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Wide-Band Varactor-Tuned Coaxial Oscillators

COLIN D. CORBEY, ROBERT DAVIES, AND ROBERT A. GOUGH

Abstract—An experimental investigation. into the effects of

package and circuit reactsnces on wide-band varactor-tuned oscilla-

tors is described. The results are used to design an X-band Gunn

coaxial oscillator with a tuning raage in excess of 3 GHz. It is shown

that the stray reactance, junction capacitance, and bond-wire

inductance stlect the varactor tuning characteristics. The character-

istics are conveniently displayed by the reflection phase variation

with tuning voltage and frequency. A general theory for wide-band

vsractor-tuned oscillators is presented which is related to the imped-

ance characteristics. These results are used to design three coaxial

varactor-tuned oscillators. The first two oscillators are series ar-

rangements while the third oscillator is a parallel arrangement. A

simple circuit technique is used to improve the tuning range of

each arrangement. This technique is shown to increase the coupling

to the varactor diode and decrease the oscillator Q by reactance

compensation.

I. INTRODUCTION

W ILE considerable microwave-circuit design infor-

mation exists for varactor-tuned oscillators, little

has been done to optimize the wide-band operation. The

more successful wide-band oscillators use varactor diodes

either in miniature packages [1], [2] or unencapsulated

in microwave integrated circuits [3]. In the present in-

vestigation, attempts are made to obtain wide-band op-

eration at X band using the standard S4 [4] package by

appropriate choice of circuit impedance, varactor-diode

parameters, including bond-wire inductance, and diode

mounting arrangements. Other authors [5] have studied

the importance of package parasitic in the design of
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transferred-electron amplifiers and were able to optimize

the package for X–Ku-band applications.

The design feature of wide-band varactor-tuned oscil-

lators is that the varactor junction capacitance should be

the dominant resonating reactance. Although the reso-

nant frequencies of the S4 package are lower thin those

of the miniature package, large tuning ranges at X band

have been reported in a coaxial arrangement (1.1 GHz)

[6], a full-height waveguide structure (over 1 GHz) [7],

and a reduced-height waveguide structure (1.95 GHz)

[8]. In this work, coaxial circuits are investig~ted because

of their low Q and ease of characterization.

Microwave-diode impedance measurements are shown

to substantially agree with calculated values using the

equivalent-circuit models developed elsewhe~e [9>[1 1].

A general theory of wide-band varactor-tuned oscillators is

presented and the importance of the varactor impedance

voltage relationship as displayed on a Smith chart by the

varactor reflection phase variation is discussed, The con-

cept of tuning phase is introduced. The tuning phase is

shown to be related to the oscillator tuning range and is

dependent on the frequency, circuit stray reactance, bond-

wire inductance, and varactor junction capacitance.

Three coaxial varactor-tuned X-band Gum n or IMPATT

oscillators are finally described; the first two arrange-

ments incorporate the varactor and active devices in

series; the third incorporates the devices in parallel. A

varactor diode with a large tunng phase is used to realize

a varact or tuning range in excess of 3 GHz with a Gunn

device.

II. MICROWAVE-DIODE IMPEDANCE

CHARACTERISTICS

Package and circuit parasitic reactance associated with

the S4 package in series and shunt-mounted coaxial ar-

rangements have been reported elsewhere [9]-[1 1], yield-
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ing accurate equivalent-circuit models. These models are

used in this section to discuss the impedance character-

istics of some commercial devices.

A. Bond-WireI nductance

A knowledge of bond-wire inductance is necessary since

manufacturers use different bond-wire configurations

which cause large variations in the inductance [12].

X-ray radiographs of five S4 packages from different

manufacturers are given in Fig. 1. Package A shows a

detice which uses a single wire or “nail-bond ;“ package

B uses a two wire or “V-bond ;“ package C uses a four

wire or “X-bond ;“ package D uses a multiwire or “mesh”

bond; and package E shows a device which uses the

V-bond in a slightly reduced package pillar height. The

last radiograph indicates that variations can occur in the

internal package geometry.

The bond-wire inductance of the Gunn device was deter-

mined from slotted-line impedance measurements at 1

GHz on an unbiased device situated in the end-mounted

test fixture. The method is based upon the fact that at

1 GHz the chip parameters are negligible compared with

the inductance [13]. Typical values of the Mullard

CXY19, which uses a nail-bond, are shown in Table I.”

The contribution of the Gunn-device reactance to the

total reactance is less than 2.5 percent. The results imply

that substantial variations can occur for devices employing

similar bond-wire configurations.
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Fig. 1. X-ray radiographs of S4 ackaged diodes. A—Mullard
&CXY19. B—Gigahertz devices G 1600. C—Microwave Associ-

ates ML4707. AHewlet&Packard 5082-0437. E—Microwave
Associates ML4707.

TABLE I

BOND-WIRE INDIJCTANCE MEASUREMENTS OF FOUR CXY19
DEVICES

! I

2 I 7.2o
I

0.54

3
I

7.76 I 0.62

4 6.67 0.45

TABLE II

BOND-WIRE INDUCTANCE MEASUREMENTS OF TIiREE
VARACTOR-DIODE TYPES

DIODE

TYPE

BXY53

UL4104

lu4707

N2SE INDUCTANCE

(ns)

0.38 ? 3%

0.37 * h%

0.20 * 5%

Bond-wire inductances of IMPATT and varactor diodes

were determined from a knowledge of the junction ca-

pacitances determined from l-MHz measurements and

the microwave transmission characteristics on the devices

[14] situated in the shunt-mounted test fixture shown in

[9, fig. 1]. The values of bond-wire inductance were found

to be constant to within 10 percent over the bias voltage

frequency ranges. The bond-wire inductances of three

silicon diodes are given in Table II. The variations of in-

ductance are the maximum deviations over the bias volt-

age range.

B. Varactor-Diode Impedance Measurements

Varactor-diode return loss and reflection phase variation

over the bias voltage range have been considered since

they are invariant under transformation down a uniform

lossless transmission line [15]. Measurements were ob-

tained from the use of an automatic network analyzer

and a typical set is shown in Fig. 2 at 10 GHz for a

series-mounted BXY53 varactor diode over the reverse-

bias voltage range W50 V. The figure indicates the signifi-

cance of the embedded condition for the series-mounted

test fixture shown in [9, fig. 1]. From Fig. 2 it is seen

that the varactor reflection phase variation is improved

from 64° for the normal mounting, 1 = O mm, to 125° for

the embedded mounting, 1 = 1.5 mm.

H“owever, the improved reflection phase variation is ac-

companied by an increased return loss. Further reflection

phase and return-loss measurements are given in Fig. 3

at 9 GHz. Also shown are calculated impedance values

obtained from the use of the equivalent-circuit values

given in [9, table 1], the bond-wire inductances of Table
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Fig. 3. Varactor-diode impedance of BXY53 at 9 GHz. (a) Phase.
(b) Return loss.

II, the low-frequency 1-.MHz capacitance-voltage charac-

teristics of llg. 4(a), and the microwave spredkg resist-

ances of Fig. 4(b) which were obtained from t~ansmission-

10ss measurements [14].

The agreement between measured and calmlated val-

ues is very good; peak deviations of return loss are less

than 0.2 dB and peak deviations of phase are less than 5°.

The refietition phase variation for most devices was found

to improve upon embedding at X band, and this was ac-

companied by an increased return loss. However, it was

noticed that certain low-capacitance varactors showed the

reverse effect.

In order to understand these effects further, the meas-

ured and calculated varactor breakdown reflection phase,

Obr, and refiecticm phase variation, AO, of the BXY53

device are given in Fig. 5(a) and (b) over the frequency

range 7–12 GHz. The reflection phase characteristics are

as follows.
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Fig. 4. (a) Low-frequency varactor junction characteristics of
ML4707, BXY53, ML4704, and GC1600. (b) Varactor-diode
spreading resistance of BXY53, ML4704, and ML4 707.
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TABLE III

PHASE CHARACTERISTICS OF FOUR VARACTOR-1310DE TYPES

PRASE-FREQUENCT SLOPS (DEGRSES/CSZ)

t (Ire) o 0.75 1.5

I

DIODE TYPE

BXX53 -18.5 -16 -11.5

m47d4 -19 -15 -9

ML4707 -M .5 -13.5 -lo

CC16C0-30 -18.5 -16 -15

PHASE VAR16YION AT 10 ~Z

(DSGBEES)

1 (ml) Q 0.75 1.5

DIODE iVPE

Bx953 62 82 127

tfL4704 78 92 115

~ F I ML4707 I 42 48 74

g 100 -.-
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Fig. 5. Varactor-diode impedance-frequency characteristics of
BXY53. (a) Breakdown voltage phase. (b) Phase variation
from O to 50 V.

a) The decrease of 6b, with frequency, is almost linear

and the slope decreases with increased depths of embed-

ding 1; e.g., it is seen from Fig, 5(a) that the slope de-

creases from approximately — 18.5 °/GHz to – 11.5°/GHz.

b) The series resonant frequency j,,,, at breakdown

& =- 180°, increases as 2 increases; e.g., it is seen from

Fig. 5(a) that at Z = O, f,., = 7.8 GHz, and at 1 = 1,5

mm, f,,. = 10.4 GHz. This circuit technique has been

used for fine tuning of IMPATT amplifiers and oscillators

[16].

c) The effect of embedding on the phase variation

varies with frequency; at frequencies above the crossover

frequency f~, embedding improves the phase variation

while at lower frequencies it is reduced. The crossover

frequency fO is determined primarily by the series reso-

nant frequency of the bond-wire inductance LW and the
mean varactor capacitance Cj~

(7jm= I Cj(0) + Cj(vbr) l/~. (1)

To obtain a large reflection phase variation, the magni-

tude of the reactance of the junction capacitance must

be such that

(2)

GC1600-30 I 94 76 54

Thus, if a low-capacitance varactor is used to realize a

large reactance. change and a consequent large reflection

phase change, then a large bond-wire inductance is re-

quired to reduce the crossover frequency to below the

operating frequency for an improved change upon em-

bedding.

The crossover frequencies for the devices in order of

decreasing varactor capacitance shown in Fig. 4 were

measured approximately as 6.$ 7.4, 8.6, and 12.2 GHz.

The four devices have reflection phase characteristics at

10 GHz as summarized in Table III. The BXY53 and

ML4704 devices exhibit similar behavior while the

ML4707 exhibits an inferior phase variation. All three

varactors showed improved characteristics upon embed-

ding. On the other hand, the GC1600 device exhibits a

degraded reflection phase variation upon embedding and

the greatest reflection phase variation for the normally

mounted condition. These characteristics are further con-

sidered in Section IV in relation to wide-band tuning.

C, Computed Varactor Phase Characteristics

The varactor reflection phase characteristics of the end-

rnounted embedded arrangement, 1 = 1.5 mm, are now

computed to further indicate the reflection phase depend-

ence on bond-wire inductance and varactor junction ca-

pacitance. The computed tiharacteristics at 10 GHz are

given in Fig. 6 for three bond-wire inductances of 700,

350, and 175 pH which correspond approximately to the .

use of nail-, V-, and X-bond arrangements. It is seen that

the computed reflection phase converges at low varactor

junction capacitances to the open-circuit package phase

and at high varactor junction capacitances to the reso-

nant phase of the bond-wire and package capacitance.
Furthermore, the computed reflection phase variation, for
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Fig. 6. Computed phase characteristics of embedded mounting at
10 GHz for different bond-wire inductances.

a given capacitance change, improves as the bond-wire

inductance is increased and the mean capacitance is de-

creased in accordance with (2). If the BXY53 capacitance

characteristics of Fig. 4 are considered in relation to the

computed reflection phase characteristics of Fig. 6, then
it is seen that the two wire or V-bond is near to optimum

for a large phase variation at X band. However, if the

low-capacitance varactor GC1600 is considered, it is seen

that the two-wire bond employed is unsatisfactory and

the single-wire bond is more appropriate.

III. THEORY OF WIDE-BAND VARACTOR-

TUNED OSCILLATORS

Consider the equivalent circuit of the varactor-tuned

oscillator shown in Fig. 7 where the varactor diode, active

diode, cavity, and load are represented by R. + jX,,

–R~ + jX~, R. + jX., and RL + jXL, respectively, in

series. The elements of the equivalent circuit are effective

components and have complex reactance-frequency char-

acteristics since they include the effect of package react-

ance and coupling networks. The condition for oscillation

requires a zero loop impedance as given by

z. + Zeff = o. (3)

If the oscillator stability is considered with regard to the

tuning voltage V and frequency f, then

where

Fig. 7.

2“ ‘eff
—1—

1 ,

Varacto< Active ~ Cavity
I device I

j LO Id
1

Equivalent circuit of series varactor-tuned oscillator.

From (4) it is seen that the tuning range is improved if

the voltage dependence of the effective varact or reactance

is increased or if the frequency dependence of the effective

circuit reactance X,if is reduced.

If the coupling to the varactor is increasl~d, then the

effective voltage dependence of the varactor reactance is

also increased. If in the equivalent circuit of Fig. 7 the

circuit elements are normalized to a circuit impedance ZO,

t~en the coupling to the vamctor is inemased if the

varactor diode is coupled to the circuit via a lower im-

pedance Z, transmission line. If X,’ is the reactance of

the coupled varactor, then

ax,’

()

Zo ax.
‘= E*”av (6)

This improvement is obtained at the expense of increased

power absorbed in the varactor loss resistance R,. For a

given varactor, it is possible to write

f?x, ax.
–A—

z“ af
(7)

~vhere A is a function of the coupling between the varactor

and the circuit.

Substituting (7) into (4) we obtain

ax,_—
af

=A
df

(8)
z ~:v : ;;iff

For a given variation circuit-device-load reactance with
frequency 8X.~~/8f, a large tuning range is obtained by

increasing ilXo/df. This is also implied in (2), given previ-

ously, and can be achieved by using small capacitance

varactors [3] in miniature packages [1] or by using two

or more larger capacitance varactors connected in series

[2]. An inspection of (8) further indicates that very large

tuning ranges are possible if either the efl’ective circuit

reactance X.ff, or the varactor reactance X. frequency

slopes are reduced, or if the slopes are made nearly equal

and opposite. This latter situation is known as reactance

compensation and is commonly used for broad-banding
the gain/frequency response of parametric amplifiers [17].
The technique when applied to wide-band v aractor-tuned

oscillators was first suggested [18] and experimentally

reported by Aitchison [19]. The improved tuning ranges

are obtained at the expense of a decreased oscillator Q.
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Since oscillator Qdetermines noise andstahility, too low

a value may be undesirable. Large tunirig ranges involve

high RF varactor voltage swings ?s a result of tight cou-

pling and the mean varactor capacitance increases. This

effect is particularly noticeable at low tuning voltages ~8]

and can lead to a substantial self-bias voltage which re-

duces the tunirig range [7],

Iv. ELECTRONICALLY TUNABLE OSCILLATORS

A, Tuning Range,$rediction .fronz Varactor Rejiection

Phase Chamcteri.sti&

The varactor reflection phase characteristics are now

considered in $elatioh to wide-band varactm tuning ranges.

The effect of varactm reflection phase on oscillator tuning

range is illustrated in Fig. 8. The lbwest frequency of

oscillation, jl, occurs at zero varactor bias and the highest

frequency, .fZ, at ,$reakdown. The ‘(tunihg phase,” v, is

given by the dkgree of overlap of the two phase curves

0( .fI) and 0( .fZ). The varactor phase at the lowest fre-

quency, 60( ~i), is given by

60(.fl) = Ob.(.fl) – A6(~I). (9)

Similarly, the v~ractor phase at the highest frequency,

&( j.), is giVen by

flbr(.fz) = 60($!!) - A0(j2). (lo)

If it is reqtired to maximize the timiing range Af

Aj=f2–fl (11)

then it is required that the tuning phase, ~, be a maximum

‘)’ = 6br($2) - oo(,fI). (12)

Combining (9) and (12)

7 = ~e(.fl) - [@br(.fl) – &(.f2)] (13)

and similarly combining (10) and (12)

~ = Ao(j2) – [eo(~l] - 00($2)]. (14)

From (13) and (14), to maximize y, it is required to a)

Fig. 8. Generalized tuning phsse characteristics.

maximize the varactor reflection phase variation over the

tuning range; and b) minimize or possibly change the

frequency slope, of the varactor reflection phase. These

two effects are also implied by (4). They are equivalent

to increasing the coupling to the varactor diode and de-

creasing the oscillator Q by reactance compensation.

Equations (13) and (14) are now used to predict the

varactor tuning properties of the four devices given in

Table III. It is seen that the tuning phase of the BXY53

and ML4704 are, very similar, and henee similar tuning

ranges at X band in a varactor-tuned oscillator are pre-

dicted. The ML4707 exhibits an inferior tuning phase

even though the slope of breakdown phase-frequency is

less than that of the two previous devices. The GC-1600

device shows the greatest tuning phase for the normally

mounted arrangement, but this device exhibits a degraded

tuning phase upon embedding when compared with the

other devices. The results indicate that improved tuning

phases ,are dependent upon the varactor junction capaci-

tance, the bond-wire configuration, and the stray parasitic

reactance of the package and circuit. These considera-

tions have been employed in the design of wide-band

varactor-tuned oscillators as discussed in the following

sections.

B. Performance of Three Coaxial Oscillators

The three coaxial cavity configurations shown sche-

matically in Fig. 9 have been investigated. Bias feeds and

decoupling networks have been neglected for simplicity.

The first two show series arrangements and the third a

parallel arrangement of varactor and active devices. In

the first arrangement the active device is end-mounted

and in the second and third arrangements it is shunt-

mounted. All three oscillators use a nominal quarter-

wavelength low-impedance-matching section. In the series

arrangements, the separation of the varactor and active

(a)

(b)

(c)

. \\\\\\~\\\\\\\\\

\~
Co-axial oscillators

L+dw
Fig. 9. Schematics of three coaxial varactor-tuned oscillators.
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devices is controlled by the geometry of the S4 package.

The parallel arrangement, however, does not suffer from

this limitation as a nominal quarter-wavelength line is

placed between the devices. The second series arrangement

essentially differs from the one reported by Grace [20]

in that the active and varactor diodes are interchanged

and the active diode is connected to ground for improved

heat sinking. The tuning ranges of the series arrangements

were less than the tuning range of the parallel arrange-

ment as shown in Fig. 10, It is seen that the approximate

tuning bandwidth of the series arrangements are 6.5 and

7.5 percent and the parallel arrangement is 15 percent.

The performance is given for a Mullard CXY 19 Gunn

device, similar to that used by Joshi [7], and a Mullard

BXY53 tuning varactor. The Gunn-diode dcs voltage is

approximately 12 V at a current of approximately 500

mA. The varactor diode was mounted normally, 1 = Om,

in all three oscillator arrangements.

C. Wide-Band Operation

Wide-band varactor-tuned performance was accom-

plished from the use of the embedded varactor-diode

arrangement and a choice of varactor parameters, includ-

ing bond-wire inductance, from improved tuning phase

considerations that were discussed previously. For the

series arrangements, the embedded arrangement was

achieved by recessing the varactor-diode package in the

low-impedance output-matching section.

The tuning performance of the parallel oscillator is

shown in Fig. 11 using a BXY53 varactor and CXY 19

Gunn device. The tuning ranges increase from approxi-

mately 1.4 GHz at 1 = O mm, through 1.7 GHz at 1 =

0.75 mm, to 2.4 GHz at 1 = 1.5 mm. The overall improve-

ment in tuning range is greater than 70 percent. Substan-

tial improvements in the tuning range of the series oscil-

lators were also observed. The improvements for the

oscillators shown schematically in Fig. 9(a) and (b) were

more than 150 and 110 percent, respectively. The im-
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Fig. 11. Wide-band tuning performance of parallel oscillator.

proved tuning ranges are the result of reactance compen-

sation as dkcussed in Section III, and were accompanied

by a decrease in output power due to the increased cou-

pling to the varactor loss.

The tradeoff in oscillator output power and tuning range

can be found only from analysis of the particular oscillator

equivalent circuit. An analysis of the parallel oscillator

using an IMPATT diode has shown [9] that substantial

agreement with lmeasured tuning range was evident and

the greater output variation and reduced tuning ranges

of the IMPATT diode were a consequence of the higher

device Q. Similar observations have been reported by

Johnson [2].

The effect of changing the coupling circti t impedance

for different varactor-mounting arrangements is given in

Table IV. The ML4704 varactor was used and the cavity

dimensions were t. = 6 mm, 10 = 5 mm, and/m = 7.5 mm.

It is seen that at a particular varactor mounl~ing the frac-

TABLE IV
VARACTOR-TUNED OSCILLATOR PERFORMANCE FOR DIFFEBENT

CIRCUIT IMPEDANCES AND VARACTOR-DIODE NIOUNTING

CONDITIONS

.—
Zc (i-l) t (m) o 0.75 “1.5

.—

fmin (XIZ 7.39 7.46 ‘7.21

20 Af Gzz 2.09 2.h6 2.97

Bf % 24. S 2S.3 34.2

f mill 8.3o 8.39 7.99

30 Af 1.93 2.31 3.C3

Bf 20.8 24.2 31.9

f min 8.80 8.95 8.4o

40 Af 1.90 2.c6 2.92

Bf 19.5 2C.7 29.7

fmin 9.41 9.49 8.72

5C Af 1.70 1.8S 2.S3

Bf 16.6 18.0 27.9
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tional tuning bandwidth, B~, i.e., the tuning range Af

normalized with respect to the midband frequency, in-

creases as the coupling circuit impedance. is reducedin

accordance with (6). The maximum tuning range of3.03

GHz (31.9 percent) at Z.= 30 ~ and bandwidth 34.2

percent (2.97 GHz) at Z. = 20 Q are, to the authors’

knowledge, the largest reported with devicesin S4 pack-

ages in a distributed circuit and exceed previous reports

[6}[8], [19], [20].

D. Parallel Oscillator Construction

A sectional drawing of the oscillator is given in Fig. 12.

An integral bias unit is used to apply a common floating

dc bias to the active device and varactor diode. The RF

leakage is more than 30 dB down and the insertion loss

of the unit is less than 0.2 dB. Finally, an inner break

decouples the common-bias inner line from the load and

a thin sheet of Melinex decouples the outer line varactor

voltage from the active-diode bias voltage. A photograph

of the oscillator is given in Fig. 13.

‘“”’”-T r-l

Vanctor dii

Gunn or
avahche diode
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Fig. 12. Sectional drawing of parallel oscillator.

Fig. 13. Photograph of parallel oscillator.

V. CONCLUSIONS

It has been shown experimentally that package and cir-

cuit stray reactance affect the tuning range of varactor-

tuned oscillators. In particular, a simple circuit technique

was employed to modif y the mount parasitic of a coaxially

end-mounted S4 package. Package and circuit stray react-

ance, varactor capacitance, and bond-wire inductance

were shown to noticeably affect the varactor-diode tuning

characteristics. Equivalent-circuit models were developed

which showed very good agreement with the measured

impedance. A general theory of varactor-tuned oscillators

was developed and the impedance characteristics of the

varactor and circuit were related to tuning range. These

results were used to design three coaxial varactor-tuned

oscillators and a tuning range in excess of 3 GHz at X

band was reported for the parallel arrangement. Further-

more, Gunn devices were shown to be superior to IMP~TT

diodes for wide-band tuning. In general, fmproved tuning

ranges were shown to be due to an increased coupling to

the varactor diode and to a decreased oscillator Q by

reactance compensation.
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On the Design of Dielectric Loadled Waveguidles

TALAL K. FINDAKLY, STUDENT MEMBER, IEEE, AND HAIM M. HASKAL, SENIOR MEMBER, IEEE

.4bsfracf-Rectsr@ar waveguides partially filled with a dielec-

tric slab in the E plane can provide an alternative to ridged wave-

guides in broad-band systems. It is shown that by an appropriate

choice of the dielectric constant, maximum power handling capacity

for a given bandwidth and cutoff wavelength can be achieved. Thk

p~er-hendling c~ity is much higher th-a for rid- waveguides.

Attenua~n and the effect of the first lo=@tudinal-section-electric

(ISE) mode on bandwidth are also discussed.

INTRODUCTION

D
IELECTRIC loaded waveguides have been investi-

gated by a number of authors [1]–[6] in the past

two decades. In particular, a rectangular waveguide

loaded with a dielectric slab across its center, in the E

plane, manifests attractive properties as a transmission

medium: increased bandwidth, greatly increased power

handling capacity, and relatively low attenuation.

For broad-band systems, ridged waveguides are cur-

rently in use. Their properties were analyzed in detail

by Hopfer [7]; standard lines of ridged waveguides

designed for fixed bandwidths and minimum attenuation

are available. The potential advantage of dielectric loaded

waveguides over ridged waveguides is in the power han-

dling capacity. The purpose of this paper is to present a

design procedure which maximizes the power handling

capacity of dielectric loaded rectangular waveguides. It

will be shown that for a given cutoff frequency, the maxi-

mum power handling capacity is obtained when a dielectric

slab is chosen having the smallest dielectric constant con-

sistent with the bandwidth requirements. This dielectric

‘constant then determines uniquely the dimensions of the

Manuscript received January 27, 1975; revised June 2, 1975.
T. K. Findakly was with the Department of Electrical Engineering,

Tufts University, Medford, MA. He is now with the Department
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slab and of the waveguide. The resultant yaveguide has

a bandwidth, dimensions, and attenuation n comparable

to those of the ridged waveguide but a power handling

capacity about six to seven times higher around the

frequency of minimum attenuation.

Previous work analyzed the propagation characteristics

of the TEn,O, longitudinal-section-electric (LSE), and

longitudinal-section-magnetic (LSM) modes in the di-

electric loaded waveguide. The present piper discusses

in detail the characteristics of the first LSEI mode and its

effect on bandwidth.

THEORY

The geometry of the dielectric loaded guide under con-

sideration is shown in Fig. 1. The modes which can propa-

gate in this inhomogeneously filled waveguide are of two

types [8]: LSE modes characterized by E, = O and LSM

modes with Hz = O. LSE modes with no y dependence

reduce to the ordinary TE.,O modes. The bandwidth

of the loaded waveguide is normally defined a$ the ratic

of cutoff frequencies of the TE20 to the TE,10 modes. Thit

has been discussed previously ~3_J; for convenience, wc

reproduce here (Fig. 2) bandwidth curves similar to thos(

in that paper. The important conclusion to draw frorr

these curves is that for a given bandwidth, a relatiw

dielectric constant K’ greater than a critical value mud

Yt

I

m......,<:..::;::7
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Fig. 1. Waveguide cross section.


