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Summary

A method is presented for determin~ng
true junction capacitance and resistance,
and all package equivalent circuit element
values of varactor diodes from measurements
of total capacitance and microwave imped-
ance with bias.

Introduction

‘rhis paper describes an advanced tech-
nique for evaluating the equivalent circuit
element values of packaged varactor dio~es.

All package and junction equi.valenti
circuit elements are determined from low-
frequency capacitance and microwave-fre-
quency impedance measurements made only on
the diode under evaluation. The total @f-
fect of the diode mount and the meas~ing
circuit is eliminated by determining the
transformation between the measuring port
and the packaged diode terminal surface.
Package loss i.s accommodated by conductance
in parallel with the package capacitance.
True junction capacitance is separated $rom
all other capacitances. The evaluation
program is capable of testing for that type
of junction resistance variation predicted
for abrupt-junctiorl !zaractors. Both fixed
and variable parts of junction resistance
can be determined.

Diode Circuit Model

A typical encapsulated microwave diode
shown in Fig. l(a) has an equivalent ltiped
circuit of Fig. l(b). The overall config-
uration of the diode junction, its package,
and the measuring circuit is modeled by
the block diagram of Fig. 2. The networks
are defined by the complex transformation
constants which are the ordinary ABCD ma-
trices of passive, linear, two-port net-
works.

The junction capacitance measured at
a low frequency includes a constant error,
Cx . The model is altered to that shown in
Fig. 3.

Theory of Procedure

The junction capacitance is measured
at a number of bias points and microwave
impedance is measured at the same bias
points. These data are processed to yield
the transformation, AiB.jC~D4, of the over-

all network. Standard known impedances

are inserted in the diode holder to eval-

uate the AIBICIDI between the reference

plane of measurement and the terminal sur-

face 2 of the packaged diode. The trans-

formation constants, A$B$C$D~r are then

calculated.

If CY = O, the AsB3C3D3 matrix is
formed as--follows:
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The package element values are then cal-

culated as

RJ = ReBs\As

GP
= ReCs/As

CB = (1 - A3)/w “ ImB3

CA = [ImC3/A3 + l/ImBs - l/(A3 . hBs)l/w

However, the available package trans-
formation, A~B~C~D~, which is determined
experimentally, includes the fixed error,

%“ The matrix multiplication leads to

A$ = As - juCxB3

B$ = B3
(3)

C! = C3 - juCxD3

DJ = D3

Since A3 must be pure real, it follows

that

c ~. -ImA!/wReB \ (4)

Thus,- it is possible to solve for As, Bs,

C3, DB, using the value found in Eq. (4) .

The major assumption of the above

analysis is that RJ is constant with bias

voltage. The modifications which would

be necessary to accommodate voltage vari-

able, RJ, for abrupt-junction varactors

are, however, possible, and will be de-
scribed in the oral presentation.

*Th& paper is based upon work performed at COMSAT Laboratories under Corporate sponsorship,
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A high degree of measurement accuracy

is required for the present numerical meth-

od. The microwave measurement setup is

a standard slotted section arrangement, in

which the signal is fed through the probe.

The microwave source is phase-locked to

provide frequency stability of within +200

Hz at 10 GHz. The diode is mounted in a

reduced-height, X-band, rectangular wave-

guide. Standard impedances used are: (1)

a solid dummy short, (2) a number of in-
ductive posts, and (3) a capacitor gap.

The procedure is handled by computer,

once the measurements and the values of

the standard impedances have been entered.
The data processing to find the transforma-

tion ABCD matrices is done by Ka]fez’s

least square error technique.3 The com-

puter outputs are the values of -junction

capacitance (corrected by Cx) , the diode

resistance, the package element values,
static cutoff frequency, and, when appro-

priate, dynamic cutoff frequency.

Conclusion

The prime advantages of the present

method are: (1) complete characterization

of microwave diode packages, (2) accurate

diode junction capacitance evaluation, and

(3) the possibility of ultimate automation

of microwave diode characterization.
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Figure 2. Block Diagram of the

Diode Measurement Circuit
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Figure 3. Packaged Diode Circuit Model
with Junction Capacitance Correction

References

lc. N. Dunn and J. E. Dailey, “COmPUter-

Aided Small Sicmal Characterization of

Impatt Diodes,” IEEE Trans. on MTT, Vol.
MTT-17 , September 1969, pp. 691-695.

‘W. J. Getsinger, “Mounted Diode Equiva-
lent Circuits,” IEEE Trans. on MTT, VO1.
MTT-15, November 1967, pp. 650-651.

3D. Kajfez, “Numerical Data Processing of
Reflection Coefficient Circle,” IEEE
Trans. on MTT, Vol. MTT-18, February

1970, pp. 96-100.

(b) EQUIVALENT LuMPEDCIRCUIT,

Figure 1. Typical Packaged Diode
and Equivalent Circuit
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