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Electrical design of on-board radio-electronic equipment is an important stage in spacecraft design. High charac-
teristics of printed circuit boards (PCBs) are essential for miniature units that have reliability, speed, stability of elec-
trophysical parameters, electromagnetic compatibility. In order to do that, new design and technological solutions are
necessary, in particular transmission lines with stable characteristics of per-unit-length delay (1) and wave impedance
(Z). One of the main lines, realized on a PCB is a microstrip line (MSL). In multi-layer PCBs it is often used with poly-
gons. However, their influence on the stability of characteristics is investigated insufficiently.

The purpose of the work is to investigate the dependence of v and Z of MSL on the distance between the side
grounded conductors as they are dipped in a substrate.

In the TALGAT software we built a geometric model of the line cross-section and calculated (using the method of
moments) the matrices (3*3) of per-unit-length coefficients of electrostatic induction taking into account the dielectric
as well as ignoring it. We calculated the values for the change of distance between side conductors (s), dipped in a sub-
strate, for different values of the height of the side conductors (hl). We revealed that for large values of s (unlike small
ones), approaching of the side conductors to the air-substrate boundary does not increase but it decreases the value
of ©. When s = 0.38 mm, the change of the value of hl in the whole range almost doesn’t change the values of t and,
therefore zero sensitivity of T to changes of hl is possible. Thus we can obtain the required Z value in the range from
48 to 59 Ohms by changing the value of hi.

These results are obtained for particular values of the parameters of the line. However it is easy to obtain similar
dependencies for other values of parameters. The results can be used to design transmission lines with stable delay un-
der control of the impedance value.
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Dnexmpuyeckoe npoekmupoganue HOpMoBoU paouodIeKMPOHHOL ANNAPAMYPbL AGIAEMCSL BANCHBIM IMANOM CO30a-
HUSL KOCMUYeCKUX annapamos. Bvicokue xapaxmepucmuxu nevyamuvix niam (I111) eadichol 0fiss MUHUAMIOPHBIX Y3108,
001a0arUUxX HA0EHCHOCMBIO, OLICIMPOOeUCmEUeM, CMAOUTILHOCMbIO INEKMPOPUIULECKUX NAPAMEMPO8, INeKMPOMa2-
HUMHOU cOBMeCcmUMocmuio. [{isi 5mo2o HeoOX00UMbl HOBble KOHCMPYKMOPCKO-MEXHOIOSUYeCKUe peueus, 68 YacmHo-
cmu, IUHUYU nepeoayu co CIabUuIbHbIMU XAPAKMEPUCTIUKAMU NO2OHHOU 3A0ePICKU (T) U BOIHOB020 CONPOMuseHus (Z).
Oonotl u3 ocHogubix aunull, pearuzyemolx na I1l1, sensemes muxpononockosas aunus (MILI). B muoeocnovnvix I
OHA YACMO UCNOB3YemCst ¢ noauoOHAMU. OOHAKO UX 61UsHUE HA CMAOUTLHOCTL XAPAKMEPUCMUK MATIO0 UCCTE008AHO.

Lenv cmamvu — uccredoeame 3asucumocmu t u Z MIIJI om paccmosnus menrcoy OOKOBbIMU 3A3eMIEHHBIMU NPO-
BOOHUKAMU NPU UX YeTYONeHUU 8 NOOTIONCKY.

B cucmeme TALGAT nocmpoena 2eomempuieckas MoOeib NONEPEUHO20 CEeYeHUs TUHUU U MeMOOOM MOMEHIMO8 Gbl-
yucnenvt mampuysl (nopsoka 3*3) nocouHvix KodG@duyUeHmos 3neKmpocmamuieckol UHOYKYuu ¢ y4emom Ousjiex-
mpuxa u 6e3 He2o. Bvinoanenvl 8bI4UCAICHUSA NPU USMEHEHUU PACCIOSHUSL MeNCOY DOKOBLIMU NPOBOOHUKAMU (S), Veryo-
JEHHLIMU 8 NOOTONHCKY, OISl PASHLIX 3HAYEHUL 8bICOMbL OOKOBLIX NP0BOOHUK08 (hl). Bulssaeno, umo npu 6o1vbuux 3na-
YEHUSX S, 8 OMIUYUE ON MATbIX, NPUOTUdICEHUE DOKOBLIX NPOBOOHUKOS K 2PAHUYE «8030YX—NOONONCKAY HE YBeNUdUBA-
em, a ymenviuaem suavenus . Ipu s = 0,38 mm usmenenue 3nauenuss hl 6o 6cem ouanasone noumu He meHsem 3Haye-
HUSL T, @ 3HAYUM, 603MOJICHA HYIE6As YYBCMBUMENbHOCHb T K usmenenuio hi. Ilpu smom usmenenuem snauenus hl
MOACHO ROyuUmb mpedyemoe 3Havenue Z 6 ouanasoune om 48 0o 59 Om.
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ﬂaHHble pesyibmamul nojIy4eHsbl ons KOHKpEmHuvlxX 3HAYeHUll napamempoe JUHUU. OoHako necko nojaydums avanlo-
cUYHble 3aeucumocmu npu dpyzux SHAYEHUAX napamempoes. PeS’lebmambl pa60mbl mozym ObiIMb UCNONIL30BAHBL OIS
npoOeKmupoeaHrus JUHULL nepedaqu CcO cmMabUNbHBLIM 3HAYEHUEM 361()6]79!6‘}(” npu KOHmMpOoJjie 60J1H0O6020 CONPOMUBTIEHUA.

Kniouesvie cnosa: neuamnas niama, MUKponoJaockoeas JTuHusl, NO2OHHAA 3adep9fc1<a, B0JIHOBO€E conpomueJjienue, no-

JIUCOHDbL, HY1e6ds 4yeCcmeumejibHoCnib.

Doi: 10.31772/2587-6066-2018-19-2-303-307

Introduction. Electrical design of on-board radio-
electronic equipment is an important stage in the space-
craft design [1]. High characteristics of printed circuit
boards (PCBs) are important for miniature units [2; 3] that
have reliability [4], speed, stability of electrophysical pa-
rameters [5], electromagnetic compatibility [6]. In order
to do that, new design and technological solutions are
necessary, in particular transmission lines with stable
characteristics of per-unit-length delay (t) and wave im-
pedance (Z). Thus the research of these characteristics is
relevant [7-10].

One of the main lines, realized on PCB is MSL. Vari-
ous modifications of MSL are the most interesting, for
example, suspended and inverted strip lines which make it
possible to obtain zero sensitivity of the per-unit-length
delay and wave impedance to the change in the thickness
of dielectric layers [11]. A similar pattern was found
in MSL coated with a grounded conductor, shielded
MSL [12] and MSL with side grounded conductors placed
above [13]. There is a detailed analysis of modifications
and variances in such a line and its varieties. Multilayer
PCBs use a variety of MSL, for example, MSL with
polygons on different layers that allows to obtain a stable
value of the per-unit-length delay [14]. Meanwhile, it is
useful to study the characteristics of MSL with side con-
ductors grounded only on one layer located near the
boundary of two environments.

The purpose of the work is to investigate the depend-
ence of T and Z of MSL on the distance between the side
grounded conductors as they are dipped in a substrate.

To achieve the objective, we investigated the structure
of MSL with side conductors dipped in the substrate
(fig. 1). We chose the following cross-sectional parame-
ters (they are close to typical): the width of the signal
conductor is w = 0.3 mm, the thickness of the signal and
side grounded conductors is # = 18 um, the width of the
side conductors is wl = 1 mm, the thickness of the dielec-
tric substrate is # = 1 mm, the relative permittivity of the
substrate is €, = 4.5.

Line modeling. In the TALGAT [15] software we
built the geometric model of the line cross-section and
calculated (using the method of moments) the matrices
(3*3) of per-unit-length coefficients of electrostatic induction
taking into account the dielectric as well as ignoring it.

From the matrices we took the values (hereinafter C
and Cp) of the diagonal element corresponding to the sig-
nal conductor and calculated the values of t and Z (v, is
the speed of light in vacuum):

7= (C/Cy)** Ivo, Z=1/(v(CCy)").

We calculated the values for change of distance be-
tween the side conductors s, dipped in a substrate, for the
height of the side conductors #1 = 0.1-0.9 mm (fig. 2).
Fig. 2 shows that when s increases, the value of t de-
creases smoothly, and Z increases. At small values of /1,
the changes of t and Z are small, but the growth of 41
leads to an increase in the value of T and a decrease in the
value of Z, and at small values of s the changes of T and Z
are more significant.

Approaching of the side conductors to the air—
substrate boundary has a special effect on the characteris-
tics being studied. Therefore, we performed simulation
with a smaller step at the air-substrate boundary: at
hl = 0.8; 0.82; 0.84; 0.86; 0.88; 0.9 mm (fig. 3). The
analysis of fig. 3 shows a similar behavior of dependen-
cies, but it reveals its specificity as well. It is expressed in
the amplification of the influence of the side conductors
when they approach the air-substrate boundary for small
values of s. When s = 0.1 mm, the value of t increases
from 5.56 to 5.82 ns/m. We noticed that for large values
of s, approaching of the side conductors to the air-
substrate boundary does not increase but it decreases the
values of . When s = 0.6 mm this decrease is maximal
and is from 5.33 ns/m to 5.29 ns/m. When s = 0.38 mm,
the change of the value of %1 in the whole range almost
doesn’t change the values of t and, therefore zero sensi-
tivity of T to changes of /1 is possible. Thus we can ob-
tain the required Z value in the range from 48 to 59 Ohms
by changing the value of /1.
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Fig. 1. Cross-section of MSL with side grounded conductors, dipped in a substrate

Puc. 1. Ilonepeunoe ceuenne MIIJI ¢ O0KOBBIMH 3a3eMIIEHHBIMH IPOBOAHUKAMH,
YIITyOJIEHHBIMU B TOATOXKY
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Fig. 2. Dependences of t (a) and Z (b) on s
at 71 =0.1 (0); 0.2 (J); 0.3 (A); 0.4 (x); 0.5 (1); 0.6 (0); 0.7 (+); 0.8 (-); 0.9(—) mm

Puc. 2. 3aBucumoctu T (a) u Z (6) OT §

Fig. 3. Dependences of (¢) and Z (b) on s
at 11 =0.8 (0); 0.82 (A); 0.84 ([1); 0.86 (+); 0.88 (—); 0.9 (I]) mm

Puc. 3. 3aBucumoctu t (a) u Z (6) ot §
npu 21 = 0,8 (0); 0,82 (A); 0,84 (1); 0,86 (+); 0,88 (-); 0,9 (1)) Mm

Conclusion. We modeled MSL with side grounded while obtaining the required wave impedance. These re-
conductors dipped in a substrate. We calculated the de-  sults are obtained for the particular values of line parame-
pendence of the per-unit-length delay and the wave im-  ters.
pedance on the distance between the grounded conductors However it is easy to obtain similar dependencies for
when the depth changes. We found out that zero sensitiv-  other values of parameters. The results can be used to
ity of per-unit-length delay to depth changes is possible  design transmission lines with stable characteristics.
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