i

DOI:10.22184/1993-7296.FR0s.2023.17.3.210.217

KOHCTpPYKLUOHHDbIE
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DneKTpoMarHUTHoOe 3KpaHUpoBaHMe — LWWNPOKO
pacnpocTpaHeHHbI MeTog obecnevyeHuns
3/1eKTPOMarHUTHoMm coemectumoctun (AMC)
paguoannapartypbl. 9pPeKTUBHOCTb
3KpaHMpPOBAHUS N HAAEXHOCTb
$YHKLMOHUPOBaAHUSA annapaTypbl BO

MHOroM onpeaensaoTcs KOHCTPYKLMeNn
3KPaHOB, a TaKXe XapaKTepuCTUKAMN U CBOM-
CcTBAaMU MaTepuanos, UCNOJIb3yeMbIX AN

MX U3roTOBJIeHUS. B cTaTbe paccMoOTpeHbl
OCHOBHbI@ KOHCTPYKLUOHHbIE MaTepuarsbl,
npumMeHsiemMble A1 3/IeKTPOMarHUTHOro
3KpaHUpOBaHUA, TakKne Kak NpoKnagku,
KOHTaKTHbI@ NPY>XXUHbI, TKAHU,
TepMoycapoyHbie TPY6KU, nornoTutenm
BY-un3ny4yeHus c kneesbiMm cnoemMm. OnucaHa
MeToAUuKa NOATBEpPXAEeHUS XapaKTepucTuk
3KpaHUpYIOLWMX MaTepUaoB B 1abopaTopumn
OMC AO «TECTNPUBOP».
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BBEAEHWE

B coBpeMeHHOM MHUpe TeKTPOHHKA U BBIYKUCIUTENb"
Hasi TexHMKa 3aHHMaIT ocoboe MeCTo BO MHOTHX
cpepax IeqaTelbHOCTH 4desloBeKa. OLHAKO COBMeCTHOe
HCII0/Ib30BaHUE PA3THUUYHBIX 3T€KTPOHHBIX YCTPOMCTB
MO>XeT IIPHUBOJUTh K BO3HHKHOBEHHUIO HeXelaTelb-
HBIX 3M1eKTPOMAarHUTHBIX B3aHUMOJENCTBUH, KOTO-
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Construction
Materials to Ensure
the Electromagnetic
Compatibility
of Radio Equipment

D. Grishin, I. Gusev,
TESTPRIBOR JSC, Moscow, Russia

Electromagnetic shielding is a widely used
method for ensuring the electromagnetic
compatibility (EMC) of radio equipment. The
screening efficiency and operational reliability
of the equipment are largely determined by

the shield design, as well as the specifications
and properties of the materials used for its
manufacture. The article discusses the main
construction materials used for electromagnetic
shielding, such as the gaskets, contact

springs, fabrics, heat shrink tubes, and RF
absorbers with an adhesive layer. The method
for confirming the specifications of shielding
materials in the EMC laboratory of TESTPRIBOR
JSCis described.
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INTRODUCTION

In the modern world, electronics and computer
technology hold a specific place in many areas
of human activities. However, the shared use of
various electronic devices may result in unwanted
electromagnetic interactions that may adversely
affect the operation of such devices. One of the ways
to solve such problems is to ensure electromagnetic
compatibility [1].

Electromagnetic compatibility (EMC) is determined
as the ability of an electronic system to function
in the midst of other systems without any major
impact on them. This means that the equipment
intended for use in various electronic systems must
comply with the certain EMC standards in order to be
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pble MOTYT HeraTHUBHO CKa3aTbCsi Ha PpaboTe 3THX
ycTporicTB. OJHUM H3 CIOCOOOB pelleHHs] TaKHUX
npobrneM siBisieTcst obecriedeHHe 371eKTPOMArHUTHOM
COBMECTHMMOCTH [1].

J7MeKTPOMarHUTHAasE COBMeCTHUMOCTh (IMC) ompe-
Iensercsi Kak CIOCOOHOCTh 3JIEKTPOHHOM CHCTEMBI
GYHKLIMOHUPOBATh B OKPY>KEHHUU JIPYTHUX CHcTeM Oe3
3HA4YUTeJbHOIO BO3[EMCTBHS Ha HHX. JTO O3HadaeT,
yTo obopymoBaHHUe, MpefHa3HauYeHHOe IJI1 HCIIONb
30BaHMSI B PA3IHYHBIX 3JeKTPOHHBIX CHCTEMaXx,
JOO/IXKHO COOTBETCTBOBATh OIIpefe/leHHBIM CTaHOap-
TaM DMC, uTo6BI 0becreunuTh BO3MOKHOCTE He3omac-
HOTO0 M HaJeXHOro (QyHKLIHMOHHUPOBAHUS B Pasivy-
HBIX yCJIOBUSX 9KCIUTyaTallkH.

Tak, HampuMmep, COBpeMeHHBble MeJUIIMHCKHe
npu6OpBI, OCYIIECTBISAIONIKe JUATHOCTHKY U JIedeHHe
[AIIMeHTOB, BKJIIOYAIOT B cebs MHOXKeCTBO KOMIIO-
HEHTOB U 3JIEKTPOIIpUOOPOB. B3anMomelncTBHe BCex
3TUX KOMIIOHEHTOB MOXKET BBI3bIBaTh HesKe/laTe/IbHbIe
371eKTPOMarHUTHBIE BOJIHBI, YTO IPUBOAUT K COH0SIM
B paboTe yCTpOICTBA, BO3MOXKHO, Aa’Ke ero paspylle-
HHUIO [2].

C pacmmpeHHeM KOTHYeCTBa YCTPOHCTB, paboTaro-
IIMX B 3/IeKTPOMarHUTHOM CIIeKTpe, yueHble K HHXKe-
Hepbl HAXOLST HOBBle pelleHHs Iipobimembl DMC.
OCHOBHBIM MeTOZIOM obecIiedeHHs 371eKTPOMarHUT-
HOM COBMECTHMOCTH B YaCTH YCTOMYHBOCTH K BO3/IeH-
CTBHIO 3/IeKTPOMAarHUTHBIX II0JIeM, a TaKKe COOTBeT-
CTBUSI TPeOOBAaHMSIM K YPOBHIO H3/Ty4aeMBIX IIOMeX
SIBISIeTCSl 37eKTPOMArHUTHOe 3KpaHHpoBaHHUe [3].
YCTaHOBKa 3KPaHOB Ha IIOMeXOH3/Iy4aloliHe 3je-
MeHTHI obecIieurBaeT pasje/ieHHe CUTHAIOB, Heobxo-
guMoe 111 QYHKIHMOHHMPOBAHHUS PafH03/IeKTPOHHON
amnmapaTypsl, HOBbIIIAeT U30HMpaTeIbHOCTh IPUEeMHH-
KOB, IIOMeXO3alIHIeHHOCTh YyBCTBUTEIbHOM aIllla-
paTypsl, YHCTOTy CUIHa/la IeHepaTOpPOB, TOYHOCTb
paboTsl mprbopoB. [IpaBUIBPHBIN BEIOOP MeToma 3Kpa-
HHPOBaHMS, MaTepHa/a 5KpaHa M ero KOHCTPYKIIUH
O4YeHb BaKHBl HMEHHO Ha Ha4da/IbHOM 3Talle IIpoeK-
THPOBAHMSI, IIOCKOJIBKY OH OyZIeT OIpezmensiTb BO3MOXK-
HOCTb yCIIEIIHOI'0 IIPOXOSKIEHUS UCIIBITAHUN Ha OMC
Y Ha/IeXKHOT0 QYHKI[MOHHMPOBAHMUS pa3pabaTeiBaeMok
aMIapaTypsl.

B HacTosimlee BpeMsl MPOMBIIUIEHHOCTb BBIIY-
CKaeT OrpoMHOe pa3Hoobpasre MaTepuasioB sl obe-
crieyeHrss DMC. 3TO KOHCTPYKLUMOHHBIE MaTepHab,
IpefHa3sHaYeHHbIe [JIs1 yAy4lIeHHUs] SKPAaHHUPOBAHUS,
IIOIJIOTUTENIN 3JeKTPOMArHUTHBIX BOJIH, a TakoKe
OPH: mpoccenu, CrelHanbHble QUIBTPHL U IIOIYIIPO-
BOJHHKOBBIE ITPHUOOPBHI.

B maHHOM cTaTke IOApo6Hee PacCMOTPUM KOH-
CTPYKLJMOHHBle MaTepHasbl, K KOTOPBIM OTHO-
CATCS IPOKJIQJKH, KOHTAKTHBIE IPY>KHHBI, TKAaHH,

operated safely and reliably under various operating
conditions.

For example, the up-to-date medical devices used
for the patient diagnostics and treatment include
many components and electrical appliances. The
interaction of all these components can cause
unwanted electromagnetic waves that leads to the
device malfunctions, and even its destruction [2].

As the number of devices working in the
electromagnetic spectrum is expanded, the
scientists and engineers are finding new solutions
to the EMC problem. The main method for
ensuring electromagnetic compatibility in terms
of electromagnetic field immunity, as well as
compliance with the requirements for the radiated
disturbance level, is electromagnetic shielding.
Installation of the shield on the noise-emitting
elements ensures the separation of signals required
for the operation of electronic equipment, increases
the receivers’ selectivity, interference immunity
of the sensitive equipment, signal purity of the
generators, and the device accuracy. The adequate
choice of shielding method, shield material and
design is very important at the initial design stage,
since it will determine the possible successful passing
the EMC tests and reliable operation of the developed
equipment.

Currently, the industry produces a wide variety
of EMC materials. These are the structural materials
designed to improve shielding, electromagnetic wave
adsorbers, as well as the electronic components:
throttles, special filters and semiconductor
devices.

In this article, we will take a closer look at the
construction materials including the gaskets, contact
springs, fabrics, compounds, ferrite products, as
well as their combinations.

CONSTRUCTION MATERIALS

The contact springs (Fig. 1) are made of various
alloys (beryllium copper, steel, monel, tinned
copper) and are used to provide contact between two
conductive surfaces. The springs are distinguished
by a large number of compression cycles: more
than 20 thousand without deterioration in the
main specifications. The clamping pressure is
approximately 800 g/cm. The shielding efficiency
is highest in the frequency range from 100 MHz to 1
GHz and is decreased with the increasing frequency.
By virtue of its design, the springs allow to obtain
the running contact. The multipurpose mounting
methods allow to have a running or pressure contact
in any direction. One of several methods can be used

PHOTONICS vOL. 17 N23 2023 211



|
| ‘@ MATEPWAJIbl U NOKPbITUA

Puc. 1. KoHmakmHble npy>KuHbl
Fig. 1. Contact springs

KOMIIayH/Ibl, GeppUTOBBle H3[eNHs, a TakKe HX
KOMOUHALIMH,

KOHCTPYKUMNOHHDBIE MATEPUAJIDbI
KoHTaKkTHBIe MPYXKHUHBEI (pHUC. 1) HM3TOTaBIMBAIOT M3
Pa3TUUHBIX CIUIaBoB (bepuiimeBas 6poH3a, CTasb,
MOHeNb, Jy)KeHas Mefb) M IPUMEHSIOT s obe-
CrleyeHHsl KOHTAKTa MEXKAY ABYMS IIPOBOOALIMMHU
[IOBEPXHOCTSIMU. IIPY>KHMHBI OTJIHMYAIOTCS OOIBIIMM
KOJIMYeCTBOM ITUKIOB CKaTHs - Gomee 20 Thic. 6e3
YXYALUIEHHS OCHOBHBIX XapaKTePUCTHK. YCHIHE IIPH-
>KEUMa okoio 800 r/cM. D$PeKTHBHOCTH 3KPaHHPO-
BaHMs BBHIIIE BCEro B [Hala3oHe 4acToT oT 100 MI'L
o 1 ITu U majgaer ¢ pocTOM YacTOTEL. B cHIly cBoer
KOHCTPYKLIMU IIPY>KUHBL I103BOJISIOT OPraHM30BaTh
CKONB3SIIUK KOHTAaKT. YHHBepCaJbHbIe MeTOABI Kpe-
IIJIEHUS TI03BOJISIIOT OPTaHM30BaTh CKONB3SIIIUM HIIH
IPH>KMMHOM KOHTAaKT B JII0O0M HampaBieHHUH. [Is
KpeIlJIeHHUsI MOYKeT KMCII0/Ib30BaThCs OJUH M3 HEeCKOJIb-
KHUX METOZOB: KJIEIIKHM, KperleHHe K [Ia3aM, Kperuie-
HHe C IIOMOIUBI0 K/IEeBOTO (/I0sl, KpeIlIeHHe MeTOo-
JOM KIHIICBI, MOHTaXX C IIOMOIIBIO IIPHK/IeHBaeMOM
perku, cBapka, Marka. C IIOMOIIBIO TaKUX IPY>KHUH
OPraHM3yIOTCS HOXKeBble KOHTAaKThbI, IIPHMeEHseMbIe
B [BePsIX 6€33X0BBIX KaMep.

ITpoknagKu K3 IIPOBOJIOYHOL CeTKH IIpefCTaB-
JSIOT CODOK CeTKy K3 CTaJIbHOM IIPOBOJIOKH, CKPY-
YeHHOH B TPYOKy WM OOepHYTYyI0 BOKPYI MSIKOM
IIOPUCTOM pe3uHBbl (puc. 2). IIpUMeHSI0TCS B OCHOB-
HOM IIpH COOpKe BBHICOKOHATPY>KeHHBIX KOHCTPYKIIHH
(B3K). Meskay >KIyTaMK IPOKJIAJKH IIPOIyCKaeTcs
60nT coelMHEHHS U TaKUM ob6pa3’oM OpraHH3yeTcs
HeIPepbIBHBIK KOHTAaKT BOKPYI coefuHeHHs. Konu-
YeCTBO LMKJIOB CKaTHUA — 0T 6 10 12 B rox. Kpome Toro,
BBIITYCKAeTCsl JIeHTa M3 IIJIETeHOro mposofa (puc. 3),
KOTOPpasi II03BO/IsIeT SKPAaHHUPOBATh KabelbHEIe COOPKU
myreM OOMOTKU BOKpPYr Kabensi. 3adHUKCHpPOBAThH ee
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Puc. 2. Mpoxnadka u3 npogoAo4HoU cemku
Fig. 2. Wire mesh gasket

for fastening: riveting, fastening to the grooves,
fastening with an adhesive layer, fastening with
a clip method, mounting with a glued rail, welding,
or soldering. Such springs are used to obtain the
blade contacts applied in the doors of acoustic
chambers.

The wire mesh gaskets are a mesh made of steel
wire twisted into a tube or wrapped around the
soft foam rubber (Fig. 2). They are mainly used
in the assembly of high-load structures (acoustic
chambers). An attachment bolt is placed between

Puc. 3. JleHma u3 naemeHo20 npos8oda
Fig. 3. Braided wire tape
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Puc. 4. SxpaHupytouiue npokAaoKu u3 snacmomepa
Fig. 4. Shielding gaskets made of elastomer

Puc. 5. CnupanbHbie mpybku
Fig. 5. Spiral tubes

MOKHO C ITOMOIIBI0O TePMOYCaZOYHOM TPYOKHU HIH
NI0OBIM JIPYTUM YA06HBIM CIIOCO60M.

CerofHs IOJYYHU/IH IIMPOKOE PACIPOCTPaHeHHe
3KpaHUPYIOIIMe ITPOKIAAKU U3 IIPOBOASIIEL Pe3HHBI
1 371acToMepoB (puc. 4). OHU MONy/IsIpHBI b1arogaps
BO3MOXKHOCTH 00ecIieqrTh OJHOBPEMEHHO IrepMeTHY-
HOCTb M 371eKTPUYeCKHM KOHTAKT. OHH 0071amaroT
BBICOKOM THOKOCTBIO, UTO I103BOJISIET YKIaAbIBATh MX
B IIa3bl CJIOKHOHM (OpMEI, KaK, Hampumep, B CBY-
Kopmycax. KpoMe Toro, oHH ymoOHBI IJIS IIOTOUHOTO
IIPOM3BOACTBA, IIOCKOIBKY MOIYT OBITH CHOPMHUPO-
BaHBI M3 KOMIIayH/Ia Ha aBTOMaTHU4YeCKOM TUHHU.

CniupaneHele TPybku (puc. 5) mo yHKIIHMOHAY
momo6HBl KOHTAKTHBIM IPY>KHUHAM, HO HX CII0C06
MOHTaKa MHOM - OHH YCTaHABJIHBAIOTCS B [1a3 U MpPHU-
SKUMAIOTCS CBEPXY KPBIIIKOM. DIeKTPUYECKUH KOH-
TaKT obecrieuyrBaeTcs 3a CUeT YIIPYTOCTH CTaIH.

Hawubosnee monynsipHbI U YA06HBI B HCIIONIb30BAaHUU
TKaHeBble IIPOBOJSIIMe IIPOKIAAKH C YIIPYTHM HaIlol-
HHTeleM M KjleeBbIM coeM (puc. 6). OHU IpeacTaB-
JSII0T cOBOM BCIIEHEHHBIH IOMMeEp, HMOKPBITHIH IIPO-
BOZIIIEN TKaHBIO. BBIMYCKAIOTCS PaslIUUYHBIX $OpM
1 pa3mepos, 61arogapsi HAUIMUMIO [IPOBOASILETO Kile-
€BOTr0 C/I051 MOTYT MCII0/Ib30BaThCsl HA HEIIOATOTOB/IEH-
HBIX KOPIIycaX IIPHU OTCYTCTBHMM I1a30B. KoaMuecTBO
OKaTHH npeBblmaeT 500 ThIC. TKaHeBble IIPOBOASAIIHE
IIPOK/IAIKU HUMEIOT OCTATOYHYIO Ae)OpPMaLMIO IIpH
IIPeBBIIIEHUH YCUIUS U CTeIIeHH CKATHS.

OKpaHUpyomas ¢onbra IMpUMeHseTcs sl 9Kpa-
HHUPOBAaHUS MarHUTHON W 3/1eKTPUYECKOH COCTABIS-
IOLller 3/71eKTPOMArHUTHOIO IO/, B 3aBUCHMOCTH OT
MatepHana Gosbru (puc. 7). BelmycKkaeTcs B KaTyIIKax
C HaHeCeHHBIM KJIeeBBIM cyioeM. O4eHb yA06HO 3Kpa-

the gasket harnesses, thus making a continuous
contact around the connection. The number
of compression cycles is from 6 to 12 per year.
Moreover, the braided wire tape is also available
(Fig. 3) that allows the cable assemblies to be
shielded by wrapping around the cable. It can
be fixed with a heat shrink tube or in any other
convenient way.

Today, the shielding gaskets made of conductive
rubber and elastomers (Fig. 4) are becoming
widespread. They are popular due to the ability
to provide both tightness and electrical contact.
They are highly flexible that allows them to be

Puc. 6. TkaHegble Nposodsiuiue NpoKAaoKu
Fig. 6. Fabric conductive gaskets
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Puc. 7. SkpaHupytow,as ¢onvza
Fig. 7. Shielding foil

HUPOBATh Kabe/lu, yCTPaHSTh LK B 9KpaHax. Koad-
dULIMeHT 5KpaHUPOBAHMS JOoCcTUraeT 10.

Jnsi 3KpPaHHUPOBAHHUS IIPO3PAYHBIX KOHCTPYK-
LMK IpHMeHSeTCsl SKpPaHHpYIoIIas IUIeHKa C Kiee-
BBIM citoeM. KospodunimeHT 3kpaHHUpoBaHUS 0T 20 [0
30 nb. Taxkke [jid pelleHHs] 3THX 3aJay IpUMeHs-
IOTCSL TOTOBBle 3KPaHHPOBAHHBIe CTeKJIa, IIOjydae-
MBble ClleKaHHeM JBYX CTeKOJI U IIPOBOJIOYHOM CEeTKH
Mexkay HUMHU (puc. 8). [I/1s KpeIUIeHHsl K BHeIIHeMYy
3KpaHy I10 KpasiM TaKoM KOHCTPYKLHH OCTaBIISIETCA
106Ka, MUPUHOHN 10-50 MM /sl KpeIUIeHUs K IIpo-
BOJSIIEN IIOBEPXHOCTH. [IpH IpHUMeHeHHUH I0fob-
HBIX KOHCTPYKIIUH BCera HeobXoaMMO IIOMHHUTE, YTO
4eM Bblllle KOOQPUIIMEHT S5KPAaHUPOBAHUS, TeEM HHKe
KO3GOUIIMEeHT CBeTOIIPOIIYCKAHUS.

[Ipy Heob6XOAMMOCTH 3a9KpaHHPOBATh Kabesb-
HyI0 c60pKy, obecrieunB €Ml MeXaHHYeCKyIo 3allUTy,
yAOOHO MPHUMEHSTh 3KPAHHUPYIOMIHE TepPMOYyCafod-
Hble Tpybku (puc. 9). BHyTpH TaKoH TPyOKU HaHeceH
IIPOBOISIIMK CIOM KM ceTKa. IIpu ycaake Tpybka
IIJIOTHO obyieraeT Kabeinb, obecriedrBasi HEOOXOIMYIO
IIPOYHOCTb M 3KpPaHHpOBaHHe [0 60 Ab Ha yacroTe
10 I'Tu. HeobXoguMo IIOMHHUTD, UTO [J1s1 06ecrieueHus
3a4BJIEHHOTO KO03bOUIIMeHTa 3KPaHHPOBAHUS IIPHU
3afle/IKe pa3beMoB HeobxoqUMo 0becIIeuuTh 1eKTPH-
YeCKHMH KOHTAKT I10 BCeMY XBOCTOBHUKY pasbeMa U ero
IIPOBOJSIIET0 KOPIIyCa.

Ocoboe MeCTO cpefyl SKPAaHHUPYIOIIUX MaTepHAIOB
3aHMMAIOT IIOIJIOTUTEJIH BBICOKOYACTOTHBIX H3/yde-
HUH C K1eeBbIM c1oeM (puc. 10). OHU IIPUMEHSIOTCS
s obecriedeHust DMC BHYTPU HeOOIBUIMX KOPITY-
coB. Kak H3BeCTHO, B 3aKPBITOM KOPIIyCe, COCTOAIEeM
Y3 IIPOBOASIIUX MaTepHasoB, 3J1eKTPOMAarHHUTHBIE
BOJIHBI OTPa’kalOTCsl OT IMPOBOAAIIEMN I10BEPXHOCTH.
MHOTrOKpaTHBIE I1epeOTPKeHHs B HeOOIbIIOM 3aM-
KHYTOM ITPOCTPAaHCTBe IPHUBOASIT K 0OPa30BaHHUIO
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Puc. 8. OKpaHuposaHHoe cmekAo
Fig. 8. Shielded glass

placed in the grooves with compound shape, as, for
example, in the UHF housings. In addition, they
are convenient for flow line production, as they
can be made of the compound using an automatic
line.

Puc. 9. SkpaHupylow,ue mepmoycadodHbie mpyoxu
Fig. 9. Shielding heat shrink tubes
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Puc. 10. lMoznomumenu BY-usayyeHus ¢ kAeesbim cnoem
Fig. 10. RF absorbers with an adhesive layer

CTOSTYMX BOJIH, HW3MEHEHHUIO0 II0JHOro KOMIIJIeKC-
HOT'O COIIPOTUBJIEHHS IPOCTPAHCTBA HaJ II0JIOCKOM
M BO MHOTMX CIy4asX K 0TKa3y QYHKIMOHHPOBAHHS
CxXeMbI, KoTopas paboTasa IpU OTKPBHITOM KpHILIKE,
1Sl pelneHHUs] 3TOXM IMIpobiieMBl IIPUMEHSIOT IIOIJIO-
THUTeNH C KIeeBbIM cloeM. MX ymobHO HaK/IeHBaTh
Ha KPpBIIMIKY KOpIyca, obecreumBas IIOIVIOLIeHHE
0o 10 ob.

Ha puc. 11 mpencraBieHa 3aBHCHUMOCTD YCHI@HHUS
OT YacCTOTBI [Ji YCHUJIHUTeNd C aBTOMAaTH4YeCcKOM pery-
JIMPOBKOM ycUIeHHUs. Ha rpadure BUIHBI Opocku
Ko3bdHUIIMeHTa YCHIeHHs H3-3a IPOCTPAHCTBEHHBIX
Pe30HaHCOB 00 IIpUMeHeHHs IoryoTuTend. Ilocie
HaKJIeHMKH IIOIJIOTUTeNS XapaKTepHUCTHKAa CTaHO-
BUTCS I'JIaJKOM, a YCUIUTEIb C APY-TIPUTOJHBIM [JIs
3KCIITyaTallMu. I[IOrIOTUTENN SBJISAIOTCS YaCTOTHO-

24
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— Be3 [OrJI0TUTeNS
— C mornotuteneMm NR42.5 (1 MMm)
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Yacrota, IT1g

Puc. 1. 3asucumocmsp K03 puLUeHmMa ycuaeHus om
yacmomel 0451 ycuaumens ¢ APY

Fig. 11. Gain dependence on frequency for an amplifier with
AGC
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The spiral tubes (Fig. 5) are similar in functionality
to the contact springs, but their installation
method is different: they are installed in a groove
and pressed against the top by a cover. The electrical
contact is provided by the steel elasticity.

The most popular and easy to use method provides
for the fabric conductive gaskets with an elastic
filler and an adhesive layer (Fig. 6). They are made
of a foam polymer covered with a conductive fabric.
Such gaskets are available in various shapes and
sizes. Due to the available conductive adhesive layer,
they can be used on the unprepared housings in the
absence of grooves. The number of compressions
exceeds 500 thousand times. The fabric conductive
gaskets have permanent residual deformation when
the force and compression ratio are exceeded.

The shielding foil is used to shield the magnetic
and electrical components of the electromagnetic
field, depending on the foil material (Fig. 7). This
foil is provided in the coils with a coated adhesive
layer. It is very convenient to shield the cables and
eliminate the gaps in the shields. The shielding
ratio reaches 10.

To shield the transparent structures, a shielding
film with an adhesive layer is applied. Its shielding
ratio is from 20 to 30 dB. Moreover, to solve these
problems, the ready-made shielded glasses are
used, obtained by sintering two glasses and a wire
mesh between them (Fig. 8). For attachment to an
external screen, a skirt is left along the edges of this
structure with the width of 10-50 mm for fixing to
a conductive surface. When using such structures,
it is necessary to remember that the higher the
shielding ratio, the lower the light transmission
ratio.

If it is necessary to shield the cable assembly
while providing it with the mechanical protection,
it is convenient to use the shielding heat shrink
tubes (Fig. 9). A conductive layer or mesh is
deposited inside such a tube. During the shrinking
process, the tube tightly fits the cable, providing
the necessary strength and shielding up to 60 dB
at a frequency of 10 GHz. It must be remembered
that in order to ensure the declared shielding ratio,
during the connector termination, it is necessary
to ensure electrical contact along the entire strain
relief and its conductive body.

A special place among the shielding materials
is held by the high-frequency radiation absorbers
with an adhesive layer (Fig. 10). They are used
to provide EMC inside the small enclosures. As
it is known, in an enclosed casing, consisting of
conductive materials, the electromagnetic waves
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Puc. 12. Cxema uzmepeHus Ko3¢ppuuueHma ces3u Mexxoy aHmeHHamu
Fig.12. Measuring diagram for the coupling ratio between the antennas
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Puc. 13. Cxema uzmepeHus Ko3¢ppuuueHma 3KpaHuposaHus 06pasL,oe mamepuanos
Fig. 13. Measuring diagram for the shielding ratio of material samples

AHTeHHa [IpUeMHas

3aBUCHMBIMH MaTepHaJaMM, YTO HeoOXOOUMO y4H-
TBIBAaTbh IIPU HX BbIbODE.

YUHUTBIBasi CKOPOCTh IIOSIBJIEHMSI HOBBIX MaTepHa-
JIOB B IIPOMBIIIEHHOCTH, HEBO3MOSKHO OBITh 3apaHee
3HAaKOMBIM CO CBOMCTBAMH HX BCe€X, B CBSI3H C UeM
B 1aboparopuu IMC AO «TECTIIPUEOP» paspabotanu
METOAMKY IOATBEPKAeHUSI HEKOTOPBIX XapaKTepH-
CTUK 3KPaHUPYIOIINUX MaTepHaloB. MeTon OCHOBaH
Ha cTaHzapre MIL-STD-285 (4]. [lopTBepskaeHMe KO3¢-
dULIMeHTa 3KPaHUPOBAHUS JIMCTOBBIX MaTepHaJIOB
IIPOBOAUTCS CllefiylolmuM obpasoMm. Ilepen mposene-

216 ®OTOHUKA TOM 17 N2 3 2023

are reflected from a conductive surface. Multiple
re-reflections in a small confined space lead to the
generation of standing waves, a change in the
complex impedance of the space above the strip,
and, in many cases, to the failure of the circuit that
worked with the lid open. To solve this problem,
the absorbers with an adhesive layer are applied. It
is convenient to stick them on the housing cover,
providing an absorption up to 10 dB.

Fig. 11 shows the gain dependence on frequency
for an amplifier with automatic gain control. The
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HHEM H3MepeHUI BBIIIOTHSETCsl KalubpoBKka H3Me-
PHUTENBHOM CHCTeMBl. B 6e33X0BOM Kamepe yCTaHaB-
JIUBAIOTCS APYr HAIIPOTHUB Apyra, COOCHO, IIpHeMHas
U U3MepUTe/bHAsl aHTEHHBI C U3BECTHBIMHU XapaKTe-
pHCTHKaMH (puc. 12),

H3mepsieTcs K03QOUIMEHT CBSI3HM MeXIy aHTeH-
HaMH B HCCIeAyeMOM YacTOTHOM JHalla3oHe. 3aTeM
Iepefaloliasi aHTeHHAa M TeHepaTop CHUIHAaJIOB yCTa-
HaB/IHBAIOTCS B KaMepe, a IpUeMHas aHTeHHa — BHe
KaMepsl (puc. 13).

B TexHonoruveckoe OTBEpPCTHE KaMephbl IIOC/IeNO0-
BaTe/IbHO YCTAHABIMBAIOTCS HCCIefyeMble 06pasIibl
MaTepHaJIoB U IIPOBOAATCA U3MepeHHUs. [loyueHHbIe
3HaueHHUs] CPaBHUBAIOTCA C KO3QPUILIMEHTOM CBSI3U
aHTeHH 0e3 3KpaHa MeXIy HHUMH, U BBIYUCISIETCS
KO3QPUIIMEHT IKPaHUPOBaHUS. [JaHHBIN MeTof, IpU-
rofeH TakkKe OISl OLeHKH 3PeKTHBHOCTU IIpHUMe-
HeHHUS IIPOBOASIIMX IPOKIAJOK. [IPOKIafKU IOMe-
IIAIOTCSI MeXAY KaMepoM U CT/IbHOM IIJIaCTHHOH
C U3BECTHBIM KO3QUILIMEHTOM 3KPaHHUPOBAHUS — IIO
CHIDKeHHI0 Ko3QPUIIMeHTa SKPAaHUPOBAHHUS MOXKHO
JIOBOJIBHO TOYHO OLIeHUTb 3$PeKTHUBHOCTh IIPHMeHe-
HUS TOHM MU UHOM NPOKIAJIKHU.

C IIOMOIIBIO 3TOr0 MeTona OBLJIO IIPOBEPEHO
HEeCKOJIBKO 06pa3lioB MaTepHasoB, Pe3y/lIbTaThl IIOJ-
TBepAU/IHU 3asiBIeHHble 3HaUeHUS.

3AK/TIOYEHUE

brarofaps IOSBA€HHIO Ha PbIHKE HOBBIX KOHCTPYK-
LIMOHHBIX MaTepHaJIoB pa3paboTUMKaM CTaHOBUTCS
npomie obecrieuuTh HeobXoLKMble TpPeGOBAHMUS IIO
9MC, HO CJIosKHee pa3obpaThCs B MHOI000pasyu IIpes-
JmaraeMbix nponykros. AO «TECTIIPHUBOP» obnamaer
COOCTBEHHON HCIBITaTeIbHON s1abopaTopuer, CIIO-
COOHOI ITOATBEPAUTH KAUeCcTBO IIOCTAB/ISIEMBIX MaTe-
PHAJIOB, YTO II03BOJIAeT Ipeljararb KOMIIJIEKCHEIe
perreHus mpobiem DMC.
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diagram shows the gain ratio spikes due to the
spatial resonances prior to the absorber application.
After the absorber is glued, the specification
becomes smooth, and the amplifier with AGC
is suitable for use. The absorbers represent the
frequency-dependent materials that should be
considered when selecting them.

Given the rate of appearance of new materials
in the industry, it is impossible to be familiar
with the properties of all of them in advance,
due to which the EMC laboratory of TESTPRIBOR
JSC has developed a method for confirming
some specifications of shielding materials. The
method is based on the MIL-STD-285 standard
[3]. Confirmation of the shielding ratio of
sheet materials is performed as follows. Prior
to the measurements, the measuring system is
calibrated. The receiving and measuring antennas
with the well-known specifications are installed
coaxially opposite each other in an acoustic
chamber (Fig. 12).

The coupling ratio between the antennas is
measured in the studied frequency range. Then
the transmitting antenna and signal generator are
installed in the chamber, and the receiving antenna
is place outside the chamber (Fig. 13).

The studied samples of materials are sequentially
installed in the access hole of the chamber, and
the measurements are taken. The obtained values
are compared with the coupling ratio of antennas
without a shield between them, and the shielding
ratio is calculated. This method is also suitable for
assessing the operating efficiency of conductive
gaskets. The gaskets are placed between the chamber
and a steel plate with a well-known shielding ratio,
since reduction in the shielding ratio can help to
fairly accurately assess the operating efficiency of
a particular gasket.

This method has been used to verify several
material samples, and the results have confirmed
the declared values.

Due to introduction of new construction materials
on the market, it is becoming easier for the
designers to meet the necessary EMC requirements.
However, it is now more difficult to understand the
variety of offered products. TESTPRIBOR JSC has its
own testing laboratory capable of confirming the
quality of the supplied materials that allows to offer
the comprehensive solutions to EMC problems.

AUTHORS
Grishin D., test engineer, EMC Laboratory, TESTPRIBOR JSC, Moscow, Russia.
Gusev |., test engineer, EMC Laboratory, TESTPRIBOR JSC, Moscow, Russia.

PHOTONICs vOL. 17 N23 2023 217



