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PE3IOMETA HA HAYUYHUTE TPYJOBE HA BBJIT'APCKU U HA AHI'JIMVCKH E3UK

B4. XaObuauranmoHnen Tpya

Ne bubaunorpadcko onucanue Toukn
B4 SAnueB, B. Texnonorus Ha THHKOCIOWHUTE PE30HAHCHU yCTpoiicTBa Ha obemuu | 261
MUKpO-aKycTu4dHHU BBIHU. TY — Codwus, 43 c.

TEXHOJITUSI HA ThBHKOCJIOMHUTE PE3OHAHCHHM YCTPOMCTBA
HA OBEMHHA MUKPO-AKYCTUYHHU BbJIHU
XaOUIUTAMOHHUAT TPY/A 0O0XBallla YacT OT HAyYHHUTE M3CIICABAHUS HA aBTOPA Mpe3
nocienuute 20 TOAUHU, KaTo 3acsra peauiia aclieKTH Ha TexHosiorusta. OCHOBHUTE
Hay4YHU MPUHOCH Ca KaKTO B pa30MpaHEeTO M MOAOPSIBAHETO HA TEXHOJOTHMYHUTE
IpoIlecy, Taka U B MPOEKTUPAHETO U MPOTOTUIIMPAHETO HA MHOBATHUBHU YCTPOMCTBA
cbe cnenuuuHr pabOTHU XapaKTEPUCTUKU. XaOWIUTAIIMOHHUT TPy BKIOYBa 15
MH/IEKCUPAaHU HAy4YHU MyOJIMKAUMU M 2 MEXAYHApOJIHHU MaTeHTa, OT KouTo 12 ca
nyOonuKanuuTe B pedepupaHd HM3aHUS C MMIAKT (akTop, a OcTaHaiIuTe 3 ca
nyOJIMKyBaHH B COOpPHHUIM Ha pedepupanu MexayHapoaHu koHpepenuuu Ha IEEE.
Pedepupanero kpM Te3u myOIUKAIMK c€ U3pa3siBa B 0010 688 murara, KbM Kpas Ha

2024r.

THE THIN-FILM BULK ACOUSTIC WAVE RESONATOR (FBAR)
TECHNOLOGY

The habilitation thesis summarizes part of the FBAR technology related research
conducted by the author in the last 20 years. The scientific contributions include the
development of the technological processes as well as the design, fabrication and
characterization of innovative resonant devices for frequency control and sensing
applications. The habilitation thesis is based on 12 refereed publications with IF, 3
publications in IEEE conference proceedings and 2 international patents. The
included publications have been cited 688 times by the end of 2024.

B4. Hayuyna ny0aukanusi B M31aHUSA, KOUTO ca pedepupaHud M MHIAEKCHPAHHU B CBETOBHOU3BECTHH
0a3u JaHHM ¢ HAy4YHa HHopManus

Ne bubauorpadcko onucanue Touxku
B4.1 [ Dependence of the electromechanical coupling on the degree of orientation of c-
textured thin AIN films Bjurstrom, J., Rosén, D., Katardjiev, 1., Yanchev, V.M.,
Petrov, 1. IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency
Control, 2004, 51(10), pp. 1347-1353
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3ABUCUMOCT HA EJEKTPOMEXAHUYHATA BPB3KA OT
OPUEHTAIUSTA HA C-OCTTA HA TEKCTYPUPAHU TbBHKHU
CJIOEBE AIN

CunHo c-opueHTupanu cinoeBe AIN ca cHHTe3upaHu TpU CTaifHAa TemrepaTrypa ¢
peakTHBHO pazmpamBaHe. MemOpanen tTun OAB pe3oHaTtopu B IMOCHIENCTBHE ca
dbopmupann ¢ 00eMHO MUKPOMAIIUHHO MPOTOTUNIHpPaHe BHPXY Si. Pezonaropure
ca eJeKTPUYECKH XapaKTEepPU3UPAHU C BEKTOPEH MPEXKOB HAIM3aTOP B PEKUM Ha
eIHOBX0JI0BO u3MepBaHe. KoeduuneHtuTe Ha enekTpomMexaHWyHa Bpb3ka U Q
(bakTopuTe Ha HAATBKHO MOJIAPU3UPAHMS U HAMPEUHO MOJIAPU3UPAHUS PE30HAHC
ca eKCTpaxUpaHU IMOCPEACTBOM (pUTBaHE Ha MPOBOAMMUCTTa KbM E€KBHUBAJICHTEH
enekTpudecku mojen. llenra Ha Tazu paboTa € M3yyaBaHETO Ha BapHalMsITa Ha
€JIEKTPOMEXaHWYHMSI KOe(UIIMEHT M KadecTBeHUs (akTop Ha JABaTa aKyCTHUYHU
MOJIa B 3aBHCHMOCT OT HakJiOHa Ha c-ocTTa. [loBeneHMBTO Ha TEKCTypHUpaHHUTE
¢buaMu chBHaAa C TMOBEACHHETO HAa MOHOKpHUCTal C TMOA0OHAa KpHUCTalHA
opueHtanus. [lo cnemudpuyHo € mnokazaHa NPOMsSIHA Ha EJIEKTPOMEXaHUYHUS
dakrop ot 8% no 4% Ha HamTEKHUA Mo U OT 0% 10 3% Ha HanmpeyHUs MOJ IpU
MpPOMsIHA HAa HAKJIOHAa HAa C-OCTTa KOpEINupaHa KbM IMpMsSHATAa Ha MIMPUHATA HA
(002) pentrenoB m-ckaH nuk ot 2° go 10°.

DEPENDENCE OF THE ELECTROMECHANICAL COUPLING ON THE

DEGREE OF ORIENTATION OF C-TEXTURED AIN FILMS
Highly c-oriented thin aluminum nitride (AIN) films have been grown at room
temperature with reactive sputter deposition. Membrane film bulk (FBAR)
thickness excited resonators have been subsequently fabricated by bulk micro
machining of silicon (Si). The resonators were then electrically characterized with a
network analyzer in a one-port configuration. Subsequently, the coupling
coefficients and the Q factors of both the longitudinal and the shear mode were
extracted from fitting the measured admittance with that of the equivalent circuit
model at the resonance frequencies. The goal of this work is to study the variation
of the electromechanical coupling and the quality factor of the resonators, for both
the longitudinal and the shear modes as a function of the degree of film texture. It is
observed that the films exhibit a mean tilt of the c-axis relative the surface normal.
This tilt is found to depend on both the film texture and the distance from the wafer
radius. It is also demonstrated that the textured films exhibit a behavior of the
electromechanical coupling effectively identical to that of a single crystalline
material of equivalent tilt. Thus, it is shown that the electromechanical coupling for
the longitudinal mode decreases from 8% to 4%, and that for the shear mode
increases from 0% up to 3% by varying the full width half maximum (FWHM) of
the (002) rocking curve in the interval from 2° to 10°.

B4.2 | Buried electrode electroacoustic technology for the fabrication of thin film based
resonant components

Martin, D.M., Yantchev, V., Katardjiev, I.

Journal of Micromechanics and Microengineering, 2006, 16(9), pp. 1869—-1874, 20
016
https://www.scopus.com/record/display.uri?eid=2-s2.0-
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EJEKTPOAKYCTUYHA TEXHOJIOIT'USA C BKOIIAH EJIEKTPOJ 3A
nPOU3BOACTBOTO HA TBHHKOCJIOMHA PE3OHAHCHHA
KOMIIOHEHTH

[Ipou3BocTBEH MpoIEC 32 THHKOCIONU €IEKTPOAKYCTUUHU YCTPOMCTBA C BKOIAHU
eJIeKTpoau € mpencTaBeH. EaHocThnkoB auTorpadcku mpouec € pazpaboTeH 3a
BKOIIaBaHE Ha €JIEKTPOJIUTE, KOWTO Ce XapaKTepu3upa ¢ U3riajieHa MoBbPXHOCT Ha
noanoxkara. [IpeanoskeHarta TEXHOJOTUS MMa 3HAUMMU MPEIUMCTBA OT TJIEeAHA
TOYKa Ha MPOM3BOJUTEIIHOCTTA W HAASKIHOCTTa Ha ThHKOcHoHHUTE OAB
€JIEKTPOAKYCTHUHUTE YCTpoicTBa. [Ipw TBHHKOCIOWHM pe3oHaTtopu Ha JlemOoBH
BBJIHH, BKOIIABAaHETO Ha €JIEKTPOJUTE HAa HACPEIIHO rpOeHOBAHMS ITpeoOpazyBaTe
BOJIM JIO TIOJI0OpsiBaHE B KOS(HUIIMEHTA HA OTPAKEHUE M €BEHTYATHO MOJ00psSBaHe
Ha M3JPBHAKIMBOCTTA Cpelly aKyCTH4YHAa MUTpalus MpU BUCOKHM MOUIHOCTH Ha
pabota. IlokazaHo e 4e, U3MOJI3BAHETO HA TEXHOJOTHUATA MPU MPOU3BOJCTBOTO HA
OAB KOMIIOHEHTH, €IMMHUHUPA  MHUKPO-CTPYKTYPHHUTE nedexTu B
MAE30€NIeKTpUYHUs  cinor. TexHosnorusta €  geMoHcTpupaHa 3a  AIN
MUE30EJIEKTPUYCH CIION ¢ BKOTIAHH MOJIMOICHOBHU U BOJI(PaMOBHU elleKTpoau. Tesu
METaau ca CHeUPHUYHO MMOAOpaHU TOpagd HHUCKHTE UM ayCTHYHH 3aryou.
THHKOCIOWHUTE PE30HAHCHU CTPYKTYpU MPOU3BEACHU C TAa3WO TEXHOJOTHS ca
EJIEKTPUUECKHU XapaKTEPU3UPaHU U TSIXHUTE KaueCcTBa ca IUCKYTHPAHU.

BURIED ELECTRODE ELECTROACOUSTIC TECHNOLOGY FOR THE
FABRICATION OF THIN FILM BASED RESONANT COMPONENTS

A fabrication process for thin film electroacoustic devices utilizing buried
electrodes is presented. A one-step lithography process has been developed to bury
electrodes resulting in a planarized surface. The proposed technology is expected to
bring about a number of benefits concerning the performance of a variety of thin
film electroacoustic devices. With respect to thin film plate acoustic resonators
(FPAR), burying the reflector electrodes results in improved reflectivity and
potentially lower susceptibility to acousto-migration effects. It is also shown that
employing the proposed technology for the fabrication of both thin film bulk
acoustic resonators (FBAR) and thin film solidity mounted bulk acoustic resonators
(SBAR) eliminates certain macro-structural defects in the piezoelectric film which
is a prerequisite for substantially improved device performance and higher power
handling capability. The buried electrode electroacoustic (EA) technology is
demonstrated for a thin aluminium nitride (AIN) piezoelectric film with electrodes
of both molybdenum (Mo) and tungsten (W). The latter have been primarily chosen
because of their high electroacoustic material quality. Thin film resonant structures
produced by this technology are characterized and their features are discussed.

B4.3 | Shear mode AIN thin film electro-acoustic resonant sensor operation in viscous
media Wingqvist, G., Bjurstrom, J., Liljeholm, L., Yantchev, V., Katardjiev, L.
Sensors and Actuators, B: Chemical, 2007, 123(1), pp. 466473 12
https://www.scopus.com/record/display.uri?eid=2-s2.0-
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CEH30PHU XAPAKTEPUCTUKU HA AIN TBHKOCJIOEH
EJEKTPOAKYCTHYEH PE3OHAHATOP BbB BUCKO3HA CPEJA
N3cnenBanu ca xapakTepUCTUKUTE HA THHKOCJIOEH pe3oHaTop Ha HanpeuHu OAB
npu pabota B TeYHH cpenu. Pe3oHaropa € mpoToTUNUpaH Ha Oa3zara Ha
m3pactBaHeTo Ha THHBK AIN cnoit ¢ 30° HakimoH Ha c-ocTTa. Pe3onartopa e c
pezoHaHncHa dectota ot 1.2 GHz u xauectBen ¢akrop 150 nmpu pabora BB Boja.
XapakTepu3upaHu ca pe3oHaTopu paldoTelu BbB BOAAa M Pa3TBOP HA TIIMILIEPOI.
TeopernunuTe MonenM ca CpaBHEHH C HM3MepBaHMsATA. Pe3ynrarure pazkpusar
noreHimana 3a OAB TbHKOCIOWHATa TEXHOJOTHATa 3a MPOU3BOJCTBOTO Ha
OuroceH30pu U OMO-aHAIUTUYHU YCTPOMCTBA C BHCOKAa YYBCTBUTETHOCT W HHUCKA

[eHa.

SHEAR MODE AIN THIN FILM ELECTRO-ACOUSTIC RESONANT
SENSOR OPERATION IN VISCOUS MEDIA
A shear mode thin film bulk acoustic resonator (FBAR) operating in liquid media
together with a microfluidic transport system is presented. The resonator has been
fabricated utilizing a recently developed reactive sputter-deposition process for
AIN thin films with inclined c-axis relative to the surface normal with a mean tilt of

around 30 © . The resonator has a resonance frequency of around 1.2 GHz and a Q

value in water of around 150. Sensor operation in water and glycerol solutions is
characterized. Theoretical analysis of the sensor operation under viscous load as
well as of the sensitivity and stability in general is presented. The theoretical
predictions are compared with experimental measurements. The results
demonstrate clearly the potential of FBAR biosensors for the fabrication of highly
sensitive low cost biosensors, bioanalytical tools as well as for liquid sensing in
general.

B4.4 | Temperature compensation of liquid FBAR sensors Bjurstrom, J., Wingqvist, G.,
Yantchev, V., Katardjiev, L.

Journal of Micromechanics and Microengineering, 2007, 17(3), pp. 651-658, 030 15
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TEMIIEPATYPHA KOMIIEHCAIIUA HA OAB TBHKOCJOMHA

CEH30PHU 3A TEYHU CPEIN
B Ta3u craTus AeMOHCTpHUpaMe HalpKaTUKa IIbJIHA TEMIEpPATypHa KOMIEHCAlMs Ha
BTopu oBepToH HampeuHa OAB B xommosuten AIl/AIN/Al/SiO2 pesonarop.
TeMneparypHara KoMIleHcalus € JeMOHCTpupaHa B uHTepBasia 25°C - 95°C.
BaxxHo mpemuMcTBO Ha TOBa YCTPOMCTBO € HETOBHAT MO-BUCOK Q dakTop mpu
pa0oTa B TEUHU CpeAM, aKTO U IO BHCOKATa 4YECTOTAa CHPAMO (PyHIAAMEHTAIHUS
XapMOHUK B KOMIIO3UTHaTa cTpykTypa. Ilo To3um HaumH paboTara Ha BTOpH
OBEPTOH TMOANOMAara I0-BUCOKaTa pE30JIOLUs Ha CeH3opa. TemmeparypHo
HekommneHcupan OAB pe3onarop Ha GyHIaAMEHTATHUS HAIPEYeH MOJI € M3I0I3BaH
3a cpaBHEHMeE. [IBeTe yTpoMCTBa ca XapakTepu3MpaHU Npu paboTa B padoTa BHB
BB3yX U Boja. KauecTBeHuTe (akTOpH, KOCHUIMEHTUTE Ha €IEKTPOMEXaHUYHa
Bpb3Ka, MHIYLIUPAHOTO 3aTHUXBAaHE HAa BBJIHUTE B TEYHOCTTA AaKTO U
YyBCTBUTEIHOCTA KbM BHUCO3€H TOBap ca u3ciensanu. Hanpeunute OAB Ha BTOpH
OBEPTOH JIEMOHCTPHUPAT MOYTH II'BJIHO TEMIEPATYpPHO KOMIIEHCUpaHe mpu 1.22um
nebenmnna Ha SiO2 B KOMIO3MTHA CTpyKTypa ¢ 2um neben cioir  AIN.
TemmnepaTrypHo KommeHcHpaHus pe3oHaTop € ¢ 200nm nebenu eIeKTpoau OT
anmymuHuil. 3Mepenust TemnepaTypeH KoeUIueHT Ha 4ecToTaTa € B MHTepBaJa -
31 1o -36 ppm/K B pasriexgaHus TeMnepaTypeH UHTEpBal 32 HEKOMIIEHCHPAHOTO
OAB ycrpoiicTBO, NOKaTo 3a TEMIIEpaTypHO KOMIIEHCHUPAHOTO Bapupa MEXAY
2ppm/K u -2ppm/K. Q ¢dakropute npu padora B TeuHa cpena ca cboTBeTHO 230 u
180 3a KOMIEHCHPAaHOTO M HEKOMIEHCHPAHOTO YcTpoiicTBo. Koedumuent Ha
€JIEKTPOMEXaHNYHA Bpb3Ka € 2% 3a HEKOMIIEHCHUPAHOTO ycTpoicTBO M 1.4% 3a
KOMIIEHCHUPAHOTO CYCTPOMCTBO.

TEMPERATURE COMPENSATION OF LIQUID FBAR SENSORS

In this work we demonstrate a practically complete temperature compensation of
the second harmonic shear mode in a composite AI/AIN/AI/Si02 thin film bulk
acoustic resonator (FBAR) in the temperature range 25 °C-95 °C. The main
advantages of this mode are its higher Q value in liquids as well as its higher
frequency and hence higher resolution for sensor applications. For comparative
reasons the non-compensated fundamental shear mode is also included in these
studies. Both modes have been characterized when operated both in air and in pure
water. Properties such as Q value, electromechanical coupling, dissipation and
sensitivity are studied. An almost complete temperature compensation of the
second harmonic shear mode was observed for an oxide thickness of 1.22 um for
an FBAR consisting of 2 pm thick AIN and 200 nm thick Al electrodes. Thus, the
measured temperature coefficient of frequency (TCF) in air for the non-
compensated fundamental shear mode (1.25 GHz) varied between —31 and —36
ppm °C—1 over the above temperature range while that of the compensated second
harmonic shear mode (1.32 GHz) varied between +2 ppm °C—1 and —2 ppm °C—1
over the same temperature interval. When operated in pure water the former type
shows a Q value and coupling coefficient, k2t , around 180 and 2%, respectively,
whereas for the second harmonic these are 230 and 1.4%, respectively.
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B4.5 | Solidly mounted thin film electro-acoustic resonator utilizing a conductive Bragg
reflector Enlund, J., Martin, D., Yantchev, V. Katardjiev, L.

Sensors and Actuators, A: Physical, 2008, 141(2) , pp. 598-602 15
https://www.scopus.com/record/display.uri?eid=2-s2.0-
38149017727 &origin=resultslist

TBbPAO 3AKPEIIEH TbBHKOCJIIOEH EJIEKTPO-AKYCTHYEH
PE3OHATOP C EJIEKTPUYECKU ITPOBOAA L PE®JIEKTOP HA BPEI'
JleMoHcTpUpaH € HOB qu3aiiH Ha ThbHKOCT0eH OAB pe3oHaTop OT TBBPIIO 3aKpENeH
THI, TP KOWTO OTpaxatessi Ha bper ce mc3non3Ba u KaTo enekTpoa. OCHOBHOTO
MPEeIMMCTBO Ha Taka MPOEKTUPAHOTO YCTPOMCTBO € B YyBCTBUTEIHOTO HaMaJIIBaHE
Ha CBIPOTUBIECHUETO Ha EJIEeKTPoAa 3aeJHO C MoA0OpsABaHE HAa TOILIO-
MPOBOAMMOCTTA Ha CTPYKTYypara, KOETO € HEOOXOAMMO YCJIOBHE 3a MOA0OpsSBaHE
Ha paboTara Mpu BHUCOKKM MOINHOCTH. Pe30HATOpM ¢ KIACHYECKH AHM3aiiH Ha
pediekTopa U ¢ eNeKTPUYECKU MPOBIAI] pedIeKkTop ca MPO3BEACHH M TSIXHUTE
XapaKTEPUCTUKU CpPABHEHU. YCTPOMCTBOTO C MPOBOJSIL OTpakaTeNl IOoKa3Ba
momoOpeH KadecTBEH (aKTOp © YYBCTBUTEIHO PEAYIUPAHO IMApa3UTHO
CbIIPOTHUBJICHUC HA CIICKTPOAUTC.

SOLIDLY MOUNTED THIN FILM ELECTRO-ACOUSTIC RESONATOR
UTILIZING A CONDUCTIVE BRAGG REFLECTOR

A new design of a solidly mounted resonator (SMR) that utilizes an all-metal Bragg
reflector eliminating thus the need for a bottom electrode is proposed. In this
configuration, the role of the bottom electrode is taken by the Bragg reflector
rendering the resonator “combined electrode-Bragg reflector SMR”. The main
advantages of the proposed design are the substantially reduced electrode resistance
(and hence higher Q), the utilization of the full piezoelectric coupling at high
frequencies as well as expected improvement in power handling capabilities due to
lower dissipation and improved heat conductivity. Resonators with the classical and
the new design have been fabricated and evaluated. The measurements indicate that
indeed the resonators with the new design demonstrate improved performance.

B4.6 | Mass sensitivity of multilayer thin film resonant BAW sensors
Wingqvist, G., Yantchev, V., Katardjiev, L.

Sensors and Actuators, A: Physical, 2008, 148(1), pp. 88-95 20
https://www.scopus.com/record/display.uri?eid=2-s2.0-
55349084363 &origin=resultslist



https://www.scopus.com/record/display.uri?eid=2-s2.0-38149017727&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-38149017727&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-55349084363&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-55349084363&origin=resultslist

PestomeTa Ha Hay4yHUTE TPyAOBE Ha 6'b]'||'apCKM W Ha aHITMINCKM e3UK

MACOYYBCTBUTEJHOCT HA KOMIIO3UTHHU ThHKOCJIOMHH
OAB PE3OHATOPHU

N3BbpIIeHO € cCUCTEMaTUYHO U3CJIEIBAHE HA MacOO-4yBCTBUTEIHOCTTA U HElHaTa
3aBHCHMOCT OT CBOMCTBaTa Ha MaTepHaluTe B KOMIO3UTHM MHorocioiiHu OAB
PE30HATOPH Ha HANPEYHO MOJSpU3NpaHu 00eMHU BbIHU. ExHoMepHHs mojaen Ha
Mason e KOMOMHHpaH ChC 3aKOHA 3a 3alla3BaHE HA CHEeprusTa MpHU ONpPEAETSTHETO
Ha Maco-yyBcTBUTENHOCTTa HA OAB pe3onatopure. TeopeTHyHUTE pe3yaTaTh ca
EKCIIEPUMEHTAIHO TNOTBBbpJAEHU. [loBeeHHETO0 Ha MOCYYBCTBUTEIHOCTTA €
KOpEJIUpaHo KbM CHEUU(PUUHOTO OTpaxkeHHe M UHTep(depeHIs Ha BbJIHATA B
KOMIIO3UTHaTa CTPYKTypa B JONBJIHEHHE Ha I[IO3HATUTE 3aBUCUMOCTH OT
aKyCTUYHHUS MMIIEJAHC HA pPE30HaTopa M pe3oHaHCHaTa wvectorara.  Maco-
YyBCTBUTETHOCTTAa Ha (yHIaMEHTAIHUS PE30HAHC U Ha BTOpUS OBEPTOH B
KOMIIO3UTHM CTPYKTYpH € IIpOoydeHa OT T[JeJHa TOYKa Ha IPaKTUYECKUTE
MPUIOKEHNS B TPAaBUMETPUYHU CEH30pH. B dacTHOCT, ycuiBaHE Ha Maco-
YyBCTBUTEITHOCTTA € OCTAHOBEHA 3a (PyHIaMEHTAJHUSI PE30HAHC Ype3 HaHACSIHE Ha
CIION C HHUCBK AaKyCTMUEH HMIleJaHc. [3mon3BaHEeTO Ha TakaBa CTPYKTypa C
MIOBUIIIEHA MAacCO-UYyBCTBUTEIHOCT € JIUCKYTHMPAaHO 3a Ta30BU M buo-XxuMnuHM
ceH3opu. ONTUMHU3MpPaHU CTPYKTYPH 3a JBaTa BUAA MPUIIOKEHUS ca MPEIIOKEHHU C
OrJIe ] Ha TIOJ00PSBaHETO Ha TAXHATA PE30JIOLHSI.

MASS SESNSITIVITY OF MULTILAYER THIN FILM RESONANT BAW
RESONATORS

A systematic study of the mass sensitivity and its dependence on the material’s
properties and thicknesses in composite multilayer Thin Film Bulk Acoustic
Resonators (FBAR) is presented. The Mason transmission line model has been
employed in combination with the acoustic energy balance principle for the
determination of the FBAR mass sensitivity. The results have been experimentally
verified. Further, the mass sensitivity dependence on various parameters has been
studied and correlated with wave reflection and interference within the composite
structure in addition to the well-known dependence on resonator acoustic
impedance and operation frequency. The mass sensitivity for both the fundamental
and the second harmonic mode of operation has been studied in view of their
practical relevance. In particular, sensitivity amplification induced by the presence
of an on-top deposited low acoustic impedance layer has been identified for the
first harmonic and its potential applicability discussed in terms of gas and in-liquid
sensing. Optimized structures for both sensing applications are suggested by
considering the overall sensor resolution defined by both the mass sensitivity and
the FBAR performance.

B4.7 | Thick NiSi electrodes for AIN electroacoustic applications
Martin, D.M., Smith, U., Yantchev, V., Katardjiev, L., Olsson, J.
Electrochemical and Solid-State Letters, 2009, 12(5) 12
https://www.scopus.com/record/display.uri?eid=2-s2.0-
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JAEBEJIN NiSi EJIEKTPOJIU 3A EJIEKTPOAKYCTUYHU ITPUBOPU HA
BA3ATA HA AIN

VYnorepbara Ha aeGenmu NiSi  €JIEKTpOAM B €JEKTPO-aKyCTUYHHM PE30HATOPU
MO3BOJISIBA TEXHOJIOTUYHOTO HMHTETPUpPAHE HA PE30HATOPUTE C HMHTETPATHUTE
cxemu. ChiecTByBar npodsieMu npu GOpPMHUPAHETO HA JEeOCTH CHIIIHMIHHA CIIOEBE
ype3 HaHCSAHETO Ha Ni BbpXY Si MOI0XKKaA. AJITEPHATHBEH TEXHOJIOTHYEH TPOIIEC
€ pa3paboTeH Ype3 HaHACSHETO Ha CIIOMCTa CTPYKTypa OT moBTapsmy ce Ni u Si
CIIOEBE W TMOCJEBAII0 CUIUIUAMPAHE HA KOMIO3UTHUS ciod. CHUIUIUAHUTE
ClIoeBeTe ca C HHUCKa PE3UCTUBHOCT M BHCOKa TJAJAKOCT Ha TMOBBPXHOCTTA.
Texcrypupanu nuesoenektpuanu ciaoeBe AIN c¢ (002) BypuuTHa CTpyKTypa ca
HAaHECEHM C IIMPUHA HAa M-CKaH MUKa oT 3.5° mpu HaHCsAHE BBpXY neden NiSi
KOMITO3UT cbTosI ce oT 10 nqBoiiku Ni v S1 HAHOMETPUYHU CIIOA.

THICK NiSi ELECTRODES FOR AIN ELECTROACOUSTIC
APPLICATIONS

The use of thick NiSi electrodes in electroacoustic resonators allows front-end
integration with integrated circuit technology. Problems are identified in the
formation of thick nickel silicide (NiSi) electrodes via a single deposition of Ni
onto blank Si wafers. An alternative fabrication process based on the deposition
and silicidation of a multilayer film is presented. The films were found to have low
resistivity and smooth surfaces, with the layered structure preserved even after
silicidation. Textured piezoelectric films of (002) wurtzite AIN demonstrated a
diffraction-peak width that narrows to 3.5° when deposited on a thick 10 pair NiSi
film.

B4.8 | On the applicability of high frequency acoustic shear mode biosensing in view of
thickness limitations set by the film resonance Wingqvist G.; Anderson H.;
Lennartsson C.; Weissbach T.; Yantchev V.; Lloyd Spetz A. 10
Biosensors and Bioelectronics, 2009, 24(11), pp. 3387-3390
https://www.scopus.com/record/display.uri?eid=2-s2.0-
67349267266&origin=resultslist

OTHOCHO BUO-CEH30PHATA INPHJIOKNUMOCT HA BUCOKO-
YECTOTHU HATIPEUHHU OAB, ITPH JIEBEJI BUO-CJIOM,
OI'PAHUYEHA OT AKYCTUYHUSA PE3OHAHC B CJIOS.

ToHkocnoiiHaTa OAB pe3oHaHCHAa TEXHOJOTUS IO3BOJM 3HAUYUTEIEH CKOK B
eJIEKTPO-aKyCTHUYHUTE TPAaBUMETPUYHU CEH30pH KbM padoTa MpU BUCOKH YECTOTH
U CBIIECTBEHa MUHHATIOpU3alus. Bucokara pa®oTHa decToTa OrpaHHYaBa
JUHEWHUS peXuM Ha paboTa Ha YCTpoiicTBaTa MOpagu THHKOCIOWHHUS PE30HAHC
BEb3HUKBAIIl BbB BUCKO-EJIACTUUHUS OMO- cioi. B Ta3zu pabota, Te3u orpaHu4eHus
ca M3CJIeIBaHU 3a MPBB T B YecToTHUA auanazaoH 700MHZ — 1.5 GHz. [Isa
THIIA CJIOUCTU ITPOTENHOBU CUCTEMH Ca M3IOJI3BaHU. ENWHUA TUI € CTpenTaBuIuH
Cc OMOTMHHpAaH TOBEXAM cepyMeH ajlOyMuH. J[pyrus TUII MHOTOCIOEH POTEHH
M3M0JI3Ba CTBIIKOBO OMpekaBaHe Ha ¢uoupuHoreH mocpeactsom EDC/NHS
aKTHUBUpaHEe Ha KapOokcuiHuTe My rpynu. M B aBara ciydaiia Opos Ha cioeBeTe
IpU KOKHTO YCTpOWCTBOTO pabOTH B JIMHEEH CEH30pPEH pEIIMM € J0CTa Haj
TUNNYHA Opoil clloeBe M3MOI3BaMHM IpU OMO-XMMHUYEH aHaiu3. TepoepTHuHU
MOJIEJIM Cca M3MOJ3BaHM 3a WIIOCTpUpaTa HaOII0AaBaHOTO IIOBEJACHHE Ha
CCH30pUTE.
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ON THE APPLICABILITY OF HIGH FREQUENCY ACOUSTIC SHEAR
MODE BIOSENSING IN VIEW OF THICKNESS LIMITATIONS SET BY
THE FILM RESONANCE
The IC-compatible thin film bulk acoustic resonator (FBAR) technology has made
it possible to move the thickness excited shear mode sensing of biological layers
into a new sensing regime using substantially higher operation frequencies than the
conventionally used quartz crystal microbalance (QCM). The limitations of the
linear range set by the film resonance using viscoelastic protein films are here for
the first time addressed specifically for FBARs operating at 700MHz up to 1.5
GHz. Two types of protein multilayer sensing were employed; one utilizing
alternating layers of streptavidin and biotinated BSA and the other using stepwise
cross-linking of fibrinogen with EDC/NHS activation of its carboxyl groups. In
both cases the number of protein layers within the linear regime is well above the
number of protein layers usually used in biosensor applications, further verifying
the applicability of the FBAR as a biosensor. Theoretical calculations are also
presented using well established physical models to illustrate the expected behavior

of the FBAR sensor, in view of both the frequency and the dissipation shifts.

B4.9 | FBAR sensor array for in liquid operation Enlund, J., Martin, D.M., Yantchev, V.,
Katardjiev, 1. IEEE Sensors Journal, 2010, 10(12), pp. 1903—-1904, 5483127 15
https://www.scopus.com/record/display.uri?eid=2-s2.0-
77958009035 &origin=resultslist

OAB TBHKOCJIOEH MATPUYEH CEH30P PABOTEL B TEYHU
CPEIU
Ta3zu pabora mpencTaBs NPOEKTUPAHETO W NPOTOTUIUMPAHETO Ha peaula OT
ThHKOCTOMHN OAB ceH30pu B TeyHa cpena C Orjiel Ha MUHUMH3HPAHETO Ha
3aTUXBAaHETO B YyCTpoicTBaTa M WHHTep(dEepUpaHEeTO Ha CUTHAUTE UM B TEYHA
MPOBOJISINA Cpefia.

FBAR SENZOR ARRAY FOR IN-LIQUID OPERATION
This letter discusses the design of thickness shear mode thin-film bulk acoustic
resonator (FBAR) sensor array for in liquid operation with respect to minimizing
the observed Q-degradation and crosstalk.

B4.10 | Aluminum scandium nitride thin-film bulk acoustic resonators for wide band
applications Moreira, M., Bjurstrom, J., Katardjev, 1., Yantchev, V. Vacuum, 2011,
86(1), pp. 23-26 15
https://www.scopus.com/record/display.uri?eid=2-s2.0-
79960188837 &origin=resultslist

THhHKOCJIOMHH AlScN OAB PE3OHATOPH 3A IIIMPOKO JIEHTOBH

MMPUJIOKEHUA
MN3cnnBanm ca c-TekcTypupaHu mue3oenekTpudHu cioeBe  Al(1-x)ScxN ¢
oTHocuTeNnHa Sc koHueHTpauus mexay 0 u 15% c npunoxenue B Huckus GHz
ooxsar. TwHkocnoitHm OAB pe3onatopu Ha 0a3ara Ha Te3M CIIOEBE ca
NPOTOTUIHMPAHU M XapaKTepU3UPaHU 3a NPHB MbT. V3MepeHHs KOoepHUIMEHT Ha
€JIEKTPOMEXaHNYHA Bpb3Ka ce nosumana cb¢ 100% B m3cnenanus auamnasoH oT Sc
KOHIIeHTpanuu. Pesynrarure ot Ta3m pabora momguepraBar moteHuana Ha Al(l-
Xx)ScxN 6asupanutre OAB pe3oHaropu B IIUPOKOJIEHTOBU PaIHMOYECTOTHU
IIPUJIOKEHUS.
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ALUMINUM SCANDIUM NITRIDE THIN-FILM BULK ACOUSTIC
RESONATORS FOR WIDE BAND APPPLICATIONS
Piezoelectric c-textured Al(1-x)ScxN thin films, where the Sc relative
concentration, x, varies in the range 0 - 0.15 have been studied in view of radio
frequency (RF) electro-acoustic applications. Thin film bulk acoustic wave
resonators (FBARs) employing these films were fabricated and characterized as a
function of the Sc concentration for the first time. The measured electromechanical
coupling is found to increase by as much as 100% in the above concentration range.
The results from this work underline the potential of the c-textured Al(1-x)ScxN

based FBARs for wide band RF applications.

B4.11 | Improvement of the frequency response of FBAR filters by using parallel or series
connected resonators instead of single resonators Uzunov, 1., Gaydajiev, D.,
Yantchev, V. 2011 [EEE [International Conference on Microwaves,
Communications, Antennas and Electronic Systems, COMCAS 2011, 2011, 20
6105793
https://www.scopus.com/record/display.uri?eid=2-s2.0-
84855782492 &origin=resultslist

IMOJIOBPSIBAHE HA YECTOTHUSI OTKJIMK HA TBHKOCJIOMHHA
OAB ®WJITPU YPE3 U3I1OJI3BAHE HA PESOHATOPU B
MNOCJIEABOATEJIEHU U ITAPAJIEJIEH PEXKUM HA CBbP3BAHE
Ta3u cratus uscienBa Bb3MOXKHCTTA 3a MOAOOpsABAHE HA YECTOTHHSA OTKIUK Ha
OAB wmoctoBu ¢unTpu upe3 3aMecTBaHE Ha HSIKOW OT PE30HATOPUTE B CXeMara ¢
JIBa pe30HATOpa CBBbP3aHU YCIIOPEIHO WUJIHU MOcienoBaTeHo. MeTosia € MpUilokKeH
BBPXY CTaHIApTHU MOCTOBU (QWITPU KAKTO U BbPXY (QUITpoBaTa MoAU(UKAIMS C
IBa-MbTH 10 MAaJIKO pPE30HAaTOpM B cxemara. TeopeTHYHHUTE pe3yiaTaTu
MIPEe/ICTaBEHU B CTATHUATA MO3BOJISIBAT Jla CE OMpENeIr HeoOXxoauMara MpoMsiHa Ha
PE30HAHCHUTE YECTOTM Ha IIOCIENOBAaTEIHO WM YCHOPIAOH CBBP3aHUTE
pe3onaropu. ChIllo Taka, ca U3BJICUEHHU yCIOBHATA 3a OI00PSBaHEH HA YECTOTHUS
OTKJINK B HOBHUTE CXeMHU. J[Be BB3MOXKHOCTH ca pasrielaHu. [eopeTUUHUTE

PE3YITaTU CC NMOTBHPIKAABAL OT KOMIIIOTBPHU CUMYJIAIIUU.

IMPROVEMENT OF THE FREQUENCY RESPONSE OF FBAR FILTERS
BY USING PARALLEL AND SERIES CONNECTED RESONATORS
INSTEAD OF SINGLE RESONATORS
The paper investigates an opportunity for improving the frequency response of
FBAR lattice filters by replacing some of the single FBARs with two resonators

connected in parallel or in series. The method is applied for the basic lattice filter
architecture and its modification with twice lower number of FBARs. The
theoretical results presented in the paper allow to estimate the change of the
resonance frequencies of resonators, connected in series or in parallel; and to derive
the conditions for improving the frequency response of the new circuits. Two
different options for circuits with improved frequency responses are considered.
The theoretical results are confirmed with computer simulations.
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B4.12 | Tilted c-axis thin-film bulk wave resonant pressure sensors with improved
sensitivity

Anderas, E., Katardjiev, 1., Yantchev, V.M. 20
IEEE Sensors Journal, 2012, 12(8), pp. 26532654, 6203350
https://www.scopus.com/record/display.uri?eid=2-s2.0-
84862534031 &origin=resultslist

THHKOCJOMHU OAB PE3OHAHCHHU CEH30PU C HAKJIOHEHA C-
TEKCTYPA U IIOTOBPEHA YYBCTBUTEJHOCT KbM HAJISAAI'AHE
Pe3onancHU ceH30pu Ha HaisraHe Ha 0a3aTa Ha C-OPUEHTHpPAH M C HAKJIOHEHA C-
Tekctypa AIN crmoeBe ca NPOTOTUNHMPAHM W TECTBAaHW IO OTHOIIEHHWE Ha
YyBCTBUTEIHOCTTa UM KbM Hajiarane. OAB pe3oHaHCHUTE CEH30pH C HaKJIOHEHa
TCKCTypa IIOKa3BaTa 3HAYUTCIIHO noz[06peHa YYBCTBUTCIIHOCT KBM BDBHIIHO
Hamsirane. [lo cnermuduuno, OAB pe3oHaTop ¢ HampeyHa MOJSpH3AIMS TTKa3BaT
Haill BHCOKa SAYBCTBUTCIIHOCT AOKATO 3alla3BaT YCCTOTHUA CHU OTKIMK B TCUYHU

cpenu.

TILTED C-AXIS THIN-FILM BULK WAVE RESONANT PRESSURE

SENSORS WITH IMPROVED SENSITIVITY
Aluminum nitride thin-film bulk wave resonant pressure sensors employing c- and
tilted c-axis texture, have been fabricated and tested for their pressure sensitivities.
The c-axis tilted film bulk acoustic resonators pressure sensors demonstrate
substantially higher-pressure sensitivity compared to its c-axis oriented counterpart.
More specifically, the thickness plate quasishear resonance has demonstrated the
highest pressure sensitivity while further being able to preserve its performance in
liquid environment.

B4.13 [ Recent developments in thin film electro-acoustic technology for biosensor
applications Katardjiev, 1., Yantchev, V.

Vacuum, 2012, 86(5), pp. 520-531 30
https://www.scopus.com/record/display.uri?eid=2-s2.0-
84855874494 &origin=resultslist



https://www.scopus.com/record/display.uri?eid=2-s2.0-84862534031&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84862534031&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84855874494&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84855874494&origin=resultslist

PestomeTa Ha Hay4yHUTE TPyAOBE Ha 6'b]'||'apCKM W Ha aHITMINCKM e3UK

IMPOT'PEC B TBHKOCJIOMHATA EJIEKTPO-AKYCTUYHA
TEXHOJIOI'USA C OI'JIEJ PASBPABOTBAHETO HA BUO-CEH30PU
Crartusita nmpaBu 0030p BBPXY MOCIEAHUTE PAa3BUTHUS B THHKOCIIONHATA €IEKTPO-
aKyCTHYHA TEXHOJIOTMSl OT IJIelHa TOYKAa Ha Ju3ailHa W MNPOTOTUIMPAHETO HA
MUKpPO-aKyCTUYHHM  [peornOpa3yBareinr  3a  OHWO-CEH30pHH  MPUIIOKEHUS.
W3non3Banero Ha THHKCIOWHATA €JIEKTPO-aKyCTUYHA TEXHOJOTHS BOAHM 10
MUHUATIOPU3UpaHEe Ha TMpeoOpa3yBaTeIuTe, CbBMETCTUMOCT C HHTErpajHaTa
TEXHOJIOTHS, TbBKABOCT MPU MYJTHUIUIEKCHpPaHEe, HAMaJsiBaHE B MPOU3BOJICTBEHATA
LIeHa, peaylupaHe Ha KOHCYMaTUBUTE NMPU OMO-XMMHUYEH aHAIN3, MPOU3BOJCBO C
rojisiM paHjaeMad U T.H. @okyca TyK € BbpXYy IPOEKTHPAHETO, MPOTOTUIIUPAHETO U
OLICHABAHETO Ha PAOOTHUTE XapaKTEPUCTUKU B TEUYHHU CPEJU. Onenkara e
U3BbpUIpeHa Ha 0a3ara Ha aKyCTO-€JIEKTPUYHOTO IOBEJEHHE M Hail Beue Ha
pe3oyonusaTa MpU  JETeKIUs Ha Maca W BHCKO3UTET. AHaimu3a CcTura Jo
3aKJII0YeHue 4e, ThHKOcHoiHata OAB TexHOJOrHs Ha HAmpEe4YHO MOJISPU3UPAHU
BBJIHHM € MHOTO IIO-HaIpeHaNa OT B CPaBHEHHUE C APYTU KOMKYPEHTHU TEXHOJIOTHH
OT TJeIHa TOYKAa KAaKTO Ha pPaOOTHHTE XapakTEpUCUTUKA Taka U Ha
TEXHOJIOTHYHATa 3psAJocT. B mocnencrve, OCHOBHHUTE aCMEKTH Ha HAMpPEedyHO-
nonapuzupanata OAB TeXHJIOTHs OT CUHTE3a Ha THHKUTE CJIOEBE JI0 OLIEHKaTa Ha

paboTHUTE XapaKTEPUCTUKU ca OOOOIICHH B JETAMII.

RECENT DEVELOPMENTS IN THIN FILM ELECTRO-ACOUSTIC

TECHNOLOGY FOR BIOSENSOR APPLICATIONS
The article reviews recent developments of the thin film electro-acoustic (TEA)
technology in view of the design and fabrication of micro-acoustic transducers for
biosensor applications. The use of the TEA technology leads to transducer
miniaturization, compatibility with the IC technology, possibility for multiplexing,
decrease in fabrication cost, reduction of consumables, mass fabrication, etc. Focus
lies on the design, fabrication and evaluation of the transducer performance in
liquid media as judged by electro-acoustic behavior and ultimately by mass and
viscosity resolution. The analysis draws the conclusion that the thickness excited
quasi-shear thin film bulk acoustic resonator technology is far ahead in its
development with regard to other alternative approaches in terms of both
performance and level of maturity. Consequently, the main aspects of the quasi-
shear thin film bulk acoustic resonator (FBAR) technology from film synthesis and
fabrication through to performance evaluation and demonstration are reviewed in
detail.

B4.14 | Bulk acoustic wave transformer employing periodically polled array of
piezoelectric rods Plessky, V., Yantchev, V., Granger, C., Hladky, A.-C.

IEEE International Ultrasonics Symposium, IUS, 2016, 2016-November, 7728583 15
https://www.scopus.com/record/display.uri?eid=2-s2.0-
84996599741 &origin=resultslist
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OAB TPAHC®OPMATOP HA BA3BATA HA HEPUOAUYHO
HOJAPU3UPAHU TUE3OEJEKTPUYHU HUJIUHIAPU
Mmuorocnoer OAB Tpanchopmarop Ha 0a3ara Ha MEepUOIMYHA TOPEIUIA OT
MUC30CJICKTPUYIHNU HUWJIHMHAPU C MOPOMCHJIMBA IUIAPHOCT € JCMOHCTpHUpAH
eKCIIEpUMEHTAIHO 3a MbpBU NbT. Koeduimenra Ha ycuiBaHe MO HAMpeKeHHE,
mmeper npu  150kHz, nagBumasa 6. W3MepeHuTe XapaKTEpUCHTHKH ca
TEOPETUYHO OOOCHOBAHM U TMPEACTABISABAT MPAKTHUUYECKO BepUHUIMpaHE HaA

KOHIEMIUATA.

BULK ACOUSTIC WAVE TRANSFORMER EMPLOYING
PERIODICALLY POLLED ARRAY OF PIEZOELECRIC RODS
Multilayer bulk acoustic wave transformer employing a periodical array of
piezoelectric rods with alternating polarization is experimentally demonstrated for
the first time. Voltage transformation coefficient in excess of 6 was measured at a
frequency of 150kHz, providing thus a solid experimental verification of the
recently proposed principle of operation. Finite element analysis is used to reveal

the underlying device physics.

B4.15 | On the Design of High Overtone BAW Resonators with Enhanced Power Handling
Yantchev, V., Ji, Y.

IEEE MTT-S International Conference on Microwave Acoustics and Mechanics, 30
IC-MAM 2024, 2024, pp. 9-12
https://www.scopus.com/record/display.uri?eid=2-s2.0-
85195629876 &origin=resultslist

OTHOCHO NPOEKTUPAHETO HA OBEPTOHHHU OAB PE3OHATOPHU
C NOJJIOBPEHA YCTOMYUBOCT ITO MOIITHOCT
[Ipoektupanero Ha nentoBu ¢untpu Hag 4 GHz e 3arpyaeHO OT HaIWYUETO HA
IIPOTUBOIOJIOKHY IIPaBWJIa 3a JM3alH IIpU yBEJIMYAaBAaHE Ha 4eECTOTaTa.
HOCJIG,Z[HI/ITG CC OTHACAT KbM MPOTHBOIOJOXHHUTC HU3HUCKBAHUA 3a CIICKTPUUCH
KalaluTeT Ha PEe30HATOPUTE BHB (DUIATPUTE M KamaluTeTa Ha €IWHUIA IUIONI Ha
enektponure. B pesynrar, kinacuueckutre OAB pe3oHaTopu mpeThbprisiBaT CHUITHO
peayuupane B IUJIOMITTAa Ha CJICKTPOAUTC H ,Z[GG@.HI/IHaTa Ha MHUC30CICKTPUIHUA
CHOﬁ, KOHUTO MOOMNPHUHACAT OO0 4YYBCBUTCIHO HApACTBAHC Ha IUIBTHOCTTA HaA
CHCprusiATa B PC30HATOPUTEC 3a CAMHUIA MOIIHOCT. B Ttasm crarus JAUCKYTHUpaMe
MPOEKTUPAHETO Ha PE30HATOPH HA BTOPU OBEPTOH M CHOTBETHUTE JICHTOBH (PUITPU
MIPU KOWTO CE OTpaHUYaBaAT HEXKETaHUTE e(DEeKTH MpHU yBeIMYaBaHETO HA paboTHaTa

4ecToTa.

ON THE DESIGN OF HIGH OVERTONE BAW RESONATORS WITH
ENHANCED POWER HANDLING

The design of bandpass filters for frequencies above 4GHz is challenged by the
opposite scaling rules with frequency between the needed resonator static
capacitances and the capacitance per unit area. The latter results in significant
decrease of useful device areas in classical BAW resonators at high frequencies,
which in turn determines significantly enhanced acoustic power density in those
devices. Here we discuss the design of a second overtone BAW resonator and the
corresponding filter which alleviates some of the technological challenges of the
AIN or AIScN layers with inverted polarities in high overtone BAW stacks.

OBIIO: | 261
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I'7. Hayyna nmy0auKkanusi B M3aHUs, KOUTO ca pepepUPAHU M MHIAEKCHPAHU B CBETOBHOU3BECTHH
0a3u JaHHU ¢ HAy4YHa HHopManus

Ne Bbubanorpagcko onucanue Touku
r7.1 Surface transverse waves: Properties, devices, and analysis 20.000
Strashilov, V.L., Yantchev, V.M. IEEE Transactions on Ultrasonics, Ferroelectrics,
and Frequency Control, 2005, 52(5), pp. 812821
https://www.scopus.com/record/display.uri?eid=2-s2.0-
23844500069 &origin=resultslist
HAITPEYHU NIOBBPXHUHHU BbJHU: CBOUCTBA, YCTPOUCTBA U
AHAJIN3
Hamnpeunute nopbpxHuHHU akycTudHU BBIHU (HIIAB) nmpencraBiBaT cpaBHUTEITHO
HOBa TeHepanus OT Kjaca Ha MoBbpxHUHHUTE akyctnuHu BiIHU (IIAB). HITAB B
MUE30€JIEKTPUYEH KBapIl MPUTEKBAT HIKOHU MPEIMHICTBA CBbP3aHU C HUCKHUTE 3aryou
OpU paslpoCTpaHEHHE, ChUETAaHM C €CTEeCTBEHa TeMIlepaTypHa KOMIICHCALIUS.
Nz6opa na HIIAB npu paamodyecTOTHH TeHEpaTopd C HUCHK IIYM M HHCKa
TEeMIepaTypHa YyBCTBUTEIHOCT 3aMeCcTBa Pa3pabOTBAaHETO HA HOBU MaTepHUald U
TEXHOJIOTUUH 32 TIOCTUTAHETO Ha MOJO00HU XapaKTEPHCTHKH, KaTO CHIIEBPEMEHHO
u3nomBa craHaapTHu 3a [IAB TexHomorusta MeETOIUM 3a TPOCKTUPAHE U
MPOTOTUIIHPAHE. Y CKOPEHOTO Pa3BUTHUE HA TOBA HAMPABJICHHE B HAYalOTO Ha 21 Bek
JOBEJIE 10 MHIYCTPUAITHOTO MYy YCBOSIBAHE B YCTPOMCTBA C BHCOKAa €(DEKTHBHOCT HA
paborata. Ta3u myOnukamus (¢ UMIakT (HaKTOp) MpeACcTaBisBa 0000IIEHHWE HA
OCHOBHUTE JIOCTH)KCHUS BbB (DAKTHUECKU U MCTOPHUCSCKHU TUIaH.
SURFACE TRANSVERSE WAVE: PROPERIES, DEVICES, AND ANALYSIS
Surface transverse waves represent a new generation of the surface acoustic wave
(SAW) family that offers advantageous properties without further demand for new
materials or improved design and technology. The most effective activity in the
surface transverse wave (STW) area has been realized during the last decades with
highperformance devices achieved and analytical methods developed. The present
paper reviews the basic achievements in historical and factual order. A state-of-the-
art introduction is combined with discussion on the development tendencies with
specific emphasis on sensor technology.
I'7.2 | Electric Field Sensitivity of Thin Film Resonators Based on Piezoelectric AIN Thin | 13.333
Films
Enlund, J, Yantchev V and Katardjiev L.
In Proc. 2006 IEEE Ultrasonics Symposium, Vancouver, Canada, 2006, pp. 468-471
https://www.scopus.com/record/display.uri?eid=2-s2.0-
47249097551 &origin=resultslist
YYBCTBUTEJHOCT KbM EJIJEKTPUYHO ITOJIE HA TBHKOCJIOMHA
PE3OHATOPH HA IIME3OEJEKTPUYEH CJIOH AIN
TbHKOCTONHNTE 00EMHH PE30HATOPH OT MEMOpPAHEH U TBBPIO 3aKpPEIeH THUIl, KAKTO
1 MeMOpaHHUTE pPE30HATOpPH Ha BBJIHM Ha JlemO ca oOemaBamy KaHAMATATH 32
BHEJpSBaHE B MOHOJUTHO UTETpUpaHU (QUITPU, CEH30PU U OCLUIATOPH pabOTELH B
Huckuss GHz o6xBar. To3m Tpyn 1end CHCTEMAaTHYHO H3CJEeIBaHE Ha
YyBCTBUTEJTHOCTTa Ha TE€3W YCTPOMCTBA KbM BBHIIHO EJIEKTPUYHO TIOJE.
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VYcrpoiiTBaTa ca MpOW3BEACHU C MJICHTUYHH TEXHOJOIMYHM TpolecH Ha 0Oa3aTa Ha
ThbHKH AIN ciioeBe chC cpaBHUM JeOearHN. Pe3yaTaTuTte ca mpecTaBeHu BbB BHI HA
€JIEKTPUYHO-TI0JICBH KOS(PHUIIMEHT Ha YECTOTaTa, KOWTO ce MpHeMa 3a He3aBUCEIl OT
nebenunata Ha AIN. YyBCTBUTEIHOCTTa KbM BBHIIHO EJICKTPUYHO IIOJIE €
U3MepeHa KaTo MpoMsHaTa Ha Pe30HaHCHATa YeCTOTa Ha BCeKH OT mpubopute. He ca
HaOII0JaBaHN XUCTEepe3nucHH edeKkTH. Pe3ynraTuTe Morar ga ObaT U3MOJI3BaHU MPU
ONTUMU3AIMSTA HA CEH30pH 32 BHHIIHO EJIEKTPUYHO IoJie, PUHHO KaInOpUpaHe Ha
pE30HAaHCHATa YeCTOTa, KAaKTO M NPU M3CIIEABAHUATA HA HE-TMHEWHU epeKkTH mpu
paboTa npy BUCOKH MOIITHOCTH.
ELEKTRIC FIELD SENSITIVITY OF THIN-FILM RESONATORS BASED
ON PIEZOELECTRIC AIN THIN FILMS

Thin film bulk acoustic wave resonators (FBAR), solidly mounted resonators (SMR),
and thin film plate acoustic resonators (FPAR) based on piezoelectric aluminum
nitride (AIN) are all attractive candidates for monolithically integrated filters, sensors
and oscillators operating in the gigahertz frequency range. This work aims at
performing a systematic study of the DC electric field sensitivity of FBAR, SMR and
FPAR devices fabricated with the same technology and utilizing membranes with
comparable thicknesses. Further, the results are presented in terms of the electric
field coefficient of frequency (ECF) which is supposed to be a thickness independent
value under certain assumptions. The ECF coefficients of the devices under study
were extracted from the frequency shift in the recorded frequency spectra. No
hysteresis effects are observed during the measurements. Finally, a novel frequency
tuning concept for FPARs based on biasing the distributed reflectors, thus shifting
the frequency stopband edges, is reported. The effects studied can be utilized for
active temperature compensation circuits as well as for static voltage sensors.

73 Design and fabrication of temperature compensated liquid FBAR sensors 10
Bjurstrom, J., Wingqvist, G., Yantchev, V., Katardjiev, L.

Proceedings - IEEE Ultrasonics Symposium, 2006, 1, pp. 898-901, 4152096
https://www.scopus.com/record/display.uri?eid=2-s2.0-

7864935983 6&origin=resultslist

INPOEKTUPAHE U ITPOTOTUIIMPAHE HA TEMIIEPATYPHO

KOMIIEHCUPAHU THhHKOCJOMHU OAB CEH30PU B TEUHA CPEJA
B To3u Tpyn e nmemoHcTpupaH TemmepaTypHo kommeHcupaH OAB pe3onatop Ha
HApe4yHO TOJsIpU3UMpaHa BBJIHA, paboremy Ha BTopu oBepToH B AIN/SiO2
KOMIIO3UTHa MeMOpaHa. JleMOHCTpHpaHa € HanpaKTHKa IIhJIHA TeMIepaTypHa
KOMIIeHcalus B Temrneparypuus auanazon 25°C to 95°C. OcHOBHUTE MPeAUMCTBA Ha
BTOpUS OBEPTOH B CpaBHEHHE C (QyHIAMEHTAJHHSA pPE30HAaHC Ha MeMmOpaHata ca
BUCOKHS Q akTop mpu paboTa B TEYHOCTH , KAKTO M MTO-BHCOKAaTa pabOTHA 4ecToTa,
KOosITO neduHUpa U MO-CHJIHa Maco4yyBCTBHTENHOCT. HampaBeHo e cpaBHeHHE Ha
paboTHUTE XapaKTePUCTHKU Ha YCTPOMCTBAa C TeMIEpaTypHa KOMIIeHcanus U 0e3
KomneHcanus. HekoMreHcupaHuTe ycTpoiicTBa ce XapaKTepu3upar ¢ TeMIepaTypeH
koeurmeHT Ha decrtorata Bapupam oT -31 mo -36 ppm/°C B wu3cieaBaHus
temriepatypen wuHTepBanm (1.25 CHz paGorma wdecrora). TemmeparypHo
KOMIIEHCUPAHOTO YCTPOMCTBO CE€ XapaKTepU3upa C YYBCTBUTEIHOCT OT +2 110 -2
ppm/°C B chims Temneparypes uaTepsai ( mpu 1.35 GHz pabotha yectoTa)

DESIGN AND FABRICATION OF TEMPERATURE COMPENSATION
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LIQUID FBAR SENSORS

In this work we demonstrate a practically complete temperature compensation of the
second harmonic shear mode in composite AIN/SiO2 FBAR’s in the temperature
range 25°C to 95°C. The main advantages of this mode over the fundamental mode
are its higher Q value in liquids as well as its higher frequency and hence higher
resolution for sensor applications. For comparative reasons the non-compensated
fundamental shear mode is also included in these studies. Both modes have been
characterized when operated both in air and in pure water. Properties such Q value,
electromechanical coupling, dissipation and sensitivity are studied both theoretically
and experimentally. An almost full temperature compensation of the second
harmonic shear mode was observed for an oxide thickness of 1.22 um and a typical 2
um thick AIN resonator with 200 nm thick Al electrodes. Thus, the measured TCF in
air for the noncompensated fundamental shear mode (1.25 GHz) varied between -31
and -36 ppm/°C over the above temperature range while that of the compensated
second harmonic shear mode (1.32 GHz) varied between + 2 ppm/ °C and - 2 ppm/
°C over the same temperature interval.

I'7.4 Mass sensitivity of Thin Film resonator devices Wingqvist, G., Yantchev, V., 10
Bjurstrom, J., Katardjiev, 1. Proceedings of the IEEE International Frequency
Control Symposium and Exposition, 2007, pp. 581-586,
https://www.scopus.com/record/display.uri?eid=2-s2.0-

51049101891 &origin=resultslist

MACOYYBCTBUTEJHOCT HA ThHKOCJIOHWH PE3OHAHCHHA
YCTPOHCTBA

HanpaBeHo e cureMaTnyHO U3CleABaHE Ha BIUSHUETO Ha CBOMcTBaTa Ha
MaTepUaNTe M JeOeNMHUTe Ha cioeBeTe B kommno3utuH OAB opesonaropu ot
MeMOpaHeH TuN. V3BbpieH € aHanu3 Ha 0azara Ha eAHOMEpHHs Mojen Ha Mason,
KOHTO € TpeACTaBeH 3aeJHO C I[bpBOHAYAIHM EKCIEPUMEHTaIHH JaHHU.
[IpencraBeHa e KOHIEMIMs 3a yBeIWYaBaHe Ha MAacOYYBCTBUTEIHOCTTAa, KaTo €
O3HAY€Ha Bpb3KaTa MEXJy MaCOUYBCTBUTEIIHOCTTAa U UHTEp(EPEHIMITA Ha BhIHUTE
B KOMITO3UTHATa CTPYKTypa. [IpoeKTUpaHu ca aCHMETPUYHH PEe30HACHU MEMOpaHU ¢
pas3jiika B MAaCOTYBCTBUTCIIHOCTTA BbPXOY IMMPOTUBOIIOJIOKHUTC TOBBPXHOCTH.

MASS SENSITVITY OF THIN FILM RESONATOR DEVICES

A systematic study of the influence of the materials’ properties and thickness in
composite Thin Film Bulk Acoustic Resonators (FBAR) on the Mass sensitivity is
presented. Calculations based on the Mason Transmission Line model are presented
along with some preliminary experimental results. We present and investigate the
concept of sensitivity amplification in the mass sensitive regime and show how this
amplification correlates with wave reflection and interference within the composite
structure. Asymmetrical resonators where the sensitivity differs between the two
different surfaces are also presented.

7.5 Thick silicides synthesised with smooth surface for integrated Tfbar applications 6.667
Martin, D.M., Enlund, J., Yantcheyv, V., Smith, U., Olsson, J., Katardjiev, I.
EFTF 2008 - 22nd European Frequency and Time Forum, 2008
https://www.scopus.com/record/display.uri?eid=2-s2.0-

85116951347 &origin=resultslist

CHUHTE3 HA IEBEJIN CUJIMIIUIHU CJIOEBE C I'JIAJIKA
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MNOBBPXHOCT 3A UHTEI'PAJIHU ITPUJIOKEHUS HA OAB
PE3OHATOPUTE.

VYnorpebara nHa NiSi enekTpoau mo3BossiBa ckBMecTUMocT Ha OAB TexHomorusTa ¢
TEXHOJIOTHSTA Ha UWHTETpalHUTE cxeMu. Jlpyrm mpeauMcTBa  BKIIFOUBAT
n3non3BaHeTo Ha OAB pe3oHaTOpUTE KaTO BUCOKO-TEMIIEPTYPHU AATUUIU, KAaTO U
HaMaJIIBAaHETO Ha aKyCTHYHUTE 3aryOu B €JIEKTPOJUTE MOCPEICTBOM HU3IOJI3BAHETO
Ha TBBPAMU CIUTaBU. TyK € TMPEeACTaBeH IBJIHHS IMPO3BOJACTBEH mporec Ha NiSi
enektpoau ¢ aedenuHa ot 300nm. MzpactBanero Ha AIN Bbpxy NiSi e npoyueHo,
KaTo € pa3paboTeH nporiec ¢ ontuMaiaHu mapamerpu. OAB ycrpoiictBa ¢ Mo u NiSi
€JIEeKTPOAN ca MPOTOTUIHPAHU M TEXHHUTE XapaKTEPUCTUKH CpaBHEHH, KaTro €
Ha0JII0/TaBaHO CXOJIHO MOBEICHHUE.

THICK SILICIDES SYNTHESIZED WITH SMOOTH SURFACE FOR

INTEGRATED TFBAR APPLICATIONS
Use of thick nickel silicide (NiSi) electrodes allows front-end IC integration with
electroacoustic (EA) technology. Further benefits include the possibility of using film
bulk acoustic resonators (FBAR) for hightemperature sensors as well as the
elimination of losses due to the use of soft metal electrodes. A complete fabrication
process resulting in the formation of over 300 nm thick NiSi is presented. The growth
of piezoelectric aluminium nitride (AIN) on NiSi electrodes has been studied and
optimum synthesis conditions have been identified. For comparison, FBAR
resonators utilizing molybdenum (Mo), have been studied. Both types of resonators
demonstrate comparable performance and thus justify the use of silicides in
integrated electroacoustic devices.

['7.6 | Optimisation of a smooth multilayer nickel silicide surface for ALN growth 8.000
Martin, D.M., Enlund, J., Yantchev, V., Olsson, J., Katardjiev, I.
Journal of Physics: Conference Series, 2008, 100(PART 4), 042014
https://www.scopus.com/record/display.uri?eid=2-s2.0-
77954336049&origin=resultslist

OIITUMMU3PAHE I''IAIKOCTTA HA NiSi HOBBPXHOCTTA 3A

MN3PACTBAHE HA AIN
NiSi enexTponau ¢ AeGennHa OT OKJIO HSAKOJIKO CTOTUH HAaHOMETpa ca HEOOXOUMH 3a
NpUJIOKEHWE B THHKOCIOWHATA eJIEeKTpOaKyCcTHYHa TexHojorus. Ilpomeca 3a
HaHacsiHe Ha 200nm pmeGemu NiSi crnoeBe e ontuMusupad. OnTUMH3AIUsATa Ha
CHIIMIIMpAIaTa TeMIepaTypa JaBa Bb3MOXKHOCT 3a (hOpMHUpaHe Ha CUIIMIUJCH CION
c enHa (asa Ha cunuimna. Jlebenure enekTpoau ca HAHECEH 4Ype3 MOCIeI0BaTETHO
u3pactBaHe Ha Ni ¥ Si B MHOTOCIIOMHA CTPYKTypa C MOCeIBaIlo 0bp30 TEPMUYHO
orrpsiBane. bpos Ha cioeBeTe W TAXHaTa JeOenMHA € ONTUMH3HMpaHa 3a
IOJTyYaBaHETO HA HUCKA €JIEKTPHUYECKA PE3UCTUBHOCT M TIIAAKOCT HA MOBBPXHOCTTA.
N3pactBaneto Ha AIN Bbpxy NiSi ¢ onTUMHU3HpaHa TOBBPXHOCT € JOMBIHUTEITHO
M3CIIE/IBAHO.

OPTIMISATION OF SMOOTH MULTILAYER NICKEL SILICIDE
SURFACE FOR AIN GROWTH
For use in thin film electroacoustic (TEA) technology a few hundred nanometre
thick nickel silicide (NiSi) electrode would need to be fabricated. A complete
fabrication process for the formation of over 200 nm thick silicide films has been
optimised for use as an electroacoustic electrode. Optimisation of silicidation
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temperature and identification of the mono phase of silicide is demonstrated. Thick
electrodes are formed by depositing multilayers of silicon and nickel pairs onto
silicon (Si) substrates before rapid thermal annealing. The numbers of multilayers
and relative material thicknesses are optimized for both surface roughness and
electrical resistivity. The growth of textured aluminium nitride (AIN) has been
investigated on the optimised surfaces.

['7.7 | Zero mass loading sensitivity of the SO lamb wave resonance in thin Film Plate 40
Acoustic Resonators (FPARs) Yantchev, V.

Proceedings - IEEE Ultrasonics Symposium, 2009, pp. 2181-2184, 5441452
https://www.scopus.com/record/display.uri?eid=2-s2.0-

77952790317 &origin=resultslist

HYJIEBA YYBCTBUTEJHOCT KbM MACOBOTO HATOBAPBAHE HA
EJIEKTPOAUTE B S0 JEMB PE3OHATOPU

JleM0 pe30oHaTOpPH ChC CUHXPOHEH JU3aifH OOMKHOBEHHO Pa0OTAT HA FOPHUSA pHO Ha
3a0paHeHaTa 30Ha MOpaau OTpUIATEIHHUS KoeduImeHT Ha oTpaxeHue Ha SO JlemO
MoOJa B TIEPUOAMYHA peIIeTKa OT eNeKTpoAu. B To3m Tpyn ce wu3ciensa
BBH3MOKHOCTTA 3a IMOCTUTAaHE HA HYJIeBa YyBCTBUTEIHOCT HAa PE30HAHCHATA YECTOTA
[0 OTHOIIEHWE Ha JeOenMHaTa Ha EJICKTPOAWTE OT AJIyMUHHH B HACpPEIIHO
rpeOeHoBuAHUS mpeoOpasyBaresn. CTpPyKTypu C HyJeBa YyBCTBUTEITHOCT U
CBOTBETHO C YBEJIWYEH TOJEPAHC KbM IIPO3BOJCTBEHHTE OTKJIOHECHHUS ca
unentudunupan nocpencreoMm FEM COMSOL cumynarumu.

ZERO MASS LOADING SENSITIVITY OF THE S0 LANB WAVE
RESONANCE IN THIN FILM PLATE ACOUSTIC RESONATORS (FPARs)
Synchronously designed FPARs are typically operating at the upper edge of the
frequency stopband due to the negative reflection coefficient of the lowest order
symmetric Lamb wave (S0) in periodical strip gratings. In this study the possibility to
achieve 0-sensitivity of the upper stopband edge with respect to electrode thickness
tolerances is discussed for AIN based FPARs employing Al strip reflectors. 0-

sensitive topologies are identified through FEM COMSOL experiments

I'7.8 | Micromachined thin film plate acoustic resonators (FPAR): Theory and applications 20
Yantchev, V., Katardjiev, L.

In Proc. 24th European Frequency and Time Forum (EFTF) 2010, 2010, 6533658
https://www.scopus.com/record/display.uri?eid=2-s2.0-
84881152906&origin=resultslist

MHUKPOMAIIMHHO MPOTOTUIIMPAHU PE3OHATOPU HA
BBHJIHOBOJIHHU BHJIHA B ThHKOCJIOMHM IIJIACTUHU: TEOPHUSA U
MPUJIOKEHUS
To3u Tpyn mnpeactaBs B pPE3IOMUPAaH BHJ ITbPBOHAYATHUTE pE3YITaTH BBPXY
MHOBAaTHMBHA 3a BPEMETO CH KOHIENIMs 32 Ju3allH Ha eleKTPOaKyCTUYHU
pe3onaropu. ToBa mpejacTaBisABa MPOSKTHPAHETO W MPOTOTUIIPAHETO, MPEIJIOKEHO
3a MPBB BT OT aBTOpa, Ha pe3oHaropu Ha SO BeiIHM Ha JIeMO B ThHKHM MeMOpaHU
AIN ¢opmupanu Bbpxy 6aza ot Si. Crarusita pe3roMupa, aHATUTHUYHUTE MOJIEIU
NPUIIOKUMHU KbM T€3U CTPYKTYPH 3a€IHO C JIEMOHCTpPALUS HA IBPBUTE €IHO- U JIBY-
BXOJIOBU PE30HATOPYU C BUCOKA MPOU3BOAUTEIHOCT U TEMIIEpAaTypHa KOMIICHCAIUS Ha
yecrorata. lIpescTaBeH € MPOTOTHII HA OCHMIATOP C HUCHK IIyM, CTaOMJIM3UpPAH C
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Jlem6 pe3onarop.

MICROMACHNED THIN FILM PLATE ACOUSTIC RESONATORS
(FPAR): THEORY AND APPLICATIONS
This work presents a summary of first results on a very innovative for its time
concept. This is the concept of the thin film Lamb wave resonator employing AIN
piezoelectric films on Si substrate. The work summarizes the analytical methods
applicable to these structures along with the demonstration of high performance one-
port and two-port resonators with inherent compensation of the temperature
coefficient of frequency. Application in low noise osillators is further presented.

I'79 [ FBAR filter with asymmetric frequency response and improved selectivity and | 13.333
passband width
Uzunov, L., Gajdajiev, D., Yantchev, V.
Proc, of the 18th Int.Conference - Mixed Design of Integrated Circuits and Systems,
MIXDES 2011, pp. 596601, 6015995
https://www.scopus.com/record/display.uri?eid=2-s2.0-
80053339531 &origin=resultslist

THHKOCJOWHU OAB ®WJITPU C HECUMETPUYEH YECTOTEH
OTKJIMK U NIOAOBPEHU CEJIEKTUBHOCT U IIUPUHA HA JIEHTATA

HA ®UJITPUPAHE

CraTusiTa € TIOCBETeHAa Ha MOJOOpPSBAHETO HA YECTOTHHS OTKIMK HAa THHKOCIOWHU
OAB ¢untpu ¢ aBa pe3oHaTOpa CBBbpP3aHHU MapajieHO. MeToja € MPUIOKEH BbPXY
GuITHP C MOCTOBa apXUTEKTypa, NMPH KOETO C€ HaMajsBaT PE30HATOPHTE
HamoJoBUHA. [IpOGKTHPAHETO € TEOPEeTHYHO OOOCHOBAaHO M W3BBPIICHO dYpe3
KOMITFOTHPHH CHMYJIAIUH.
FBAR FILTER WITH ASYMMERIC FREQUENCY RESPONSE AND
IMPROVED SELECTIVITY AND PASSBAND WIDTH
The paper is dedicated to improving the frequency response of FBAR filters by
replacing some of the single FBARs with two resonators connected in parallel. The
method is applied for the basic lattice filter architecture and its modification with
twice fewer number of FBARs. The conditions that must satisfy the resonator
parameters are derived by theoretical considerations and computer simulations.

['7.10 | Synthesis and characterization of highly c-textured Al (1-x)Sc(x)N thin films in view | 10.000
of telecom applications Moreira, M.A., Bjurstrom, J., Yantchev, V., Katardjiev, 1.
1IOP Conference Series: Materials Science and Engineering, 2012, 41(1), 012014
https://www.scopus.com/record/display.uri?eid=2-s2.0-
84874526738&origin=resultslist

CHUHTE3 U XAPAKTEPU3UPHE HA CUJIHO TEKCTYPUPAHU ThbHKH
CJIOEBE Al (1-x)Sc¢(x)N 3A NIPUJIOKEHUSA B TEJJEKOMYHUKAIIMUTE
Bypuutaus AIN e mHe30eNneKTpuYeH Marephal ¢ OTIMYHU eIeKTPOaKyCTHYHU
CBOICTBA U C€ M3II0J3BAa BbB BUCOKOUYECTOTHU THHKOCIIOWHU KOMIIOHEHTH Hal Be4e
buntpu, AyrieKcepu pe3oHaTOpU U CeH30pu. HeroBusi yMmepeHo BUCOK KOS(DUIIUEHT
Ha €JIEKTPOMEXAHUYHA Bpb3Ka OT 0K0I0 6% -7% € HenocTaThueH 3a MPUIOKEHUS
BbB QWITPH C IO MIMPOKA JICHTa HAa TpomyckaHe. V3cienBaHusTa HAMOCIEIBK
nmokasaxa ue, cruiaBsBaHeto Ha AIN cbc Sc BoAM 10 3HAYMMO TMOBUINABAHE HA
eJIEKTpOMEXaHUYHATa Bpbh3Ka. B Ta3u craTus u3cienBaMe Bb3MOKHOCTTA 32 HAHCSHE
Ha ThHKHU cioeBe AIScN ¢ konnenpanus Ha Sc 10 15%. Hapen ¢ yBenuuaBaHeTo Ha
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KoeUIMEeHTa Ha eJIeKTpOMEeXaHHMYHa BpB3Ka, ca HAOIIOJaBaHMW YBEIUYEHUE Ha
KoeHIMeHTa Ha TeMIlepaTypHa YyBCTBUTENHOCT 10 - 39.8 ppm/K, HamansBane Ha
Q daxTopa u yBenuyeHue Ha JUETCKTPUIHHUTE 3aryou.

SYNTHESIS AND CHARACTRIZATION OF HIGHLY c-ORIENTED Al(1-

X)Sc(X)N THIN FILMS IN VIEW OF TELECOM APPLICATIONS

Waurtzite AIN is a piezoelectric material with excellent electro-acoustic properties
and is used for the fabrication of high frequency thin film micro-acoustic
components, most notably filters, duplexers, resonators, etc. Its moderate
electromechanical coupling coefficient (kt2) of 6%-7% is insufficient for applications
requiring larger bandwidths. Recent theoretical and experimental studies indicate that
AIN alloyed with Sc exhibits a substantially higher piezoelectric constant than pure
AIN. This study aims at determining the main electro-acoustic parameters of Al(1-
x)Sc(x)N in view of large bandwidth applications. To this end, highly ctextured Al(1-
x)Sc(x)N thin films have been synthesized with relative Sc concentrations of up to
0,15. Subsequently, FBAR resonators were fabricated and characterized as a function
of the Sc content. It is seen that kt2 increases linearly with the latter to a value of
12% for a Sc concentration of x=0,15, while the Q value decreases from 739 to about
348 in the same concentration range. Likewise, the TCF varies from -35,9ppm/°C to -
39,8ppm/°C, while the dielectric constant increases from €=10 to a value of 14,1 for
x=0,15. Finally, the relative dielectric losses are seen to increase by approximately a
factor of two.

['7.11 | AIN solidly mounted resonators for high temperature applications Mirea, T.,| 5.714
Demiguel-Ramos, M., Clement, M., Olivares J., Iborra E., Yantchev, V., Katardjiev,
L.
IEEE International Ultrasonics Symposium, IUS, 2014, pp. 1524-1527, 6932092
https://www.scopus.com/record/display.uri?eid=2-s2.0-
84910092993 &origin=resultslist

TBBPAO MOHTUPAHU OAB PE3OHATOPHU 3A BUCOKO-

TEMIIEPATYPHU INPUJIOKEHUSA

KoHTpona Ha mpoliecH B arpeCMBHU Cpeld W B YACTHOCT MPHU TEMIEPATypu Hal
600°C e or umHaycTpuanHa HeoOxoxumocT. lIpunoxkeHuss Karo razoB KOHTPOJ B
CUCTEMH 3a 3aJ[BW)KBAaHE WM PaHHO OTKPWBaHE HA TMOXKapH ca I0oOpW Mmpumepu 3a
TakuBa mpwiokeHus. [Ipe3 mociaemHUTe AECeTUNICTHsI Pa3IUYHU MaTepuaid Hu
YCTPOMCTBA ca M3CJIECNBAaHM B TOBAa HaIpaBlIeHHE. Manko ca Te3W KOUTO IMOKa3BatT
TOTUIMHHA W XUMHU4YHa ctabumHocT. Cpen Te3u yctpoiictBa ca IIAB pe3onaropu
BHpXy nanracuT (LGS). TsaxHus 0CHOBEH HEOCTATHK € CBBP3aH C M3IMOJ3BAHETO Ha
HacpeurHo rpe0eHoBHIeH peodpa3yBaresl, YHHTO eNeKTPOAU ca IBJITH U TACHU U ca
MOJaT/IMBU Ha arjiomMepanus. 3a Ja paspemuM To3M IpoldiieM, TyK MpeajaraMe
U3MOJI3BAHETO HAa TBBPJO MOHTHUPAHM PE30HATOPUM  KaTo aiTepHaTuBa. Te3u
pe30HaTOpH ca MEXaHWYHO YCTOWYMBU M C TOJIEMH eNeKTpoau. Tyk u3cieaBame
OTTpsIBAaHETO Ha TakuBa pe3oHaTopu mpu 700°C mpum obOmo Bpeme oT 24 wHaca.
Pesonatopute ca mnpoexkTupaHu BbpXY bper pediextopu OT mopect KBapi u
MOJIMOJIEH, KaTO TOPHHUTE EIEKTPOAN ca OT MonmOaeH uinu upuauii. Habmonasa ce
I'bPBOHAYAITHO MOJ00PSIBaHE HA XapKTEPUCTUKUTE MIPHU OTIPSBAHETO, KAaTO CJell TOBa
YECTOTHHUSl OTKJIMK ce cTaOuiau3upa. Ariomepanus He ce HaOmomaBa. C ToBa
IbPBOHAYAIIHO M3ciienBaHe TNoka3zBame uve, OAB pe3onaropute ca mnoaxopsmia
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anrtepHaruBa Ha [IAB nipu BUCOKM TeMIlepaTypH.
AIN SOLIDLY MOUNTED RESONATORS FOR HIGH TEMPERATURE
APPLICATIONS

Monitoring under harsh environments, particularly high temperatures (> 600°C), is
on high demand nowadays. Applications such as gas control in propulsion systems or
fire detection in early stages are good examples. During the last decades, materials
and devices have been extensively investigated for these applications. Few have
proven thermal and chemical stability. Among the most used devices are surface
acoustic wave (SAW) resonators using a langasite (LGS) substrate. Their main
disadvantage is related to their transducer topology. Their long and narrow electrode
strips are subjected to destructive agglomeration. In order to solve this problem,
solidly mounted bulk resonators (SMR) are here proposed as an alternative. They
provide rigidity, high performance and large electrodes. Here we investigate the
performance of SMR devices after annealing under vacuum condition at 700°C for a
cumulative time of 24h. SMRs are composed of porous-SiO2/Mo Bragg mirrors and
Ir or Mo electrodes. Their performance shows and initial overall improvement with
subsequent stabilization. Qpxkeff2 in the order of 72 are achieved. Further
investigations on full dielectric Bragg mirrors will be performed. With this initial
study we demonstrate that SMRs can be a good alternative to SAWs for high
temperature applications.

['7.12 | Microacoustic in-liquid sensors based on thin AIN films: A comparative study 13.333
Mirea, T., Iborra, E., Yantcheyv, V.
IEEE International Ultrasonics Symposium, IUS, 2014, pp. 659-662, 6932020
https://www.scopus.com/record/display.uri?eid=2-s2.0-
84910028539& origin=resultslist
MUKPO-AKYCTUYHU CEH30PHU B TEUHA CPEJIA HA OCHOBATA HA
TbHKU CJIOEBE AIN: CPABHUTEJIEH AHAJIN3
KonTpona Ha okonHaTta cpeja M 3[paBeTO CTaHA HM3KIIOUMUTECH HPUOPUTET Ipe3
NOCJETHUTE JeceTUIeTus. JleTeknusara B TeUHN CPeAd Urpae OCHOBHA POJISl B TO3U
TUT KOHTpoJI. M3uepniatenan ycuius 0sixa HallpaBeHH 3a MOJ00psIBaHE HA CEH30PHUTE
B TeuHu cpead. OAB ceH3opu Ha OcCHOBaTa Ha TBHHKCOJOHWHATAa pe30HATOpPA
TEXHOJIOTHSl BB3HHKHAXa KaTo oOellaBaimia alTepHAaTHBa Ha KBaploBaTa MHUKPO-
Be3Ha. B nombiHenue 6s1xa mpoToTUNHUpaHu U JIeMO ThHKOCIOWHU CEH30pH B TEUHU
cpenu. B Tasu cratus cpaBHsSBAaMe€ CEH30PHUTE XapaKTCPUCTUKUA Ha JBaTa THUIIA
THHKOCJIOMHH PE30HAHCHU CEH30pU IOCPEACTBOM KOHMIIOTBPHU CHUMYJAIMM Ha
OCHOBaTa Ha MeToJa Ha KpaiiHute enemeHTH. J[lokato OAB ceH3opure ca
YyBCTBUTEJIHU KBbM NPOAYKTa OT BHCKO3HOCT M MacoBa IUIbTHOCT, To JlemO
pe30HATOPHUTE MOKa3BaT pa3IuiyHa YyBCTBUTEIHOCT KbM IUTBTHOCTTA U BUCKO3HOCTTA
Ha TEYHOCTTa. Taka, W3MOJ3BalKU JIBET€ YCTPOMCTBA €IHOBPEMEHHO MOXKE Jla Ce
pasrpaHuyaT MPOMEHHUTE BbB BUCKO3UTETA U IPOMEHUTE B MAaCOBATa ITbTHOCT.
MICROACOUSTIC IN-LIQUID SENSORS BASED ON THIN AIN FILMS:
ACOMPARATIVE STUDY
Environmental and health monitoring have become crucial the last decades. In-liquid
sensing plays an important role for this kind of monitoring. Exhaustive studies have
been going one in order to improve the sensing devices. Sensors based on thin film
electroacoustic (TEA) devices have emerged as a promising alternative to quartz
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crystal microbalance (QCM) and surface acoustic wave (SAW) sensors. TEA devices
include quasi shear mode film bulk acoustic resonators (QS-FBAR) and SO mode
Lamb wave resonators (SO-LWR) based on AIN films. These devices offer
miniaturization and easy integration. For a better understanding of their physical
behavior, we present a comparative study on their sensing mechanisms in liquid
media. For this study we employed finite element analysis (FEA). QS-FBARs
behave as pure shear resonators, sensing viscosity and density in a non-
distinguishable manner. However, SO-LWRs demonstrate different sensitivities to
liquid viscosity and density. Their different in-liquid sensitivities offer the possibility
to combine them and measure independently changes in density and viscosity.

['7.13 | SO Lamb wave resonators for in-liquid sensing: Promising alternative to shear bulk | 13.333
acoustic wave devices Mirea, T., Iborra, E., Yantchev, V.
2016 European Frequency and Time Forum, EFTF 2016, 2016, 7477807
https://www.scopus.com/record/display.uri?eid=2-s2.0-
84978999286 & origin=resultslist
S0 JIEMB PESOHATOPHU 3A IETEKIIUSA B TEUHA CPEJIA : KATO

AJTEPHATHUBA HA TBHKOCJIOMHUTE OAB PE3OHATOPH
Cenzopu mo3BoJsBalM paboTa B TeYHa cpela ca THPCEHH HE caMo Karo buo-
CEH30pH HO MKAaTO CEH30pW Ha CBOMCTBaTa Ha Te4HH cpeau. ThHkocnoitHuTte OAB
YCTPOMCTBA IMOKa3zaxa OOeIIaBalli XapaKTEPUCTUKU TIPU TE3H TMPHIOKEHHS. TyK
nyOJIuKyBaMe TEOPETUYHO M EKCIIEpUMEHTaTHO cpaBHeHHE Mexay OAB ceHzopure
u SO JlemO ceH3opuTe TpH AETEKIUs B TeUHU cpenu. SO CEH30pUTE MOKa3BaT I0
roJsiMa YyBCTBHUTEIHOCT NPH MPOMSHA HA BHCKO3HWTETA W IUTBTHOCTTAa HaTEYHATA
cpena, B konduryparus 6e3 enekTpo] B KOHTAKT C TeYHOCTTa, SO CEH30pHUTE /1aBat
BBH3MOKHOCT 32 JICTEKIUS Ha IPOMEHHU B JHEJICKTPUYHATA IIPOHUIIAEMOCT Ha TeUHATa
cpena
S0 LAMB WAVE RESONATORS FOR IN-LIQUID SENSING: PROMISING

ALTERNATIWE TO SHEAR BULK ACOUSTIC WAVE DEVICES
Sensors capable of in-liquid operation are of primary importance not only for
biosensors applications but also for liquid monitoring. Thin film electroacoustic
(TEA) devices have emerged as promising choice for such applications. The most
common TEA devices are the thin film bulk acoustic wave resonator (FBAR) and the
Lamb wave resonator (LWR). FBAR operating on the shear mode have been widely
studied in view of biosensors applications. A theoretical framework describing the
in-liquid sensitivity features of LWR employing the SO mode (SO-LWR) has been
experimentally proven recently. However, a comparison between both devices has
not been performed yet. Here we theoretically and experimentally compare AIN-
based SO-LWR and FBARs on their solidly mounted modality (SMR), in terms of
their in-liquid sensitivity features at similar frequencies. SO-LWR prove to be slightly
more sensitive to the density and viscosity of the liquids. Moreover, if a metallic
bottom electrode is not deposited on their backside, they can also sense variations in
the dielectric permittivity of the liquid, which cannot be done with common SMRs.

['7.14 | Advances in thin piezoelectric film based resonant MEMS technology 40.000
Yantchev, V. 2016 25th International Scientific Conference Electronics, ET 2016,
2016, 7753528
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HAIIPEJABK B PA/IMOYECTOTHATA MEMC TEXHOJIOI'MS HA
OCHOBATA HA TbHKU MNUE3OEJIEKTPUYHMU CJIOEBE.
Ta3u cratus nmpaBu 0030p Ha Mporpeca HaMpaBeH Mpe3 MOCIEAHOTO JECETHUINETHE
[0 OTHOIIEHHWE Ha €IWH HOB KJac MHEe30eeKTPUYHU YCTPOMCTBA M3MOJ3BAIU
BBIHOBOJAHM BBJIHM B THHKHM MEMOpaHH OT MNHE30JeKTUYeH ciod. To3u Kiac
YCTPOMCTBA, TPEUIOKEH 3a MPbB MBT OT aBropa npe3 2005, ca U3BECTHH MOJ
HAaUMEHOBAHUSTA Pe30HATOpH Ha JIeMOOBU BBJIHU WM NMU3EO0EITPUYHH PE3OHATOPH C
KOHTYpHO BuOpupane. I B aBara ciydasi ctaBa AyMa 3a pe30HATOpPH H3IOJI3BAILU
TBHKH clioeBe mnme3oenekTpudeH AIN. Hapen ¢ neMoHCTpupaHETO Ha BHCOKO
MPOAYKTUBHHU MPOTOTUIIH, Ca NUCKYTUPAaHU OBbACIIUTE HamNpaBieHUS B Ta3u 00JacT
CBBp3aHU C pa3pabOTBaHETO Ha TpaHC(HOpPMATOPH Ha HANPEKEHHE M IYIJIEKCEpU C
XapaKTepUCTUTH CPAaBHUMH C T€3W Ha Ki1acudyeckaTta ThHKocHoiHa OAB TexHOMOTHS.
ADVANCES IN THE PIEZOELECTRIC FILM BASED RESONANT MEMS
TECHNOLOGY
This work makes an overview of the progress made during the last decade with
regard to a novel class of IC compatible piezoelectric devices employing plate-
guided micro-acoustic waves in micromachined thin film membranes. This class of
devices, originally proposed by the author in 2005, is referred to as either thin film
Lamb wave resonators (LWR) or piezoelectric contour-mode resonators (CMR) both
employing thin film AIN membranes. Their principle of operation is complementary
to the so called thin film bulk acoustic resonators (FBAR), while employing the same
technological platform. FBARs are currently widely employed in commercial filters
and duplexers for telecom applications. Thin film Lamb wave resonators have shown
unique performance in both frequency control and sensing applications. Here we
demonstrate high quality factors Lamb wave resonators for low noise and thermally
stable performance and discuss their application in high resolution gravimetric and
pressure sensors. Ongoing research activities will be further outlined. These are
focused on the development of RF Transformer-filters and duplexers with
performance comparable to their FBAR counterparts. A specific emphasis is put on
the ability of these devices to operate in contact with liquids in view of advanced
Bio-sensor applications.

I'7.15 | COMSOL modeling of Hall sensors efficiency Ruskova, LN., Gieva, E.E., 10
Yantchev, V.M., Hristov, M.H. 2017 26th International Scientific Conference
Electronics, ET 2017 - Proceedings, 2017, 2017-January, pp. 1-4
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85043469516&origin=resultslist

MOJAEJIMPAHE HA EOEKTUBHOCTTA HA Hall CEH30PU

B Ta3u crarus npencraBsMe aHaIU3 IOCPEACTBOM METO/a HA KpailHUTE eJeMEeHTH Ha
nosrynpoBogaukoBu Hall cenzopu. TsaxHata epekTHBHOCT € TpOydeHa B 3aBUCHMOCT
OT OCHOBHUS MOJYNPOBOAHUKOB MaTepuai. [lo cnermuduuno, neymeper COMSOL
MoOJie] € WbpPBOHAYAJHO H3MOJ3BaH 3a EKCTPaKIMs Ha XapaKTEepPUCTUKHUTE Ha
npoBofsilus KaHail. B mocneactBue, tpumepeH mnpaBorokoB COMSOL mopen e
U3II0JI3BaH 3a m3yuyaBaHeTo Ha edekrtuBHOcTTa Ha Hall cenzopa. Hall censopu c
UJCHTUYHU TOMOJIOTUY Y HUBA HA JICTUPAHE Ca MU3CJICIBAHU B CPABHUTEIICH PEIKHM.

COMSOL MODELING OF HALL SENSORS EFFICIENCY
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In this paper we present a finite element analysis routine for modeling of
semiconductor Hall sensors. Their efficiency is studied varying the base
semiconductor material. More specifically, 2D COMSOL semi-conductor model is
initially employed to extract the properties of the conductive channel. Subsequently a
3D COMSOL DC model is used to perform the studies regarding the Hall sensor
efficiency. Hall sensors of identical topology and doping levels are studied in a
comparative manner.
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