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"KuiBchknit nomitexHigHUA iHCTUTYT iMeHi Iropst Cikopcekoro"
Kuis, Ykpaina

Anomauia—B uiii po6oTi 3aNPONOHOBAHO KOHCTPYKLIIO Ta MaTeMAaTHYHY Mo/eJIb IrpebiHyacToro (piibTpa Ha 6a3i Kijib-
1eBOT0 Pe30HATOPA MOBEPXHEBHX AKYCTHYHHMX XBHJIb TA IBOX XBHJIEBOJIB HA NMOBEPXHEBO — AKYCTHYHHX XBHJIAX, IO
NOB’3aHi 3 KiJIbIIEBHM Pe30HATOPOM Yy NPOTUJICKHUX TOYKAX, IO MOKYTh OyTH BHKOPHCTaHi nIpu nodyaoBi cradijaizoBa-
HuX ITAX - reneparopis. 3aBsiKM BUKOPHCTAHHIO IOBEPXHEBUX aKYCTHYHUX XBIJIb Jialla30H 4acTOT UbLOro Tumy ¢insTpis
PO3LIUPIOETHCSA 10 AiaNa30HYy BUCOKHX YACTOT i Moxke JocAraTH Kibkox rirarepu. Jlnsa peanisanii ¢pinbTpiB Ha noBepxHe-
BHX XBHJISIX BUKOPHCTOBYIOThCS 1'€30€JIeKTPUKH, SIK KBapoBa njanTa. OqHaK KBapll Pilko BHKOPHCTOBYEThCS /IS BUTO-
TOBJIeHHs IIMpPOKocMYTroBux ¢iabTpiB. Turanar Oapilo a6o HiodaT JjiTilo 3a3BHuYaii BUKOpPUCTOBYeThcs. BiaminHicTb
podotu dinbTpiB SAW Bin kBapuoBux a6o n'ezokepamMiuyHux ¢GinbTpiB M0JIsAra€e B TOMy, 1110 BHKOPUCTOBYETHCS He 00'eMHe
KOJIMBAHHS 1'€30€JeKTPHKA, 2 XBIJIS, 10 MOIMIHPIOETHCS 10 MOBEPXHi.

Kntouosi cnosa — noeepxmneso - akycmuyna Xeuns; 3yCmpiuHo - WiMupbosuii nepemeopiosay; n’e3oeneKmpusHull Kinsye-
euil pezonamop; zpedinuacmuil Qinomp

L. Beryno BOXJIMBIA XapaKTepPUCTHLI MEPETBOPIOBAYIB - aKyCTHY-
Hill g00poTHOCTI. CMyra He XapakTepU3ye MOBHICTIO
CMYTOBI BJIACTHBOCTI IIEPETBOPIOBAaYa, OCKIILKH HE Bpa-
XOBY€ €EMHICHI CKJIaJIOBi BXITHOT MpoBigHOCTI. EnekTpu-
YHOIO TOOPOTHICTIO XapaKTePU3y€EThCS PE30HAHCHA Yac-
TOTa IHAYKTUBHUX XapaKTEPUCTHK IepeTBoproBaya [5].
Po3risiHeMo 3B'S130K MiXK pe30HATOPOM Ta XBUJIEBOJIAMH,
0 OMMUCYETHCS KoeilieHTaMH JiNICHHS, SKi XapaKTepH-
3yIOTh PO3IMOJIICHHS €HEeprii CUrHaly y CHpsSMOBaHOMY
BiJray)KyBadi, YTBOPEHOMY B MICIIi 30IIDKEHHS KiTbIIe-
BOTO PE30HATOpPA 1 XBUJICBO/(IB, 200 BiTHOIICHHS MOTYX-
HOCTI Ha BUXOJi poOounx Iuiedei, i maduparThcs Tak,
00 B MEBHIH Mipi HOCIA0UTH BIJIMB BHECEHOTO OIOPY
Ha 3Ha4YeHHs noopoTtHOcTi [8]-[9].

®inpTpyrodi mpucTpoi - M0OyIOBaHI Ha JUCKPETHUX
a00 PO3MOIEHNX KOMITOHEHTAaX B 3aJIEKHOCTI BiJl Yac-
TOTHOTO fiama3ony [1]-[2]. B miama3oHi mecsATKiB Mera-
TepIl - OIMHUIIB TirarepI] MUpPOKO 3aCTOCOBYIOTHCS (Pisib-
TpU Ha MOBEPXHEBO - akycTuuyHux xBuisax (ITAX), mo
BHKOPHCTOBYIOTh PE30HAHCHI BJIACTHBOCTI 3YCTPI4HO -
IITUPHOBUX NepeTBopioBauiB [3]-[4]. OnHak, y By3bKOC-
MyToBHX (inbTpax Ha [TAX BUHHKAIOTH TPy IHOIII 32a0€3-
MIEYeHHs] PIBHOMIPHOCTI BEpPIIMHH aMIUTITYJHO-4acTOT-
HOi XapaKTEepUCTHUKH, IO JO3BOJISIE BH3HAYATH Iapame-
TpH perymoBanHs [5]. B wiit po6oTi 3arponoHoBaHa KoH-
CTPYKIIS Ta MaTeMaTUYHA MOJETh rPpediHYacToro (ijb-
Tpa Ha 6a3i kinbleBoro pe3onaropa (KP) moBepxueBux
aKyCTHYHHX XBWJIb 3 ypaxyBaHHSAM IHTETPaJIbHUX IIOTOH-
HUX BTpar [6].

II. MATEMATUYHA MOJIEJIb TPEBIHYACTOI'O
OIJIbTPA HA TTAX - PEBOHATOPI
BDKYYOI XBUJII

Ha Puc. 1 3006pakeHa TOmojIoriqHa MoIeib rpedinTa-
cToro QiuIbTpa, sika MicTUTh Kinbiesuid [IAX-pe3onarop
Ta nBa [TAX-XBuieBOAM, IO ITOB’SI3aHI 3 KIJBLIEBUM
PE30HATOPOM Y TPOTWICKHUX Toukax [2]. EHepris,
HaKONIMYECHA BCEpEIMHI pe30oHaTopa, MOCTiiHa 1 AOpiB-
HIOE CyMi €HEpriil eNIEKTPUIHOTO 1 MATHITHOTO OB [7].
BenmunHa akTHBHOI CKJIAZOBOI MPOBITHOCTI BHIPOMi-
HEHHS BU3HAYA€THCS MaTepiajioM I1'€30eJIeKTpHKa (Horo
KOC(IIIEHTOM eIEKTPOMEXaHITHOTO 3B’ A3KY), KUTbKICTIO
CJICKTPOAIB B NIEPETBOPIOBAYI 1 3HAYCHHSIM HOTO CTATUY-  pyc. | Tononoriuma Mozes [TAX-(inbrpa
HOi eMHOCTI. CMyTy NpOITyCKaHHS XapaKTepHU3y€e 4acTo-

THa 3aJEXKHICTh BHUIPOMIHIOBAHHs, IO BIANOBiIA€E

®
@J Copyright (c) 2020 Iraarenxo O. O., I'pamapuyk 1O. O., [Tucapenxo JI. 1.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2617-0965.2020.3.3.198605
https://orcid.org/0000-0002-4505-0279
https://orcid.org/0000-0002-6244-6222
https://orcid.org/0000-0002-7647-2755

ISSN 2617-0965. Electr. and Acoust.Eng., 2020, vol. 3, no. 3 51

BxignnMm € maede 1, BuxigauMm — mieue 4, medi 2 1 3
MPALIOIOTh HA Y3rOJDKCHE HaBaHTaxeHHs. KoedimieHTn
minends B rorommHax 0—01 /—/ mo3HAaYMMo BiAImmo-
BinHO k; 1 k,. Bonu 3anexars Bix Bigcrani mix KP
1 MOB'I3aHUMH 3 HUM XBHIIeBogamu. KinbreBuit pesoHa-
TOp XapaKTepPU3y€eTHCS MapaMeTpaMu: O — IOTOHHI iHTe-
rpanbHi BTpaTH; L — epeKTHBHA IOBXKHHA PE30HATOPA,
npudomy L =m(r+R),ne r i R — BiINOBITHO BHYTpi-
IHIH 1 30BHILIHIN pajiyc KuTbLeBoro peonartopa. Hexai
gyepe3 miede 1 qo miomman 0—0 HAIXOIUTH XBHIS A
3 aMITITYAO0IO, IO JOPIBHIOE OJMHUI. AMIUTITYIH BCiX
XBUWJIb, IO ITUPKYIIOIOTE y GUIBTP1, HOPMYIOTHCS TIO BiJl-
HOIICHHIO JI0 aMIUNTYyAd XBWII A, TOYAaTKOBY a3y
XBUI A BBa)XaEMO PiBHOIO HYITIO.

Toni Bupa3 i XBuii A B IUIONIMHI 0—0 Mmae BH-
it A=sinwt. IIpu npoxomkeHHi xBuiew A IUio-
IIUHU O—O' BOHA IOIIISETHCS HA XBIIIO A', IO IMOC-
TyIa€ B HANpsIMKY Iuie4a 2, i XBuno A", o BiAraiyxy-
€Thcsl B pe3oHaTop. B  miommHI 0-0 xBuus
A"=Ikysinwt saxmo BBaxaty (a3oBUH 3CyB IPHU HEpe-
xoxi 3 xewieBoay B KP Hesnaunum. 3 iHImoro OoOKy, 10
mwiomman 0-0 B CTaLllOHAPHOMY PEXHUMI MO KUIbIe-
BOMY pe30HaTOpy HAIXOJTUTh XBHJIS

A = Ay sin(wt+¢p) . Ilpolimosmu mnomuny 0-— 0,

’ "
XBUIIA Aj, pO3IUIS€ThCS HAa XBUII A 1 A4; , 1m0 HayTs

BIIMTOBIZTHO B HAIPSMKY IjIeda 2 i MO KiJIbIEBOMY PE30-
HATOPY. [X aMIUTITYTM BU3HAYAFOTHCS 3 CITIBBIIHOIICHB:

(Ap)” = (A)” + (A1), (1)
Ay = ki 4y, (2)
Ay =\1-kE 4, 3)

TakuMm YHMHOM, IO KiNBIIEBOMY pPE30HATOPY BIIPABO

. '
Big 0—0 mommuproeTscs XBUIA A, , IO € CyMOIO ABOX
xpuib 4 1 A .Y mnoumni 0—0 BoHa onmcyeTbes

BUPa3OM A, sin(wt +¢,) , ae A,, 1 ¢, BU3HAYAIOTbCA
3 popMyJI 1071aBaHHS BOX T'apMOHIUYHUX KOJIMBAHb:

Ay = A2 (1= K2) + IR + 24,1 (1—k2) 2k cos .

4)
(A=K singy)

A 1—k12 cosfy +k

g0y = &)

. '
Bupas s xBuni [ —1 3 ypaxyBaHHSIM BTPaT y Pe30-
Hatopi Ta (azoBux HabiraHb MaTHUMe BHUTII:

al) . opL
Ay =A, 5 exp| —— |sin(of + o) ————) , A€ =V, -
= A2 p[2]< b2== 7). me B=V

Koe(DiieHT YIOBIIPHEHHS XBWIII y pe30HATOPi; V' — mBH-
NIKICTh ITAX Ha IT1 KT 100
Vp— mBuakicte IIAX y pesonaropi; L — edexruBHa

JIOBKHMHA KIJTBIIEBOTO pe3oHaropa. Y turomuHi [ —7

XBUII Ay JIIUThCA HA 1Bl XBUI Ay Ta Ay 3 aMILITy-
JlaMu:

A3z = ky Az = ko Ay eXID(_OLLA) (6)

ae A,3 =4, exp(_“%) — ammtyna xBwi 4, 3

ypaxyBaHHSM BTpaT Ha IMOJOBUHI JOBXHUHH KiJbLIEBOTO
pe30HaTopa;

Ay = 4y (1= k) = 4y (1= K3) exp(~¢L4). (7

Toxi criBBiAHOMIEHHS JUTA XBHII A3 Ma€ BUTIISL

Ay = Ayp\(1-K3) exp( L/
-sin(or +dy — “’B%V).

XBUIIs Az TIPOJNOBXKY€E NMOUIMPIOBATUCSA y HANPAMKY

®)

'
no miomuHN 0—0 3 ypaxyBaHHAM BTparT i (a3oBux
Ha0IraHb OMHCYETHCS BUPA30OM:

A exp(-)sin(or +4y - PLY )= 4,5
(1= k3) exp(—aL)sin(wt + ¢y — @BL/V).

TalllOHAPHOM SKUM1  XBIUTS B IUIOMIMAHI
VY cramioHapHo CHKUMI AY 0 i
0 — 0 mpexcrassie COG00 XBUIIIO

(€)

AI" = Aml sin(w? + ]¢2) = Am2 ’
(1= k2) exp(-aL)sin(t + ¢y — oBL/V).

[IpupiBHIOIOYN aMILTITYAH 1 ¢a3u JiBO1 1 MPaBoOi YacTUH
OCTaHHBOI piBHOCTI 3 ypaxyBaHHsM (3) Ta (4), mpu
kg =k, = k oTpuMyeMo cucteMy piBHSAHb, 3 SIKUX MOXKHA

(10)

BU3HAYMUTH 4,;; Ta ¢ :

A :\/A,%ﬂ(l—kz)uc2 + 24, N1k kcos ¢ -
-exp(—a/)V1- k*

AN1-K>sing, | 2nLf

Aml\/I—k2 cosfy +k 4
(an
Cucrema piBaAHB (11) po3B’SI3y€THCI METOAOM ITOC-
JIIOBHUX HaOMKeHb. Po3paxyHkH (inbTpa Ha OCHOBI

KIJIBIIEBOTO pe30HATOpa MPOBOMMIHCS MPH e(PEeKTUBHIH
nosxuai KP L =0,0050 npu pi3HUX 3HaUYESHHAX Koedi-

LIEHTIB IUICHHS k 1 MOTOHHOTO 3racaHHs o . [lepexiaHe
3aTyXaHHd L, Mik meduma 1 ta 4 ¢inbTpa npu pisHuX

O = arctg

3HAUEHHSX BTpPAT B pe3oHaTopi ol i pikcoBaHOMY Koe-
(ilieHTI TiICHHS BU3HAYAETHCS 332 (POPMYIIOIO:

L4 =10log (k- A, -exp(-aL/2)). (12)

Pospaxynkn (ibTpa Ha OCHOBI KUJIBIIEBOTO PE30HA-
TOpa IPOBOAWIINCS TIpU KOEQIIi€HTI YMOBIIbHEHHS
B=1,03, edpexrusniii nosxuui KP L =0,005x mpu
PI3HUX 3HAYCHHSAX KOC(DILIEHTIB NIJICHHS k 1 3aracaHHs
o. Pesynmbraté po3paxyHKy NEpEeXiJHOTO 3aTyXaHHS

®
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L4 mix mneunma 114 ¢inprpa npu pisHUX 3HAYEHHAX
BTpaT B pe30HATOpi oL 1 y BUMAAKY PiBHOTO PO3MOIi-
JICHHA TOTYKHOCTEH, KOeImieHT AIICHHS CIIi/T BBAXKAaTH
k =k =k, =0,5 npencraeneno Ha Puc. 2. 3anexHicTsb
L4 mae Burisiz nepionnyuHoi GyHkuii yactotn f 3 pizko
BHUPXCHUMHU MakcuMyMaMH. Taki XapaKTepUCTHKH Bla-
ctuBi rpebingactuM ¢inbrpam. OTpUMaHUN Pe3yNbTaT
MOJKHA TIOSICHUTU THUM, IO JOCIHiIKyBaHAa KOHCTPYKIIis
MoJlaHa B BUTJISAL JIIHIHHOTO JIAHIIOra 3 3aTPUMKOIO
1 3BopoTHIM 3B’s3koM [10]. Sk BHOHO, 31 3MEHIIEHHAM
BTPAT 3HAYHO 3HWKYETHCS 3aracaHHs y CMY3i HpOITyC-
KaHHS (iTbTpa, B TOW Yac K y CMy3i 3aropoHKEHHS HOro
PiBEHD 3ANUMIAETHCS MPAKTHYHO HE3MIHHUM 1 BU3HAUa-
€TbCSI B OCHOBHOMY 3HAYEHHAM k. XapaKTePUCTUKH L4

GbinpTpa MpH Pi3HUX PO3MOIIJICHHIX MOTY>KHOCTI depe3
wredi, ToOTOo Ay pi3HUX KoediuieHTiB ninenns k mpu ¢i-
kcoBaHUX BTpatax ol = 0.3 300paxeni Ha Puc. 3.

BUCHOBKU

31 3MeHIICHHSM Kk 30UIBIIYETBCS Iepenan Mix

3HAYCHHSAMH 3aracaHHs B CMYyrax IIpPOITyCKaHHS
1 3aropo/LKCHHS, IO CBiAYNATH TIPO  3POCTAHHSI
MOOPOTHOCTI  KUIBIIEBOrO pe3oHaTopa. OpmHak —ycs

XapaKTepUCTUKA TMEPEeMIIIyeTbcs B 00JACTh OiIBIIHUX
3HAUeHb 3aracaHHs, 10 HEOOXiJHO BPaxoBYBAaTH IpU
NIPOEKTYBaHHI (UIBTPIB.

MOKITUBICTh 3acTOCYBaHHS (iTbTpa A 3CYBY (asu
B YaCTOTHUX JMUCKPUMIHHATOpPAX cucTeM
aBTOHAJAIITYBaHHS YacTOTH TOKa3aHo Ha Puc. 4. Ha
HBOMY 3 TOYHICTIO 1O IIOCTiifHOI CKJIamoBOi 2mn
IPEACTaBICHO (Ha304aCTOTHI XapaKTEPUCTUKH ISl OJTHOT
i3 pE30HAHCHUXI YacTOT IS Pi3HUX 3HAYCHb ki oL .

l—al'=015 2-al=03 3-al=045 MMy
40 60 80 100 120 130 140 150 160 170 180

Puc. 2 I'padixu 3aneKHOCTI MEPEXiAHOTO 3aTyXaHHs BiJ YaCTOTH MPU
PI3HUX 3HAYEHHSIX BTPAT

20 1-k=025 2-k=035 3-k=075 al=015 AT
40 60 80 100 120 130 140 150 160 170 180

Puc. 3 I'padiku 3a1eKHOCTI MEPEXiTHOTO 3aTyXaHHS BiJl YaCTOTH MPU
pi3HUX KoedilieHTax TiIeHHIX

®, pag Lal=015 k-0.5:

-1 1 Teal =03, k=05:

Py = 3ral=0.3.k=0.75

-3

4 o NS e

-3 My
40 60 80

Puc. 4 ®a3o4acToTHI XapaKTepUCTHKHU IpedinyacToro ¢inaprpa Ha [TAX
pe3oHaropi OixKy40i XBuITI

B o0nacti pe30HaHCHOI YacTOTH XapaKTePUCTHKH
MaloTh MaKCHMaJIbHY KpYTH3HY. 3HIKEHHS BTpar
y inbTpi i 3MeHImeHHsT &, M0 BEAyTh IO 301IBIICHHS
JIOOPOTHOCTI KiJBIIEBOTO PE30HATOPA, BHUKJIUKAIOTH 11
nojasbIe maBumeHHs. Onnucany KOHCTPYKLito (QinbTpa
JIOMYCTHMO 3aCTOCOBYBAaTH TaKOXK y CXeMax MOOYIOBH
crabinmizoBanux [TAX — reneparopiB IUIIXOM BHOOPY
HEOOXiTHUX 3HAa4eHb k1 O.

B pesynbraTi yncenbHUX PO3paxyHKIB OTPUMAHO Pl
rpadikiB, sAKki MOXyTh OyTH BUKOPHCTaHi IpH
NIPOEKTYBaHHI ~ BUOIpKOBUX  (iAbTpPiB HAa  OCHOBI
kinpreBux [TAX — pe3oHaTopiB.

[MepeBaru ITAX — npucTpoiB 00yMoBIEHO iX Majo0
Baroro 1 rabaputamu, TEMIIEpPaTypHOIO CTaOLIBHICTIO,
MPUIATHICTIO MIKPOETIEKTPOHHOI TexHojorii mms ii
BUroToBieHHS. OCKUIBKM IIEHTpaJIbHA 9acToTa 1 hopma
YaCTOTHOI XapaKTEPUCTUKU BH3HAYAIOTHCS TOIOJIOTIENO,
BOHM HE BUMaraloThb CKJIaJHAX HAJIAIITYBaHb B arapaTypi
i MaloTh JOBroTpuBaiuii vac  Oe3mepebiHOTrO
(YHKIIOHYBaHHS.
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Comb Filter Saw-Resonator Traveling Wave
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Abstract—Owing to the use of surface acoustic waves, the frequency range of this type of filter is expanded to the high
frequency range and can reach several gigahertz. To implement filters on surface waves, piezoelectrics like a quartz plate
are used. However, quartz is rarely used for the manufacture of broadband filters. Barium titanate or lithium niobate is
commonly used.The difference in the operation of SAW filters from quartz or piezoceramic filters is that not a volumetric
oscillation of the piezoelectric is used, but a wave propagating over the surface. In order to prevent body waves that could
distort the frequency response, special constructive measures are taken. Most of the advantages of SAW devices are directly
related to their physical structure: low weight and dimensions; linear (or defined by requirements) phase; shape factor
approaching unity (very high squareness); exceptional out-of-band suppression; temperature stability. Since the center
frequency and the shape of the frequency response are determined by the topology, they do not require complex settings in
the equipment and cannot be upset during operation. Manufacturing technology compatible with semiconductor
manufacturing allows them to be produced in large volumes with high reproducibility. Filtering devices on distributed
components are considered. Since narrow band filters are constructed on surface - acoustic waves, there are difficulties in
providing the vertex of the amplitude - frequency characteristic uniformity. When designing and creating new high-
frequency electronics components, there is a need to reduce filter losses and harmonization. Offered the design and
mathematical model of a comb filter based on a ring resonator of surface - acoustic waves and two waveguides on surface -
acoustic waves, which are connected to a ring resonator at opposite points taking into account integral losses. This model
helps to consider and calculate the propagation of waves inside the annular resonator in the light of losses. A topological
scheme is described, which is described by the distribution of the energy of the signal and the coefficients of division.
The division coefficients are represented as mathematical relations. The solutions of the amplitude and phase expressions
by the method of successive approximations are presented. Reducing the loss in the filter and reducing the effect of
the partition coefficient lead to an increase in the figure of merit of the ring resonator, which allows to take this into account
when designing, since the characteristic moves to the range of higher damping values. We get a result that significantly
reduces the bandwidth attenuation of the filter due to the loss reduction. The result obtained is described in the form of
a linear circuit with feedback. The obtained characteristics are inherent in the comb filters, and the result is explained by
the fact that the investigated structure is presented in the form of a linear circuit with delay and feedback. Also, it can be
concluded that the advantages of the SAW are light weight and dimensions, temperature stability and relative ease of design
and manufacture.

Keywords — surface acoustic wave; interdigital transducer; piezoelectric ring; comb filter
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