









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Short-Open Calibration Technique for Field Theory-Based Parametric Extraction of Planar Discontinuities with Nonuniform Feed Lines Sheng Sun a) and Lei Zhu b) School of Electrical & Electronic Engineering, Nanyang Technological University, Singapore Email: a) [email protected]; b) [email protected] Abstract — In this work, a short-open calibration technique is extended for field theory-based parametric extraction of planar discontinuities with nonuniform feed lines in the platform of fullwave method-of-moments. As a planar discontinuity is analyzed with respect to the planes of impressed sources, each individual nonuniform feed line is modeled as a general error box relying on the perfect short- and open-circuit standards. By calibrating out all the error boxes associated with all the nonuniform feed lines, the core discontinuity section can be deembedded based on the cascaded network theorem. Since each individual feed line is modeled as a unified two-port circuit instead of a transmission line section, the presented technique provides an advantageous feature in deembedding various planar circuits that may be fed by nonuniform lines, as met in the high-density and highintegrated circuits. After theoretical description is made on the deembedding procedure, a microstrip-line slit discontinuity with varied feed lines is numerically characterized. Extracted equivalent circuit parameters are at first confirmed by the Sonnet em simulator in the uniform case and then substantially demonstrated in various nonuniform cases. Index Terms — Planar discontinuity, nonuniform feed line, numerical deembedding, short-open calibration technique, method of moments.



(a)



(b) Fig. 1. Short-open calibration technique for numerical deembedding of planar discontinuities with arbitrarily shaped feed lines. (a) Uniform feed lines. (b) Nonuniform feed lines.



[8]. Of importance, this SOC technique does not restrict itself to any particular type of port discontinuity and is absolutely valid for either unbounded or shielded cases [4], [5]. As usual, a deembedding procedure requires a sufficient length of uniform feeding transmission line such that only the dominant mode can propagate to the core discontinuity, while the other excited higher-order modes quickly decay and disappear. In [10], it is pointed out that this feed line length may be shortened by the orthogonality-based method, where each discontinuity part is analyzed separately. In this paper, the SOC technique is extended to model planar discontinuities with nonuniform feed lines in the platform of a full-wave method-of-moments (MoM) algorithm. Unlike other deembedding techniques, the SOC technique does not rely on any prior definition of the port discontinuities and feed network, but only needs to consider them as a unified error box. As a result, this SOC suit itself not only for the uniform feed-line case as shown in Fig. 1(a), but also for the nonuniform feed-line case. Fig. 1(b) shows a planar circuit discontinuity that is fed by stub-loaded and periodically-varied feed lines in its two sides. After a brief introduction on SOC technique for a discontinuity with nonuniform feed lines, a microstrip slit discontinuity, under varied configurations of feed lines, is comparatively studied. Extracted parameters are at first confirmed by Sonnet em simulator [11] in the uniform feed line case and further they are provided to demonstrate the influence on extracted electrical performances as varied configurations of nonuniform feed lines are chosen.



I. INTRODUCTION Deembedding technique was originally introduced in highfrequency measurement to calibrate the port discontinuities, caused by connector or transition, out of the core circuit block or device-under-test (DUT). In the numerical characterization of planar circuits via determinant method of moments (MoM), various impressed source models unfortunately bring out a similar discontinuity problem. In the past twenty years, much effort has been made to find out a few distinct numerical deembedding techniques [1]-[10] in varied MoM algorithms. In [1], calculated field amplitudes at the three current points along the uniform feed line are utilized to determine scattering matrix of the core circuit block. Double-delay deembedding technique [2] is presented by simply considering the port discontinuity as a purely shunt admittance and has been successfully applied for shielded planar circuits [3]. Based on the two through lines with line lengths (L and 2L), the naked port discontinuity and feed line are characterized [4]. Later on, a generalized short-open calibration (SOC) is developed in [5] based on the even- and odd-excitation of a single through line of length 2L, and it has been recently applied to model the multiconductor feed line structures [6]-
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(a)



(a) (b) Fig. 2. Equivalent circuit topology of a planar discontinuity as shown in Fig. 2(b), arranged for SOC deembedding procedure. (a) Network of the overall discontinuity block. (b) Networks of two individual error boxes with short- and open-circuited terminals.



(b)



II. DEEMBEDDING OF NONUNIFORM FEED-LINE CIRCUITS As shown in Fig. 1(a), the impressed-source port and the planar circuit under deembedding are usually linked together via a uniform transmission line. However, as the highly integrated circuits are increasingly demanded nowadays, the two adjacent circuit elements are placed in proximity or via an extremely short transmission line. In this way, high-order propagating modes may transport signals in between them, in addition to the dominant mode. On the other hand, a planar circuit or discontinuity may be fed by a periodically-loaded feed line, e.g., meander line or electromagnetic-bandgap (EBG) line. Thus, all the traditional deembedding techniques [1], [2] can not be applied for this generalized case since the field amplitudes at the source and its corresponding reference plane is not any longer related on a basis of simple quasi- or equivalent-TEM transmission line network. Fig. 1(b) depicts a generalized case that the core planar discontinuity is fed by the stub-loaded feed line in the left side and periodically shaped feed line in the right side. Herein, the complicated wave propagation and transportation between the source and reference planes as well as mutual coupling between the feed lines and core circuit are considered all together into the two separate error boxes in this SOC deembedding technique. Fig. 2(a) represents a unified equivalent circuit topology of the nonuniform feed-line circuit or discontinuity in Fig. 1(b). Firstly, the admittance matrix of the whole circuit network with resorting to the two port planes can be numerically obtained using the determinant MoM algorithm [12]. Secondly, the two nonuniform feed lines are terminated by perfect short- and open-circuited ends. Fig. 2(b) shows the relevant equivalent topologies, where the two individual error boxes, [X1] and [X2], can be numerically derived in the MoM platform. As pointed out in [5], the short- and open-circuited ends can be “ideally” realized by forming perfect electric and magnetic walls at the reference planes, R1 or R2, in the MoM.



(c) Fig. 3. Microstrip-line slit discontinuity with nonuniform feed lines containing a step discontinuity. (a) Physical layout. (b) Equivalent circuit network. (c) Equivalent circuit model for SOC deembedding.



Equation (1) gives a pair of electric-field integral equations (EFIEs) in relevance to the MoM-defined short- and opencircuited elements [5]. inc ⎧ JG ⎪⎪ E sn + ⎨ JG inc ⎪ E on + ⎪⎩
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where, E n is the excitation source at the port n=1, 2, J n is the current density on the n-th feed line, G and G ' are the dyadic Green function and its image counterpart with respect to the reference plane Rn along the n-th feed line. Based on the network theorem, the ABCD matrix of each error box can be simply derived in terms of normalized currents at the port and reference planes. ⎡ I sn / I sn' ⎡⎣ X n ⎤⎦ = ⎢ ' ⎢ − I sn I on / I sn − I on ⎣
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where, I sn , I on and I sn' represent the three normalized currents with reference to the source voltages, respectively.
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(a)



(b)



(b) Fig. 4. Extracted circuit parameters of equivalent π-network for a slit discontinuity in Fig. 3. (a) Series reactance (Xg). (b) Shunt susceptance (Bp).



⎧ I sn = I sn / Vsn ⎪⎪ ⎨ I on = I on / Von ⎪ ' ' ⎪⎩ I sn = I sn / Vsn



(3) (c) Fig. 5. Extracted circuit parameters of equivalent π-network as a function of center strip width (W). (a) Physical structure and equivalent network. (b) Normalized reactance (Xg/ω). (c) Normalized susceptance (Bp/ω).



After these error boxes are characterized in the MoM and further removed out of the network topology as shown in Fig. 2(a), equivalent network parameters of the core circuit, with the two terminals at the planes, R1 and R2, can be eventually deembedded. In the following, several examples are given to evidently validate the attractive capability of the proposed SOC technique in parametric de-embedding of planar circuits with various nonuniform feed lines.



section. Fig. 3(a) depicts the physical layout of such a slit discontinuity that is fed in two sides by the step-included nonuniform feed lines. Its relevant equivalent representation is shown in Fig. 3(b). As shown in Fig. 3(a), the core slit discontinuity in center consists of two same traverse slits with the width (W3) and spacing (Lc), and it is generally represented as an equivalent π-network with a series reactance (Xg) and two shunt susceptances (Bp). Two identical nonuniform feed lines both contain a step discontinuity with



III. EXTRACTED RESULTS AND DISCUSSION To do it, a microstrip slit discontinuity with uniform and nonuniform feed lines is thoroughly characterized in this
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the unequal strip widths of W1 and W2. Fig. 3(c) is the overall network of the n-th nonuniform feed line (n=1, 2) for the parametric extraction of equivalent circuit model of a step discontinuity. It is a very tough and also time-consuming task to deem or extract all the individual circuit parameters as expressed in Fig. 3(c). Fortunately, with the use of SOC, one only needs to consider the whole error box as a black box and derive its two-port network parameters in the MoM. Fig. 4(a) and 4(b) describe the extracted frequency-related network parameters for a uniform feed-line case and a few nonuniform feed-line cases associated with varied distance (d) shown in Fig. 3(a). The uniform feed line is considered at first (mesh size in calculation is selected as 0.2 mm in width and length as used in [8]) to validate the extracted parameters with comparison to those from other available techniques, i.e., Sonnet em simulator in this work. As illustrated in Fig. 4, the series reactance (Xg) increases as a linear function of frequency. As d increases from 0.4, 0.8, to 1.2 mm, the quasilumped series inductance gets to be enhanced and approaches the case of uniform feed line. As the step discontinuity gets close to the center slit, the extracted results are seriously affected. Meanwhile, the shunt susceptance (Bp) increases linearly at first, and then shifts down, as d decreases to 0.4 mm, thereby exhibiting a good lumped-capacitance behavior. Fig. 5(a) depicts the geometry of a series-inductive slit discontinuity with a large length (Lc) and a narrow strip width (W). At a fixed frequency (f=5GHz), the normalized reactance (Xg/ω) and susceptance (Bp/ω) with different strip width (W) are shown in Fig. 5(b) and 5(c), respectively. As W increases from 0.2 to 1.8 mm, the value of Xg/ω decreases with a nonlinear behavior and shifts down as d decreases from 2.0 to 0.4 mm. As the length of the center strip (Lc) is extended from 0.2 to 1.0 mm, all the sets of numerical curves rise up, and then quickly converge as W is widened. In Fig. 5(b), the normalized susceptance (Bp/ω) is found to linearly increase as a function of W. The spurious influence becomes smaller and smaller as the length Lc is shortened from 1.0 to 0.2 mm. At Lc=0.2 mm, this effect concentrates itself at series element instead of shunt element of the equivalent π-network.
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IV. CONCLUSION In this work, the short-open calibration (SOC) deembedding technique has been extended to model and deembed a general planar discontinuity or circuit with nonuniform feed lines in the full-wave MoM algorithm. This SOC technique characterizes each individual arbitrarily-shaped feed line as a generalized two-port error box in the MoM instead of the characteristic impedance and phase constant of uniform feed line as implemented in all the other techniques [1], [2]. Network parameters of these error boxes are derived relying on a pair of perfect short- and open-circuited elements that are
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