IToganpmmii X1 KpUBUX MTOTOBUIUICHHS IIKIPH BU3HAYAECTHCS MIFOYMM Ha HEl HaBaHTaXeHHIM. [pn
HaBaHTaxenHi B 0,02 kr/cM’ uepes 45 ¢ y CTpyKTypi IKipu BinOyBaroThcs BCi pelakcariiiai mporec, i
BHYTPIIIIHIA TUCK YPIBHOBAKYETHCS 30BHINTHIM TUCKOM. J[JIs1 iHIIMX BUTIAIKIB BCTAHOBJICHO: YUM OiJbIITe
HAaBaHTAXEGHHS Ha INKIpy, THM pi3Kille 1 IIBUANIE 3HWXKYETbCS IHTEHCUBHICTH NOTOBUAUICHHA. Lle
MOB’513aHO, HATIEBHO, 31 3HAYHUM YIIUILHEHHSM COCOYKOBOI'O IIApy, CTHCKAHHSM KPOBOHOCHHX CYJIHH 1
YaCTKOBUM MEPEKPUTTIM IMOTOBUIIIBHUX 3aJ103.

OTxe, BCTAHOBIEHO, IO JUIS OTPUMAaHHS 1H(POPMATUBHOTO MOKa3HMKa (ororueTn3amorpadii i,
0TXe, 3a0e3neyeH s iHpOPMAaTUBHOCTI LILOTO METOAY JIarHOCTUKY ONTHMaJIbHA BEJIMUYMHA HABAHTAXKECHHS,
IO CTBOPIOETHCS (POTOMEPETBOPIOBAYEM HA JOCHIHKYBaHIM JUISHIN MOBEPXHI IIKipH, TIOBUHHA OyTH
mermoro 0,5 kr/ cm”. [Ipu TaAKOMyY HAaBAHTAKEHHI HE CIIOCTEPIraeThes (i3HUHUX 3MiH y COCOUKOBOMY LIapi
JIEPMHU 1 He TIOPYITY€EThCS MIKPOIUPKYIIAISA KPOBI Ha TUISHIN KOHTAKTY 3 (OTOMEPETBOPIOBAYEM.
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CAPACITATIVE COUPLINGS IN MULTILAYER CIRCUITS
© Wisz B., Sabat W., Kalita W., Gelzhynskyy 1., 2006

HageneHo pe3y1bTaTH TEOPETHYHOI0 AHATI3Y i eKCIIEPMMEHTAJIBHUX J0CTi/IZKeHb EMHIc-
HUX B3a€EMO3B'SI3KiB B MNPOBIAHMX TakTax TriOpuaHux MikpocxeM. Metoa KoHGOPMHOIro
NepeTBOPeHHs] BUKOPUCTOBYIOTH JJIsl BU3BHAYEHHS] €EMHOCTI NMPOBITHUX TpakTiB. Pe3yabTaTn
po3paxyHkiB BepudikoBaHo. 3 1[i€l0 MeTO0 PO3po0JIeHO i TOCTIAKeHO cleniaJbHUil TecTOBUA
ap 3 3aIaHMMU apaMeTpamMH.

This paper presents the results of theoretical analysis and experimental researches
related to the capacitative coupling issues in some hybrid circuit’s conductive path layouts.
The conformal transformation method has been used to determine the capacity of some
conductive path layouts. The numerical calculation results have been verified. For this
purpose, dedicated test layouts of specified parameters have been designed and produced.

1. Introduction

Increasing integration scale of electronic chips makes the distances between the chip components
even smaller. As a consequence, this intensifies the electromagnetic couplings inside the chip. The
theoretical analysis results indicate the couplings severity, in particular the capacitative couplings in
higher frequency ranges. For example, Figures 1 and 2 present the effect of the capacitative coupling on an
interfering signal Ug transmission. Within this frequency range, the coupling impedance is comparable
with the input impedance of the interfered circuit. In such a state, the coupling reactance has a severe
impact on the signal transmission level between the source and sensitive circuit. This level is indicated as
the penetration factor, determined as the effective signal Ugq to the input interfering signal Ugratio.
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Fig. 1. The interfering signal transmission circuit
with the parasite capacity of conductive paths Cx;
a) schematic diagram, b) an equivalent diagram
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Fig. 2. The effect of the capacitative coupling
on the interfering signal penetration factor
Uso/Ug vs. frequency

The sum of capacities has also severe impact on Ugo/Ugqratio. The fivefold decreasing of capacity
Ck (e.g. by increasing the distance between conductive paths) reduces this ratio by approx. 15 dB [4].

2. The capacity calculations for some conductive path layouts

The knowledge of real capacity and inductance values for various conductive path layouts is a basic
factor, determining their impact on the circuit operation during the numerical (simulation) analysis
process. Including the parasite capacity and inductance values during the design phase results mainly in
complex structure of the circuit being simulated. However, eliminating the most unwanted path layouts

finally increases the circuit immunity against interferences.

Practically, determining the capacity values for some conductive path layouts results in several
problems [1, 2, 5]. The empirically derivated relations usually provide with high inaccuracy levels. The
accurate numerical calculations often require the computer with very high processing power. For these
reasons, for the capacity calculations the conformal transformation method has been used. The selected
path layouts and basic capacity relations have been presented in Table 1.

Table 1. The selected path layouts and basic capacity relations
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For each case, the capacity value is derived by calculating the complete elliptical integral with
module K(k) [2,3]. The individual integrals have been calculated numerically, using the relations as
presented below:

T Y~ 2
Kk)y=-1|———, 4
() = gm{n )
where ko=k, k .= 2 -4k
0 4 n+l* 1+kn n
K(k) =2 ] (5)
2 ol+k,
where k, = k =4/1-k* k = 2 4k
0 s n+l* 1+kn n

The calculation results are presented graphically on Figures 4 - 7. The simulations include the path width
effect and the distances between them on the capacity value. Moreover, the layout with the shield (Figure 6) and
the layout with 2 paths placed symmetrically on both substrate sides (Figure 3) have been reviewed.

3. Experiments

The experiments have been conducted in order to verify the numerical calculations. The
experiments have been conducted with the alundum ceramics 96% Al,O; substrates (dimensions
76.2x76.2x0.635 mm) and the dielectric constant € = 9.08. The special test circuits with specific path
layouts (Figure 3) have been produces in order to examine the effect of geometrical parameters on the
capacity value. The experimental results have been presented on Figures 4 -7. The measurements have
been made using automatic RLC bridge, General Radio model 1683. The measured values have been
standardized to the length unit (unitary capacity in pF/m).

76. 76
w=7 s=0.

Ts=03"s=05" s=1 ' s=2 ' 's=3 w=05 w=08" w=1 "w=1.5'"" |u=25

76.2 76.2

Fig. 3. The test circuits for some path layouts (all dimensions in mm)

The confidence intervals for measured values, presented on above figures, are mainly a result of
process properties of produced circuits. The discrepancies between calculation and measurement results
are mainly due to the screen printing and paste burning process. The pastes pushed through the screen
spread out, and the geometrical pattern achieved differs from the designed one. For the test circuits with
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long printed paths, such a change is unavoidable. This is primary reason of discrepancies between the
measurements and calculations.
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Fig. 4. The unitary capacity of 2 parallel conductive Fig. 5. The unitary capacity of 2 parallel conductive
paths vs. mutual distance, path width w = constant. paths vs. path width, mutual distance s = constant.
(Layout 1) (Layout 2)

When analyzing the calculation and measurement results, note that the mutual distance between
paths has the most severe impact on the capacity of reviewed path layouts. The mutual distance enables
huge adjustment of capacity in reviewed path layout. The path width change apparently affects the
capacity only for small width paths.
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Fig. 6. The unitary capacity in the “conductive path - Fig. 7. The capacity between parallel conductive
shield on the opposite side of a substrate paths on both substrate sides
vs. path width (layout 2) vs. path width (layout 3)

The paths in layouts 2 and 3 (Figure 5 and 6) feature significant unitary capacity increase comparing
to the planar layouts, and the unitary capacity increases linearly along with conductive path width.

4. Conclusions

One of the primary factors influencing the capacity coupling effectiveness is high value of the
substrate’s dielectric constant.

For minimum and practically achieved distance between paths (approx. 0.2 mm) and path width
(0.3-1.0 mm) in the thick-film technology, the unitary capacity of approx. 40-60 pF/m may be achieved.

The significant capacity nay be achieved in the layouts with parallel paths placed on both sides of
substrate.

In the double-sided layouts, the reduction of the capacity coupling may be achieved by
perpendicular path placement on opposite substrate sides.

Significant capacity is also featured by the layout, where the conductive paths is placed on one side
of substrate, and the conductive shield is placed on the opposite side of substrate.
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In the planar structures, the parasite capacities may be reduced by increasing the distance between
paths. This is significant in locations especially prone to interferences, e.g. low level signal inputs, close to
the high voltage circuits, etc.
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Po3rasinyTo nmporpamHue Ta indopmairiiine 3a6e3neyeHHsI MPUPOTHOMOBHOT0 iHTepdeii-
cy 1Jis1 popMyBaHHS 0a3M JaHHX MApaMeTPiB eJJeKTPOHHUX CeHCOopiB ¢izMYHMX BeaudnH. s
1no0y/10BH NPUPOTHOMOBHOI0 iHTepdeiicy BUKOPHCTAHO IITYYHY HEH{POHHY Mepexy.

The software and dataware for nature-language interface, which assists to create
parameters of database of electronic sensors of physical quantities, are considered at this
paper. We propose to use artificial neural networks for creation of interface.

Beryn

Ha crorogni BeTWKOro MOIMIMPEHHS B PI3HUX Tady3sIX HAyKH, TEXHIKH, MPOMHCIOBOCTI, MOOYTYy
3100y €NeKTPOHHI CEHCOpH (Pi3MYHHMX BEJWYMH, SIKi BUMIPIOIOTH TEMIIEPATypy, THCK, BOJOTICTh, KOH-
LIEHTPAILi0 ra3iB ToIo. IHhopMallito PO TaKi CEHCOPH MOYKHA 3HANTH Y 3HAYHIM KiJIBKOCTI JIITEPaTypHUX
okepen, Hanpuknan [1,2] Ta O6aratbox iHIIMX. Ajle KOMIT'IOTepHE OOpOOJEHHS Takoi MPUPOJHOMOBHOL
(mecTpykTypoBaHOi) iH(MOpMAaITil AyXKe CKIaTHe.

ToMy € akTyalnbHUM pPO3pOOJICHHA NPOrpPaMHOro 3a0e3neueHHs, SKe MOIJIo OM MepeTBOPIOBATH
HECTPYKTYPOBaHY MPUPOJIHOMOBHY iH(POPMAIIiIO0 Y CTPYKTYpOBaHy (HANPHKIAA, Y BUMIISAI 0a3u NaHUX).
Taxe nporpamue 3a0e3ne4eHHs] MOJKHA Ha3BaTH IPUPOJHOMOBHUM iHTepdeiicom.

AHaJi3 npeaMeTHOI 00J1acTi Ta GOPMYTIOBAHHS METH J0CTiIKeHHSA

Pearizanisi yHiBepcaJbHOrO NPUPOJHOMOBHOTO iHTEpdelcy, 0 He Ma€ HiSKMX OOMEXKEHb, € IyKe
CKJIaTHUM 3aBIaHHAM. ToMy TpakTHYHA peajizaiis Takoro iHTepdeicy MOXKe CTOCYBATHICS JOCHTH BY3BKOL
NpeIMETHOI 00JIacTi, IS OTHCY KO BUKOPHUCTOBYETHCS 0OMEKEHa IMiIMHOKHHA TIPUPOJHOT MOBH [3—5].

[TpeameTHOI0 00J1ACTIO HMPUPOJHOMOBHOTO iHTEpdeiicy, MmO po3poOIsI€ThCS, € XapaKTePUCTHKU
€JIEKTPOHHHUX CEHCOPIB (Pi3MYHMUX BETHYUH (TEMIIEPATYPH, TUCKY, BOJIOTOCTI TOLIO).

Ha Bxin inTepdeiicy HaaxoauTh 3B SI3HUH TEKCT IMPUPOTHOI0 MOBOIO, IO CKIIATAETHCS 3 OKPEMHUX
pedeHb, B SIKMX OMNHUCYIOTHCS XapaKTEPUCTHKH EJIEKTPOHHUX CEHCOpiB (i3MYHMX BenuuuH. Bxigny
iH(pOopMallit0 MOXKHA BBOJIUTH 3 KJIaBiaTypH, a00 BOHA MOKE HAJIXOJIUTH y BUTJISII CKAHOBAHOTO TEKCTY.
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