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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
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to measure the ratio of signal magnitudes re-
turned by a standard load ~, and the un-
known ~1, then 71 may be measured with re-

flectometer accuracy. Defining the ratio of

y, to ?I as R dB,

R = 20 loglo (7’s/71) (6)

Standard load configurations such as a

short circuit or an inductive obstacle [10]
in waveguide yield a known ~,. For example,

if the standard selected is a short circuit

(~. = 1.000), (6) becomes

R = 20 log,, (1/7,) (7)

Values of R vs. y,, as appearing in (7), have
been tabulated to seven significant figures

[11 ]. The accuracy of an f, measurement is
then a question of transformer and re-

flectometer errors.

Three parameters which, when non-ideal
results in errors in ~d may be summarized:

1) The transformer connecting the diode
to the measurement setup may be
lossy, in which case (4) and (5) are
incomplete.

2) The transformer may be misadjusted
such that -y~ is not equal to zero, in
which case (5) is incomplete.

3) The short circuit, which permitted

the simple expression (7) to be writ-

ten, may be imperfect (~, #1.00).

If a physical, Iossy transformer is
located ahead of the diode, then the reflec-

tion coefficients looking into the transformer
will be smaller in magnitude than if the
transformer were lossless. In general, losses

in the transformer will depend on the phys-
ical structure of the unit, the transformation
ratio N achieved, and the nature of the re-
flection coefficient. There is no known gen-

eral method for predicting the loss in a
transformer as a function of these parame-
ters, but it is possible to measure the maxi-

mum loss of a transformer as a function of N.
Defining the ratio of two-way signal trans-

mission in the lossless case to that in the

Iossy case as being no greater than a certain

value L, N ~ L ~ 1, then a reflection coefficient
magnitude ~ looking into the lossless trans-
former will be reduced to no less than y/L

looking into the lossy transformer. Assum-
ing that the rest of the measurement system
is ideal (72 = O, y, = 1.000), (5) now becomes

+[(32- ‘l-’”
%[(:)2-r’ (8)

where M’ is the Y1 measured looking into the
lossy transformer. In terms of this reflection
coefficient magnitude -yI’ and the maximum

transformer loss L, the per-unit error

~ = I —fdt/fd has an upper bound gkm by

[

1 1
1/2

~–-n”

6<1—
1 – ~,)z 1

(9)

This error is always positive because L ~ 1,
so the observed fd’ will be less than the true

td. Equation (9) is plotted in Fig. 1 for values
of L from 1.01 to 1.05. As can be expected,
for small values of -yI, loss in the transformer
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Fig. 2. Measured input reflection coeffiaent VI= I II, 1.

produces very little error in the measure-
ment of f~.

If w #O, but all other conditions are ideal

(L= 1.00, ~.= 1.00), the expression for per-
unit error is bounded:

6< 1 — (1 + -/2/71)(1 — .y22)-1/2 (lo)

This error is positive because -yZ~ 1. Equa-
tion ( 10) is plotted in Fig. 2 for values of y?
from 0.01 to 0.0S.

If the short used in measuring -yI is im-

perfect but all other conditions are ideal

(L= 1.000, y,= O), the expression for per-

unit error is

6 = 1 – [(1 - ‘y,’) (?.’ - ‘y,’)]” (11)

This error is always negative, because
-y. ~ 1, thus the observed ~1 will be greater
than the true f~. Equation (11) is plotted in
Fig. 3 for values of YS from 0.9900 to O.999O.
Equation (5 )—along with Figs. 1, 2, and 3—
permit fd to be calculated and its error to be
evaluated. In any event, it should be possible
to hold the transformer losses below 1 per
cent, adjust ~Z to better than 0.01, and con-

struct a short with a y. greater than 0.999.
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If this is accomplished, the error in~~ should

be 5 per cent or less for values of -yI of 0.85
or less.

The simplicity of (7) and the subsequent
error analysis are based on the assumption

that the ratio ~,/-y1 can easily be measured
as R dB. This measurement can be per-
formed accurately with a three-port reflec-

tometer [12], [13], shown in block form in
Fig. 4. Tuners A and B are adjusted so that a
match is seen looking into the termination

plane and the directional coupler has nearly
infinite directivity. Under these conditions,

the signal incident on any load connected to
the termination plane is constant. When two
loads of different -y are successively con-
nected to the termination plane, the at-
tenuator setting must be changed by R dB

to keep the detector signal constant; the
ratio of the two 7 is determined from (6).

The quality parameter ~,d is then meas-

ured at frequency f by adjusting a well-
made transformer ahead of a diode mount
so that y~ = O, obtaining a detector reference

signal for the conditions of W, and recording
the differential attenuator reading R neces-
sary to maintain this signal when the diode-
mount-plus-transformer combination is re-

placed by a known load.
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The Characteristic Impedance and

Velocity Ratio of Dielectric-

Supported Strip Line

In its most practical fc,rm, strip li[~e is

made with a center conductor which ,con-

sists of two thin strips of copper of the

desired width on each of the two faces of a

printed circuit board. tl’ithout exception
known to the authors, all published theoret-

ical results for the characteristic impeda rices
of such lines in~-olve the neglect of the di-
electric board, i.e., the configuration an-
alyzed is that having a center conductor of

two thin unsupported strips [1 ].l The only

data published to date in which the effe. t of

the supporting card is included have been

experimental [2].
In an earlier communication [3] one of

the authors outlined an IBM 7090 computer
program which was then being developed for
the numerical analysis of T EM mode trans-
mission lines by a finite difference apprcmch.

This program, now much enlarged and ~con-
siderably accelerated, has been applied to

the solution of this problem.

THEORY

The strip-line configuration that was

analyzed is shown in Fig. 1. The supporting

card used is rexolite 2200, which has a pub-

lished dielectric constant of 2.65. The object
is to determine the strip width required to
give a characteristic impedance of 50 c,hms

and the corresponding velocity ratio. The

assumption is made that the system is loss-
less.

The relevant theory is as follows. For a
selected strip width, let tlhe capacity per

unit length be computed assuming the di-

electric to be absent; this is denoted by Co.
Now let the card be introduced and the

capacity C per unit length recomputed.
Since the inductance per unit length is

clearly not changed by the presence of the
dielectric, it follows that

z, = l/tdcco (1)

—.
v/vo = dcdc (2)

where v is the phase velocit!,, in the line, and

w is the phase velocity of light in free space.
For this work, strip widths increasing in

l/32-inch steps from 7/32 to 11/32 inch
were used; the computed characteristic

impedances and velocit}: ratios are shown in
Fig. 2. From these it 1s concluded that a

strip width of 0.279 inch must be used to
obtain a 50-ohm line, and that the cor-
responding velocity ratio is 0.9367. From the
general closeness of the velocity ratio to
unity, it is seen—as would be expected-
that the dielectric has a small, though sig-
nificant, effect.

To test the effect of changirlg the dielec-

tric material, the calculations for the 9/32-
inch strip width were repeat ed with a dielec-

tric constant of 2.72 (about a 3 per cent: in-
crease). The results, as summarizeci in
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