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An Efficient PEEC Algorithm for Modeling of LTCC
RF Circuits With Finite Metal Strip Thickness

Ke-Li Wu, Senior Member, IEEH.ap Kun Yeung Student Member, IEEENd Yan Ding

Abstract—In this letter, a simple but effective method is intro- Il. THEORY
duced to facilitate the partial element equivalent circuit (PEEC)
algorithm to model multilayered low-temperature co-fired ce- A. Basic PEEC Model
ramics (LTCC) embedded RF circuits with finite metal thickness. . . . . . .
The method makes use of the quasistatic assumption that charges  If basis functions are piecewise constant and the quasistatic
only reside on the surfaces of a conductor. In the calculation of condition are assumed, three major equations for constructing
the coefficient of potential matrix, one thick conductor plate is  the equivalent network model of a multilayered structure can be
treated as two inter-connected zero-thickness plates. Recombining obtained using the formulation described in [1]
the two plates analytically can correctly account for the increase
of plate-to-plate capacitance without adding extra elements to
the resultant equivalent circuit model. Experimental results have Im )

verified the validation of the proposed method. B, :Uswm

4m 1 , ,
I. INTRODUCTION m ~Lpmn T Wy, / Ga(r,r') dsds )
O PROVIDE low conductor loss, the thickness of the dre - psij = ! // Gy (r,r') dsds’ (3)
metal strips in low-temperature co-fired ceramics (LTCC) Si8j J.

circuitis fairly noticeable as compared to the minimum thickness
of a tape layer. For example, the nominal thickness of burighereo, is the surface conductivity, anfg, Lp andps are anal-
conductor in LTCC ranges from 10 to 2@m, whereas the 0gous to resistance, inductance and coefficient of potential of
typical thickness of a layer of LTCC type is about 43 tdhe resulting equivalent circuit model respectively.
90 um. The ratio of metallization thickness to the thinnest Fig. 1(a) shows a group of typical meshes used in the PEEC,
thickness of LTCC substrate is nearly 1 to 3! Obviously, th@ which the capacitive meshes are represented by dashed line
metal thickness in such an integrated passive circuit cannotase the inductive meshes are represented by solid line. As seen
ignored and must be taken into account in computer simulatisnthe figure, each capacitive mesh is associated with a network
at design stage. node in the corresponding equivalent circuit. Once the meshes
With the increase of popularity of the LTCC technology, iere generated and the nodes are identified, (2) and (3) can be
has been of interest to develop a fast and effective algorithapplied on each pair of inductive and capacitive meshes, respec-
for designing and modeling of passive devices embedded inivaely, to calculate their partial mutual inductance and coupling
homogeneous substrate. Among various algorithms, the gquapacitance. For simplicity reason, only the self- inductance and
sistatic partial element equivalent circuit (PEEC) algorithm [Idapacitance are shown in Fig. 1(b).
is found particularly suitable to modeling such LTCC devices
due to their small electrical size. Recently, it has been sug- peec Model With Finite Metal Thickness
cessfully applied to the characterization of multilayered LTCC
devices [2] with the assumption of infinitely thin metal strips. !N Practical LTCC RF circuits, the layer-to-layer dielectric
In this letter, in contrast, we will focus on using the pEEdhickness can be very thin as compared to the metal strip thick-
algorithm to model multilayered LTCC structures in which th8€ss. When this is the case, the zero-thickness approximation
thickness of the metal strips is of a major concern. At th@annot correctly model the structure and a modification of the
same time, the proposed method is also used to compensateatfierithm will be required. One trivial solution to the problem
edge effect in the inductance calculation. Experimental resulésto use the rigorous three-dimensional PEEC formulation.
have verified the validation of the proposed method. However, this method will undesirably increase the number of
components in the resultant equivalent circuit and significantly
increase the computation time in circuit simulation.
To overcome this finite thickness problem without increasing
Manuscript received October 28, 2002; revised April 20, 2003. This work wgae number of components, a Simp|e modification to the zero-
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Fig. 1. (a) Typical PEEC meshes. (b) The associated equivalent circuit.
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Fig. 2. Replacing a thick metal plate with a pair of zero-thickness ones.

After the replacement, the standard zero-thickness PEEC
algorithm can then be applied to the structure and the corre-
sponding coefficient of potential matrix will look like

Ptop — Pstop,top PStop,btm Qtop (4)
Pvtm PSbtm,top PSbtm,btnl thm )
Notice that the coefficient of potential matrix has size &fx
2N since we have twice the number of plates. In order to keep
the same number of circuit components as that of zero-thickness

model, we need to reduce the size of the matrixvto< N. It
can be done by first rewriting (4) as

wtop — PStop,top Pstop,btm - PStop,top
Pbtm PSbtm,top Psbtm,btm - PSbtm,top

Qtop + thm
8 < thm ) (5)

and then subtracting the first row from the second row, that is
(see (6) at the bottom of the page).

Here, we have enforced the condition/@f, = ¢+, because
the top and bottom surfaces are electrically connected. Finally,
using the second rov@),,,, can be written in terms d®:,, +
Qyuem, Which leads to

Ptop = PSeq (Qtop + thm) - (7)

The N x N matrix, PS.q, is the reduced coefficient of poten-
tial matrix and will be used in the PEEC algorithm to construct
the equivalent circuit.

I1l. NUMERICAL AND EXPERIMENTAL RESULTS

An LTCC band-pass filter used for a GSM/DCS diplexer de-
sign have been built and tested to verify the proposed model.
The filter was built using the tapes with dielectric constant of
7.8 and the thinnest thickness is 4312 . The buried conductor
ink is with nominal thickness of 12m and conductivity of ap-
proximately 4.9x107 Siemens per meter. In other words, the
thickness of the metal strips is about one third of that of the
thinnest tape. The capability to accommodate the finite thick-
ness of the metal strips is crucial for this type of designs.

Fig. 3(a) shows the physical layout of the bandpass filter. As
shown in Fig. 3(b), the zero-thickness model underestimates
the capacitance values. As a result, the bandwidth of the filter
tends to be narrower than that in the reality. By using the

the same way but are ignored in this study) for the chargesfimite-thickness model, the effective thickness of the parallel-
reside. If we consider only the top and the bottom surfacgsiate capacitors in computation is decreased and consequently
two infinite thin plates can then be used to replace one thithe capacitance increases. The measured results in Fig. 3(b)
metal plate. Fig. 2 presents this concept in a graphical mannerhbive verified the effectiveness and validation of the proposed
fact, this replacement will turn a thick metal multilayered struanodel. It is worth to mention that the PEEC model is about 100
ture into a zero-thickness counterpart with the number of platésies faster than the commercially available full wave planar

doubled.

circuit EM solvers in simulating the circuits of this kind.

0

Ptop — Pstop,top PStop,btm - Pstop,top Qtop + thm (6)
PSI)tm,,top - PStop,top PSbtm,,btm - PSbtm,,top - Pstop,btm + PStop,tap

thm,
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Fig. 3.

finite-thickness model.

IV. CONCLUSIONS

It has been found that when the thickness of the metal plates is
comparable to that of the dielectric layers, conventional PEEC
model with zero-thickness metal plate approximation would fail
to model many practical structures. In fact, the plate-to-plate
capacitance is, in general, higher than those predicted by
the zero-thickness PEEC model without compensation. As
discussed in this letter, the compensation in the plate-to-plate
capacitance can be accomplished by replacing one thick metal
plate with two connected infinite thin metal plates in the
calculation of the coefficient of potential matrix. Experiment
results have confirmed the validation of the proposed model. The
proposed simple but effective PEEC model would be very useful
for those LTCC RF circuit designs, where the computational
speed and capability of handling finite thickness of metal plates
are of major concerns.

ACKNOWLEDGMENT

The authors are very grateful to LTCC Division of National
Semiconductor Corp. for providing LTCC prototyping support.
Many thanks are also extended to Dr. M. Ehlert of National
Semiconductor Corp. and Dr. W. R. Smith of Ditrans Corp. for
helpful discussions.

REFERENCES

[1] A. E. Ruehli, “Equivalent circuit models for three-dimensional mul-
ticonductor systems,lEEE Trans. Microwave Theory Techvol.
MTT-22, pp. 216-220, Mar. 1974.

[2] S. A. Teo, B. L. Ooi, S. T. Chew, and M. S. Leong, “A fast
PEEC technique for full-wave parameters extraction of distributed
elements,” IEEE Microwave Wireless Comp. Lettergol. 11, pp.
226-228, May 2001.

(a) Layout of an LTCC bandpass filter. (b) The comparison of the [3] A. Sutono, J. Laskar, and W. R. Smith, “Development of three dimen-
measurement and PEEC simulation results with zero-thickness model and

sional integrated bluetooth image reject filter,"”20600 IEEE MTT-S Int.
Microwave Symp. Digvol. 1, pp. 339-342.



	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 


