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TABLE I

C.iLC[TL.iTION (JI. (;PW TRANSMISSION? LINE’

E
Infln,te

Substrate

ApprOXlmatlOn

Relative
Phase Vel. 0.43

‘ph

character~stlc
Impedance, Z.

51.4

Percent of
Energy m I 91.1
Substrate

Chlckness= (b, -a, ) I Thickne*s=3 (b, ‘a,

6 Characteristics for cr = 10. (ai/b~ =0.5.)

wsubstrate Element Substrate

0.48 10.50 I 0.43

57.7 58.5 52.4

below the dielectric boundary as the slot-width to substrate-thickness
ratio decreases.

MEASUREMENTS

A number of CPW lines were fabricated on alumina substrates,
The line impedances were measured on an Hp 1815B time-domain

reflectometer with a28-ps rise-time pulse. These results are the solid

data points shown on Fig, 3 for the lines designed for 50 ‘J from

Wen’s evaluation (a,/b, =O.5). Theother data points were obtained

by McDade [4]. As can be seen, good qualitative results were ob-

tained. Itw~quite necessary, however, inm&ing the measurements

to assure that the substrates were suitably suspended in air, since
any metal ground planes affected the impedance measurements,
These results were substantiated by McDade [4] who fabricated

similar circuits both with and without ground planes. Those circuits

with ground planes showed a marked preference for microstrip modes
and impedance levels as opposed to CPW.

CONCLUSIONS

The effects of finite-substrate thickness onthe characteristics of

CPW are important in designing circuits where close control of the

transmission-line impedance is needed. It is shown that deviation

from the results of aninfinite dielectric can approach l@15 percent

for substrates whose thicknesses are less than two times the gap

width. These calculations were all made using a static TEM approxi-
mation and further corrections would be present if dispersion were

. .
~
:lement
.Leld
~

0.44

53.0

90.0

considered. Finally, the circuits fabricated showed a pronounced

tendency to be affected by external metallic walls, which would be

a highly undesirable effect if use of these transmission lines as micro-

wave integrated circuits is anticipated.
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Letters

Analysis of Microwave Circuit for Characterization

of Negative-Conductance Devices by Transients

K. TOM IZAWA, T. HARIU, AND H. HARTNAGEL

Absfracf—The assumptions required for the transient method of

measuring Gunn-diode conductance are shown to be valid if either

the diode susceptance or the characteristic admittance of the
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resonator transmission line are larger than the modulus of the nega-
tive conductance of the device.

A method for measuring the negative conductance of Gunn diodes
from the envelope of the transient amplitude of oscillations was re-

ported recently [1], [2]. This new method is useful since the measure-
ment of the diode conductance has been possible so far, in those cases

where either devices can be stabilized by heavy loading or where a
reasonably correct load impedance of oscillating diodes can be

measured separately, when only the steady-state conductance is

obtained.
The conductance measurement by transient recording depends

on the assumptions that the ratio of the voltage across the diode
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Fig, 1. Representation of microwave cavity by a one-dimensional line of length L

(Va) to that across the load (w) is independent of the value of diode

conductance Ga and that the oscillating frequency is constant during

the transient state. Here we derive the conditions for which these
assumptions are valid.

The cavity is represented in Fig. 1 as a Iossless one-dimensional

distributed line of length L The voltage and current distributions as

a solution of the wave equation are given in (1) by the linear com-

bination of two arbitrary funcrions ~1(x, t) and .fj(x, t) that propagate

on the line in opposite directions:

U(% 0 = jl(% 0 + f2(xj 0

% 0 = – Yo[fl($, 0 – .fZ(% t)]. (1)

The boundary condition at x = O gives

ZJ(Z,t) = .fl(z, t) + rl._fl(x, t — ~J

;(*, $ = – yO[jl (~, t) – rt.~l(~, t – ~1)] (2)

where

YO characteristic admittance of the line;

Yt admittance of the load;
rl (YO– Y1)/( YO+ YJ, the reflection coefficient at the load end;

71 =2x/u;

u velocity of wave propagation on the line.

I’1 is a real number, because Yz is assumed to be real for simplicity.

If we consider tbe other boundary condition at x=1 and substitute

1 into x, we obtain (3):

(Y. - YJrz.~,(l, t – 7) = (Y. + Yd) “fI(L O (3)

where

=2 l/u;

Y: = G~ +j~d ;

G. conductance of the diode;
Bd susceptance of the diode.

Instead of considering a suitable initial condition on the line, we

consider a time-growing sinusoidal oscillation at x=1 as follows:

f,(t, t) = *,A’

= Vcat(cos tit + j sin o@. (4)

Substituting (4) into (3) and considering Yd = Gd +jB~, we obtain

~“r = <P + #

wsin ~~ = —— (5)

%& + V2

Y02 – G~2 – Bat

t = ‘z’ (YO +G,)z +B,l

where

2 yoBd

q = – ‘z” (Y, + G,)z +B,2”
(6)

The angular frequency and the growth rate of the wave are shown

in (5). Since the diode conductance G~ and the diode susceptance Ba

are generally dependent on the amplitude of ac voltage, va across the

diode, the angular frequency and the growth rate are time-dependent
values as a result of the behaviour of f and q.

The ratio of the voltage across the diode to that across the load

is evaluated from (2)– (4) as follows:

Vd (~) &/2 + rl<–h/2
(7)

Vi(t) = l+rz “

Using (5) and (6), we evaluate the ratio of the squared absolute

value of this, because we do not need to consider the phase relation.

(’vd(’)’Y Irll 4 Y#
—— .
I v,(t)[

– . (8)
(1+ rl)a~(Yo2– Gd2– B#)2+ AYc?Bd2

The squared voltage ratio in (8) is a function of the diode con-

ductance Gd and the diode susceptance B,j once the values of 11 and
Y, are fixed. We can only assume the existence of a constant voltage

ratio during the transient oscillation when either I Gd ] <<BJ or

lG~l <<Ye. Then one has

(’“)’)2Vd Irll 4 Yoz
.— .

[ v,(t) I (1 + rl)z Y,2 + B~2 .
(9)

This shows that the voltage ratio becomes independent of the

diode conductance.

Under the same conditions (I Ga I <<Ba or I Gd I << Yo), the angular

frequency of oscillation as given by (5) becomes independent of G&
Therefore, if the diode susceptance is independent of the ac ampli-

tude or if an equivalent diode susceptance becomes constant for given

experimental conditions, the determination of the diode conductance
from the transient envelope of oscillations becomes possible.

Under the conditions of I Gd ] <<Ba or I Gd ] << Yo, the negative con-
ductance of the diode delivers only a small amount of power to the

cavity, and the resulting slow transient oscillation then behaves like

a steady-state case.
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Comments on “Variational Formulation of the Dirichlet
Boundary Condition”

SHIMON COEN

In the above paper,l (21) does not satisfy Neumann’s boundary

condition

a+
. 0

a; “.,
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