over tne low-, medium-, 
ond hgh-frequency ranges. 

CHARACTERISTICS. 
Uses an L-C parallel tuned circuit to establish frequen- 

cy of operation 
Features ind~ctlve tuning rather thm capacitive. 
Feedbock is ob:o,ned thr aujh a capacitonce-type volt- 

nqe divider. 
Operates Clcss C where waveform linearity is not in- 

parfont, and Class A where linearity of waveform is i m  
prtant.  

Frequency stability i s  good (considered better than that 
of the Hartley at the lower cnd medium frequencies). 

Oscillates eosily at high freqi~encles, where inductive 
ieedhck types hove difficulty securing sl;ff~cient feedbock. 

CIRCUI- ANALYSIS. 
t.nmr.al. A sinewave output may be obtcined from a 

transistor osc~!lator usina o tunedL-C circuit, aarticulariv . . 
when the tronslstor i s  operating in the lineor region of its 
trocsfer charocteristlcs. The L-C (tank) circuit determines 
the frequency of oscillat~on. The tank circuit cor.sists of 
two series-co~nected capocjtors in parallel with theinductor. 
The two series capacitors wlll act os o capacitaice voltage 
divider across the inductor (in addition to turnxq the coil 
to resonance) with thelarger voltage Jppegrinq ccrcss the 
smaller capacitor. The capacitance ieedhck voltage divid- 
er may be connected so a s  to provide either on in-phose volt- 
age or an autnf-phase voltaqe, to suit the various transistor 
caniigurat~ons used. The reactance rotlo 'of the two series 
capacitors i s  usually chosen to match the inputnutput 
resistances of the transistcr usci. Nathemotical analysis 
predicts a larger rotio between them than i s  employed in 
electron tube practice. Tne larqe rcltio %tween capacitor 
values makes it practical to employ fixed capacitors ond 
tune the inductance over the desued frequency range. The 
use of copacitonce (separate or gonged) tuninq over snnll 
ranges i s  occasionally encountered. The !requency of 
operation i s  the same a s  the resonant irequency of the tank 
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Circuit Opero,ion. The boslc configuration of the Colpitts 
Ironsistor a s c ~ l l ~ t o r  i s  shown ic the figure below. For sim- 
plic~ty, Sins and collector feed orrangements are not shown, 
but me discussed later. I t  i s  ossumed that iorword bias 
is initially applied to the emitter-base junction and that 
reverse bias  1s applied to the collector-base ]unction. Only 
iunct:on transistors are considered slnce po~nt-contact 
transistors operate somewhat ddierently. 

Since in the comrnon-emitter circuit the base w d  collec- 
tor elements are outnf-phase, if is necessav to provide a 
180-degree phase shift to obtain the positive (regenerative) 
feedhck needed to sustain oscillation. Thls phase shift 
i s  achieved by grounding the common copocitor connection, 

to make the instantaneous polarity of the copocitor supply- 
ing the feedback to the emitter opposite to that of the col- 
lector. The discussions of ltmsistor action ond the relative 
merits of the various configurations of L-C oscillotors made 
previously ore also generally applicable to this oscillator. 
The frequency stability i s  better than that of the 
Hartley oscillator and the Armstrong oscdlatar, because the 
lumped tank capacitors effectively swamp out any slight 
capac~tance changes that occw between the emitter and 
collector cnd between the emitter and base of the transistor. 

Tte followmg simplified schematics of grounding points 
show three different arrangements of the commonemitter 

C E  Calpinr Oscillekr Grounding Points 

configuration for grounding the transistor elements. ' hese  
c~rcults provide a convenient method of grounding the tuning- 
capacitor rotor to elimnote hand-copasitance tsning effects 
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and to achieve the proper phasing lor the feedtack. Note 
that the three grounding point configurations ore all common- 

emitter arrangements ond thot the only difference lrom the 
basic oscillotw 1s the grounding point. In some texts these 
mnfigurotions are referred to a s  common bass, w m m o n  

mitt.,, and common coll.stor, respectively. 
Shunt-F.d G lp i t ts .  The shunt-fed Colpitts oscillator 

a:ranaed in the common-emitter lranslsror coniimi>iuciul# i a  

shovm schematically in the accompanying illustrotion. One 
voltage supply is used, wlth flxed blosbeing supplied by 
voltaae-dividina resistors R l  and R a  (see Section 3. aaio- - .  . , 
graph 3.4.1, lor an explonotlon 01 biasing). Emliter swampmy 
resistor RE, bypassed by C1, is used for temperoture stobil- 
1ZOtlO". 

DFC 

The mlleccoi i s  shunt-fed through rodiwfrequency choke 
RFC lo keep the ri out oi the supply clrcult, wlth copoc!tw 
C i  actlnq a s  a coupling copocltar for thc tank circdii. C a p -  
citor C i  olsa serves a s  a biackinq capacitor, preventing the 
o-c supply tromenlering the tor,< cl:calt o:vi sniln!!ri: ; x i u -  

allv shortinq) R l  throuqh the tank inductonce. 
Whm the circuit is energized, the mmtiai blas 1s deter- 

rninrcj by iii u n d H ~ .  iri; usii;i;;;;;, ;; -;I;: ;; ~j :ec=zcr 
irom :"e rank carcu~l  lkwoL<!, d ~ ~ ~ i e ;  x p z ~ ; ~ ;  .C4. . . 

~~ .~ ILP a1v1wr 1s g~o~fiiiei: OL i i:t i.;iiuii;; :~..i.u:;.~;., uvFu :..; 
poiarlties exist across capacitors i3 ondC4 i:, respect tc 
qroma, aim :ne v r ; l ~ ~ q r i .  ;;!;;; LrLL;; ;jtiii:,., LCiil, 
determined by the capacitive reactmce rrrao. Tnas n voir- 
;;e mct 1s 2.1-nf-pinose wi th  !he miiritilr is ~ p ~ l i i i ?  b e t i e s  
ihe emitter md base to sapply 0 pos;We f e d b r k  m? ;;:;- 
lain ascillotion. The combination of i i ~  and C1 provldes 
M emitter swomoina resistor !or thermal stabllizotioo. wit? 
scfficimt copccitmc? os a bypass to permit degenerative 
voltaqe bbl;i!hp :o occx md bias the trons!stoi into the 
Clm5 9 or C opera:in," reqio:. d ter  - !ew init!d osc~l ia t~ons - 
~ n e  values ui R i  urd i i ~  <re y j i s i i .  ~ ~ ^ S C C  :O ;:o.;iSe - - '. '.. ......-- . *" -..:,, . A a  ;̂ ""^,::.. ->"aa r% ">"" .". ."-: . ....c ~ ~~ 
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tion i s  essentially regulated by driving the transistor to 
saturation on one portion of the cycle md to N I O ! ~  on the 
other portion. Although such oction nomolly would cause 
abruot chanaes and distort L$e wa,ieiorr., the tank circuit 
e f f ~ t i v e l y  smmthes miit the p;lsctiocs in Clcss C ope:* 
lion 1" "iovide ~sii!!~tion; :ha: essen?lal!v sh.1. wa"es 
b, the linear Class A region, the circiut provides smisfoc 
t;;f ;i;;: ::,c:- ;-!:-: !c: !es! e~Apment nap. i h e  osc,ilw 
tor outpur i s  normuiiy I k r n  iii&ctiiely by i coil mupip.' .- ,, the tank inlc:or, o!tbc~qh I rrp~:it?vp t ~ p  r n ~  bp used 

if nezessary. 
D.to1l.d Anolysls. A tp ica l  common-emitter erjuiva- 

isnt circuit !or !he L'oivitts JSC,II~:C: is :l!cst:3tel LPlow. 

6Ipins Semiconductor Ewivalent Circuit 

A s  13 Lne ficziey cxc3 h, Cne ,m~t;: er12 :r:a: 2n,z;y5;s ,:: !~5* 

equivaient cjrcat is too involved for tijs :ex:, bu: car; 'be 
... . . . ,  , 

touni i n  s t ~ n i 9 s  :exls. N;::, zo!? :n? r,::::cy 2p.f Z?>I::~ 
~qillvolent ;;;cuts 1: :s P O S S ~ S I ~ ,  W:LG slqn! mNlllCOtlDiS, . .*..present - ,- nos! 3! Lie 01Llr1 osc:l!otor c i rcui t~  ~ O W  i n  
Ese. %us, !ha ~nte~ested recder w ~ l i  !ind these two circuits 
mosi useiui. 

One inteiestlnq fact develops lrom ~e Colpittsnnalysis; 
h a t  is, the starting conditions are found to be: 

>::s, W ~ P .  2::  i c y -  r c  h !>- 1s smaii, C C Z Z C I ~ G ~ ~  
, 2 ,.. .~ . .?>  L-.." ;"."e"<!;n.o" ,.-.,,; ,,,, ,-- ;;7,-,r .- - . - .  .... . .  ~~~ ~ ,,, , 

:3n , , +:- ,.,, es), which is not L".e e.zr? ,c;!: 13- e i z c l r ~  C~LF 

.~~-... 
%"-. ,..? "... ~. .., ,r,e Gc:"z8p~,y"',y "CL.", "." ,.-,. 2.- ,. . - ~  : ..,. . 

.a'7.:-?cL'"c *n.. ,$- ,-A*i>:.15 :sz,~:cT2r ~ ~ , : i ~ > ~ ~ e < . :  .-.. "3u ~ ~ 

-i;r.::l -bur. - .. . -. . . . . 
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b l p i t t r  Vector Dieprom 

Note that the Colpitts i s  exactly the inverse of the 
Hartley. Tne reference vector is eqen, with the induced 
base voltoge, E l ,  directed 180 deqrees out of phase. 
Since the Colpitts osc~llotor operates above the tonk 
frequency, the tank circuit appears slightly capacitive. 
Thus i, leads e,., by o small angle, while E, lags. 
Current i, through capacitor C, leads E, by 90 degrees. 
Current i, through the branch containing the tank inductonce 
and C, is primarily inductive and logs E, by on angle less 
than 90 degrees dependinq largely upon the Q of the tank 
inductance. Since the induced base voltoge, E,, appears 
across capacitor C,, it lags i, by Yl degrees, thereby 
satisfying the conditions for oscillat~on. It can be seen 
thot with highervalues of circuit Q the phase difference 
between i, and E, will diminish. 

FAILURE ANALYSIS. 
No Output. Although oscillation may fail because 

of a shorted or openzircuited transutor, deteriora- 
tion with age similor to the decrease of emission in 
electron tlibes does not normally occur. High-temperature 
operation may cause premature failure or dropoff in per- 
formance of the tronsistor; however, this can normally be 
obviated by proper ventilation of the equlpmmt. Reflected 
reactance from heavy ioadinq due to tight coupling may 
occur and preventosciliation, but it should not occur with 
proper desiqn. Failure of collector blocking capacitor C2 
will place a d z  short circuit across the collector and base 
of trmsistor Ql through the tank inductme and stop 
oscillation; it may also ruir the emitter-base junction. 
Chonqes in value of the bias resistors will piohably reduce 
the output rather thon prevent oscillation completely. 
Shorting of either of the tuning c o ~ c i t o r s  will prevent 
oscillation. In making continuity checks of these tuning 
capacitors with an ohmmeter, it i s  important to connect the 
ohmmeter with t h e  correct polcrity because, since the 
emitter-base lmctlon is in parollel, use of the incorrect 
polar~ty would oppiy o forward bias and possibly damage 
the transistor. 

R.d~s.d or Unstable Output. AS in the oscillators 
discussed prei:cusiy, it 1s mp:tont t3 determine whether 

WO,OM).l02 OSCILLATORS 

the instability is ossocioted with frequency or amplitude. 
if omplltude instobilily is caused by temperature effects, 
the bios div~der and emitter stabilizing resistors ore 
probably at fault. Reduced output will most Likely be due 
to excessive biasing coused by changes In value of the bios 
resistors, or to excesslve deaeneration caused bv an oDen 
capacitor (or a reduced value of capacitance) in the emitter 
bypass circuit. A leaky collector coupllng capacitor will 
cause a change in bias by reflecting, through the tmk induc- 
tance, a ~orollel  resistance between the base and collector 
elements of the tronslstor. Frequency instabil~ty will 
ind~cate thot the tonk circuit 01 supply voltoge i s  of foult. 
Although this clrcuit provides copacitonce swamping of 
the elements to minimize uansistor capacitance changes 
with supply voltage changes, it should be noted that o 
varying supply voltage also chanqes the transistor opera- 
ting point and may therefore affect the frequency to some 
extent. As in the other osclllotors, p o i  mechanical 
connections and shorted turns or deterioioted insulation in 
the tank circuit may cause unstable operation. 

Insorrest Output Fteguoncy. As in the other oscil- 
lators discussed previously, smoll chonges in frequency can 
be corrected by adjusting the tuning capacitor, ossumlng 
that all parts ore in good condition. Variations of frequency 
with supply voltage changes indicate the need for external 
supply regulation. Major frequency changes will most 
likely indicate trouble in the tank clrcuit since it is the 
primary irequencydetermining circuit. Althouqii a chanqe 
in tronsistor parameters may change the frequency to some 
extent, a major parameter change will most likely result in 
reduced output or unstable operation. Too ught coupling 
of the l a d  i s  indicated if the frequency changes noticeably 
with changes in loading (a slight change i s  normol). 

CLAPP OSCILLATOR. 

APPLICATION. 
The CIopp oscillator is used to produce o sinewave 

output of constant amplitude ond frequency within the r-f 
range. The circuit i s  generally used a s  a s ~ s n a l  source in 
sign01 generators and a s  a variablefrequency oscillator 
for general use over the high- and very-high-frequency 
ranges. 

CHARACTERISTICS. 
Uses a series-resonant L C  circuit to determinethe 

frequency of oscillation. 
Feedback i s  obtained through a capacitance-type volt- 

oge divider. 
Frequency of operation i s  relatively independent of 

transistor parameters. 
Operates Class C where waveform linearity i s  not im- 

partant, and Class A where o linear woveformis required. 
Frequency stability is goad (better than that of the 

Colpitts oscillator). 

CIRCUIT ANALYSIS. 
Gonerol. The Clopp circuit is ansidered to be a 

variation of the Colpltts circuit d~scussed previously. It 
uses the stabilizing eifect of a series-resonant tuned tank 
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The collector is shunt-fed through :sdl~-i!eq>e?cy 
choke RFC to keep rf mu: oi the power suppi., nnd zvoii: 
power suppiy shucting effects. Note that series feed can- 
not be used with the L'lspp clrcul kccuse tun:?; copocl- 
tor C 1s in series with tank mcxtance. Thus : blcck~nq 
copacltar in either the base or the collector lead is not 
required for this circuit. :'!hen tk,e ciicuit is energized, 
Closs A bias is supplied for starting by the blos voltage 
divider consisting of Rl  and Rg, ond feedback to the base 
is applied throuqh feedback divider copacitor C3. 
Growding the common connection between the feedback 
divlder capacitors provides the l8Ddegree h o s e  rrve:sol 
necessary to pan t i e  p r~s l t iv~  feedmck from co?iector :c 
base. The emitter reslsto: and capncltor conbinotion acts 
in the same manner a s  on electron-tube qrld-Ieok to piovlde 
essentially Class C bios after a few oscillations. RE 
aiso acts os o d-c thermal stob~!izer for collector-current 
temperature variations. In a ?roperlv desiqed ci:cujt, the 
propei feedback voltaqe cividei c s q c i 3 r  rotlo fc: s:zbie 
feedback w~th the translsto: used inv he selectei, !ride- 
pendently of tank circuit desiqn considerations, to provide 
oscillation over the deslred ronge a! operation. The output 
may be taken capaciuvely or by inductance couplinq to the 
tuned tank circuit. Wlth loose inductive ccupllnq, the 
output obtalned i s  very stoble and relatively free of tke 
detuning effects of Ioadinq, smce the tank clrcuit is 
loosely coupled to the feedtack loop and relatively l n d r  
pendent o! ony change in transistor parometers. 

FAILURE ANALYSIS. 
No Out~ut .  Since no blocking capacitors a e  employed 

and slnce the tank circuit is essentlolly unaffected by 
changes in transistor parameters, lack of output 1s usuolly 
limited to lack of feedback or improper bias .voltages. P.n 
open or shorted transistor or m open or shorted feed- 
back capacitor will stap oscillation. A shorted tuning 
capacitor C will also stop oscillation becouse it will 
permit the collector voltage on tank cod L to be sllozted to 
the base. Poorly soldered cor.nectlons may produce c:rc?!lt 
losses sufficien! to prevent oscillation, while chcnlss ir, 

value or open bias resistors .will prirknbly reduce rather thcn 
stop cscilhtlon completely. 

Reduced or Unstable Outpu,. Reduced output would 
most 1ikei.i indicate a chanqe in bios reslstor vzlues or a 
defective emitter typoris capacitor. An open or pmtiolly 
open emitter bypass would produce excessive degenero- 
tion and perhaps complete cutoff, though tb.e !attei I S  \,cry 

unlikely, whereas o shorted emitter bypass would protably 
be ind~cated by thermal instablllty. Frequency instobllity 
would be directiy troceoble to !he tank circuit componertc 
and connections. An unstable output omplltuce could be 
coused by an intermittent open or short in  the blas circ~itry 
or by a poor cannectlon to the transistor or supply voltoqe. 
Lock of supply voltage reqdotion would normally be 
indicated by amplitude changes rather than by frequency 
changes. 

Incorrect Output F r e ~ s n c ~ .  Changes in distributed 
circuit capacitance oi reflected laod reactance .wll affect 
the i~equenq  of operation to some extent, but cgn normally 
be corrected by resetting or adlusting the :lining copccitar. 
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Lorge frequency changes will be produced by changes of 
tank circuit inductance caused by shorted turns or poorly 
soldered connections. At first glance 11 might oppeoi hot  
o shorted tuning capacitor would cause the frequency of 
oscillation to be determined by the lnductonce of the tank 
circuit olone (plus some d~strlbuted capac~tonce); how- 
ever, far this condition osciilot~on could not occur be- 
cause the shorted capacitor would short the collector volt- 
zge throuqh the tank coil L to the tase. 

R-C OSCILLATORS 
Since semiconductor R-C oscillators are directly 

onaloqous to electron tilk R-C oscillators, all of the in- 
formution in the discussion of electron tube 8C oscillatars 
is rjenerolly applicable. The phase-siuft osclllotor i s  nor- 
mally used m the common-emitter canfiguiation, but with 
the proper phose-shifting networks it con be used in other 
confirjurotions. Tne Wien bridge oscillotor i s  shown and 
discussed in the common-emitter cmfigurotion, but with 
proper circult arrangements it can also be used in other 
configurations. 

Nan-smusoidal semiconductor R C  oscillators are con- 
sldereC os relaxstion oscillotors und are discussed later 
m Sections 8 and 9 of this technical manuol. 

R-C PHASE-SHIFT OSCILLATOR. 

APPLICATION. 
The R-C phose-shift oscillotor i s  used to produce o 

sine-wove output of reiotively constant amplitude and 
frequency. 

CHARACTERISTICS. 
Ut~lizes RC network to provide feedtuck. 
Eliminates need !or ~nductors in resonont circuit. 
Output frsquency is usually iixed within the ronge of 

15 cycles per second to 200 kilocycles per second, although 
the circuit can be arranged to provide an output which 
can be varied ovei a wide range of frequencies by 
chanq~ng R or C. 

CIRCUIT ANALYSIS. 
tensrnl. A sine-wave output may he obtained from an 

osc~llator usm: an R-C network in lieu of on L C  network. 
The R-C network determ~nes the frequency of oscillatian 
ond provides regenerative feedback from the output circuit 
to the input. In the mmmon-emitter circuit confiquration 
for transistors, the signal hetween the base and collector 
is shifted in phose by 180 degrees; therefore, an additional 
I8Cdeqree phose shift is necessary to provide the correct 
feedback signal when returned from the output circuit to the 
input in order to sustain oscillotions. The feedback signal 
of proper phase relat~onship is obtained using a network 
consisting of thee equal R C  sections; each section prw 
duces a 6Udeqree phase shift at ?he desired frequenq of 
opeiotion. h the occompanyinq circut schematic, the three 
R-C sections are designated as Cl,  R1: C2, R2: and C3, 
R3. 

ORIGINAL 
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R-C PharcShih Oscillator Usinp PNP Transistor 

P h o s r S h i h  N.trork. ' h e  cur;mt in c series ;:;csi! 
comprised of resistance and ccpaci:m;;ce is ietermind i.y 
the applied voltcge llvidec mj the series i , p r i ~ n ; e  "! ,;.e 

components (I = E.). Since o serles RC circuit enhibits z 
cupaclt~ve reailonce, tne cur:mt !eo?s the ,;pp!!d v?!!?le 
by 3 spffif~c phclse myle. Thc phase mj le  i s  deter-nini: 
by the reiotionship z: res;;r;?ze 3::: ~::l,.l:~:: .i ? i  

voltaye drop produced across the resistan;e is ~~:CI.~I::LY: 

by the curent through the resistxce and therefore leads 
the applied wltoge by a given phase male. 

For o vector onaiysis o: t ie  srsse-sn:L: r:r!-,vo!j, i+j i8  

to the discussion given ior the electron tube R C  phose 
sblft oscillator. 

At leust iiiree R-C s e c t i j ~ ~ ~  I:? reql~ire? !c p~wirie the 

18&degree phose shift ~eeded  l o  produce a positive !in- 
phase) teedwcit voitage. The values of re;i;tzce %? 
~ ~ p u c i t j n c e  !;I j :hmesec!! l !? cprwnr i  or? r110sen 10 

that each section of the network will provxde a M-deyree 
pnose s n i i ~  a i  inr 6rsirr'J f i tquenci .  

','L., :~,.-. *+ -ca.z., :? ..--,:: -.,,.; . , ! , , ( . , . , , 7  !;< " . . - A  . -  
. , I C  , ,  ., ",."". -.,.. "*-~..-~. ... .:.r, , , ,  

frequency cwt the OUTDUI freaeencf 2;:. Le ... ;:::::'- 
"~..3: . . " .. r"",Jr . . ~  "I !re.!, ~ , m . , , - , ? ;  c;; >:G.4;d:c,> ,;,:?, .$< ..:Cr>::,!: 
cnmnp. i t  or res:sto:r i n  me pn3se-snlii :etworh. Ai. .a- --;--. ~ :- ..... "- ,.,"!,?.. of 21:i,; O ,?: r :,.j!] tl134xC F. ~ ~ c ~ o c .  

- J --.---* , "  *h.> ,-, ..= in i n  p u t  q . ,  . 2 ' >  , . . 
L! citS.er P or C will prndtjce or increase 1:: :he xt;;: 
frzq'ieocy. - 

cly incrcusinp the ili;;.he: c i  ;h~~eshi! !  snc!in?o mn- 
prlslnj the network, the losses 01 I'le tot;! ne!,.vo!k ;an k . . 
decreoseo: tnis meals iiwi ti.e :d<;:i;::! :cc!:olr ,.!i!! LIICh 

be required to hsve o lesser derjree oi phase sliiit per s?c- 
:ion so tho: the over-z!! phase ihi!! c! !he ~ ~ t w n r k  r-rncms -. ,a,', <". +"D , ~ O Q ; ~ S , ?  : r+,;,,,.n, 7" :,: ;~:!!::.~:,, 

? ' 1 ,  .--- .". , 
X , i X ?  :5? !CSS >er %c!L9h is 1- >?,,>t.,; ,.s ::,e cxz-,: C !  

phose shift (per section) is reduce", many oscillators em- 
ploy netriorks z3nsist?n', of four, five, an3 six sections; 
055umin3 !no: h e  vdues o! 3 in: 3 ore equal for ench 
sectLon, the indivlduol secttons x e  deslqnea lo produce 
pncse shlits per section oi 45, 3h, cnd 3c degrees, respec- 
t?vely. 

circuit ~ p a r o t i o ~ .  The ocmapanyir: iirruit schematic 
iilujtiates a ?UP tiz?s:ctor !n 3 cnm~c18-rl~li:ri ir i i l -  -. 
fiyxatior,. ,3esistc:s ?,!, ?.?, 2nd .?i and !1373ZI!31S L I ,  
- 2 ,  m? C3 conpr:se !ne feeemcn on3 pnssesnlit neiwork. 
Resistors R3  and 84 estil5llsk. Sase Sics tor the PNP Iron- 
sistor. Resistor F.5 is the emitter swcmping resistor, which 
prevents !nrqe iocrwses in ernirter ccr:ent and causes the 
,.". , ..i..tion " o! eoi+!er-wse lunction resistance to be 3 smal1 - 
re,-entlne ni I".? tcrr:l en!!tei :i:s;ir resisance. i 7 w d i o r  
-4 byposses rile e n ~ r i r ~  andll~;.ril .~:;c:;:. 25, ~3 t!'5:- 

:i;sly p!;:fr tk? -z:!!e, ct iicnol nrilrmd ootentioi. Resistor 
~ - 

is ii]jec;n: :<." .--,. ....,. , ,.,-; . ---- ,. ,.,;. . ,  , ..I... n...... ' f h? o.tpi?: 
= > m ; !  . ic ".vpi2s.l. L3a?^!tor C= I c .  ,be odrp,.: ;;ug:inq 
capocilor. 

3sclllat!ons ire starteo oy any ronoam noise i n  i~i? 

scsrce ci the rrmsistor h e n  ; n o ~ l  Dower is !;rst &pI!& 
to l i e  clr;ull. .:. :!l3nje i t  ::2 :ai~ 7.2::~-1! les;!fs ~n 1 n  
i n p i i i i t  z 5 j n j e  ;n  ::!!~.toi n?rre>t ? i i l ~ r q  i s  sn~!trd in 
3 k s e  !Y'l decrees. The ?iltn!i: siuno: develoued across the 

~. 
:tz :oli~!o: !3;n :ec!stln~e, ?j is iet~iined I; :r,e t:x- 
sister base a s  m ,njut siunai invei le  
oction of the feedback ond pnase-shift netMarh, m l k , n r j  the 
circuit reqcnerdtive. 

'!he c.utput h.ave!orn :s e s s e n t ~ a i l ~  o slnr  Hove; the 
c ~ ~ t p ~ t  i:q~:.nn, is a L n r j  iisiuz~:~. ;/?cz ;;xzi ~.v2!:ss 
3i --?s~s!rnce m i  C O D ~ C L ~ ' ~ " C ~  are ise; ior thr lee3ruca 
.. .. .. ..".,, . t ie  !4i1 .7~. ,~0~ nnq..- <?,ili! :c:iii; :: 3 c : .  :;,e 1.e- 
;;w.cy. ;.I -Ji ,?:he: i:-7ueneir;, t ie  - , ? ~ i c ~ t ! ~ i e  :elc!-.,:i 
zither lncreosea or decrroses, s~zsiii ;  ; .;;::::t:cr :R ;?2se 
reiationsilip; thus, !he fe&mct :s na io?gt.r ::I pnuse iild 
i: :k:c!;:e ?c;c~z:z<,!?. hinta h n w e ~ e r  tn:L t f  ihe com- 
nor.ents ornprisinq ilr &lac-mii t  ii:;;;:!: zcc-:i ch3 ;e  
vr iu r ,  ihr iie,qdency ;i :;c:!!:tioc ii!! Ch3n~:e In t i ?  !re- 
quenq s t  wnlcn o pnase sni:: ai l3C 52;:c2c fill! x;;i :; 
S 0 S 1 0 ~  "ci,llol,o"s. 

FAILURE ANALYSIS. 
No Output. Aii input voilugrs snoul: ze mea~urmi ,!?I!? 

-" ~ l w t r n - i r  voltmeter to ?etern;nc :uhetheer l!:e lnwt a i -  
:=.e i s  nrerent 1 1 4  xbr!%ei Lie fi!zi!n I u?ito.l~s :13?lled 
?2 9 h -  P?-s,.-rW?r ,7?D .";.,>:, , , , i ,&i -"L:-:',.< :I,. ;: :: . . . - . . . 
",.< >.s*r, ac,,7.,:,<r,,.. , . , ,, , ; : I  ,,>:id,;=" :>:;<,z:, ;: ;; 

liA24,. +..-* -,,- , .-.?.. - - ,  #*..,* . . .~ . ....., 
n ~ t w o ? ~  or tho1 iegenerct~on in the exiirer iii':~l! ! s  p r r  
,re-,.",! -,c-,,,-..,?" 

Radueod cr Distorted Output. Ail iui!.;.-s shoiil  w 
, , ~  ,easdre: *.,I!, -, z;L~<::;E:c .:::.~- ?.-. , .  ' ..,?. , . -  ,..-,.,,, .~.. . 

. r-" ,,?"I:. "c,:z" >- >.: c,r?saPr > a ~ ;  <<?,<:;,::. i.;c -.-- i.:. , ,.>> ~, .  

jp j ! ;??  1: 1-2 53n:is!3: m? u!:h:n ,-7r:r~t 3ce13!:n-: !l!zit5. 
4 rhnnr!a ~n rnse oms or lo;: .moe;Ji.ce :r :e;merct:on 
,r, :kc ~z:::er ~:r:-~: ..:!! - 2 , : ~  .+~:?< TI!:YJ! ,zqj po~s!r,ie 
",", ~.a.3r:!s::: ?-,,*e\?!, L~,e a.2:*,~t !:cq"X:, ::.:: rc72:7 s.,!+ 
-.-n,,-::\, ,..,,,- ( 
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Incorr.ct Output Fr.qu.ncl. ?he correct operating 
frewtncy of the R-7 oscillator i s  determine?, by the circuit 
constwts comprisin? the ploseshift  network; therefore. 
if the output irequency is incorrect, it 1s likely thzt the 
phase-shift network components hove changed volue in 
such 3 manner us to permit a IBCbdqee phose shift to 
occur and sustain oscillations 3t the incorrect output ire- 
queo,y. 

WIEN-BRIDGE OSCILLATOR. 

4PPLICATION. 
The Wien-bridge oscillator i s  used a s  o variobltfre- 

quency oscillotor in test and labaratory equipment to supply 
a sinusoidal output woveform, ~ i l h  practically constant 
amplitude and exceptional stability, over the audio-frequeocy 
and low-rodio frequency rmges. 

CH9R4CTERISTlCS. 
Uses 3 bridge circuit to mntrol positive feedback and 

produce oscillation at the 3-C frequency. 
Operates a s  a Class A l i n m  omplifier. 
Employs neyotive feedback to control the output ampli- 

tude ond to provide improved linearity. 
Frequency stability i s  excellent. 
Operotes over a wide frequency range (10 cps to 200 kc). 

CIRCUIT ANALYSIS. 
G.neral. The Wien-bridge circuit consists of a resis- 

tive element and a reactive element amznged in a kidge. 
The resistive element supplies an inverse (negative) feed- 
back voltoqe to :he emitter, and the reactive network sup- 
plies a regenerative (positive) feedback voltage to the Lase 
of the some transistor. 'When the bridge i s  balanced (at the 
operating frequenq), the positive feedback i s  slightly 
greater thm the negative feedback md oscillation occurs. 
The operating irequmcy i s  determined by the R-3 networks 
employed in the reoctive bridge arm. To obtain the feed- 
bock, two trnnsistor mplifiers ore used, each producing a 
18bdeyree phose shift, or the total 360-degree phose shift 
necessary for positive feedbock to the Lose circuit. The 
negotlve feedback is obtained by inserting a portion of the 
leedback into the emitter circuit of the inout trmsistor to 
produce m outaf-phase or neqative feedback. The opero- 
tion of the bridge Armit md the development of the positive 
2nd neqative feedback voltayes are the same os described 
for the electon t u k  counterpart. 

Clrcult 0p.ranen. The semiconductor Wien-bridge 
oscillotor i s  shown schemoticolly in the fiqure telow. 
Except !or bias arrangement, it i s  prxtically identical to 
the electron-tube ~Nien-bridge oscillator. 

Voltage divider base bias is used, with R2 and 
R5 biasing Ql, and R7 and RB biasing 92. Temperature 
stabilization is provided by series emitter (swamping) 
resistors R4 and R9 (see Section 3. wraaro~h 3.4. for on . .  > .  
explanation of this actlon). 

Resistors 43 md R4 farm the reslstlve orm of the mdde 
across which the output of 92 is applied; a portion of this 
voltage appears across R4 (DS11 a s  a nqat ive  feedback, 
being in-phase with the emitter voltoge. Resistor R4 
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Wien Bridga Oscillator Using PNP Transistor 

(or DS-1 or RT-1) i s  either an incandescent lamp or a ther- 
mistor with o positive temperature coeificient. 'Wen a lamp 
i s  used, it i s  operated at a current whlch produces a temper- 
ature-sensitive point [where resistance vories rapidly with 
temperature); when o thermistor i s  used, it is selected to 
have the desired temper3ture-current characteristic. In 
either cose, the bios developed across this resistor i s  in 
opposition to the normal (forward) tios, and produces a d e  
generative effect. The feedback voltoge i s  oi the same 
polarity a s  the degenerative bias and increases the degener- 
ation. However, since the output of the voltage divider is 
not frequenq-sensitive, the feedback voltoge i s  o lwqs  
constant regardless of the frequency of operation. At 
frequencies other than the frequency of operation the deqen- 
erative feedback predominates and prevents oscillation. 
At the frequency of operation, which IS conirolled by the 
bridye reactive arms consisting of R1. C1, and R2, C2 the 
positive feedback i s  a maximum. This in-phase feedback sig- 
nal i s  applied to the base and i s  slightly greater than the 
negative feedback at the balance point or frequency of oper- 

to R2, C2 i s  equal to C1, and R3 i s  slightly greater than 
twice R4. 

The omplified output of 01 is developed ocross col- 
lector resistor R6, and it is applied by capacitor i 3  and 
Lase resistor R7 which form a conventional resistznce- 
coupling network (designed for rn1nimu.T phose shift), to 
the input (base) oi transistor 02. The signal is iuither 
amplified by 02, and the voltoge developed across collector 
resistor 310 is supplied os an output throujh capacitor C5. 
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and, os  a positive fewllack through C4 to the br~dye net- 
work. Note thot the 02 emitter resistor, Fig, i s  not bypassed 
and thot the circuit of 02 is therefore degenwot~ve. Note 
also thot 310, 4 ,  and C5 ore designed to proviie :: minim2 
amount of phose inif!. Thus ,  with D highly deyneroti~vs 
two-stoye amplifier and J loss  A t ias,  the output signal is 
esseniiolly u puii. j v i t  -.i.:c. Since !he cc,sg!!":l n~twhlnrks 

are mranqed lor rninlmum pnase shift, tile p h x e  shift re- 
quired for regeneration i s  obtained !;or, L$e inverting action 
of the comman-emitter configuration. *ith eoch omplifier 
stage providing o 180-deyree shift. The feedbock input 
sianol is thus shifted 360 deqrees in ohose to produce a 
reqenerative (positive) feedback Independent of circuit para- 
meters. 'The rwctlve wrtion of the bridae (Cl.  Ci and R l .  - . . , , "2) 2ete:zincs tbr !!eq~irn,:y 1: an):-, maxL:::u::h s ! ! ! p ~ ~ ~ ~ ~ ~ ~ -  

lion (and feediack) occurs. Resistor 34 (3s-I )  controls 
the degenerative feedlack and also the output omalitude: 
[hat is, when the inoiit siqila! to Q! incresses. more emitter 
current iiows through 84 (is- ii, Jn< ;he i;l;p 3: :kei?isly: 
resistance increases, piduciny D derjene:3tiue uo!t2ye 
which opposes the input signal, ond tends to restore it to 
the original operating value by reducing the amount of 
ampllficotion through the feedtack loop. This oscillator 
then, with amplitude stilbility, temperature statll~zotion, 
a d  deyenerotive feedhck to control the waveform, and 
with on R - i  frequency-selective circuit to lete:n:ne t e  
frequ~lcy of operotion provldes o signal of excellent 
statiiity and pure waveshape for test applications. in 
order to control the frequency, either resistors a i  aod 9 2  or 
cgpjcit j is  Z! ;nd C2 ore chsfi:,e? i l  VOI I~P  n i  made variable. 
With a rwoyang vonnblr capucitor izd  a selefio: switch 
(or fixed and voriatle resistors), o continuous rmye of 
frequencies over .i number oi bonds m y  be aa:~lce:. 

FAILURE ANALYSIS. 
No Output, Ii the feedback loop or the coupling net- 

ivork Setween stages is cpen bprnuse of 3 3eiectire (open) 
component or if the supply voltage is tw low the clrcuit 
will not oscillote. Also, if the coupling caoocltors are 
short clrculted, tne circuir wiii no1 ilsiiliiltc xcji5s :he 
oios circuits ,will apply an obnormol t i s s  to Gl 2fi,3 32. 
r or exomple, wlth 3 shortel the enutter 31 ;i wiii be 
neyatlveiy niosea ona stup usciilfirldi~, hmtl. 73 >L;rtii :iz 
bizs will be provided by the parallel corniiin3tim of 56 
and 38 i n  series wlth H7 and most likely w~ll k rw lorje 

. . , " " t  t : : 4 r e  ! !  - : : , :  
wli; 6,  discoonec<.ti: ::;-:kc ci:cs! 3x?. !ne f ~ ~ c i s r - r  
wl,, ".JL aEsrG;,., ,i ;,,:= ::,:! - - >  --".,",,,.,, , " . ~~ 

c h e c ~  of ine circuit with 2 niqn-impedance ,val!okr.rneter 
. . 

5,70"t2 qG,cz 'y  "e!c:...A5c :2c >*;L~:.:? ---,-----* ~ . .  
Raduced or Unstobl. Output. h mtermitient open 

?r s h m  i n  i m y  ~f ihe i i i? , je  :ix:;:.c -e!:icrk :?rtr- a?!' 
cnange tar L.eq4erp:r I! per;:;;: ,:a? 23-se jcs t~bi l~ty  
P w r  contacts in tond swbtcnes wiii oiso couse ins[mi:ity. 
,#hen the output is reduced, it is loqic3l to suspect ti,>: a 
defective comFnent in the positive ieedback iooo is pa-  
mittin,- the dqene~at ive  m i o n  to  p:edominate. Since some 
positive fedback i s  :eq;i:wl to m.a~nta?n wen 3 wmk oscil- . . 
inrlnn, rhr reduced iiuiovt nci:.: zo;: I:?::;. L.? ;ivZr: :- 

- - -  . .--:-.---- " ."a ">.i.ivo :.'":i*,,-i !,;,-,i l , ,L,c">~u ... . .. ~ 

k- uuac --  ~n - -- ;- ". +hi -  ...... !-", ,n,, . ..!d rtnp cccilintion. Failure 

of the transistors with oqe at reduced outout teciluse of 
lock of emission as in an electron t d t e  wouii be the least 
iikely couse of reduced output. Normoi ac ln j  nl the tron- 
sistor will hove little effect on nsciliat~an since operation 
i s  over onlv 3 smoll ronye of amplitude and only small 
currents are invoived. In the event ot 3m-i:;qle to the trzn- 
s~stor ,  by the appl~cctim el improper bias 21 by the =pp!:- 
cation of .>hmmeter vultoues w,? poi;:k;es : k t  cxcerd tne 
transistor rotin" (through poor testinq recnnlques) reduced 
or no output will occur, bill t'nis tyge a1 !.nutie !s  due to 
foctors eiternal to the circuit and normoily should not hap- 
pen. The supply voltage shoul3 he check?  lor the ;?led 
gutput val to~e tecoilse 3 io;v sxpply ~oltnrje could rel;di!y 
affect the os i i l l~tor  outout. 

I ....~..... . =.-" ...-....,. ..---" WL-7- ,he +P?IP"CY 01 o~eru- 
tion differs from the orlyina! i a i ~ ~ r s [ ~ o r ! ,  we IUU~C .:l;q>i; 

be ine oqing of iircuil p s i s  SYS: 2 3  c?:E.;c-E. ic '!3!ce nf 8 
urd i in tne reoctive 31- 3i the Lriije z; >ass:~ij .  ?a: 
;*itch ;a;t;c::. !.-,I 1=!qe chmi? ni freliencv ;v??cr 
connot be comoensated for by retrimm1n.i or r e c o l ~ t r ~ t ~ o n  
i s  most likely due to defective pmrs in the frequency arm 
of the bridge (C!. 22. Rl, 92). I! tile f~equency cnonqe is 
linear, the resistive ports should be suspecte?; if it is non- 
iineor, the capaciuve ?arts s53uii 'k s u i p i t e ? .  Tile c?r- 
cuits of 'Gi znd a2 w>iil? nst i-lfect 3riv fie:~ency zb,mr~es. 

ELECTROMECHANICAL OSCILLATORS. 
The discussion of electron-tube electromechanical 

oscillators is olso generally applicable tosemlconductor 
electromechonicol oscillators. While the majnetostrlction 
t w e  c! e!ectromechon?cai osriiioror i.dn be used riC, aeri 
conductors, ot the present store of the art it hns qnt iound 
:;"c:! aub;;L.b;~,:,,.; :b.e;p!r;e, !>,? !::~,:!!~~? I-. 7-,,- 5e?t,"q . . 
is limited to quartz irysta!ir8!r:lltl sc-~co.;! :,-::,: ;s;:I- 
lators. Although the quartz crystal an6 ine sem~conduutor 
(transistor) ore bath solid-state devlces, there is no direct 
wia';w,sh;p sc for zs frrqu%cy ;:-LL!i?; or c:ezo!ec!ric 
effects are concerned. ':he ireyuency stacl1;ty oi rhe 
quortz nysto! i s  d e r ~ v d  tiom its  bas^ mechuiucu: vlbra- 
.I-- ,,,,., sad rise !? !he ~ i e ~ n e l w t r ~ r  effect, we have a meons 

for controliini the uibatio-, 316 h ~ r c e  in! mx!ml!inq the 
eiecironic iiicm:. >,e q;,:!: P;S!C! i s  ! D  fn10nc~ tne 
- :~rhnnir?l  ,f!bq7:nn . nrnwrt~ra r .J! a s w ~ ' f i i  fic;l;cnc,: the 
transistor is cut too  con?enlent, econaml::oi s!ze, til;j has 
r;nil&s a::;;:lel ;; :>,=: :: .Z?l-.! O.sl!y ^ s - i l l n t ~  

-.--'--.--::.. . . . - -. . -. .. - -. . , E" . -..,;>? . <*=:, - ,-,z, +:,?:=? iZ 2c:!!c! . ., <:on<i"c~cr, >; <x;:'zi,> .=, :, ::::.:, .: .I-:.;, ,-:-7-,.!-7:!!? - .[!U2t ,? , , ,<  -- <.L ,,=.,,?. o-.-.,: ",",:#:*.. *.,-" 
I ,  8 " -  I l Y  ; . l... 

!?,ooqh :: is 0 soi!i-sr<~w tdeu~~?. A,- tb~i : :k ,  ::,: xs:; se-:- 
-.ni.l,-,n; .: !P<< f t p ~ e n c . ,  c!?bl. til" 1. .,w,ror r u k  
" ! - , . ,  "L.C.... . 1" "-+ . "; n i,nr.nl:a 

-nmci!or wi:? c r-iu":;il ,=f :,:2?::.?r .~c:tsc?. !z CR !.:Z 
?sr!!ll!OP the tonk c l rcu l t  ! s  tnt !iri!drr,iv-;e;iir,.;.;iiii <lid 

~;.i:i:;i;~,-~:c'~;~:, t-: i,. - .\,- ,-, ..r,""... :r .- .ne . ~ , - ~ ~  a ., 
crrstml :tse!f, s e c u s e  i?i. :?y:;:nl :,!,P--!?; ~s.ent:;i!; 5 -  

o paraiiei ;uilrd lu l : i  si ieiis; :;:cd !%4 ?e;e?d!zc 9. the 

mode of operotlcn. Therefore. ,whether sem!conduit~;s a: 
e:ecuo,; : ibis ;:e .:c~?, IL" Lnr,- ,,. 21-? ,7: ,?,p-7::,3? 

:: r5; :c::]::z.: ~l~~~.~:::~~!:.~:l-.. '  ;;i!!;:::: ::c ::cr.!:c21. 
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ELECTRONIC CIRCUITS NAVSHIPS 

The chief differences in opeiotion ore the effects on feed- 
back and the circuitry used for the effective feedback con- 
trol. 

Like the se!f-excited semiconductor oscillotor, the 
crystal<ontrol!ed semiconductor oscillotor also hos circuit 
coniiaurotions s~milar to those in the electron-tube f~eld .  
but none so well known by name a s  the Miller and pierce 
circuits. Tnerefore, the circuit discussims ore identified 
primarily from o function01 standpoint rother than by name. 
By the principle of duality, most of the electron-tube circuit 
configurations have duals in the semiconductor field. Since 
there are numerous circult variations now in use and the 
state of the mt is such that changes occur cmslontly, the 
circuits hove been classified into three arbitrary qroups 
and a circuit typic01 of eachgroup will be discussed. 

The first group, known as the tronsfwmsr-coupled group, 

includes those oscillators usinq mutually coupled separate 
coils to provide feedback. The oscillotors in this group 
hove the odvantoae of Pxtreme flexibilitv. R e v  con be 
used in either ~ 5 ,  CE, or CC confiquroiions, since polorities 
and impedances can be comoletelv controlled bv the number 
of turns and directions of the windings. The second qroup 
uses o capacitive voltage divider and i s  called the Colpitts- 

type sry*tal oscillator. The third group is the avertone 

group, which generally uses o tuned tank wrth a tapped 
coil in a Haitley type feedback arrangement operating at a 
desired harmonic or overtone. In any of these circuits, 
series or parallel resononce of the crystal moy be employed. 
However, since the transistor is o low-impedance device, 
operating with relatively low voltage and hiqh current, it 
conveniently lends itself to the use of series mode crystal 
operation, usinq only one stage instead cf two stages as is 
necessary in the electron-tube circuit. 

Because the transistor i s  basically o low-power device, 
it minimizes problems of hwting and over excitation, which 
often couse crystal shattering in the pweriube oscil- 
lator. Thus, frequency changes due to thermal effects 
,within the crystal are usually negligible, and ombient 
temperature changes are more important. For extreme stobi- 
lily, temperature compensation is necessary, paticuiarly 
since the transistor itself i s  temperature sensitive and 
generaliy requues compensotlon. At normal roomtempera- 
twes (or lower), and with avwoge low-temperature or zerc- 
temperature ccefficient crystals, the transistor crystal 
oscillotoi i s  stable enough for average use without com- 
pensotion. At higher temperatures, compensation of the 
transistor, if not the crystal, is necessary in most cases. 
3-C stabilization (biasing) methods os discussed in 

Section 3 of this handbook are used in crystal oscillators, 
a s  well us self-excited oscillators, to insure that variations 
of emitter and col!ector voltages and currents do not couse 
parameter chonges. The use of this form of stab~lization 
generally results in nore power being consumed in the 
biasing circuits than in the basic osclllotor. 

In consiCerinq output requirements, we find that the 
imd i s  generallv in shunt with the crystol or the tuned 
tank circuit; a s  o result, increased power output usually 
affects the frequency stability by degrading the Q of the 
resonator or increasing the effective coupling impedance 
between crystol and feedbock circuit. Or, os in self- 
excited osci!!nto:s. the less the output required, the more 
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stable the frequency, and the less load changes affect the 
circuit. For 011 ordinary purposes, the qcod mechanical 
stability of the crystol resonator makes it almost free from 
the effects of lmd changes, particularly if the collector 
voltage i s  regulated. 

Good crystal oscillator desiqn requires the use of low- . ~ 

impedance coupling between the oscillota and resonator. 
the use of either resistance stabilization (in the form of 
series resistance in the emitter and collector circuits) or 
reactonce slabilization, regulation of supply and bias 
voltages through the use of Zener diodes, and temperatwe 
control of bath the tronsistor and the crystal. 

I n  the followinq circuit discussions, the externol feed- 
back type of oscillator is discussed. However, it i s  
~oss ib le  to use the inherent neaative resistance of o tron- 
sistor to provide oscillation. In this case, a tuned or hiqh- 
imoedance circuit i s  emoloved in the base-emitter circuit. 

circuits, a s  shown in the accompnying illustration. These 
types of oscillators (primarily used with pointsontact tran- 
sistors), however, are dependent entirely upon the transistor 
parameters since the feedback is entirely within the tran- 
sistor and varies with each one. Such circuits are consider- 
ed undersirable, except for specla1 opplications; they have 
been mentioned onlv for qeneral information and will not 
be discussed furthe;. 

- 
EMITTER-BASE CRYSTAL 

EMITTE+-COLLECTOR CRYSTAL 

Basic N.patirrRosistance Type Orcillatorr 

TICKER COIL FEEDBACK CRYSTAL OSCILLATOR. 

APPLICATION. 
This oscillator i s  used to provide an approxlmote sine- 

wave r-f output that is extremely stable under crystol con- 
trol, and operobie over the low-, medlum-, md hiqh-frequency 
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r-i ronqes. It is universally used where a tronslstor oscil- 
lotor i s  required; typical applications ore local oscillotars 
in receivers and heterodyne converters ond oscillators ~r 
test equipment. 
CHARACTERISTICS. 

Uses piezoelectric effect of a quartz crysrai !a contrci 
. > >  .... r 

Y>Li lL"L",  I l r i j u r r i L , .  . . 
Uses a ieedhock (tickler) coil ta pr-vidc 'LC ;I.;;:: 

phasinq for osciliatior, cnd contra! of regenerctiar. 
Usually has the primary coil tuned to the crystai i.mdo- 

mental frequency, with the semfidar, (ticklei) coil bein? 
untuned. Not restricted to o pirtlcilor coni:.;urcxo?: 
may be CE, CB, or CC as desirk.  

Can operote on a iw,ccl-.ent;l, 3-:mcric, -.r .;er!:.r.? . . 
5rmun.ncy i t  ?:ope: :me; c::LI~:: Lll,d , 27s:c ,  ~ 7 -  u:.~=!c:. 
C I ~ C U I T  ANALYSIS. 

tensral. The se~:zon+~ctcr ric~ipr ::mi cryst-; isci::;- 
1- i s  Sosica!!y o trcnsformer-cotjpir: osc~i~ator .  it xi & 

r u n 4  or mijcec, a; ;:::i;:l,; :L-4 Lv ::.JY .J? ' 

disuituted i o p ~ i i ~ n c c .  '!!he? !he c.rc:i! !s :v!ve?; 11 !s  
9ossible to operate the crystol an o fur~damental frequency 
an.! tune the tank circu~t ta a hoirncmc, i ~ u s  o r c l n i n j  iir 
quency multipl~cotion, or to use ove:tone ciysto!~ fcr !I.? 
some result. Like the electron-tube irystu; osc.;:3:ir, .: 
mov be crystal-stabilized or crystol-controlled. ?o.::e.iri, 
this circuit discussion .Nil! be :esc:cted !o !ne ewstni- 
controlled type of oscillator. The ecse o! oS!sin:n: the 
feedbock and controilino 11 nlakrs fhe tickler coil teedbock 
circuit papulor. Since the polarity of each coil wltb. respect 
to the $her 1s e r l ~ ? ! ~  rdnnqed bv reversinr: the a~ndln?s 
(,,I the [>me ai rn~-iilc:;:e), 0:;- EiKe :LF c1.;:!:1; z:.! t E  

mde tight by spacing the cads clcse toset~er,  cr Imie  ?y ~. spoclng them ayjrt, :I ;s ecsy :c c:?:::: ." : .id:,- . , 
ond polarity (or phoslnq) oi ieedwck. ':')in Tilt YSE Si 
inductors to provide a low d c  resistance. the d-c res~stance 
!csses are minimized, and more output is obta~ned from the 
circuit wilh better r i : i i i e~c f .  ; a c e  :ne J-.:sh:~.: :c.qurr-; 
a certain amount of stabilization aqolnst bias 3rd :empe:g- 
ture changes, it IS usually necesscry to aio stso~;lzctior: 
resistars oi ie-dGnc::. 

The :use of a cr.+t~! cFrot?ry in t ie ; e r i e ~ - r e s ~ n o ~ t  
-ode 1s -ore corrrnon will, iiinsistci isci!l;:c:c ~ D C " L ~ Y  
.,~ . -,?,."A .- .- 8 - ,e;ve; 3: 3 ?"?'a"!P"' m-"2% n i  ::,.rrr;;fi!:..l kt.;- 

bock at the resonant frequency by .,ir!ie of its !w i ~ p e c -  
once serles resonuni L;,LLIL, LU; c:!c:; z 1:;:. :.z;:12r32 
.. !.. .L , -. .;I -.Lm. ,-\. ,<," .,&,, ?,!7c;: i G  TF::c7, 
;?1 . c e n u . . _ L  "i ".id ..-.A ~~ .. . ~ ~ ,  

witn thp  ieedbuck imp, m e  civs:A c f i r ~ ~ i . ~ ~ : ,  -L;.:I;.!Z ti.i 
c " - v p * ~  ; :  qp,J f ;?,+; "-..>> :. "-, .~->& . --. - .. ---.. ~ ~~ ~ , . , ,~e . - , i -~" , ,~ , , ,  ...r,.r .r .. . . .  r 

i:awever, smce sctilctent iiex!bii!~y rxji;;, ,., i h i  ."I;-;::.*;: 
-: -. ."- .... "...;,,2; ~~ i .  ;itk,e; !L,F k::, 21 O - l f l D i  
. , . ,. _ , _ :  . . : - v-. .,.,-:. 
L,,LUL, ," .~.. .... -.. ~ ~ 

-nnr~n,-?nSe ,!ieci! h7s O i:dj; j ~ i j > t  l - j e i ~ : . , - ~  *i:- 

rrvsro1 ;au!d be placer! In rne collecior-i:>uusr .liufi:; 

,,,i i3tTj:ii c:!cc*:e:y 3E I pzI?ii! ,m~qpl . , - r .  

Actually, the possinil!ty oi !!,lee .!l!!ere!!l ks:i  ;;;I..: 
.. . 

conrigurorions, ~ u . ~ ~ i i ~ e i  .xi:i: ;!c;:-zz: 3! !k D ~ ! Q !  in 

either the mput or output clrcults, poses ; PIGYISI: ;ii :kc 
iircuit discassim kc:-se 3! ! h e  ~ c T ~ T ~ : , s  -1:c~i: \1sr:- 

.L", " ,>., ;- f,- ,r7c+ A.  .;r,,- :;zc2=c:::: .:::I:, :??!e:"r- ,,,. "~," ~,.". -. . ~ .  
:2 !>?!ted tz 5 !yL?ir:,: ,. i t< , , i t  c><,si2crc:: ,zcz: ::kc:.; :c 
represent present day use. I: 1s ussum.eu to61 p a ~ i c : . . ~ i . .  
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of the cryst01 oi choice of circcit conllqurat:on does not 
moterlolly chunge the h s l c  sabillty, k t  hot  :I ,does z!!ect 
!he power c'itput or.<? ef!tcltncy o i  operollon to same ex- 
!en:. 

Since the crvsrsl avier csc!ilcrgr practicaiiy does no: 
 xis st lil the ;ez:cor.?uc!or ! l e i  [most o , ~ ; ~ ~ : s  mc an 1k.e 
-.&. "' -,', , , ", ,...~. :watts), the rrysloi 1s !GI reslilifei :I? its 
p l l c e r ~ r r  by power reqlilreii~ents ;i !3i;: b::s:pm:cr, 5dt 
11 mcv bc piace6 so cs to prduce tk,e ucst 9erforxance. 

Circuit Operation. TL.c XS:C ~ n l : ~ . ~ . o n - e ~ i t ! ~ i  , ict , : t  
conil~uiot:on ior the rlcnler coil cryst31 osclilot51 is - 
s i o r : ~  in the a:conzsn).lr;. :I:us!ict!on. for the SOKP S! 

, ,  ; ~ : n > : : ~ ~ : ~ ,  >::s 3:; C:;.ICC!LI: S L > ~ ~ V  . , t l t C j F 3  a:< :::: s!,:,1..:. 

:-? nil! 35 litz:?,? i;te:. I: ! s  ? c s u ~ e o  tr lr  :ar.in?j 
" .. ' -  - .... '.-l t -  t -n U.-,I".'.D,:CC ,,ln, ; t ~  A , , d  ;,.z, -.-- . ~, 
reverse bias 1s optillec 10 tne collrciu! ) k l i i . i , ~  ... c 
iiSC" ;" .;=:, ::,: ,::= :! p\.= ,,>- "?X*,. . r ron -  . 

. , 
sLs:,c?s, z:::,"";:; :,z>:c >:1:,:;>,c: z:sc :p;:x; fi2 p:::~!t- - . .  - . . . r;l- :r<. <:̂ c::;::on o: 3cs:c !ral. . , . . . . . . . . . , . . . - . - . . . . . 
slstor oDerotian in Section 3 o: tnis n'.ln~booh, :r ~ l l i  3e 

UOSIC Tackier Ceii C c y s t ~ i  Os<iiiator, 
Common-Emitter C i rcui t  

reca?led trail: tne inputs acd uuipurs U: tl,c ;,xi;,;:c:lirc:2: 
and commoc-bzse C ~ I L U ~ ~ S  iii 2:  : A i  s;;.i PC!̂ !-:::j., LT 11- 

nlnsp, nne that those oi tne comrnon-mxclurr firiux a;i 
-33:?ri!n!-: . . "~!cr izrd,  nr ot~t-of-ph35e. Thtis, :C 0Dr3:n 1T.e 
---'.& ....!t., I l n l sP ' ,  ni ieeaoocr :!I t,,* soiri;,-2*7,;:: -. - . , - - ? - . -. . . , , . . , 

; - r r r ; ~ r .  car tno zsi:; ;;e cz~cs::e!y pr3sec. lr .I: .s- 
..", ,,u.kcr. the ieedSacn is iiom coiieoror :c cube, nit: x i  

,. b,-- .~ ----ii~.-"(mm . !base to emittpr. Slncc tne 
--:s;::v i:; :c.:-:sd ir the trm;'-!~; ro!lector C L ' C L ~ ~ ~ .  I~!P 

A - -  - - . 8  , , . -  ..n""'.-.n,. = P ,  r n n  .,, ,: ,.,,, , r , t . ,  "=- ~ .,,; 
_ \ L  -, ~ ~ 

- ^-- .'",',.,, ̂ ? ",',. , , "  i, . . . . , . . ".i:ii. >Li.ci-..._.i 

, , : 2 :  ! 5 ! ' 8 . , . . ,.--. . . . . . .  .- . , :~I ;cP reler~jrraucn. ?e-av-i 3: 1r.e ciyslo., w:I;L!; ... - -'.'=' " P  :-.r:i: r .  L V U Y  ",.l ,,i: r rr . . 
1: :-e:c:k: : : :c .~efc!~ AP ; ~ r i d l :  v_.i  :to! i;l:.1:.2 *:I-. 

, , ,L  <,,"s::: .-.:.".;:, . .::.:.:c: , .-- ... ~~~ ' ,, J. 

~. ... --->-"-? .3 ?LW?<:ie 1,s d 5e,r-?<<:i;r,> 2.,c:...":". : ... = 
.- ..- I .LA.. ..., -., .,-.,--..- ". 

T ~ P  ??~in t lon  ai the clrcuii 1s ;~n~:l;l; :c :n; ;;en::;-: 

2{ tt,s 2;zcIj c7,-! " t ,  ;--.: : -' -,"",i,",m, ,,e:,-7 ?+ . ..r..:. . ,.. . . . 2.. .~ ' 
.- . . . 

:? 75T! .". $1 r?.:: ae, . t , ,3, . .  :,;<.;., :;-,c -:<.:.z::: .: x.>:::::e.. 
"" , , ,  , . ,,:, ' - . .n,n.-.-s. -,. . , ~  ~ 1.1- , , " 8 , > , > , " ,  "., " - ,  

::2 b:c5:2: Z!?CC!?~ !7 , r , -"  7, , lsF ,  , !r,e,,>,L; "U,,G<,~:,~ . ~ .  r : ,  , . .  . . . .  . .  ' ,  .~~ ~~~ 
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to bosr thrnl:rti tb- crystol rii,ic>: 1s ;.'-:.IFF. r .  ,-'. the 
initial noise pulse. Thus, as the emitter curwrt irrreases, 
the collector ;.;;rsnt olso inrrmse:, nnd c i , < l t l , ~ ~ !  feed- 
back throuqh L l  and L2 5urtk.e~ increases the ec:i!ter cur- 
rent, until it reaches s,~turo!im for t',? ir~llectcr v:Itu7e 
bottoms) cnd cun r.o iorqer illcrecse. \\hen the current 
stops cho~qlnq, the mducec feedbock voltaq~ is ieducec 
until there 1s no longer any voltoqe i d  h c k  ?fit0 the bose- 
emitter circt~it. At this t i r e ,  tile ~3llaps!nq Lleld oround 
the tonk ind tickler coils ~nduces c rvv-rse v?lta2r ir:to 
the bcse-emitter circuit which ccuses n decrmse in the 
emitter current, and herre  n dccreose in the collector 
current. The decreasloq current the:h i d ~ c e s  3 reverse 
voltoqe into the feedback loop, driving 1i.e ~ n i t t e r  current 
to zero or cutoff. At thls time a smali reijerse saturation 
current !ICEO) flows, representing a loss of efficiency, 
but having no other effect on circuit operation. The dis- 
charqe of twk capncltor C throui-h 1.. t+en ;z.rse?, the 
voltoqe applied to the baseemitter circdit to rise from 3 

reverse-bias volue throuqh zero to o lorwnrd-bios volue. 
Emitter and collector currents Liow, and the wevlous a:tlon 
repeats itself, resulting in sustained oscillations. 

'While t i i s  oscillatory octior: i s  ooino on, p l ez0r : e~In~  . . 
action occurs in the crystd; tho1 is,  ns the !eedSack volt 
age 1s increased, the st1c.m on the crystol is :ncreasec 
wit3 maximum strain (and rioximur crytill deior-atinn1 
occurrlnq at the peak of the evil. Soon revers"! 31 the 
feedback voltoqe the str2in o:, toe crystal 1s reduced; smce 
the crystol i s  now changing shape back to its orlqinol form, 
o p i e r c e l ~ t r i c  charge (potentlol) i s  prod~cec aaoss the 
crystol. This charze is oppos?te to thot ~ h w n  produced 
the deformation ol the crysto!. Far erarra!e, :! the orlqinal 
churgr which coused the deLa~~n:>!lorl wcc positive, the 
crystol c a x e s  o neantive patenual to 32pear m o s s  ltsell 
when the strain is reieased. Thls potent~cl is in  the 
di~eaion of the f~edl?cck [decrecsinql so that alternute 
positive and negotive cbarqes are induced across the 
crystal a s  it vibrates. These potentials add to the feedback 
voltage; a s  3 result, the crystal enhances the feedback, 
and the feedback increases the strenqh of the mechanical 
vlbrotlons. 

Since the feedback and p~ezcelectric action ore reqen- 
erotive, the transistor quicklv rearhec. its c,*turot>on ond 
cutoff points. By correctly propartlon!,>i the turns and 
coupllnq between the tank circuit and the tlckler coi!, it 
1s easy to obtain the proper omwnt of feedhck, oithouqh 
with the low potentl~is invoivec the:? :s r. :acJcr 3: 

iractwing the crystol a s  in the vacuum-tube oscillator. 
The ornount of feedback is adjusted to produce waximum 
stobility. The crystal current i s  not rlerlrl~y os qeot  os 
the crystal cuxent in an electron-tube circuit: m !act, the 
totil transistor collector current is ,:suailv less (dependinq 
on the type of transistor) thon the e;ec:r2li-r;Lle 7rystJi 
cunent. 

Alt!:~qh tho collector-emuter r:r,poclcr :r i! : 1 ~  tron- 
sistor is in prcllel  with the tank circult, the use of a low 
L/C ratio (high-C) produces effective copucltance swamp- 
lng so thot varlatlons m t4e cc'ect3r sdpply Y C ~ ~ D U ~ ,  which 
produce a change in this cupoclt3nce.. w e  o n:ir.-01 
eifect. For good stabilizatlon, a Zener dlode ploced 
across the rupp!y prwides ~ic-l!rr:l r~.i.llnrisr. ?v 
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careful des lg~,  the short t i r e  stob~llty of the semiconductor 
crystol oscillator can be made a s  hioh os 2 or 3 ports in 
ten million, whlch is better t+an the stobility of the 
equivalent electron tube oscillaroi. The power output is,  
o! comlrse, very small; hov~ever, this inct inneoses the 
stability since any chonge of cutput load or tunlng results 
, n o  smolle: over-all change. Thus, the frequency stability 
ni ttne c~ :cu~ t  1s less zffected by lwd chnnqes than that of 
tne eleitron-tube (triode) ciicuit. The output may be 
token tror. the emitter or collector, or even the base 
circuit, by means of either capacitive or inductive coupling. 

The clicuit ope:ctes ot t+e natural or fundamental fre- 
quency oi the crystal for the series mode; hence, the 
operotlng frequency is slightly lower than the tank resonant 
frequency. It is olso passible to operote this clicuit ssinq 
the porallel made (ontiresonant aperotlan) of the crystol 
by proper choice of circuit parameters. Although the 
crystol offers o hiqh !mpedance at f i e  ontirasonont f r e  
quency, s~fficient teedback can be obtained to sustain 
oscillation in this rrode. In this case, the crystol appears 
as a hiqh-0 inductor whlch i s  tuned by the total shcnt 
capacitance [self ,  stray, ond distributed) across 11, ond 
the tank is tuned to z higher frequency. This type of 
operotion 1s particularly applicable to the higher frequen- 
cles, where the shunt crystol capacitance i s  opprecioble. 
For operation in tb.e poralle! mode, the frequency stobility 
is sl~qhtly deqraded and the output i s  sliqhtly less thon 
the output in  the series mode. Both types of operation ore 
in use. 

Bias and Stabilirotion. In practical circuits, bias and 
stabilizatlon ore usually combined. Bias is usually pro- 
vided by n fixed voltnqe divider (81 ond RE), a s  shorn in 
the accompanying illustmtlon of a ty~lcol  tickler coil 
crystol oscillator. Note tho! the base in this case i s  not 
bypassed Lor r f ,  althouqh in some circuits it moy be. When 
it is unbypussed, there is presumed to be a slight omount 
of degeneratlcn, whlch enhances the clrcuit stobility. 

Tickler Coil Tuned Collector Crystal Osci l l~tor 

Collector reslstor Rc serves two purposes, to drop the 
collector voltage and to provide resistonce stabilization. 
If t'le d-c losses are sericus, t'le resistor con so.retin?s 
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be replaced by an r-i choke. Emitter resistor R E ,  which is 
S,{posse6 by ccpacitor C2, provides 1b.e major stobillzation 
by emitter swamping action, os expl~lned i n  Sect~on 3, 
paragraph 3.4.2, of this hndbook. The !mk circi~it con- 
;ists a! L! t-ned by C l ,  with tickler C O ~  L2 ~untunw'. and 
1s co~pled to h e  callectnr lhrouqb C3 ~n u s~uF~!-feec - 
z:ro?qemen! h e  rryntni i s  in  serles w;th the :seakc6 
cirmit .*k:, the :;ek!e; pisized sc 3. !? 

reqezerctive feedback. In  s i ~ s l o r  circuits of this tvoe 
s i n g  the tilned base configurot~on, ri.e crystoi 15 connected 
2;. "tl ,~;e~..y oet,#eer! Sase and collector, and :he tonk 9et:veen 
Mse and g13ilnd. In !?IS ccse, t te cpratlan 1s i,6mtiroi 
!o the ,ope~irtion oi ;,i ci:r;~: dcsc::Sed . b e :  !!r*r,~er, 
.L .,.e !ecst>cc< . '. is bcricz:!y :ar.t:r,!le.i t v  th.e c::i:i:=:?~ 
2*1v>ew1 Lub- ,.#:; ,.L, :;v~;Gr, :-,,,s 7,::<;7,:; !:;; Z>C'-!! r.::: 
s~ i t ab le  for :he parallel rode o! owie:otlnn. 

, , ,  ~ckin: !*;I output 3i:ross the tsnn lira,;:, :uvxiiu; . . CCc  e!!~stis.e!y ~ 1 3 ~ ~ s  t ' ~  iooa UCICSS tre tan< a;:. i sc i ies  .-- -" ,~ , 
,,,= "pp:c::r,: ,4, ZGZ ?: ;,)L ;t.L . ;:,:: -y,.=<-,r- >--.-., , .  

c! !he s-nc.th?ng IC!~OC ?! !5? t?-k r,rr.!lt. ;':!thou: the 
tank circult. slnce the oscillations ccns,;: essentially c! 
cI?pped culses, tile waveiarn wouh be quite d1stcr;eti 
uniers the circuit were operated w~tn clcss P aias. The 
class of cperotlan is dsucily c h s  L', *itn ti.? m::ttr: 
resistor anc izpaciti; ( ~ E C S )  3c::r; s in~lzr  tc 3 ;r!< Ieok 
< -  *., ,,: ,,be oscl!lcrors. Ir the arc.,! snnwn, the injtlo; oms 
i s  cioss h for easy stcrtlnq, wlth t i e  oper3tilq 313s k ! n g  

determined by the vaiues of the exitter FiC ciicu~t. Y:lth 
lorse vc!ucs cf copacitonce for C2 fixed blos alone is pro  
.:i-'p<, hlt oc the capaci!orce is reduced ts  o sccl! vc!ue 
.:.- -..!:.k:. ; -.,- !;,,ii ,:,-: ,-:: 0: : ---- "r.^r --_. " ..i.l_. _ ~ - , ~ , , ~ ~ ,  ..., .,. 

FAILURE AtiAiYSiS. 
No Output. In a!~rlitiorl iai8iri i i  t ie  id;:;:^:^;, ;:L 

L-nl!cctnr -ioltajr or exces-ive blan con c o x c  a nwoutput 
cond~t~on. Trsnsistcr failure i s  not very linely iuncer 
, :uir!, ,,icofii-..--- " I L I Y l , - l ,  --A ".fib .-- ,#.- .- --"'c.... - " , : I  I -- ,.- ..p 

only after all other checks have beer. rude.  Lock of 
collector voltoqe con occilr because ot openlnq ot tne 
---:-- --,)--+-. - * ? < - v m ?  ~ ~ , ~ r + ~ l ~ p l l i ~ ~ n n  nf thp tnqk ac,.ca L " . 2 L L h L , ,  ,..,.-.". ". ~~ .~~~ 
;;;pl;nj ;opacitor, wkict xovidis : ;-tk :3 ;:our? thracs3 
rile torin inducioi. Aii ipen e;iii:iii resi::~: :"I!! zlsc c - 7 ~ ~ 4  
!:::: :f y::T.:!. 6 rhn.,-?:rplj>r~~ ,"m,qi,n7 ,-7:jcc,,:,: w:;j 
place the outp.1 i m i  ciirectly oiross C?,e tzck 2nd could 
cP,d;i<z ~r>c . .~ , , :  ;:r<"ezc, :.:::c:c::!: :7 p::.;?:! 
j==2k--v -. .&" .,-.,.! Y ~ , , :  <:-,?, -,:,-:!!,?!:?;, 

_ %  .. - .. , . . 
Reduced OurFiir. .A: ...*-- :. :-..I; 2 .'- -::-'-' . . --:, . ~ .  

. . ,~.<,,,<+ ,7 ,-k~z,z? . , :;,L: ;-L:,.;r,: ::%;u5:.z", :: :; 7?-? #.v" ' , :  

!2 c a s e  0 ire;, !r: L'U,,)>,! 0 2  :;,e <rYb;d  Lc~>z.,c: .c;- 
--.:..- . -:- .... . < , , , I  !v r e c ~ l i ~  ,n qi?nl;r:i +onor 

- , L . ; : . . .  .:-.- _: - _ A  .- . ^=."I_ , ' . . '  ' ' .  ? -,- 
'LV .""-,,"r'. ,.. ,*:;i ---; ; --?,< -; ---. ".,-" i., .;- . . ,.. , bL, l *  . a .  . , . 
rime clrcul!. .* cr'mnx ir oios ,u~i,l,ldri.. U. .,, ;n= r.i.i:lii 
- - ", - " *  ,x-., .,.:>, -7 -L. .k , . . .  ."A, " , , -  ,.i, "... ?.-- . i ? f i n  -':t,l:' L e ~ a ~ : c e  .̂i Iile . . or:l:t.ae regu12ti- j aiipr:. :! ::,I;:. _il:11C,. iL:i .  

c~:>d,L:m, czu!i :?L:C< >: C?. ! ~ c r c ~ ~ z  !?. c"i!!er 
reslstcnce vnluf or ny c rwuctlun 1.1 ;aui,idr,ie i l  (7.i . . 
i::::e: 5y;z;s ccp?;i!?-. ':ires? -,?illtiais :re Z C C ~  i:.i?.i. 

* :L<L !?! Ynlr,; ;:,.:,7+2 ,-:;:,,2z '?;>c:s ;,r>: :2-2?2?-: 

- f i ~ ~ : r n ~ . . ,  . - - . . . - . 1.t: > t . , ; t . r - .  ',,,.= ..st LEE; ;:;::::<,:, !! 2 

reslstcnce anaiys~s  snows a,: ;lr,:ull voluei  iloiii,;., :,<re 
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is a possibility tho: :he crystai 1s d~r:y and requires 
c:eonlr,q; hc*.eve;, this cond:tion 1s not vev i!kely to 
x c a r  in sei!ed holders, cnd certo~nly wil! not orcur m 
evacuotei holders. 20 no! cttempt tc clean the nystoi 
yowsel!. Return it to the zrystal laboratory for seriiclnq. 
Zatz:;:;tc 3 C T V S I O ~  kc,?wn In je go& lo: the sus~ected 

. . 
ace :3 ~te : r !ne  ,,rn?tii.r !hi crYsicl ::self :S 31 JcuII. 

incorrect or Unstabls Frequency. P!rCament oi <lie 
e,-uipaert s o  tho! 1; is subjected 13 9 chan:e In o~blen t  
Ier3ers:::E .#I!! :rdse 1 chn3e !n ! !~QIJC~,CV 1: tne cha:.ce . . 
:s not wltn!? t te  ranqe of !he ternperatdre chcrccter:stic 
:or which 1-c crvstcl is cut. Likewise, si-all corocitonce 
ebiilqes :; <;: ::rystc: c~rcgit (partic,iloiij when :i;e z:ys!l 
i: ?rc-r?tec :: t i e  3010!1e! resoncnt mOcej w?li couse 
- - ^ '  7- 1.-... ,- -.Ln","ci. . .. . . reill,r,o ui tne 1or.n C::̂ ".t, 

. ~~ . .. 
i: S L : : I C : ~ ~ , ~ .  I lj ;;cse L:,i _ , ~ > L L .  L~ p ~ i  _ .  vrir rr. ". 
- : :  . . .  - -. - . , -  i, -.,. ". ," i,," ,*",, JOit;7p . .  . . . , 1 1 . 1 .  . _  ... ? _ ~  

. . .," .,,., , ~ . -.-- - --" .u......... ,. ..,. . .., 2;" in  !r:z -,~l?:ror .:cja;,- 
+ . .. .- .- ~ --' e l  - n  . -!.li! - i~ - ,ge  :? 11s c%rnt!nq freqar:lcv. 
At very low o m i  irequr;cii.s or JL r?;: irrqce2c:es nee; 

f,,., pt.cse shift :r.:?,ln the trxsistor couseil by Irons)! .--- "++ ,>,- '" -"., ..- <,uce ,..tqo;l,t- - - , :s 2 : :  .,,.,, ....Lb... ... ": *..: . . ~ #?a h., ::c":,, 
, 

encsl;r,!er& IL projeriy ies?;rec c:icuit~;. In ::I? z;y;:;l- 
::zc:::zp.: : ;r :" .* '>,L::A - 5  .,c: ;:sc< iz :he ?!7.;:! z::3;es 
::, -i.:rpiien: ;,=iue- , ,..", ku"u- -- .,-. n-..-:~~ l t i ,  ,, ct undesird 
:i<jUL.i,Ci~r ;":;_:i 1-2 ::-3c :j f" E . ~ : ' T ! ~ ~  5721 jp (h* 
crys:~l-contralled clrct,if they iOi.no1 ~ 3 ; s ~  <"is eficc! 
k a m e  :he cirzui: can asclllote only Over 3 very noIro% 
ronqe a%Jt the resonant frequency 31 at on o.:ert~re. Tilis 
con eoc!:y ce ieteinined by observina i~ke:i.ei :?.e c ; rc ,~l  

. ., 
csr,::?.cs w . '  IPY I.IV~I_,; ;ie;_ ;; 1;; ;:~;m; .k L:.:.:- 

, . ...... l;:t?C. :t is 10ssl)lle !I. t?e Series l O U E  0: oMI3l:OD 10: 
'I" - ' 4 -  --..:-.-., ~. ~ ,:.Iln. i'Fm.iniV, C_i ji 

.& .:.; ;. -, . ;, ' : , :>; .<.::.2?,, Frequ,?rz? --7-7es -c:: 

snmerlmes ri- r;aced ru u de f r i tvs  iq:ti:, bu: :C:L z j : ~ - z  
,a ,,ury !:!,: s,Aop:y x ., - - l ,u . l .  -..-+ -: -.. .e.. - ..- .- .. ..el to 
!.:::: :tr ::.;ctz! :DT"T:*W= +tnh!i~rr?d 7 : i r i p r t ! v ~  wril 
~ o y  c ; s e  :he irecuericy i , ~  >kilt. 

COLPITTS CRYSTAL OSCILLATOR. 
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CIRCUIT ANALYSIS. 
General. The Colpitts type crystal oscillator 1s usually 

used at the hiqher radio f requenc~i .~  where 1b.e i.fflcu!ty 
of tightly coupling the inductors in the iilductlve feedback 
circuits makes their use problematical. Actually, the 
sosolled Colpitts version uses three bosic feedback 
arrangements: ( I )  the external copacitive voltage d iv~aer  
with the crystal in shunt (or in series), (2)  the crystol 
octing os a hiqh-Q tank inductor sirnilor to thot in on 
oltroudion arrangement (parollel m d e  operation), and (3) 
the in-phose copacitlve feedback arrangement, which i s  
included in the Colpitts group solely because the feedback 
i s  capocitlve (some texts may not regard this a s  a Colpitts, 
but os a special type of i ts  own]. %e basic circults of 
each type ore shown in the occompanying l!lustration. 

External Voltage Divider Arrangement 
(Parallel Mods) 

Ultravdion Arrangement 

900,000.102 OSCILLATORS 

Part A of the illustration emplays the common-emitter 
ccnfiqurotion, and ports B and C: use the cormon-bxe 
c3i.fip;otion. Actually, the circult of part 3 can also use 
the CE conflqum:ion, and tho1 of part C can use only the 
CE or CC arronqerrents, because the feedback must be 
beween e l e ~ e n t s  of the same phnse or >alorlty. In the 
case of pait C, the circult i s  unique with semiconductors, 
since in electron tubes there i s  always a polarity inversion 
between input and output (except when used os cathode 
followers). The circuit of port 3 i s  onologous to the 
Pierce electron tube crystal oscillator. 

For maximum power output, the input and output resist- 
ances of the transistor should be matched 0s closely as 
possible; tb,,is requirement occounts to n great extent Lor 
the nu:?erous variations in circuitry, since it is usuolly 
possible to use any of the three basic circuit ionfigurotions 
and to ground any element. With the crystal de:ermininq 
the frequency stobility a! the circuit, it i s  only necessary 
to orronge the proper polorlty of feedback and provlde o 
small omount of excitation to stort the crystal oscillat~ng. 
Although in o few cases  the phase relationships within 
the transistor may require tiqht coupling to provide oscil- 
lotion, it 1s usually eosier to obtain stable crystol oscil- 
lotions than to abtoin stoble self-excited osc~llat ians.  
because o! the assistonce of the piezwiecuic effpct. The 
Colpitts sem~conductor crystal sscillotor, like its elecuon- 
tube counterpart, i s  usually c vigorous oscillator in the 
hiqh-frequency range. Howeve:, the use of 3 quartz crystal 
does not extend the maximum frequency of osci!lotion, 
ohhouqh it sometimes does provide better ?erior-,ance in 
the reqior between the alpha cutoff frequency nnd i,,,. - 
i bus qmd d ~ s l m  m k e s  it mandatory to Lse : tr-nslstor 
capable of oscillatinq stronqly in the desired :al,cr 
frpquency region of operation regardless of crystoi control. 
Althouqh there are a number of circuits in use, there is not 
much evidence at the present stole of the art thot the 
Colpitts i s  much (if any) more stoble than it.e tickler coil 
crystal oscillator. Its moin use i s  to improve operation ot 
the hiqher irequencies. 

Circuit Operotion. A typicnl comman-emitter Colpitts 
circuit uslnq the externol copacitive divider feedback 
method is  show^ in the acconponying schernotic. 

Basic Coomcitivc Feedback Circuits 
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plate. When the collector voltage i s  opplied, since the 
circuit is fixed-biased for class A operotion by voltoge 
divider R1, Re, coliector current ilows similarly to that in 
a conventional amplifier. With the base connected to one 
plate of the crystal and the collector connected to the other 
plate, when one plate i s  negative the other plote will be 
positive. This is the same condition a s  when the crystol 
produces a piezoelectric voltoge: it i s  also the some os the 
polarity for base-collector operation in the common emitter 
circuit (base polarity is opposite to collector polarity]. 
Therefore, the instant the collector appears negative at 
turn-on time, the piezoelectric voltoge onoss  the crystal 
causes the base electrode to be positive; this small posi- 
tive voltage, in turn, causes a reduct~on in I, , producing 
a decrease in collector current. Thus, the collector voltoqe 
(of o PNP transistor) becomes more negotive. This oction 
i s  regenerative, and quickly drives the collector to cutoff. 
During this time the crystal is being deformed in the same 
direction. During cutoff a small ICEO current flows which 
only affects the efficiency of the circuit. Since the value 
of ICEO i s  steady, there i s  no change in feedbock from the 
collector. Meanwhile, the small charge developed on C2 
by the flow of emitter current through RE leaks off, reducing 
the emitter bias and permitting the class A blas to again 
cause normal current flow. The increase in collector 
current now causes a reduction in collector voltage, in 
effect producing a posihve swing. The crystal now changes 
polarity and flexes bock toward i:s original shape. As o 

result of piezoelectric action, a negative charge now 
appears on the base electrode. This causes a further 
swing of collector voltoge in the positive direction (this 
action i s  also regenerative), and at full current flow the 
crystal i s  equally deformed in the opposite direction. At 
this time the flow of I, is again steady (corresponds to 
soturotion current flow with self-bias). Since the emitter 
current flow throuqh RE ~ l f d u c e s  a bias voltaae. C2 now ~. 
charges and the emitter bias i s  added to the fixed bios. 
Once aqain the collector current i s  reduced bv the increas- 
ing bias, and the cycle repwts. Thus, in flexing back 
and forth in accordance with the changes in collector 
voltage, the crystol is caused to oscillate; in turn, it 
produces an in-phase piezoelectric voltage which enhances 
circuit action. The crystal oscillates at some frequency 
hetween thot of series and parallel resonance. Actually, 
the phase shift of the feedback voltoge from collector to 
base, which i s  necesvlry to produce oscillation, i s  produced 
by the crystal acting a s  a high-0 inductor which produces 
an initial 90degree shift. An additional phose shift i s  
caused by the base-emitter capacitance, which is sufficient 
to cause an effective feedback large enough to overcome 
any of the resistive losses in the circuit. Thus, continuous 
oscillotion under control of the crystal is assured. Al- 
though the basic oscillation consists of distorted pulses 
of collector current, the effective tank circuit oction of 
the crystol helps smooth out these pulses into approximate 
sinewave oscillations. The output i s  taken through coupl- 
ing capacltor C,,, and appears a s  a resistive imd in 
shunt from collector to ground. 

The common-base arrangement of the Colpitts crystal 
oscillator using in-phase capacitive feedback i s  shown 
in the following illustration. Voltage divider bios is s u p  
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plied by Rl and Rs, and the base resistor is bypassed for 
rf by C2. Emitter resistor R E ,  which is bypassed by C E ,  
provides conventional swampino of the emitter circuit, and . ~ 

Rc provides resistance stabilization in the collector cir- 
cuit. The crystol i s  connected between collector and 
ground, but i s  effectively connected between the collector 
and base for rf by means of C2. The output is taken 
capacitively from the collector (across !he crystol) through 
L C .  

Since the emitter and collector in the common-bose c i r  
cuit are of the same polarity (in-phase), feedtuck is 

OUTPUT 

vcc 

Colpinr Commos6.ase Crystal Oscillator 

obtained by using C1 to apply a portion of the collector 
voltage to the emitter. 

Now consider one cycle of operation. Fixed class k 
bias i s  supplied by voltoge divider R1, qs.  Ir'hen 
collector voltage is applied. 0 1  conducts as in a conven- 
tional amplifier. Assume thot o noise pulse occurs in 
the base circuit, which causes the collector current to 
incrmse. The voltoge drop across coilector resistor 8, 
appwrs as a positive-going pulse, which i s  opplied thrcugh 
C1 to the emitter. Tnis increzse in emitter hits i s  in the 
forward direction, causing a lorger flow of collector 
current. n u s ,  o regenemtive in-phose feedback exists. 
The psitiveqoing noise pulse i s  applied to crystal Y,  
which i s  in shunt from collector to ground, musing the 
crystal to be distorted in one direction by p~ezoelectric 
oction. 'When the collector voltage hottoms (becomes 
almost zero), no further feedback occurs ond the crystal 
flexes in the opposite direction. By piezoelectric actun 
the crystol polarity i s  now reversed cnd a negotive char,?. 
oppears at the grounded electrode. Since the bose is 
connected to around throuah C2, the bose now has a 
negotive voltoge opplied 'nd thus operctes to reduce Ic. 
Asthe collector current reduces, the drop across Hc 
becomes negativegoing ond approachesthe source~oltage. 

The feedback through capacitor C1 is also negative 
and reduces the forword emitter bios, cousing 3 still 
smaller Ic to flow. This d o n  i s  also regenerative and 
continues until cutoff is reached. kt this point a 
small flow of reverse current (ICEO) exists. but it has 
no effect other than to reduce the overall efficiency of 
the circuit. Once the feedback stops, there is no further 
change in current, and CE (which wos chorged negatively 
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durina this halfxycle) storts to discharge througk, emitter 
resistsnce ?iE. :;hen the emitter voltoge drops t o o  volue 
which again starts Ic flowinq, o positiveqoing voltage 1s 

produced ocross F,c, cnd 3 posit!ve v0:toge i s  oguin ie i  
.,U""', L" '3  Sock though Cl ,  and tbe cycle r e u w i b .  'L'- 

tixe the crystul i c  now i!ev;rg is the opwsite dtrection . .  , .  
Snn tne potarlry auruss ~i ~ , ~ j ; i r  ik,i;.q;;, ;C :!XI the 
crystal-induced piezoe!cctrlc voitage is in pnase wiill 
the c o ~ ! e c t ~ r ~ ~ c s e  vcit3gr. .:.ctuo:ly, the c;s'itz! zcts as 
o tonk circuit, smoothing out the rough pulses of current 
into opproxlmcte slne-wave vnrlations. By c?pearin3 0s 

c hi;i..-C inductonce, tile ~ r y s t z l  insures thct the proper 
ieedback pirose ielotionsiip is zoir.tzir.d, in.'., since 
it is a !il.,,-135:; t-?i, the !?e?>i;i( trr:):~ ji ^; piid tri> 

..IS.-...* "....... .7-v :----< r- '..*... .. ..... ......... . . . . . . . . . . . . . . .  .... " C > Y  .III.L,,.." ll_F_ , .  "li".i. 
ncrillntian. 

?w, :rope;!, ?:3~~~!i3::jn3 Z;. 3n! >;, !Le Sizs  Z? be 
mo& ra rmch rie rqiuil ;i c!";; I: r;i.;;t:cn !3: best 
efficiency, as ir r i p i r n  ; r l i l r ~ i  .:;a:., .it;jt ::.c 
tixed ciass A h a s  rnckes cetici:~ iklr; st;r:i:lj :izx: 
eosily. Tb,e 3u:p~t i s  tcien frcx across t?e nystal  
throu;?. sc,j!:zq ccpccitoi 2.;. ??gr.ire!or~, the loo? is 
in shunt with the -rys!nl ond tends tc reduce the output 
somewhot ns in the electrcn-tube Plerce circuit. 

Circui t  Variations. 3 e : z ~ : e  t?e eoip:r!s crystai 
circuit has so many vaiiation;, a fw :ezresentctive 
circuits ore shorn in the fallwlng :!hstr;tions to 
focilitote identification u! this type of clrcui!. Parts 
ore lohelej a s  in previous i l lustr~tiors '&here they cerve 
...e ... . . . .  i , . - ,  :is; - - 4  .L- 2: ;"" ;- !(",!,",i to ,he " 1 ,  ".>-" .. 
basic differences between ;hose circuits and those c;n- 

sidered prsv iour ly .  

! 
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i 
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the proper feedback polarity, and the capacitnnces of CI 
and C2 together wtth il form o tuned tonk circuit which 
is resonant to the crystal fundamental (series-resonant) 
f r e ~ d e n q .  Tse input and output impedances of the tron- 
s:s:ar i r s  motchd by the "roper capacitance ratios, 
piodccln~ the rnnie effect 3s though the collector were 
!.i:pwa' nrrnnn Li. Tne outout is taken between the tap ... --..-"h-9 < "  ...... 1" mnvnl. n i s  type of ..I. q,uu.u, ...................... ~~ 

circ.nt is usuoily used at the lower r-f frequencies. The 
use of a tuned tank helps provide a good waveform and 
permrts irquency doubling or the use of on overtone 
crvstul. 

RFC 

%fj.- 
OUTPUT 

+ VCC 

Grounded-Collector Colpinr Cryrtol Oscillator 

1 7rounded-col!ector common-emitter version In which 
:i:s vi.lt-le d i r i z r  an.! q:t:! ;re !acc!ei i? !he h s e  
circuit is shown above. Conventionoi voituqe divider 
s l s snq  cnd emitter swamping are u s d  far slat11zc:ion. 
The rd l l i~ to r  i s  ?rounded for rf by i 3 .  %us in effect 
!hi. cvsta! I: connected between base and collector 
5;-i!~: :c the Pierce ~aun l ed -p lo t e  electron-tube version. 
IKnwrvrr, ti-e crvst,~l,  ;i:'lauqh isolcted from c a l l ~ t o r  
voltnqe, 1s st,!! subject to the smoll blus volloge from 
t:;; :c -..-.:.' ?er+ock is provided throuahcopocltlve 
>:..: >-. (.. ""2 -7 ............ . . ,  , - ,  :!:it ?rimcry mnt:ol of feedback k inq  
-----.'-- -.. . .z?cc!tnr L xc ,sP(/ 1 0  tune inlatit,) ::,2 . . , . , . . 

.... ..Ye" not*py the tog un,j qroun:. z:,; . ~ ? .  L. ., . , .., - -  
. - . &  .....--,.. .. *,o.", ~ I u L  -. ................... .?- aut;itlt .nmpraar>ct su.rL:L:t 
fnr m v i r !  !in? notchin. 'lhe 3FC 1s used to keep the 
--!'!- ?-.--.- -~n i>n1.  ~ t ~ l e r w ~ s e .  t i e  ioo; or ;;ti;: 

EC:!? t- ii:ortc!rc~,?tcl rirouqk. ,E. No particular 
, . -~ ...... . 4 -  ... ,L.. .." 7r.nn -."or ,; !,>,) i t s  ,,,, tL,>t -.4> ..... " , C  ...ddc .u. ................. 

*"lcb:n? i.qt,,rr. ! I-r in je i j i  :e2j;ccn 3s; LC ;:yz(rl 
;;eil!ots: -t!!i;es : cocventiand Colpitts wlth on ex- 
ternmi f-dhnck cccacilive valti,jr d ~ v i d e r  and n.11h the 
; ; s j r ~ !  :;, ti.e .;!!ectcr c:re.~;!. ?iac is ohta!ned by o 
corvenlion~i uoltur;e iiu,l.iri, ;;.i er:tter r,.:.x;?n: 1s 

... .. ..--' :"' ~~. SI.::.,~,Z.llloll. -?-  8:c u r u a  ..... ...-.. -...A ~ e :  . In rlnl,:nconn uu 

.,. " .onimn nu ,"".,,"" Gi ,>I, L;. 'i';,"~, 5% GZS is ................ , ,  . 
, ~. . .  , 8 . . -  .. -'.-,- & 

i i i r i Y l r i t U  i. .."L3.. . . -  .... . .  ......... 
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Inverse Feedback Crystal Oscillmor 

through RF and LI. The basic feedback poth i s  through 
the capacitive divider, C1 and C2, and the secondary 
feedback path i s  through L l  via RF. Placing the top at 
the lower end of L, produces regenerative feedback, and 
placing it at the upper end produces degenerotive feedback, 
because the polarization of the collector i s  opposite that 
of the base. Thus, by placement of the tap, the feedback 
con either enhance oscillotion by regenerative oction or 
stabilize operotion by degenerative oction. The possi- 
bility that unwanted resonances of parts in this circuit 
may tend to couse free-running operation makes this 
version of dubious value. With the output being taken 
from the collector, it i s  more likely that the feedback 
tap provides better input ond output motching to the 
tronsistor, similar to the topped collector circuit previously 
mentioned. 

FAILURE ANALYSIS. 
No Outpvt. In tuned circuit oscillators, the loss of 

output con be due to improper tuning. Also, a def-ctive 
crystal will prevent operation, in either tunel or un- 
tuned circuits. A suspected crystal con eoslly be check- 
ed by the substitution of a crystol known to be goad. A 
simple resistance check will indicate continuity and 
generol parts condition. A defective bias resistor 
producing a high bins voltage (in the divider arrange- 
ment) con prevent starting, ond will be made evident 
by a resistance or voltage check. An open bias arranqe- 
ment can prevent operation by causing a lack of bios, or 
by causing excessive intern01 bias due to feedback within 
the tronsistor. An open r-f choke, collector resistor, or 
coil will also stop operotion. A shorted coil in the tuned 
circuit can stop oscillation, but the short will not be re- 
vealed by a resistance check. This condition i s  checked 
(after all other components hove been eliminated from 
suspicion and a crystal known to be good has been s u b  
stituted) by griddipping the tank for resonance. A defective 
tronsistor should be suspected only if all other parts 
check satisfactory and bios and supply voltages ore 
normal. 

Reduced Output. A low supply voltage or increased 
collector resistance can cause a reduction of output. 
A reduction of bias from closs B or C to closs A will 
also result in reduced output. Both of these conditions 
can be determined by a simple voltoqe check, preferably 
with a vocuum-tube voltmeter or a high-resistance volt- 

WO,M)(I.lM OSCILLATORS 

ohmmeter. Reduced crystol activity, due to aging or 
semi-fracture, or a dirty crystal can also be a prime 
cause. In thiscase, substitution of a crystal known to 
be gmd will restore normal operotran. A chonge in the 
value of the emitter swamping resistor or bypass capacitor 
can cause excessive bios, and consequent squegging or 
motorboating due to intermittent blocking of oscillations. 
In circuits designed for the higher frequencies, changing 
the lead dress or ports wirinq during repuir may change the 
distributed wiring capacitance s~fficiently to de!une the 
circuit and cause a reduced output. In the tuned tank 
versions of this circuit, reduced output can also be caused 
by a high-resistance tonk circuit connection or o shorted 
turn. 

Incorrect Frequency. A defective or dirty crystol 
can cause on abrupt change from one frequency to onother; 
this can sometimes be corrected bv adiustina the tank . . 
tuning, if an odlustment i s  provided. Aging of the 
crystal con also couse a slow change over o long period 
oftime; this changecon sometimes be compensated for 
by means of o small trimmer copacitor, if the frequency 
i s  higher than normal. (Do not add an unauthorized 
modification to accomplish this. In most circuits a trimmer 
i s  included to permit calibration to the enact frequency 
for which the crystal i s  ground.) Foilure of the collector 
supply regulation (os well as the bias supply requlation) 
con couse the effective element copucitance of the 
transistor to change and cause slight oif-frequency 
operation. In this case, check the supplv voltoae with .. . 
a high-resistance voltmeter and observe whether there 
ore occasional fluctuations of the voltaae when the 
crystol i s  suddenly removed from its socket and r e  
inserted into its socket or when the load i s  suddenly 
removed and replaced. If all components check normal 
and trouble i s  still present, the crystol i s  probably 
defective. 

OVERTONE CRYSTAL OSCILLATOR. 

APPLICATION. 
The overtone type oscillator is used os an oscillator in 

receivers, converters, frequency synthesizers, and test 
equipment, and a s  on exciter in low-power transmitters. Its 
use i s  restricted to the high-frequency ranges (above 20 mc) 
where fundomental mode crystal operotion i s  not practicable. 

CHARbCTERISTICS. 
Uses p iezoe l~ t r i c  effect of o quartz crystol operating 

on on odd overtone to provide stable high-frequency oscil- 
lotions. 

Has at least one tuned circuit at overtone frequency and 
may have two: it i s  never untuned. 

Operotes closs C to help produce harmonic operation. 
Regenerative feedback is usually provided through a 

tapped coil (Hartley principle). 
Always operates os o crystal-controlled oscillator to 

avoid spurious frequencies. 

CIRCUIT ANALYSIS. 
Gsneml. Overtone circuits are basically of tvio types: 

one type uses a crystal which is ground for fundamental fre- 
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quenq operotion, and the other uses an overtone ground crys- 
tal. Since the circuits thot use overtone crystals ore 
usually designed ior specific types of crystals, this dis- 
cussion will be restricted to circuits which can use either 
type of nystoi. if other types 01 circuits becone more prcv- 
alent, they will be discuss& in later issues of this hand- 
bwi~. 

Since no dlscusslon oi 'msic oveiiunr clysta: functioning 
appeared in the introductoiy discussion of electromechanical 
resonators, some b s i c  principles ore given to facilitate an 
understanding of circuit operation. n e  following figure 
shows the basic flexuroi vibration modes far iundamental, 
second overtone, tnir5 overtone, and iourth overtone opera- 
tion of o crys!oi bar. These modes ore used ot 1311 fie- 
:!pn,,iPi nn;y, .W.PTP 3 CC. ~ : 3 d ~ ^ i " "  _.. :- .... ...., ".,.W1511 :. YIU?YLIY!,., , 
instead of a olite is used. 

F U N D A M E N T A L  5 R O  OVERTONE 

2 N D  OVERTONE *in O V E R T O N E  

Crystal Flexural Vibration Diqramr for Lengthwise 
Vibrations 

- 
YC:: ,A ~f the fiqsre sk:ows the b s i c  ~ , o &  zf c?c:c!ia? 

at the iundamentol frequency wllh the bor bendinq in <he 

middle, and ports B, C, and D show second, third, and 
!osrth ?verCo.!e npmtlon. In pait B, note !hot the second 
harmonic flexin? is of oppsi te  direction, or phase, and that 
... ..,,., :.i i ,...,.- -;..-I- I ? ) n t P  ..... exte.?ding the iength of the crystal the 

'hr ?onnot eosily osc~ilote. Dn the other hand, the third 
overtone has the same motion or phase at both ends with 
:L.c r.i??!c i:ee tc !!ex. !c prorticy the output on the third 
i re i tc ip  is i t i~nc :  with :: sinale '?!ate, hut !he ~>ltpllt on the 
~....2 
,iLi;;; ,,e:t::c, i! n:! c?-?!e!ei~ c ~ Y c ' I D ~ .  1' so wrn; tiiot 

" ' =  ,-,sqt.!e !!he iFi has p:acticaiiy no giezoeiectnr . . . - - . - 
effect;. By plztinq J single eirt:ooe cnc rwn :Issotvin,j 
the nlati-u hetweer ndes ,  it is possible to qet free flex- 
i;; ??? . i~z le ler r r ic  e f f ~ t  from wen or~rrt?nrs. elLnt; 
seprotc!y th:ou& eech set of piates, or by tusinq sne or the - .  
other of ihe end plctes :a; excitz:isn 3s s h ~ r c  :n 9cr: L 5: 

!he hg,r?. 
ln the high-frequency c:ysta! o different condition exists. 

!+re the !kirk"-as shmr mode i s  the mode of interest, and it 
is illustioted in the io:lourlos fiailre. It is ciearlr seen 

> > 

tnot me vibrations in this mode ore as if t$c cysts! ,:!ere 
s ~ j e e z e i  with 0 shearino motiGn. ?istar:in; it some,shc! 

s o .  bnce &!9 rnorlon i s  rssrriiiuiiV iaisiii:, ;:re 
crysta, ,:,.,y ac ">u,>,pcd *: ;:,c ::;::, ;:,:>.z2! :::2.; 
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Thickness Shear Vibmtion Oiogmmr 

appreciably affected by the sprinq pressure between tne 
plates; thot is, the mechanical friction i s  negligible. When 
operating on an overtone, the high-frequency crystal 
oppems to be formed of layers with the motions occurring 
in crpposite directions. It should be understcmd, of course, 
that the i!lustmtions are exaggerated to convey Lke ideo. 
Eusicolly, a cyst01 does not osciilate on one frequency; 
it has numerous nodes and modes, which can be affected 
bv chonaes in temDerature and excitation. For examole. 
it is posslbie to heat the crystal by overexcitation, and 
-;;;; I: ';o C L G - , ~ ~  :ijl ;. X?.P O! i.p?-*ljatj2n 1! one !em- 
perature :o another mode of operation at o !:lgnei rempcio- 
tuie. It is also possible to cut and qind it so that it oscil- 
lores most vigorousiy on a particuiar irequencv. i h i j  :>en 
i s  the fl~qdamental frequency for fundomentoi crystals, and 
the overtone frequency for overtono ~rysta ls .  

Overtone operation is normsily restricted to the odd 
".-:zonics cn hi:h-frequ~ncy i h 1 c i r . e ~ ~  shear i y ~ e  crystois. 
Ir the circuit to be discussed, the crvstal will operate only 
at the overtone frequency if qound for overtone operation. 
The circuit, however, will aiso operule u i  an overtone ;f G 

fundcrrenta; WDe c w ~ t a !  h h i d  is same ojd rnuitinie oi the .. . 
fundamental frecueilcy), but it iviii cot o?eratt? or rho i'm- 
.."* , . 
du ..e:ltcl !re.urncy s ~ r , : ~ . , ~  !& t ~ ! ~ .  2 ?::.e$ !: :kc f:??z-*?- 

~ ~ 

tal frequency. It 1s possible to operate u p  :a the third or 
111th overtone with iunaomentoi crystak and up ro the nli~cil 
c: E:<,:~: 2,/*7:ccz >+:::~ .:,~:;*7-;.,7e .:r<,>t,?::. 

45 :: -3tte: ci icn+mir lqrPrest. i t  snou; w niiiei 
' -. - -  -.-'? .-..- -..- .".I. w""" owmt i  C," Fvii -.,-.-.- ...-. Y . . .  ~~ 

-,-c ; ,,,...,,. ;,", hut this is the exceptior rather than the ruie: 
: ... '.-' -"-.".', .,- ..,4! ,-,iiir:;,,c ?! n:lc!ico! " .,,, ".- . . ~  ~. ~ ' .  

mteresr. 
Sitce !he ?v?rtr:ca -rys!ll is lisuaily ?e:v thin, its 

7-,,-('rl M is ;.rT iirpartan!. lherefore, 11 i s  tusuaii:, piarea 
una connectrli LO *;it elei:;~i?ie; I:. ; iea!cl zcn:aine! 
It is a k a  ~ e r f  s e n s ~ l v e  to sxface imperfectloas; for exom- 
pie, scratches ihor waul; nu: u I i r i i  the z-,?;otio:, s! :LC 
!undorner!ai crvstol con przvent operation of the overtone 
irystoi. Tk,e:ef3:e, ex::3 :=re s b . o i i  k ohserve.! in hand- 

--- -,-...""n"".".,,~m< , , , ,  , ,,,,,, , ~.." -"-." 
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For operation of on overtone circuit, regenerative feed- 
back must be provided to assist in the starting of oscilla- 
tions, but the feedback must not be strong enough to cause 
free-iunnina oscillations. Most circuits oi this tvoe are . . 
first designed to operote a s  free-running oscillators, and 
the omount of feedback is then reduced by the manufacturer 
until only the crystal controls the oscilla~ion. Oscillation 
i s  usually vigorous, ond the output at the third and fifth 
overtones (using o fundomental crystol) i s  olmast a s  large 
a s  that at the fundamental; at higher overtones, the output 
falls off quickly. The output depends so  much upon the 
processing ar.d manufacture of the crystal, however, thot 
the highest overtone at which practical operation is possible 
i s  rather indefinite. Designers have produced satisiactory 
outputs on overtones above the l l th ,  but mostly with patented 
circuits and soeciol comoonents. In the transistor crvstal 
oscillator, for exomple, overtone operation has been improved 
by the use of special Ironsistois desianed to minlmize 
phase shift ot  ;cry high frequencies. when this type of 
transistor is combined with an overtane crystal or a special- 
ly processed crystol, the results equol or surpass similor 
electron-circuit tube achievements, but the power output i s  
less. 

Bosicolly, the overtone crystal oscillator uses an induc- 
tive form of feedtnck, but it is not necessarily limited to 
thot type. It just happens that at the present state of the art 
the inductive type i s  more popular. Although the topped 
coil i s  primarily o Hartley feedbuck arrangement, it i s  closely 
similar to the tickler coil feedback arrangement. At the 
frequencies used, the tighter coupling oi the Hortley arrange 
ment and the Rise of construction make it o more natural 
choice. 

Circuit Ope.otlon. A simplified schematic of the basic 
overtone semiconductor oscillator, using the mmmorremitter 
configurntion, is shown below. It con be seen ot a glance 

Simplified Overtone Circuit 

that this is the basic Hortley Oscillator circuit with a cry- 
stal in series with the emitter feedback connection. For 
simplicity, bias ond supply arrongements are not shown. It 
i s  assumed thot the collector is reverse-biosed and the base 
forward-biased, ond that PNP junction tmnsistors are used. 
The crystal can be either o fundamental or on oveitone type. 
The tonk circuit, consisting of Land C, is tuned to the 
overtone frequency desired. The principle of operation is 
exactly the some as the principle of operauon af the basic 
Hartley oscillator, with proper polarity of feedback between 
the opnositely polarized collector and base being obtained 
by mmns of the tapped-coil arrangement. R e  difference in 
operation is primrily in the omaunt of feedhick, with the 
portion of the coil between emitter ond tose producing just 
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enough feedback for easy starting with the crystol in place. 
In the self-excited tiartley, the tap on the inductor i s  nor- 
molly at or n e a r  the center of the coil, the number of turns 
between emitter and base being selected for strong and 
stable ieedback. In the overtone oscillator the feedback 
coil usually consists of a few turns (no more than 3 or 4). 
opproximotely 10% of the totol number of tank coil turns. 
Tius corresponds very closely to the tickler coil oscillotar 
arrangement used in regenerative receivers, where it is 
possible to just produce oscillotion with the regeneration 
control all the way on. The overtone oscillator regenemtion, 
however, i s  adjusted so that the circuit will not quite oscil- 
late with the crystol out of the circuit, but will produce, 
strong stable oscillation at the crystol frequency only (no 
spurious self-oscillation) with the crystoi in the circult. 

A typical overtone circuit with bios and supply con- 
nections i s  shown in the accompanying figure. The common- 
emitter circuit i s  used, ond the crystal is in series with the 
feedback loop a s  in the basic schematic. Voltage divider 
bias is obtained through R1 and Re, and the tose reslstor 
i s  bypassed for rf by CB. An unbypassed emitter swamping 
resistor (RE) i s  used for stabilization. Actually, a t  the high 
frequencies used, it i s  probable that the distributed caoaci- 
lance (shown in dotted iines in the schematic) ocross RE 

and the resistor i!-elf form a grid-leok bios ononqement far 
amplitude mntroi ,d that some designs may use a bypassed 
emitter. In the cir shown, the callector supply i s  by- 
passed by C2, with . RFC connected in series between the 
negative collector supply terminol and L i ,  os a conven- 
tional series-feed arrangement. 

Overtone Crysbl Olcillotor 

Now consider one cycle of operation. When collector 
voltage is opplied, bias div~der R I ,  RB supplies class A 
bins to the base, and collector cwrent flows os in a conven- 
tional amplifier circuit. Assume that o noise pulse couses 
the collector current to increase and thot a voltage is de- 
veloped ocross the tonk circuit (LiCl),  which offeis o hiqh 
impedance at the resonant irequency. The voltage devel- 
oped across the tonk is positive with respect to the supply 
end. The nystol offers a low-impedance path to the emitter 
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a t  series resonance. With the crystol connected near the 
supply end, that electrode i s  negative, and the electrode 
connected to the emitter is positive. Therefore, o voltage 
exists across the crystal, causing it to deform in one di rer  
tion. Tne base of the transistor is connected fo: :! :h:ougi: 
CB ond CZ to the supply end of the tonk coil. Thus the tank 
i>  c5ser,: i~ll~ CC~ZCCIC-I I-̂ :.;.ccT. CC!!BC~"~ ""5 ~ S D .  with 
the emitter tapped lo the rank. ' h i s  i s  rquivo:ent to G 

t v~ ica i  Hortisv-type of araunded-tcse feedtcck osc~ilator. , . . .. 
which 1s effective only for the series-resonant frequency 
of the crystal. On either side of resoncnce the increosinq 
c;ystal impedance quickly stops any feedbock, and the ci:- 
c ~ i t  will not osciilate. 

A s  the noise pulse causes the co1lec:or cwren: :c in- 
:re..-, t r e  t - e i 3 z ~ ~  rn ! b r  ?-::re: :s U L I : I V C  l i~ ld  i ; e  
Sose end of the coil becomes more negative. Both the more 
~ l e ~ a t i v e  base and the mo:e positive emittei cmse an In- 
i i a s c  in for.wa;d bias ond c Tenter I,. The col!ector cur- . .  . rent lhcrrojts until trJi. ;ijp;y .J;;m;e 3a.."-s ,,%.. :.- ,L".".u~ ,,...., 1 .... , 
any lower). Luriiij :his time the tsnk capacitor, C l ,  is 
chcrging. The tank circuit now discharges and the polarity 
of the base and emliter feedback voltages change to pro- 
duce a reduced forword bias and a lowering of I,. This 
causes the collector voltage to rise toword the supply vol- 
toge and k c o n e  more neqative. At the some time, since 
the ~olai i tv  across the crvstal chofiaes. :he c:vsta! flexes 
in the opposite direction a s  a resljlt of piezoelectric oction. 
This stote of ooeration continues until the collector current 
cutoff point is reached; a t  this time a small flow of I c ~ o  
Ireier;? c::::??.!! CCzLrC, hut if hlc i n  effwt on ooextion 
other Lion to cause a lone;ir,g a i  efficicxq. ?<!:o:: !he 
feedbck ceases, the crystal flexes bock toward its orio~r.c! 
resting condition and generates ; p~ezoelec:;:~ chcr;e %at 
storts cal:ector siliient flowing agoln, cnd the cycle repeats. 
Emitter resistor RE is affec:ed crly by the d-c current flow, 
ond operotes as a s i ~ p l e  swamping resistor for thermal 
campensotion and stabilization. In some ciiiliiis tP.2 3:s- 
tributed capacitance ocross RE is considered to cause it 
to operote in a manner similar to that of the eiectron-tube 
grid ieok. Thut is ,  the charge ;crass this c c ~ c i t a - c e  
lclds the circuit incpeiative until the chorge leaks off: raa 
l o r y  a copacltance wdl e f f ~ r i v e l y  short the s i ~ ~ t ~ ~ .  The 
iuuaii:ur;;i ,s shmn i:. iotte?. linec :: !he >hn-rn !ll,i~t~nt1n- 
because it is not cons~dered necessary far operation. The 
outout 1s token capaci11ve;y h rouqh  C,, iht"~cr, ; i : l i i :~ :  . ~ 

,;p3,Jr>,3, ,or, l f  <,+.,,7r: , k,. . ;r,i"=~.;e zz.:;::?.: :? :+ .'x.{.. 

z?rcsit. The ~ C ~ ~ T I T C : : ! !  LS tunes tl j  ;ni wertor.e  ire;;^:;:^, 
. . --- .." -..,.. -, -'...,,,...,,...,,*,,,,= <,.$+r 7 c,n= 7c,.j>cz: ".. . :..- . ~ .~-- 
Circuit V ~ , i o t i ~ ~ s .  A : ~ F C C ~  ailct?cai opernr!n? l i r s l ' l n  

- - A  .- - --+-:?;sa + ,,:" - r n : t + ~ !  ;=  s b , , ~ s z  :?, the $3!lz,,$i7; "-=,. .> , -  ~~ 

. . 
rlgure. i n  e -  : :  . , . ?? 

t x k  zircu! is ~ - n w ~ c t ~ d  'w!wei.n ' x s e  and i ~ I : e c t o ~ .  'u-83 
:?e e.rit!e~ ii corqected 19 !fie rap on :hp tonk coil tnraucn 
ine series irysto; -il2 icpz-ita: C4. Scp:c!e Liz: s;;!ie- 
ore s h o w  5ecmse the:: ;;e priv~des 5-nst i)~riec! st-i-i:~. 
zotlon; ia.r.ever, vo!~;~c livid;. Ll"s ;;r ii ;s;1 :! ?-!,; 

one supply is svailabie. HFC1, In the emitter circult, .s 
used ta keep the em~tter Jrore p x n d ,  3-5 RE, *tich :i 

-.. 7' ..-,,,;-- ;,,-. (;;-' ;:;a ;::, rr...^r.r .,. .,L. . . . . ~~ . 
tya1s Oiit:;!!, FC:\*!C:~ h!E 1s ~ ,>"? lw :  r r ~ ~ ~  i,?, *?XI: c1,e ex,;tte: 
ond b s e  by httery supply VEE. ionvent~ona~ srrles c?- 
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Grounded-Bore O~crionc Oscillator 

lecto; feed :s p r c v ~ d d  tirougi! F C i ,  whi:i :; by:asse? 
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feedbock is pernitte? ot the series-resonant frequency, but 
is stopped on either side of resonance. 

The incrwsed collector curent induces a feedback 
pulse i n  the emitter-bse portion of L2 in o direction which 
increases the ioiword bias, and, hence, the collector cur- 
rent. Capacitor C4 provides i? phasedelay adjustment which 
can reduce the omount of feedback (or increase it, os de- 
sired) so  thot various types of crystals and transistors m y  
be used. For the purpose of this discussion it can be con- 
sidered os short-circuited, since it is only a production type 
of compensator, and i s  not necessary to basic operation. 
Since the feedback action i s  regenerative, the collector 
current continues to incrwse until the collector saturates 
and no further change con mcur. At this time the crystol, 
which was in~tially deformed by the feedback potential be- 
tween the witter and collector, flexes in the opposite di- 
rection. The polarity across the crystol produced by piezo- 
electric oction also reverses, and the flaw of emltter current 
i s  reduced; slnce the collector current in also reduced, and 
the feedback i s  ieqenerotive, the collector is driven to cut- 
off. At this tlme a small IcEo (reverse current] flows, but 
it hos no effect on operation except to lower the overall 
efficiency. A! this time C1, which was choiging during the 
conduction period, now discharqes through RE. When the 
bios drops below cutoff, current again flows and the cycle 
repeats. Dllilnq the reducing collector current period, the 
ctystal i s  flexed in a direction opposite the initially caused 
deformation, and at cutoff it again flexes cppositely and 
resumes its original shape. Thus, the crystal i s  caused to 
oscillate, and in oscillating it provides a low-impedance 
path lor the feedback. Because of its lnherent stability, 
the crystal controls the frequency by permitting operation 
to occur a t  only one frequency. Tne basic tank circuit 
(L2, C2) functions in the conventional manner to supply 
energy during the nonconducting half-cycle, so thot the n e v  
otive output alternation may te completed. This ilywheel 
effect provides a sine-wove output through coupling co- 
wcitor C7, instead of the distorted pulse which otherwise 
would occur. 

The circuit described above is capable of providing on 
output of 15 to 30 milliwatts at on efficiencv of 30 to 35% 
to a 50-ohm lwd,  and a maximum output of .IW milliwatts 
a t  on  efficiency of 40 to 45%. Under constant lmding and 
controlled tempemture, the short time frequency stability 
is plus or minus one part in one hundred million. The cir- 
cuit uses a fifth overtone crystol operoting on 108 mega- 
cycles and a diffused base transistor. 

FAILURE ANALYSIS. 
No Output. Loss of output will result from the loss of 

bias or supply voltage due to an open- or short-circuited 
component: this condition i s  easily determined by checking 
for the presence of voltage. An incorrectly tuned tank 
circuit will prevent the crystal from operating ond could 
result from shorted turns or o shorted tuning capacitor, but 
at low voltages used, troubles of this kind are rather un- 
likely with ordinory components. 11: miniotunzed circuits 
where the current-mrrying copacity is lo.#, there is the pos- 
sibility that an overlmd con couse the inductor or leads to 
open. It is important, therefore, to use a meter having a 
very low full-sale current requirement, pieierably in the 
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micmompere region. A VTVM i s  preferable to the standard 
20,000ahms-per-volt meter, although with care bath can be 
used interchangeably. A check of the forward ond reverse 
resistances of the transistor will quickly detereine whether 
it i s  at fault. Because of the low ootentiols involved, o 
high resistance or poor soldered joint can introduce exces. 
sive resistance and stop the circuit fro- oscillatina. A 
defective, partially fractured, or dirty crystal con also prevent 
oscillation; the crystal can be checked by substituting o 
crystal known to be good in its place. 

Reduced Output. Since the output amplitude 1s primarily 
controlled by the emitter swamping resistor and bios voltage, 
changes in these parameters a n  cause reduced output. 
Ooenina of the bias mound return resistor will ~ h c e  o hiah- . - 
er bios voltage on the transistor, and, depending upon the 
internal base-teemitter resistance of the transistor, oscil- 
lations may be blocked entirely oi hard starting may result. 
Hard starting i s  usually a clmr indication of a dirty or 
defective crystal. The value of the emitter resistance and 
its bypass capacitor will determine the output amplitude to 
o great extent; therefore, a partially shorted mpocitor or 
increased resistance in the emitter circuit will reduce the 
amplitude. Such troubles can be easily lomted by making 
o resistance check of the few components in the circuit. A 
reduction of output may also be caused by short circuiting 
of the transistor elements or by mismatching of the tronsis- 
tor due to a change in the circuit wlues. This too is easily 
checked by making a resistance analysis and by measuring 
the forward and reverse resistances of the transistor. A 
combination of low forward resistance and high reverse re- 
sistonce indicates a satisfactory transistor. If the forward 
resistance i s  high or nearly the same wlue as  the yeverse 
resistance, the transistor is defective. If both resistances 
ore zero, the transistor i s  short-circuited. 

lncorrocr Freguensy. Since the crystal is the irequency- 
determining companent, on appreciable change in frequency 
indicates o defect or a change in the crystal, except where 
the tuned circuit i s  actually tuned to another overtone. 
Under normal conditions it is procticollv imoossible to tune . . 
the tank to resonance at a different overtone unless the tank 
circuit components are defective. Althouqh o fundomental 
type crystol will operate within the tolerances marked on 
the holder, it must be kept in mind that for overtone gen- 
eration of the crystol the tolerances will be multiplied by the 
overtone number (1, 2 ,  3,  etc): hence, the tolerance range 
a t  the overtone will be much larger. Oscillation will occur, 
nM aver the entire range of tolerances, but ot o specific 
frequency within the range. On the other hand, overtone 
ciystols are roted for their actuai tolerance at the overtone 
frequency: therefore, operation outside this ronge indicates 
a defective nystol or spurious oscillations. As o result of 
chanaes in circuit components and transistor parameters 
with oge, excessive feedback may occur at certoln resonant 
frequencies ond produce free-runnina oscillations. Uswllv 
these signals hove o much rougher or more raspy sound and 
ore less stable thon the controlled oscillotlons. In the mse  
where colibrotion capacitors or feedtack controls ore prcr 
v~ded, it i s  normal far them to control the frequency slightly 
so a s  to permit the crystol to te operated on its exoct ire- 
quency. When no contiois are provided, a change in ambient 
temperature can place the crystal in another class of tern 
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peroture compensation and chonge the actual overtone fre- 
quency. The temperature tolerance i s  shown on the crystal 
holder and i s  standard for a MIL type crystal. Minute im- 
perfections or partial fractures can also cause the crystal 
to operote a t  onother irequency. Return defective or dirty 
crystals to the crystal repair octivity for servicing. 
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