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Introduction

The meander microstrip delay lines (MMDL) are
widely used for pulse signals synchronization [1], for
designing analogue and digital filters [2], small-sized
antennas [3], resonators [4] and other devices [5], [6].
Design of the MMDL (Fig.1, (a)) consists of dielectric
substrate with one side covered by a solid conductive layer
that carries out the electric shield function and the signal
conductor on the other side, having the meander form.
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Fig. 1. The design (a), and physical model (b) of the microstrip
meander delay line: 1 — strips of the meander conductor; 2 —
dielectric substrate; 3 — conductive shield; 4 — strip connectors

Theoretical methods used for analysis of MMDLs can
be conditionally united in two groups: analytical and
computational or numerical. Analytical methods are based
on the strict solution of the Maxwell’s equations and
application of the specific boundary conditions. The group
of the analytical methods also includes the approached
methods of analysis with deduced sophisticated equations
describing behavior of specific MMDL with set of
conditions and limitations of operation. A physical model
in such methods may be created using microstrip
multiconductor line which parameters in the cross-section
plane are the same as MMDL. The part of multiconductor
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line of length 24 is “cut out” in this case and neighboring

conductors are connected using the infinite thin
connectors. Boundary conditions of voltages and currents
on the neighboring conductors of the multiconductor line
are taken into consideration connecting conductors into
meander path (Fig. 1, (b)). MMDLs are investigated using
analytical methods in [7]-[9].

Recently numerical methods became popular (e.g., the
method of moments — MoM [10], and the method of finite
differences in time domain [11]) for simulation and
analysis of MMDLs. Numerical methods allow us to obtain
accurate characteristics of sophisticated electrodynamic
systems and microwave devices. However, the duration of
calculations can reach tens of hours even if modern
workstations are used [12].

The hybrid methods (joining numerical and analytical)
are used in practice in order to accelerate calculations of
characteristics and preserve the accuracy of calculations
[13], [14].

The paper is dedicated to specify MMDL model to
make calculations using S matrix method more accurate.

Section “The model” in the paper describes the
specified model of the MMDL. The investigated model of
the MMDL and the results of its simulation and
experimental measurement are presented in the following
sections and the conclusions are formulated.

The model

The example of using of S matrix technique for

calculation of the phase delay time for the MMDL was
described in [15]. There was shown that calculated phase
delay time differs from measured values in low frequency
range by 3 % and it was much better than the calculation
result using analytical method (analytically calculated
values differ from measured results by 5 %). However in
this model influence of microstrip line segments
(connectors) connecting neighboring parallel strips of
meander conductor wasn’t evaluated. Moreover,
verification of the model was done comparing calculated
results with one fabricated MMDL prototype only.



Actually this is enough for the model preliminary
estimation merely.

On the other hand there were attempts to evaluate
influence of these segments analytically [16]. The main
result of this evaluation was analytically shown increase of
phase delay time when the model of MMDL was appended
by lumped capacitances or short segments of microstrip
lines in the space of short junction between neighboring
meander strips. The main idea of this article is to append

MMDL S matrix mathematical model [15] by lumped

capacitances (first step) and input impedances of short
microstrip lines segments (second step) as it was done
analytically in [16].

Conformal mapping equations were used during the
investigations (for calculation of capacitance per unit
length of the multiconductor line parameters in case of odd

and even excitation) and S matrix method for calculation

of phase delay time of the MMDL. Experimentally phase
delay time was measured by the method of 7 points. With
the purpose of achievement of the greatest reality the
calculated values of the phase delay time also were defined
by the 7 points technique. For this purpose the global

ABCD matrix of the MMDL was calculated and input

voltage response in the frequency domain of the
open/shorted delay line were found.

MMDL topology pictures and proposed models are
presented in Fig. 2.
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Fig. 2. Meander edge models: (a)— MMDL topology; (b) —
designation by zones of the meander edge; (c) — simple model of
the meander edge; (d) — model that evaluated zone @ by
extending meander strips @; (e) — the model (d) is appended by
evaluation of zones @ using lumped capacitance; (f) — model (d)
appended by input complex admittance of the microstrip line
segment made from topology of zones @ and @

In the topology of the MMDL the meander edge of
two neighboring strips and connector (Fig. 2 (a)) can be
designated into zones @, @ and ® (Fig. 2 (b)). The
simple model of the MMDL (Fig. 2 (c)) does not evaluate
zones @ and @ of the connector and is fairly accurate if
length of meander strips is much larger than distance
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between strips and, hence, time delay caused by the
meander strips also will be larger than connectors delay

2A>>d. (1)

But height 24 of some MMDLs does not satisfy

requirements of equation (1). Therefore it was worked on
evaluation of the zones @ and ®.

The first approach in the way of getting better
calculations accuracy with respect to measurements was

expanding the height of the meander strips 24 (dark
segments in the picture Fig. 2 (d)). Thus we compensated
the path of the wave traveling between neighboring
meander strips assuming that wave traveling conditions in
this area are the same as along of the meander strips.

Next step reducing the difference between calculations
and measurements was to append to the previous model
(Fig. 2 (d)) lumped capacitances calculated as parallel
plates capacitors of two square zones @:

Coump = (227 /1 @)

where ¢, — electrical constant; ¢ , h — correspondently

dielectric permittivity and height of the substrate. This
model is presented in Fig. 2 (e). We should take into
account the fact that the parallel plates capacitor formula
(2) does not evaluate electrical field scattering on the
capacitor edges, so we still can expect better calculation
accuracy in case of evaluation of this scattering.

Another way of evaluation of connectors is to analyze
this topology part as input impedance of the short
microstrip line segment with the open end (see Fig. 2 (f)).
The input admittance of lossless microstrip line segment
with the open end has complex value

Yiy = Y; coth(jfA.) ,
Y

0° ﬂ > and AC the

characteristic admittance, phase constant, and length of the
microstrip segment. As shorter the line is, the more similar
line behaves as frequency independent lumped capacitance
(Fig. 2 (e)). This lumped capacitance can be calculated as

Cromp = Yo (4c k) <y » (4)

where A, — the length of the microstrip line segment; £,

3)

where correspondently are

— a delay factor of the short microstrip line segment; ¢, —

the speed of light in free space.
MMDL scattering matrix calculation technique refers
to creation of the internal junction matrix describing the

meander topology. The meaning of each i and j element in

the matrix corresponding to ¢ and j meander topology

element and is equal to one if there is no reflection
between corresponding elements in the topology. In case of
any reflection in the topology exist — the corresponding
element of this junction matrix expressed as a function of
complex normalized reflection coefficient and looks like

9ij = 1/<1 + Yhunp) ’ )



where ¢ and j — the indexes of internal junction matrix

Y

elements; Y| .

— lumped admittance of additional circuit

in each meander pace of MMDL topology. All other
junction matrix elements are equal to zero. In case of
lumped capacitance this admittance is calculating as

Y,

lump

= j2nfC, (6)

ump ?

or
=Y,

IN

(7

lump

in case of very short (A, << 2A4) microstrip lines

segment. Calculation results are presented in the following
section.

The investigated MMDL

The layout of the experimental MMDL prototype is
presented in Fig. 3.

It contains conductive meander path consisting of 67
meander paces. The meander conductor is formed on the

dielectric substrate with the thickness h = 0.46 mm and
the dielectric permittivity e, = 7.3. Thickness of the

meander conductor on the substrate is ¢ = 10pm .
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Fig. 3. The topology view of the experimental MMDL prototype

The pass band of the MMDL is specified by the phase-
frequency distortions [8] so that main attention during the
MMDL investigation was focused on the phase delay time
versus frequency. Unfortunately truthfulness of the compa-
risons of experimentally measured and calculated characte-
ristics is limited due to manufacturing inaccuracies both
meander topology and substrate material characteristics (its
thickness and permittivity) and due to the measurement
inaccuracies. For overcoming this problem i.e. that results
of measurements and calculations could be compared more
objectively it is necessary to design, manufacture and
investigate the number of the MMDL prototypes.

Comparison of simulation and measurement results

Calculated and measured results are presented in Fig. 4
and compared in Table 1. Relative difference between
simulated and measured time delay is evaluated by

t(M) )100 %/tr(lljz)m\lﬂz >

d100MHz

t ) ®)

d100 MHz
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where tﬁmMHZ and td?(?[])’[Hz are the time delay of MMDL

prototype, and specific MMDL model correspondently, at
the 100 MHz frequency.
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Fig. 4. The phase delay time of the MMDL (the topology is
shown on Fig. 3) versus frequency: 1 — calculated according to
simplified model, presented on Fig. 2 (c); 2 — calculated using the
model shown on Fig. 2 (d); 3 — calculated using the model shown
on Fig. 2 (e); 4 — calculated using the model shown on Fig. 2 (f);
5 — experimentally measured result

Table 1. Comparison of the simulation and measurement results

Model of MMDL ta 100 mu (1S) 6t4 100 Mtz (%0)
MMDL prototype 6.88 -

Fig. 2 () 6.58 436

Fig. 2 (¢) 6.48 581

Fig. 2 (d) 6.38 7.23

Fig. 2 (c) 6.26 9.01

Initially calculations were started from the simplified
model of MMDL (Fig. 2 (c)), without any evaluation of the
meander edge and connector between two neighboring
strips. Calculations (curve 1 in Fig. 4) were made
according to the method described in [15]. Inaccuracy
between calculated and measured results was got 9 %.

Calculated curve 2 in Fig. 4 is gotten using the model
of extended meander strips (Fig. 2 (d)) reduced
calculations inaccuracy to 7.2 %.

Curve 3 in Fig. 4 demonstrates extra evaluation of
square zones @ in the model shown on Fig. 2 (e).
Inaccuracy was got 5.8 %.

Finally, model (Fig. 2, (f)) appended by input complex
admittance of the microstrip line made from zones @ and
® has got the best calculation results (curve 4 in Fig. 4).
Inaccuracy between calculated and measured results —
4.4 %.

Conclusion

Calculated phase delay time of the MDDL usually is
less than measured in all frequency range. Evaluation of
MMDL meander edge between two neighbor strips can
significantly increase calculated phase delay time and as a
result increase calculation accuracy. Inaccuracy of
calculated and measured phase delay time depends on the
method of evaluation and on the topology of the MMDL.
In case of investigated MMDL proposed evaluation
method allows to increase calculated phase delay time and
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A. Gurskas, V. Urbanavi€ius, R. Martavicius. Evaluation of the Microstrip Lines Connectors in the Meander Delay Line Model
/I Electronics and Electrical Engineering. — Kaunas: Technologija, 2010. — No. 3(99). — P. 39-42.

The model of the Meander Microstrip Delay Line (MMDL) evaluating neighbor meander microstrips junction is presented. Model
of the MMDL is based on scattering matrix method. Consecutive transition from simplest MMDL model without evaluation of meander
microstrip connectors to sophisticated model, which evaluates the meander microstrip connectors by open microstrip line segment. The
intermediate models are evaluating the meander microstrip connectors by extending the length of the meander strips and by lumped
capacitances. It is found that in case of primitive model calculated MMDL phase delay time usually is lesser than experimentally
measured, but in case of sophisticated model, calculated phase delay time rice. This rice depends on the MMDL meander topology and
on the technical characteristics of the dielectric substrate. Adequacy of the proposed model was checked by the software written by
authors. The carried out calculations have shown good coincidence with the experimentally measured results. I11. 4, bibl. 16 (in English;
summaries in English, Russian and Lithuanian).

A. T'ypckac, B. Yp6anaBuuroc, P. MapraBuuroc. OneHka BJIHSHHSI CerMEHTOB MHKPOIIOJIOCKOBBIX COeIMHHTeJeli B MoJeaH
MeaH/POBOii JIMHUHU 3aeP:KKH // DJIeKTPOHUKA M dJ1eKTpoTexHuka. — Kaynac: Texnoaorus, 2010. — Ne 3(99) — C. 39-42.

[IpencraBieHa Mopenb MEaHAPOBOW MHKPOMOJIOCKOBOW JIMHMK 3anepkku (MMJI3), yuuThIBaromas COCOHHEHHS COCCIHHUX
MHKPOIIOJIOCOK MEaHIpPOBOro mpoBoganka. MMJI3 Moxenupyercs THOpUIHBIM METOZOM Ha OCHOBE MaTpull paccestHus. I[IpencraBien
HocieoBaTeNbHbIA Tepexo]; oT npocreimeil mMoxpenn MMII3, He yuurthbiBarolel 30H COEIUHEHHsS] COCEAHUX MMKPOIOJIOCOK, 10
CJIOXKHOMU, B KOTOPOI 30HBI COETUHEHHUST COCEAHMX MUKPOIIOIOCOK MOJICIMPYIOTCSI OTPE3KaMH PA30MKHYTBIX MUKPOIIOIOCKOBBIX JIMHHUMH.
B npoMexyTOUYHBIX BapHaHTaX MOJENIU 30HBI COEANHEHHSI COCETHUX MUKPOIOIOCOK MPEUI0KEHO MOJEINPOBATH MPOMOPILIMOHATBHBIM
YAIMHEHHEM MEaHJPOBBIX IOJIOCOK M COCPEAOTOYEHHOH eMKocThio. Iloka3aHo, 4TO B cilydae MPUMUTHBHOM MOJETH pacCUUTaHHAS
BeJIMYMHA (Pa30BOTO BPEMEHH 33/IePKKH OOBIMHO MEHBINE M3MEPEHHOMH, a B CiIydae MPEII0KEHHONH MOJEIH PACCUMTAHHAs BEIHMYMHA
YBEIMYINBACTCS M MPUONMKACTCS K U3MEPEHHOW. DTO MPHONIDKEHHE 3aBHCHUT Kak oT Tomosormd MMIJI3 Tak M OT XapaKTepHCTHK
JVJICKTPUIECKON MOMTIOKKU. AJIEKBAaTHOCTh MOJIENIH MPOBEPEHA aBTOPAaMHU CO3JaHHBIM IIPOTPaMMHBIM oOecreueHneM. [IpoBeneHHbIE
pacdeTsl IOKa3aly XOpOIIee COBIAJEHHE PACCYMTAHHBIX PE3yJIbTaTOB ¢ M3MepeHHbIMH. M. 4, 6ubn. 16 (Ha aHTIMICKOM S3BIKE;
pedepaThl Ha aHTIIMHCKOM, PYCCKOM H JINTOBCKOM S13.).

A. Gurskas, V. Urbanavicius, R. Martavicius. Mikrojuosteliniy jungikliy jvertinimas meandrinés vélinimo linijos modelyje //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 3(99). — P. 39—42.

Pateiktas mikrojuostelinés meandrinés vélinimo linijjos (MMVL) modelis, jvertinantis meandra sudaranciy gretimy strypu
sujungimo zonas. MMVL modeliuojama sklaidos matricy metodu. Pateiktas nuoseklus peréjimas nuo papras¢iausio MMVL modelio,
nejvertinan¢io sujungimo zony, iki sudétingo, kurio sujungimy zonos modeliuojamos atviry mikrojuosteliniy linijy atkarpomis.
Tarpiniuose modelio variantuose strypy sujungimo zonas sifiloma modeliuoti proporcingu daugialaidés linijos juosteliy pailginimu ir
sutelktomis talpomis. Parodyta, kad taikant primityvy modeli apskaiCiuota fazinio vélinimo laiko skaiCiuota verté paprastai blina
maZesné uz i§matuota, o naudojant siiiloma modelj skaigiuota fazinio vélinimo laiko verté padidéja. Sis padidéjimas priklauso tiek nuo
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MMVL konstrukcijos, tieck nuo dielektrinio pagrindo techniniy charakteristiky. Sitllomo modelio adekvatumas patikrintas autoriy
sukurta programine jranga. Skaiciavimai parodé, kad gauti rezultatai gerai sutampa su eksperimentiskai iSmatuotais. Il. 4, bibl. 16 (angly
kalba; santraukos angly, rusy ir lietuviy k.).
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