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B nannoit pa60Te MBI JEMOHCTPUPYEM IIPOTOTUIT BBICOKOTOYHOTO I‘I/II[]Z)O(i)OHa, HOCTpOCHHbIﬁ Ha OCHOBE 2JIEKTPOXUMHNYEC-

CKOTO Ipeobpa3oBareis MIaHapHOro TUMa. Mbl pa3paboTaay HOBBII MJIAHAPHBII SMEKTPOXUMUUYECKU I MUKPOUUII U TTPU-

IyMaJd MEXaHUYeCKYI0 CUCTEMY, MO3BOJSIIONLYIO PETUCTPUPOBAThH MEPEMEHHOE NaBJeHUe MPU HU3KKUX YACTOTaxX BILJIOTH

1o 0,01 I'i.

Karoueswie crosa: eu()pagbon; 3ﬂelcmpoxuMu'4ecxu12 npeo6pa306ame/tb; SNeKMpoxXumuecKue MuKpocxemol, damuuk dasnenus.

The paper highlights a new prototype of a high-precision hydrophone based on an electrochemical planar-type transducer.

We have developed a new planar electrochemical microchip and designed a mechanical system that allows detecting the

variable pressure at low frequencies up to 0.01 Hz. The developed sensing element can become the basis for the new generation

of acoustic pressure receivers, vector acoustic receivers and sound pressure gradient loggers.

Keywords: hydrophone; electrochemical transducer; electrochemical microchips; pressure sensor.

DIEeKTPOXUMHUYECKHUE MPeobpa3oBaTeIu XOPOIIO 3aPEKOMEH 10~
BaJIK cebst pu pa3paboTKe U MPOU3BOJCTBE BEICOKOTOYHBIX aKCeJIe-
POMETPOB, CEICMOMETPOB, re0(OHOB U AATYMKOB BpalieHus [1-5].
M pa3pabaTbiBaeM 1 pa3BUBaeM MUKPOIJIEKTPOHHY IO TEXHOIOTH IO
MPOU3BOACTBA BHICOKOTOYHBIX MJIAHAPHBIX BJIEKTPOXUMUYUECKUX
npeoGpa3zosareseii [6—9].

B nanHoit paGoTe Mbl ZEMOHCTPUPYEM HOBBII MPOTOTHUIT BHICO-
KOTOYHOTO CBEPXHM3KOUYaCTOTHOIO ruapodona (puc. 1), mocrpo-
CHHBIII Ha OCHOBE 3JIEKTPOXMMHUUYECKOTO TIpeobpa3oBaTesis mia-
HapHOro TuMa. Mbl pa3paboTasiy MIaHAPHBINA IEKTPOXUMUYECK Ui
MUKPOYUIT U MIPUAYMATIA MEXaHUYECKYIO CUCTEMY, TIO3BOJISIIONIY O

PETUCTPUPOBATD NMEPEMEHHOEC OJABJICHUE IMPU HU3KHUX YaCTOTax.

Mpbl nony4Yunu nepeaaTouHble XapaKTePUCTUKY HAIIETO YCTPOICTBA
10 MPeoOpPa30BaAHUIO NABICHUS B MEKTPUUSCKUN CUTHA U HALILTK
UX MHoOroob6GemarwinnmMu. PazpaboTaHHbIl YyBCTBUTEJIbHBII 3J1e-
MEHT MOXET CTaTh OCHOBO /sl cemeiicTBa (HOBOTO MOKOJICHM )
MPUEMHUKOB aKYCTUYECKOTO JaBJICHMS, BEKTOPHBIX aKYCTUYECKHUX
MPUEeMHHMKOB, PErUCTPATOPOB I'PaIMeHTa 3BYKOBOTO TaBICHUSI.
TunpodoH cocTonT N3 MUKPONIEKTPOHHOTO MpeoOpa3oBaTes 1aB-
JICHUST B JIEKTPUIECKUIA TOK, TUIPpOMHTepdelica/TUIPOYCUTUTENST TaB-
JICHUSI, MEXaHUYECKOTO IMIPOKOMITIEHCATOPA CTATUYECKOTO JIABJICHUS,
3JIEKTPOIUTUYECKOTO KaHajla, B KOTOPOM PAacCIoioXeHa mpeodpasyto-
1[ast MUKPOCXeMa, THAPOKOMITEHCATOPA CTATUYECKOTO AABICHMUS U TIpe-
00pasyoIIero yCUINTENs C LIEMSIMU TEPMOKOMITEHCALIMH.




[Tokazanus SJIEKTPOXUMHNYECKOTO YYBCTBUTEILHOIO 3JIEMEHTA 3aBU-

CAT OT TEMIIEPaTyphbl. DTH 3aBUCUMOCTH Xopolio udydensl [10], Takke
pa3paboTaHbl METOI U LTI TEPMOKOMIIEHCALIMH, KOTOPblE KOPPEKTHU-
PYIOT TeMIIepaTypHbIil YXOI XapaKTePUCTHK BO BCEM paboueM qrana3oHe.

DJIeKTPOXUMHUYECKasl cucTeMa (3JeKTPOJUT/3TEKTPOIbI) MOA0-
OpaHa TaKUM 00Opa3oM, UTO HE MPOMCXOIUT OCAXKACHU S TTPOIYK-
TOB XMMUYECKOI peakliMM Ha MOBEPXHOCTH dJekTpoaa. Peakuunu
00paTUMBI M UIYT B OMHY CTOPOHY Ha KaToaax U B 0OpaTHYIO CTO-
pPOHY Ha aHOIaX, 06ecTieyrBasi TOJbKO DJIEKTPOHHBIM OOMEH MEX Ty
MOHaMU PacTBOPA 1 TIOBEPXHOCTHIO 2JIEKTpoa. TeopeThuecku peak-
1us (psimMasi 1 oopatHast) MOXET UIATU 0ECKOHEYHOE BPEM S, KOMITO-
HEHTHI 2JIEKTPOJINTA HE PACXOIYIOTCS ¥ TTapaMeTPhl OCTAIOTCS CTa-
OUIBHBIMU B TEUEHME BCETO CPOKa CIyKObl. HeT mpsiMmoit 3aBucMO-
cTH pecypca oT o0beMa daeKTponuTa. CTapeHUIO MOABEPKEHbI Pe3U-
HOBBIE IeTaJI MEMOpPaH U YIJIOTHUTENEH, B TO XK€ BpeMsI TOATBEPXK-
NIEHHBII CPOK MX CIIYKObI — GoJiee NeCSITH JIeT.

MBI UCTIONBb30BaAIM ISl UCTIBITAHUI pabOYUil 3TaJoH 2-TO pas3psiaa
€IMHUIIBl 3ByKOBOTO JaBJE€HUSI B BOLHOI Cpele B Iuana3oHe 4acToT
ot 1 I't mo 2 kIt mpousBoactBa BHUMDTPU (Mocksa, 3eneHorpan),
OTKAJIMOPOBAHHBIN ¢ MPUMEHEHNEM MepBUYHBIX dTasioHoB PIVYII
BHUMDTPU, yKOMILIEKTOBaHHBII M3MEPUTEbHBIMI MOIYJISIMU Zetlab
(Mockga, 3eneHorpal) 1 KalMOpOBaAaHHBIM 3TAJIOHHBIM TUIPO(GOHOM.

J17151 TOTO MCTIBITYeMble TUIPOMOHBI 3aKPETUISLINCH B UCITBITA-
TEeJLHOI KaMepe Majioro o0bema 3TaJloHa Ha OMHOM BBICOTE C ITa-
JIOHHBIM TUAPOGOHOM U B KAMEPY MaJIoro 00beMa MoaBaiach Cepus
3BYKOBBIX CUTHAJIOB B IMana3oHe 4actot oT 1 g0 2000 I'u. CurHansr
C IPaiyupyeMoro U ¢ 3TaJIOHHOTO TUAPOGOHOB PEruCTPUPOBATUCH
C MOMOILbIO U3MEPUTETBHOTO 000pYA0BaHUS Ppou3BoACcTBa Zetlab,
BXOJSILIETO B COCTaB 2TaJOHA 3BYKOBOro AaBieHus. [lanee 3aperu-
CTPUPOBAHHBIE CUTHAJIBI C 9TAJOHHOIO U C KaJIMOPyeMoro ruapo-
(GOHOB CpaBHUBAJKCH C NMOMOIIbIO KaaudpoBouHoro 10 aTanoHa
M BBIYMCIISIIIACH XapaKTePUCTHUKA UCTIBITYEMOTO TUAPOdOoHa.

Heo0xonnuMo ynoMsiHyTh, YTO 3JIEKTPOJUTHUYECKUIT TpeoOpa3o-
BaTeJb SIBJISIETCSI HCTOYHUKOM TOKA, T.€. Ha BBIXOJAE MUKPOCXEMBI
dopmMupyeTCsT TOKOBBII CUTHAJ, TPOTMOPIIMOHATIBHBIN TaBICHUIO
(cUTHAJ MEKTPOTUTUIECKOTO MTpeoOpa3oBarTeisi IpONMopLIHOHATICH
NaBJICHUIO IJIsI TUAPOGhOHA WU MPOMOPIUOHATIEH YCKOPEHUIO IS
akcenepomeTpa). T.K. U3MepuTenbHas anmnapaTypa 3ByKOBOIro 3Ta-
JIOHA paccuMTaHa Ha CUTHAJ M0 HANPSIXKEHUIO, TO AJ151 UCMOJIb30Ba-
HHUS BJIEKTPOJUTUUYECKOTO npeobdpa3oBaTesisi Tpedyercs: npeoodbpa-
30BaTe/Ib TOKA C BHIXOJIOM IO HAMPSI)KEHNI0. BOJBIIMHCTBO CUCTEM

MMUKPOCUCTEMBI

Puc. 1. CHY-2udpoghor
Fig. 1. ULF-hydrophone

cbopa TaHHBIX TaKXe TPEOYIOT OT MEPBUYHBIX TaTYNKOB BHIXOIA
10 HATIPSTKEHUIO.

MaxkcuManabHOe TTOTpedIeHNEe YyBCTBUTEILHOTO JIEMEHTa TTPe00-
pasoBareJist cocrasisiet 0koJio 300 MkBT, 0/IHAKO MBI IJTAHUPYEM TOBbI-
CHUTB YyBCTBUTEJIBHOCTb B Oy/IyIlleM, 1 BMECTE C 3TUM MOTPeOIeHUE BO3-
pacret 10 1 MBt. Hano 3ameTuTsb, 4To noTpedieHne 3aBUCUT OT YPOBHSI
PEruCTpUpPyeMOro CUrHajaa U JOCTUraeT MaKCUMyMa TIPU PerucTpaLuu
GOJBIINX BHEIIHKUX CUTHAI0B. DakTryeckoe motpebdaecHue nmpudopa
OTpeessIeTCs MOTPEOICHUEM COMYTCTBYIOLIEH 3IEKTPOHUKH.

JlaHHBIE ¢ BBIXOJA YCUITUTENEH THAPO(OHOB OBLITU MEepecynTaHbl
B €IMHUIBI YYBCTBUTEIBHOCTH 3JIEKTPOJIUTUUECKOTO Tpeodpa3oBa-
tenst MKA/Ila (puc. 2).

Electrochemical transducers have proven
to be useful in high-precision accelerometers,
seismometers, geophones and rotation sensors
[1-5]. We have been designing and developing
a microelectronic technology for the produc-
tion of high-precision planar electrochemical
transducers [6—9].

In this paper we demonstrate a new proto-
type of a high-precision ultra-low-frequency
hydrophone, (Fig. 1) constructed on the basis
of a planar type electrochemical transducer.
We have developed a new planar electro-
chemical microchip and designed a mechan-
ical system that allows detecting the variable
pressure at low frequencies up to 0.01 Hz.
We have obtained the transfer characteristics

of our device to convert pressure into an elec-
trical signal, and they are very promising.
The developed sensing element can become
the basis for the new generation of acoustic
pressure receivers, vector acoustic receivers,
sound pressure gradient loggers.

The hydrophone consists of a micro-
electronic pressure transducer into an elec-
tric current, a hydro-interface & hydraulic
booster, a mechanical static pressure com-
pensator, an electrolytic channel in which
the converting microchip is located, hydrau-
lic pressure compensator, and a converting
amplifier with thermo compensation circuits.

The characteristics of the electrochemical
sensing element depend on the temperature.

These dependences are well studied [10].
A method and circuits of thermal compensa-
tion have been developed to correct the tem-
perature drift of the characteristics in the
entire working range.

The electrochemical system (electrolyte/
electrodes) has been selected so that there
is no precipitation of chemical reaction prod-
ucts on the electrode surface.

Chemical reactions are reversible, and
occur in one direction at the cathodes and
in the opposite direction at the anodes, pro-
viding only an electron exchange between the
solution ions and the electrode surface.

Theoretically, the reaction (direct and
reverse) can go on for an infinite time, the
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CKOpOCTb OTKJIMKA YYBCTBUTEIbHOTO
2JIEMEHTA Ha BHEIIHEee BO3EHCTBYE OTpeie-
JISIeTCSI CKOPOCTBIO PACMIPOCTPAHEHU ST aKy-
CTUYECKOTO BO3JEUCTBUS B DIEKTPOJIUTE,
T.€. CKOPOCTbIO MPOXOX/IEHUSI 3ByKa B 00b-
eMe BJIEKTPOoJuTa OT ruapouHTepdeiica
0 IpeoOpa3ylolero aJeMeHTa Ha AJ1He
KaHaJja ¢ 2JIeKTpoJuToM. OQHAaKO COMyT-
CTBYIOIIAsI 2JIEKTPOHNUKA UMEET OIpeIeIeH-
HYIO TI0JIOCY MPOIMYCKAaHUSI, U B UTOTE CKO-
POCTh OTKJIMKA OTPAaHUYMBAETCS BEPXHEt
YaCcTOTOI MOJOCH MPOTMYyCKaHUs Mpudopa.
ITpu BepxHeii padoueit yactore B 100 I'ir 310
BpeMs peakuuu coctasiaser 10 muanuce-
KYH].

NHudpassykoBbie CHY-ruapodoHs
MOTYT UCMOJIb30BaThCSI B COCTaBE CUCTEM
BOJAHOW M JOHHOW celicMOpa3BeaKH,
B COCTaBe BEKTOPHBIX aKyCTUUYECKUX
aHTEHH, CMCTEM OCBELIEHM S MOJBOIHOMN
00CTaHOBKH, JOHHBIX PAJIUOTUIPOAKYCTH-
YeCKUX OyeB, OXpaHHBIX CUCTEM 3aTPaUTeIbHOIO TUIIA U OYKCUpYe-
Moii TMOKOI aHTeHHBI. JlobaBieHUe 3/1eMeHTa, 00J1aaI01Iero BHICO-
KOl YYBCTBUTEJIBHOCTHIO B TE€PIIEBOM U CyOTepIIeBOM IHMaIMa3oHe,
MO3BOJIUT PACIIMPUTH BO3MOXHOCTU UMEIOIIEHCSI THAPOAKyCTUIe-
CKOIi MpUOOPHOIi Oa3bl U, BEPOSITHO, MOCHYKUT Pa3BUTUIO HOBBIX
METOJIOB B TUAPOAKYCTHKE.

M1 61arogapum AO «KoHiepH «OkeaHNpuOOp» 3a NMpenocTaB-
JIEHHOE 000pyIOBaHUE U MOAAEPXKKY Halllell pabOTHI.
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components of the electrolyte are not con-
sumed, and the parameters remain stable
throughout the lifetime.

There is no dependence between the device
resource and the amount of the electrolyte.

Rubber parts of membranes and seals are
subject to aging, but their confirmed service
life is more than ten years.

We used for testing the working Standard
of the second category of the unit of sound

pressure in water in the frequency range from

1 Hz to 2 kHz. The Standard was manufac-
tured by VNIIFTRI (Russia, Zelenograd) and
calibrated using State Primary Special Stan-
dard of the unit of sound pressure in water
(VNIIFTRI). The testing stand is equipped
with Zetlab measuring modules (Russia,
Zelenograd) and a reference hydrophone.

For testing, the test hydrophones were
fixed in a small volume chamber of the Stan-
dard at the same height as the reference
hydrophone, and series of sound signals in the

frequency range from 1 to 2000 Hz were fed
into the small volume chamber.

The signals from the calibrated hydro-
phone and from the reference hydrophone
were recorded by the Zetlab measuring equip-
ment included in the Standard kit.

Further, the recorded signals from the ref-
erence hydrophone and from the calibrated
hydrophone were compared with the calibration
software of the Standard, and the characteris-
tic of the hydrophone under test was calculated.




It should be mentioned that electrolytic trans-

ducer is a current source, i.e. a current signal pro-
portional to the pressure is formed at the output
of the microchip (the signal of the electrolytic
transducer is proportional to the pressure at the
hydrophone, or proportional to the acceleration
at the accelerometer). Thus, a current converter
with a voltage output is required to use an elec-
trolytic transducer because the measuring equip-
ment of the Standard is designed for a voltage
signal. Most data acquisition systems also require
a voltage output from the primary sensors.

The maximum power consumption of the
sensing chip of the hydrophone is about 300
uW, but we are going to increase the sensitiv-
ity, and along with this, the consumption will
increase to 1 mW. It should be noted that con-
sumption depends on the level of the recorded
signal, and reaches a maximum when regis-
tering large external signals. The actual con-
sumption of the device is determined by the
power consumption of amplifying electronics.

Data from the output of hydrophone ampli-
fiers were recalculated into units of sensitivity
of the electrolytic transducer uA/Pa (Fig. 2).

The speed of the response of the sensing ele-
ment to the external action is determined by the
speed of propagation of the acoustic effect
in the electrolyte, i.e. by the speed of sound
in the volume of electrolyte at the distance from
the hydrointerface to the sensing element at the
length of the channel with electrolyte.

However, the associated electronics have a cer-
tain bandwidth, and as a result, the response speed
is limited by the upper frequency of the instru-
ment’s bandwidth. At the top operating frequency
of 100 Hz, the reaction time is 10 milliseconds.

e W

Infrasound ULF hydrophones may be used
as part of water and bottom seismic systems,
as part of vector acoustic antennas, underwa-
ter surveillance systems, bottom radio-acous-
tic buoys, security systems of barrier type and
towed flexible antennas.

Adding the sensor with a high sensitivity
in the hertz and sub-Hz ranges can expand
the capabilities of the existing hydroacoustic
instrument base, and, might serve the devel-
opment of new methods in hydroacoustics.

We are grateful to “Concern “Oceanpri-
bor” JSC for the provided equipment and sup-
port for our work.
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