UNCLASSIFIED

w404 14

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANJRIA, VIRGINIA

UNCLASSIFIED



NOTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. 8.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govemrn-
pent may have formulated, furnished, or in any vay
supplied the sald drawings, specifications, or other
data is not to be regarded by implication or other-
vise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permisgion to manufacture, use or sell any
patented invention that may in any way be related
thereto.



"

LA ]

L3275

vt

.,

NACA '\ST
Ll

CATALOAC
AS A

.Technical Report No.3

* ANTENNA

. WITH.
TUNNELDIODE

ORIGINAL CONTAINS COLNR -Pl‘.;‘\TES:. ALTC DDO

—
-
X —
-

REPRODUCTIONS WILL L. id LiACK AND WHITE,
ORIGINAL MAY BE SEEN IN DDC HEADQUARTERS,

r T -.—" - ';.-.:'r;n
L way 2183 |

" . .,
Lt . -
TISA A

Institut fur Hochfrequenztechnik
der Technischen Hochschule Minchen



Contract AP 61 (052) - 506

Technical Report No. 3

Antenna with Tunnel Diode

Frof.Iv.H.H.Meinke, Institut filr Hochfrequenztechnik
Tachnische Hochschule !Milnchen, Germany
31, March 1963

"The 1.:8earch reported in this document has teen spon-
sored by the Aeronautical Systems Division, AFSC
throush the European Office, Aerospace Research,
Un2xved States Air Force'.



Table of Contents.

Abstract ' page

1. Stability of Antenng Systems containing Tunnel Diodes.

A. The negative Resistance Application.

3. Netviork Statility.

C. Practical Requirements for a Stability Check.
D. The Encircling Criterion of Strecker.

E. Relationship hetween the Characteristic Equation and
the Impedunce or admittance Punctions of a Network,

2. Possitilities foxr a clear Stability Determination.
Pinal Expression of the Btatility Criterion.

G. Discussion of the Limitation Assu-ptions.

H. Stabilisation of Tunnel Diode Circuite

II. Impedance Measurenents.

A, Basic Design of the Tunnel Diode Clrcuit.

B. Measurement of Impedances containing regative
Resistances.

C. Example of u Meusurenent on a Folded Dipole with T.D.

Bitliography.
Glossary of Syatols.
List of Illustrations.

o~ N

19
23
24
30

36

39
43

45
46
47



Abstraot:

Thie report desls with the effects of a combination coneie-
ting of an antenna and tunnel diodes. Thie is a first report
explaining some fundamental rules in respect to the appli-
cation of tunnel diodes with antennas; also the correspon-
ding impedance neasurement techniques are described, Part I
of this treatment is primarily concerned with the stability
problems involved in avoiding self-excitation pheneomens
within the system. Part II discusses the basic questions
concerning the measurement of input impedance,

A folded wnipole with a tunnel diode at the top of the ra-
diator is studied experimentally as an example. The measure-
ment of impedances with negative resistances by ueing slotted
line techniques is also Adescrided. The next report will treat
such combinations which are of techniocsl interest.
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1.8tabilisy of Antenna Systems containing Tunnel Diodas

A. Negative Resiastance Appliocations -

The generation of a negative resistance, which is uchieved
either through an active four-terminal netvork with regene-
rative feedbtuck ox by using the anixing principles of a non-
lineur reactance, requires a relatively large number of cir-.
cuit components. However the tunnel diode offers a negative re~
sistance in the form of a single component and its application
requirements as a circuit element are the same us those of a
positive xesistance with the exoeption of the fullowing thiee
points:

a) The tunnel diode requires a bias voltege (approx. 120 uv).

t) Its zegulation range is limited to a maximum of 10-20 “v
oaused ty the desoending portion of its charactiristic
curve. '

¢) The iasertion of a negative resistance introduces the possie
bility of self-exoitation o’ the network; in many cases this
is undesiratle.

Taking the requirenents listed akove into consideration, the

TD can te used as a negative resistance element up to an upper
frequency limit "f,% which ie also the cuse for positive resis-
tances and has the same oause, nanely: the reactive cehaviour
of the conductor material. (2te theoretical memiconductor
effect of the TD is independert of frequency up to 1013 eps).

The simple use of this circuit element thus provide additional
dogzee of freedom as far as tie design of the elecizical net-
worle is concerned, since the nwositive registunccs .nd conductan-
ces, or the real part of impecinces and admittances car be
coupensated for Lty the sise of "R ". In this respcct, two
application goals cun te get f>r the use of negative resistance
(excluding fox the noment the ise as:



R

8 self-oscillating devidce) and are listed below:

a) Deathnuation of a 1oad, thms achieving an amplifioation
sffect. ’

b) Application of negative resistanceg for obtuining special
impedance and udmittance funotions, expecially those fung~
tions having charecteristic curves turning in a eounter
clockwise direction (influencing charscteristic curves
turning in a clockwise direotion in reaspect to a wide
band compensation). Amplification effeat throigh the me-
gative resistance in this ocase, is considersd of no walue.

A self excitation of shis ocurreat loop wmould disturd the
operating oonditions and must thus bs completely nvoidod,

B, Network Stability

Before Networks are csoulated 1t is noruilly assumed that
sheir eleotrionl bdedaviour is such that nay trensient exoi-
tations are of a decaying mature snd after a short period of
time & steady state 1s achieved in which the voltages and
currents are then only infiuenced by the induced signal of
the comnected gensrasore. This sssmptioh is valid for each
oage of passive networks and thus nsed ncs be investigated
for eaoh individual oase.

However this assumption does not nscessa'y apply when the
network countains active fcurpoles with rigensreative feedback
and / or negative resistances. Therefore it cannot de assured
that the methodes of network amalysis, the complex ocaloulation
and the charscteristic curve rules sll fullfill the requirements
for such a system. In most ocases th: frens’ wmt oscillasions

of oirouits incorporating negasive resistances 4o not decay
with time, rether they inerease, and as & result of the mon-
linear limitation effects either & standing oscillation will
m-rorlmwmiWupr_wm-n'
sdjuastaent of the operetiag point of the negvtive resistance
clment,



Therefore it defomes extremely desira®le to assoociate & sta~
bility cheok in conjunotion with the ocaloulaticn of such

- edrouits or %0 oheck the stadility of an existing cirouit
by neans of measuremens. In addition it would be quite ad~-
vantageous if & oirouit which has been proven to be instable
oould be stabilised by using a suitable arrangement which
does not disturd the initially preset and required oirouit
funotions.

Both of the above meutioned probleme will be treated sepera-
tely in the following text: Pirst of all the prodlem of a
generai stability oriterium check will de treated in section
C = F. The stadbility~oriterium, whioh is actually suitable
‘for prectioal checks, is expressed at the end fo seotion P,
Circuit recommendstions which have some ohance of being
stable sre given in ssction H. However in omse the practiosl
‘applications of them should prove to be instadble outside of
the operating frequency range due %0 stray ocirocuit elements
which are too difficult for the™Bhetionl consideration, these
ocirouits can de restrained from self-oscillation by means of
ingerting a Two-Pole-Stabiliszer (Section H).

¢ (] P { Stedili

Basiocally it is always possidle to investigate the dynanmio
behaviour of & cirocuit via a system of differential equations
when the network structure and sise of the individual cirouis
ocomponents is completely kmown. The transients (genersl wo-
lution of the homogeneous 4iff. eq.) am well as these owrrents
and voltages which ars oauged by the connected generator
(specicl solution of the inhomogeneous diff. eq.) by means of
the complex ealoulation osn be:caloulated from these aife, eqn,

Tae treuimo of interest can hardly be ocalculated in
pucice for tshe following two strorg retsons:

Y. If the network contains more than two ruotive components
then the solution for the charaocteristic eguation of the
a'® order 1e difficult and hardly possible in practice
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2. The exact network structure nor the size of the indivi-
dusl components ars actually unknown even fo: what appears
to be & simple example. Experience has sho:n that even
etray~ and couple~reactances in the order of magnitude
less than 1 nH and 1 pP respecively may not ‘se neglectad
if the stability oriterium of wide~band noga"bive resistance
ocirouits is to de investigated. :

In reepect to the first above mentioned diffioulty, a way
~out ocan be found sven for nth—'[;om networks in hat one
abandons the search for an explicit solution of the m-solu-
tions of the characteristio equations, and rathar Jdetermines
if by means of a simple relationship of the function theory,
whether the characteristic equation contains at least one
solution (Eigen frequency) with a positive real part (an
unlimited increasing transient oscillation).

This methoé (enciroling ariterium of PF,Strecker [1] [2] )
wiil be degoribed only in short in the following since it -
has practically no meaning in respect to the sccond diffulty
mentioned previously. However this method is of some value
for the derivation of the suggested method of drtormining
stability as will be shown in the following.

If the two previously mentioned difficulties ere :compared
with one another then one comes to the conclusion that a
pructicel and meaningful stebility check defiunitely requires
measurement of the network Liehaviour and network funcions.
The measurements must be conducted so completely and with
such & high degree of aoccurelcy, that the above mentioned
paresitic elements (1 nH, 1 pF) ocan be readily pinpointed
in the measurement data.

l'heqc requiresents are fulfilled by the impedance and ad-
mittance~funotions; in reciprocal circuite theet Tunctiions
sre superior to transformstion funotions due %o the former's
olerity in respect to their universally acceptel definition
es well as their reliable practical measuremenrt. since the



ideas developed here hn:r.ep.:::}au:!eveloped for the nme of
negatise resistances in linear networks, rooiprom;*t-' exiets
without & doudt. If on the other hand one is corcs:.aed with
s network in vhioch aotive, non-resiprocal fourpcles are ocon-
sidered, then the transformation functions are incorporated
as checking functions (for example the Nyauist tri“erium).

The preferred functions mentioned above can be iound as mea-
sured characteristic impedence- or admittance curves. In
-addition such curves of a practical and realizable network
heve a depirable adva:itago in that they can be constructed
with great sase in the complex plane, However along with this
advantage exlsts the fact that the characterietic curve which
was founé by measuremeat only wiB/in a limited frequency
renge for a network which is not completely know:, can be
.extended for very high and very low frequencien via graphieal
construction since this ocurve is always dependeu! upon the
driving funotion of the circuit element which is directly
connected to the measurement tsrminals.

D, The Encirocling Cr.terium of Strecker

The train of thought presented in this section is concerned
with a pure analytical search for the Eigen values of a
complioated differentisl equation or of a system of coupled
differential equationss however they form the bazis for the
following relationship between the characterietli: curves of
the impedance- and conductance~ functions and the inoreasing
or deonying transienis of the metwork.

It should de noted that a siability test, no mattzr in which
manner it is accomplished, must pertain to the completely
closed network, and not only to that cvrrent loop which en-
compasses the negatire resistance, Por example, if one wishes
40 insert 2 TD iato an antennas, ‘then the network consists ofs
‘the anteana with the surrounding region and the receiver input
impedance., If the latter were to be changed elight:y (for ex~
ample approx. 20%) the condition of matching would hardly be
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altered. However as far as the stability investigation is
coingerned, a completely different network now exiats and can
for example become unstable resulting from the alteration.
This oritioal operation behaviour of oirouits containing ne-
gative resistances rests upon the fact that the desirable
eflect, as for example deattenuation, obtained by inserting a
negative resistance, foroes a oirouit design which is already
very oclose to the stability margin.

The transients (current time funotions) of a purposely chosen
sizple example as in Pig.1 will be investigated via a system
of differentisl equations. The following solution form is
snticipated: E ‘

¢ + Iozopoat + tesccee

‘(Poﬂ -+ Jup)
This means that each mesh currents 1,, i, etc. coneists of
a sum of time-dependent current components the number of whioh
is the same as the number of :lndopindont energy storage com-
ponents within the network, As far as the stability censi-
deration is oconcerned only the time dependencies are of interest,
therefore only the Eigen 'froqucncios or traneient characteris-
tioms Po1 Po2 etc.; the initisl amplitudes: I , =tc. are
not of interest.

Po1
1’ - 1010

Ry @ "-—':-"—'g @ []Rp

Pg.1
Exanple for a simple cirocuit including a negative resistor,
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If the voltage drops arc summed for the mesh .t : . g in
th» olockwise direotion the following is obti lue :

Mesh 1 3 1,-(-nn)+%f11at - %fizdt s 0

Mesh 2 fldt-rjidt«rh—-—-dli ‘ = 0

After the eubstitution: 1, = I,0"°% 1, = 1,6"7° tse been
made in the omuon- and the latter aivided shrog the
functionsePot

- do
Megh 1 3 11( .xn+p°0) + I( °Po° V=0
Mesh 2 I(---L) +I(-—l-+ L+R )
1 pC 2 pct P p

In this manner the system of licmogeneous ¢iff, ¢ v .8 trens-
posed to a system of algebraic equations in whic: 1. and the
ocurrents are unknown. The resulting equziion oy .0 one in
which sero is the value Lo the right of the ejue +i,m3 since
11 and 12 should not be zero, these equatione are ¢ .y satis-
fied when the determinent of the svefficient-ieis s ./isappears,
then: ~

"\\*45 P

. Po PoC

A. 1 = Q (1)
p°0 . C

[ ) .
A 29, 78,00 < p(L-BRC) - (R k) = C (2)
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* The relationship (2), is the determing equation .cr the n-Bigen
frequenciess Po1r Po2s Po m *%C. and will be ca’"oc the
characteristic equation, fﬂmw to the above exanple &
second order polynomisl is odtained and only two colutions:
mm frequencies Poq Ond Po2 exist for which the polynomial
oan have the value sero, and pertain then only to two amru
-tomgo devices in the network. : : :

The method of transposing the system of ooupled diff. equations
) -] & system of alcobnio squations inutead of setting up
the characteristic equa. in the usual sanner has besn done
intentionally here in order %0 bBe adble to make uuce of the
matrix order scheme, In this manner multi-termed neiworks oan
be investigated in a Adigestible mauner, for example by using
the many trensformation rules for equivalent mairizes thue
considerably simplyfying the ocalculation procesdure for the
determinent. In addition some general pure algebraio stabi-
lity test methods exist, which rest upon the coefficient ma-
trix set up in (1) (for example the determinent oriterium of
Burwits [3]). Also it is coumon practioce to obtain the deriva-
tion of impedance and conductance funoctions from guch mesh
equations or matrixes, and in this manner the relation.ehip
between the characteristic equation and the network functions
(impedance, conductance, transformation values) cen be written.

Yor an n'P- tern network a polynomial of the n‘h-ordor is ob.-
tained as the characteristic cqutiom

.‘,oll * .n"’°301 & senvcovsces .1'0 +* .0 -0 ' (3)

and it is now not possidle to oploulate explicitly the n-molu~
tions which are the n-Eigen frequency valuee. ‘

Thie difficulty oan be bypassed in the following manner:

Actually it is not required that the numerical value of each
Eigen frequency!



-10-

be known, since we are only interested in desermining, if the
net 'ork is stable or not and it seems %0 de unimportant to
know exactly in what respeot the corresponding network is un-
stable. This means that it is not required to know the exmot
tize function with which a transient decays or iuocreases in
amplitude. Thexrefore is is suffiocient to know, if any one of
the n-solutions *po," of the charecteristio equation podes o
positive real part " G, If this  ocondition does exist,
then the curremt componeats Imo";‘ H)1t  olimbe avove all 1i-
nits with 1norﬁ-1n¢ time: however the other current components’
which have a negative real part in the w laomuo %o~
warde sero with uorouinc tine “t",

Acoordingly, the initial current amplitudes "I " are also un-
important and need not be deteranined herei they could have an
arbitrary small value for exsaple: they oould desoridbe the
noise amplitude of the ocircuit ocomponent itself. The expo-
nential increase a: & funoction of time in resllity desermines
the dynamic behaviour of the cirouit. It ean ocour that the
initial transients may develop into a steady state osoillation
(oscillator) resulting from the mon-linear behaviour of the
cirouit ocomponent, ususlly of the negative resistance itself.

In order to answer the decisive question above: “"Does the
characteristio equation have at least one solution with a po-
sitive real part?” The'following treatment is made: The
magnetude "p." of the polynomisl (3) is substituted by & ge-
neral oomplex mmber "p" and the following characteristic func-
tion 1s obtained:

.n’ﬂ + ‘n-‘,’.1 * ...l..gacooc ." »* ‘0 ¥ | (‘)

This polynomial is now oconsidered as the transformation fune-
$ion for transforming from the complex p-plane to the complex
T-plane. Actually only the immginary axis of the p-plane is
0. %0 traneformed, thus:

a3 g ()5 4 e e a o p *



and s definite ourve is obtained in the P-plane (s - Pig, 3 ).
The '1o%ioally tae polynomial in (5) can de decory 23:d to the
followirg faotors:

(0 =By )( Jepyg) eressreesss (Wepy) = (P -0) e

Eacl. of the linear faotors Gﬂ-pop)oorrnpo‘nd- to a veector in
the p-plane which is to de considered as existing between the
Eigen value Pou to the movable point juv on the imsginery axis
(ses £ig.2). If the network is stadle, which means that all
Eigen frequencies lie on the left side of the p-plane, then
n&?‘i nctoﬁo‘htn about the angle + ¥ as w takes on all
the values dbetween - ® and +© in this order. The rotation
sngle sum of all the n linsar factors on the left side of
equation (6) must however be equal to the rotational angle of
the (P-0)-vectar on the right side of the equation.

o - i1
A @ ®
we ] L
N 4 )
X s - ,
Ad d’;'/ QW.
-
Me.2 Pig.>
erod 4n the p - phno.' The plotted curve of the

aiding F - Punktion.

Hov2ver the actual position of the m‘on values are not known

in the p-pleane but the transformation of the imeginary axie

of tLe p-plane into the curve P( ¥ ) is awailable by equation
(5" . However sines the order of the polynomial is cpecified by

(5 and thereby also the number of the possible Eigea frequencies,
or linear factors of the separation as in (6) it car now be
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seid: A vecotr (P-0) which exists between the >rig-n of the
P-plane to the points on theourve F(® ), will rotste about
the origin with the angle § = +nY if the oircuit is stable,
whioh means that all the Eigen frequencies have ncgutive real
parts (see £ig.2 + 3 for n«2). However if instability exists,
- which means thet-at least one Eigen -velue-is loocatci in the
right eide of the p-plane, then one of the n pceaible vectors
does not exist in the left side of the p-pleane; thuu ite
corresponding rotation factor +# 1is missing ane{ the rotation
tactor -¥ of the ocorresponding vector oauses ite appearance
in the right side of the p-plane (see fig.4).

Thus & single Eigen frequency having s positive real part pre-
vents the maximum possidle rotation angle of the (P«O)-vocotr
. Baax ® 2% by the factor 2.

Therefore the results yield:

the oirocuit is stadble for £ = nf M
the carouit is unstadble for S < nf

bo | (R}
w
iy
> | o2 N
A Rs g— /\1’ ’l'{;‘]'
el
#ig.4 Fig.5
Seros in the p-Plane The plotted curve of

aiding F - Funktion.

In conclusion it shodd once again be noted that theee stability
checking prooedures may only then be applied when the network
structure is known, The charscteristic curves which are depicted
in fig. 3 + 5 describe an aiding functiont ® (@ ), which has
no meaning other than being an helping function and also oan
not be dstermined by ocircuit measurement,
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E. The Felntionship beween the Characteristic Equation
and the Impedance or Conductance Functions of & Network

In the following it will be shown thsat the characteristic
equation (5) is contained in each impedance and ccumductance
furetion, [1 addition the limitations in unsiang tle charac~
teristic oirves of such functions in respeot to the stability
cheok, which was developed in the preceding sectioa, will be
shown. _
Firet of all a gimple network aes in i1ig,6 will ve investigated
ir order to determine the relationship betiween the Elgen fre-
quancies o> # network and the respective impedance or oconduc-
sance functions. The network of fig.6 contains & lossleas
pt:allel rasonance circuit, If in the following relationehip:

- i

— 1. . ’
<$ j

Fig.6 b === |

Example for a eirouit having seros only

a finlte vcltag: exists at the network terminals even for an
infin‘teiy small ourrent "i" (open ckt. terminals! them Y, = O.
Por the abcve example this condition osn easily He visualized:
Por thé Tigen frequency W, & voltage can exist at the terminals
of £ loanlecs tank circuit without requiring that e current be
indi.ced into the network from without, Thie mear 3 thay the Eigen
fric .enc.es of the network are obtained from the requirenent:

Yb = G, ¥or the above examp.e the following is valia:

2
. i 2°LC + 3
Yy =00+~ = oL

.

and rrom Yb = 0 or pELc + 1 = 0 the following ie olWtzined:

‘) the subsiript "b" means that the corresponding conductance
pertaine to & brach of the network,
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; - and L]
Py = 6+ 3 V:;'Ji—_' e = i

| (for a losslese tank cirouit: €, = 0)

‘Esch impedance, conductance and transformation function consiste

of ratio of two polynomials when considered snalytically:

. ‘.1
[ 3 L ¢ vececse § 4'.
Y. - ..ﬁ A= =17 1P

‘.’. + ‘ ’.-1 & scessse ‘1, + b . (9,

Therefore, if the Pigen frequencies oan be caloulated from the
requirement: Y, = 0, then the mummerstor polynoaial in (9) wust

" be identiocal to the charaocteristic equation (3 ) of the eirouis,
as compared to the previous section where they were obtained

from & system of differential equations., (For an impedance
funotion "Z,", the polynonial of interest is found in the de-
nominator,) In-this respeot it is unimportant as to which terminals
the conducsance function ( 9) pertains since the nummerator is
identiocal for all Yb found in the network, Therefore when the
impedance or conductance function ocan be presented in algebraic
form as in equation (9), the charscteristic equation oan be
reocognized allowing for the use of the encircling oriterium of(7).

Setting up the amlyticll conduotance function :le sonewhat
sinplified by means of & continmied fraoction corresponding to an
arbitrary network bdbrunch as compared to setting up the systea
of ocoupl-d differential equations and calculating the deter-
minent of the coefficient mtrix,

Before the encirecling eriterium can be applied in a merely
traphicsl manner %0 charecteristic ourves, (sotuslly this goal is
the only one of practical interest) the meaning of the denomina-
tor polynomial of equation (9) should dbe given:

If a finite current is measured at the terminals of fig,7 even’
though the voltage is infinitely small in smplitude (imput -
terminals of £1g.7 short oirouited) then in the relationship:
1 = u-Y, of the oonductance Y, must have the value o , or the
denoninator polynomial of squation (9) must bvecome zero, The
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Eigen frequanolus are obtained

!

from this ralationship of the »
aetsork whioh is altered in —t

sucn manrer: The denominator b3 t
polyaonisl of a conductance

function Y, (or the numerator .
polyaomial of a impedanoce Fig.7
function Z’b is the charaote- Exﬂgi;i: n?;g;gg“"““
ristic equation for the net- '
work which s short circuited

at its term.nals (for Y, or Z,).

In order to make uee of the previcusly mentioned etability cheok,
ths degree of the nmumerator polynomial must be kuown; this
knowledge o=nnot be obtained from the shape of the charaoterie-
tic ourve, However it is kmown that for all the impecence, con-
ductance and transformation functions, the nuueratrr and de-
nominstor polynomial differ at the most by one dagra« , which
neans that they differ from one another by at most >rne Elgen
frequency or one vector in the p-plane (wee fig.2 + 4), This
relationship is independent of the number of the reactance
components which the network contsinl, thus independs nt of the
asgnitude of "m" and "n" in equation (9).

Previously it hes been mentioned that the complete rotation
angle of the function (3) or (4) is n .Y when the veriable w
passes throtgh the values from - to + 00 and tne aciwork is
stavle, which means that all the Figen values 1i3 ia laoft side
2f the p-plene, However due to the fact that 4 =

che rotatior. portion of the denominator polynumial hes the
oppomite aisn as compared to the numerator polynoinial and since
the *wo polynomials oen only differ in their degree by the value
of une, the complete rotation of a (Y, -0)-vector cax only have

“he [ollowitg values: f = -7 , fi= O, or B =+,

Pig.(8) shows these three poasible cases; they diffor from one
anosher in that either the dregree of the numerator or denomi-
mator oolynomial is larger or ‘both have the same mnazritude,

The circuit differs in that the network structure directly behind
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the terminale differs and the corresponding characicristic
curves differ in their end points for the frequercy w= 0

At this point a limitation must be made: the ciaaple of Tig. &
which is a conduoteance function having a higher degree ia the
denominator polynomial, is to be excluded in the following
considerations. Thie particular starts with a sorics coumponent
where.as the conductances Y, ,which are to be considered here,
are always to be measured parallel to braach, Thie limitation

is not serious since the charsoteristic Y, -curves, vhich serve
for deternining ocircuit stability, may correspond to any erbi-
trabily chcsen terminal peir up to this point., Alsc for net-
worke in which the structure is not completely known, a terminal
can certainly be found at which a branch, nanely =2
parallel component as for .example a parallel capacilance, exists,

suhitrary
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Fig.8 1 Poles and seros of a network with the oorrespording
adaittance curves.

.
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Therefore it osa be eaid that the (Y,-0)-vectot which 1s to be
considered as existing bdetween the origin and a movable point on
the Y, -curve, ocan only rotate by the angle £ = +7 o f = O

if the nstwork (see fig.8) is stable, as the vect.r point passes

along the charscteristic ocurve for all frequencies L = - +o
W= +® in this order,

Now is to te assumed that the network is unstabie; thue the
nunmerator of the Y.-function possessee at least one zero in the
right side of the p-plane whereas the denominator has only Eigen
values (for the present consideration) in the left side of the

" p~plane as depioted by fig.9s + 9b. Since the vector in the
right side of the p-plane gives a negative rotation component,
the rotation angle sum of the passive conductancc. function given

. above, ocumnot be maintained, The angle 3 of £ig.9 atiains the
vales: f = < or f = - 2 even for a single j.creasing Eigen
frequency these values cannot exist for any branck-coaductance
Yy of & stable network (2ig.8).
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Pig.9 s Poles and seros of s network with the sorresponding
admittance curves.
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Tor the preset requirement for fig.9, namely that tle circuit

ir stable for the condition of short circuit at the terminals

of Y., tne stability oriterium can be stated in the following
mannes! ™he network is stable, if the rotation nngic of the

vectoxr wricnh ig pictured as existiag between the crigin and an
arbiteary v .int on the characteristic curve of aa arbiirary branch
sondu tanc Yb ig not negative.

At thisz polat it seems that an obj2ction can be mace; namely:
What slgiificance does the stabllity oriteriuam have -vhen it

also reqires the experimental determination of a spscific sta-
bility (with short circuited terminals)? It shoulé be reminded
here, the t the purpose of the atability check is nct only one of
de'termining whether the particular network in quesﬁibn is stab-
le, {this could also be determined via experiment) rather the
principel puvpose of thie method scems to be the detecrmination
of definite arrangements which allow for stabilizing the network,

Sinc~ :he 10ice of the measurement terminals is completely free
for tae ab: re mentioned criterium, and no requirements of the
netwurk (f: * example concerning th: number of the negative
resistanccs contained therein have not been uetg i seems
theor.:tic.1lly possible, that a terminal pair exiete =% which
fire%: a short circuit does not cause instability, and second*
the measurement equipment dnes not effect this condition(as
cvuld be caused by the imput Impedance of the measurement equip-
-ment) since the measurement at an oseillating network cannot
yield dava which can be evaluated, later, this general but in-
sufficient iformulation of a stability criterium will once again
be referred to but drocpped or the present, since the required
liritatior. mentioned previously in this respect cannot be guaran-
teed when au absolutely reliable stability test ies to be accom-
plished for a complicated oircuit. ‘

Since experience has shown, that an unstable network remains
unetable for most cases even when a network tranch is short
cireuited (actually very few branches of the network are readily
aveilable for measuremen®) an impedance or conductarce fvnotion
carnot enable 2 clear stabilily examination when trese general
requiremette are considered,
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The reascn for the sbove statement oan be obiteined from the
following train of thought: If the denominmator of example in
£ig3.9 had also had s Eigen value in the right side of the p-plane
(unsntable under the conditions of short oirocuited terminal pair)
then the nezative rotation component of the numerator polynomial
would have Leen compensated by the corresponding component of
the denominator polynomial, and the rotation angle check of the
Yb»function would have given the same result as the case for a
gtable circuit (f£ig.8).

Therefore it is quite clear that the previously developed rota-
tion-angle-check is insuffiecieat for such cases, Certainly the
investigation vis measurement of such network is also fruitless
since, ar has slready previously been mentioned, the mnasurement
of an oscillating neiwork ie of no value. However if the charac-
teristic curve of such & circuit had been conectracted in the
resistance or oconductance ylane, then the ingtability could have
been pradicted by means of analising the behaviour of such unusual
characteristic curves. For example: if the crarzcterietlc com-
pletely remains in the right side of plane an¢ containg only
counter clockwise turning curvatures, Also the correlation of
specific regions in respect to their boundary curves a} obtained
from conformal mapping principles can suoccessfully lead Lo de-~
ternination of an instadility in ithat one determines whether the
ori i of the Yy-plane can be mapped into the region of the
p-plape having 6>0. Additional cxiterions of this rature is
being intentionally ommitted here since s desirable system in
thie resyect could not be obtained as of yet and the mijority

of such (riterione only lead %o an instability statement; however
no fifin: te -oconclusion is reached as to the stability.

¥, Porgililities for a Clear Stability Doterminmation

‘ !
Proa the ovusiderasions developed in the preceding wection and

ospeially ‘rom the determimation of the influence of the de-
nomingtor polynomisl, the following two restrinted assumptions
whic' ul.ow for & olear and meaningful stability check via measured
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or coustructed inmpedance oy aanmiiance curves, appear to be
uecesnsar s '

ire curcult contains only ore negative reasistance,

. The meaevred or geometriocally constructed 2heraocterisbio
curves, vhich are used for the atability caeck, rafer to
those circuit terminals, uatweesn which the negative rseglstan-
ce has heen inserted, (therafcre no longer ir. an arbitrary

' network tranch).

In this manver it is guarantced taat the denomirvacor poiynomial
of the test-function Yb can never have Figen vaiues in the
right side c¢f the p-plane, since the network which ie short
circuited at those terminale is definitely passive,
Tre only existing negative vresistance would have nc effect due
to the short circuit, and th¢ :tacements mane fcr [ig.8 for a
gtab..e circuit in reaspect to the rotation angle of the (Yb~0)ﬁ
vector or the given valueas pertaining to an uastable circuit for
£1g.9 are valid, The aseociated requirement, thut ihe test
function must pertain to a branck of the network (in contrast

to a4 terminel pair which would exist due to a Junciion separatioa’

ie without doubt fulfilled by the above requircment No.2 and
retained herein,

© One oap surmarize in the following manner:

One coraiders that a vector exists betweem the c¢rigin to the
locus of the Yb(w ) function (elither measured velues ur geome-
trical construction for the ~nly network terminals which conlain
the nsgative resistance,) then the circuit is then stable, whep
thie vectcr does undergo a ciockwiee rotation; thas the rotation
angie P either has the value 0 or +77 .

(¥or the sake of clarity, these investigations vere carried
through nnly for branch-conductarce valuep, The sanr test crite-
riuns are also valid for a branch bisection impecance {impedance
betwaen the two resulting %ermiiels obtained by opening a net-
work “ranch): thus the branch cuntainivg the negarive resistance

mist Y& cpened and the impedsnce at the ftwo rasulitinug new termival-

must 2 mensured, Due to the desire of obtainirg practical end

-

=i
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and convenlent measurement techniques, this test function is
somewhat unsiutadble. ¥hen branch~impedancee 2y ™ -%n—5 are used
then the sign of the given angle value changes . '

Hefore the practical signifacance of the limiting‘aneumptions
is to Le discuesed, the above mentioned stability oriferium

ghould be trensformed to a suitable form.

Since the characteristic

curvee which are to be evaluated, exist in an unusalliy large
trequency range, they can continuously lie further away fTrom the
point of matching (operating frequency) by epiraling about thie
matohing point with varying radius. Therefore the presentation
of ocurves in the Smith diagram should be set in preference to

the previuoe presentations in the oartesian coordinate system,
However a pcrtion of the impedance and conductance characteriastio
curves for e circuit containing a negative resietance, pass
through the negative portion of the plane; the abovs inferred
sdvantage (in the unity circle) of using the Smith Chart also
kas the large disvantage that the negative planec liee outeide

¢f the unity circle in the negative plane for the sare transfor-

nation (Ytr

= Y—%-Y-»and extends to infinity.
o ‘

This difficulty can be bypassed by transforming the Sezt-func-
tion Y, and the test point (origin).
that the oconductance at the terminals of the negative resistance

=Y - R;" s then the following variation
5f the test veotor is possible:

always has the formt Yb

(-0) = (Y =d-0) = (¥ -2F)

B
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If one considers the fact

see Fig 1o

Fig 106

Figeto Transformation of the curve Y?(w) into the curve Y(w)

for the sake of a su

table atability tost.
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Tr.is nreanr that a new conductance funotion Y exists, which re-
places the preriously used test function Yb’ or the vector which
wag (rawy etween tne origin and the locus of Yb(lu ), is rgplaced
by th2 new teet vectdr, now conaidered ¥o lie betwess the pont
%;« to tae iocus of Y{ w ). (fig.n}.

The new test function "Y" is that corductsnce, which remains

at the reepactive terainals, when 4#h¢ aegative renistance isg
removed . Thercfore a pure passive conductance function remains
and the corvesponding characteristic curve can never exist in the
'negative nelf plane. '

Therefore uot only is .the practicel use of the Smith Chart
apsurad, burt additicual procticel advantages are ottniuned:

The golf excitation o2 a cireuit is now no longer of a disturbing
nature vhsar. experimental inrvestigations in the form of measure-
ments are uirdertaken, since the circuit can only then tecome
unstable wren the nezetive realstarce is connected . If the
network cortaing othzv nug.nive resisiances, then he aLove
eriteriun can be appiied, {(if oven the firat of the ureset re-

q uirements is violated) if the measured characteriatic curve

of the teet funcitlon verifirs the vondition, trat the network

is passive.

Characherisi’o curvea of passive circuits corrzeponi in one
respect to +he matchirg consi<erasions of kuown geomesric cur-
vatures, (thus an actual measurement is auperfluous in many
cases) ard correspond in the cther respect to the firm limi-~
tatione cf their curvature corcerning the rotation sgenae of a
vestor which is pictured as extending to such characteristie
surves:,

Yow in consideration of the previouely mentioned condition

that n stable network is rermarked by the fect, that the vector,
vaich 1s coasidered ae being drawr. from the point % to the
points on iqe curve Y(® ), ray not posses 8 olockw¥ee rotation
sénee, and >n the other hani, ¥.Valter [4] bas proven, ithat

counte 17 .
such a vectsr my ©vot posees a ‘Gl6okwise rotation gense if the

e e e b
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network is passive, 1t ocan readilv be concluded, that the point
} mAay uo% be enzompassed by the test curve if the circuit is to
L8 stable.

Now the impedance function can once again be introduced as the
nquivalen; test function:t 1f the point E in the conductanae
plane is not encompassed by the character¥stic ourve "wlw )",
then the poiat Rn is also not ancompassed by the characteristic
vurve 3( & } in the impedance plane, since in the cese of re-
eiproeal trensformation the correlajion of points anl regions
remaine the same. Pig,11 shows the curves in the imp:dance and
cdmittance planes for some examples of stable and unstable
tircults, :

be
Now the etahlility oriterium can etated in its final forms

n’f a negative resistance -Rn is “o be ingerted in-
to & passive network and stabiiity ie to be guaran-
ta2ed, then the characteristic curve for the immit-
tance at the foreseen terminals for tunnel diocde
fasertion muet not encompass the point R" in the
ernductance plane or the point R in the imp@dance

plana.”

@ 0 0
"instabel" "stabel"
Al N o
& 4” N’
"gtabel"

N—

Fig.11 3tability test by impedance and admittang ocurves. The right
axanples are stabel, the left onss are instadel.
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1t should be reminded that the reliability and clarity of the

1reviously mentionsd simple stability oriterium of the measuyred

¢r geometrically oomstructed charsocteristic ourves 'waaf gooom-
}lished prirarily by meking the two following important liw -
1ationst i

. The eircuit contains only one. negative resistance. (r .wever
nore neg.res.may be contained in the cirouit, if these addi-
tional ones are directly parelleled by a largar positive .
uondue'umn, this, nondition hardly seems to be of teohnicel
- interest) '

2, The measured or geometrioally oonstra\cted oharacterietio
ourves which are used for the stability consideration, must
_apply to those terminals of the network, between which the
neg.res. is to be ingerted, .

In accordance with the practical applioation desired, ‘either

ne & twc poie amplifier or as the case max be, for ovtaining
special impedance funotione, these requiremente may become
1iffioult and sometimes impossible to fulfill. In the following
shese investigations will de conducted for the amplication be-

Aaviour of the nég.re:.ﬂ, since this is & completely iisoribebal -

uppliostion goal.

{n respect to a two pole amplifier the first previously men-
tioned requirement does not present a limitation since an arbi-
irs -y high mn&ﬂ.oa may be achieved in one stage. Since the
preasct siate of ths art of four pole amplifiers for frequon-
3ies telcw the micrawave rarge ure at léast equivalent in per-

‘foxmanecc 324 less oritical as far as stabdility is concerned, in

respect L0 tunnel diode applicetion a low-noise pre-smplifier
for microwaves is. %o he considered here, A corresponding two
pole preenylifier oan without doubt be used to achieve a stable
cpsrating aaplifieation of 20 dB. In sddition 1t should be no-
t>¢ that the noise figure of the direotly connected convential
aicrowive receiver (conneoted directly behind the T,D,preamp)
becou.es . .egligible cys compared to the moise figure of the T.D..

PO
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.She use of moxe than one T.D. is not necessary 1n this oa-e.

If in addition the *"Gain Bandwidth Produot® is to te 1ncraaaod
via series conneotion of -ov-xal.atages(huyang displaced tank
cizcuit frequies) then these stages must definitely be one-way
tuffered from each adjoining stage ty using u non-reaiprocal
four pole (uniline, Gyratoxr), If this were not done, the erd re=~
svlt wonld Le a nultiple parallel connection of tank circuits
and T.D.s which tehaves in the same manner ae 8 single tank
oirouit. The non-resipreecal four poles breaks the circuit down
iato several coaponent networks without reverse inpedsncs tes,
" haviour, Each compoment network, which thus enly aontains one
.ﬁ.. fulfille the atove mentioned requirenents, and can there-
fare be clearly investigated.

The desixe for inserting several T.D.s into a circuit is then
aiways desirable, when availatle power of a single element
(appxox. 10 /0¥ for Ge-TDs) resulting from the minute voltage
regulation region, is insufficient. (Por an oscillator appli-
cation thie is obvious. It should te shortly mentioned here,
that also for this application, which refers to an intentially
unstable network, a statility is definitely worthwhile, since
an undesiratle sharp shift or change of frequency must be
evoided.)

The diyect parallel conneotion of several %,.,D.s, which fulfill
tte c¢bove limitations, however is without praotiocal signifi-
cance, since T.D.s having an arbitrary low resistance can Ye
produc ~d. However the poseibility of obtaining stability becomes
continususly nore oritical as the resistance of the 7D is de~
creased. In this sense & sexies connection of low-resistance
T.D.s .ppeaxs to be iuitnbli; It seens, that a negative re-
sixtance is then obtained, which has a factor n (n = numter

of T D.8) larger voltage rsgulation range. However this arrange-
ment of rea) negative resistances is not poasidle in principle
wich 2.D.8, since a xelatively complicuted network existe all-
zondy when tunnel diodes are connecoted in series due to the
in'.ernal reactive components of the T.D, and a single negative
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_zesistance can never Ge obtained in this mannery. Such series
. cixovits are basiocally unstable (even when tho actual network

congists of a simple couponent for exanple: largest posaitle
ohusic conductance) if one expeots that a suitable. bias voltage
¢datxibutior. exists anong the irdividual elements. In the case
of individuel bias voltuge supplies, a sexies connection is
tasically possidle and@ can te tested in principle ty the atove
mlntioned cyitexrium,

In conclusion it ocan be noted that thu T.D. pzactically does
not £all under any limitations for a single active element when
considered for the application as & low-noise small signsl am-

‘plifier for microwaves (this is the most important field of

epplication for the T. D.).

An otjeotion to the second requirement (which pertains to chew
cking the ocharacteristioc curve at the terminals of the negative
Tesistgnoce) can readily be made since these terminals are not
accessitle since thay are located approximately 10 to 100 X
apart from oneanother within the semi-conductor orystal. Vhereas
the reactive oonmponents of the T.D. may be neglected for circuit
considerations btelow 100 Mo, these internali recactive components
such as the parasitic socket and lead reactance nay not te
neglected for the stability consideration. These parasitic ele~
nente es dipicted in Pig. 12 have been reduced to extremely small
values via technology; however the measurement of the same can
te accomplished with sufficient accuracy bty ueing the nethods [5]
'h;oh was especially developed for this purpose.

The:. efqro the characteristic curve Y.(n), measured at the lo-
cation of planned T.D. ineertion, cen be transformed to the
suitable test eurve Y(®) by neans of a four pole tzanaromatioa,
see Fig. 13,

e e o o al

Pig.12 m.‘
D equivalent network., - .Trnn-rbu-ntaon of the measurved
adnittanes of the actual network g
into the suitable test funktiom Y, :




‘Such & transformation hlt besn mnpnmd in Mg, ﬂ; ﬂa
oﬂmt is ctuhlo. .

Foxr practical applications this methcd has the following dis~
edvantugeas It has already been explained that the purpose of
the stability test is not only that o> deteramining whether the
chazacteristic ourve is suitabtle, but rather this test should
_ alec enable the deteraination of suitable arrsmgements shich
aid in obtaining & suitable change im the owrve. The reuctive
coaponents of the ‘equivalent T.D. oizouis of m. 12 apd 13
oannot be oonhulv fxeely chossn, since this ocan eal: e
schieved ty soxting out the ?.D.s mﬁuly to the desized
pazasssers. However the oharactesistio curve of very few oiz-
cuits xansformed Wy the squivalest yesotive eircuit of the 2.D.
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in suah & way, as to yield a suitatle change of the characterie-
~ %io curve. The ohange must be accomplished in the pussive net-
work itself. However due to the four pole transformation circuit

-oxisting tetween the negative resistance and the passive network,

it 1s not.directly possible to determine the desirable Y -ourve

in respect to a stadbility oonsideration by otserving the Y-curve.

Therefoxe thexre renains the desire to be akle to nake a stati-
ity consideration bi:ootly at the termingls of the actual cir~-
~.owit, By aeans of a suitsble change of the test criterium this
desire oan te taken into account.

Until now the statility check rested upon determination and the
evaluation of the relationship Letwaen the characteristio ocuxve
and the test point. If it im desired to transfer the checking
relationship from the real test point g-or Rn to the frequeucy
cependent input impedance zZ, (w) of the T.D., then the new ocor~-
zesponding test method oonniat- of: thoroushly investigating the
relationship between the input impedance z. of the circuit and
the characteristic impedance curve of the TD in order to dtermine,
vhether mutual outve shapes and intersectiom points exist.

In this zespect a characteristic iupedance curve (vill called a
boundary curve in tbe following) exists via inaging the impedance
. (ox oonductance) ourve of the T.D. in Pig. 15. This toundary
cuxve is the locus of all inpedances which txansform into the
point 'n for the respective frequency pa:auete:. The impedance
curves z.(b)) of the oirouit to be tested, mey not intersect

- the toundiry in this backward-diagram foxr the same frequency
paraneter, tut may posses an artitraxry shape as a function of
frequency telow the boundary curve. Now in respect to the ori-
teriun ex;zcesed at the end of the preceding section, a cirouit
ie not on.y then unstable when the test ourve intersects the
test point (this would te the specific boundary case teiween
statility and instability) but more generally expressed: the
cizouit iy unstable when the test ocurve encompasses the test
point. A ascessary for an encoupmsment (encizecling) is that

the oharacteristic curve intexrsects the xeel axis, In the hack~

ot oS 2o b b s I <
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waxd-diagzém the last requirement expressed is that the charac-
“eyistic curve to ve tested may not intersect any paruuetex

suyve (broken curvee in Pig. 16) at a nutual frequency paraneter.
‘!hie 13 required since all points on each cuxve is transformed
into the real axis at the respective frequency via the irans-
foymation four pole (mee Pig. 13).

| / Iy y
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Fig.15 ' 7
Impedancas curve of a TD

Fig.16
Backvard~diagramm of a TD,

‘'hus the stubility criterion in the backward diagram is the
Zollowing:

The circuit ie stable when:

e the chayrrcteristic curve to Le tested Ze(w ) (ox Ye(w ))
must rem:in conpletely telow the toundary curve orx

2. the charucteristic curve to te tested may intersect or bound
the boundary curve, but only under the condition, that no
common point exists foxr the same frequency.

[

Mg. 17 a shows an exanple; at a nutual frequéncy of 1.8 Ge

an intersec=ing point exists and the circuit is unstatle. In

Mg. 1Tb the characteristic curve has bteen changed in such a

uannexr, thav no frequency value comnon to the characteristic

cuxve and family of parametric curves exists outside of the
Loundaxy cuxve.

s b o g
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¢irouit is astabel

circuit is instabel

Fig.17
Stability check in the bdackvward-diagramm.

K. Stabiliqgtion of Tunnel Diocde Circuits.

Since an unstatle circuit does not perform the originally design
functicn (in this case the T.D. appeaxs to have consideratly
higher negative resistance) the recognition of the stability
considerations nust te accepted as fundamental designing prin-
clples. 0 a netviork with negative reeistances.

From the fac., that the characteristic cuxves for %the frequency
A = Q always begins at the resl axis, and nust elso end on the
r.al axis for the frequency W= o and in addition, since the
31xrven consiiered here can only follow & clockwise curvature,
a1d Tinelly Ifrom the knowledre of the reactance (barrier ca-
piciiance) directly adjacent to the negative resistance, an
advanpageous inaight as to which circuits are staLle in prin-
givé. InC which ars principally unstable 1s achieved.

{(in ;he fci.wing the use of the tachward diagram will be
aroidad, sir:e it 1s suitatle for concrete investigations, tut

RS S—
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.8 less sa’tatle for discussing principal phemomena. The cha-
1actexligtic curves will once again be diecuesed in respect to

© =he test pecint R,).

Pirst the ar called "DC-current stability" will te ouserved,
foxr example: thile arises from the known requirement that the

‘nput ilmpscunce of the bias supply (Z for w = 0) must be smaller

~han the magnitude of the negnative resistance; Iig. 16 shovia
the chav-ateristic curve. T™wo of its characteristiecs are con~

pletely enfficient for the stability consideration: it hegine

et R:i> R, for W = 0 and ends at the point Z = C due to the

harrier oapecity. These two end points of the, (in ail cases)
ctlosed charscterietic curves, lead without deviation towards

&en gncixoling of the poiht Rn? independent of any additional

tirenit caaracteristics, which means, independent of how many
end how large the charac.teristic curve loops may Le Toxr the

finite friguencies. The circuits is unstable for Ry > Rn.

e

- [T
. %_L?ﬁ_ --._%J‘
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Fig.18
Inpedance ourve of a oircuit
sxample being unstable in

srinciple.,

/e an udditional example of a baesically unstable cirycuit, the
wide tand mstohing principal via loop formaiion abtour the mat-
<ling point of the impedance curve as used in high frequency
circuits will be given: If a network (for instance sr antenna)
i3 10 "ie unatched to the real imput iupedance or the generator
cvexalarge frequency range, then th ¢charachteristic curve of
the imput luvedance must remain in the immediate vic:nity of
gatehing ¢ 'Z'ﬂ/Ri) for each frequency in the desired baund.

In pr.ctive this is accomplished vis nmatching and corpensatiion

e ctnan i o A+ s e
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. edrouite and gives the characteristic ourve of Fig. 19 & charae~
texistioc looping behaviour,

In the same manner the desired effect of the negative resistance
in a passive network (deattenuation, amplification ecte) is
always expreesed thxough the megnitude of the numerical rela-
tionship hetween the negative resistance and the nagnitude of
the respective parallel impedance insertion, thus through

12) - R,

If this e:fect is to remain wide tand in nature, then analogous
to thp above nentioned matching phenomena’, the value [Z{ or the

characteristic curve for 2Z{w ) must remain in the jumediate
vicinity of Rn throughout the largest possidle frecuency runge.,

e e e bt W s\t

(The exprussion "matching" is not exact as used herzs. In one
reaspect the i@eal situation does not at all exist when Z = Rn’
and on the other, a negnative resistance can never te nmatched

to a positive resistance as far power transmlssion is concerned.)

The stability theory forliids the loopping principal as deplcted
in Fig. 19, since the forced clockwise curving loops wovld
encirc.e the test point, The charactexristic curve in Pig. 20
does not contradict the statility requirement.

These pure cualitative otservations already allow for recopni-
ging the ciicunstance, that the desiratle effect, realized by
the negative resistance, can only te achieved in a naxxow Land
1egion. It can .also te concluded, that a conmplicated circuit,
whioch tends to develop several loops, has'little chance of
glving a stetle network when combined with a nesntive rewistanca,

Experienca, resulting from practical investigations of 1.D1.
airocuits, has shown, that also those cirouits which should be
statle when analyzed according the stability checking procedures
mentioned, actually were at first not statle when the corres-~
ponding circult was tuilt in practice. Characterivtic curve nea-
suremert ovx determination of the frequency of ogeillation have
shown, tha* this instability existed considerably outside the
o?c:ating frequency and did not seem to te related to the regular

- e 4
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“Fig.19 | - ¥ig. %
Inpedanee curve of & oirouit Inpedance ocurve of the
ezample oeing unstable in stadble oirouit. :
prinoiple,

-behaviour of the inserted cirouit coaponents nor oould it be re-
soved by changing these oconponents. This situation is aleo en-
sountexred in the siaplest circuits; it is due to the reaotance
tehaviour of the parasitic elenents which are at first unknown
for s particular circult design and therefore ocould not bve ocon-
sidered for the stability test.

If the universal application of the T.D. oonsiders the unusual
wide band behaviour of the negative resistance as a generul ad~-
vantage, thsen the disadvantage, that this wide bvand dehaviour
forces a stability check for those fiequency regions in which
the circuit is unknown and unintexesting, is quite evident. In
practice it is hardly protable that & circuit, whioh has readily
been adjusted for the operating frequency range by vaxying all
lnocorporated components, suffiocea the require~
ments in respect to the impedance curve also for the unliuited
region outside of this range. |

Howeve: it is possiltle to influence the ohazaotoxisfiq curve

vis a freely ohosen supplementary cirocuit, in such a .nanner, that
*he stability of the network alone is valid within the operating
frequancy xange, whereas outside the opesrating range the supple~
mentary network (two pole stabilizer) specifies the statility
behaviouz.

v arwaomesb
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The function of the supplementary network mey also be included
with the 2.D. oharaoteristiocs (this network muet be inscrted in
the immediate vioinity of the ?.D., for example at the T.D. °
socket) and the circuit contains a new negative reaistance,which
only exists within the operating frequenoy range; outside this
range the neg.res. is compensated by a large real conductance.

Fig. 21 shows a simple exaaple in this respect: a tank circuit

of Pig. 21a.is to be deattenuated by a partial coupled T.Des
In principal -it is unavoidable, that the equivalent oirouit of

of this partial ooupling (¥ig. 21b) introduces a stray inductance
"L,"» and thexrebty causes the gha:acteriatio curve pertaining

to the terminals where the T.D. is to be inserted, contains an -
additional encirdement atove the operating frequency range (3 mo)
which cannot te influenced by a change of the tank circuit
loading; the oircuit is unstable (at approx. 150 mo).

A M S b 3 £

Uy

Fig.21a Pig.21

Fig.21
¥1g.21 1 Stability problems at the deattemue g.27¢ .
ation of & tank by & M. . i

Kow the task of the two-pole~atabilizex is to remove this
additional encizolent without disturbing the cheracteristic curve

‘within the opexating frequenoy range. The simplest solution is
‘ottained by using a RO-network (with the somllest possible indue-
tance) which is connected directly pazrallel to the negativ yesis-

tance (Pig. 22a); the altered characteristic curve of PFig. 22b
results and the cirouit is now stabdble.

In other cases, in which the undesirable encirolement ocaurs at
& considerably smaller frequenoy dewiation fxom the operating
freqnency range, an narrow band two-pole-statiliszer is used

B T T
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rig.22
Ianfluencing the impedance ourve
of an originally unstable circuit
by 8 “$woepoleestabiliser". .

?

Pig. 23b and c). The ocommon feature of all these examples is the
positive attenuating resistunce. The practicdl design proce-

-duxes are to be taken from the charactsristioc curve tehavioux

in the tachward diapranm.

T8 8O
-I- 4 s .1_
Fig.23n ¥ rga2n ' Fig.230
For microwave applications the two-bolc-atnﬁilisez need not te
inserted ¢irectly at the T.D.,since the impedance tehaviour along

s transuniesion line is of a periodical occuxance (for example
zesonator or antenna).

The primery advantage of this supplenentary network is, that
the stability oheok via characteristic ourves need then only e
carzied for the operating. fchuonoy zegion where the iupedance
tehaviour is usually known,

A A 0 Ao G 11 R e
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- As Besiq Desigy of the Jugne] Diode Oirouit

The antenns whioch we have investigated was ¢hosen to have a
very siaple form im order insure that the preliniary investi-
gation is as sinple as possitle thus yielding reliable results.
Accoxding to Fig. 24 the sntenna i ° a unipole in whioh one
vexrtical conductor is oonnected to the oonduwoting g:ouué plans
“end the other vexrtical conductor is oconnected to the ooa::al
tnput. The Tunnel Diode is lgoated at the highest gnouttxlull
point of ths radiatoz: between the tvo conduetors. The bias

voltage s fed to the tunnel diode via the tuﬁ«yozpoadiculnx
coa‘anto:a.

1

AN \
| rg.2

Unipole with 7D in the
toldin‘ poiat.

srouad lunt
ocvasiai adapt. ?

Phe most irportant requirement which is to be set on the sys-
ten is that the tunnel diode 18 not in @ state of self execita-
tior. Due to the unavoidable reective components of an antenna,
the d:nge:r fo self excitation is especially great.if the dunnel
diodes are coatined with antennas. vo positive resistances

csn he conneeted in parallel to the T.D. (see Pig. 25) thus
allc .ng for en adjustment of the !oinltins negative resistance.
This urz wgenent is not only desirable for the nsasurement of
the apteinn feeding point impedance, but 1s glsc pq;t of .the
stabilising asrangement which is txied here. The ‘advantage of.
this arrvangement fo: sd justing the negative resistance is that
the o«e:atzng point :cnainl within the linear region of the

-~




elmracteristic 7.D. cdrva. In addition an adjustadle parallel

sspacitance was used since many oases of self osoillation could
be avoided by suitable adjustument of the capaocitance.

% ’/gf i
t£ :

M

P

t: ’
‘mn’z ‘
T P Tunnel diode mount
f:/y/,;é in the folding point.
‘,/’?§; ‘

A\
o

b

variable cslt. :.;
sapasitor [ocil.

reglodb. Tounet,

During the measurements the AC~voltage at the ..D. aust be

messured continuously for control. Therefore  diode (foxr detec~
tion of AC) is also connected in parallel to the T.D., which
allows for measurement sensitivity of 3-(‘!0)"3 volts. The indie-
cation obtained from this diode arrangement allows for cheoking
the oirouit stability; in oase of instability, the resistance
and capacitence of the stabilising network can be varied until
otability ie obtained. The condi tion of self excitation oan
easily be observed in that corresponding voltage amplitude of
0.1 volts or more is measured at the test diode. Thus already

& slight tendenoy towards a self excitation can easily be ob~

served. In addition this arrangement enadles the supervision
of the AC voltage which exists at the T.D. dus to the impedance
measurement (AC voltage is fed to the antenna for this measure~
nent). '

This voliage should not be much larger than 0.02 volta between

the two terminals of the T.D., since the tunnel diode impedance
changes for the case of larger voltages due to the nonlincaxify
of the "1.D." ourrent. ’

Since the "T.D." is to be opexated at high frequencies and since
the 7.D. mount should not rediate, the latter should te rather
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small in lii& and skeﬁld be of extiemely low ind1atanoe. Pia. 25

showr 4he eonstrudtion of the uount whereas Pig. 2€ shons the

moun® in the antenna.

Viev of the folding
point.

P

The T.D. is placed in the center threaded hole of the mount and
fastened via two sorews, one located in each end of rols. Two .
tiztler ghreaded hole fastening arrangements ave located ‘ad jacent
to 2. D. mount for the purpose of connected Ry and R, in pazsllol
tc the 2.T.. These two resistances detcrnine the attenuating

or loeding resistance "R" of the stabilizing ocirouit. "C" is a
vari-ble oapanitoro "D% §8 the detvection diode which ie ucod

to macure the .0 voltage. .

One cnd ¢ the diocde 1is AC connected to the system via the ca-
pagitor "o ., The resistance 'Rn“ serves as a feed~ in for the
DO current of the detection diode. "L" is the lead wire within

.the aatnnna conduotor th:ough which the DC ouxrcnt of the

dotoction dioda ips acessible for measurement. The cocplete cone A
striction 1s aohantioally,ghown by Fig. 27. :
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vertical mﬁiu sond ctér
{ w

detection
diode .

vertionl | antenna conduktor

) " Pig.217
- circun diagramm of the ﬂ-
. nount in thal folding point.

The impedances were measured by nning a slotted coaxial line.
In accordance with Pig. 28 the line "L," 18 connected to the '
coaxial sdapter. The slotted line is thuo a part of the cs aplete

?.D. circuit and sust be included in the stability consideration.

Since for easy stabilisation the nunber of resonant frequencies
of the circuit must be kept as small as possible, it is appro~
Flate to terminate the input of the slotted line with a reeis-
tance "R = 3 * (characteristic impedance of the line) which is
frequency independent. Then the entire line behaves as a fre-
quency independent resistance "% " at the base of the antenna

and doer not oontain any resonances. However the stabiliszation

of the oircuit via "R" and "C" connection at the T.D. location

in aocordance with Seotion IIA must be undextaken when the slotted
line is conncoted to the cirouit.

The teot signal obtained from the test genmerator "M" ie coupled
ous of tho line via a loosely coupled oapacitive prode "P,"
waich projects slightly into the slot of the line. The looso
ooupling ineures that the staliliszed impedance tehaviour is not
distu. bed. One leg of the unipole is grounded., The other leg
serves (in addition to its radiation behaviour) as the lead for
the DC bias of the 2.D. in that it extends as the inner oon.
dnctor of the slotted line and is accesaible behind the 60 ohm

o dyiom - T
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ternination (the outer conducter of the slotted line is AC
grounded via a large capascitor 'G‘f which 18 connected in series
to. the outer conduotor at the dissection of the same in the
vioinity of the line termination). The test woltages obtained

at the s;0tted line are very small due to the small voltage
regulation of the 7.D.. The voltage ourve along the slotted line
is measured. Since the capacitive probe is very loosely coupled
to the line the measured voltages are very small and a sensitive

groundplan
Ol 2 L2 Ll hd L Al lod ol bk Bl oo lkdodk kb L L] 1

o= . 8lotted line ../

‘ capasitive prode

voltage
D | divider
. v [J )
D tont o : e
bias gonsrat. ] resetiver 1ndiu$l

supply oy

PLg.28 Test setup for impedance measurement.

Aotually th: measuzement process consiste in determining the
naizum voltage * and the ninioum voltage "U , " along the
1ine

Wm

?8’3.- Ss= ;E:i

3% as defiued in this equation is determined by up&ng 8 suite
able 0alibrzted voltage divider *VD", (In the measuring process
the veltuge at the reoriver output is kept constant by adjusting

PR N
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the VD1 the attamtion of YD whioch has been adjusted to achieve
thileowtion, is then recorded in esch run.)

If the input impedancs "%« R4+ JX* contains a negative real

. part "~ R" then the circle diagram in the cumplex impedance plane
miet be extended in such a manner (as shown in Fig,29) that
negative real parts can also be included. The diagram circles

in the left side of the plane are the "images of those in the
right eide of the plane. The VSR values could lie on either the
right hand (which contains positive resistive somponents), or
the left hand side (which conteins negative resitive components),
since the measured VSYR does not give any indication as whether
{the real part of the impedance is negative or positive. The sign

of the real part oan be determined from the size of "Umax" of the -

eirouit in Fig.28,

Fig.29
Cirole diagramm in.
the complex impedance-
plans extended for
negative real parts.
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(torresponding theory::

' The. generator in Pig. 28, whioh is loosely coupled to the line
feeds the latter with a curzent "I which is independent of. the
lead (Pig. 30a). The termination "R = Z," at the left hand side
of the line can be transformed to the looation of the ooupling
potat (see Pig. 30b) "I* and “g v together form a current source.
"he location of a voltage naximun along the line is to be sought.
‘*hen the surrent source and the load "2" which is to be measured
is transforued to the losation of & voltage maximum as shown in-
2g. 0 (whioh does not change in the trnnstormntion).

S L

, ‘GAR ® '0 . | ¢ 2z Pig.30a

X S ‘
. pcaition of the volt.ma
Rw? &  Pig.3od
I
I-S° f. Slo 1 ”‘.m

Pig.30 + "Transaission line having a termimation whish includes a
positive or a negative realpart. .

As a result of this transformation, "Z" transforme to a real

~ respistance R = 8 ’L when tho zeal part of "zZ" is positive, and

Sransforma into & noantivo real resistance R = -S- zL when the

zeal vart o7 "Z" is negative. The current "I” divides itaelf thus

setween thao resistance "R" and the resistance "R*", In this

ranner tha raximum voltage, as described by the following equation,

is obtained Zor Pig. 300. )

Ugax— ;xn.zz‘<,3¢) . (1)

BT v o S



uaxzupondiug theory:s

" The. genezator in Pig. 28, which is 1oosely equpled to tha lim
feeds the latter with a ouzzent: wI% whioch i 1ndepcudtnt of the
 lead (F1g. 30a). The termination "R = g, at the Xeft hand side
of the line can be transformed to the looats.ou of the: ooupnu
posat (e0e Pig. 30b) "I and "l * together form a current source.
The looation of a voltage uxim along the line'is to be sought.
‘then the surrent source and the load "Z" which is to bs measured
ie tyansforued to the losation of a voltage maximum as ehown in-
_m 'S0¢ (whioh does not change in the t:nacrurmtion).

&‘ — | B

--Q;R -5 | o | - [:] $ Fig.30a.

4

. ' " pcaidtion of the volt. '
Ret 1ls . rgsew

(-] " Mg.500

Pig.30 « Transaission line having & termimation um-h includes &
positive or a negative realpart. :

As @ result of this transformation, "Z" transforus to a real

_ Tesistance B = B ‘L when '_tho real part of "Z" ip positive, and

tfansforma into & negative real resistamce R* = ~8:-Zy when the

real vart o *Z" is negative. The current “I» divides itsslf thus

etween the resistance "R* and the resistance "R*". In this

nanner ths raximum voltage, as described by the foll ouing equation,

is obtained Zor Pig. 30¢.

Vo™ m"x.\ﬁ;,&) o | o W}A
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paxs of wgw, .

At firet the antenma u‘r.:nhm by & uatohed ruunncg' "R =g
Then the following voltage is measured along the line since S = 13

Fol =zl s, (12)

I£ the antenna is now MM as & couplex load "%, then the
following is valid if tho zeal ;u't of 3" ig positive:

v, = ;:au o (13)

It *3" 45 a pure xuﬂmo &m m -2 U ", If 92" contains
. u-utivn 28l yut. mn the zolmm 1- uudz

u‘u:-zu S (14)

and "Uex" Can have an cbitzuy large value,By measuring Unax
and conp.:mg it with U, the wign of R* can be. found by help ot
(13) or (14,. .

CoBEviple of o Nessurcesnt sn A Folded Dirole with T.D,

Phe following example has deen chosen in order to explain the
 pzinciples of the wessurement technigne and thus the example is
rather siple. No paxtioularly interesting applicution of a T.D.
is therein Censorided. An unsymoetrioal antenna having coaxial
feed~in alluss for simpler measurement as coopared to a symnetri~
cal antenia Thezefore one half of a folded dipole (that portion
ebove the conducting plane)was used. '

The T.D. is located in the orest of the antenna and its asao~
ciated impedance also influences the measured iupedance at the
feeding point. If the tias voltage of the Z.D. is changed,
¢ifferent positive and negative values of the 2.D. resistence
can be obtained. Pig. 32 shows the messured entenna input iampe-
cance rfor various diode resistance values.

50 Do MR WIS Sidciue B A0 ¥
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Pig.51 ¢+ investigated
antenna design

.

----—-u;ﬁ-—-—--——u-—-— -—nmvwwn'

v béhdltcting plane

meagured adnittanas

symnetrical . unsymmetrioal

Therefore cunses exist in whioh the input admfttunce of the antenna
contains a regative real part; in this case the antenna may
opexate as en amplifier. Since the curve of the input edmittance
containe loops in the db;ttmu plane, a certain wide dband bee
haviour can be obtained if the antenna is matched.

(N

N -y

Pig.32 7

Heasuured adnmittance ocurves
of the tested antenna with
and without Tunnel Diods.
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Glossary of Symbols

Eigen value of a network.
Conplex frequency
Raual part of the coaplex freuuency

Rotating angle of a vector, drawn .from the origin
to a curve.

Adnittance at an tranch of a network. (Eapecially of
that one, which containe the negative resistor.)

Adnittance at those terminals, at which the real neguative
reuistor is to te inserted.

sdnittance at those terninals, at which the {unnel diode
is to be inserted. . '

Yultage standing wave ratio.
Charakteristic impedance of a line.
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List of I1llustrations

Lxanple of a simple circuit containing a negative
reuistor.

Seros in the p - plans.

The plotted curve of the aiding F - Funktion.
Exemple of a circuit having only seros.
Exumple for a circuit having orly poles.

20le and seros of a network with the eozrespondina
adnivtance charakteristic curves.

Suitable adaittance curves for stability check.

Stuhiiity test bty neuns of inpedance and adnittance
curves.

Equivalent tunnel diode circuit.

Equivalent TD-circuit as transformgtion fourpole.
Exi:mple for a transfor:ned addttance curve.
Iapedance curve of a tunnel diode.

Backward diagrac. of a tunneldiode.

Stetility check in the tachward diagram.

lapedance curves of circuit examples being inetable
in prineiple.

lnpedance curve of a statle wide Band circuit,
Strbility protlems involved with the deuatten, of a tank.

influenocing the inpedance curve of an oripinally
inztatle oircuit by means of a “"two-pole-stabilizer".

2Jcueigns of some "two~pole-stabiliger".
Investicated folded unipole.

‘unnel diode mount in the folding point.
View of the folding-point.

Cirouit diagram of the tunnel diode uounto
Tect set-up for impedance meaasurenent.

('112le diggraa in the complex impedance or
rdoittance plane.

“rensmission line having a ternination which includes
+ positive or necative real part.

Investigated antenna design.

‘ecsured adittance curves of the teated antenna with
anc without tunnel diode.
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