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is characterized by an
,      giequmva1@ﬂt @i?@uwt Wh?@h p@wm%tg a substantial portion of the

'Th@ gtab%?@zatw@n f@@t@rg admittance presented to

QQQM@ta@nsg f@? @ptmmum 1@@dwng of the oscillator

wn @f tunmng w@ﬂge@,ar@ presented along
 ‘;-‘wwth @xp@r%m@nﬁaﬁ<wegu?ts f@r @n X band EMPATT @S@???@ﬁ@F@
,1.;gt@baaaze@;;_ gh q

«,f‘ ji t?@ﬂSM?SS?QH @@wwty




~ descrides changes in operating frequ

 isolating the source fr om the load.

he video frequency range; while frequency drift

ency over extended peri-

yﬁﬁ@ugha?ehgtha?tr@nsmissﬁ@n line measuring
one half wavelength. This section of line can it-

@5@ﬂaﬁ@?9;§ﬂt?@dﬂﬂiﬂg@Ktraﬂe@us modes of ogs-
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Th@ @@rwegp@nding frequ@n@y shift, Awe, induced in the

‘\,' ?'rea@twwe?y ?@@d@d @5@@1?@&@? is obtained from the condition:

L | [ ( m&mmg } - (m } +Aw FR } ] = o a..a. [( Wy +A wg ) - m@ 1.

(2)

 ;  wh@@h gp@@?f?@g that g?vem the condmtz@ns of Equations (1a)

'and QEbEQ th@ fvequ@n@y Sh?ft s Aw

FRW of a free running oscil-

.r[ E@t@w @g @Et@T@d thr@@gh ?@@@t?y@ ?@a@%ng by a fa@t@? of

205@/dw>3 the frequency shife Awep 1S sub-

By*?@du@ed thevd@siredresuﬁt in stabilizing systems.
kT i%~f§j“V7€'E9 or S<@ a condition of unstable
A T Will not build

'T@S@n@nt fr@qu@n@%@s exhibiting S<0 may be




\U“;  _fTh@ deswr@d 3@rge value of dB; /dw can be realized with

"°3pth@ Stabaﬂﬂzwng system sh@wn schemataca?]y in Figure 1.

~‘.‘\@ﬁ@ti@n@f dB@Sdow and E%NQ length, is determined in




- admittanc

I general,

 to Plane 8.3,
~f-,77*ffa@tow”@f7the st@bwimzvng cavity, Q

,,';CW@Htg@fP@TtS 3 a”d 2

@f]the“transmissianiineg Yo 1s required.

the turns ratwgs of the coupling transform-

», 5,_"Q L“ and @ o) are unknown. However, the normai-

s reterred
@@m be determ@ned from the unloaded quality

o° and the coupling coeffi-

The caup]ing coefficient, 8, is de-

_-  ‘;3053egxw1th a m@t@hed E@@d @t th@t port and the aeupizng at

*?7*‘~ﬂ<e}the F@mawnmn@*f

  @@?& set equa? to zero. The n@rmaﬁwzed imped-

,_  ¢3gj5]an@@*@thb?ted by th@ @athy at resonance, with Zero coupling

]tfth@ Wema%nwng p@?t %5 aISQ numerically equal to B. Sub-

the equivalent eje-
» referred to plane

Normalized e?ements




V}@wdew t@ @bta?n the degree of stabilization provided

"'vj*  fby th@gygtemg th@ ?@@d admittanceg Y15 as a fun@tzon of fre-




s 1S numeri-
S

. ©ally equal to the normalized 's: This equiva-
.W@nt @mr@umt Smmpﬁmfmes the analysis near resonance in that
 $tandawd Bump@d e@em@ﬂt @wr@uwt theory can be applied to the

& Eé £§2+€m@ E?me )2]+2§ G +E | 9a)

(5b)

Away




Th@ E@ad susceptanceﬁ BLg near resonance is a more

‘~ffj}c@mp?1cated functﬁgn @f frequency Unlike the susceptance

Ai,  Af functz@n @f the stabwimzang cavity alone, B, 1s not a mono-

xv"e& q  g ;i@n1waW?y 1n@reasmng functz@n Of frequency but exhibi

Figures 5a and 5p are

\'[ prX@t§ @fﬁth@ @@mductan@@ and susceptanc@ functions respective-

In Figure

ji“f*  :;@atJve@f the susceptancegfunct1@m of
z;] [§§2gﬁ3@5@11]at@F @xh%bmt@mg w, = w_ and 05C _ 500 is a?sg‘p1@tted
St 0 r dm/mo

a typical

. andused below. .

;’ vﬁ  ﬁet@rm?med from a measure of th@ pulling
s -10-




'~‘    fact@r‘\Lwhmch by definwtzan 1s the total frequency shift,
‘/expr@ssed ?n st 3nduced in an oscillator by moving a 1.5
"'VSWR 1@@& thr@ugh a?i phases. Referring to ;3 Smith chart,
'émt mg se@n that th@ nawma?zzed susceptance presented to an

,‘ 4g_@s@33?at@r by such ?@adzng varies betwe@n +0.42, Therefore,




0~%.ls 1f a single in-

'-" ‘ ‘jtewsect3@n @f the Egad and (negatﬂve) oscillator susceptance

i‘>" curv@$ ?5 t@ b@ ma@ntaan@d ‘that is, if a single mode of ogs-

“"whf.zcall&tw@n @g t@ be guar@nte@d Specifically, the allowable

--» ; '<fr@quen@y @rr@rg AmEQ @@wresp@nds to the value of

"4 «3 wh@rﬁimg’am @dd ﬁnt@g@rﬁ is th@ electrical length of the in-

'.'~‘1ﬂ t@wm@dﬁ@t@ twangmzsswﬁn line in units of 2.

ﬁ“ggm |




‘;”  fAf-ac@urate wwthwn @ 5

,_fit'f” 5m@n@t0nwca]By d@@weaSing in

fmum@rical @alauﬁatz@ns show this approximation to be

% f@r the example system. Since

lwawrl for !w=wrl > [&mp the

0SC gnd EL falls on

mLo The value of ES required to realize




“, 7‘« wiw$@$@m@ Smalﬁer wa@u@ of AmE will be exhibited, as in the

~‘1Aj}   f@@S@ jﬂ FT@MF@ 5@







.“’T,-';fnegxwgzb%e @@nverseﬁyg
",  ;sh0rt p@swtﬂﬁng

A-~<jgt@b@?ﬂzﬁﬁ@ cavﬁty vem@ved from o

Sl e ”@@rvesp@ndﬁng susggptance functian

f';gircumt@f\Fmguwe 6

B

‘F@r gma?] d@V?atm@ns from mrg the latter effect is

fr@m the definition of the detuned

f@w frequencxes many half-bandwidths of the

> Where the sta-
L bﬁjwzmng @avmty has been replaced by a short Circuit at plane
| V'%B- IﬂF?gure 7,

L(Z)ﬁ of the simplified
s Sh@wmng excellent agreem@nt far from

"'*'Iﬂ FEQMW@ ? Et 15 seen that for all » < 4




Lo ke slope dwfﬁz) is d@cweaszng in
'~“‘f;fwang@ £ §

| aTOnbelngtrue for s u . Further, the absolute vatue of

r°

Iw“wr! over the frequency

fﬁwnterest

H@nceg f@r th@ @@se w@ = “pe SUPPression of extraneous

‘vfj f ;m@d@$ @f @sgaiﬁatwgn is ‘guaranteed when the condition,

L(Z);

(15)

Thms‘ﬁegult requmres @n?y the restwicti@n that the




';4',‘;F@w th@ @ase N é‘

.~?y1@]dg at mﬁgt 2% @rr@r

'spggmfzed as @ functwan of

‘: p@nd@nt @f th@ p@r@m@ters @f th@ Stabilizing cavity.

"A": Stw?@t?yg

v‘\t?@ﬁg th?& @rﬁt@rz@n @@ng

~'4.‘7w@ter$@ ?@@d t@ @% @%@esgwwely large choice of é

(18)

o (20)

> 50 (cﬁrresp@ndxng

25) this approximation

H@n@@g th@ mmnamum suppression conductance can be

4Bysc
dwfm and line Tlength only, inde-

th@ @ft@n used @rmterman of having the de-

?' = &wB,Whefe éL = ]/GSQ In adds-

dependzng upon oscillator param-

=18-




~'uh\ VF@r th@ @ase N _ ?; such systems require va?ues of G

‘ _1'?y3ng b@twe@n @ @@ amd 0. 25

L owa

';,Equatwaﬂ(A 1?}9 th@ r@te of change of B, with respect to

’,j_fr@qgen@.

S{min)

fPTIMUMSHuNTCQNDUCTANCE

As Sh@Wﬂ in Appendmx III

3

,g@t ﬁh@g@ p@?ﬂtsg




App]ywng th@ c@ndwtwgn of Equation (10) to the sta-

‘»bﬁlﬁz@tw@n n@tW@?k yme?dsg

\4-_ated wath su@h an @gcmﬁﬁat@w@

'    3@%@@]@ fwe@uen@y @wr@r

\Fp@mgqu@ti@ns(36)and-(2]> the slope

(22)

These @urves exhibit tangency,
A}W’;ft@ wmth@n graphz@a? @@@ur@@y at

= w, jémg the maximum al-

dBj e
dwfw




In pra@tﬁces»the value of shunt Conductance chosen
7 Sh@u?d depend @n th@ @scw]?at@r Characteristics and intended

';appizgati@no F@r examp?es an oscii?at@r Ssubject to large

v~5hmntc0nductanceva1ues in excess of §
b@ av@@ded STH@@ b@th 'S and AwE are decweasing functions of

 ~‘&?@@ p@wtuwbatwgns awe mmnwmwzed when an oscillator is loaded
,f@w max@mum p@wgr @utput Swnce both A.M. and F.M. noise
;i '\@@mp@ﬂents degrad@ szgnai quality, minimization of Ay noise

"‘**-@g a weasgnab?@ d@$3gn @bge@twve in st@bi?izatian systems




i;é (rgg@nance} = 1

E +]/é

’When Equ@tlﬁﬂ (26) is satisfied, Bo Can be eliminated

fr@m th@ st@biﬁmzaEWQW Equ@t?@ﬂ (8) ywe?dwngg




Y °

9

~ Trom the equivalent circuits of Figures 3, 4, and 5,

s St@@%%ﬂznng syst@m S

App?ywng the c@nditwen of Equation (26), this result

L e e st e o reduces to,

(27)

"9 wh@re %t ms assumed that Equation (26) is satis-

& %g p?@tt@d @S a fun@tﬁﬁn of Bo With shunt conductance

'1”.7@5 a p@?am@ter   ﬂf#f*”

En@we@sed p@wer output is realized at the expense of

» f"'-$edu@ed stabaﬁizat?@n fa@t@r since S varies as 1/84. In prac-
’tzceg t@ﬁ@%@b?@ wnS@rtm@n loss can be specified as a design
\,‘@bg@cﬁives fﬁ@m'whi@h th@ r@quared c@@pizng caeffngments can
* ~“b@ computed.




. N‘»Se; (DESIGN PROCEDURE

The f@??@%ing steps can be used in specifying system
}\~:~':@@F@m@téﬁge .]‘;

~,i'/(3§ Ff@mmgésurements of the oscillator's pulling
~/xfact@r and Eength of the intermediate transmis-
,-Sa@n ?mneg Ge s computed using Equations (18)
‘@w (23) |

.'"., fr@m wWhich the output coupling coefficient B o | |

'4’_:4 ‘115 det@wmin@d usmng Equation (27). |
~V'€3)U5?ng Equatmgn (26) the 1nput coupling coeffi- |

,“puted

'-»4._*_fi\Q@},Thestabilizati@n factor and, where applicable, |
.“«"7 t~‘max1mum allowable frequency error and tuning |
'«;~j4 .ffr@nge are available from the major results of W

‘;‘"Se@ta@n Tlef. p. 14, |




"IIIQ EXPERIMENT&TION

’.zzzaieSVSTEMCONSTRUCTION

Exp@rmmentai 1nvestagation was performed using an

"‘«‘v‘ 1MPATT di@de Oscwii@t@r operating at 9.28 GHz. The oscilla-

;’ '€t@r 15 Cprﬁed thr@ugh @ 3X./2 section of x-band waveguide to

.ﬁ\' ?a high Q C%r@u]@r -cylindrical cavity operating in the TE

013

\f~* A‘-,'m@de @n@ endp?ate of the stab311zzng cavity is electrically

‘~g‘;_ ws@?@t@d fr@m the/gyiﬁnd@r wall in order to decouple the TM

~"';“ m©de which satmsfves the same boundary conditions. The inter-

113

-Tg.Afﬁmedzate waveguwde is composed of shims of varying thickness

-<‘7r f.whm@h aﬁ?@w @@nstructman of the exact line length required.

- In @rder t@ realize the stabilization network of Fig=

.{   1ar@ %9 a@@uwat@ determmnat?@n of the electrical Tine length,

4'}',";fthe SMD@V@SS?@H cgn@uctance9 and the locations of the detuned

A   A .Sh@?t pgaﬂeg @f th@ oscillator and stabilizing cavities are

* ';\" i"weq@zred An H P 8470A network analysis was used in these

';' ~f me@$uwem@nt§ t@ disp?@y both magnitude and phase of reflec-

“'"~ff_ t1@n @@@fficment » Treéferred to a moveable reference plane.

Th@ f@?l@wmmg pr@@eduwe was found to be efficient in

‘,"  ’ §ySt@m @@nst?uct%@n

“‘_?wéz) The @S@???at@r is matched to the intermediate

-; 15”5*fj:'; ‘\twansmmgsm@n ?1ne (maximum power into a matched

~T0ad) and its puTling factor deternined using

- “  th@ mz@wgway@ network shown schematically in

. =25-




'T~§h@rted

‘ff-};?;f‘ i'@nC@@ @f Section III-2.

-~ F1gure 12
f?  *j" t@ pr@duce zer@ frequency pulling.
;s~jA;7" ence p@sztz@n hear the mounting plane,

'«:<;?"sgf;whvch this admittance is purely rea,

N"‘ms egtablashed

\[ :x’CaV3ty @nd suppression conductance,

The m@veable sh@rt 1s then adjusted
The refer-
from

is then

'; '";  'f} ?@cated and corresp@nds to the detuned short

 3 }}‘ f 'p]@n@ @f the oscillator cavity.

th@ output coupling coefficient, Bo s

The detuned short position of

-'~,;:,p@rt 2 is unimportant since the usetul load is

| metehed to the transmission Tine,

s 1S Introduced an odd

*f7 number @f quarter wavelengths from the detuned

The admittance of the stabilizing

referred to

5‘3'  the p?ana of Gg, is measur@d and line length

x    adJu5t@d 1f necessary.

_,  _ Add3tm@na1 shims are added to locate the osci]-

' f  ?at@r detuned Sh@?t plane an odd number of quara

‘   @@? wave@engths from the suppression conductance.

@@6ﬁ




‘;  4 ]The5tabi1izing system admittance referred to
‘fH’ th75 plane is measured and line length again

: , \-‘ adJusted if required.

~;f?‘ ,$t@b11?zat1©n fact@r@ This can be accomplished

’by @pp?yjng a modulating signal at a frequency,

fm<Q@/2fP9

‘~,'of the stabilizing cav1ty Side band intensities |
e @ P @ @ b serve d on @ S p ec t rum ana ] y zer , max 1 mum

|
i
*v“;f    :fg~St@b???zat10n corresponding to minimum side band

~~vo;<;€;;;:aﬁg§{#». |




A small piece of

4_,;3 250 @hmfsqu@r@ mzca backed meta] resistive card meas

\,-.fflwx?matéiy 4”"61"X,°00‘”

uring ap-




 7\Me@5ured 3nsert10n loss was -10.5 dB, in good agree-

4Q ff ]ment w?th th@ pf@d?@t@d va?ue

Th@ stabﬁlwzatign fact@r was determined by applying a

"'  A\  _m@du?at1ng Sﬁgn@?g With and without the stabilizing system,

‘:‘;f and measurzng suppfesszan of F.M. side bands. For smali fre-

*_' ;g_quen@y d@vwatiansgth@ magnitude of first order side bands

[‘.~‘3_Q;ﬁws pr@p@rtaanai t@ the modulation index, AT/ Ty where af is

,\°"j the peak frequency shwft induced in the oscillator and f,

is

| the modulating signal frequency.

 ‘M@as@r@d dat@ fﬁ@m an H.P. 85518 spectrum analyzer
"\f\=  f@1$@3ay‘w@r@ @S fﬁii@wse

p
SB(FR) ..
PSB%S) (dB)

41

40
38




]Fram Equatman (34) the maximum tuning range assocs -

-,_  143[°@t@d wath the expermmenta? system9

A QJT ( m @ X } E 5 9 KH £ s

,, STnCe,the Shunt QOHduCtanCe9 G > GS(OPT)g some lesser tUﬂ?ﬂg

o ;range 35 predmcted Experzmentaiiyg oscillations were found

»t@1n@t b@ﬁ?d up @utSEGe a 200 KHz bandwidth centered at ap-

,p?@x1mate]y w m_'

. ter ~ 100 Kitz.

fn@@ @stamesh@d h@wevewﬂ oscillation was maintained over a

’f?@quen@y rangegr




vFree wunnwng @nd stabilized noise performance (8] of the
o IMPATT @Scw??at@w are presented in Figur@s 14 and 15,

vMeasured suppresswan of F.M. noise power vari@s between

| 30.0 48 and 39.8 a8, white A




n ( A } mE

1whereeafi5jthewavenumbere

G“+j(8'+tan6z)

1l =0
. Z E tansg+gé L tangs.

Therefore at o =

E +J(B +tan6£)

S At the zero crossings‘@f the load sus-
“'{@@ptaneeg ELg r@f@rwed to plane A-A,

w, + Awp (cf.

(A-1)




YPICATlY B 1. Also, in the neighborhood of u + 4o

(A-2)

A-3)

< tange near w. + Aug, substituting Equations




(A-4)




| €2 .
, Ez
éf éz (2
éz




ase wy = w, mode suppression is guaranteed when




it@ngg+é +tan8£ -B/2tangs-B/ tanzﬁg ] (A-8)

" 3B 1s defined in Appendix 1. From Equation

-B tan Bg
2




(A-10)
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