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Some Properties of the Matched,
Symmetrical Six-Port Junction

GORDON P. RIBLET anD E. R. BERTIL HANSSON

Abstract —Based on the S-matrix element-eigenvalue relations, the basic
features of the matched, symmetrical, reciprocal six-port junction are
derived. It is shown to be unsuitable for use in a six-port measurement
system but can be used to build a five-way power divider. The equivalent
admittance of the junction is derived, and, as an application, a stripline
five-way power divider is designed. The theory is confirmed by the close
agreement between computed and measured performance of an experimen-
tal one-to-five power divider.

I. INTRODUCTION '

NE CLASS OF devices with, in general, n-fold axial
symmetry are the symmetrical junctions. It is note-
worthy that reciprocal junctions of this type up to and
including the five-fold symmetrical junction were treated
already in 1948 by Dicke [1]. Among the large number of
other works on symmetrical junctions should be mentioned
the book Nonreciprocal Microwave Junctions and Circula-
tors by Helszajn [2]. However, as far as is known, the
reciprocal, symmetrical six-port junction has never been
given a detailed study in the literature.
Through the last few years, considerable interest has
been focused on the six-port measurement technique, due
~ largely to an important series of papers by Engen and Hoer
[3]-[6]). The types of six-ports proposed so far have mostly
been relatively complex, as in [6]. Attempts made to find
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simple types of suitable six-ports have resulted in narrow-
band devices [7], [8] with one exception, namely the sym-
metrical, reciprocal five-port junction combined with a
directional coupler [9], [10]. One object of this paper is to
examine the suitability of the symmetrical, reciprocal six-
port junction for making six-port measurements.

II. BAsiC PROPERTIES OF THE MATCHED,
SYMMETRICAL, RECIPROCAL SIX-PORT JUNCTION

A symmetrical six-port junction can be described by six
complex quantities. Choosing initially for our description
the scattering matrix, we have, at most, six different en-
tries. By diagonalizing the scattering matrix, we get an
alternative description of the junction in terms of the six
eigenvalues of the scattering matrix., These eigenvalues
constitute the reflection coefficients of the six possible
eigenexcitations of the junction. The principle of conserva-
tion of energy requires that the scattering matrix eigenval-
ues be of unit amplitude for a lossless junction. A simple
set of relations exists between the scattering matrix ele-
ments and its eigenvalues

1 &
Su=5 le S,/ ==/,

I=1,2,---,6 (1)

where §,; are the elements and S, are the eigenvalues of the
scattering matrix.

For a reciprocal, symmetrical six-port junction S;5 = S|,
and S); = S},. From (1) it follows that S5 = S; and S; = S,.
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Thus, the element-eigenvalue relations for the reciprocal,
symmetrical six-port junction are

(2)
®3)
(4)
(5)

S = %(S1 +28, +28;+S,)
1
Stz =E(S1+Sz"“ S;—Sy)

1
S13=g(51‘52*53+s4)

1

Some interesting conclusions about the properties of sym-
metrical, reciprocal six-port junctions can be drawn di-
rectly from (2)—(5). In particular, we will treat the case of a
matched junction, i.e., S;; =0.

One way of matching the junction would be to choose
S, =— 8§, and S; = — S,. Insertion in (2)—(5) gives

Su=0 (6)
Sa=3(5,+S) (7)
S =0 (8)
Sl4=%(sl—2s2). (9)

Here, we notice that Sj; is identically zero, while the
relative amplitudes of S;, and S;, depend upon S, and S,.
With S, = — S, we get for instance S;; = S, = S;3 =0 and
S14 = 5] Such a circuit constitutes a matched three-signal-
crossover without interference between signals. Another
choice of interest is S, = S, - e/™3, which gives S}; = S;; =0,
S, =8,-¢/"%/y3, and S,,=S,-e7"2//3. Here, an in-
put signal at port 1 is divided equally between ports 2, 4,
and 6 with a phase difference of 120° between S}, and S,,.
A similar result is obtained for S, = S;-e /™3, Assuming
the junction to be lossless, that is |S;{=|S,|=1, it is
impossible to choose S; and S, so that |S;4] =0 as shown
by (9). The minimum value of |S;4| occurs for S, =S in
which case S}, =25;/3 and S}, =— 5, /3.

The choice of S, = —S; and S; = — S, treated above is
not the only way to match the symmetrical, reciprocal
six-port junction. Another possibility is illustrated in Fig.
1, which gives a geometrical interpretation of (2) with
S;;=0. The junction is here assumed lossless so that
1511 = 1S,1 = |S;1 =S, =1. Further, arg(S,) is taken equal
to zero. Different solutions are generated by varying the
arguments of S,, S;, and S, so that the point a follows the
external circle and point b the internal circle. An additional
set of solutions is obtained by reflexion of the previous
ones in the real axis (see the dashed-line example in Fig. 1).
By changing the relative angles of the scattering matrix
eigenvalues, we can manipulate the signal amplitudes of all
the three transmission variables S;,, S5, and S,. If, for
instance, we take S, = S;-e/™2, §;=— S, e/* and S, = S,"
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Fig. 1. Geometrical illustration of the matching condition for a lossless,
symmetrical, reciprocal six-port junction.
Re
a=Tan"2)
B=TAN (.5}
Fig. 2. Tllustration of the matching condition for a lossless, symmetrical,

reciprocal six-port junction as a five-way equal power divider.

e~/("/2=%)_ where A = sin~1(0.6) we find from (2)-(5) that
S =0, [Spa} = [S13] = |14l =1/V5, arg(Sy;)=arg(Sy,)
—x/2, arg(S,,) = arg(S;,)— 7. The solution of (2) for the
case of a matched five-way equal power divider is il-
lustrated in Fig. 2. The dual solution obtained by reflexion
in the real axis (see Fig. 2) gives the same amplitude
distribution but changes the sign of the offset angles so
that arg(S;)=arg(S;,)+ /2. Thus, the possibility of
constructing a matched one-to-five equal power divider by
the use of a symmetrical, reciprocal six-port junction has
been demonstrated.

From the various examples given above, it is obvious
that matching a symmetrical, reciprocal six-port junction is
not enough to ensure a unique signal distribution.! This
fact tends to increase the design problems and to make any
circuits narrowband.

LCompare with the symmetrical, nonreciprocal three-port junction and
the symmetrical, reciprocal five-port junction where a specific coupling is
a consequence of matching alone [9].
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III. THE MATCHED, SYMMETRICAL, RECIPROCAL
SIX-PORT JUNCTION IN S1x-PORT MEASUREMENTS

In order to be useful for the accurate determination of
complex signal ratios, a six-port should possess certain
properties. Engen showed that, ideally, one power detector
connected to the six-port should measure the power inci-
dent to the unknown load. In addition, the complex num-
bers ¢, ¢q,, and g; associated with the three other power
detectors should be symmetrically distributed around the
origin in the complex plane [5] so that [¢;|=|q,] = |g5)
arg(q,) = arg(q;)+120°, and arg(g,) = arg(q,) F120°.

Fig. 3 shows a symmetrical, reciprocal six-port junction
in a configuration for six-port measurements. The waves
entering into and emerging from the six-port junction,
assuming matched detectors so that a, =a,=as;=as=0,
are related by

by = Sppa; + Sppa3 (10)
by=Sia (11)
by = S140, + S1pa5 (12)
bs = Sy3a; + S13a5 (13)
bs = Syya; + S14a5. (14)

Observing that |Sy5|# 0 is required for a signal to be
incident on the test device, we eliminate @; by the aid of
11

S
83
_ i
by=<"by+ 84, (16)
Si3
bs= by + Sy3a, (17)
S
b= S—12—b3 + 814a;5. (18)
13

A requirement on the six-port is that one of the power
detectors should measure the power incident on the test
device. Since |S;;|#0, there are two possible ways to
accomplish this by choosing either S, or S, equal to zero.
1) S;,=0:

P, ~|by)* =0 (19)
S 2
Py~ |by* =] 5| 1B (20)
13
1 2
Ps"|b5|2=|S13|2|b3|2P_(_§") (21)
13
Py ~ |bs)* = |S14/%155|*|T — 0|2 (22)

where I' = a; /b;. In (21) and (22), we identify the g-values
as —1/8;, and 0. No power emerges to detector 1.
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SYMMETRICAL
SIX - PORT
JUNCTION
TEST

DEVICE

Fig. 3. The symmetrical six-port junction in a simple configuration for
six-port measurements.

2) SI4=0:
1 2
P~ 15aPibsrir - (- 3 @3)
13
Py~ |S12|2|b3|2|I‘—0|2 (24)
2
1
R (25)
13
2
S
P~ §1_g |b3|2~ (26)
13

In this case, the three g-values are ~1/S5, 0, and —1/S;;.
Evidently, the properties of the six-port junction are far
from ideal as regards suitability for six-port measurements.
Likewise, the cases with the test device connected to ports
2 or 4 lead to the same conclusion.

A circuit with different properties, actually a seven-port,
is obtained by connecting a directional coupler with a
power detector to the input line in Fig. 3. This detector
would then serve as a reference detector, measuring the
power incident on the test device. The g-values associated
with detectors 1-4 should then ideally be symmetrically
distributed around the origin, having equal amplitude, and
being spaced 90° apart.

An analysis similar to the one performed above for the
case with the test device at port 3 yields the following
seven-port g-values:

1
n=-5 (27)
Sia
= 28
q2 SIZ'S13 ( )
1
5=, (29)
_ Sy,
2= Sl3'Sl4 (30)

Inserting the S-parameters derived for the matched, sym-
metrical six-port junction with equal power distribution,
we find that |g;] =|¢,| = g3 = |44 =V/5 . However, arg(gs)
—arg(q,) and arg(q,) = arg(g,) = arg(g,)+ v. Conse-
quently, two of the power detectors give information re-
dundant with that obtained from two of the others. The
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same conclusion results when the test device is connected
to port 2 or port 4 of the six-port junction.

Though the cases treated above are not exhaustive re-
garding ways to use the matched, symmetrical six-port
junction in connection with six-port measurements, they
give a clear indication of its unsuitability in some simple
configurations.

IV. THE EQUIVALENT ADMITTANCE OF THE
SYMMETRICAL, RECIPROCAL SIX-PORT JUNCTION

It was shown above that signal dividing circuits of
several different types can be obtained based on the
matched, symmetrical, reciprocal six-port junction. An im-
portant concept in connection with the matching of the
circuit is its equivalent admittance [11], [12}. This quantity
has the property that if a two-port network can be found
that matches into this admittance, then the same matching
network connected in each six-port arm will match the
six-port. The problem of matching the six-port is thus
reduced to the much simpler problem of matching a one-
port, provided that the equivalent admittance is known.

In order to derive an expression for the equivalent
admittance, we will follow a procedure similar to the one
presented by Riblet [11] for the symmetrical nonreciprocal
three-port junction. Consider, therefore, a symmetrical,
reciprocal, lossless six-port junction, provided with identi-
cal, lossless matching networks at each port. The scattering
matrix eigenvalues of the matched symmetrical six-port S/,
i=1---4, must, according to (2), satisfy

S{+28]+28;+8]=0. (31)

With the aid of the angles a and B defined in Fig. 1, the
arguments 6, 85, and 6] of S;, Sy, and S; can be related to
6] = arg (S)) by

0;=0{—a—B (32)
b;=0{—a+B—m (33)
8,=06;—2a+. (34)

Observing that the eigensusceptances of the matched six-
port junction, ¥, i=1--- 4, are related to §/ by

(35)

we find that (32)-(34) imply the following relations among
the Y,”’s:

e
/=tan| — 5

ki +k, Y/

7= : ? 1, (36)
ky— kg
kY —k

Y= = _‘t (37)
ky+ kY,
kY~ k

4/= 541 6 (38)

where kK, =x+y, ky=1—Xxy, ky=x—y, ky=1+xp, ks
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=2x, k¢=1—x? and where x=tan(a/2) and y=
tan(8/2).

A comparison with the result derived by Riblet in his
analysis of symmetrical four-port circulators and hybrids,
which also have four independent eigenvalues and where
also three conditions on the Y*’s were derived [13], seems
to indicate that the eigensusceptances would have to be
related in a specific way to enable matching of the six-port.
However, this is not the case, as will be shown below.

The eigensusceptances after matching as derived above
are related to those before matching Y; through

,_C+DyY,
Yt - A— BYI ’ (39)

where A4, jB, jC, and D are the elements of the transfer
matrix of the matching network. Choosing a reference
plane before matching so that Y¥; = oo and denoting admit-
tances at this reference plane by * quantities, we get, upon
insertion of (39) into (36)—(38) after simplification, and
using the fact that 4D+ BC =1 for reciprocal matching
networks

i=1---4

k,(B*+ D*)Y,*=k,(AB—-CD)—k, (40)
ky(B2+ D*)Y*=k,(AB— CD)+k, (41)
k¢(B*+ D?)Y* =ks(AB— CD)+ks. (42)
From (40) and (41) we derive
kyky (Y — Yp*)
2 2y Mfval 13 2 ) _

(B*+ D?) Kk, + K, 1 (43)

k kY5 + ko k, Yo*

2 23 1/31) 2Kals _

(B?+ D?) Tk TEoE, AB—CD (44)

from which we identify the equivalent admittance of the
six-port at the chosen reference plane Y as being [11]

kiky (Y5 = Y5 ) + j(koks V¥ + kokoYy¥)

* =
Yeq Kok + kg - (49)
Similarly, by combining (40) and (42), we get
Yef{ — klka(xt* — Yz*)+ j(k1k5Y2* + k2k6Y4*) ) (46)

koks + kokg

The two expressions for Y3 in (45) and (46) must be equal,
since they are valid for the same circuit. Combining (45)
and (46), we find that the following condition must be
satisfied:

kl(k4k5 - k3k6)Y2* - k4(k1k5 + kzks)Ya*
+k6(k2k4+k1k3)'Y4 =0. (47)

This condition and the expression for the equivalent admit-
tance (45) can be readily generalized to an arbitrary refer-
ence plane by using the method outlined in [11] and [13}.
The result is ‘

1+ 12)6* + j[6%Y, - (1-Y*¥)(Y*+ Y,
1
G*z (I* 11)2

€q

(48)
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where
AL
e Kiks R ()
" kyky + kyky RS
n Y
i 1 1
Y+~ Y, + =
G— kst 4 ey
kiks ok | Y, 2 r,
1- 22 1-22
i Y Y
(50)
and
Y, + = Y3+%
1 1
kl(k4k5“k3k6)'——Y__k4(k1k5+k2k6)'__Y_
— 2 1- =2
n Y,
Yot g
+k6(k2k4+k1k3)-—-Y—1=0. (51)
24
Y

By regrouping the terms, we find that (51), after simplifi-
cation, can be rewritten

(¥ +1)(Y, - %)
> (Yl - YZ)(YI - Y3)

(2 +1)(Y, - ¥,)
(Y1 - Y4)( Y — Yz)
(¥ +1)(¥, - 1)
(Y1 - Y4)(Y1 - Ys)
Observing that the common factor Y2 +1 is always posi-
tive, it can be removed and we get
k1k4k5(Y1 - Y4)(Yz - Y3)_k1k3k6(Yl - Y3)(Yz - Y4)
—kyksks(Y—1,)(Y;—Y,)=0. (53)
Recalling the definitions of k; --- k¢ given above, we
find that they are functions of the angles « and 8. Equa-
tion (53) gives one condition on the choice of these angles.
In order to determine them, we need, however, one more
condition. Such a condition can be derived from the geo-

metric configuration of the four scattering matrix eigenval-
ues (see Fig. 1). Thus, we find that

kok 4k + kykskg

=0. (52)

(54)
By the use of the proper trigonometric identities, it can be
shown that (54) implies that

y=;1€—(1+x2—\/1+x2+x4) (55)

where x and y are simply related to k; - - - k¢ as defined
above.

A determination of the equivalent admittance for a
symmetrical, reciprocal six-port junction would thus in-
clude the following:

sina = 2sin 8.

1) the determination of Y;---Y, by analysis of the
given junction,
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2) the choice of x in (55) so that the condition in (53) is
satisfied, thereby defining &, - - - kg,

3) the calculation of the equivalent admittance from
(48), (49), and (50) using these values of k; - - - k.

It should be observed that the relations (32)-(34) be-
tween the scattering matrix eigenvalue arguments imply a
choice of one of two complementary configurations as
exemplified in Fig. 1. The solution of Y, for the other
configuration gives identical results except for a difference
in the sign of Re{Y,, }. The determination of Y., should,
therefore, be accompanied by checking for the proper sign
of Re{ Y, } in (48).

V. THE DESIGN OF A STRIPLINE FIVE-WAY POWER
DiIvIDER

To exemplify the design of a component based on the
symmetrical, reciprocal six-port junction, it was decided to
attempt to build a matched stripline five-way equal power
divider with a center frequency of 10 GHz. Based on the
analysis by Davies and Cohen of symmetrical stripline
junctions [14], it is found that the eigenreactances of a
symmetrical, reciprocal six-port junction can be expressed
as

ZI=_

69z, sin(ng) P A4 (X)
PR ]J,:m]’

I=1---4, p=0,41,42,--- (56)

where ¢ is half the coupling angle of the connecting
striplines, Z, is the normalized characteristic impedance of
the connecting striplines, J,(X) is the Bessel function of

order n, and where
X=w/peR

R being the junction radius. The equivalent admittance can
then be calculated according to the theory given above. For
the special case of equal power division a = tan~! (2) and
the condition (53) can be simplified to

6(Y,~1,)(%, ~ ;) - (H - K)(H,— ¥;)
—3(H-%)(%-Y,)=0. (57)

It was assumed that the circuit’' would be built using a
laminate with a thickness corresponding to a ground-plane
spacing of 3.15 mm and dielectric constant €, = 2.33. The
problem is then to find a set of variables that can be
adjusted to satisfy the design goal. Further, it is desirable
that each design variable be associated if possible with
essentially only one design objective in order to facilitate a
rapid optimization.

To obtain a basis for a simple design routine, we will
examine the conditions (53) and (55) on the angles « and 8
in combination with the expression for the reactances (56).
Retaining only the lowest order terms in the series expan-
sion of (56), we get for the eigensusceptances

V== st [sinlzjw,b) rjgg

(58)
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SYMMETRICAL
SIX-PORT

/4 JUNCTION

&

Fig. 4. A matching network for the symmetrical six-port junction.

a Theoretical
b Measured
¢. Theoretical, reduced radws

RETURN LOSS (dB)

FREQUENCY (GHZ)

Fig. 5. Return loss of a five-way power divider based on the symmetri-
cal, reciprocal six-port junction. (a) Calculated according to initial
design (---). (b) Measured (—). (¢) Calculated for a junction with
slightly smaller effective radius than in (a) (-*-).

where I =1-- -4 and n = I —1. Further, for small angles y,
the approximation sin(ny) = ny is valid, and (58) can be
simplified to

7 J(X)

o~ ——— &

§VZ, T(X)" (59)

Upon insertion of (59) into (53), we get after simplification

fk k| O ) (| X)) T (X)
B (X)) B(X) || (X)) L(x)
~kakyk [W) _ Jz'(X)][J{(X) ) g(x)}
WP (X)) L(X) || 1(X)  K(X)
KX KX |[Hx) KX
__kzk4k6|:]0(X) B Jl(X) ][JZ(X) - J3(X)}—0.

(60)
Equation (60) has the interesting feature that for any given
power division, corresponding to a specified set of k, - - - kg,
the solution is dependent only on X = wy/pe R. If, as in the
present design problem, the operating frequency and the
material parameters p and e are given, then the desired
power division can be obtained by the proper adjustment
of R. When R is determined, the coupling angle y can be
changed virtually without disturbing the power division.
The solution of (60) for the case with equal power division
is X =2.875, reasonably close to the multimode solution
obtained below. ‘

A configuration which permits a simple synthesis is
shown in Fig. 4. The circuit consists of a symmetrical
junction of radius R to the ports of which are connected a
short coupling line and transformer a quarter wavelength
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T
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TRANSMISSION LOSS (dB)

. ) L
9 ] I
FREQUENCY (GHZ)

Fig. 6. Theoretical transmission loss of the power divider of Fig. 5(a).

long at the chosen center frequency. The following synthe-
sis routine was used.

1) Choose ¢ (which defines W,).

2) Find R so that (57) is satisfied at 10 GHz to assure
equal power division when the circuit is matched.
Find /, so that Im{ Y, ] = 0 at 10 GHz, the coupling
lines included.

Choose W, to make the characteristic admittance of
the transformers Y, =Re{Y,, } at 10 GHz.

3)

8

Designs were performed corresponding to various values
of the coupling angle ¢. Analysis of the circuits indicated
at 20-dB reflection bandwidth of about 15 percent in-
creasing somewhat for small values of ¢. The bandwidth
corresponding to a deviation of the coupling to the output
ports of at most 1 dB from the ideal value of —6.98 dB is,
however, only about 10 percent and is approximately con-
stant when varying .

Since the bandwidth of the power divider is nearly
independent of ¢, a value of ¥ was chosen so as to make
Re{Y,,}=(50 )" at 10 GHz, thereby eliminating the
need for the transformers, and consequently minimizing
the size of the circuit. The theoretical performance of the
circuit is shown in Figs. 5(a) and 6. The design data are
R =990 mm, y=15.2°, [, =1.95 mm, W,=5.19 mm, and
W,=W,=3.89 mm. The value of X=w/peR for this
circuit at the frequency for equal power division is 3.166.

An experimental five-way power divider was fabricated
using this design data and is pictured in Fig. 7. The whole
circuit pattern was reduced a small amount in size to
compensate for the fringing fields around the edge [15].
The design data then became R =9.22 mm, /. =1.85 mm,
W, =3.81 mm, W, =W, =2.49 mm. The experimental per-
formance is shown in Figs. 5(b) and 8. Theoretical and
experimental curves correspond well. However, the perfor-
mance of the experimental circuit is centered at, or slightly
below, 11 GHz instead of the theoretically predicted 10
GHz. Assuming that this discrepancy might be due to
smaller than expected fringing fields around the junction, a
new analysis was performed using R = 9.22 mm, the radius
of the physical resonator (see Figs. 5(c) and 9). The theo-
retical and experimental performances are then very simi-
lar. Fine-tuning of the circuit to adjust the center frequency
and correct for any deviations from ideal power division
was considered to be outside the scope of this paper.
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Experimental one-to-five power divider.

Fig. 7.
—
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Fig. 8. Measured transmission loss of an experimental stripline power
divider.

TRANSMISSION LOSS (dB)

-ish 8
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Fig. 9. Theoretical transmission loss of the power divider according to
Fig. 5(c).

VI. CONCLUSIONS

The scattering matrix element-eigenvalue relations for a
reciprocal, symmetrical six-port junction have been de-
rived. Based on these relations, several possible matched
circuits were determined. One of the circuits that can be
realized is the five-way equal power divider. An important
result is that matching alone is not enough to ensure a
unique signal distribution.

The use of the matched, symmetrical, reciprocal six-port
junction in connection with six-port measurements was
discussed. It was shown that this junction is not suited for

such measurements, at least not in the most obvious con-
figurations treated in this paper.

The equivalent admittance of the symmetrical, reciprocal
six-port junction, an essential design tool, was derived. The
theory was applied to the design of a five-way power
divider in stripline. A configuration was found which en-
ables a simple synthesis routine to be used. The measured
performance of an experimental power divider agreed well
with the theoretical performance.
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Integrated Tunable Cavity Gunn Oscillator
for 60-GHz Operation in Image Line
Waveguide
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-Abstract —The design, construction, and experimental test results of a
mechanically tunable Gunn oscillator using a recessed diode metal coaxial
cavity coupled to an image line waveguide is described. The oscillator
frequency was changed by about 10-percent by varying the bias post length
into the coaxial structure. The oscillator is designed so that both the Gunn
diode and resonant cavity can be quickly replaced. to provide extended
frequency coverage and efficiency. This Gunn diode oscillator has provided
up to 15-mW CW power at 60 GHz with 10-percent tuning range,

I. INTRODUCTION

A ETAL WAVEGUIDE cavity oscillators are avail-
able now at 60 GHz. However, there is an increas-
ing requirement for sources for image line millimeter-wave
integrated circuits. Up to the present time, very little work
has been reported on oscillators compatible with image line
technology. A recent development of the Gunn oscillator
using quartz image line was reported by Y. W. Chang [1].
In the following, a development is reported which shows
how an oscillator can be integrated into image line subsys-
tems with useable power output and good mechanical
tuneability. _ v
. The millimeter-wave oscillator is designed around a re-
cessed coaxial air-filled metal cavity which is coupled to a
dielectric image line. The physical design incorporates a
replacable oscillator coaxial cavity and a structure with a
replaceable Gunn diode, as shown in Fig. 1.
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II. = OSCILLATOR PHYSICAL DESIGN

The circuit as shown in Fig. 1 consists of a brass body
1.5 in long by 0.75 in wide and 0.5 in thick. The Gunn
diode is threaded into a smooth brass cylinder which is
inserted in the bottom of the brass body to form a resonant
cavity. A brass post (0.025-in diameter) is threaded through
the tuning top disk mounted on the top of the image line
and through a 0.050-in-diameter hole in the dielectric. This
provides a means of coupling up from the metal cavity into
the image line waveguide. The dc bias voltage is applied to
the top tuning disk through the tuning rod to the Guan
diode as shown in Fig. 2. Through the use of this tuning
arrangement, the cavity height is variable (as tested) from

0.015 to 0.100 in over which a wide tuning range can be

realized. The oscillator resonant (metal) cavity is shown in
Fig. 2. The output is coupled through a narrowed opening
at the top of a metal cavity into a hole of 0.050-in diameter
in the alumina material which forms the image guide
structure. A metal disk (0.120-in diameter) cemented to the
top of the dielectric (alumina) serves as a bias connection,
tuning screw mounted for the bias post, and prevents
extraneous radiation from the dielectric by providing a top
wall for the metal cavity. The alumina guide is 0.120 in
wide, 0.040 in thick, and 1.0 in long. The wave is coupled
ideally into the alumina guide in the form of the E;y
mode. The alumina end is tapered for impedance matching
into a metal waveguide structure for test and evaluation.
Although not shown on Fig. 1, a 100-pF chip capacitor
was mounted between the top tuning disk and ground.
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