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Let k and u = exp( – yd) denote the voltage
reflection coefficients corresponding to ZK
and ZiV, respectively. The T-oltage reflection
coefficients for all points are simple func-
tions of k and a.

In some cases, the matrix element is

found by determining the impedance Z

corresponding to the element as a voltage re-

flection coefficient r. The impedance is

plotted on a transmission-line chart, and the

value of r is read off the chart to obtain the
desired matrix element. If the impedance

has a negative real component, or an angle

outside the —90” to +90° range, an e~-
tended transmission-line chartll may be
used. Since extended charts are not readily

available, a conventional chart may be used
by recalling that 2( I/r)= –Z(r). One
plots –Z, reads c = l/r, and computes

r=ljc.
The elements of the Z matrix are given

by

ZM = Zm = Zo coth yd = zoz(uz) = zoz.u

212 = Z!l = Z,/sinh ~d

The term sinh yd, which appears in other
matrix elements, is given by

Z(j sinh I@ = – [Z(–jC) ]’ = – Z#

The elements of the matrix are given by

YU = Y22 = coth yd/Zo = Z.ir/Zo

Y,, = Y, I = l/ZO sink Yd

The elements of the ABCD matrix are

given by

Z(A) = Z(D) = cosh yd = – [Z(a) ]2

—— – z’#

B = ZO sinh yd

C = sinh yd/ZO

The scattering matrix elements are
given by

2(S11) = 2(S22) = Z(k) /Z(ka2) = z~zu

= zu/zJ

and

Z(S,Z) = 2(S,,) = Z(u) /Z(k2u) = ZN/Zx

The less known r matrix is defined by

(2:) = c: :)(::)

The elements of this matrix are given by

z(r,,) = Z(u) /Z(k’/u) = Z,VZW

Z(rl.J = Z(–ku)Z(k/u) = ZVZ,S

?91 = — I-12

Z(r,,) = – Z(U) /2(4%20) = – zN/.%
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Note on Tetrahedral Junction

Weiss [1] has described a reactive wave-

guide switch consisting of a ferrite rod at the
junction of two mutually cross-polarized

rectangular waveguides, as shown in Fig. 1.
When the ferrite rod is unmagnetized, the
system represents a transition to cutoff

waveguide. When the ferrite rod is lon-

gitudinally magnetized, the RF energy is

coupled to the crossed waveguide.

Weiss [2] has noted that the modes of

propagation on the tetrahedral junction are

the same as those on the Reggia and Spencer

phase shifter [3]. He has described the useful

operating range of these devices as extending

from the onset of the dielectric waveguide

effect to the onset of elliptical Faraday rota-

tion. In this range, the Weiss model indicates

that the composite ferrite air waveguide can

support only a single elliptically polarized

mode of propagation. As the ferrite rod is
increased above a critical diameter, a second

elliptically polarized mode becomes prop-
agating and the system exhibits elliptical

Faraday rotation, that is, rotation is sup-
pressed in the range of ferrite diameters for

which only a single elliptically polarized
mode is propagating.

It is the purpose of this note to describe

the tetrahedral junction in terms of the
single-tapered mode coupler. However, we
shall first briefly compare mode interference
couplers with those that are single tapered.

Miller [4] has shown that when two trans-
mission lines with equal-phase velocities are

continuously coupled over some length,

power introduced into one line will be com-

pletely transferred periodically back and
forth between them. Such a system can
generally support two forward modes of
propagation, which have equal amounts of
power in each line and which propagate with
different velocities through the structure.

One is called the even mode, because the
electric field is in the same direction in each
line; the other is called the odd mode, be-
cause the fields are oppositely oriented.
Power transfer is effected by the interfer-

ence between these modes, and this type of

coupler is therefore known as a mode inter-
ference coupler; in general, it is frequency de-

pendent. This is what occurs in Faraday
structures where the normal modes are

circularly polarized. If power is introduced
into both lines to correspond to one of the
normal modes, no coupling will take place
and the power will be emergent in the same
normal mode. If the two coupled modes have
a fixed-phase difference between them, the
power transfer is still periodic, but now the
normal modes have unequal powers in the

two lines and the power division is de-
pendent on the ratio of velocity difference to
coupling factor.

More recently Cook [5] has shown that
if the phase velocity difference between the

two coupled lines is made grossly different
at one end of the coupled lines, equal in the
center, and again unequal in the opposite
sense, complete power transfer with only a
residual power fluctuation is effected, which,
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Fig. 1. The tetrahedral Junction.

moreover, is independent of coupling factor

and frequency, provided the coupling length
is long. When this is so, excitation of one of
the coupled lines corresponds to all the
power in one of the forward normal modes of
propagation, and the power division is
simply dependent on the final-phase differ-

ence between the coupled lines. In such a

system, one of the normal modes of propaga-

tion is discriminated against, and power
transfer between the coupled lines occurs

with only a single forward normal mode of
propagation.

Fox [6] has enlarged on Cook’s scheme
and has shown that by varying both the

velocities of the coupled lines and the
coupling factor, the residual power fluctua-

tion is eliminated. In particular, the differ-
ence in phase velocity is made to vary

cosinusoidally and the coupling factor
sinusoidally.

In mode interference couplers, the phase
relation between the electric fields in the

two lines is 90°. However, for this medium,

the phase difference is O“ or 180°, depending
on whether the power is introduced in the
line having the higher or lower phase

velocity; hence the coupled modes are the
normal modes for the local cross section.

In the switch described by lVeiss, the
system represents a transition to cutoff
waveguide when the ferrite is unmagnetized.
At the plane of symmetry, the waveguide

boundary conditions impose a sharp cross-

over of the phase velocities of the coupled
modes. When the ferrite rod is magnetized,

this phase distribution corresponds to a zero-

dB coupler and the energy is accepted by the

rotated waveguide. We also note that the

wave is circularly polarized at the plane of
symmetry.

Because the phase transition between the
coupled modes is discontinuous, both normal
modes are excited. However, one of these is
cut off; hence no beat interference results. If
at the same time the backward propagating
mode is matched out, the power is trans-
mitted past the junction.

More generally, the tetrahedral junction
is only one example of several zero-dB

couplers that rely on the single-tapered
mode coupling theory in which one of the

normal modes is cut off.

A second example was realized by taking
m X-band 3-dB sidewall hybrid and placing
metal inserts into the coupling region, as

:hown in Fig. 2. In this manner the TE,O
mode, which is one of the normal modes of

the hybrid, was cut off. The insertion loss
‘or this structure between ports 1 and 2 was
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Fig. 2, Zwo-ifB couder.

0.15 dB. Noloads were required onports3

and 4, and no external matching was neces-

sary.
Athirdapplication of the principle would

consist of a compact round-to-rectangular
waveguide transition.
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frequency was better than 1.05. The pulse

length used throughout the tests was 3 KS.

The test procedure in each case was to

increase the klystron power until arcing

occurred in the waveguide. The klystron

power was then reduced until arcing stopped,

and this power level was maintained for 10
minutes without any further arcing. Taking

the test section, the sidewall coupler, and the
topwall coupler in turn, the all-clear pluse
power was 1.25, 2.72, and 1.67 MW, re-
spectively. (The corresponding all-clear

power averages were O.431, 0.94, and 0.576
kW, respectively.)

Given the fact that the test section is
only one third of the standard waveguide

height, the pulse power capacity of the short-

slot sidewall coupler is approximately 72

per cent of WR-284, and the pulse power

capacity of the short-slot topwall coupler is

approximate y 44 per cent of tVR-284 wave-
guide.
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Pulse Power Capacity of Short-

Slot Couplers

A short-slot sidewall coupler and a short-

slot topwall coupler were both tested at S

band for their pulse power capacity. Both

types of coupler were tested in the O-dB
coupler configuration [1], which had the

practical convenience of requiring only one

high-power load.
In order to make meaningful tests, a

special test section of S-band waveguide was
constructed. This test section had the
standard WR-284 waveguide width of 2.840
inches, but was only 0.447-inch high, which
is one third of the standard waveguide
height of 1.340 inches. A two-section wave-

guide transformer was placed at each end of
the test section to match it to standard
waveguide; the test section, including both

transformers, was measured to havea maxi-
mum VSWR of 1.03 over the frequency
band 2.7t02.9 Gc/s. All the measurements
were made at a frequency of 2.856 Gc/s. The

VSt17R of the high-power water load at this

Accurate Measurements for Dy-

namic Representations of Paramet-

ric Amplifier Varactor Diodes

Varactor diode parameter representations

useful for describing circuit performance are
usually derived from UHF or microwave
measurements. Although many measure-
ment methods have been used to date, the

two main classes appear to be measurements
which result in “static” and “dynamic” diode
representations.

“Static” representations are defined here
as those in which a UHF or microwave sig-
nal of small amplitude is used to measure
characteristics of the diode which can then

be expressed in terms of an equivalent cir-
cuit. UHF bridge and Q-meter [I], [2], micro-
wave junction [3], and microwave cavity

[4] measurements have been used to obtain

equivalent circuits. Smith-chart data ob-
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tained from measured microwave VSWR

data obtained as a function of diode bias

[5], [6] or frequency [7] has been used to
arrive at equivalent circuit parameters for

the diode junction or cartridge. Measure-
ments yielding circuit parameters as poly-

nomial functions of frequency have been
developed [8].

“Dynamic” representations are de lined

as those which characterize the diode in
terms of a parameter which expresse:; the
diode’s performance under pumping condi-

tions. It is the purpose of this note to
propose a rapid and accurate measurement

scheme for obtaining a dynamic quality

parameter applicable to the commonly
used parametric amplifier varactor.

A dynamic parameter w is defined a:; the

ratio of the total elastance variation to four

times the series resistance of a pumped par-
ametric amplifier diode [8]: u = A( l/ C)/4R.
The extremes of elastance variation cor-
respond to definite values of diode capaci-

tance, such that if Cl and C2 are respectively
the minimum and maximum diode capaci-

tance, w becomes

“’=z”f’=+i(+i-:)“)
where ~~ is the “quality parameter. ” Let

diode impedances Z, and Z, correspond to
diode conditions which produced capaci-

tances G and G. If 21 and Z~ are valid at
frequency ~, then

1 + j (f/2fd) = (z, + 2,$)/(.21 – 22) (2)

where the asterisk denotes the complex

conjugate. The measurement of Z1 ar~d 22

at the diode is not so easily accomplished,

but measurements may be made when the
diode terminates a transmission line. Assume

that a Iossless transformer is insertedl be-

tween the diode and the transmission line.
At the input to the transformer, the reflec-

tion coefficients rl and rj corresponding to
impedances 21 and 22 may then be defined
at frequency .f, and .f~ may Ibe written [~~1 as

1 — rlrj’ z _ ~ ‘1/2
j,=; [1r, – r2 1 (3)

Equation (3) can be rewritten in terms of

the magnitudes w and YX and of the phase

difference~ between r, and 17,:

f 71’ – 72’ – 2y,y, co?,w ~lz
fd = j [–(1 – 7,2)(1 ‘- ?&) 1—— (4)

Now if the lossless transformer is adjusted
such that either ~1 and y~ is zero, (4) can be
simplified and made independent of the
phase v; setting y~ = O results in

–1/2

jd=+[+–l[ 1 (5)
The measurement of~~ is now reduced to the
measurement of a single reflection coefficient

magnitude at a single frequency. For prac-

tiC2Ll Vak?S of ~, fd k usually large (fd>>f)

such that yl is large and difficult to measure
accurately using standard :dot ted-line tech-
niques. However, if a reflectorneter is used


