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Deterministic MoM Algorithm

Lin Li, Ke Wu, Fellow, IEEE and Lei Zhy Senior Member, IEEE

Abstract—In this letter, a thru-reflect-line (TRL) calibra-  so that we can accurately extract the core equivalent circuit
tion procedure is applied and integrated with a fulllwave model of interest.
method-of-moments (MoM) simulator for the parameter extrac-  congjdering that every commercial MoM simulator can only
tion of planar discontinuities and circuits. Three TRL calibration ide th lculated network t t ified
standards are numerically formulated and consistently char- provide e- Caiculated ne WO-I’ pgrame ers at a speq led ex-
acterized by the MoM simulator. An equivalent circuit model ternal location along the feeding line, our SOC technique was
of a circuit discontinuity of interest can then be extracted by found difficult in theory for its compatibility and integration
calibrating out the erroneous effect of port discontinuity in the  with them. It is well known that the thru-reflect-line (TRL) cal-
deterministic MoM algorithm. As an example, a microstrip iy ration technique [3] has been widely used in microwave mea-
open-end circuit is comparatively studied in terms of its equivalent ¢ dit 50 depl dinrart tract icall
fringing capacitance, and effectiveness of the proposed techniqueS‘l‘"’emen S, anditwas also (—;‘p oye in [4] to extrac numenca Yy
is verified. the S-parameters of planar circuits from full-wave MoM simu-

Index Terms—Equivalent circuit model, full-wave method-of- lations. In this letter, this TRL is applied to integrate itself with
moments (MoM) simulator, planar discontinuity and circuit, @ deterministic MoM commercial simulator for the parameter
thru-reflect-line (TRL) calibration technique. extraction of planar discontinuities so that their equivalent cir-
cuit models can be obtained. To begin with, the numerical TRL
scheme is briefly described, and a simple microstrip open-end
|. INTRODUCTION ST . ; .

, circuit is then used as an example to investigate the derived

A NUMBER of commercial method-of-moments (MOM)qnen_end fringing capacitance with and without the use of the

simulators have successfully been developed that allowg, technique. Results of other techniquess, including those of
one to implement accurate full-wave simulation and optimizgysed-form equations, are also compared.

tion of planar integrated circuits and antennas. To meet the
ever-stringent efficient requirement in designing an electrically
large planar structure, it is always preferable in practice to
segment the overall complex geometrical layout into a numberFig. 1(a) illustrates the geometry of a two-port microstrip dis-
of electrically small discontinuity elements and then carry ogontinuity under modeling, comprising one core discontinuity
a synthesis and optimization procedure based on its circhiock and two feeding line blocks. At first, thf&matrix param-
network linked topology. Following our previous work [1],eters at the two external ports can be easily obtained by using
with our developed admittance-type MoM package, it has begmerical simulations with one of the commercial MoM sim-
demonstrated that the excited port field in such a deterministitators. In our investigation, the IE3D package of Zeland, Inc.,
scheme leads to the emergence of a so-called “port discomtas used. To simplify the analysis, one usually converts such an
nuity” [2], and this unwanted effect brings up a very adversg-matrix into its corresponding wave cascading matfix {r].
impact on the directly de-embedded circuit parameters. Following a standard TRL procedure [3], the discontinuity and
solve this problem, a numerical calibration technique, nametyo feeding line blocks in Fig. 1(a) are then considered as the
short-open calibration (SOC) [1], was originated and developdévice under test (DUT) and two error boxes as depicted in
in our MoM algorithm to remove this error term related to th&ig. 1(b). In Fig. 1(b), the termd[4], [T5], and [I'py 7] stand
port discontinuities, as well as other inherent numerical noiségy the wave cascading matrices of two error boxes and the DUT
box, respectively. In order to evaluate and calibrate out these
Manuscript received April 4, 2002; revised July 23, 2002. This work wat:.Wo error _boxes' thre? TRL Ca“br?tlon .Standards' 1e., thru. re-
supported by the National Science and Engineering Research Council of Card@6t and line connections, are defined in the format of equiva-
(NSERC). The review of this letter was arranged by Associate Edtior Dr. Shigkent network topology, as shown in Fig. 1(c)—(e).
Kawasaki Through the numerical implementation of these standards
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Note that the frequency limitation of the numerical TRL tech-
© nigue is basically governed by the following two aspects, as dis-
_ e 0 cussed in [3], i.e., execution of the software package in ques-
[TL] = [TA] '[TD]‘[Ts] [Tn] Tl o e tion and definition of the TRL standards themselves. To achieve
- h N better accuracy, the thru standard should be selected less than
’ 1 . } 5 1/4 wavelength while the line standard should be less than 1/2
G| i Error --—+——-—§—— - Error - 2 . .
: boxA | | - @] Pox® : wavelength at the highest frequency of interested range. More-
i I Ze e | over, the electrical length difference between the two standards
| | i { is required to be discernible, i.e., greater thah, 20 the lowest
frequency.
522R
SR | | | | ll. EXTRACTED MICROSTRIPOPEN-END CAPACITANCE
Gl ,L“ preor L per ""Jl"’bz A simple microstrip open-end circuit is now considered as
{ { : 7] : an example to demonstrate the extracted circuit model param-
b1 w— — 7] o o) B e eters of a planar circuit on the basis of the above-described
' ' ! ! TRL scheme. Fig. 2(a) depicts the physical layout arranged for
®© the TRL-based de-embedding of equivalent open-end capaci-

Fig. 1. Block diagram of the numerical TRL calibration procedure. (&ance (Coc), as shown in Fig. 2(b), in which the radiation-re-
Two-port circuit discontinuity under modeling. (b) Two-port equivalent devicgzted conductance (Goc) is negligible at low frequency. In our
under test (DUT). (c) Thru connection. (d) Line connection. (e) ReﬂeﬂEBD simulations, a local port model is selected instead of other
connection. )
port models for the deterministic or direct MoM algorithm as
o detailed in [1]. Therefore, network parameters at the port can
in Fig. 1(c)—(e), all the parameters of two error box8&][ girectly be derived from the calculated port quantities such as
and [I’z] can analytically be deduced and characterized gyt voltages/currents or amplitudes of incident/reflected waves,
terms of those of the above-obtainefir] and [I.], as well  yithout resorting to any additional simulation of current density
as the parametei$,; z and.Syzx. In this work, the microstrip gistributions along the feeding line in the indirect MoM algo-
open-end circuit is selected as a reflect element due to its higym as in [1].
reflection and also its easy formulation in the MoM simulator. First, the complex reflection coefficient at the port can nu-
Although this is not an ideal reflect standard due to its fringingyerically be calculated and then converted to its corresponding
effect (which will be extracted in the next section), no strighnyt admittance with the help of characteristic impedance.
requirement is needed to know the exact reflection coefficieﬂgxt’ the network parameters of the error term with regard to
for this nonideal open circuit in the resulting error box@s]  the feed line section [port-to-end section in Fig. 2(a)] can be
and [I'z] as in [3]. After the matricesT4], [T5], and ['ext]  obtained upon the simulation of three calibration standards
are known, one can easily derive the DUT matifiplr] with a5 described above. As a result, the load admittance at the
the following equation: open-end can be derived in an analytical way by removing the
error box. For the purpose of comparison, such a capacitance
[Tpur] = [Ta]™ " Text][Ts] " (1) is also extracted from the calculated port admittance using a
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e ' ‘ ' ' ‘ IV. CONCLUSION
100F 1 We have extended the usually measurements-oriented TRL
% DERAAA-S B calibration technique to the numerical de-embedding of equiva-
— static [7] lent circuit models for planar integrated circuits and discontinu-
----- equation [6] ;. . . .
80 1 ities on the basis of full-wave MoM simulations. Our compara-
E L . . .
£ | tive investigation has demonstrated that the proposed numerical
S TRL scheme is able to calibrate the port discontinuity involved
° . in the deterministic MoM algorithm by formulating three cali-
— —— bration standards. With its easy implementation and direct com-
50 \M; ibilitv i isti i i -
patibility in the existing MoM commercial packages, this devel
w0l ] oped TRL technique has a great potential for accurate CAD and

optimization with the extracted circuit models.

35
frequency (Griz) REFERENCES
[1] L. Zhu and K. Wu, “Unified equivalent-circuit model of planar
Fig. 3. TRL-extracted open-end fringing capacitance together with those discontinuities suitable for field theory-based CAD and optimization
obtained from the non-TRL parameter extraction scheme and two closed-form  of M(H)MIC’s,” IEEE Trans. Microwave Theory Techiol. 47, pp.
design equations{ = h = 0.635 mm,s,. = 9.9, L = 10.4 mm). 1589-1602, Sept. 1999.
[2] ——, “Network equivalence of port discontinuity related to source plane
in a deterministic 3-D method of moment$EEE Microwave Guided
Wave Lett.vol. 8, pp. 130-132, Mar. 1998.
simple transmission line theorem. Fig. 3 shows the obtained3] G. F. Engen and C. A. Hoer, “Thru-Reflect-Line: An improved tech-
normalized capacitance (Coc) using the above two de-em- nique for calibrating the dual six-port automatic network analyzer,”

. . . . IEEE Trans. Microwave Theory Teghol. MTT-27, pp. 987-993, Dec.
bedding techniques against those obtained from closed-form 1979 yiee PP

equations as given in [5], [6]. It can be seen that the TRL [4] B. Linot, M. F. Wong, V. F. Hanna, and O. Picon, “A numerical TRL
results appear almost unchanged with frequency and are in a de-embedding technique for the extractiorSeparameters in a'2?D
. . planar electromagnetic simulator,” iEEE MTT-S Int. Microwave

very good agreement with those from formula [5], [6] while Symp. Dig,vol. 2, June 1995, pp. 809-812.
the conventional non-TRL results irregularly go up and then[5] N. G. Alexopoulos and S.-C. Wu, “Frequency-independent equivalent
fall down as frequency increases. In this case, the unwanted circuit mpdel for microstrip open-end and gap discontinuitiéEEE

L. . . . . Lo Trans. Microwave Theory Teghol. 42, pp. 1268-1272, July 1994.
parasitic effects in connection with the port discontinuity are ag) k.. Gupta, R. Garg, I. Bahl, and P. Bhartiicrostrip Lines and Slot-
primordial factor as discussed in [1] and [2]. lines 2nd ed. Boston, MA: Artech House, 1996, pp. 180-182.



	MTT024
	Return to Contents


