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ABSTRACT

A method is reported for experimentally characterizing
packaged microwave diodes with respect to their outer cylin-
drical surface. The diode is mounted coaxial with the center
conductor of a coaxial line and radkd transmission line the-
ory is used to determine the impedance of dummy diode
packages used in calibration. The diode equivalent circuit
thus developed is suited to the modeling of a diode mounted
in a post-in-waveguide mount, Experimental charact eriza-
tion of a varactor diode and of a mixer diode are reported.

I. INTRODUCTION

Post-in-waveguide diode mounts [1] - [4] present a radial
electromagnetic field to the cylindrical surface of a packaged
diode. Accurate diode equivalent circuits, referred to the
radial modes at the cylindrical surface, are required to take
full advantage of recent advances in the modeling of these
mounts [4].

Diodes have previously been characterized mounted in

\

coaxial lines [5] – [8 and in reduced height waveguide [9]
- [11], De Loach [11 uses narrow-band transmission reso-
nance measurements to determine the elements of an as-
sumed diode equivalent circuit. Most, however, [5] – [10], use
a standard three-termination calibration procedure to deter-
mine the error two-port between the measurement plane and
the cylindrical surface of the diode. Standard impedances,
generally posts of varying diameters, are substituted for the
diode. The actual impedance of the standards referred to
the &lode reference plane is calculated using radial line the-
ory [12]. It is necessary, however, to keep the post diameters
less than that of the coaxial center conductor to maintain
the radial field dktribution at what would be the surface of
the diode. Removing the diode to present an open-circuit
significantly alters the field distribution in the vicinity of
the mount and so can not be used to present a calibrated
impedance. Thus only a narrow range of impedances can
be used during calibration. In this paper we use a coax-
ial diode mount and introduce a plexi-glass loaded package
to obtain a high impedance termination and still maintain
field orientation. Again radial line theory is used to deter-
mine the actual impedance presented at the diode reference
plane. Varactor and mixer diodes are experimentally charac-
terized using small signal microwave measurements together
with low frequency capacitance versus voltage and dc current
versus voltage measurements. The radial field orientation
during the ac measurements is determined to be adequate
by also considering a modified coaxial mount which enhances
the establishment of radial fields in the vicinity of the diode.
The diode equivalent circuit thus developed is suited to the
modeling of a diode in a post-in-waveguide mount.

Because of the small dimensions of the diode only the
TEM radial mode is assumed to exist at the diode surface.
The TEM radial mode has electric and magnetic fields which
are perpendicular to the direction of propagation and will
be tan ential to the diode surface. This mode is also des-

tignate as TMP,l,O (where the subscripts describe the vari-
ations in the circumferential, radial and vertical directions
respectively). Thus the coaxial line diode mount of Fig. 1
can be modeled as shown in Fig. 2 where AA is the network.
analyzer measurement port, BB is a diode reference port and
C(I is the diode surface. Non-TEM radial modes will exist in
the transition from the coaxial TEM mode to the TEM radial
mode but, provided the field orientation does not change, the
effect of these can be lumped into the embedding network.

The standard three-load calibration procedure enables
the embedding network to be determined. The reference
loads were obtained usin the three dummy packages shown

7in Fig. 3 with Fig. 3 ii) showing the dummy packages
mount ed in the coaxial line diode mount. The impedances
of the packages were obtained using the radial line equiva-
lent circuits of the packages, Fig. 3 iii). The effect of the

z!fringing fields arising from the coaxi mode to radial mode
transition is not included in the dummy package models so
that it is incorporated in the embeddh network.

!The input impedance of package (b is traditionally ob-
tained by approximating the package as a parallel plate ca-
pacitor. The input impedance of package (b) is the TEM
mode input addtance of a disk Thk is derived from the
principles presented in [13]. A radial line dkk is a section
of radhd line extending from radius r to zero radius. The
st an{lng wave forms of the equivalent voltages and currents
of a TM section of radial line are [13]

V(r) = AnJn(k.?) i- B.i%(k.r) (1)
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llgure 1: Coaxial line diode mount.
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Figure 2: Components of the coaxial line diode mount.

and

Jwhere Jn(z and iVn(z ) are first and second kind bessel func-
tions of or er n respectively, n and m are the circumferen-
tial and axial variation indexes respectively, and ~Oi is Neu-
mann’s number (Co; = 1 for i = O; ~Oi = 2 for i/ = O). These
equivalent volatage and current must be analytic at zero ra-
dius. Thus I?m is zero as NJkCr) goes to negative infinity
as r approaches zero and so the voltages and currents at a
radius r, are

V(r) = A.J.(kcr) (3)

and

(4)

Hence the input admittance of the disc at radius rl (i.e. the
admittance referred to the cylindrical surface at ~1 looklng
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]?igure 3: Reference loads: (i) dummy package, (ii) mounted

package (iii) equivalent circuit of package; (a) brass package,

(diameter, d = 2.01 mm and height, b = 1.54 mm); (b) plexi-

~;lass (perspex) package, (diameter, d = 3.1 mm and height,

b = 1.54 mm); and (c) plexi-glass package (diameter, d =

3.06 mm and height, b = 1.54 mm) with a thin coaxial brass

pin of diameter 0.5 mm.
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Figure 4: Comparison of the TEM radkd-mode input sus-

ceptance of the plexi-glass package with the susceptance of

a parallel plate capacitor with equivalent dimensions.

into the disc) is

I(T1)

()

21WW Eom .Z(kcn )
_— (5)~n(’h) = ~ = ~ bkc
eon Jn(kcn )

In Fig. 4, the input admittance of package (b) c~c~ated
using the parallel plate approximation, is compared to that
obtained using the radkd line model of the package. It can
be seen that the parallel plate approximation is valid up to
10 GHz. However, above 10 GHz the error of the approxi-
mation becomes significant, reaching 10% at 18 GHz.

Measurements of the mounted diode were then deembed-
ded to yield the input impedance of the diode. A large num-
ber of measurements enabled the use of minimization tech-
niques to fit the assumed equivalent circuit of the diode to
the measured data.

III. RESULTS

Microwave measuwments

A Microwave Associates GaAs varactor diode in an S4
package was characterized assuming the equivalent circuit of
the diode shown in Fig. 5 where Cj = CjO/(l – v/+) and Rj

(described by i = lS[exp(qv/qkT) – 1]) model the semicon-
ductor junction; C. results from the bias independent part of
the junction capacitance and the capacitance of the package
in the vicinity of the semiconductor; R~ is the diode series
resistance due to the resistance of the undepleted semicon-
ductor and contact resistance; and Lp and CP are parasitic
reactance of the package. The elements of the diode equiv-
alent circuit were obtained by minimizing an impedance er-
ror function, a function of the calculated impedances of the
diode model and the measured impedances of the diode [8]
yielding, for the zero-biased diode: CP = 0.0545 PF, LP =
0.416 nH, Rj >10 kft, RS = 1.42 Q and Cj + Cc = 0.599 pF.
The impedance of the diode calculated using the equivalent
circuit agrees closely with the measured impedance, as shown
in Fig. 6. The &lode was also characterized at 0.5 V bias
yielding linear element (Cp, LP and Rs) values within 5% of
the values determined at zero bias.
Capacitance-voltage measurements

The capacitance of the diode, for a range of bias volt-

ages) was measured using a 1 MHz capacitance bridge. A
nonlinear least squares techni ue [14] yielded the following

?equivalent circuit parameters after allowing for a stray ca-
pacitance of 0.367 pF): # = 1.088 V, ~ = 0.4136, Cjo =
0.404 pF, CP + C. = 0.264 pF and, in conjunction with the
small signal microwave measurements of, CP = 0.055 pF,
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Figure 5: Varactor diode. (a) in an S4 package, (b) assumed

equivalent circuit of diode.
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Figure 6: Comparison of the measured input impedance of

the diode with that calculated using the diode equivalent

circuit. Impedance = R + jX.
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Figure 7: Comparison of the measured capacitance versus

voltage characteristic of the diode and that calculated using

the diode model.

C. = 0.210 pF. Fig. 7 indicates the excellent degree of
fit between the measured and calculated capacitance versus
voltage characteristic. The total diode capacitance at 1 MHz
(0.668 pF at zero bias, 0.780 pF at .5 V bias) compares favor-
ably to the total capacitance of the diode determined from
microwave measurements (0.645 pF at zero bias, 0.767 pF at
0.5 V bias).
Current-voltage measurement

The parameters of the Shockley diode equation were de-
termined graphically using current versus voltage measure-
ments yieldkg: 18 = 0.71 pA and q = 1.93. The degree
of fit of the circulated and measured current versus voltage
characteristics is shown in Fig. 8.
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Figure 8: Comparison of the measured current versus volt-

age characteristic of the diode and that calculated using the

diode model.
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Figure 9: Enhanced radkl mode coaxial line diode mount.

IV. DISCUSSION AND CONCLUSION

A basic assumption of the mount schematic of Fig. 2,
and thus a possible source of systematic error, is that the
non-TEM radial modes at BB do not interact with the non-
TEM radkd modes at the diode surface, CC. This has been
a common concern with this type of mount and the field
distribution predicted to be that of a TEM coaxial mode
by some workers 15]. To investigate the TEM radial mode
assumption, the ill“ode was also characterized using the en-
hanced radial mode, coaxial line diode mount of Fig. 9.
The main feature of this mount is the longer radial trans-
mission line surrounding the diode. Thus the non-TEM ra-
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dial mode in the vicinity of the diode will be smaller than
with the ordinary coaxial line mount of Fig. 1. The &lode
input impedances determined using the enhanced and or-
dinary mounts were within 4% over the full 2 to 18 GHz
measurement range. This supports the assumption that the
radial mode is fully developed in the radkd line region of the
coaxial mount of Fig. 1.

The agreement shown in Fig. 6 between the microwave
measurements and the impedance of the diode equivalent
circuit is very good. This level of agreement, however, is
dependent on the characteristics of the diode. A schottky
barrier mixer diode with the assumed equivalent circuit of
Fig. 10 was also characterized. Again the diode equivalent
circuit was obtained by minimizing an input impedance er-
ror function. The measured diode impedance is compared
to the calculated from the model in Fig. 11. The dkper-
sion of the resistance is principally due to the larger reactive
component of the diode. Clearly, as the reactive component
reduces at higher frequencies, the resistance values portray
less erratic behavior.
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Figure 10: Schottky-barrier diode equivalent circuit.
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Figure 11: Comparison of microwave measurements (de-

noted x, El) and results calculated using the diode equivalent

circuit for the schottky barrier mixer diode.


