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Introduction

The generalized structure of the microstrip
multiconductor line (MMCL) is shown in Fig. 1 (a). The
MMCL consists of a dielectric substrate with a conducting
layer (ground plane) on the one side and microstrip
conductors on the other side. The number of microstrip
conductors, their width and space between them may be
specified independently. Due to their planar design these
lines are broadly used in many electronics areas, e.g. as
transmission lines for data paths in computer systems and
integrated circuits [1], directional couplers [2], etc. MMCL
are also successfully used as physical models designing
microwave devices such as retard systems [3-5] (Fig. 1
(b)), antennas [6], etc.
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Fig. 1. Generalized structure of the microstrip multiconductor
line (a): 1 — ground plane; 2 — dielectric substrate; 3 — microstrip
conductors; example of microstrip multiconductor line using as a
physical model of the meander delay line (b)

It is known, that, generally, in an MMCL consisting
of N conductors (plus ground plane), N normal waves (or
normal modes) can propagate [7]. Phase and group
velocities of different types of normal waves differ from
each other in the MMCL, as a result the interference of the
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propagated normal waves occurs in the MMCL and
transmitted signals suffer from distortions. Therefore it is
desirable to use only normal waves for information
transmission [8].

Modelling various microwave devices by the
multiconductor line approach it is enough to confine to two
main normal waves only [9]. These are c-normal wave,
which excites when phase difference between signals
sending to the adjacent conductors of the MMCL is 0, and
w-normal wave, when phase difference between mentioned
signals is w radians [9]. Main characteristics of the MMCL
are the effective dielectric permittivity and the
characteristic impedances of conductors may be find using
various quasi-TEM techniques, numerical methods such as
the finite difference method (FDM), the finite elements
method [3], the method of moments (MoM) [10, 11] are
more universal and accurate though. It should be noted that
when objects under analysis become more sophisticated (in
case of the MMCL it means increasing number of
microstrip conductors, or when the profile of the microstrip
conductors become more elaborate, or increasing demand
for the model accuracy) realization of numerical methods
demands huge computer resources: CPU time and memory
size [12]. To overcome this problem the analysis task may
be distributed among computers — the parallel analysis
system should be created.

The parallel algorithm for the analysis of the MMCL
is proposed in this article.

This paper is organized as follows. Section II
describes the proposed parallel algorithm. Verification of
the parallel algorithm, investigation of its effectiveness,
and calculation results of five-conductor MMCL, operating
in normal mode regime, are presented in Sections III.
Finally the brief conclusions are formulated in Section I'V.

Parallel Algorithm

In general any calculation process may be organized
in parallel manner — calculation operations distributed
among computers. However, creating a parallel computing



system the shortening of calculation time and the
increment of inter-computer communication should be
taken into account together [13].

Main characteristics of the MMCL: the effective
dielectric permittivity and the characteristic impedance of
conductors are found knowing capacitances per unit length
of these conductors:

Ereff — Cz/Oz(a) ’ (1)
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where ¢ is the velocity of light in free space; C; is the
capacitance per unit length of the i-th conductor of
MMCL; Cga) is the capacitance per unit length of the same
conductor when the substrate in the line is changed by air
(e, = 1). Calculations according to (1) and (2) are execu-
ted two times examining propagation of c- and w-normal
waves in the MMCL. So, to evaluate mentioned character-
ristics of the MMCL for c¢- and w-normal waves, these four
operations should be done: 1) to calculate capacitance per
unit length of the conductors of the MMCL for c-mode; 2)
to calculate capacitance per unit length of the conductors
of the MMCL for w-mode; 3) to calculate capacitance per
unit length of the conductors of the MMCL for c-mode
changing the dielectric substrate by air; 4) to calculate
capacitance per unit length of the conductors of the MMCL
for m -mode changing the dielectric substrate by air.

The good decision of the problem of machine time is
the distribution of calculation of the conductors’
capacitances per unit length for c- and m-mode among
computers (nodes) of the parallel system. In this case,
every node will have initial parameters of the MMCL for
which the conductors’ capacitance per unit length will be
calculated. Here we present the software algorithm (Fig. 2)
for the calculation of the characteristic impedance and the
effective dielectric permittivity of the MMCL. This
algorithm wuses “master-slave” parallel programming
paradigm [14]. The algorithm consists of 7 steps:
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1. Design parameters of MMCL are entered: the relative
permittivity e, and the height i of the dielectric sub-
strate; width of microstrip conductors W, and the
space between them S; ; dimensions of the analysis
area z and .

Initial parameters of the analysis are found: bound
values of the interface between the dielectric substrate
and air, conductors’ positions in the analysis area.

Sending design parameters of the MMCL and calcula-
ted initial parameters of the analysis to the four nodes.

Each node calculates conductors’ capacitance per unit
length for specific mode and environment. Nodes 2
and 3 calculate capacitance per unit length of MMCL
for c- and w-mode correspondently, and nodes 1 and 4
calculate the same capacitances for the same modes,
but the substrate in the MMCL is changed by air.

Calculated values of conductors’ capacitance per unit
length are sent back to the master.

The master sorts received data and calculate character-
ristic impedance for each conductor of the MMCL.

7. The calculated characteristic impedance and other

parameters of the MMCL are stored.
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Fig. 2. Flowchart of the parallel algorithm of the quasi-static
analysis of the MMCL

Investigation of the Parallel Algorithm

The proposed parallel algorithm (Fig. 2) has been
realized on the MPICH2 cluster [14] which has been
implemented on PC computers (CPU — Pentium™ 4,
2.8 GHz; RAM — 512 MB; OS — Fedora 6; the network —
Ethernet 100 Mb/s). The number of computers (nodes) was
varied from 1 up to 5 with the purpose of defining the
growth of cluster throughput. The results of the growth of
cluster throughput are shown in Table 1.

Table 1. The source code of the parallel algorithm is adapted to 5
nodes. The number of the processes is constant and equal to 5

Number of nodes

1 2 3 4 5
Execution time, s 136 80 78 39 38
Efficiency, % - 70.0 744 248,77 2579
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As an analysis method in the proposed parallel
algorithm any numerical quasi-static approach may be
used. We have implemented the algorithm using FDM. For
calculation procedure speed up the potential distribution of
the MMCL was calculated using the band-matrix technique
and sparse-matrices approach [15].

Effectiveness of the parallel algorithm was calculated
by this equation:

effectiveness, % = 100%[t(1) - t(N)]/t(N) , 3

where t1) is the execution time of the MMCL analysis
algorithm using the one node only; t(N ) is the execution
time of the MMCL analysis algorithm using N nodes. For
the investigation of the effectiveness of the parallel algo-



rithm the analysis area of 5x10* elements was used. It is
seen in Table 1 that when the number of nodes in the
cluster is even (e.g. n) the algorithm effectiveness is
slightly lower than cluster has 7 + 1 nodes. In the last case
processes are distributed to the master node also. The
greatest increase of the effectiveness in our tests, using the
cluster of 5 nodes, has reached 3.6 times.

Our proposed algorithm has been verified by
comparison of calculated parameters that were obtained by
MoM and spectral domain method [16]. Results of calcu-
lations of parameters of the investigated MMCL are
submitted in Table 2. It is obvious, that values in Table 2
agree within 3 % in the most cases, and it is possible to tell
about good reliability of the received results and the
proposed algorithm.

Table 2. Comparison parameters for four coupled microstrip
lines* obtained using the proposed technique (parallel algorithm
with the FDM), the MoM, and the spectral domain method [16]

Con- c-mode T-mode

ductor  Parallel Parallel

number algorithm [16]  MoM algorithm [16]  MoM

Relative Effective Dielectric Permittivity

#1-#4 7.315 7.55  7.54 5.419 5.45 5.42
Characteristic Impedance, 2

#1, #4 65.25 66 66 24.35 24 24

#2, #3 119.5 123 121 41.67 42 41

*W, =W, = 0.6 mm, Wy =Wy = 0.3 mm, S| = S; =
0.3 mm, Sy = 0.2 mm, h = 0.635 mm, ¢, = 9.8.

Further, using the proposed algorithm we investigated
the effective dielectric permittivity and characteristic impe-
dance of the five-conductor MMCL, operating in c- and -
mode regimes. The calculation results of normal modes
parameters versus the normalized microstrip width W/h
and the space S/h are shown correspondently in Fig. 3 and
Fig. 4.
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Fig. 3. Effective dielectric permittivity (a); characteristic
impedance (b) of five-conductor symmetrically coupled MMCL
versus the normalized microstrip width; W/h = 1; ¢, = 9.6

It is seen in Fig. 3 and Fig. 4 that incrementing width
of microstrip conductors supporting constant space betwe-
en them or, on the contrary, incrementing space between
conductors not changing their width, the behavior of the
submitted dependences of the MMCL corresponds to the
behaviors of dependences of the microstrip coupled lines
[11]. It should be noted also, that characteristic impedances
of the internal conductors (#2, #3 and #4) of the MMCL
practically coincide. The difference of characteristic impe-
dance of these conductors in all range of the explored W/h
and S/h does not exceed 0.3 % that testifies to a sufficient
regularity of an internal structure even such MMCL, which
consists only from 5 microstrip conductors.

Conclusions

The parallel algorithm for the quasi-static analysis of
the multiconductor microstrip lines (MMCL) is presented.
As the method of the analysis any numerical quasi-static
approach may be used in the proposed algorithm. Authors
have implemented an algorithm in the five computer
cluster using the finite difference method. For calculation
speed up the potential distribution was calculated using the
band matrix technique and sparse matrix approach. The
proposed parallel algorithm was tested in four- and five-
conductors MMCL. Authors’ obtained results that differ
from those of other investigators and the results obtained
by other means no more than 3 %. It was found that the
proposed parallel algorithm allows speed up of calculations
up to 3.6 times.
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R. Pomarnacki, A. Krukonis, V. Urbanavicius. Parallel Algorithm for the Quasi-TEM Analysis of Microstrip Multiconductor
Line // Electronics and Electrical Engineering. — Kaunas: Technologija, 2010. — No. 5(101). — P. 83-86.

Presented parallel algorithm for the quasi-static microstrip multiconductor lines (MMCL) analysis, with optional conductor number,
width and spaces between conductors. To apply MMCL as a physical model for various microstrip devises design, for example,
meander microstrip delay lines, it is sufficient to study only quasi-static parameters of the MMCL inducing c- or p-normal waves. As
analysis method in the proposed parallel algorithm any numerical quasi-static approach may be used. Authors have implemented an
algorithm in five computer cluster using the finite difference method. For calculation procedure speed up the potential distribution of the
MMCL was calculated using band matrix technique and sparse matrix approach. The proposed parallel algorithm was tested in four- and
five-conductors MMCL. Authors obtained results that differ from those of other investigators and the results obtained by other means no
more than 3 %. It was found that the proposed parallel algorithm allows speed up of calculations up to 3.6 times. Ill. 4, bibl. 16, tabl. 2
(in English; abstracts in English, Russian and Lithuanian).

P. Ilomapnauku, A. Kpykonue, B. VYpo6anaBuuroc. I[lapajuieJbHbIi aJropuTM [IJIsl KBa3UCTATHYECKOr0 aHAJIN3a
MHKPOIO0JIOCKOBBIX MHOTONIPOBOIHBI JTMHMI // DJeKTPOHUKA U dieKTpoTexHuka. — Kaynac: Texnoaorus, 2010. — Ne 5(101). —
C. 83-86.

IIpencrasien nmapaurebHBIH ITOPUTM IS KBA3UCTATHYECKOTO aHaJM3a MUKPOIOIOCKOBEIX MHOTOIPOBOAHBIX JHIKA (MIIMII) ¢
NPOU3BOJBGHBIM YHCIOM IPOBOJHUKOB, MX HIMPUHOM ¥ paccTosHHEM Mexay HuMmu. [Ipw ucnoms3oBanmnm MIIMJI B kauectBe
(bu3nUecKkoil MOJENH Pa3IMYHBIX MMKPOIOJIOCKOBBIX YCTPOWCTB, HAlpHMEP, MEaHIPOBBIX MMKPOIOJIOCKOBBIX JIMHHH 3aJICpPIKKH,
HeoOxoauMel jumib napamerpsl MIIMJI B kBasucraTudeckom mnpuOmmkeHHH npu Bo3OyxaeHnn B MIIMJI yérHol u Heu€THOM
HOpMaJIbHBIX BOJH. B KauecTBe MeTozia aHanmu3a B IPEATOKEHHOM alrOpUTME MOXKET HCIIOIb30BaThCs JTIO00H KBa3MCTaTHUECKHI
MeToJI. ABTOpaMH aJITOPUTM OBLT peaan30BaH ¢ HCIOIB30BaHNEM METOa KOHEYHBIX Pa3HOCTEH B KiacTepe U3 MATH KOMITbIOTEpOB. Jlist
YCKOpEHUsI TIpollecca aHAlIM3a paclpejielieHHe IMOTeHIHana B TorepedHoM cedeHnn MIIMJI Haxomuiaock cnocoOoM CBSI3aHHBIX
pa3psDKeHHBIX MaTpull. B kauecTBe mpuMepa mccieoBaHbl YeThIpex- U nmaTunpoBogHas MIIMIL Pe3ynbratsl, oJTydeHHbIE aBTOpaMU
OTJINYAIOTCSL OT OIYOJIMKOBaHHBIX M IOJIy9€HHBIX APYTMMH criocobamu He Gonee 4eM Ha 3 %. YCTaHOBIIEHO, YTO ITIPEIJIOKEHHBII
napajuieJIbHBIN alrOpUTM IIO3BOJISIET COKPATHTH Ipoliecc aHaimmu3a mo 3,6 pas. I 4, 6ubn. 16, tabnm. 2 (Ha aHITIMHCKOM SI3BIKE;
pedepaThl Ha aHTIIMICKOM, PYCCKOM H JINTOBCKOM S13.).

R. Pomarnacki, A. Krukonis, V. Urbanavi¢ius. Lygiagretusis algoritmas mikrojuostelinéms daugialaidéms linijoms tirti esant
kvazistatiniam artiniui // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 5(101). — P. 83-86.

Pateiktas lygiagretusis algoritmas kvazistatinei mikrojuosteliniy daugialaidziy liniju (MJDL) analizei atlikti esant laisvai
pasirenkamam laidininky skai¢iui, plo¢iams ir tarpams tarp ju. Taikant MJDL kaip fizikini modelj jvairiems mikrojuosteliniams
itaisams, pvz., meandrinéms mikrojuostelinéms vélinimo linijoms, tirti, pakanka nustatyti tik kvazistatinius MODL parametrus Zadinant
joje lyging arba nelyging normaliasias bangas. Kaip analizés metodas sitilomame lygiagreciajame algoritme taikytinas bet kuris skaitinis
kvazistatinis metodas. Autoriai jgyvendino algoritma taikydami baigtiniy skirtumy metoda penkiy kompiuteriy telkinyje. Skai¢iavimo
procediiroms paspartinti potencialy pasiskirstymo MJDL skerspjavyje buvo ieSkomas taikant susietuyjy retyjy matricy skaiciavimo biida.
Sitlomas lygiagretusis algoritmas buvo isbandytas tiriant keturiy ir penkiy laidininky MJDL. Autoriy gauti rezultatai skiriasi nuo kity
tyréju ir kitais budais gauty rezultaty ne daugiau Kaip 3 %. Nustatyta, kad sitilomas lygiagretusis algoritmas leidzia paspartinti
skai¢iavimus iki 3,6 karto. Il. 4, bibl. 16, lent. 2 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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