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Analysis of a Waveguide Mounting Configuration
for Electronically Tuned Transferred-Electron-
Device Oscillators and its Circuit Application

J. S. JOSHI .AND J. A. F. CORNICK

Abstracf—Theoretical analysis of a waveguide.post mounting con-
figuration employed for high electronic (varactor) tuning of a transferred-
electron-device oscillator is presented. The resulting two-port-coupling

network representation is also used to derive the impedance of the post
structure as an obstacle to the doininant TE1 o mode in the waveguide.
Obstacle measorernents conducted on the post structure for the incident

TElo. mutfe are found to be in very good agreement with the theory.
This network representation is then applied to a practical traasfetred-

electron-device oscillator reported elsewhere. It has been able to suc-

@asfully explain the characteristic features of the oscillator. It is
observed that the main sotirce of discrepancy between the theoretical and

experimental characteristics coukf be attributed to a lack of knowledge
of the precise values of the package parasitic elements. The nature of
the theoretical varactor-tuning characteristic predicted hy the model
is discussed and indicated for a patiicular configuration.

INTRODUCTION

ELECTRONICALLY TUNED transferred-electron os-

cillators are finding increasing practical applications.

There are mainly two elements which can be used for

electronic tuning of transferred-electron-device oscillators,

namely YIG elements and varactor diodes. Although

YIG-tuned transferred-electron oscillators are capable of

providing a large electronic tuning range [1] (of the order

of an octave), they are not favored in most systems applica-
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tions because of their sluggish dynamic response. Varactor

diodes, on the other hand, have a very fast dynamic

response and are therefore more frequently used in the

systems demanding fast response rates.

However, for good noise performance, it is also desirable

that such varactor-tuned transferred-electron-device oscill-

ators be constructed in relatively high-Q configurations,

Standard-height waveguide cavities provide suclh configura-

tions. The first published results on a varactor-t~ed

transferred-electron oscillator in a full-height wavegtiide

cavity [2] reported an electronic tuning range of over 1

GHz in X band. This configuration utilized post mounting

arrangements in which the transferred-electron device and

the varactor diode were mounted on separate posts at the

opposite ends of the waveguide height. The posts were

located as close as is mechanically possible to maximize

the degree of coupling between the two devices. In the

limiting case when the two posts merge, that is, when the

devices are located at the opposite ends of the same post,

one would expect an even greater electronic tuning range.

Such a configuration [Fig. 1(a)] has been utilized to obtain

large electronic tuning ranges [3], [4].

It is the aim of this paper to characterize such mounting

configurations in the form of a multiport network. This

network will be used to explain the experimentally observed

results [4].
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Fig. 1. Mounting co@guration (a) for electronically tuned trans-
ferred-electron-device oscillator; (b) parameter detinhion for the
general configuration.

ANALYSIS OF THE MOUNTING CONFIGURATION

Here the approach taken by Eisenhart and Khan

for single-post single-gap confitiation is extended to

[5]
the

single-pos~ two-gap sy-mrnetricai configuration of Fig. 1(b).

Following [5] the post is replaced by a strip of width w =

1.$d, where d is the post diameter. It is assumed that the

introduction of another gap does not alter the assumption

of uniform current density across the strip and uniform

electric-field distribution in the gaps [5]. These assumptions,

however, can only be verified by conducting actual measure-

ments on the post geometry. The analysis adopts the

teclinique of symmetrical and antiinetrioal excitation used

by E1-Sayed [6].

Dyadic Green’s Function

For a rectangular waveguide this is given by

G(~/r’)

M (2 – 6J(k2 – k,z) exp (–r~nlz – z’!)

=9$ go .g, abk2~mn

“ sin kXx sin kXx’ cos kYy cos kYy’ (1)

where

kX = mrc/a; k~ = nzlb;

r mn = (k.2 + k,’ – k’)1/2

8“ = 1, forn=O

= o, for n # O.

k = 27cIA

Current-Density Distribution

Following [5] the current-density distribution J(r) can

be.expressed as

.7(r) = j?JOu(x)u(y)6(z – O) (2)
with

~ (2 - ‘f) [AfX ~os (fmi/a) + i3j-x sin (.kda)lu(x) = ~
f=l a

m (2 – ~1) ~ Y Cos (lzy/b) + 111’ sin (l~Y/~)]u(y) = ~ b [1
1=0

(3)

6(Z – o) = 1, forz=O

. 0, elsewhere.

The current-density distribution is assumed to be con-

stant across the width of the strip w, and the normalizing

coefficients Afx and Bfx can be expressed as

*f. = ~ Cos@ sin Of

a of

Bfx = ~ Sinfzs sin Of
a ef

(4)

where Of = fnw/2a.

Electric-Field Distribution E(r)

It is given by

E(r) = –j~~
J

G(r I r’) “ .l(r’) dV

= _j~fl~ ~ ~ (2 - L)(k2 - k?) exp (-r..lzl)
abk n=o m= I r Inn

“ AiyB~’ sin kXx cos kYy. (5)

The Gap Electric Fields

The two gaps in general will be driven by voltages VI

and V2, respectively. This general excitation can be reduced

to a linear combination of symmetrical and antimetrical
excitation, denoted by superscripts .s and a, respectively.

This results in

where

Egs = -j) ‘s; Z@u’(y)a(z – o) (6)

E~” = -j ~ @)~a(y)d(Z - o) (?)
9

~._v1+v2

2

~a=vl–v2

2

v(x) = 1, fors–~ <X<s+x
2

= o, elsewhere

V’(y) = ~~o ‘2 ~ 6P) ~Py’sCOS(~rcy/b) (8)

m (2 - ‘P) S;,a cOS (Prey/b).
V“(Y) = z b (9)

~=1)
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The y-distribution functions v’(y) and o“(y) can be specific-

ally defined as

v’(y) = +, for h –g/2Sy Sh+ g/2

=— A for b - h–g/2<y<b–h+ g/2

= o, elsewhere (lo)

V’(Y) = +, for h – g/2<y Sh+ g/2

= +> for b -h-g/2 <y< b–h+ g/2

= o, elsewhere (11)

resulting in

pnh sin 4Pspy” = g cm — — , for “n odd
b ~,

= o, for n even (12)

pnh sin 4P
spy’” = g Cos — — , for n even

b ~p

= o, for n odd (13)

where 4P = png/2b.

Space-Harmonic Functions and Impedance Relationships

The total power incident on both gaps for symmetrical

and antimetrical excitation for the nth spatial-harmonic

mode is given by 2 ~ E~s” J dV and 2 j E~”” J dV, respec-

tively. This incident power must be equal to the power

radiated throughout the volume for both symmetrical and

antimetrical excitation, respectively.

Now

= o, for n even. (14)

Similarly,

= -2 V”.JOW ~ (2 -%) ~: Cos ~yh ‘i~d%
n=0,2,4 b

even
n

= o, for n odd. (15)

Resulting in

~ns ~ (2 – %) sin q50
A~yJow COS kyh — ,

b
for n odd

4.

~ o, for n even

(16)

575

and

‘n) A~YJoW cos kYh ~,Jna ~ (2 – sin ~.
for n even

b

~ o, for n odd.

(17)

Also I. = I.s + I.a. The radiated power throughout the

volume for each nth spatial-harmonic mode is given ‘by

Pn =
J

E. JdV, for n = 0,1,2,3, ” ~~“,CO
v

P.=–
jqJo2w2(2 - ii.)(k2 – ky2)(A.y)2

abk

“j, F &)2y
mn m

This should be equal, separately,

the gaps, that is,

forn=O123’””,co.,,, ,

to the

2VsIj = P.

2vaI*a = Pn.

(18)

power incident on

Since the gap driving-point impedance is given by Z. =

V/I” for each nth spatial harmonic, this results in

for n odd

= co, for n even (19)

b (k’
Z.” = l/Y.a = jq — – ky2) * (kpmlkan)’

E
2a (2 – ti.)k m. I rmn ‘

for n even

= co, for n odd (20)

where

k
sin em

pm = sin kXs —
Om

sin ~“
kg. = COS kyh — .

4.
(21)

For each nth spatial harmonic there exists a coupling

network between the two gaps. The complete equivalent

network is therefore composed of an infinite number of

such coupling networks for n = 0,1,2,. ”., co, connected

in parallel between the two gap ports as shown in Fig. 2(a).

Each individual network can be represented in the form of

either a T or a z network whose elements are related to

the symmetrical and antimetrical immittances of (19)

and (20).
The two-port network representation for this configura-

tion for each spatial-harmonic mode appears to be in conflict

with that suggested by simple physical reasoning; according

to which the two gap ports should be directly coupled in



576 ISSE TRANSACTIONS ON MIcROWAW ~ORY AND TECHNIQUES, SEPTEMRER 1976

‘1

(a)

@AP
nm 2

* I I
●

1’ . 2’
n=[-ll-

(b)

Fig. 2. (a) Total coupling n~~ork between the two gap ports as a
parallel combination of mdwldual networks corresponding to each
spatial harmonic. (b) Alternative representation of an individual
coupling network.

series. However, if an alternative admittance coupling

network representation [7] is used; then since for each

spatial harmonic the determinant of the admittance matrix

is zero, the coupling network reduces to the simple physically

expected form of Fig. 2(b). It should, however, be noted

that although the two gap ports are connected in series,

for each odd value of n there is phase reversal between the

two gap ports. In other words, the dot convention on the

transformer changes for every alternate value of n.

Obstacle Representation

Following the approach taken in [6], the obstacle circuit

for the incident TEIO mode can be derived as shown in

Fig. 3. The element values are given by

jXL’ = g Zmo . kp~2/2 (22)
~.2

= o, for n even

(23)

[ 1Y, = ~ = ~ (- 1~ ~ Z..(kP./k,n)2 -1, for all n
B ~=1 ~=1

(24)

where

z bk2–kY2 1
mn =jV–

a(2–6Jk”~””

Fig, 3. Representation of the obstacle as a shunt impedance for
incident TEIO mode.

For symmetrical gap loading Z~l = Z~2 = Z~ = l/Y~

the obstacle impedance is given by

zo~, = $ [
1

jX~’ + 1YA+2YB+YG”
(25)

pl

A comparison with the obstacle representation of [5]

shows that the element value jX~’ corresponds to one-half

the flat post reactance of the post configuration. The

modified gap driving-point admittance Y~’ is replaced here

by admittances Y~ for each gap and the two gaps are

coupled by the coupling admittance YB.

The convergence properties of these element values are

similar to those discussed by E1-Sayed [6]. Following [5]

in the computational work the upper limit for summation

is 2MI in (22) with a correction factor (1 – w/a) for

deviations from the assumed current-density distribution.

The upper limits for summation of m and n in (23) and (24)

are Ml = a/w and Ifl = b/g, respectively. These limits

and correction factor are utilized throughout for both the

experimental work and circuit application studies reported

here. Also w = 1.8d is used throughout the work.

EXPERIMENTAL MEASUREMENTS

The two-port-coupling network representation derived

in the previous section can be verified by conducting

measurements on the two gap ports of the mounting

configuration along the lines adopted by Eisenhart and

Khan [5]. In [5], even though only a one-port network

was being considered, the driving-point impedance could

not be easily measured. Here the two-port symmetrical

network necessitates at least two-measurements at one gap

port while the other is terminated in precisely known

impedances making the task even more difficult.

Although this technique provides a direct verification of

the proposed equivalent circuit, its implementation into

practically realizable objects is quite difficult. The fact that

two gaps will have to be located on the same post structure

and one of the gap ports will have to be terminated in

accurately known impedances, makes the mechanical

arrangement of the experimental mount extremely complex

and difficult to fabricate. Moreover, the lack of commercially

available ultraminiature coaxial connectors requires that
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Fig. 4. <a) Equivalent circuit for measurement of obstacle shunt impedance, (b) Measured and computed values of
norrnahzed obstacle shunt reactance. Parameter values are a = 22.86 mm; b = 10.16 mm; s = 15.3 mm; d = 2.3 mm;
k = 2.525 mm; and g = 0.63 mm. The gaps are symmetrically loaded and contain 2.3-mm-diam circular alumina
disks (dielectric constant = 10), (c) Measured and computed values of normalized obstacle shunt reactance. Parameter
values are a = 22.86 mm; b = 10.16 mm; s = 7.5 mm; d = 2.9 mm; h = 3.15 mm; and g = 0.63 mm. The gaps
are unsymmetrically loaded; one gap contains 2.3-tnm-diatn circular alumina disk (dielectric constant = 10), the
other is an air gap.

measurements be carried out in larger cross-section wave-
guides like S or C band.

The alternative technique of measuring obstacle shunt

impedance which was adopted both by Eisenhart and

, Khan [5] and E1-Sayed [6] has been followed here for the
verification of the theoretical model. It is a simple and
convenient means to that end.

The measurements were conducted in X band using”

slotted-line techniques. One of the waveguide ports was
match terminated and impedance measured at the other

port. The total obstacle network is shown in Fig. 4(a) in

which the effect of the finite post diameter is accounted

for by the reactance jX, [7]. The experimental value of

normalized obstacle shunt impedance is arrived at from

the measured values of the normalized impedance at the

T- T’ plane and the normalized phase-shift reactance.
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Two different post configurations were fabricated, both

with off-center post axis locations. The gap terminations

on the first configuration were symmetrical in the form of

circular alumina pieces 0.025 in thick. In the second

eonfiguration one of the gaps was partially filled with a

0.025-in-thick circular alumina piece while the second

one was an air gap, thus providing an unsymmetrically

loaded obstacle. The gap-terminating impedance in each

case was taken to be that due to the appropriate parallel-

plate capacitance. Fringing effects were not included.

Theoretical and experimental obstacle impedance values

for the two configurations are shown in Fig. 4(b) and (c).

It can ,be seen that a good correlation has been obtained.

It is interesting to note that in’ Fig. 4(b) the obstacle reac-

tance is always inductive while in Fig. 4(c) it changes from

capacitive to inductive.

It can be seen from Fig. 3 and (23) and (24) that the

elements Y~ and Y~ which are part of the total obstacle

shunt impedance, are capacitive and inductive, respectively.

The gap-terminating impedances for the cases considered

here are capacitive. Thus the element Y~ and the combina-

tiOII Of elements YG~, YGZ, and YA fOrm a parallel resonant

circuit. For the case shown in Fig. 4(c), because one of the

gap-terminating admittances is small (air gap), the im-

pedance of the parallel resonant circuit is capacitive for the

lower frequency region and large enough to overcome the

series inductive reactance term j2X~’, thus providing a

capacitive obstacle shunt impedance. For the case shown in

Fig. 4(b), both the gaps are dielectrically loaded and the gap-

terminating admittance is large. The resonant frequency

of the parallel resonant circuit is therefore lower and in the

frequency range of interest the obstacle shunt impedance is

always inductive.

It should, however, be pointed out that the theoretical

model does not take various losses involved in the system

into account. This would explain the discrepancy between

the measured and theoretical values of obstacle shunt

impedance for the upper frequency regions. These ex-

perimental results, however, do provide a verification of

the theoretical model and a basis for using this model for

circuit-application studies,

CIRCTJfT APPLICATION

Having verified the general equivalent network for a

symmetrical two-gap single-post configuration, it will be

applied to a practical arrangement utilized by Dean and

Howes [3], [4] for obtaining large varactor-tuning ranges

in the KU-band frequency region.

The mounting arrangement utilized in [3], [4] is similar

to that shown in Fig. l(a) with a sliding short-circuit ter-

mination on one bide and a matched output. L represents

the distance between the device plane and the short-circuit

plane. Dean and Howes [4] had proposed a rather simplified

equivalent-circuit representation for the configuration. The

two gap ports were directly coupled by an inductive element,

corresponding to the full post reactance expression of

Marcuvitz [7]. It is worthwhile noting here that “this

expression does not take into account n > 0 terms for

m, n modes [7].

IIEjx* jXs
1

z
jZcw

m tan

1.KMWC[ ‘ PACKME
I

U&l LP

Fig. 5. Equivalent-circuit representation for the mounting con-
figuration of Fig. l(a) with short-circuit termination on one side.
Mounting configuration parameters are: a = 15.8 mm; b = 7.9
mm; s = 7.9 mm; d = 2.54 mm; h = 0.8 mm; andg = 1.6 mm.
Parameter values for devices are as mdlcated in [41, that is: Varactor
diode: R“ = 1 n, C“(O) = 0.95 pF, CV(30) = 0.2 pF, LDV = 0.9
nH, CPv = 0.19 pF. T.E, device: Maximum device conductance =
–5 mS, CD = 0,27 pF, LD = 0.6 nH, C, = 0.17 pF.

The proposed equivalent circuit based on a general two-

port coupling network is shown in Fig. 5. This network is

valid for the dominant TE1 o-mode frequency range and is

derived from the obstacle representation of Fig. 3. The post-

thickness capacitive reactance term jX~ [7] has also been

included. The self-admittance term Y~ of the two gap ports

is replaced by its equivalent capacitance CA, which accounts

for the total capacitive effect of all TE~n and TM~n modes

for all odd values of n. The mutual admittance term Y~

is replaced by its equivalent inductance LB, which accounts

for the total inductive effect of all TE~. and TMmn modes

for all values of n. The one-half flat post reactance jX~’

(for TE~o, m > 1) of the mounting post is represented by

its equivalent inductance LP’. The terminations on the

waveguide ports are represented by ZCIO (characteristic

impedance for TEIO mode) and jZclo tan /lL (effect of

short circuit).

Package equivalent circuits of the transferred-electron

device and varactor diode and their parameter values are

as indicated by Dean and Howes [4]. The maximum

transferred-electron-device conductance of – 5 mS is con-

sistent with the kind of device used [3], [4] and other

parameter values. Standard WG18 waveguide cavity

configuration with 1.6-mm gap size (for S4 package) is

used in the theoretical model. The post diameter in Dean
and Howes [4] work was 2.54 mm. With this value the

current-density distribution in the post and electric-field

distribution in the gap may slightly deviate from the

assumed uniform distribution. Eisenhart and Khan [8]

have, however, successfully used their model to predict

experimental results under identical conditions.

Oscillation Conditions and Stability Criteria

For sustained circuit-controlled steady-state oscillations

it is necessary to satisfy the conditions

GD(co) + G=(0) = O (26)

BD(CO)+ I@) = o (27)
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where G~(co) and B~(0) are, respectively, real and imaginary

parts of the device admittance, and G~(co) and BL(0) are,

respectively, real and imaginary parts of the load admittance.

Besides these steady-state oscillation conditions the

stability condition should also be satisfied [9], which is

(28)

where B(o) is the total susceptance 13~(co) + B~(o) of the

circuit. Kurokawa’s [10] work also provides the same

stability criteria, which are derived under the assumption

that the negative resistance (or conductance) of the device

be frequency independent, which is clearly not the case for

transferred-electron devices.

Many workers when dealing with transferred-electron

oscillators utilize the criteria of (28) for locating stable

operating points and determining the mode-switching

points [11]–[13]. These criteria generally render exeellent

agreement between theory and experiment.

Eisenhart and Khan [8], however, use two postulates

for deciding upon the stable operating points. The postulates

are: 1) The output power of the negative-conductance

device increases with the load conductance G~, for G~ 5

lG~l, with maximum output power as G~ ~ lG~l, where

lG~l is the maximum value of conductance the device can

deliver [not to be confused with G~(o.)) of (26)]; and 2)

under multiresonant-circuit conditions the oscillation will

occur at the frequency for which G= is maximum, though

not greater than IG~l. Using these two postulates the

theoretical tuning characteristics of the oscillator can be

determined at a glance.

It should, however, be noted that the model ignores the

effect of variation of transferred-electron-device parameters

G~(0) and C~(co) with RF power and frequency. It also

ignores the changes in the varactor diode series resistance

and junction capacitance at zero bias, which under some

conditions may become forward biased due to a large

amount of incident RF power.

Tuning Characteristics

Fig. 6(a) shows the tuning characteristics of the oscillator

at zero varactor bias corresponding to Cv = 0.95 pF.

The switching points are determined by using the second

postulate of Eisenhart and Khan [8] and the stability

criteria of (28). Fig. 6(b) contains the load and device

susceptance variation with frequency for different short-

circuit locations. Load conductance values at each oscillation

point and their stable or unstable modes of operation are

indicated. In Fig. 6(a), according to Eisenhart and Khan’s

[8] second postulate, the oscillation points for which

G~ = 0.26,0.97, and 3.06 are unstable. However, according

to the stability criteria of (28), these are stable points of
operation as indicated in Fig. 6(b). Thus the tuning charac-

teristics based on the second postulate of [8] contain

multiple switching points between the 2~/2 and ~.~modes of

operation, while the stability criteria of (28) predict one

mode-switching point around L = 21 mm corresponding

to 12.4 GHz [Fig. 6(a)].

The tuning characteristics at – 30-V varactor bias,

corresponding to Cv = 0.2 pF, are shown in Fig, 7(a).

The stable points of operation are arrived at by the second

postulate of Eisenhart and Khan [8]. In the range L =

8.2-9.4 mm, though the susceptance condition of (27) is

satisfied in two different frequency regions, there are no

oscillation points as the load conductance GL(co) is greater

than 5 mS and is too large for the device to drive. Also in

the region’ L = 10–16 mm and up to frequencies slightly

less than 14.8 GHz there are no oscillation points, as (27)

is not satisfied. This results in a break in the 1./2 behavior.

Corresponding load and device susceptance plots for this

case are contained in Fig. 7(b). The stable points of opera-

tion obtained from the stability criteria of (28) are in very

good agreement with those given by the second postulate

of Eisenhart and Khan [8].

It is important to note that for C’v = 0,2 pF the tuning

characteristic is mainly composed of a half-wavelength

behavior pattern and a fixed-frequency oscillation pattern,

the actual tuning characteristic consisting of regions of

both these patterns connected by multiple switching points.

Therefore, depending upon the stable point of operation,

the theoretical model predicts either a very large or a

negligibly small electronic-tuning range. The fixed-fre-

quency operation, however, is of an intermittent nature and

cannot be explained by simple package resonances and

should not be confused with the so-called “frequency

saturation” phenomena [8], [14]. It is of interest to note

that the frequency of operation lies, in general, in the

vicinity of the resonance point of the total susceptance

appearing across the terminals 2-2’ of Fig. 5. But the

intermittent nature of this oscillation and regions of no-

circuit-controlled oscillations can only be explained by

considering the equivalent circuit of the configuration in its

entirety; that is, by the zero-susceptance condition of (27).

Discussion

A comparison of theoretical tuning characteristics with

those obtained experimentally in a very limited range of

short-circuit position (L = 10-14 mm) by Dean and

Howes [4, fig. 8] shows that the proposed equivalent

circuit does predict the performance at either end of the

varactor bias in the correct manner. The important thing

to notice is that for Cv = 0.2 pF the observed fixed fre-

quency operation is predicted, where the simplified model

proposed by Dean and Howes [4] had failed. It is also of

interest to note that at Cv = 0.2 pF, corresponding to

– 30-V varactor bias voltage and L 2 14 mm the authors

had also observed stable oscillations at a lower frequency

(< 15 GHz) [4, footnote 1 on p. 568] which their theoretical
model had failed to predict. This oscillation frequency

corresponds to the half-wavelength behavior and is correctly

predicted by the equivalent circuit used here; the preferred

mode of oscillation being determined by the stability
condition.

However, the oscillation frequencies predicted by the

theoretical model are generally lower than the experimental

ones. This can be primarily attributed to package parameter

values used in the equivalent circuit which may be M
variance with actual values. The package equivalent-circuit

representation has been a topic of much debate in recent

years [15]–[17]. The actual package parameter values
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Fig. 7. (a) Theoretical tuning characteristics for the configuration of Fig. l(a) for -30 V varactor bia:. CV(30) = 0.2 pF.
Parameter values as indicated in Fig. 5. Figures indicate load conductance in millisiemens. Switching points between
different modes are indicated a~ording to the postulates of [8] and are in close agreement with those based on the
stability criteria. (b) Theoretical load and device susceptance variation with frequency for different short-circuit positians
for the case of Fig. 7(a). Load conductance in millisiemens at each oscillation point is indicated. S m,d U denote stable
and unstable oscillation points, respectively, based on the stability criteria.
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Fig. 8. Theoretical tuning characteristics for the configuration of Fig. l(a) for (a) Cv = 0.95 pF and (b) G430) = 0.2
pF. Parameter values areas shown in Fig. 5 except.& = 0.6 nH. Figures indicate load conductance in millisiemens.

play an important role in transforming the external irn- tuning characteristics obtained as shown in Fig. 8(a) and

pedance to the actual device terminals. This transformation (b). It can be seen that this slight change has radically

is very critically dependent on package parameters at higher altered the tuning characteristics. For Cv = 0.95 pF there

frequencies like KU band and above, especially when the are regions of no oscillation as the load conductance is too

semiconductor device is in an S4 package. large for the device to drive. For Cv = 0.2 pF the fixed-

In order to illustrate this dependence on package param- frequency oscillation region” has moved up to around 16.1

eters, the varactor inductance was altered to 600 pH and GHz and there are no forbidden regions of oscillation in
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Fig. 9. Theoretical varactor-tuning characteristics for the confignratiott of Fig. l(a) for the short-circuit position L = 16
mm. Parameter values are as in Fig. 5. Load conductance vafucs in millisiemens are indicated.

which the zero-susceptance condition of (27) is not satisfied.

As expected, the half-wavelength behavior is maintained in

both cases.

Varactor-Tuning Characteristic

The varactor-tuning characteristics of the oscillator

configuration can also be determined by the theoretical

model. An examination of the tuning characteristics reveals

that this will be very strongly dependent upon the short-

circuit position L. Not only the amount and direction of

the varactor tuning but also the stable points of the oscil-

lation over the varactor-tuning range are determined by it.

In the practical case, however, the characteristics maybe

modified by the inherent hysteresis behavior of the trans-

ferred-electron-device oscillators. The actual varactor-

tuning characteristics will depend upon the direction of the

short-circuit travel, direction of varactor bias variation,

and their interaction. It may also be affected by changes in

the transferred-electron-device bias level. Fig. 9 indicates

theoretical varactor-tuning characteristics for the case of

Figs. 6 and 7 at L = 16 mm. The total tuning range is

1.1 GHz. It should be noted that no comparable experi-
mental varactor-tunin.g characteristics are reported by Dean

and Howes [3], [4]. “

CONCLUSIONS

This study has derived an equivalent-circuit representa-

tion for a single-post two-symmetrical-gap configuration,

which can be used for the family of all such wave~ide

mounting configurations. Experimental work conducted
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on the post structure as an obstacle for tbe incident TEIO

mode have shown excellent agreement with the theory.

Its application to a practical mounting arrangement has

led to a successful explanation of the gross features ex-

perimentally observed, and which could not be explained

by a simplified model. But for the strong dependence on the

package parameters and lack of precise knowledge of other

parameter values, the theoretical predictions could have

been in better agreement with experimental results.

The nature of varactor-tuning characteristics obtainable

with this configuration has been discussed and a theoretical

characteristic indicated. It has been seen that the short-

circuit position strongly influences the varactor-tuning

behavior both in magnitude and nature.
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Integrated Approach to
JOHN W. BANDLER, SENIOR MEMBER, IEEE, PETER C.

Microwave Design
LIU, MEMBER, IEEE, AND HERMAN TROMP

Abstract—A new, integrated approach to microwave design is pre-
sented involving concepts such as optimal design centering, optimal
design tolerancing, optimal design tuning, parasitic effects, uncertain-

ties in models and reference planes, and mismatched terminations. The

approach is of the worst case type, and previously published design

schemes fall out as particular cases of the ideas presented. The math-

ematical and computational complexity as well as the benefits realized
by our approach is illustrated by transformer examples, including a

realktic stripliue circuit.

I. INTRODUCTION

T HE use of nonlinear programming techniques for the

design of microwave circuits has been well established,

Applications hitherto reported by the authors, for example,

fall into two categories. 1) The improvement of a response

in the presence of parasitic [1], [2], in which case the

function to be minimized is of the error function type and

the constraints, if any, are normally imposed on the design

parameters. 2) Design centering and tolerance assignment

to yield a minimum cost circuit that satisfies certain

specifications, usually imposed on the frequency response,

for all possible values of the actual parameters [3]. The
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function to be minimized is of the cost function type and

the constraints are due to the specifications. Tuning ele-

ments may be introduced to further increase possible

unrealistic tolerances and thus decrease the cost or make a

circuit meet specifications [4],

No consideration, however, of optimal tolerancing or

tuning of microwave circuits has been reported where

parasitic effects were taken into account. A major com-

plication is introduced here, since the models available for

common parasitic elements normally include uncertainties

on the value of the model parameters. These uncertainties

are due to the fact that the model is usually only approximate

and that approximations have to be made in the implementa-

tion of existing model formulas. A typical example of the

latter is the relationship between the characteristic im-

pedance and width of a symmetric stripline, where the

formula involves elliptic integrals.

The model uncertainties can well be of the same order of

magnitude as the tolerances on the physical network

parameters so that a realistic design, including tolerances,

can only be found when” allowance is made for them.
In the approach adopted, an attempt is made to deal with

the model uncertainties in the same way as with the other

tolerances. This involves, however, a complication in the

formulation of the problem. The physical tolerances affect

the physical parameters, whereas the model parameter

uncertainties affect a set of intermediate parameters (which

will be called the model parameter) in the calculation of

the response.

In the present paper we consider design of microwave

circuits with the following concepts treated as an integral

part of the design process: optimal design centering,

optimal design tolerancing, optimal design tuning, parasitic

effects, uncertainties in the circuit modeling, and mis-

matches at the source and the load.


