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Abstract—The design and development of microwave integrated-
circuit (MIC) tunnel-diode amplifiers for use in integrated broad-

band high-performance receivers is described. In particular, this
paper describes the design, construction, and performance of thin-
fihn microstrip tunnel-diode amplifiers operating in the 8-to 12- and

6-to 8-GHz bands, respectively, with noise figures in the 5-to 7-dB

range.

I. INTRODUCTION

T

HIS PAPER describes the design and develop-

ment of microwave integrated-circuit (MIC)

tunnel-diode amplifiers (TDAs) for use in inte-

grated broad-band high-performance receiving sys-

tems. It describes the requirements on these amplifiers

for use in such receivers, the impact of MIC technology

on their construction and performance, and presents

specific embodiments of thin-film microstrip 8- to 12-

and 6- to 8-GHz tunnel-diode amplifiers.

11. GENERAL ASPECTS OF THE M IC TUNNEL-DIODE

AMPLIFIER DESIGN

Tunnel-diode RF preamplifiers at frequencies from C

to K band are finding increasing application in broad-

band high-performance receiving systems, primarily to

improve the sensitivity of the microwave receiver front

ends used therein, both in wide-open RF-to-video and

complex multiconversion superheterodyne receiver chan-

nel configurations. (Transistor amplifiers fulfill this role

at frequencies below C band.) The desirable attributes

of tunnel-diode amplifiers for this application include:

1)

2)

3)

4)

wide instantaneous bandwidth: half octave or

greater;

reasonable power gain ( >15 dB) to mask out noise

contributions of following components in given

receiver channels;

low noise figure (S6 dB);

reasonable instantaneous dynamic range (>40 dB)

between extremes of tangential sensitivity and on-

set of gain compression;1
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1 Several techniques maybe readily used to augment the normally
modest saturation-level capabilities of TDAs in a cascaded RF
amplifier configuration. These include the use of low impedance and/
or a multiple array of GaAs tu~nel d~odes in a TDA output stage and
the use of a selectable sensitivity-gam control mechanism, either in-
ternal or external to the TDA cascade [1].

5)

6)

compatibility with external mechanisms for dy-

namic range enhancement [1], input desensitiza-

tion, and input limiting and/or blanking for re-

ceiver protection;

potential for high degree of gain and phase track-

ing between identical amplifiers in multiple chan-

nel systems.

M IC technology imparts the following advantages

with respect to the construction of the T’DAs under con-

sideration:

1)

2)

3)

4)

enhancement of bandwidth capability by use of

low-parasitic semiconductor active devices;

enhancement of bandwidth, stability against spur-

ious oscillations, and unit-to-unit reproducibility

(tracking) by elimination of all internal connectors

and superfluous lengths of transmission lines;

ability to accommodate lower impedance and/or

multiple chip devices in a closely integrated geom-

etry, and thereby enhance large-signal capability;

general small size, lightweight, low cost, mass re-

producibility, and increased reliability.

The individual amplifiers and associated components

considered were each fabricated in microstrip trans-

mission line on 25-roil thick alumina substrates. The

vacuum-deposited thin-film metallization, comprising

the conductor pattern and ground plane on the upper

and lower substrate surfaces, consists of a composite

chromium–copper film with the copper conductor layer

thickness being about 0.1 mil and the chromium under-

Iayer providing the necessary adhesion, as well as a

medium for realization of film resistors. The conductor

pattern is photoetched on the upper surface of the sub-

strate, and the entire metallization is then gold flashed.

Accordingly, the tunnel-diode amplifiers described

here are single- and dual-stage 8- to 12- and 6- to 8-GHz

configurations in thin-film microstrip which typically

exhibit 7- to 9-dB gain per stage and noise-figure

ranges as low as 5.0 to 6.0 dB over bandwidths up to a

half octave. This represents a considerable advance in

performance with respect to previously reported MIC

TDAs [3]–[6]. Fig. 1 shows a block diagram of a two-

stage TDA including an output isolator per stage. These

dual-stage TDAs are also the first MIC implementa-

tions of a multistage cascade using Ge and GaAs tunnel

diodes in the input and output stages, respectively, to

simultaneously optimize noise performance and dy-

namic range [1], [7].
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Fig. 1. Block diagram of two-stage TDA.

Fig. 2. Single-stage 8- to 12-(2Hz thin-film microstrip TDA.

‘The following sections describe the theoretical design,

M IC implementation, and the measured performance

of the individual TDA stages and the various elements

used therein. In addition, the integration and packaging

details and the measured performance of the dual-stage

configurations will be discussed.

III. 8- TO 12-GHz MIC TUNNEL-DIODE AMPLIFIERS

A. Development of Individual TDA Components

‘ Fig. 2 shows the physical embodiment of a single thin-

film microstrip circulator-coupled 8- to 12-GHz TDA

stage. The TDA stage is comprised of the following

components which are formed on a I-ins alumina sub-

strate.

1) An encapsulated tunnel diode in a micropill

package is shunt mounted through a hole in the sub-

strate between the conductor pattern and the ground

plane. Because of the high degree of compatibility of

this encapsulation (50-mil dimaeter and 20-roil “active”

height, and utilizing an alumina support ring within the

package) with the 25-roil height alumina microstrip en-

vironment, the parasitic associated with this shunt-

mountmg configuration are not much in excess of those

associated with series-mounted beam-lead tunnel diodes

[5], [6]. This is particularly true in the normal shunt-

tuned mode of TDA operation in which a dc or RF

ground return (which adds to the diode series inductance

by at least 50 pH) is required. Suitable commercially

available tunnel diodes in this encapsulation exist in

both the conventional “ball-alloy” construction [8] and

in the more advanced planar ‘fsolid structure” construc-

tion [9]. The former provides superior electrical char-

acteristics at this time; hence, both Ge and GaAs

tunnel diodes of this construction were used in the

TDAs described here. However, the solid-structure

diodes are ultimately preferred due to their superior

structural properties and potential reliability.

2) An embedded 200-mil YIG disk, metallized

as above, forms the three-port circulator junction. The

dc bias field for the disk is provided by an appropriately

mounted platinum–cobalt magnet.

3) A pair of parallel composite open stubs, provides a

parallel inductive tuning element for the tunnel diode

without shorting the externally applied dc bias. 2

4) A parallel-connected lumped-band rejection-type

stabilizing network prevents out-of-band oscillations,

yet appear completely reactive in the amplifier pass-

band.

5) Dual quarter-wave transformers at each port of

the circulator junction provide a wide-band match to the

SO-Q microstrip/3-mm coaxial input and output trans-

ducers, and provide a specified three-pole reflection gain

response at the amplifier port at a particular midband

gain level.

Prior to realization of the single-stage TDA (see Fig.

2), some of the individual 8- to 12-GHz thin-film micro-

strip circuit elements comprising it required individual

development. These included the three-port circulator

(and related output isolator), the stabilizing network,

and the active TDA termination comprising the tuned

and stablized tunnel diode.

An 8- to 12-GHz thin-film microstrip three-port cir-

culator forms the coupling mechanism for each TDA

stage, and also forms the basis for the interstage isola-

tors in the dual-stage amplifier configuration. It is a

distributed wye-junction circulator whose junction is

formed by an appropriately metallized (as described in

the preceding section) polycrystalline YIG disks em-

bedded in a mating hole in the alumina substrate. The

metallized conductor pattern and ground plane on the

top and bottom, respectively, of the YIG disk are inter-

connected with their counterparts on the alumina sub-

strate via welded ribbon leads. In addition to the em-

bedded ferrite wye-j u nction, each circulator typically

includes impedance transformers and/or reactive match-

z DC bias is provided via an RF-isolated bias-feed network at one
port of an output isolator which follows the TDA stage in its normal
deployment.

8 Xt.alonics X-17.80 (1780-G saturation magnetization). This
composite configuration was chosen rather than an all-ferrite struc-
ture due to the increased losses and less well-defined junction inter-
face associated with the latter [6].
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Fig. 3. 8- to 12-GHz thin-film microstrip isolator.

ing elements which interconnect the three junction ports

to their respective external terminations. The magnetic

bias field for the circulator junction is provided by a

platinum–cobalt permanent magnet mounted in the

housing directly below the substrate ground plane at

the junction, as will be shown subsequently.

The measured 8- to 12-GHz admittance locus of the

circulator junction, embedded in a thin-film microstrip

50-Q three-port circuit and obtained at an optimum

combination of ferrite diameter and bias field, yields a

series-L C/parallel-RLC junction equivalent circuit at h

35-Q junction impedance level with low-selectivity

parallel and series bandpass reactive components

centered at 10 GHz. Broad-band matching of the mea-

sured junction impedance locus to the external SO-Q

impedance level over the 8- to 12-GHz band is accom-

plished by including an identical two-section cascaded

line impedance transformer at each junction port.

Measurements on a breadboard model of a sym-

metrical thin-film microstrip three-port circulator,

based on this design and fabricated on a 1 -in2 alumina

substrate, yielded an average of 18- to 27-dB isolation

and 0.6- to 1.2-dB insertion loss per pass over the 8- to

12-GHz frequency range between each pair of adjacent

ports.

This 8- to 12-GHz thin-film microstrip circulator de-

sign was used in both the amplifier circulator and each

interstage isolator. The latter, formed on a l-in2

alumina substrate, is shown in Fig. 3. In the former,

matching on the amplifier port was for a specified re-

flection gain response; whereas, in the latter, the iso-

lated port was terminated internally in a thin-film SO-Q

resistor which is RF grounded by a low-impedance

quarter-wave open-circuited

tion, measured individually,

than 1.15:1 VSWR over the

resonator. This termina-

exhibited a ratio of less

8- to 12-GHz range. Also

included on the isolator output arm (Fig. 3) is a three-

pole RF-isolated dc bias feed network (RF isolation> 26

dB and VSWR <1.2:1 over 8 to 12 GHz) which is used

to provide dc bias voltage to the TDA stage preceding

it, and a beam-lead dc blocking capacitor directly pre-

ceding the output microstrip-to-coaxial transition. The

average measured performance of a group of these iso-

lators included 16- to 25-dE isolation per pass (over-

coupled response), 0.5- to 1.5-dB insertion loss per pass,

and 1.15 to 1.35:1 VSWR over the 8- to 12-GHz range.

The tunnel-diode stabilizing network (Fig. 2) con-

sists of the series combination of a thin-film resistor

and a parallel resonant (at 10 GHz) LC circuit con-

nected directly in parallel with the tunnel diode. The

latter is formed by the parallel combination of a pair

of electrically short open-circuited stubs and a short-

circuited stub, which is grounded through the substrate

by a low-inductance metallic plug. This network termi-

nates the tunnel diode in a low-resistance R.t outside

the amplifier passband, thereby preventing out-of-band

oscillations, and appears as a completely reactive

parallel LC resonator within it.

Individual measurements on this stabilizing network

in the optimum thin-film microstrip geometry over the

O- to 18-GHz range yielded a monotonic circular admit-

tance locus, which was extremely close to its theoretical

counterpart, thus exhibiting an out-of-band resistance

R,, =35 Q, and a negligible residual passband normalized

shunt conductance (GflR, t~0.14) over the nominal 8- to

12-GHz amplifier passband.

The tuned and stabilized tunnel diode comprising the

active TDA termination consists of the parallel combi-

nation of a shunt-mounted encapsulated micropill

tunnel diode,4 the previously mentioned stabilizing net-

work, and an identical pair of inductive tuning branches.

Each tuning branch consists of a short section of high-

impedance (inductive) transmission line in cascade

with a low-impedance quarter-wave open-circuited stub,

of which the former contributes to the resonating of the

capacitive tunnel-diode susceptance at band center and

the latter provides a broad-band low-impedance RF

ground. The tuned and stabilized tunnel diode, having

the thin-film microstrip geometry and the RF equiva-

lent circuit included in Figs. 2 and 4(a), respectively,

was fabricated on a l-in2 alumina substrate and, tested

as a single-tunedTDA in conjunction wi,th a commer-

cially available circulator. The measured single-peaked

gain response of this breadboard amplifier, exhibiting

a 9.5-dB maximum gain and centered at 9.85 GHz with

an 830-MHz half-power bandwidth, not only demon-

strated the suitability of the inductive tuning element

design, but verified the assumed equivalent circuit

parameters of the tunnel dic)des under consideration

4Aertech AI G-225 D (Ge) or AIA-225 D (GRAs) having nominally
identical equivalent-circuit parameters (see Fig. 4(a) ).
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Fig. 4. Equivalent circuit representation of single-stage TDA. (a) Lumped equivalent circuit. (b) Passband
prototype equivalent circuit. (c) Predicted performance parameters.

(see Fig. 4(a)). Completion of the individual design,

and characterization of the circulator and the tuned and

stabilized tunnel diode constituted the first major

steps in the development of the thin-film microstrip

TDA stages.

B. Development of Single-Stage MIC TDA

The measured data obtained during the development

of the individual components, comprising the single-

stage thin-film microstrip TDA under consideration

(Fig. 2), permitted the implementation of a three-pole

broad-banding design for the TDA stage [10] using the

RF equivalent circuits shown in Fig. 4(a) and (b). In

particular, the circuit representation of the TDA at the

amplifier port of the circulator (Fig. 4(a)) includes a

two-section transmission-line impedance transformer

between the circulator junction and the tuned and

stabilized tunnel diode. Optimum design of this trans-

former simultaneously provides the necessary imped-

ance-level transformation from circulator junction-to-

diode to establish the desired midband gain level, and

provides the required frequency dependence necessary

to synthesize the specified three-pole gain response.

This is suggested by the passband equivalent circuit

of Fig. 4(b) in which a three-pole bandpass ladder net-

work, interposed between the transformed circulator

impedance level RO and the tunnel diode net negative re-

sistance – Rdo, is synthesized to yield a three-pole

equiripple reflection gain response. Consideration of the

constraints on the end resonators, introduced by the

circulator (q.) and the tuned and stabilized tunnel di-

ode, indicates [10] that the primary bandwidth restric-

tion on this T DA design is imposed by the circulator.

Accordingly, the first-order gain-bandwidth and noise

performance calculations on this configuration [1], [10],

presented in Fig. 4(c), indicate the feasibility of achiev-
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TABLE I

Tunnel diode
—

AIG225D AIA-225D AIG-225D AIA-225D
Semiconductor GaAs Ge
Passband (GHz)

GaAs
7.8 % 11.5 8.Oto 11.5 8.Oto 11.6 8.Oto 11.4

Passband gain (dB) 8.4 k 10. O* 2.0 9.0i- 10.0 *
Passband noise figure (dB) 5.75 & ::; 7.2 k 0.6 5.5 * N
Output level at l-dB gain compression (dBm)

8.Ot ;::
–23 to –20 –17 to –14 –23.5 tO –20 –19 to –13

MICROSTRIP-COAXIAL
?RANSOUCER

#~41E;~RlP CONOUCTOR

ALUMINA

3-mm SUBSTRATE

COAXIAL #W:EO FILM RESISTOR
:ONNECTOR

JUNCTION

MAGNET GROUNO kROUNOING
PLANE PLUG

Fig. 5. Single-stage microstrip TDA, cross section.

ing an 8-dB three-pole 0.5-dB equiripple overall gain

response with noise figure in the 5- to 7-dB range. A

more refined synthesis of the amplifier-port matching

network was conducted using computer-aided iterative

techniques to optimize the lengths and impedances of

the two-section transformer and parallel tuning

branches, starting from their first-order values and then

using more exact representations of the circulator junc-

tion and stabilized tunnel-diode impedance loci. The

optimum predicted gain response obtained in this

fashion, exhibiting a 6.231.2-dB overall gain over 8 to

12 GHz, was somewhat degraded from that based upon

the more idealized first-order representation.

Based upon this design, a series of single-stage 8- to

12-GHz thin-film microstrip TDAs were fabricated in

the configuration of Fig.’ 2, using Ge and GaAs tunnel

diodes of nominally identical equivalent circuit ele-

ments. A cross section of this TDA structure (Fig. 5)

shows the details of the shunt-mounting geometry for

the encapsulated tunnel diode, the circulator junction

and magnet mounting, the incorporation of the sub-

strate in the housing, and the compensated coaxial-to-

microstrip transducer. The latter typically exhibits a

ratio of less than 1.15:1 VSWR over the 8- to 12-GHz

frequency range [2].

The measured performance of these amplifiers, using

each evaluated in its own test housing, is summarized

in Table 1.

The gain, noise figure, and output level at l-dB gain

compression for representative TDAs using a Ge and

GaAs tunnel diode are shown graphically as functions

of frequency in Fig. 6.

This measured single-stage TDA performance is es-

sentially as predicted ([1] and Fig. 4(c)), with the

tradeoff between noise performance and large-signal

4{ $I
Y
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Fig. 6. Measured performance of single-stage 8- to 12-GHz TDAs.

Fig. 7. Two-stage 8- to 12-GHz thin-film microstrip TDA,

linearity, represented by the choice of a Ge and GaAs

tunnel diode, quite apparent. Accordingly, these single

TDA stages were used as the building blocks for the

dual-stage TDAs to be subsequently described.

C. A Dual-Stage MIC TDA

A two-stage thin-film microstrip 8- to 12-GHz TDA,

shown in Fig. 7, consists of one each of the previously

described Ge and GaAs TD.A stages incorporated with

their own associated output isol~tor in ~ partitioned

aluminum housing. The Ge TDA and the GaAs TDA
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Fig. 8. Measured performance of two-stage 8- to 12-GHz TDA.

are deployed as the input and output stages, respec-

tively, to simultaneously optimize noise figure and

dynamic range [1], [7]. The l-in’ substrates comprising

each TDA stage and isolator are each enclosed in a

separate compartment. The intersubstrate connections

are formed via short sections of 50-0 line embedded in

the partition walls. This level of integration, though not

as complete as incorporating the two TDA stages and

the two isolators on a single substrate, has the advan-

tages of permitting pretesting of individual compo-

nents, preventing spurious radiative coupling between

components, and minimizing higher order “surface

wave 7’ mode propagation and “box resonances” asso-

ciated with each component. These features are par-

ticularly important upon incorporation of the TDA in

a more extensive receiver subassembly. The effect of

box resonances in TDAs is more pronounced than in

most components since they can readily excite out-of-

band oscillations which are not suppressed by the

microstrip stabilizing network at any frequency below

the tunnel-diode resistive cutoff frecluency. Therefore,

the use of compartmentalization in M IC TDA construc-

tion becomes more necessary than for most other MI C

components.

An all-microstrip approach to achieving the inter-

connections between adjacent rnicrostrip components

used short sections of SO-Q microstrip line on small

alumina substrates embedded in the partition walls and

electrically connected to the adjacent components by

welded ribbon leads. These transitions were virtually

reflectionless; their measured VSWR over the 8- to 12-

GHz band was well below the 1.15:1. maximum due to

the 3-mm input coaxial connector and its associated

transition, The resulting two-stage TDA configuration

(Fig. 7) exhibited a measured performance over the

8.0- to 11 .5-GHz frequency range (see Fig. 8) as follows:

1) average passband gain: 11.5 to 13.5 dB, mono-

tonically increasing over 8.0 to 11.5 GHz;

2) passband gain ripple: 3 dB peak-to:peak;

3) passband noise figure: 6.8 to 7.2 dB;

4) output level at l-dB gain compression: – 20 to

–23 dBm,

With reference to this measured performance, further

Fig. 9. Two-stage 6- to 8-GHz thin-film microstrip TDA.

improvement in amplifier passband gain flatness re-

quires a) more careful apportioning of the gain tilt in

each TDA stage to compensate for that in the isolators,

and b) improvement in the inherent circulator isolation

to reduce the input–output mismatch interaction at

each amplifier-isolator interface, and thereby much of

the corresponding passband gain ripple. The degrada-

tion in input noise figure and output l-dB gain-com-

pression level, over that obtainable individually from

a Ge tunnel-diode input stage and a GaAs tunnel-diode

output stage, respectively, is due to output-stage con-

tributions to the former and input-stage contributions

to the latter.

Further improvement in the gain flatness of a two-

stage TDA cascade may be physically implemented in

a closer integration of each output isolator with its

corresponding TDA stage by forming both on a single

substrate with an optimized half-wavelength inter-

junction between the two ferrite elements. This level of

integration is exemplified by the two-stage 6- to 8-GHz

MIC TDA which is described in the following section.

IV. A 6- TO 8-GHz MIC TDA

Fig. 9 shows a closely integrated two-stage thin-film

microstrip 6- to 8-GHz TDA cascade. It consists of a

partitioned aluminum housing containing a Ge TD in-

put stage and a GaAs TD output stage, each of which is

closely integrated with its associated output isolator on

a 1- by 2-in alumina substrate. A 50-Q microstrip bridge

on a small substrate embedded in the housing partition

wall forms the interconnection between the two in-

dividually enclosed substrates.

The individual elements and components comprising

each amplifier/isolator stage use the same approach to

electrical design, and hence are identical in geometry to

those employed in the previously described 8- to 12-
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GHz TDA but with the dimensions scaled to a center

frequency of 7 GHz. The major innovation in the 6- to

8-GHz TDA realization is the close integration of each

TDA stage and its associated output isolator on a single

1- by 2-in substrate, with an optimum-impedance half-

wavelength transmission line interconnecting the two

embedded ferrite junctions.5

The measured performance of the dual-circulator

cascade, comprising the amplifier-coupling mechanism

and output isolator associated with each stage, in-

cludes monotonic two-pass insertion loss and isola-

tion responses of 0.5 to 1.5 dB and 40 to 43 dB, re-

spectively, over the 5.6- to 7.6-GHz range. The relative

flatness of the two-pass isolation and insertion-loss re-

sponses indicates a minimum of impedance interaction

on the circulator–isolator interjunction arm (which was

not necessarily the case in the cascaded 8- to 12-GHz

configurations).

The improvement in gain flatness, achievable by using

these closely integrated ampli6er/isolator stages as

building blocks in a two-stage cascade, is exemplified by

the measured performance of two models of the thin-

film microstrip TDA (Fig. 9). The measured charac-

teristics of these two-stage TDAs (Fig. 10) may be sum-

marized as follows.c

Model I II

Passband (GHz) 6.25 t07.75 6.2t07.65
Passband gain (dB) 12.0 * 1.0 12.6 t 0.8
Passband noise figure (dB) 6.4 tO 7.4 6.4t07.8
Passband o(ltput level at l-dB – 20 ~ 4 –20.5 & 3.5

gain compression (dBm)

These results indicate that the close integration of

each amplifier/isolator stage makes possible a high de-

gree of unit-to-unit reproducibility as well as providing

improved flatness in a two-stage cascaded configuration.

V. CONCLUSIONS

The measured level of performance of the two-stage

TDAs described herein (Figs. 8 and 10) is generally

satisfactory for use in the type of high-performance re-

ceiver under consideration, particularly in combination

with some external means for dynamic range extension

[1]. Nonetheless, further improvement in the per-

formance of MIC TDAs for this application should be

achievable by concentration of effort in each of the fol-

lowing areas.

1) Through a further improvement in the isolation-

bandwidth product of the MIC circulators for a corre-

sponding improvement in the TDA gain-bandwidth

product or gain-flatness within a given band.

2) An extension of cascading to a multistage TDA

5 Xtalonics X-1200 (1200-G saturation magnetization) poly-
crystalline YI G disk.

e The input and output stages of these amplifiers use Aertech
AIG-225D (Ge) and AIA-220D (GaAs) tunnel diodes, respectively.

5.5 6.0 6.5-. 7.0 7.5 0.0

FREWENC} IN GHz

Fig. 10. Measured performance of two-stage 6- to 8-GHz TDA.

configuration, in which more than one Ge and GaAs

tunnel-diode input and output stages are used, respec-

tively (maintains low noise figure and maximum dy-

namic range). This leads to higher overall gain capability

in a given bandwidth, and thereby provides a greater

reduction in the noise contribution of components fol-

lowing the TDA in the receiver configuration under con-

sideration.

3) The use of low-impedance and/or multiple

GaAs tunnel diodes in the output stage for further en-

hancement of large signal linearity.

4) The use of unencapsulated tunnel diodes promote,

by virtue of further reduction in parasitic, greater

gain-bandwidth capability and greater ease in incor-

poration of low-impedance or multiple tunnel diodes, as

previously described.

These TDAs, however, represent the starting point

for achieving the next generation in MIC TDA per-

formance.
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Correspondence

Slot-Line Field Components

SEYMOUR B. COHN

Absfracf—Formulas derived bv mode summation give the six

B- and H-field components in the various air and dielectric regions

of a slot-line cross section. These formulas are valid except when very

close to the slot, where approximations in the analysis cause a large

error. A quasi-static method yields a second set of formulas that

apply near the slot. Thus the field is determined satisfactorily in all

parts of the cross section. Graphs of the H components show that

elliptical polarization exists, with the best approach to circularity

near the slot and near the opposite surface of the substrate. Quanti-

tative field data are useful for analysis and design of slot-line com-

ponents, such as ferrite devices, dielectric-resonator filters, direc-

tional couplers, and broad-band transitions to coaxial line or micro-

etrip.

1. INTRODUCTION

Several earlier papers [1 ]– [7 ] show that slot line has interesting

potentialities for microwave integrated circuits on dielectric sub-

strates. The analysis of slot-line wavelength, group velocity, and

characteristic impedance [1] has been extended to yield the field

components as functions of frequency, slot-line constants, and co-

ordinates in the air and substrate regions.

Elliptic polarization of the magnetic field makes quantitative

field data especially pertinent for ferrite components and YIG res-

onators. Knowledge of the field is also useful in the design of slot-

excited dielectric resonators and directional couplers between two

slots or a slot and microstrip. Application of the field formulas is also
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Fig. 1. Waveguide model used in field-distribution analysis.

used in deriving equivalent circuits for transitions between slot line

and coaxial line.

The formulas in this correspondence apply also to samiwich slot

line; that is, a slotted metal sheet sandwiched between two sub-

strates [S], [8].

II. FIELD COMPONENTS

The configuration considered here is shown in Fig. 1. As in the

earlier analysis [1], the slot-line problem is reduced to a rectangular

waveguide problem by inserting electric walls in the planes per-

pendicular to the slot at x = O and x = a = A’/2, and magnetic walls

at y = kb/2.

A pair of slot-line waves travel in the +x and –x direction with

wavelength ~’ substantially smaller than the free-space wavelength

h. For b sufficiently large (typically b > h’), the fields at the magnetic

walls are very small, and therefore b has negligible effect on the 6 elds

near the slot.

On the air side of the slot (z< O), five field components exist:

Eu, E,, Hs, Hu, and H.. On the substrate side these plus E. exist.

The coordinates x, y, z, the dimensions w, d, b, and the relative per-

mittivity e, are all defined in Fig. 1. A factor e! t~*ZmZ/~’J is assumed

for each field component implying wave propagation in the +x direc-

tion only. VO is the voltage directly across the slot.

The complete set of field-component formulas is contained in a


