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INTRODUCTION

In an effort to find low cost methods of implement-
ing millimeter wave circuits much energy has gone into the
study of dielectric guiding structures. For many appli-

cations, this type of guide seems ideal from the stand-

point of expense alone.

In Table 1, comparisons are made between metal,
microstrip, insular and inverted strip guides [7]. Aside
from electrical characteristics, dielectric guides in
general are less expensive in terms of materials and fabri-
cation. The inverted strip guide, first described by Itoh
[11], may be constructed with losses approaching that of a
metal waveguide. A cross section of this guide is shown
in Figure la. This type of dielectric guide exhibits a
number of desirable features.

a) Low loss - Figure 1lb shows a plot of the relative

field distribution as a function of y at x = 0.

Since most of the energy is concentrated in the

region around x = 0 and y = h, conductor loss and

loss due to imperfections of the dielectric wall,

at x = + w/2, are minimized. Losses at the e

interface are minimized since the materials are in

contact and plastic flow, of the dielectrics,

eliminates irregqularities and air gaps.

- v o %
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t COMPARISON OF METAL, MICROSTRIP AND

DESCRIPTION

INVERTED STRIP

WAVEGUIDE
(Fused Quartz
on Teflon,
Multimode)

INSULAR
WAVEGUIDE
(Alumina on
Polyethylene

MICROSTRIP
(Gold on
Fused Quartz)

METAL
WAVEGUIDE

(Silver Plated)

DIELECTRIC WAVEGUIDES

Table 1

FREQUENCY Ag
(GHz) (cm)
60 .500

90 . 333

60 <237

90 .158

60 .302

90 .201

60 .669

90 .441

(cm)

.134
.090
.027
.018
.376

.245

t
(cm)

-317

.317

.013
.009
.014

.009

ATTENUATION
(db/cm)

(a)

(a)

~055
+095
.154
.280
-015

.030

(a) Could not be detected using 10 cm "slotted"” guide

(<.1 db/cm)
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Figure 1. (a) Structure of the uncoupled inverted strip guide.
(b) Relative field distribution along the X axis.
(c) Relative field distribution along the Y axis.




b) The ground plane is readily available as a mechanical
support, dc bias return, and heat sink for the guide

and active devices placed in the guide.

c) The inverted strip guide, in the millimeter wave
! region, has dimensions on the order of 2-4 mm. This
‘ allows accurate and inexpensive fabrication in

comparison to microstrip or metal waveguide.
{ d) Materials for the inverted strip guide are relative-

ly inexpensive.

Analysis of the inverted strip (IS) guide is based
on the concept of effective dielectric constants [3]. A
theoretical analysis of the IS guide, distributed directional
coupler, beam splitter type directional coupler and ring
resonator will be presented with numerical results. Experi-

mental results, for devices constructed for operation in

the 80 GHz range, will also be presented.
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CHAPTER II

THEORETICAL ANALYSIS

1. Maxwell's Equations as Applied to a Rectangular

Dielectric Waveguide

A direct solution of Maxwell's Equations, as applied
to the inverted strip dielectric waveguide, is extremely dif-
ficult since we do not have a separable geometry. The pro-
blem may be approached by recognizing that two independent
sets of modes will propagate in the guide and applying the
method of effective dielectric constants as developed by Knox
and Toulios [3].

The two propagating field configurations, Esq and Eiq
are hybrid in nature, unlike the simple transverse magnetic or
transverse electric modes found in rectangular metal waveguide
[4]. For the Eiq modes the principal component of the electric
field is along the y axis, where we have chosen the x and y
directions as being horizontal and vertical. The superscripts
p and g indicate the number of extrema in the x and y direc-

tions. Fundamental modes for this type of guide are the E§‘

i

and E; modes.
Maxwell's equations may be written in a simple form
using the scalar potentials ¢h and ¢e [5]. Using these poten-

tials Maxwell's equations become:

E.= _1 32"

+ Wy Kz¢h Eq i
Er(y) 9y odx

ok am oy Ha ,.,c,,«,;.;1¥..i-.»ru.«.,»,q.,.,;"h.,.. e




2 z 93¢ = i 3x,‘1h Eq 3
; €. y) 93y Ix
i
H = -w € K ¢e+82®h Eq 4
X z e
9y ox
- 2 o
Hy = Kz 3 ¢h Eq 5
ax?
B = i at = g R 5 Eq 6
Z — ———
90X 9y
where
£ = permitivity of free space
er(y) = relative dielectric constant in region of
application
U = permeability
w = radian frequency
kz = propagation constant in z direction

In reviewing the above equations we note that ¢e has
a dominant contribution to the Esq modes and ¢h has a dominant
contribution to the Eiq modes. A good approximation to the
fields for the E§q modes may be obtained by setting $€ equal to
zero. Only the Eiq modes will be considered in the following
analysis. This results in no loss of generality since the solu-
tions for either set of modes are virtually identical. From a
practical standpoint, the inverted strip guide is most likely to

be excited from rectangular metal waveguide, Figure 8, in which

- - . EP g i S e s e e,
- ’-- i ¥ o s S W h A B AN s
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the dominant mode is the TEOL mode . In the transition from

metal to dielectric guide there will be some high order

Pa
Yy

i W N e
~

and Eiq modes generated at the junction, because of

the discontinuity, but most of the energy will propagate in

the lower order Eiq modes.

‘ 2. Application of the Method of Effective Dielectric
Constant

i We will use an extension of the method of effective

dielectric constants, as developed by Knox and Toulios {3],

to perform a simple analysis of the inverted strip dielectric
waveguide. Throughout the analysis we assume all materials
are perfect and lossless.

Considering the more general case of the coupled
transmission line (Figure 2) we note that the transmission
line may be split into five regions. These five regions
consist of either a two layer dielectric slab on a ground
plane (region II), or a dielectric slab suspended above the
ground plane (region I). 1If each region, alone, is extended
to + » in the x direction, each may be considered as a
simple multilayer slab waveguide. By matching tangential
magnetic and electric fields at each interface the propa-
gation constant, in the y direction, may be determined for
regions I and II. Each region may then be modeled by a

i homogeneous region with a dielectric constant chosen such

‘ that the propagation constant is identical to that of the

|

|

i original structure. This dielectric constant is the effective
|

dielectric constant.
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Figure 2. Cross section of the coupled inverted strip guide.
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Having found the effective dielectric constant of
each region we model the original structure by a multilayer
slab waveguide (Figure 3), where we have substituted the
proper effective dielectric constants for regions I and II.
This has allowed us to remove the y dependence from further
calculations. Matching tangental electric and magnetic
fields at each interface, in Figure 3, we determine the
propagation constant in the z direction. This will be a
close approximation to the propagation constant of the
original structure.

3. Derivation of the Eigenvalue Equations

a) Regions I and II

Regions I and II are modeled by homogeneous regions,
of the proper dielectric constant, in determining the pro-
pagation constant for the original structure. Since we are

only interested in a solution for the qu

modes, @h may be
set equal to zero in equations 1 through 6. Taking the
more general case of two dielectric slabs of dielectric
constant, £, and E2' on a ground plane (Figure 4) we match
tangenital fields at each interface to determine the propa-

gation constant in the y direction. From Maxwell's equations

the relationships between the tangenital fields Hx and Ez

and the scalar potential ¢e are:

Ez R i aQe Eg 7
er(y) oy

H, -~ ¢% Eq 8




Figure 3. (a)
(b)

(c)

HP -131

Model of the inverted strip guide using effective

dielectric constants.
Relative field distribution for the even mode of

the inverted strip guide.
pPelative field distribution for the odd mode of the

inverted strip guide.
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We know that most of the energy in the slab guide
will propagate in the region of higher dielectric constant.
Therefore we assume a sinusoidally varying field distribution
in €, 1 Q decaying field above €, and either a decaying or

sinusoidal field in sx. The relative field distributions

as a function of x are:

¢%(y) = A cosH(n y) y < h Eq 9
s (y) = B COS[K, (y-h)] + C SIN (K (y-h)]

h € y < htd Eq 10
L = e T y > h+d Eq 11

where nl and n3 are attenuation constants in their respective
regions. Writing ¢e(y), for y < h, as a COSH function allows
nl to assume either real or imaginary values corresponding

to either a decaying or sinusoidal field. n, may only

assume positive real values to insure that the field decays
to zero as y goes to infinity.

Applying continuity of tangenital fields at each

interface the eigenvalue equation is easily obtained.

K. € £ 7 COSH(n h) COS(K d) +
¥y 22 3 1 Y
€ 2 n n SINH(n h) SIN(K d) -
103 1 Y
£ e S d) +
Ky € COSH(w)h) oIN(Ky )

€ n SINH(n h 0Ss (K =
Ky €,0, (1,h) COS(K.d) = 0 Eq 12

Setting A, in Equation 9, equal to 1 the relative field

distribution, as a function of y, becomes:




e

9€(y) = cosH(n y) y < h Eq 13 3
1 |

-

—

9
1]

cosn(nly) COS(Ky[y-h]) ok

N, &, SINH(n h) SIN(K [y-h]) h < y < htd  Bq 14
E € 1 %
Y 1
9 (y) = | COSH(n [h+d]) cos (k ) +
1
N ®, SINH(n [h+d]) SIN(K d)
| . 1 y
Y 1
€~n3(y-h-d) e e

Using the dispersion relation

2

| €K2+Tll Eg 16

and the eigenvalue eqguation nl P N, and ky'can be determined.
Equation 16 is derived from a solution of the wave equation
using the separation of variables technique ([5]. Using
these values in equations 13-15 the field distribution

as a function of y can be plotted (Figure 1lc).

The effective dielectric constant is defined:

2 5= 2
K, e ar1fs Eq 17
where*‘-RII is the effective dielectric constant of region II.
Using equation 16:
K 2

FRIT 52 - Kz Eq 18
o
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5 in region II is set equal to £, we obtain

’ T 0
) the slab waveguide of region I. Making the same substi-
i tution in Equations 9 through 18 we obtain the eigenvalue
equation for region I.
K. ¢ r COS (K_d 1 + TANH(n h =
g €. 0, COS(KRA) I (n )]

K % COS(K.d) + ¢ > n %2 TANH(n h) SIN(K 4) = 0
s (K d) o (n ) (K a)

Eg 19

Setting A equal to 1 in equations 9 through 10 and making

the same substitution as before the relative field dis-

tributions for region I are written as:

»°(y) = COSH(n y) y < h Eq 20
»(y) = cosi(n h) COS K, (y=h)] +
", "2 SINH(n h) SIN[K_(y-h)]
K 1 y

Y h <y < h+d Eq 21
1€(y) = | COSH(n h) COS(Kyd) N

{ 1

"¢, SINH(n h) SIN(K d) -n, (y-h-d)

K : i

¥ y > h+d Egq 22

where, the attenuation constant, n, is taken to be real
1
positive for confined fields. Using the dispersion relation

for this region:

K? = ¢ KO2 #nteeg K?a~K? Eq 23

J.. i-— “'&Iqﬁw..,:;,,,“ " . -
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g the effective dielectric constant is:

‘ b K~ 2

€pr = t2 h X( Eq 24
! K

o

i b) Derivation of the Propagation Constant

Using the effective dielectric constants calculated
| in the previous section we can construct a model of the
original structure by replacing each region by its respective
effective dielectric constant as in Figure 3. The guide is
assumed to be infinite in the * x and y directions, there-
fore the fields will vary only as a function of x. Since
ERTT will always be greater than €RI we assume that most of
the energy will propagate in regions II where there is a
sinusoidal field variation. In region I a hyperbolic
field distribution is assumed while in regions I we have an
exponentially decaying field.

Matching tangential fields at each of the four 3
boundaries results in a fairly cumbersome solution. In this
complete solution two sets of propagating modes, the even
and odd modes, may be recognized. In order to simplify :
the computation and interpretation of the solution we will
formulate eigenvalue equations that contain only the desired
solutions. Noting the symmetry of the even and odd modes
(Figure 3a, 3b) with respect to the x-axis; we place an
electric wall at x = 0 for the even modes and a magnetic

wall at x = 0 for the odd modes.

" . . S — —
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For the even modes the tangential fields Ey and
Hz are matched at each interface of Figure 5a. From

equations 1 and 6 the relationship between these components
e

and ¢ are:
e
E -~ ¢ Eg 25
y q
H 3¢ Eq 26
= g9
IxX
Because of the electric wall at x = 0
E _(0) =0 Eq 27
y q

Taking note of equation 27, we assume field distributions

as a function of x:

$€(x) = A SINH(£x) X =% Eq 28
1
9 (x) = B coS[k_(x-x )] +
X 1
C SIN[K (x-x )] X < X Eq 29
Y 1 1 2
sy =p TR Eq 30

e

Where £ is the attenuation constant in regions I and I.
Matching fields at each interface and applying the dispersion

relation:

2 A O G 2
K, €RT Ko £ €RIT Ko Kx Eq 31

we obtain the eigenvalue equation for even modes:
[£2 COSH(Ex ) - K_? SINH(£x )] SIN[K_(x -x )] +
1 X 1 X 2 1

Exi[COSH(Exl) e SINH(SXI)] COS(Kx(xz—xl)] =0

Eq 32




Figure 5.

7

Electric
Weall —]

Magnetic
Wall —

Structure used for derivation of the eigenvalue equations:
(a) Even modes.
(b) 0dd modes.
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t £ must be real positive for confined fields.
For the odd modes Hz is equal to zero at x = 0,
(Figure 5b), because of the magnetic wall. Substituting
$€(x) = COSH(£x) X < X Eq 33

for equation 28 in the even mode solution we may use the

same procedure to obtain the eigenvalue equation for odd

modes.
[ESINH(£x ) - K 2 COSH(Ex )] SIN[K (x -x )] +
1 X 1 X 2 1
[K SINH(¢gx ) + K & COSH((x )] COS (K (x -x )] =0
X 1 X 1 X 2 1
Eqg 34

c) Derivation of the Propagation Constant for
the Uncoupled Guide
The uncoupled guide is shown in Figure 6a. Making

the same observations as before we write the fields as:

£ -

¢e(x) o eb(x Xx) X< x1 Eg 35

e ol - : =
¢ (x) = B COS [Kx(x x])] + C SIN[hx(x Xx)]

XS S aX Eg 36
1 2

e -£(x-x )

¢ (X)) =D e 2 X > X Eq 37

Applying equations 25 and 26, and matching tangetial fields

we obtain the eigenvalue equation for the uncoupled guide.

2

(R % =<£%) BIN [K (x =-x )] = 2EK_ COS[K (x =x )] = 0
X X 2 1 X X 2 1

Eg 38

2 I" 4 an g ode '0’\1“““Y%Vv-wﬂqhhi —_—
i at, ‘ *

e b
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Figure 6. (a) Uncoupled homogencous inverted strip gquide.
(h) Structure for derivation of the effective
dielectric constant in region A.
(c) Structure for derivation of the field
distribution as a function of Y.

-
T2 ST P R

"iffvﬂxﬁ‘wmﬂ.gv'-'.' .




P T A

o-,l«--; J-)-r't-.w e s TR

20

The first solution of each eigenvalue equation

corresponds to the R;l

mode of the even, odd or uncoupled
field configurations. For higher order modes the Mth
solution of the y directed eigenvalue equations (Equations
13 and 19) and the Nth solution of the x directed eigenvalue
equations (Equations 31, 34 and 38) correspond to the E?n
propagating mode.

d) Extension of Analysis to a Homogeneous Guide

A guide with properties similar to the inverted
strip guide may be constructed using a homogeneous structure
rather than the heterogeneous structure of the inverted
strip guide. This guide is structurally the same as that in
Figure 1 with tl set equal to 52 (Figure 6a).

Analysis to determine the propagation character-
istics and field distribution as a function of x is similar
to the preceding analysis with El = EZ. In region I the
y directed egeinvalue equation will be identical to Equation
19 found in section 3a. When 51 = 82 region II becomes a
single layer slab waveguide. The field variation as a
function of y is written in terms of a cosine in the

dielectric and a decaying exponential above the dielectric.

e

A COS (Kyy) y < h+d Eq 39

o~ N (y-h+d)

¢€(y) = B y < h+d Eq 40

where 1n represents the attenuation constant of the dielectric

region in the y direction. Matching tangential fields at

DA e < o
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each interface we obtain the eigenvalue equation for region
IT of the homogeneous guide:

KY € SIN(Ky[h+d]) =

ncl COS(Ky[h+d]) = 0 Eq 41
Using Equation 41 and the dispersion relation
= K.2 = e 2 e ) :
K € Ky eoKo n Eq 42

we can determine Ky' As before we can use Ky to define an

effective dielectric constant for region II.

=g =K Eq 43

Determination and characterization of the uncoupled, even,
and odd mode propagation constants is identical to that of
the heterogenous guide.

In order to determine the field variation as a
function of y, in region II, we must consider the effects
of the adjacent regions.

The guide may be modeled by two horizontal regions,
A and B, of effective dielectric constant EA and 61. Apply-
ing the same type of analysis to Regions A and B as was
applied to regions I and II, we arrive at the layered
structure in Figure 6c. The effective dielectric constant

of region B is El, for region A we use Figure 6b to

determine the effective dielectric constant.




! 2

1 Matching tangential fields Ey and Hz at each inter-

face we find the eigenvalue equation:

n COS(K.x ) - K SIN(Kx ) =0 Eqg 44
>, HT X X 1

where 1 represents the attenuation constant and Kx is the
propagation constant in the x direction. Using equation 44

with the dispersion relation

g Do e e 2 2
Kz €1Ko Kx tOKO +n Eq 45

Egq 46

In order to determine the vertical field distribution
the two layer dielectric slab model, constructed with
dielectric constants El and € nnt is analyzed in the same
manner as region II.

; e) Numerical Calculation of Propagation
. Characteristics
Numerical solutions were obtained by calculating the
roots of the eigenvalue equation using a combination of
the bisection method and the tangent method. Figures 7 and
8 show the results of these calculations for a guide of
typical dimensions.
4. Analysis of the Distributed Directional Couplér
A simple distributed coupler consists of a section

of coupled inverted strip guide of length ¢ and separation

s by, i .4'.::‘.L".;.,c&,.iﬂh'tﬁsvt-drwﬂ,,\vraﬁ . - Satie Sa et { - ‘
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Figure 7.

Effective dielectric constant as a function of frequency

for a typical heterogencous inverted strip guide.
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s, Figure 9. If we assume that Port 1 is excited, the

fields along the coupled guide become:

for z = 0
Ef(0) =B Eq 47
EII(O) =0 Eq 48
for O <.z ¢
By ) = E, e—jKez + Eoe"jKoZ Eq 49
EII(Z) = EeéjKez —Eoe_jKoz Eq 50

where EI(Z) and E z) are the fields along guides I and II,

II(
Eo and Ee are the fields in the odd and even modes of the

coupled guide and KO and Ke are the propagation constants
for the odd and even modes. Coupling is the ratio of the

power in guides II and I at z = 2

hel

Err (M) ] 2 Eq 51
EI(Q)

If the coupler is symetric about the z axis
E_ =5 Eq 52

Taking the ratio of equations 49 and 50

EII(Z) == TAN[(K -Ko)—E—] Eq 53
E; (2) = 2

Squaring Equation 53 we obtain the coupling at any point z.
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£7-5
e
~

P‘ (;,‘) - = TAN " [(KL‘ o KO) __g‘_} Eq 54

SR

We note that the coupling is periodic with respect

to z with a periodicity of L/2 where L is

. S EQ 55
(K_~K )
[ O
! Using L, the coupling is written as
! 5 z( me
: = TPTA?D e apahs
] - AN l( o Eq 56

For a typical guide, L versus frequency is shown in Figure
10 using various line separations, s.

A practical coupler of this type is shown in Figure
11. In a practical coupler there is a significant amount
of coupling due to the connecting guides. Provided the
coupler is symetric about the x-axis, at its midpoint, we

may define the gquantity

71
Ap = 2 [Ke(z) - K, (2)] dz Eq 57

26

where z' 1is some value of z at which Ke(z) : Ko(z). Equation
57 is simply a more general form of the denominator of
Equation 55. Rewriting Equation 56 to take into account

coupling due to the connecting guides

<
o>
acs

Eg 58

iy 128 (RN
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Figure 10. Coupling length as a function of frequency for
typical linec separations.
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5. Analysis of the Beam Splitter Directional Coupler
Using inverted strip guide a directional coupler

analogous to the optical beam splitter is possible. The
coupler consists of two perpendicularly intersecting guides
in which a gap, oriented at 45° to each guide, is made in
the guiding strips (Figure 12). In the gap the effective
dielectric constant is fRI’ corresponding to the top plate
floating above the ground plane, while in the regions

containing the guiding strip the effective dielectric

constant 1s QRII a

As a first order approximation, the phase front of
the dominant mode in the inverted strip guide is similar to
that of a plane wave. The coupler can be modeled as a
semi-infinite structure as in Figure 12b. Using this
structure the reflection coefficient, p, for the Eiq modes,
due to the discontinuity at the gap, can be found.

From transmission line theory {(Figure 1l2c).

p = EE = Zin_zl

ki

. Z. ‘7
4 in 1

Ko 59

where Er is the magnitude of the reflected E field and
E; is the magnitude of the incident E field. The input

impedance at interface 1 is

Eq 60

where

4 ,5 ! o an wd g &y,._q&&q”t%wwf-‘.qu o
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Figure 12. Beam splitter type directional coupler
(a) Top view.
(b) Equivalent model using plane wave assumption.
(c) Representation of 12b in terms of transmission
line concepts.
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B = V/e__ .k cos ¢ ; Eq 61

Using Snell's Law

“RI
e

= '/:_V'-‘> J
S SIN ¢ EqQ 62

£ may be written as

3
Q = AL AT RI } 1/2
B = Yo e

By 613
ZeptT)

The characteristic impedences of each section are:

Z = Eﬂx o 2/ o Eg 64
) s st gl e s
v 2 ZEOERII
Z =n SEC¢ = , 1 1 = n3 ~1/2
ﬂ . f o ZERII
fofRII
Eg 65

= e Eq 66
v RI
ERII
P =//5 . . Eq 67
“RII
[,
and
R peE
u—p Z, Eq 68 :

and substituting into Equation 60

I.. o e "..«‘,.'..;,.., "-,u Pt R A




38

% 1 + j o TAN( ,s)
T e ¢ Eg 69
. 1 + 3 1/o TAN(B s)

Rewriting p as

Bin 1
it j(a- 1/a) TANG s)
. S 23 (a ¥ I/a) TANGR 8)
in 2
e b

Eq 70

Squaring equation 70 the power reflection coefficient

becomes:

2= |pl?2 = (& = 1/a)* TAN®(B_s)
i < Eq 71
4 + (¢ + 1/a) TANZ(EZS)

where the energy is reflected into the output port, Pa, from
the input port, Pl. This type of coupler would normally

be used when fairly small coupling is desired. Typically,
about 1% of the input energy is coupled into the output port.
In terms of the gap width, s, and effective dielectric

constants the coupling becomes:

P L 5.k e
i = (0 = =)° TAN® iKO sp v €pg
1 2
Lyz paye | ; T
4 + (o + )" TAN {KO sp “RI ]
2

Eg 72

|
|
'I
|




34

Equation 72 is plotted as a function of frequency for various
gap sizes in Figure 13.
6. Analysis of the Ring Resonator
Using inverted strip guide a simple resonator may
be fabricated by simply constructing a closed ring with
the guiding layer, Figure 20, page 44.

For the ring resonator resonance occurs when

WAy = 2nr Eq 73

where \g in the wavelength in the ring and r is the effective
radius of the ring. If the width of the ring is small

compared to the radius
¥ (o Eq 74

where a and b are the outer and inner radii of the ring.

When the radius of curvative is large, mutual

i T —

f coupling in the ring may be neglected, Xg may be

approximated by the guide wavelength in a straight section
of inverted strip guide. The resonant frequencies are

then easily calculated using equation 73.

3’” ¥ g 3wt D Wy St v A s R AV i
e 4
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CHAPTER III

EXPERIMENTAL PROCEDURE AND RESULTS

The experiments were conducted with the single
objective of testing the theory with which the devices
were analyzed. Little was done to minimize VSWR, maximize
resonator Q or other optimizations important in practical
applications. The following results must be interpreted
with these points in mind.

A Hughes 41253H, E band, micrometer tuned, impatt
oscilator with integral isolator is used as a source for
all experiments. Using RG 99/U waveguide a simple system
consisting only of the Hughes oscilator, a TRG E130
modulator, and a Systron Donner DBH-319 (IN53-diode)
detector was used for all measurements. Initially a fairly
elaborate system which additionally included 2 TRG directional
couplers, a Hitachi ferrite isolator, tuned cavity (for
frequency monitoring) and an additional Systron-Donner
detector was used. The combined nonlinearities of the
above components over the 5GHz bandwidth used in the experi-
ments proved to great to produce any useful information.
Even with the simpler system all data had to be presented
as the ratio of signal measured with the device under test
and signal measured with a control. This minimized the
effects of the variation of oscilator output as a function

of frequency. An HP 415E SWR meter was used to measure the

relative power output.
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Figure 14 shows the tapered transition used for
the metal to dielectric guide transition. As an input
transition this method was fairly successful but when used
as an o.'tput transition to a detector a fairly high VSWR
is produced on the dielectric guide because of the mis-
match at the transition. Attempts at minimizing this
mismatch by lengthening the taper were unsuccessful because
of the brittleness of the quartz.

Figure 15 shows the experimental results for the
directional coupler shown in Figure 16. Very likely there
is scattering or diffraction (mismatch) at the junctions
between the isolated coupler and the connecting guides.
This effect could account for the additional coupling that

was measured. This same effect could contribute to the

degradation of directivity (power at port 4) but the major

Q
O
H

o)
O

onent of the power at port 4 is due to reflection at
ports 2 and 3 because of the tapered transitions.

Data for the beam splitter type directional coupler is
shown in Figures 17 and 18. The high VSWR along the guide =ends
to mask the performance of the coupler itself.

The performance of the ring resonator is shown in
Figure 19, Initially port 1 was directly across from port
2, Figure 20. In this configuration there was sufficient
enercy propagating along the surface of the quartz plate, to
port 2, to completely mask any resonances. With the 90°
orientation, as shown in Figure 19, the input port excites

both odéd and even order resonances while the output port

gy e o
o T O T IR 38 T
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Figure 14. Side and top views of the metal to dielectric tapered
transition.
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can only be excited by the even order resonances since it
' is placed at a null for the odd order resonances. In
' Figure 19 we see that the strongly coupled even order
resonances are shifted about .2 GHz towards the lower
' frequencies while the weakly coupled odd order resonances

remain essentially unshifted.
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CHAPTER IV

CONCLUSIONS

Several passive components for millimeter wave
integrated circuits have been analyzed and demonstrated.
Agreement between calculations and experiments has been
good. The results derived from fairly simple analysis and
numerical methods used have been found to give good cor-
relation with experiments.

Concerning the materials used, quartz and teflon,
because of the fabrication and handling problems of quartz
it would be more practical to use a more durable material.
This brings to mind an all teflon guide which would have
characteristics very similar to those of the quartz-
teflon guide. Preliminary experiments have been done with
a homogeneous guide using a plastic of dielectric constant
4.0 (powdered titanium dioxide dispensed in a plastic
carrier). Comparison of calculated and measured field

distributions are very good.

i
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