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ABSTRACT

A previously presented technique for experimentally characterizing packaged microwave
diodes mounted in a coaxial test fixture is investigated. It is demonstrated that the fields
surrounding the diode and the calibration packages are adequately developed to provide an
accurate diode equivalent circuit model for use in computer-aided design. © 1993 John Wiley

& Sons, Inc. ,

1. INTRODUCTION

In ref. 1, a coaxial line technique was presented
for characterizing packaged diodes. The calcu-
lated input impedances of three dummy diode
packages with simple geometries were used to im-
plement a standard three-termination calibration
procedure and so obtain the error network up to
the diode reference surface. The major consid-
eration in establishing the integrity of the method
is ensuring that the field orientation at the surfaces
of the diode and dummy packages correspond to
a radial mode. For this purpose, a plexiglass
loaded package rather than an open circuit was
used to obtain a high impedance termination and
still perform the required coaxial-mode to radial-
mode transformation. In this study, the perform-
ance of this diode characterization procedure is
investigated by performing the deembedding pro-
cedure using various sets of dummy diodes and
two different diode mounts—one enhancing the
establishment of the radial mode in the vicinity of
the diode.

2. DIODE EQUIVALENT CIRCUITS

At microwave frequencies the concepts of imped-
ance and equivalent circuit refer to the field char-

acteristics of a structure at a specific reference
plane and for a particular field distribution (spatial
mode) at that plane. Thus, the modeling and anal-
ysis of a mounted microwave diode, using the
equivalent circuits of the diode and of the mount,
requires that the interface between the two circuits
be defined for a single mode and at a specific
reference plane [2]. A further requirement before
the two equivalent circuits are interfaced is that
identical methods be used to determine equivalent
voltages and currents. Fortunately, a scheme
based on power equivalence is generally used [3],
and is used here. ‘

. In a post-in-waveguide diode mount the fields
surrounding the diode have radial mode distri-
butions. The equivalent circuit of this mounting
structure interfaces the waveguide fields to a cy-
lindrical radial mode reference plane [4-6]. Thus,
the fields at the mount—diode interface approxi-
mate a radial TEM mode field distribution. In
practice, however, higher order modes are gen-
erated by axial and circumferential asymmetry in
the mount and in the diode. These non-TEM ra-
dial modes at the mount reference port must not
interact with the non-TEM radial modes at the
diode port for a mount independent diode equiv-
alent circuit to be developed. Fortunately, the ax-
ially and circumferentially varying modes are cut-
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off for typical gap dimensions. Thus, energy is
stored in these cutoff modes provided that the
" radial region is of sufficient length. This energy
storage is represented by reactive elements in the
diode equivalent circuit.

3. RESULTS AND DISCUSSION

In ref. 1, the ordinary and enhanced coaxial line
diode mounts, shown in Figure 1(a) and 1(b), re-
spectively, were introduced. The mount in Figure
1(b) enhances the TEM radial mode in the vicinity
of the diode. These mounts can be modeled as
shown in Figure 2 where AA is the network ana-
lyzer measurement port, BB is a diode reference
port, and CC is the diode surface. The embedding
network is determined via a standard three-ter-
mination calibration procedure using three
dummy packages of the types shown in Figure 3.
The five different dummy packages listed in Table
I were fabricated and had the calculated input
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Figure 1. Coaxial line diode mount: (a) ordinary -

mount, (b) enhanced mount.
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Figure 2. Components of the coaxial line diode
mount.
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Figure3. Reference loads: (a) brass package, (b) plex-
iglass package, and (c) plexiglass package with a coaxial
brass pin of diameter 0.5 mm.

impedances, obtained using radial line analysis
[1], shown in Figure 4.

The radial-mode purity of the fields surround-
ing the diode was investigated by characterizing
the diode using various sets of dummy diodes and
the ordinary and enhanced mounts. For each set
of three dummy diodes and one of the mounts the
parameters of the equivalent circuit, shown'in Fig-
ure 5, were derived. Measurements were per-
formed using a Hewlett Packard HP8410 network
analyzer specified over the range 500 MHz to 18
GHz. Packages 2, 3, and 5 present the greatest
range of impedances and so these were preferred
in the calibration process yielding the following
optimized equivalent circuit parameters for the
zero-biased diode: C, = 0.0545 pF, L, = 0.416
nH, R; > 10k}, Ry = 1.42Q,and C; + C, =
0.599 pF. These parameters were obtained using
a custom optimization program based on the
Fletcher—Powell method. Very good agreement
was obtained between the measured data and that
calculated using this model (see ref. 1). The mea-
surements were repeated for other sets of dummy
packages and mounts which can be expected to
establish the radial mode to various degrees. The
measured data is shown in Figure 6. The closely
grouped deembedded input impedances of the

TABLE 1. Dummy Diode Package Dimensions

Package Type Diameter
#1 a 2.40 mm
#2 a 2.01 mm
#3 b 3.11 mm
#4 a 3.09 mm
#5 c 3.06 mm

Diode 2.00 mm

All packages have a height of 1.54 mm. Package type is
defined in Figure 3.
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Figure 4. Smith chart plot of the dummy packages
normalized to 50 (.
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diode indicate that even with the ordinary coaxial
diode mount, the TEM fields are adequately de-
veloped in the vicinity of the diode. Measurements
deembedded using the enhanced mount show in-
creased scatter presumably because the large
impedance discontinuity of the abrupt disc dis-
continuity led to reduced impedance resolution.
Measurements using the ordinary mount and the
preferred set of dummy packages (2, 3, and 5)
showed very little reactance scatter above 12 GHz
where the scatter for the other experiments is con-
siderable. Furthermore, above 12 GHz, the re-
sistance becomes a smaller fraction of the overall
hnpedancesothatthescanerthatappearsinthe
reactance measurements is amplified.

The results presented here demonstrate that
the ordinary coaxial mount is suited to the de-
velopment of mount independent diode equiva-
lent circuits for use in computer-aided design.
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Figure 5. Diode equivalent circuit.
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Figure 6. Measured input impedance of the diode ob-
tained using various sets of dummy packages and the
diode mounts: ((J) packages 2. 3. and 5, and ordinary
mount; (O) packages 1, 3, and 5, and ordinary mount;
(@) packages 4, 3, and 5, and ordinary mount; (x)
packages 1, 3, and 5, and enhanced mount; and (A)
packages 4,.3, and 5, and enhanced mount.
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