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ABSTRACT alent current source technique is applied to compute
the complex circuitry including quasi-planar struc-
tures as well as the diodes. The two diodes are de-
scribed as concentrated non-ideal lumped elements
represented by their equivalent circuit. With the full-
wave features of the FDTD algorithm, the circuit per-
formance can be visualized, and the interaction be-
tween the components can be taken into account. As
the structure requires a harmonic excitation with de-
fined power, a new accurate excitation method has
nal containing even harmonics only, is analyzed on been developed to enable a correct determination of

- nversion loss. Comparing the m rements with
the finline and compared to measurements. Operat-CO ersion loss. Comparing the measurements wit

ing frequencies are 20 to 25 GHz and 40 to 50 GHz, f[he tlhgoretlcal results, it is shown that this approach
respectively. IS valia.

A quasi-planar frequency doubler based on the
junction of a coplanar waveguide and a finline us-
ing two silicon Schottky diodes mounted across this
junction is analyzed. The extended Finite Difference
Time Domain (FDTD) method is used with a newly
developed excitation scheme for harmonic waves
feeding a defined power with the proper field distri-
bution into the circuit. This harmonic signal is fed
to the diodes via the coplanar line. The output sig-

DESCRIPTION OF THE CIRCUIT

INTRODUCTION For broadband operation, e.g. in measurement sys-
tems, a balanced/unbalanced diode configuration has
proven to be a usefull concept for frequency mul-
tiplication of even order [5]. Such a structure eas-
ily can be implemented in the junction of a coplanar
waveguide and a slotline or finline, as shown in Fig.

i . 1. The coplanar line is placed in a waveguide chan-
microwave structures and semiconductor elements. . . .
nel of reduced cross section, thus higher harmonics,

With respect to short computation and optimization .
times, passive and active elements mostly are Cas_generated by the diodes are reflected. In the area of

) . the junction and the finline, a shielding with standard

caded one to another. Typically, no higher order : : . .
. " . waveguide dimensions is used.

mode coupling and no parasitic coupling between
adjacent circuit parts are included. The limitations of THEORY
standard CAD procedures are even more severe if -
like for frequency doubler reported here - the semi-
conductor elements are placed directly into a ma- The two diodes are placed directly in the junction
jor discontinuity. As a consequence, a reliable anal- between the coplanar waveguide and the finline (Fig.
ysis and optimization of the complete structure with 1). As active device, a HP HSCH 5330 Silicon Low
standard CAD tools becomes rather difficult. There- Barrier Schottky diode is chosen. In the presented ap-
fore, an extended FDTD method [3] using an equiv- proach, the diodes are modeled by their equivalent

Recent development of faster computers and
progress on the original algorithm [1] have made
FDTD attractive to analyze complex microwave
circuits including nonlinear elements. Commercial
CAD tools possess an extensive library for various

Diode Modelling
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Implicit algorithm

To include the diode circuit into the FDTD
scheme, an equivalent circuit model with a current
source and a capacitance for the FDTD cell is used.
An interface to the diode circuit is the Ampere’s cur-
rent law:

ou
—Ceq N

whereC, is the equivalent capacitance of the cell,
Figure 1: Basic structure of the doubler and_ Liew repr.esents the'current through the deV|_ce.

I.q is determined each time step from the integration

o ' ~ofthe Hfield. If the diode is extended over more than
circuit given by the manufacturer (Fig. 2). Investi- gne cell, the equivalent circuits of the FDTD cells

gations have shown that the diode capacitance veryiogether with the equivalent circuit of the diode lead
sensitively affects the whole electrical behavior and g 5 system of differential equations:

had to be taken into account. Because a wide range
is given for the capacitance by the manufacturer, the

+ qu = Idev ) (2)

actual value had to be determined accurately by mea- 9z - f*(f) +g(t) (3)
surements. The capacitance of the diode, in this case ot
50fF at OV, is voltage dependend and is modeled where is the state vector of voltages and currents
with the following equations [4]: in the diode network, angl(t) is the vector including
the current sources, according to the integral over the
Co U < &0 /9 H field known at discrete time steps.

) =D o/ Explicit algorithms like that of Runge-Kutta of

C= C’jo(l—FC(l-i-M)-l—M‘I%) 1) second order, which can easily be implemented and
(I—FC)IFm U > @0/2 )

fits to this time scheme, cause instability after several
thousand time steps. So, a fully implicit algorithm,
unconditionally stable under Courant condition, had
to be implemented. The derivation with respect to
ime in equation (3) is solved by the backward Euler
method, and the state vectors are interpolated at half
time steps to get an algorithm of second order accu-
racy. This leads to a nonlinear system of equations,

.74-_@7—/‘\ which is solved by the Newton Rhapson method.

c, —— — Harmonic Excitation

o) 1) Y

where @, is the built-in voltageC;o the capaci-
tance at 0V andn, M, andF'C are constants, each
chosen as 0.5 in this case. First tests showed that th
non-ideal capacitance has to be considered as it in-
creases the output power of about 1 to 2 dB.

For doubler operation, a harmonic signal has to
be chosen, while the signals generated by the diodes
Ly will contain harmonic frequencies and possibly other

frequencies generated by parametric effects. For

such a harmonic excitation of the circuit, difficulties

may occur to separate the injected signal not lim-
Figure 2: Equivalent circuit of the diode ited in time from the reflected ones. Normally, the
input line is fed at its end by a concentrated source
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including a matched load. On one hand, this ap- For the calculation of the return loss of the dou-
proach requires a sufficiently long feeding line, only Dbler, the injected field easily can be substracted from
then the fields converge to the correct field distribu- the reflected signal.

tion of the specific transmission line. This however,
leads to increased computation times. On the other
hand, at millimeter wave frequencies, the transition
from the concentrated source to the transmission line

RESULTS

The operating frequency band of the doubler was

alreadé/ re;lpregents_a discor;tinuity, rezulting? in USI chosen from 20 to 25 GHz and 40 to 50 GHz. The
wanted reflections, increased errors and partly stabil- o .o strycture is divided into 250000 cells, and

ity problems. Another important point is the possibil- 5000 time steps are necessary for an evaluation of

|tyh'Fot1‘e_ed the transn’]:lsstlﬁ " gne W'th a?efln?c:hpower, the doubler parameters. One simulation is necessary
which is necessary for the determination of the con- investigate the behaviour at one power level and

version.los.s. In this contribution, therefore, g differ- at one frequency point which takes about two hours
e_nt exmtathn met_hoo! was chosen. Oppc_>sﬂe to thecomputation time on a Sun workstation. In a first

dioges, t_h_e input line s loaded by absorplng bound- investigation, the conversion loss versus the input
ary conditions [2]. Then a precomputed field accord- power at 20 GHz is compared to the measurement

ing to the natural field of this transmission line is ex- showing a good agreement (Fig. 4). In contrast to
cited in a plane between the structure under test andthis simulations done with a com.me'rcial CAD sys-
the absorbing wall (Fig. 3). In this way, only a short tem showed deviations of up to 6 dB. The minimum

iectlin of tt;ansm|55|on I|rt1)e IS rc'e(;qu&re_?lﬁand r_(teﬂt(_ec- of the conversion loss is achieved both in the theory
lons Irom he Source can be avoided. This excitation o 4 in the experiment at the same power level.

generat_es two waves prop_agatmg In tV\_lo directions The output spectrum is given in Fig. 5. The advan-
from this plane. The equations for the field compo-

nents tangential to the excitation plane , here dijly Conversion loss/dB

is given, are determined in the following way: 20 1 1
19— ‘ R IEEREERE :
rAeasurement —

. 18 o 3
Eg+1 = Eg + EAyAertHn+1/2 * €y 17 F : _
oAt ST 1
_EHinc,y ) 4) 15 e 1 :
N 3 1
whereH,,. is the magnetic field of the basic mode 13- S e : : : 4

of the transmission line. With the value of the H field, 1, e j j j j

. .. . 0 5 10 15 20 25
the power propagating on the transmission line can Input power/dB
be accurately adjusted and is independent of the spa-
tial or time steps as well as of frequency. Figure 4: Conversion loss at 20 GHz
Excitation
plane tage of this balanced/unbalanced doubler clearly can
Absorbing Device be seen: no output signals appear at 60 or 100 GHz.
wall Feeding | under In Fig. 6 the field distribution is shown in the junc-
line test tion illustrating the diode operation. Finally, it has to
be stated that the electric behaviour of the doubler
very strongly depends on both: on placement of the
diodes in the junction and the exact value of the
Figure 3: Excitation diode Capacitance_
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Figure 5: Output spectrum for an input frequency of
20GHz
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Figure 6: Snapshot of the field distribution in the

junction (The diodes are not shown here; For their
location see Fig. 1)

CONCLUSION

In this paper, a doubler has been analyzed using
an extended FDTD method and a new concept for an
accurate harmonic excitation. The theoretical predic-
tions could be verified by measurements. Summariz-
ing the results presented above, the FDTD method
has turned out to be a suitable tool for complex non-

linear circuits, and equally could be applied to sim-
ilar problems, e.g. finline mixers, which include a
comparable circuit arrangement [6].
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