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Abstrakt

Tato GLSORPRIFIH VH Y QXMH QiYUKX DQWpQ QD IOH[LELOQ
WDNp QiYUK QDSiMHFtKR YHGHQt QD S HFKRGX PH]L SHY(
technologie FLEX-RIGID. VSUY Qt piVWL SUiFH MH UR]JYHGHQD SR}
YEKRG\ D QHY&KR®\iBUK X DEWW®OY 5RYQ & MVRX JPtQ Q\ ]
SRX&tYDQp S L QiYARKEADWW MG\ SURYHGHQ Qi¥PW\QDSiMF
DOQWNYQ W\WR DQWpQ\ MV Rey.Na#kehEHDN BOP | Qp SDUDPHWI
VURYQiQ\ VH VLPXORYDQ&PL YEVOHGN\

.OtpRYi VORYD

FOH[LELOQt VXEMWWUB®D)Q{UQt DQWpQ\ &67 0: 6WXGLR

Abstract

This diploma thesis deals withdesign of antennas based on a flexible substrate. There

is alsoa design ofa transmission line between a flexible and rigid substrate with
FLEX- RIGID technology. In the first part of thesis, there is the technology, advantages
and disadvantages of using this technology in design of antennas mentioned. There are
also basic antenna parameters mentioned. In second part, the design of a transmission line
and four antennas is presented. Two of these antennas are manufactured and measured.
Finally, the measured parameters are compared with the simulated results.

Keywords

Flexible substrate, FLEX-RIGID, planar antennas, CST MW Studio



%LEOLRJUDILFNI FLWDFH

6('/E. -DNE@WpQ\ QD IOH[LELWOPR VXEVWRHEBMWXSQp V
Z: https://www.vutbr.cz/studenti/zav-prace/detail/126135" LSORPRYi SUIFH 9\VI
XpHQt WHFKQLFNp Y %UQ JDNXOWD HOHNWURWHFKQLN
radioelektronN\ 9HGR X hg.FRiFFiA OLNXQDaHN



https://www.vutbr.cz/studenti/zav-prace/detail/126135

3URKOiaHOQt

3URK OD aX Mdiplodévo SR L QLS QWPPO®\ QD IOH[LEjs@QtP VXE
vypracoY DO VDPRVWDWQ SRG YHGHGOURFHHD R/X B RO IOV IPOR €
OLWHUDWXU\ D GDOAtFK LQIRUPDpQtFK JGURM$ NWHUpP
vVVH]QDPX OLWHUDWXU\ QD NRQFL SUiFH

-DNR DXWRU XY HGHQHH GG ISR B B BRBDS VW YaR! RQtP W p
VHPHVWUIP®tMVHP QHSRUXALO DXWRUVNi SUIiYD W HWtI
QHGRYROHQEéP |[S$VREHP GR FL]JtFK DXWRUVN&FK SUiY R
QiVOHGNS$ SRUXAHQt XVWDQRYHQt }iNRD IRROOHSB.X MtFtF K
YPHWQ PRAQEFK WUHVWQ SUiIYQXNKVB®RYHG N Huy VBIO &YX
9, GtO 7UHVWQtKR JiINRQtNX p 6E

V %UQ ZBONHY B0 €K KK

podpis autora

3RG NRYIiQt

' NXML YHGRXFtPRUGESQRPRYRPiaL OLN XOD iFM@Y L UIKG\ S
]SUDFRYiQt Pp GLPOKRRRRPE SWiPH HQt Y\UREHQ&FK DQWp(

V %UQ ZTBONHY \RBOAD REEEZZZZ RS

podpis autora



Obsah

(@ I = 3 PRSP PUPRRR 13
1 THRUHWLENA.URJERU. ..o 14
1.1 Technologie FLEX-RIGID .......cccooiiiiiiiiicee e 14
1.1.1 Typy skladby FLEX5,*," VSRMH D YEUREQL.RRH]HQt
112 9E U PDWHULILOX i 16
1.1.3 3RXALWt WHFKGRQRILHQIY;UKX..D.QW.pI®
1.2 =iNODGQt SDUDPHWUN.DQW.P.Q..coooriiiieeeeiiiiiieeee e 19
121 5HIRQDQPQt LUHNYHQFEH. i, 19

2

122 ,PSHGDQpPQt S L]S$VREHQt D.YEAN.RQRMp S L]S:
123 yLQLWHO RGUD]X D SRP.U.MWRMDWEAEFK YOQ

1.24 At ND SuV.PDuiiecceeeeeee e 20
125 OPLQQRV.IW.DQWPQ\ i 20
126 =LVN DQW.PQN it 20
1iYUK $QWpQ\ D QDSIMHEtKR.YHGHQ ...ccoovvrnnnnn. 21
21 IDSIMHFUL.XY.HGHQ®L e 21
2.1.1 SimulaceW'HGHQt QD.NDSWRQX .cooirrirrirrrreeennn, 21
212 6LPXODFH YHGHQt QDMVMUKNW.X..H.......... 27
22 1iYUK DQW.PQ it 34
221 $QWpQD SUR *60 SiVPD ... D...co..... 0.+]...34
222 $QWPQD-FB@RAIGHZ) .ccocooeeeeeceeeeeeeeeee e, 36
223 ALURNRSiIVPRYi DQWpQ®DSSRRD.AY.DMtBT :L
224 1)& DOQW.PQD e 38

23 6LPXODFH QDYUA&HQEéFK D@WEIPQ..QD.VW.UXMWX H )/
2SWLPDOL]DFH QDYU&HQéF KRIBPW.p.Q..QD..V.W.UXNW X H

3.1 Optimalizace napM HFtKR.YHGHQt ..cooooiiiiiiie 42
32 2SWLPDOL]DEH.D.QW.PQuoioiieoeieieeeeeeeeeeeeee e 47
321 *60 DOQW.P.QD. e 49
3.22 Wi-)L DQWPQ.Doiuirieieieeeceeeee e, 51
323 ALURNRSIVPRY.i.DQW.PQD.ccooooveeiiiiiiiieee e 53

0 HQt Y\ UREHQAFK.VW.UXNMW XU oot 56
41 0 HQt YHGHOQL. X& 3 56
42 0 HQt ALURNRSIVRPRY.p.DQWPQ) i, 59



43 0 HQUt 1)& DQMW.P QMoo eeeeeeeeeee e eeeene, 63



6H]QDP REUI]N$

Obr.1.13 tNODG SR XREGItechh0]ogie [1]. ....ccoveireeeereeeeiee et 14

2EU ORAQRVWL-RIGID EPGIE N .. ) Lo 15

2EU 2PH]HQt SRXALWL.SURNRY.S . ..., 15

2EU =iYLVORVW UHODWLYQt SHUPLWLYLW\..DBEWRQX I
OEU ZiYLVORVW JWUiW RIlgpdaRafrel@en® [3]0.H...D.SW.RQ X D
2EU =iYLVORVW UHODWLYQt SHURCMuUaNyWAMDAWHULIO:
frekvencia obsah B U\NV N\ LEH..2..@...ccooiiieii e 17

2EU 1iIKUDGQt RRGHO.DQWPRQM oot 19

2EU 1liYUK dt N\ PLNURSiIVNX QD..SRADGRYDQR22 LPSHCGC
2EU ZiYLSMMRDPAHW US QD ITUHNYHQFL PLNURSIi2NRY pKR
2EU 1liYUK NRSODQiUQtKR YOQRYRG.X..QD..SRABBGRYDQ|
2EU —iYLS/IMRDPHWUS QD IUHNYHQFL NRSOD.QPBQtKR Y
2EU 1liYUK JHPQ QpKR NRSODQIUQtKR am@iQR.Y.RIGX QD S
2EU “iYLYDBRYMHWUS$ QD IUHNYHQFL JHPQ QpKR NRS
(=T 0] (0] 3 11 TR PP 24
2EU 1iYUK YHGHQt VWULSOLQH..QD..SRAD.GR.Y.DZBRX LP S
2EU isle$tyS-SDUDPHWUS$ QD IUHNYHQFL YHGHQL.2WULSOL
2EU =SiYLVORKNCBURIXIEUDQI S HQRV.RY.i.Y.HG26Q't

2EU ZiYLVORVW 6 QD IUHNYHQFL.SUR.YAEURQI S HQ
Obr. 2.11 Model zemnQpKR NRSODQIiUQLKR.Y.QQRY.RGX.......... 28

2EU =i YLSMOMRDAHWUS QD TUHNY.HQFEL.SUR..xX&3.: 29

2EU 8SUDYHQé PRGHO ]HR@mvQdnKR..N.RS.0D.Q.iUGBOKR
2EU =i YLSMMRDPAHWUS QD ITUHNYHQFL SUR..*&330 XSUDY
2EU I1DYUAHQpP V\PHWULEN.p..SIiV.NRY.p.YHGHQLt.31

Obr. ZiYLVORVW 6 QD IUHNYHQEL.SUR.VW.ULSOQO.BYH
2EU =iYLVORVW 6 QD TUHNYHQEL.SUR.VWULSOLQH
2EU ZiYLVORVW 6 QD IUHNYHQFL...SRURY.Q.iQ3 *&3: D
2EU =iYLVORVW 6 QD IUHNYHQFL..SRURY.Qi®4 *&3: D
2EU ORGHO QDYUAaHQpPp DQWpQ\ SUR..*6.0.S.iVM.P.B5 UR]P
2EU =iYLVORVW 6 QD IUHNYHQFEL.*6.0.DQWpQ35

Obr. 222 Zisk VURY LQ <= . X80 it 36
Obr.223ZIsSkVURYLQ ;= 580 e 36

2EU ORGHOD@QMWMWPRAHEDPRIVIPD URDR..UL.Y. oo, 36

9



2EU =iYLVORVW 6 -)Q D QWHNMHQEL..o.Leoieeierreeeenne. 37

ODbr. 2.26 ZISK VUR Y L Q 8. .2 Lot 37

Obr. 2.27 ZISK VU R Y L Q  2E) 2oLoerieeeeeeeeeee e e e e see e eeen s 37

2EU ORGHO ALURNRSiIVPRYPIDOWPDQ\ FRNRL.ABDMPPt : L
2EU =iYLVORVW 6 QD IUHNYHQF.L.SUR.ALURBRSiVPR
Obr.2.30Zisk VURYLQ <= HLURNRSIMPRY. oo, 38

Obr. 2.31 Zisk VURY L Q &L RNR Si VPR Y.doroeeeeeeeeeeeeeeeeeeeeeeeeeeeenn 38

2EU 96SRPHW LQGXNPQRVWL VP\PNRYp.DQWPR\ SRPR
2EU ORGHO 1)& DQWMP.QN . URIPUN Yoo, 39

2EU ORGHO ALURNRGDGRR W tPQWHGH.QLP............. 40

2EU 3RURYQiQt JiYLVORVWL 6 QD.LUHNY.HQFD SUR *¢
2EU 3RURYQiQt JiYLVORVWL) 16 D @QW.pIQX.NY.HQFL SUR :L
2EU 3RURYQiQt JiYLVORVWL 6 QD IUHNYHQEL SUR &
2EU 96VOHGQ& PRGHO QDSiIMHELKR.Y.HGHQL!.*x&32

2EU '"HWDLOQt SHFKEXRGIDD..S.HEKRG . oooveoeeeeeeeeeens 43

Obr.3.33RURYQiQt JiYLVORVWL 6 QD IUHNYHQFL S L ]JP Q

......................................................................................................................... 44

3RURYQiQt ]iYLVORVWL @ GPDNUHOINHEED Gt LpiV\

3RURYQiQt ]JiYLVORVWL 6 QD IUHNYHQRE S L ]P
3RURYQiQt JiYLVORVWL 6 QD IUHNYHQRE S L ]P
J)LQiOQt PRGHO QG % iMBtRHIRLEX-REHDQ L..V. H... 46

=i YLS/DDIRDAH W US$ QD IUHNYHQFL SUR ILQ#BGQt PRGH
5R]JOR&HQt SURXG.$.QD. . VWUXNW.X. . H.oocovoovreonn. 47

9\]D RYDFt GLDJIUDE.MWUXNWXUN. oo, 47
J)LQiOQt PRGHO *60 DQW p QhiliroeRédh. U)\..MMV.RX XYHG
=iYLVORVW 6 QD IUHNY.HQEL.ILQiO.Qt.*x609DQWp ¢
9\]D RYDFt GLDJWBPYZ6.0.D.QW.p.QN. Yoo, 50

9\]D RYDFt GLDJWBXZ6.0.D.QW.P.QN.. Yoo, 50
5RJOR&HQt SURXGS$ *60 DQW.p.Q\..Q.D..N.R.LWSR p W X
5R]JOR&HQt SURXGS$ *60 DQW.p.Q\..Q.D..N.P.LWSR p W X
JLQIOQH)PP®MPQOL UR]P U\ mili&Ech.Y.HG.HRI\ Y
=iYLVORVW 6 QD-)U DNWH@AL..LLQi0.Qt..L51

9\]D RYDFt)&LDQVABENZLY.........ovooeeeeeereeeereeeereeeesreeeeenn, 52

10



2EU
2EU
2EU
2EU
2EU
2EU
2EU
2EU
2EU
2EU

5R]ORA&HOIL SWRXEG\: QD NPLWRPW.X.......*+ 52
5R]JORA&H QUL SWRW BS\: QD NP.LW.RAW.X....*+]..52
)LQiOQt PRGHO aLURNRSIiVPRY p nbi&tteed. 53 UR]P U\
=iYLVORVW 6 QD IUHNYHQFL.ILQiLOQL.A58 RNRS
9\]D RYDFt GLDJUDP &b&RK.RSLVPRY.p.DQWHQ\ Y
9\]D RYDFt GLDJUDP &b&RKK.R.SiV.PRY.p.DQWAHQ\ Y
5R]JOR3AHQt SURXGS$ 4LURNRSIVPRY.p.DQWHQ\ QD |
5R]JOR4AHQt SURXGS$ aLURNRSIVPRY.p.DQWHQ\ QD |
5R]JOR3AHQt SURXGS$ 4LURNRSIVPRY.p.DQWHPQ\ QD |

Obr.3.30RJOR&HQt SURXG$ 4LURNRSiIVPRY p..DQW.p.Q\55D NPL!

2EU
2EU
2EU
Obr.
2EU
2EU
2EU
2EU
2EU
2EU
2EU
2EU
2EU

BWUXNWXU\ Y\ U MREHDIGENSTOFIR F.b...)Lo( e, 56
3 LSRMHQt S HYRWRWOKRYYPRE HREYRGRY.56 X DQDO
=P HQi }SDVDRWWUSG QD I[UHNYHQEL.X.YBGHQt *&

6URYQiIiQt QDP HQéFK D VLPXORYDQéFK YBANOHGNS

2KVE Y HGH.Q L Dot eeeee e es e e eeeeses s 58
2KAVE Y HGH.Q L Do seeeeeee s e eeeeeeseeseenes 58
2KVE Y HGH.Q L Derieieeeeeeeeeee oo eeeeee e eeeeeeeee e s e e ereenes 58
2KAVNE Y HGH.Q L Do ees s 58

=P HQi ]JiYLVORVW 6 D 6 QD IUHNY.HQB2 YHGHC
0 HOQt URY.QP.DOQWPQN oo, 59

0 HQt PIQW/QAPYQDSIMHELP..Y.HGHQLP....... 59

=P HQi D VLPXORYDQi JiYLVORVW 6 Q& IUHNYH
3 LSRM HEQIt] PQWDRY M..NRP.R..Hooooororeerieiereren, 60

9\]D RYDFt GLDJUDP &aLUWRWRYS V¥ RYDp NDRILWIRD\WYX

9\]|D RYDFt GLDJUDP aLUWRWRYSiV-PRDpNFPQW RO WX

......................................................................................................................... 61

9\]D RYDFt GLDJUDP &LUWRWRS i V<P RDpNPQWRQPWX

......................................................................................................................... 61

9\]DGRVOEMDP aLURNRSIVRRLYP XGWIONFLWRpPpWX

......................................................................................................................... 61

Obr. 4.189\]D RYDFt GLDRUWRES i VRYRYRDPODWp;= QD NPLWRpPpWX

......................................................................................................................... 61

9\]D RYDFt GLDJUDP &LdviQN RS iY P RN\YHL /RWW®\ Y *

......................................................................................................................... 61



2EU 9\]D RYDFt GLDJUDP &LUWRWNRS ¥ RMp NDRLWRP\WYX

........................................................................................................................................ 62
2EU 9\]D RYDFt GLDJUDP &LWRNRXS iV RDpNPQW RQ WX
........................................................................................................................................ 62
2EU 9\]D RYDFt GLDJUDP 3LUWRNRS i \<P R DpNPQW RQ WX
........................................................................................................................................ 62
2EU 9\]D RYDFt GLDJUDP & LN RS=i VPR X P IDWRVpp/DX Y *
........................................................................................................................................ 62
2EU 9\]D RYDFt GLDJUDP &LWRNLRS iV RMp NDRLW/RPWNX
........................................................................................................................................ 62
2EU 9\]DGRYDIEDP 3LURNRSIVRRIYQ DQVQDQONKLWRpW X
........................................................................................................................................ 62
2EU 3 LSRMHQtYIH&VDRWPYPPYX REYRGRY.pPX..B8QDO\]iW
2EU =iYLVORVW 6 WHVWRYDFt VP\pN\ QD IUHNYHQ
D Q WL Q )ttt ettt ettt 64
2EU 2Y HQt IXQNEH..1).&. .DQWPQ oo 64

Seznam tabulek

Tab.1- 3RURYQiQt DQWpQ Y\UREHQE&FK QD U$]QAFKSIOH[LEL
Tab.2- 3RURYQiQt Y\]D RYiQL.RERX.YHGHQ e, 33

12



o/OD

&tOHP WpWR SUiFH M kiertQD$AEKE@R XF\S O BIBHQWRYURX GHVN
SOR4QéFK VSRM$ QDYUKRYDQpKR HOHNWULFNpKR ]D t
S HGHY&tP DEVHQRHR NROHMKWRUWWHBGHQt $QWpQBa QHEXGHF
SHYQp piVWL GHVN\ SOR4Q&FK VSRM$ DOHpOR IGHYINELO
vyveden. AQWpQD WDNp P$AHVEROWiVVBHOIH MW IRGp PRKRX E&W
D JiIURYH P$8H EéW D@ WP QBL$H A HYWHUD HONHiQW URQLFN|

V SUYQt piVWL SUiRBethhbldgie RIEXE IFi,ODNWHUiI MH SUR WRW
SRX&LWD -VRX WX ]PtQ Q\ PR&EDWVWHEKKQYROR IL R BHRIH®
]JPtQ Q\ ]iNODGQt SDUDPHWU\ NWHUp VIiGUXKpQhVWWIX N
provHGHQD VLPXODFH U$]QéFK W\S$ QDSIiMHFtFK YHGHQt
typX QDSIMHFtKR YHGHQt MH SURYHGH Q i MWRRY p @@ PP Q\H
MHGQD SUDFXMtFt QD NPLWRpWHFKSUDBXMtFD4JD *16B L \WWF
2,4 a 5GHz (Wi-Fi), MHGQX ZLURNRSiIVPRYRX DQWpQX D MHGQX
NPLWRPSS MHz. VW HWt piVWdu rBddely Hstrudtury FLEX-RIGID
RSWLPDYLIRRM Y\WYR HQ\ ILQiOQt PRGHO\ QDYUAHQE&F
YEVOHGN\ VLPXOD e p WD/NSRMPHFIi WWR)SRSViQ\ Y\UREHQp V
MHMLFK SDUDPHWNAP CHQYQX®DRNWGN\ MVRX SRURYQiQ\
simulacemi.1D ]iY U MVRX Y@VOHGN\ JKRGQRFHQ\ D QDYU&HQ!
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1 7(25(7,&.6 52=%25

V WpWR NDSLWR®@#QMHNIHMSUYHRSERU SRX&LWp WHFKQRC
]iNODGQt LQIRUPDFH S tNODG\ SRXALWt W\S\ VNODGE\ \
YEE U SRX4LWEéFK PDWHULiIiO$ YEUREQt RRERVOHGD®i MC
SRX&LWt WgWR WEPKULKROBRQWPQ D MHMLFK QDSIiMHFtKR Y

VWpWR SUIFL EXGRX GiOH GLVNXWRYiQ\ PRAQRVWL Yé
WpWR WHFKQRORJLH NWHUp QDEt]t ILUPD 3UDJRERDUG
SURYHGHQD SUiY X WpWR ILUP\

'iOH MBYRXPtQ Q\ ]iNODGQt SDUDPHWU\ DQWpQ NWHUp E
DQWpQ\ D MHMtKR YHGHQt GLVNXWRYiQ\

1.1 Technologie FLEX-RIGID

Technologie FLEX5,*," MDN ] Qi]YX Y\SO&Yi NRPELQXMH SRXA&L
SOR4QéFK VSRM$ 7DWR W@WKYBRRBHKOLYPERt SURRSRM
]D t]HQt D S HVYWR&H MH FHQRY QiNODGQ M&t P$&H YéUu
1DKUD]XMH Q NG\ YHOLFH GUDKp NRQHNWRU\ D |JNUDF
aFHONRYRX LQVWDODFL ]D t]#pRUXHEDWDOMH ¥ ©®RBE ¥ &EH
HVWHWLp Q Brsttiru ¥ DIFWRQDPt MHGQRWQp HOMINWULFNp FKE

FLEX-5,*,' WHFKQRORJLH VH SRXA&tYi S HGHY&tP S L SUR
kde jsou kladenyQiURN\ QD IOH[LELOLWX D VSR GQHDKOLNYGRD/GV
UWLVNiUQ\ NGH MH WtPWR ]S$VREHP SURSRMHQD WLVN
]D t]JHQt 3 tNODG WDNRYpRIR MSRMH MH JREUD]HQ QD

Obr.1.13 tNODG SR XRGID/techhplogidl].

1.1.1Typy skladby FLEX-RIGID spoje D YEUREQt RPH]JHOQ

6SRM PH]L SHYQéP D IOH[LELOQtP VXEVWUiIWHP MH PRAaC(
MVRX ]Qi]ROI). QA Xplrazeny jsou poueNODGQt YUVWY\ VDPR] H
PRAQRVW SRNRYHQnelldb SR LYWUIVNMNFt QHSIiMLYp PDVN\
PRAQp SRXAatW YtFHY UVIHWR W S R/IDKNE (DRpBgy WD N Y

14



Flexibilni substrat mezi dvéma pevnymi substraty

Flexibilni substrat na vrchni strané pevného substratu

Flexibilni substrait na spodni strané pevného substratu

- Med® - Pevny substrétl:l Flexibilni substrat I:l Lepidlo
Obr.1.20RAQRVWL V N-RIBIG Epoj§/ (;

3L QiYUKX WDNRYpKR VSRMH MH ]DSRW HEt VL XY GR
NODGHQ\ 3RNXG MH FtOHP QD Y, ki&riQMRi XE GPEVINSQ.EQ R B & F K
biVWL FR QHMYbuBHseSUDXMR ipiV W RKEEDIMVG HIDI® QXWQRV Wt
GRGUARYDW MLVWi SUDYLGOD 1iYUKi E\ VH P O Y\YDUR'
PRWLYX 7DNp MH YKRGQp QHSRX&tYDW YHQpogeh8 ORFK\ |
ZMHGQp VWUDQ\ VXEVWUiIWX 7DNp MH W HED PtW QD SI
RYOLY XMH YEVOHGQRX RKHEQRVW

VS tSDG WpWR SUiIFH QHQt SULPiUQtP ~pHOHP GRVi
aQHS HGSRNBOKHGYH IOH[LELO @V WRERRREDQEREWt EEW Yé
]JPtQ Qi SUDYLGOD GRGU&RYIQD O0XVt VH RY&HP GRGU:
SURNRY$ NWHUi SODWt SUR YAHFKQ\ 8DSWR\ 4 O HA LOHC
SURNRYX RG KUDQ\ S HFKR GXnnP XePtQE é %R & WD WQOH & M H
LQIRUPDFH NWHUpPUSPFRNRMG QIRW R LY é FK ProkéwWiéY UHDO
YAG\ SRX&tW S L SURNRYHQt FHOp IOH[LELOQt piVWL D W
2Y4AHP QHO]H SRX>SURWNRYRIOR YSRIX|${USW X ROR NXEVL VSR
ORAQRVWL D S tNODG\ SRXALWOIBURNRYS$ MVRX JREUD]HQ

Ano Ne

Obr.1.32PH]HQt SRXaLWt SURNRYS$

15



'‘DO&at SUDYLGOD SUR QiYUK WYWRKHAEWVPDYR KB \ MSARRX QN F
GHVHN SORAQEIRWIEBRIMR YEUREQtFK PRAQRVWHFK D RPF

2].

1.1.29éE U PDWHULIOX

1\Qt MH YKRGQp JPtQLW GRVWXSQp PDWHRIGIDG0jS UR SR X
ZIOH[LEPOWMHAKLIO$ BgobdattR/Q DAELGFH FODWAHRINAON i FK

70, 75, 100 a 125%. NaveE U MH WDNp WORXAa'RiDel HRA,p [yOLH
vQ NWHUEFK S MRDGIHWFKULIO\ MVRX G OHQ\ QD EH]JOHSL
%H]OHSLGOR Yoo ZP@WdlE (REQXWMWUDQQpP WR JQDPHQi &H SR
z Y& UREnNesenouP G QRX IROLL /HSLGORYp PDWHULIO\ PRI
i RERXVWUDQQpP PWROWRGLtSME YQD VXEVWUIW S LSHYQ

V QDEtGFH MVRX SUR QDUIONIPREBXNThinfieg &EpEfIES. Dupont
P\UDOX|[ QDEt]t IOH[BRICO Qti] BR® HYSRDHPQRVW YODVWQ
SRMPHQRYiQt RFKUDPRO®RBPJRXPNXODWLYQt SHUPLWLYLV
PLQLWHO®® NPLWRpWXpont @yralux DNpNDPWDORJIRYpP OLVW X
]JP HQRX ]JiYLVORVW SHUPLWLYLW\ D DWNRWVRD KSRU BLQMD M
KDSWRQ WDN SUR SmWiXA4a\Obr.APEBhinfBoOtRo infdrinace nX Y iGt
a EpoflexX VYpKR PISth-QtLSBIXIPLWLYLWX QHXQEWHO KWGWUYW RA¥
PHQA&tO,QH &

6.0

50 |

40 . .
Pyralux® AP dielectric

lo—o—-e—oo0ooo0 000000000 04,
30{" == =—u u 5 = == 4

Typical adhesive of
3-layer flex laminate

er(-)

20 |

0.0 T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Frequency (GHz)

Obr.1.4=iYLVORVW U H O IXaptoMuQatleBitHana Erakleivci [8].\
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0.030

0.025

Typical adhesive of

0.020 3-layer flex laminate

0.015 A

Loss Tangent (-)

0.010 1

0.005 -

_.___._H_._._.,_.—-I—l——H

Pyralux® AP dielectric

>—0—o—8—0—8

0.000

10

12

Frequency (GHz)
Obr.1.5=iYLVORVW ]W U KapRNpKéididra frakuer@iHz].

Dle YédH XYHGHQEéFK SR]QDW Kaptdd\od firyEDup@nt PpaNix UL i O
-HKR Y&KRGQRX MS$ii Nviebp PIRE@ER VOH[LELOQt PDWHULIO Q

8 SHYQpKR PDWHRUMIDROMNK V¥LUP\

6DPR] HMP
Y\WWRNRIUHNYHQDpPQt
naLPSOHPHQWDFL DQWpQ\

Y\EUDQpKR HOHNWURRHF ¢p K\ERPWRHOttSDG
Y\WWRNRIUHNYHQpPQtKR PDWHULiOX

A4H SURK®BSQORLNWHEKQLFH E\

BUDJRERDUG MHa
E\OR YKRGQ

PDWHUWLROGERSD 2D AN GHI3p VRIS SUUPH M

D MHMtKR QDSiMHFtKR YHGH
YEKRGQp
PXVtpWHR KBUEEDIR XW V

uwvadRYiQR SRXAaLWt OHYQpKR JiNODGQtKR PDWHULIOX NC
PDWHULIO GRVWDWHpPQé SUR WXWR DSOLNDFL

Z QDEtGN\ ILUP\ BUDJRERDUG VH QDEt]t-BiCU@EaBYQt PDWH

0/

“HKR UHODWLY QhylSij¢ URJISWW ¥4+ WDr HY¥ SVORVWL QD R

SU\WN\ LFH D QWuz OUrHN6Y.H@QRLWRYé pLQLWHO WRKRWR PI

(1 MHz).
&)

49
48
47 Te=
46
45
4.4
43

42

4.1

4.0

39 |-.
3.8
3.7
36
35

W res. cont. 40%
“[| = res. cont. 45%
res. cont. 50%
(| = res. cont. 55%
(| M res. cont. 60%

100
frequency (MHz)

1000 10000

Obr.1.6=iYLVORVW UH O DRADLW 815830 B 5B Curdusiity 104 ML na
IUHNYHQFL D RE¥YPKX SU\VN\ LFH
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1.1.33RXALWt WHFKQRORI H Wi(YUKX DQWpQ

3RXALWt IOH[LELOQtFK PDWHULIO$ S L QN& WION PDYEWKQ
VXEVWUiW H F KlizeMeit RIRGIQR UMW UXNW XU\ VWHMQ MDNR Q
98KRGD IOH[LELOQtFK VXEVWUiIW$ S L QdhoWbKe¥ndBtQWpQ V.
6DPRMIMEWRQ NWHUBWHXGH SSRRBLWH YKRGQé& PDWHULIO
DQWpQ NY3$OW WIMURYYRX WHOL

SQWpPpQ\ QDYKhptMQ E\QD SXE O LQNRSY t® P O X HI|FK[6].
ZpOiQN$ MH SDWUQpPp aH QKD BWRRXODE® DAMBHMNRIRY DIBX V
parametry. VRERX pOiQFtFK MH WDNp XYDAaRYiQ YOLY RK\EX C
VH QLMDN GUDPDWLFN\ E K HFO WRIKKRHNV W DMK VXWXH QH R RQ S RE
DQWpQ QD US$]IQEéFK [IOHMzETaD Q1. KWHKIERWR i WRIBRY QiQt S
YEKRG\ SIRXAWWOX RSURWH[REMVODWRQ WPXEVWUIWSP 3 HGH
o tepelnou stabilitu, pevnost v tahu, pevnost vohylMLa JPtQ Qé QtJ]Né JWUiIWR

ajednodX FKi W8 U-RGLQRX QHYEKRWRXKRIMRQFRRNFRYQiQt P$SaH
deformovatelnost.

Tab.1-13RURYQiQt DQWpQ Y\UREHQEéFK QD BF]QEFK IOH[LEL

Proposed Poly-Imide

5 £ o Flexible
Antnna Flexible Based Single Poly-Imide-Based Textile Paper-Based Fluidic Bow-Tie
Dual Band Antenna Antenna Antenna
Parameter Dual-Band Band Antenna Antenna
Antenna
Antenna
Size (mm?) 15 x 14 26.5 x 25 35 x 25 180 x 150 46 % 35 54 x 10 39 x 25
Thickness (mm) 017 0.05 0.05 4 0.25 1 0.13
Band Dual Single Dual Dual Single Single Single
Frequency
B 25/4. 24 25/5.2 22/3 24 1.85 7.
(GHz) 5/45 5/5 / 8 6
Substrate Poly-imide Poly-imide Poly-imide Felt fabric Paper PDMS PEN film
Relative )
Permittivity (¢,) 34 34 34 15 34 2.67 32
Deformability Low Low Low High High High Low
Thermal 2 : g i
Stability High High High Low Low Low High
Fabrication Simple/ : : . ; Complex/ Simple/ Complex/ Simple/
Complexity Printed Stmple/Printed Simple/Frinted Non-Printed Printed Non-Printed Printed

Z publikaFte ] HMPp aH QiYUK DQWpQ\ QD IOH[LELOQt pi
]JDSRW HEt VHnperRentadl) DHIiMHFtKR YHGHQt QD WOGbQ WR VSR
12 SURE@pPHIPQD S HFKRGX PH]L SHY QR XWR POWH LFEIVOQ tVQ
YEUD]Q P Qt WO R Xpadtdl e \bixde W IJHWEN D]QEP 1P QiP &t HQ
YOQ\ SRGpO QDSIiMHFtKR YHGHQt 2KOHGQ LPSOHI
na FLEX-RIGID QHQt PRF GRVWXSQéFK JGURM$ JH NWHUEF
proveditelnost tK RWR H&aHQt 3JHONQB&ktdre MHEt SUREOpPP S HFK
S HQRVEMBHKRO XVWHEREQDX EWRRWR ® tSDG E\OR XYDARY
typu VWULSOLQH V\PHWNIAR® BENVRSODHRCEW! yYORKQ RY R G

SRMHGDi¥H@t S HQRVRYpKR YHGH Qt pf@stor iHe2iKdhtakid G HQt V
SRG %*$ PLSHP
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1.2 =iNODGQt SDUDPHWU\ DQWpQ

VWpWR NDSLWROH EXGRX VWUXpQ Y\VY WOHQ\ ]iNODG
QiYUKX D QW pRpo jBjiQrDpopij JeMa Obr. 1J/Qi]RUQ Q QiKUDGQt PRGHC

—— 1 1 1 K

Rvyz Ratr Xc XL

@—:
‘G

G

Obr.1.71iKUDGQt PRGHO DQWpQ\

G ]QD#toj] VLIQiOXMMKR LPSHGDQFL 2VWDWQt VORA&N\
impedaQ FL D QW BQNGY WD Y XMH R G SR U HS UH RMQ QRMIS JW Ui W\
MVRX NDSDFLWDQFH D LQGXNWDQFH DQWpQ\

1.215H]RQDQpQt IUHNYHQFH

5HIRQDQPQt IUHNYHQFL XUpXMt i$RrpBktaiceX@ W prQU X tL UH]
D LPSHGDQPH DROWH QAHIOQRX VOR&NX NWHUiIi MH XUpHQE
1D WpWR IUHNYHQFL MH REYRG LPSHGDQpPQ D YENRQRY

1.22,PSHGDQpPQt S LPSHBYREGRYp S L]S$SVREH

3 LLPSHGDQpPQtP S LIS$SRREDDX QHBR FIOIQHIMS HEG DN@IpI@®G UR I
S L]S$V Bodd (@ éen, kde impedance zdroje IH URYQD LPSHGDQFL DQW

3L YENRQRYpP S L]IS$SWOHHRItO QRPKISt HHQRVX YENRQX -
K YENRQRYpPX S L]S$VREHQt GRFKi]t NG\& MH LPSHGDQ
s impedanci zdroje.

Z WhtsdYRX GHILQLF MHGEDOWQUIPK SAH]E$VREHQt GRFEKIi]t ¢
biVW LPSHGDQFH JGURMH VWHMQi MDNR UHiOQi piVW LF
QXORYRX KRGQRWX LPDJLQiUQt piVWL LPSHGDQFH 3RN
QHGRKKRIBUD]$P YOQ\ ]S W NH |GURMD[DP]IURPHX S5RBRIY
Y&NRQX

1.23yLQLWHODR&SRI®D X VWRMDWEFK YOQ

VS HGFKR]tP RGVWDYFL E\O\ ]JPtQ Q\ RGUD]\ YOQ\ |S W N|
SUiY SRP U RGUD&HQP ISBGPPQYWRQ MEerEHILQRYiQ Y

see M (1)

é L
kde Z2 MH LPSHGDQFHMBIOMKDQADINWHULVWLFNi LPSHGDQF

Y WALQ S tSDG$ URYQD 0 ¥YQEtWSHR® REIUDR XSWH GR YK R
SI1VGHFLEHORYp Pt.HMHEH B VRUWE #bjdd KLERINOQtPX S L]S$VRE
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tedy pokud se Z= Za pPpLQLWHO RGUD]X MH QXORYé ,PSHGDQ}
SRJRURYDWHOQpP SUiY piPtPPW R 53 DWHD BPHQYILWIRO RGUD]X W
S LIS$SVREHQD

K SRGREQpPPX ~pHOX MH ]JDYHGHQ SDUDPHWU SRP U VYV
MDNR SRP U QDS RMD[QMXY N GNHRQUHOQ N RW WhinirQuDpSuAMYt Y
ZpLQLWHOH RGUD]X VH Gi 369 Y\SRptWDW SRPRFt Y]JRUF}

258 l.— [ (1.2)

369 VH S L DQDOé]H |KRE R® FFRXALPISNGDQPQtKR S L]SH
MH REYRG LGHIiOQ S L]S$VREHQ 369 MH URYHQ 7DW|
UY\VtODFtFK DQWpQ E\ 369 PSOR E &W pPPHRR X HMt DQWp Q)

D SUR QHQiURpPQp DSOLNDFH VWMDPje BEOrdvmbGHbkQH& G (
VH SRORYLQD S tPp YOQ\ RGUD]t ]S W NH JGURML

1.244at ND SiVPD

AtaNSiVPD X BEW®RXMH IUHNYHQpPQt SiVPR RNRGO® UH]RQ
DQWpQD SRRMOUNEQILPSHGDQPQtKR S LIS$VREHQt 3RNX
SUR E 8Qp SRXALWt MHMt &t ND SiVPD MH GiQD UR]JGtOHF
kterp MH 369 PHQ&t QHA UHVSHNWU¥#B.pLQLWHO RGUD]X

1.250pLQQRWW DQWpPQ

OpLQQRVW DQWpQ\ P$aH EéW EUIQD MDNR FHONRYI
QHS L]S$SVREHQt DQWpQ\ YOLYHP NRQHEQHM ¥REWURWW L 3
sedefintMH Y\]D RYDFt ~pLQQRVW NWHUi QHXYDA&XMH YOLY

1.26=LVN DQWpQ\

=LVN DQW pFAOMNHR GR@ ~pLQQRVWL DQWpQ\ D MHMt VP URY
MDNR SRP U Y&NRRRIPWPVWR WX Y$pL YENRQRYp KXVWR!
NHER S$OYOQQpPX GLSyOX

=LVN MH GiQ Y]WDKHP
)LSr&"  s#® &  [dB] (1.3)

kle MH ~pLQQRVW DQWpQ\ D ' VP URYRVW -HGQRWND
kiZoWURSQtPX ]i LpL QHER GKE3 OYRNIQD RDH Grl] BATDDH Q
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2 1E95+ $17el1< $ 1$3E-(&E+2 9('(11

VWpWR NDSLWROH MH QHMSUYH SURYHGHQR SRURYQiC
WHFKQRORJLt UHDOL]JRYDW 'iOH MH SURYHGHQ QiYUK
SURYHGHQ QiohlddenDr@ Wip®pVQDSiMHM §BSRQHF MH VLPXC
FHOiI VWIQWYIROWOMHFtP YHGHQtP

21 NDSIiMHFt YHGHQt

1D JDPiWNX QiYUKX MH ]DSRW HEt ]YR ORro\sym&iR®Q & W\S
VNODGEX IOH[LELOQt VXEVWUIW FH]IQBEtRDSRHERDWRL \
YHGHQt W\SXde/ WHI LSOW Q¥it SIRKAYW Y& IOH[LELOQt VSRM

XPR& XMH 3UR VNODGEX NGH MH IOH[LELOQt VXEVWU|]
SRX4LWR PLNURSiVNRYp YHGHQt NRSODQiUQt WOQRYRG
YUFKQt VWUDQ WOWNRXMPXSB\tSBGY YHGHQD piVW YHGHC
S tSDGQ ]HPQt SORFK\ RNROR Q M D QD GUXKp VWUDQ

MVRX SRX&LW\

21.16LPXODFH YHGHQt QD NDSWRQX

'iOH EXGRX VLPXORY iQ D KD-EMIRYKOR YU RBB BhHRHKQIW L Y Q t
permitivita KDSWRQX MH D JWUIWRY é Kapt@nl \}¢ H.o5 -m. 70R.

Simulace jsou provedeny v program CST MW Studio 2B&® XaLWD MH pDVRYi D
NWHUi MH YKRGQ Mat SUR AaLURNRSIVPRYp VLPX@DFH 3 |
- G% SUR SUSE 4Qp ODG Qt PRGHOS$ )LQIiO® WMMMWWH PRG
-40dB.% KHP VLPXODFt MH GSOHALWi YKRGQ ]JYROHQi GLVN
PXVt PtW GLVNQHMWRPDp QtEK"N\ 5R]P U\ EXGtényrdie SRUWS$
GRSRUXpHQt VLPXODpPpQtKR SURJUDPX

21



2111 OLNURSIVNRYp YHGHQt

SRPRFt LPSHGDQpQtKRPNKEDONQOPWSRIRIYDPX MH QDYUAHQ!
DE\ LPSHGDQFH YHGHQt BO@br.2.) EX&ENVEOH G N \ceVjdoB X OD
zobrazeny na Obr. 2.1.

E Impedance Calculation X

Setup

[Thin Mierostip ¥ Lengthunt mm
Frequency: GHz

Geomety Data

N
Line length:

‘ h ¢ 8 ‘ Permittivity
psi= 3.4

[ Include Dispersion

Impedance static

Z_ 0= Ohm eps_eff = Phase shift =
Build 30 Exit Help

Obr.211iYUK &t N\ PLNURSIVNX QD SRADGRYDQRX LPSt

0,0 0

-10

-15

-20

. 4
- - 25

21 [dB]
i
S11[dB]

Y . 30

Y g 35

-45

-50
0,5 1,0 15 2,0 2,5 3,0 3,5 4,0 45 5,0 55
f [GHz]

—S21[dB] ---5l1 [dB]

Obr.22=iYLVORMWDPHWUS$ QD IUHNYHQFL RdapdURSiIVNRYpKR °
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2112 .RSODQiUQt (@M RYRG

SRPRFt LPSHGDQpQtKRLRDONXDIARVBURIUDPX MH QDYUAaI
adt ND PH]J]HU PH]L SmvplbehamD abHim@etdanc¥ HGHQt E\OD S LEO
50 YIOpr.2.3. 3 L QiYUKX M6IWRERERBQRJILFNp RRB]HQD® XtU p X
atuMspoje neboPHJHU\ S L YEURE GHVN\ SORaAQéFK VSRMS$ 7
9 é V O H G N\e\shwrzsiddad¢ny na Obr. 2.4,

E Impedance Calculation X

Setup

Coplanar Waveguide ~ | Length unit mm
Frequency: --5 GHz

Geometry Data

il w .
g [ C—
|¢ Line length:
Pemitiily
& et |3
Includ Dispercion

Impedance static

2 0= Ohm eps_eff = Phase shift =
Build 30 Exit Help

Obr.2.31iYUK NRSODQiUQtKR YOQRYRGX QD SRabDGRYDQI
0,0 0
-5
-10
-15
-20

-25

21 [dB]
S11 [dB]

-30

-35

-40

-45

-50

0,5 1.0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5
f[GHz]

—S21[dB] ---Sll [dB]

Obr.2.4=iY LV GoarD\W HON UeRvEp kbsSODQiUQtKR YOQRYRGX QD .DS\
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2113 =HPQ Q& NRSODQIiGCPWYOQRYRG

SRPRFt LPSHGDQpPpQtKRLROONXDIAVBURIVYDPX MH QDYUAaI
adt ND PH]J]HU PH]L SiVNHP D JHPQtPL SORFKDPL DE\ LPS
50 ¥ Obr.25. 3 L QiYUKX MH RS W EUIQ RKOHG QD WHFKQ
PLQLPIiOQt aneboP NISRMIS L YEURE GHVBE&\E@MHRGERE N K PUXSRM
jsou zobrazeny na Obr. 2.6.

E Impedance Calculation X
Setup

Coplanar Waveguide with Ground | Lengthunit mm
Frequency: GHz

Geometiy Data

; I w
bk Fg 5 C—

—
Line length:
Pemittivity
| hi e |
epsr= |24

[1inchude Dicpersion

Impedance static

Z0= Ohm eps_eff = Phage shift =
Buid 30 Exit Help

Obr.251iYUK JHPQ QpKR NRSODQiU QuiBu MPe@RN.RGX QD SRAL

0,00 0

-0,05 -5

-0,10 -10

-0,15

-0,20

-0,25

21 [dB]

030
035
040

-0.45

0,50 -50
0,5 1.0 15 2.0 2.5 3.0 35 4.0 45 5.0 55
f[GHz]

—S21[dB] ---S11[dB]

Obr.26=iYLVORNMWDEPHWUS$ QD IUHNYHQFL JHPQn@KiHRNNRSODQIiU
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2114 6\PHWULFNé SiVHN VWULSOLQH

SRPRFt LPSHGDQpQtRR ANOOINQPWRWRAIYDPX MHb® DY UA&HQ
LPSHGDQFH YHGHQt E\QIDS2ZE L@ MH SRW HED VH SR]IL

4t NRX SiVNX +RGQRWD PP MH X4 EOt]JNR KUDQLFL P
NWHUi pLQt PP 3R t&R VBGMQEt OH UR]JP\WOHW ]GD EX
QDY UFGIIQRSHGD QFL SURWRAH S L QL&&t KRBIQREW LP S

1HER MH SRBt&)p YUVWY\ IOH[LELOQtKR PDWHULIOX D WtP
D URYQ a4 EXGH PRAaQp SRXatw aL UdditzdBiazeéhiNna®dV DI G N\ VL

E Impedance Calculation X

Setup

e ¥ Length unit mm

R=atercss GHz

Geometry Dala

h w
[
Line length:

‘ I h & ‘ Permittivity

epre M4

Include Dispersion

Impedance static

z.0= Ohm eps_eff = 340 Phase shilt =
Build 30 Exit Help

Obr.2.7 1iwvth YHGHQt VQMWUSBADQRYDQRX LPSHGDQFL

0,0 0

-0.1 -10

-20

-30

521 [dB]
S11[dB]

-50

0,6 -60
0.5 1.0 L5 2,0 2.5 3.0 3.5 40 45 5.0 55
f [GHz]

—S21[dB] ---S11 [dB]

Obr.2.8=iYLVORNWD P HWUS$ QIDGINGIN YW &HBRL Q H
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2115 3RURYQiQt VLPXORYDQéFK S HQRVRYéFK YHGHQt

3RURYQiQt pLQLWHOH RGUD]X D QDS "RYpPKR S HQRVX \
na Obr.2.80br.2.10 =H JtVNDQé&FK YEVOHGNS$ MH SDWUQp &H QF
MLNURSiIVNRYp YHGHQt -HKR YHONRX QHY&KRGRX MH
doRNROt FRA& P$&H QDUXARYDW VP URYRX FKeGDNWHUL
tRKRWR YHGHQt .RSODQiUQt YOQRYRG GRVDKXMH QHMC
S LEOL&Qz JIGWHP SUIFH EX®BMpQiYUXD NPLWRSGHLFK * 4
]JGH GRVDKXMH WRWR YHGHQt YéUD]Q KRU&tFK SDUDPH\
JHPQ QpKR NRSODQiUQtKRSt¥in® RHR S XH BHYHGHQtHMLFK |
respektve pP ~SOQ MWROGM YHGHQt GRVDKXMt QHMOHSALtF
PLQLWHOH RGUD]X D URYQ & GRVDKXMt GREUpKR QDS "R
ZYEeFMtQ QEFK BUINIRNG $LEX-RIGID strukturu G DO&t NDSLWROH QD
SUidto® S HQRVRYi YHGHQt

Obr.2.9=1Y L VEIRNAWekvencSUR Y\EUDQi S HQRVRYi YHGHQt
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Obr. 2.10=1Y L V&2RnNAWekvencSUR Y\EUDQi S HQRVRYi YHGHQt

2.1.2SimMXODFH YHGH®Q%, QD VWU XNWX H

'iOH EXGRX SURYHGHQ\ VLPXODFH ]JHPQ QpKR NRSODQi
SiVNRYpKR YHGHQt QERIV,W U%NXN®BRKXH SRKAHWD NGH EXGI
UHDOL]RYiQ\ GYD S HFKRG\ PH]L SHYQRX D SUXAQRX piV
4H SRVWDpXMH MHGQD VLPXODFH SUR JtVNiQtSIHMA@pPPDFt
biVWL QD |0 HphadpakORDkudh BFWODVLP XORMWIGHRHQHFKRG PXVE
EEW YOQD EX]HQD MHGQtP SR UteWhHabyB\Q1V]OWHNGQ\ IY &BADNHKGE
RERX W\S$ S HFKRG$ 'pO N Dje RBRVENS kY ZD &k Sipi @ WD
IOH[LELOQtKR ~VHNX QD PP &HONRYi GA@NDN.VLPXOR
5RYQ & MH FtOHP SRNXG WR EXGH UHDOL]RYd&HOQp L
naLPSHGDQFL
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2121 =HPQ Q& NRSODQIiGCPWYOQRYRG

Pro tertWR ~pHO Mkadsa ¥IEOM{DELOQtP VXEVWUiWHP QD KRU
VXEVWUIWXSHYDEDWEEVWUIW Pi SU$SP UQRX UHODWLYQt
PLQLWHO S LKB@dndfQ KRGQRWX UHODWLYQt SHUPLWLYLW
0,003.TIRX&"ND SHYQpKR VXEVWUiIWX MH ]YROHQD PP DE
SE 8QRX GHVNRX SORZQ&FK VSRM$ NWHUiI PXVt PtW GRYV
aWDNp NY$OL PHFKDQLFNp SRGSR H SUR VRXpiVWN\ 7
125 —P 70RKLG NDp |IR@dUMdPi —P

IDYUAHQRX VWUXNWXObX2MIEDPRER 0 WLGKW EADR Y\SR]RL
4H MH YKRGQp DE\ S HFKRG PH]L aLURNE&P SiVNHP QDG S
QDG IOH[LELOQt piVWt VSRMH E\O FR QHMGHO&t DE\ \
a]JiURYH DE\ QD ]DpiWNX IOH[LELOQt piVWL P O SiVHN
YHGHQt QD RKHEQpPP VXEVW U iWukiurg fsbluCzeb@ieny\ia PCOD FH
2.12.

\( 3HYQp piVYV

JOH[LELOQt

Obr.2110RGHO JHPQ QpKR NRSODQiUQtKR YOQRYRG)
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Obr.2.12=iYLVORNMWD P HW U &i QrdGIBPWN Y H Q

ZYEVOHGNS$ MH SDWUHXEGE G & FG RREKBKIRNHRYHQFtFK Y\aatF
4 GHz. yDVRYi GLVAWUHIQEXABHNWULFNpKR SROH SRGpO Y
HOHNWURPDJQHWLFENp YOQ\ QD KUDQ S HFKRGX %\OD
SURNRY$ SRPRFt SIWVRBRIMBREQPRPRtFK SORFK 'OH YEéEUF
PRaQp SURNRYLW SRX]H FHORX SHYQRX piWPR/ SRG QH
SIVNHRK®OHGHP QD YEUREQt PRAQRVWL E\OD XPtVW QD
Y]GIOHQRVW RG KUDQVCGHHEWRGXPtVRW Q\ YRGLYp VW Q\
YHGHQt NWHUp VLPXOXMt DGX SURNRY$ VSRMXMtFtFK
podoba struktury je zobrazena na Obr. 298VOHGN\ VLPXODFH Xs®WDYHQPpK
zobrazeny na Obr. 2.14.
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3 LGDQp YRG

Obr. 2.13 Uprav® éoltel |[HP Q QI R R O hayindddu.

Obr.2.14=iYLVORMWDPHWUS$ QD IUHNYHQFL SUR *&3: XSUD\)
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2122 6\PHWULFNp SiVNtR¥E)YHGHQt

POWHQWR ~pHO E\OD ]JYROHQD V\PHWULFNi VNODGED VSF
GY PD SHYQ&éPL VXEVWUiW\ =YROHQé& SHYQé& VXEVWUIW

D JWUIWRYé& pLQLWHO S LEOLAQ =YROtWQ®& IOH[L!
SHUPLWLYLW\ D W 7 i0\RR&¥A DRELGDIKVR HIBVNEFYNRXXE V I U i W $
zvolena 0,5mm. 7ORXA"ND IOH[LELOQtKR VREVWDNAM BH [JYRCH
dvou vrstev OH[LELOQtKR VXEVWUiWX MH WORX&5RBAIOH[LEL
7ORX®'IGDQp IROLH MiH.]JYROHQD  —

Ze INXAHQBVAMGFKR]tKR QiYUKX E\O\ URYQRX LPSOHPH
VLPXOXMtFt SUSROKRIY je zhbrdzéina Obr. 2.15.

Obr.2.151DYUaHQp VI\PHWULFNp SiVNRYp YHGHQt

% KHP VLPXODFt E\OR |MLAW QR &H S L SRX&LWt GYRX
SDUDPHWU\ QHY\KRYXMtFt 3UR Y\OHS&HQt GRVD&HQE&FK
YUVWY\ R WRREHOMRYi WORXAa"N Bosaduje[ ¢cESLSADQ P b OV R H W U X
ND REUiJ@btFKL6 a Obr. 217 MVRX JREUD]HQ\ SDUDPHWU\ ]tV
SGYRXYUVWYRX IOH[LELOQt piVWtpW$ HUWKERRBIQil O plijl
biVVBOIYD
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Obr.2.16=iYLVORVW 6 QDBtrigilté¢eNYHQFL SUR

Obr.2.17=iYLVORVW 6 @QdstiipiteN Y HQFL

2123 3RURYQIiQt VLPXORYDQéFK VWUXNWXU

'iOH EXGRX SRURYQiQ\ RE VLPObORYD® Ebrv WVII ¥shuV X U\
]QI]JRUG-®DUDPHWU\ REREVOHGHGt MH SR WWBQWEPH SDUD!
zmi RYDQp VWWRGNWHKEN 8 tOL4 QHOLAt $QDO\]RYiIQR E\OR
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do okoO QtKR SV RibM¢RTAX 2-IMH JREUD]HQR MDNé Y\]D RYDQ&é
YHGHQt QD IUHNYHQFtFK QD NWHUE&FEK VEXBRXNS UDH B DD\
AHGHQt VWULSOLQRHYXNDt K yIMHRMOEH PN p SiV NR YW pYWRS H Q't
VNODGE S LSUDYHQR QD SRXA4LWt QD GHVFH SOR&QEé&FK
SHYQéPL VXEdkevemMWHQt PRA Q@ PXH GNRAHWRWQE NRSODQiUC
vinovod Pi YRGLpPp QD YUFKQtVWNLUBRY QHYQHODGED V\PHWUL|
YHGHQt X¥BXXRMMH SHYQEPL YUVWYDPL PH]L QLPL& MV
IOH[LELOQtKR PDWH UV O0RA QMR WRBIU RIBEX QW MMAH L GUDAaAt
UVNODGE\ SRX&4LWp X ]JHPQ QpKR NRSODQiUQtKR YOQRY
SHYQpKR VXEVWUIWX D QD QtsWHIG\WER ¥R W\R YE®$ YRRHE[ X EMLID ¢
QDSiMHQt DQWpQ SRPRFt ]JHPQ QpKR NRSODQiUQtKR YOQ

Tab.2-13RURYQiQt Y\]D RYiQt RERX YHGHQt

f[GHZ] Zisk stripline [dBI] Zisk GCPW [dBi]
0,9 -77,01 -44. .47
1,8 -67,45 -38,46
2,4 -67,02 -33,63
5 -38,98 -30,83

Obr.2.18=iYLVORVW 6 QD IUHNYHGQFRANESRURYQiQt *&3: D
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Obr.2.19=iYLVORVW 6 QD IUHNYHGQF@hNESSRURYQiQt *&3: D

22 1iYUK DQWpQ

7DWR NDSLWROD SRSLVXMH QiYUK D VLPXODFL DQWp(
NRSODQiUQtP YOQRYRGHP Y\EUDQéP QD ]iNODG S HGFKI
LPSHGDQFH YHGHQt QD .DSWRQX NWHUp RGSRYtGi
03PP % KHP VLPXODFt MH YKRGQ ]JYROHQD GLVNUHW
S HGFKREFKL QD &t FH WHQNpPKR PRWLYX P OD GLVNUH
5R]P U\ EXGtFtKR SRUWX MVRX QDVWDYHQ\ GOH GRSRUX]|
jeto YJGIiOHQRVW RNUDMS$ PH]JHU JHPQ QpKR NRSODQiUQtKE
WpWR KRGQRW\

221$QWpQD SUR AGIDOKIIEE0 MHZ)

,QVSLUDFt WRPXWR QiYUKX E\|ODi QBIXTamQDQ &)} BDOL ERYD
]JMHGQRGX4HQD D QDYUAHQD QD QDSiMHQt SRPRFt *&3:
seGY PD UDPHQ\ 1D GHOA&tRzehBRIDQAAGKRE KIPLWRPWX D QI
NUDWZ&tP NPLWRpWX Y\44tKR -HGQi VH R SUYQt QiYUK
SXEVWUi¥X7TMMMRERGHO DQWpQ\ MGbr] 220RABQQQ WO H RG UL
JREUD]HQQbK R2OMDH SDWUQp &H DQWpQD QHQt LGHIOQ S
NGH MH pLQLWHO -RGG®]XREBH@¥tt QiH3S MHz QIMNPLWRp W X
907 MHza53 MHz QD NP L180R MAZX$ QW pQD GRVDKXMH QHBuQL&A&tP |
G%L D FHONRYp ~pLQQRVWL 1D Y\&&tHF WENRRip W X
~pLQQRVW dky js@EYOHSRNRMLYp DOH DQWpQD E\ PRKOD
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SiVPD QD MHGQRW OaP &RKY pl FIKWR PW WHULVWYNG YYH QBHF
Obr. 2.22a0br. 2.23.

Obr.2200RGHO QDYUAHQp DWW pPQRIPUR.* 6P B i

Obr.221=iYLVORVW 6 QD IUWYNYHQFL *60 DQWpQ
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Obr. 2.22 Zisk vU R YXZQGSM). Obr. 2.23 Zisk vU R YXZQIGSM).

30QRX piURX MH ]§BUDJANY HQ¥N 0+] S HUXARYDQ
frekvenci 1800 MHz.

222$QWpQD YR als GHz)

3UR MHGQRGXFKRVW SUR QVKR/R IVHE®LEDGEL RS W Y\EUIC
LQVSLURY Dpiikovanatpv® B XJBN X$QWpQD SUDFXMH QD VWHMQ
S HGFKR]t PRGHO SRX]H QD RGOL&Q&FK NPLWRpPWHFK 3
DQWpQ\ 5R]P U\ VXE\28/hmANE OBV R2XMH YLG W PRGHO QD)
anW p @4 Obr. 225MH ]Qi]JRUQ QD JiYLVORVW pLQLWHOH RGUD];
NGH MH pLQLWHO -RGE® ] XR BIS @ ¥ XBJj&iFBDMHz na kmitd W X

2,42 *+] D 0+] QD NPLWRpPW X *+] $QWpQD GRVDKXMH
G%L D FHONRYp ~pLQQRVWL 1D Y\a4tP NPLWRpWX
~pLQQRVW 6P URYp FKDUDNWObU22AbN2.MVRX JQi]JRU

Obr.2240RGHO QDYU&HQp)D GWHRD SRR LU\ Y
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Obr. 2.25=iY LV ORid fhekdenci Wi) L D QW p Q

Obr. 2.26 Zisk vU R YNZQWi-Fi). Obr. 2.27 Zisk vU R YXZIWI-Fi).
POQRX piURX MH ]Y&UD]Q Q JLVN QD IUHNYHQFL  *+] S HUXA
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2234aLURNRSIVPRYiI DQWpQDLSRNBBYDMtFt

7DWR DQWpQD MH WYR HQD MHGQRGXFKéRpSODNRiHQLP
NUXKRYé&P PRWLYHP R SRORP UX PP $QWpQD MH QDY
35750 mm.NaObr.28 MH YLG W PRAOD. DIOIWH QLG W &H &t ND S
kiH MH pLQLWHO R®UWBIJX3BIBRARDHA] $QWpQD GRVDKXNMN

NPLWRpW X *+] JLVNX G%L D FHONRYp ~pLQQRVWL
DQWpQ\ G%L D FHONRYi ~pLQQRVW

Obr.2280RGHO ALURNRSIVPRYp DQIWPBARSRINPUBY ¥ MPtFt L

Obr.229=iYLVORVW 6 QD IUHNYHQFL SUR 8LURNRSIiVPR
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Obr. 2.30 Zisk VURYYZQ aLURNRSi VPR 281 Zisk vVUR YXZQ &LURNRSIiIVPRYi

SOQRX piURX MH ]JYEUD]Q Q JLVN QD IUHNYHQFL *+]
5 GHz.

2241)& D@awp

-DNR 1)& D@WMPRX Y 0+] VH SRX&tYDMt VP\pNRYp DQW
frekvenceVWRPWR S tSDG QHQt GiQD UR]P UHP 5H]RQDQpQt
LQGXNPQRVWL WpWR DQWW\IQU iDMFR S R SRWHBSEP-EW YRGB A O
rezRQDQPQt IUHNYHQFH MH GiQD 7KRPVRQRYéP Y]WDKHP

B l—

=&y H 2.1)

NGH / MH LQGXNPQRVW VP\pNRYp DQWpQ\ D & MH SDUD
]JDSRW HEt QDY UK QRMWXURLIWMRY R XY ®ONDLQ RVWt[O9BRGOH D
E\P OD EEW LQG X NilBXRM WGEMRI/NQI KYX E\O SRX&LW RQOLQ
ILUP\ 67( ]PtQSM@A NDpPIt RaOb VA8 H ]Qi]JRUQ QD NDONXODF
Z REUI]JNX MH SDWUQp &H S L GDQpP QDVWDYHQt E\ WHF
1,91 —+ 3UYQt QiYUK DQWpQ\ EXGH WHG\ SURYHGHQ SUR W
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Obr. 2.329é SRipdip QRVWL VP\pPNRYp DQWpQ\ SRPRFt RQOLQH

$QWpQD EXGHVBRXAIQUNROLY YH pWHpPEH 7tP SiGHP
S LIS$VRERYDFt REYRG\ pL ILOWU\ ORGHObQD3BUAHQp I
KDQWpPQ SMYR®BHQ\ YRGLpH NWHUp PREBRX NAM FX© RENX
XPtVW Q QD SHYQp piVWL VWUXNW¥USMA BonbkRQ&ly YRGLp
PRKOD EEW DQWNENVBRIUSRMIPIADREYRB.RYpPX DQDO\]i

Obr.2.330RGHO 1)& DQWp@m. UR]JP U\ Y
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23 6LPXODFH QDYU&HQ&FK DQWRIQDQD VWU)

VWpWR N@®6JRROMHQ\ SUYQt YEVOHGN\ DQWpQ VLPXO]
QDSIMHFtP YHGHQt 1DSiMHFt YHGHQt DQWp®Qh, eH WYR F
NWHURX QDYD]XMH IOH[LELOQt piVW R GpOFH PP D QD
Obr.2.34MH YLG W S tNODG WpWR. VRNXKIIWRKRYBXY D Q@REE R XV

Obr.2.340RGHO 4LURNRSiVPRYiM B BWPOQHGHQtP

1D QiVOHGXMtFtFK REUiI]JFtFK MH ]QijRQ QWHO K RRUGRYIY »
IUHNYHQFL PH]L DQWpPQRX QDYUAHQRXSI®B FtDSWHR®KXQ
UHDOL]RYDQEé&® *QDVWU XNWX H

Obr. 2.353RURYQiQti YLD RVMNYHQFL SUR *60 DQWpQX
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Obr. 2.363RURY Qi Qti PilY ha/f@R&nd/ pro WyL D QW pQ X

Obr.2373RURYQIiQtiYLOYDRVMNYHQFL SUR a8LURNRSIVPRYR.
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3 237,0$/,=$%&( 1$95a(1é&+ $17el
1$ 6758.78 ( )/(; 5,*,"

ZYEVOWMSNBGFKR]t NDSLWROH MH SDWUQp A&HHSHQUPPXO
UHDOL]RYDQA&P HQP (FWUXEBRAOXRU®]QEP ]P QiP FR VH \
parametru S117HQWR MHY P$&H E&W ]S$VREHQ QDSiMHFtP YHG
FLEX-5,*,' DOH WDNp FKDUDNWHUHP VDPRWQeédkl§ PRQRS
EXGRX UR]BEWOBGXMtFtFK SRGNDSLWROIFK

310SWLPDOL]DFH QDSIiMHFtKR YHGHQt

% KHP EOLA&&tKR JNRXPiQt QDSiMHFtKR YHGHQt D SRUR"
FK\ED GtN\ NWHUp E\O\ YEVOHGN\ ILQIiOQtFK VWUXNWX |
QDSiIMHFtKR YHGHQt *&3: E\O\ SUH ] H&WWRLY X QW\IER M AVHNERNK C
F5 PP MDNR Y&VOHG NYGRIRE WRXXNW X PR V6DPR] HMP

SWORXA"NRX )5 PP E\O\ SDUDPSLW ddsal$oraG WOMDIW Q K |
iokolo-5G% QD Y\48tFK IUHNYHQFtFK L YtFH FtFRAHQMYRX
QHY\KRY¥zMiedem k tomu &H YHGHQt VWS LFS®AIQR]tEKORDYS LW R
JDYUKQXWR SUR VYRX V QeREMONSRUES\R B X\ WG D XM HNGAGHRUS X F
SOR&QE&FIM&RIBHXWR SUR XSUDYHQt QDSiMHEYKRORH G H Q
XVSRNRMLY&FK YEVOHGN$B)S HOMOYRME'SFH SHYQpKR VXE\

96VOHGQé PREREUDNHPEGRBEVDKXMH WDNp 60$ NRQHN
NWHUEBP EXGRX Y\UREHQp WWURXRWX WY WaYBRAERMQ Y &N K
YEVOHGNS$ E\OR GRVDAHQR SRPRFt ~SREEYW.QD VDPRWQpP

Obr.3.196VOHGQE RRBAKRMIYHGHQt *&3:
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Na Obr. 3.2MH JREUD]HQ GHW Ddh@FLEEXRIGH-GY &UD [QHY) MH

S HFKBG/NX R &t FH PP QD SiVHN R 4t FH PP 'pO
S HFKRGX MH NOtpRYi SUR S HQRV D pLQLWHO RGUD]X F
WHQWR S HFKRG PXVt EEW N UD Wstanoyen® n® QEm@.pV@IMD S HF
G$OHALWiIi MH WDNp Y]GIOHQRVW WRKRWR S REKRGX R
alOH[LELOQt piVWt 3 L XPtVW Qt WRIGRWRQH PRK®AG X éQ\D
NY$OL WHFKQRORJLENpPPX RPH]HQt XPtVW QHSRGPD FH

YEVOHGNHPDMEtYOLY )LQIOQt Y]GiRK:(DbylastdRraveralh® QLFH )
3 mm.

Obr.3.2'HWDLOQt SRKOHG-RI®IDS HFKRG )/(;

Viv QD SDUDPHWU\ YHGHQt Pi WDNp GpOND MHGQRWOL

QiVOHGXMtFtFK REUiI]JFtFK MVRX |GiGRhOMN X SOHIDEHD/QN B
biVWL

Na Obr. 3.32Obr. 3.4 jsou vykr&/ OHQ\ JUDI\ JiYLVORVWt 6 D 6 QI
r$]Q@pON\ IOH[LELOQtKR YHOMRRWFHSQEPI WCBIONNY PP
MH SDWUQp &H S L Y W&t GpOFH IOH[KRIWEQR KRS YHHERAMX G
QHQt ]S$SVREHQR GpONRX VDPRWQpPKR IOH[LELOQtKR Y}
V GUXKpP JUDIX MH YLG W A&H SDUDPHWU 6 VH Yé]QD

PHQ&tFK QH& SRADGRYBQRBRFEDOAt VLPXODFH E\OD VWDQ
biVWL PP

Na Obr. 3.5a Obr. 3.6 jsou zo D]HQ\ JUDI\ JiYLVORVWt 6 D 6 Ql
US]QEFK GpONiIFK SHYQ@&VPINGNS YMIGE HEDIWEBQp &aH QHMYK
YHGHQt R FR QHMNUWRXOOHGHPYQP WRWAEHBQD SHYQRX pivVW
NRQHNWRU E\ODRPSMROHQD GpOND
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Obr.3.33RURYQiQt JiYLVORVWL 6 QD IUHNYHQFL S L]JP Q Gp

Obr.343RURYQiQt JiYLVORVWL 6 QK IOHRNYEH@KL $iVWR Q HGpl
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Obr.353RURYQiQt ]JiYLVORVWL 6 QD IUHNYHQFL S L ]JP Q Gj

Obr.3.63RURYQiQt JiYLVORVWSL L6 ]P QD BUHONWM HSHFLQp piVWL YH

45



9H ILQIOQtAsRRRIBOXp VW Q\ QDKUD]HQ\ SURMRY\ MDN
3.7.

Obr.3.7)LQiOQt PRGHO QD 83N P X BdyHiEX-RIEIDV

.RQHpPQi VLPXODFH ESOHDV QMKB/H EHEZIDBWLYQtP PHVKRYi
DE\ E\OR |[DPH]JHQR SRFK\EHQt E KHP QDVWDYHQt YKRGC
simulace jsou zobrazeny na Obr. 3.8.

Obr.3.8=iYLVORMVWDEPHWUS$ QD IUHNYHQFL SUR ILQiOQt PRGH

3 L RSWLPDOLpbuktur sDQIUROPK L EXGRX WHG\ SRXAaLW\ L
VLPXORWDPQ/R NDSLWROH
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32 2SWLPDOL]DFH DQWpQ

% KHP REBAWLRIXOWXU WYR HQéFK QDSIiMHFtP YHGHQtP D
Y Ft NWHUp P O\ YEUD]Qé YOLY QD YEVOHGQp SDUDPHWI

ZYeVOHGNS$ VLPXODFt S HQRVRY pKRHGHER D¢ MBLSL]WR @
SDWUQEBPANRX QDSiIiMHFtKR YHG K@ makimaDRamRwIIMt PLQ
V]IIYLVORVWL QD IUHNYHQFL 3 L QiYUKX MHGQRWOLY&FK
sohledem naR DE\ QD SRADGRYDQ&FK NPLWRpPWHFK QHE\OF
naSiMHFtKR YHGHQt NWHUp E\ SDN P OR YéUD]Qé YOLY QI
SHYQp piVWL D MHGQRWOLY&FK piVWt S HFKRGX E\OD SR«
D SUR LGHiOQt S L]S$SVREHQt DQWpQ\ E\OD P Q QD SRX]
YHGHQt

96UD]Qé& YOLY QD Y\]D RYDFt YOPEWORW WRRIREyQ RM F
3UR LGHiOQt Y\]D RYiQt PRQRSYORYp DQWpQ\ MH |DSRW
SRKOHGHP QD H&AHQRYo SKREQHPMELNXQWpPpQ\ QHE\O\ S
6LPXODFH SURNiI]DO\ &H S L SRXALWt X&4tKR QDSiMHFtK
SORFK\ GRFKi]t QD KUDQIiFKQDP S pWHKF YK D YRGOIQ t NNV H U p
RYOLWWMDHRYiQt FHRpOR-GWWB\YLG W URJORAHQt SURXG X
VWUXNWObrB.IMMHD [Qi]JRUQ Q Y\]D RYDFt GLDJUDP WpWR \
MHGQRWOLY&FK DQWpQ E\OD &t ND QBRE&MHASRWRODHEBEQt
Y\]D RYiQt QD RNU@WMtFK JHPQt SOR

Obr.3.95R]JORaHQt SURXG$ QDbVIMOXWWNOWRYDFt GLDJUDP VWUXN
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3.2.1*60 DQWpQD

)LQIOQt QiYUK *60 DQWPQIIMH WILG W/QQPRSIWIRGQJtKR

QiYUKX 5R]P U\ VWUXNWXU\ D QDSiIiMHFt YHGHQt E\O\
aY\]D RYiQt DQWpQ\ 9éVOHGN\ VLINAODRR2V RXY I REB N WM C
6 *60 DQWpQ\ QD |OBiNBMBa@BIL 3. MV RX JREUD]JHQ\ Y\]D R
diagramy VRVIiFK <= DIQH M@&brQdi5a Obr. 3.16 vykre¢ OHQR UR]JORA&H
SRYUFKRYéFK SURXGS$ QD MHGQRWOLYéFK SUDFRYQtFK N

Obr.3.11)LQiOQt PRGHO *60 DQWpQ\ UmMiirtrech. MVRX XYHGHQ

Obr.3.12=iYLVORVW 6 QD IUHNYHQFL ILQiOQt *60 DQV
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Obr.3.139\]D RYDFt GLDJUDP b0 AYW|[IQRYDFt GLDJUDP *60 DQW
v ose YZ. Vv 0se XZ.

Obr.3.155R]JOR&HQt SURXGS$ *@br3Q6%RQORMIHQt SURXGS *60 DQW
NPLWRpW X * 4] NPLWRpWX * 4]

= YEVOHGNS$ MH SDWUQp &H DQWpQD MH S L]S$VREHQTL
a *+] 2Y&HP WRWR S L]S$VREHQt MH QD MHGQRW
~INRSiVPRYp 1D NPLWRpWX *+] MH a4t NDdBi®WwRD NGH |

0+] QD NPLWRpWX * 42 WHA. BD WP LSARDDV X *+] Pi DCQ
Y&AHVP URYé Y\]D RYDFt GLDJUDP D GRVDKXMH JLVNX D&
Y\]D RYDFt GLDJUDP RYOLYQ Q QHV\PHRVOREPQWSH QR XER
Obr. 3.15a00br. 3.16 1D NPLWRpW X *+] GR\DBKXBIH DQWpQD ]L\
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3.2.2Wi- )L DQWpQD

)LQIOQt RNYWRY-DLQBE PW EBOI\OMH QRri3RUvaWQ D DQWpQ\ E\O
po nezdarech S$YRGQtP GHVLJQHP J]MHGQRGXaHuWWravenyDU ]JHF
SRKOHGHP QD Y\]D RYiQt QD MHMLFK RNUDMtEKRa 9VOHC
Obr. 3.18 je zoW DJHQD ]JiYLVORVW 6 OIf).C8.194HKrY BiZDFdou QD
]QIJRUQ Q\ Y\]D RYDBRGILQIAKD R&a Gbr.;3:21a0br. 3.22e Y LiG
SURXGRYp UR]JOR&HQt QD SUDFRYQtFK NPLWRpPpWHFK DQW

Obr.3.17)LQiOQt PRGH@MWpPQ\ UR]P U\ MiM&HEHKYHGHQ\ Y

Obr.3.18=iYLVOR¥fNSY HQFL IEYLi @MW hQ\
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Obr.3.199\]D RYDFt GLDPLU DRV @YX\ 3.209\]1D RMYRgam Wi)L DQWpQ\
v ose YZ. VvV 0se X.

Obr.3.215R]JORA&HQt SURDGW p @brB225R]ORAHQt SIURKGQGWpR\ QD
NPLWRpW X * 4] NPLWRpPWX  *+]

$QWpQD MH S L]S$VREHQD QD RERXKSR&EBRBWXDQéEK] N
GRVDKXMH SDUDPHWU 6 -1&BE:QRIWPXHRAIEKHQHA 0+] QI
NPLWRpWX *+] MH WDWR &t ND URYQD 0+] 9\]D RYDFt

pouzeVURYLQ ;= MH QD NPLWRpPWX *+] GLDJUDP RYOLYQ ¢
DQWpQ\ NWHUPRNGIREAPWWUOPRX|GS QD WRPWR NPR&RpW X
G%L QD NPLWRpWX *+] D G%L QD NPLWRpWX
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32.3ALURNRSiIVPRYi DQWpQD

2NYyWRYDQé ILQiOQt PRGHO &L U RINGOE B2B.RLYYRINGE iMP\RM H
DQWpQD PXVHOD E&W URYQ & ]Y WAHQD NY$OL PDOp [HP
Y\X4LWR SURVWRUX D E\O ]Y WAHQ L IOtpHN PRQRSYORY
S LIS$VREHQatK IUHN ¥mQY&aMO HSSN\ VLPXODFH MVRX SUH
QiVOHGXMtF NalOhi.BD8MIFKREUD]HQD JiYLVORVONLB.19QD IUHN
aObr. 3220MVRX ]Qi]RUQ Q\ Y\]D RINOHLQGH K XEDEDY. ¥211 D

Obr. 3.22, Obr. 3.2200br. 3.22MH YLG W SURXGRYp URJOR&HQt QD S
DQWB®JRURYDQp NPLWRpW\ MVRX * 4] * 4] *+] D

Obr.3.23)LQi®AGHO ALURNRSiIVPRYp Dv@dahy QmilitdeRéeh.U\ MVRX X

Obr.3.24=iYLVORVW 6 QD IUHNYHQFL ILQiOQt 3LURNRSI\
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Obr.3.259\]D RYDFt GLDJUDP buURNR$PVRKPHt GLDIUDP ALURNRS
D QW me&\YX. D QW mEB\XX.

Obr.3.275R]JOR&HQt SURXGS$ & DbrRINEERVPRAHQt SURXGS$ 4LURNRS
DQWpQ\ QD NPLWRpWX *BRWpPQ\ QD NPLWRpWX * 4]
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Obr.3.295R]JOR&HQt SURXGS$ aADURSIRB]PRAME@t SURXGS$ ALURNRSI|
DQWpQ\ QD NPLWRpWX *OQWpPQ\ QD NPLWRpPWX  *+]

$QWpQD GRVDKXMHIBPIYSRE REH®QH] YD SRNUEéYi YAHFKQ\
NPLWRpW\ 9\]D RYDFt GLDJUDP\ Y\ND]X3WRXY B HYDP NJFRLWRRp '

*+] MH YLG W PtU®to ®OHDIRQY RVERYV t-RJORAHQt SURXGS$ QD

NPLWRpWX MH SDWUQp aH QD I0OtpNX VH QDFKi]t PO
Y\]D RYDFtKR GLDJUDPX RSURWL RVWDWQt66 8BPhaW RpW $P

NP LW®RYPGHMz, 3,77dBinal,8GHz,2 G%L QD *+] D DB&GHz. G%L QD
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4 0 (1E 9<52%(1é6&+ 6758.785

ZQDYUKRYDQE&FK VWUXNWXU E\ORIGIB RRIENYWH FKQ ROR JL
YJRUN\ MVRX ObtH.W -®Qi VH R YHGHQt *&3a UHDOL
VWUXANEX)XS H,' 4LURNRSIVPRYRX DQWpQX D 1)& DQWpQX

Obr. 416 WUXNW XU\ Y\UR E HRIGIDSeRIM&dgte.) / ( ;

410 HQt YHGHOQt *&3:

1D YHGHQt E\O\ S LSiMHQ\ 60% NFEQ® R WRLGbem@itNS LW F
K YHNWRURYpPX REYRGRYpPX DQDO\]iWRWX42=BY§RMH Qt
]JP HQSBHUDPHWU\ MHMLFKA& ]iYLVORVQ%.@B. IUHNYHQFL M

Obr.423 LSRMHQt S HQR WRMpW R URHYGIRFtREYRGRYpPX DQDO\
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Obr.43=P HQ@YLVOBDWDFHWUS$ QD IUHNYHQFL X YHGHQt

ZQDP HQéFK YeVOHGNS$ MH SDWUQp &H S LSRMHQt ¢
Y\ND]XMH Q MDNRX FK\EX D SUS$E K\ MVRX UR]JNPLWDQp
aWDNp 6 D6 MHQ PLQaRiPK PREQLEKQEXGRX SUH]JHQW
W\ O H®H ttedy S12 a S22. Na Obr. 4AMVRX VURYQiQ\ QDP HQp D \
Y&@VOHGN\

Obr.446URYQiQt QDP HQE&FK D VLPXORYDQé&FK Y&EVOHGNS$ S
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ZYEVOHGN$ MH SDWUQp &H Y\UREHQpP YHGHQt GRVDK:
usimulace7R MH SUDY BSSRBRHEQR Y\44tP ]WUIWRY&EP pLQLWH
KRGQRWIiP NWHUp E\O\ $RYEWWMO SRIRUDIR XMHDRG VLPXOD|
V UIPFL P HQt E\OR WDNp Y\]NRadatqyS1IM BN &hydhytoP i Q
YHGHWEBGHQt E\OR SRGUREHQR U$]QéP RK\E$P MDN MH Yl
AiGQAWHVWRYDQ&FK RK\E$ QHP O QD SDUDPHWU\ 6 D 6
ohybu]REUD]H QprP4.QdA &XRYOQ Qt D ]JKRU&AHQt P HQEéFK SDUD
SUDYG SRGREQ ]S$VREHQR PDORX Y]GIiOHQRVWt RERX |
GRFKIiYtDNE 9&6VOHGHN WpWR VQWR.X¥O.DFH MH JREUD]HQ QD

Obr.452K\E YHGHQtQbr.462K\E YHGHQtQbr.472K\E YHGHQt p

Obr. 48 OhypYHGHQt p
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Obr.49=P HQi ]JiYLVORVW 6 D6 QD IUHNYHQFL YHGHQt

42 0 HQt ALURNRSiIVPRYp DQWpQ\

K Y\UREHQp DQWpQ E\O WDNp S LSiMHQ 618 B VWRRUDRHNW R
REYRGRNaWPIXVRUX 0 HQt WpWR DQWpQ\ E\OR SURYHGHQI
MH YL GbW4.Q0B Obr. 411, kde WHGQRP S tSDG E\ODGUXWpQD U
RKQXWi RtVWYQDSiIMHFtKR YHGHQt

Obr. 4100 HQt URYQp DQWpQ\ Obr. 4110 HQt DQRK@XWEP
QDSiIMHFtP YHGHQtP
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Zm HQi JiYLVORVW 6 S®RDRYEQIRYOGESINYVLPXODEH MH YL
412 98VOHGN\ DROWEP\ ¥ RKQXWEP Q IVSii MOHELP] YOS G DDAV I
RSURWL VLPXODFL MH UR]GtO PLQLPiOQt

Obr.4.12=P HQi D VLPXORYDQi ]JiYLVORVW 6 QD IUHNYHQFL

$QWpQDWHINP SRGUREHQD P HQt Y\]D BEMPRGRKD]RKP U
NRPR H 8PtVW Qt D Q\§pQbra®ibRnaPObH @1PEVOHGN\ P HQt
Y\]D RYDFtF KstkkMDWFOXN VRHEUD]HQ\ QD QiVO BB X R YRYFX RIE/RI)
GRVWXSQp L VLPXORYDQp KRGQRWiIF I ; HQt=EDO;R SAPR YWHHE
E\O\ NPLWRpW\ EOt]JNp NPLWRpWS$P VLRSGHRBE GEAD. * 4]

Obr.4.133 LSRMHQtEIMQR/GQDRYp NRPR H
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Obr. 4.149\]D RYDFt GLDJUDP ®bURISR$DVRRFFt GLDJUDP ZLURNRS
DOQWPURWLQ <= QD NPLWRPMQWPURWLQ = QD NPLWRpWX '

Obr. 4.169\]D RYDFt GLDJUDP ®bURINRSDVRRIPFt GLDJUDP ZLURNRS
DQWPURWLQ :< QD NPZWRPpWEWPLRYWLQ <= QD NPLWRpWX

Obr. 4.189\]D RYDFt GLDJUDP ®bURINRGDVRRIPFt GLDJUDP ZLURNRSS
DQWPRYLQ ;= QUILBGHAWRPDQWPLRWLQ :< QD NPLWRpWX 4
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Obr. 4.209\]D RYDFt GLDJUDP ®bURNRGDVRRIEFt GLDJUDP ZLURNRS
DOQWPURWLQ <= QD NPLWRPMQWPURWLQ ;= QD NPLWRpWX '

Obr. 4.229\]D RYDFt GLDJUDP ®bURISRGDVRRIEFt GLDJUDP ZLURNRS
DQWpPRYLIYQ ;< QD NPGHERPWBHQWPKRWLQ <= QD NPLWRpWX *

Obr. 4.249\]D RYDFt GLDJUDP ®bURSRGDVRRIEFt GLDIJUDP ZLURNRS
antpQ\WRYLQ ;= QD NPLWRpWQWPBAYWQ ;< QD NPLWRpPWX *
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OH]L QDP HQEéPL D VLPXORYDQE&PL Y&¥OMIDNR WIHF tyAKO F
charakteristkQ MDNé& UR]GtO SR]JRURYDW AHHQDISiWRFIS$MRBEKQ
RNROt WDNp PtUQ VY\]D XMH MHKR RK\E WHG\ P$&H ]S
charakteristice. VQ NWHU@FK VP UHFK MH JLVN DQWpQ\ PHQAt
SUDYG SRGRBYRBDYNR Y\44tP JWUIWRYEP pLKQRGVQFOMIP P D
SRX&LWeéP S L VLPXODFL 3RGVWDWQp MH &H QD VOHGR
Y4HVP URYp D RGSRYt{GDMt FKDUDNWHUX PRQRSYORYp [
RGOLAQp Y\]D RYiQt 6WiOH MH YAHVPPUB®p GHIORIUMR KR I
NY$OL YHOLNRVWL PRQRSYORYpKR IOtpNX 1D NPLWRpW:
4H UR]JORAHQt YOQ\ QD WpWR DQWpQ Pi PD[LPD QD N
GRVDAHQ& WY D drakielisikR ¥ REEIFK\]D RYiQt S L ~KOHFK Y W
UuY\]D RYDFtFK GLAYIUPP$ QHQt FKAE@WFDSRBQHY Y\]D RY

]SSVREHQ SRYDKRX P HQt DIQG®Ap\QHD FRXWR pRPWH{ECE GDOQ W p\DW t
D SRWRP ML ]DVWtQt P tFt PHRNRP®LN PCBHYDDNWHUpP M|

43 0 HQt 1)& DQWpQ\

1D Y\ UREHQRX DQWpQX E\O S LSiMHQ 60%$ YN-RQHRIWRR FSXU
REYRGRY@B®\][iIWRUX 3RQODQYRMRIWDX E\OD ]JP HQD LQGXN]|
DQWp&\ QD NPLWRMWzXTato hodnota SUREQRX RGFK\ONRX RC
hoGQRW R+ NWHUi E\OD Y\SRpWHQD SRPRFt ZHERYpKF
7KRPVRQRYD Y]WDKX E\OD VWDQRYHQD KRR QRWE$SREBQ
DQWpQ\ QD S) %\O WHGAHY VEHUO DNRRR/QMGEH Q ] i WyRWD SDF L V
S LSIMHQ SBUYF®HOQ N

Obr. 4263 LSRMHQt 1)8KRURKYPPNX REYRGRYpPX DQDO\]iWRL

3UR VDPRWQp RY HQt IXQNFH WpWR DQWp#®\ Xa Q
k DQDO\]IKVRHINKW R URY p P Xu RBYARGRIYS S LS R WHGI R G XFKi
VP\PNRYi DQWpQD R UR]P miBK $ELKEOLEHDt ObH 42B.G W QD
3R S LORAHQt 1)\&p WaW/PQKMDERFHRL DD WPWERPLOLYQ Qt
6 SDUDPHWUX WHVWRYDFt OWR\LA\ ONQYHRDEP MBH YA IG VW FOY
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VP\pN\ RGSRYtGi UH]R QZDorFAINX) & D GWHMVQp &H DQWpQD N
QD NPLWRpPWX FED 0+] 3UR SRVXQXWt NPLWRpWX QL

by bylo pot HED NDSDFLWX NRQGHQJiIWRUX ]Y W&4LW 'OH
kapacity KRG QRW S) digpariki K¥de@e NRQGHQ]iIWRU R NDSDFL
NDSDFLWD E\ |S$VRELOD S L]S$VREHQt DQWp

D WDNRYI
S HVQp GRODG Qt E\ E\OR ]DSRW HEt Y\][NRX&HW RVD]HQ

68S) NGH VH P$a4H WDW R KURFGEEAWDROLALW NY$SOL

Obr.427=iYLVORasMWaEt VP\pPN\ QD IUHNY H @FohakelNFRIY Q WY it

Obr.4.282Y HQt IXQNFH.1)& DQWpQ\
64



ZE9 5
&tOHP DydFevrhnout DQW R® [OH[LELO QtR VSN UR WKH G H Q' t
UHDOL]RYDQéPFLERORIGNDU X NW X H

V SUYQt piVWL SUIFH Nbbie BIEENAE ,'Q DN WHIE KRR SUR WRW
SRXALWD -VRX WX ]JPtQ Q\ PRAQpP VW UXNWRIMNQD AWMDWPXS
WX JPtQ Q\ ]JiNODGQt SDUDPHWU\ NWHUp VH S L QiYUKX |

V GUXKiyMWla SURYHGHQD VLPXODFH U$]Qé8FK W\S$ QDS
SRURYQiQt 1D Y\EUDQpPP Whg>S OMSHIG H Bt KR YHKG BIQW p Q
GY GYRXSiVPRYp DQWpQ\ MHGQD SUDFXMtFt QD NPLWR]|
SUDFXMtFt Q2 ANBSIOMRPAIHFHG QX aLURNR Sidf@IRIMNEE DQWpC
DQWpPQX SUDFXMtFt QD NHRdpMSIRRBMH SDWHQp &H QD V\
FLEX-RIGID dosahujeXVSRNREBDU®FPKHWUS SRX]H ALURNRSIVPRYI
odrazuppWR DQWpQ\ -NDHIBR/HoZsahuQBE *+] 8 GYRXSiIVPRYp DQV
SUR *60 SiVPDSBRXQRWt UHJRQDQpPQtFK NPLWRpWS$ 8 QL
vykazue KRU&t S L]S$VYRED®t GX¥ RXSiVPRYp LD Q RGEBRS BIURX : L
S LIS$VRPHQILada4tP NPLWRpWX DOH QD Y\adtP NPLWRpW X
Y$EHF

VW HWt pivbWoLRSWERPDOL]JRYIQR QDSiMHFt YHGHQt D C
QDYU&aHQp DQWpQ\ ORGHO\ MVRX RSDW HQ\ 60% NRQH!
prokovy. Ze SmOORYDQEéEFK DQWpQ GRVDKXMH QHMOHSA&atFK SDL
-HMt Y\]D RYiQt MH QD VOHGRYDQéFK NPLWRpPpWHFK Y&aHV
NPLWRpWX 0+] 3UR YEUREX E\OD Y\EUW)&DD QWiyQ RXXD W
avzorkemS HQRVRYpKR YHGHQt

V SRVOHGHgY JFVWQ\ SDUDPHWU\ S HQRVRYpKR YHGHQt
D 1)& DQWPRURYQiQt VH VLPXODFt GRVDKXMH S HQRVR
S HQRWKLPXODFH MH QHMKRUA&t -K RGIQ RMIIV tP FHRYR\DXP RHNE
S HORWNKRUAt KRG@RWRXLBHO RGUD]X VH YEUD]Q RG V
P HQt E\OR WDNp WHVWRYiQR MDNé& YOLY Pi RK\E YHGH
D S HOSRK\EHP YE]QDPQ QHOLAt SRX]JH S L BH@&NpPP RK\E
YHGHQt WpP GRWEéENDMt GRFAKIP BPIEMENSR BRI Dse N
PtUQ ]KRU&XMt D URJNPLWiYDMt 2SURWL VLPXODFL GF
SDUDPHWUX -QL@ &t KOF8 RIBANPLWR pW X 0+] GIiFHHDMH X4& ¢
SiVPX % KHP P HQt WpWR DQWpQ\ E\O URYQ & SR]JRURY
o f MDN QD SDUDPHWU 6 WDN QD Y\]D RYDFt FKDUDNW
LQG XN HopRWYWVDQ D ND S DS LSS \OREH@ItNQD NPLWRpPHW C
DQWpRDRSYMHQEP NRQGHQ]JIWRUHP SDUDOHOQ NH VP\pF
NPLWRpW X 0+] 7DWR KRGQRWD E\ PRKOD E&W GROD
NRQGHQ]iWRUX NWHUEé Pi YHONé YBUREQt UR]JSW\O

V UiIPFL GLSORPRYp SUiIFH E\O\ QDYU&HQ\turyt \UREHQ
SWHFKQRORI/*')/6;DPRWQp QBNGHQHQD DQWpQ\ GRVDKXMt
SDUDPHWUS$ D SRWYU]XMt &H WDYWWRp QVQHF Hep¥p@&R L INHR XY H
SRXALWEWEPO\ D YHGHQt MVRX IOH[LELOIQINWBWYIi WIH. WHE
RSDW HQD SROmRWddiGYMHOWEPL JHPQtPL SORFKDPL MH WDV
OLPLWRYiQD 3UR OHS&t RKHEQRVW E\ E\ORSaPRRAGID MAt
ALURNRSiIVPRYi DQWpQD GRE 3 URNDPRQ S W B X MNP LXVRDFLS
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PUDNWLFNp SRX&LWt E\ E\OD YKRGQ M&t PHQ&t DQWpQD
DQWpQD NWHUi MISOLHDORRY BWRNOHGB HQt D JiURYH P$.
PIDQiUQtP YHGHQtP

66



LITERATURA

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

1iYUK\ D NR[@NN¥UctNB19-12-15]. Dost8 Qp ]
http://pragoboard.cz/navrhy konstrukce

9UREQt D WHFKQRORJLFNp PRAGRM$MINPRIQOLQH@
http://pragoboard.cz/tech moznosti

'X3RQW E 3\UD ORJ@miia Fieide Laminate [online]. [cit. 2019-12-
@ 'RV WNiS:Qopagoboard.cz/download/pyralux_ap.pdf

'85$%$9 (5 SE-Cu quality 104 ML [online]. [cit. 2019-12-1® 'RVWXSQp ]
http://pragoboard.cz/download/duraver104ml.pdf

A Compact Dual Band Polyimide Based Antenna for Wearable and Flexible
Telemedicine Devices. [cit. 2019-12-8® 'RVW XSQp
http://www.jpier.org/PIERC/pierc63/15.16010707.pdf

A Compact Kapton-Based Inkjet-Printed Multiband Antenna for Flexible
Wireless Devices. [cit. 2019-12-1® 'RVWXSQp ]

https://ieeexplore-ieee-org.ezproxy.lib.vutbr.cz/document/7089213

Millimeter-wave broadband transition of stripline and CPWG on tibytinick
substrates. [cit. 2019-12-1® 'RVWXSQp ]

https://ieeexplore-ieee-org.ezproxy.lib.vutbr.cz/document/7571705

Millimeter-wave broadband transition of stripline and CPWG on tibytinick
substrates. [cit. 2019-12-1® 'RVWXSQp ]

https://ieeexplore-ieee-org.ezproxy.lib.vutbr.cz/document/7571705

How to design a 13.56 MHz customized antenna for ST25 NFC / RFID Tags.
[cit. 2019-12-15@ 'RVWXSQp ]

https://www.st.com/content/ccc/resource/technical/document/application note/d9/
29/ad/cc/04/7cl4c/1e/CD00221490.pdf/files/CD00221490.pdf/jcr:content/translati
ons/en.CD00221490.pdf

67

> |



