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TIpenyioxeHa opurnHajdbHasi KOHUEMUMS 1aTUMKa JaBJICHUS Ha OCHOBE MUKPOMeE-
XaHUYeCKo# aedopMalium TOHKOTJIEHOYHON MeMOpaHbl BOJIU3U CUCTEMBI BHICOKO-
YyBCTBUTEJIbHBIX TEPMOTIAP.

TToka3aHo, 4TO OoNTUMabHAsA KOHCTPYKIIMS JaTuMKa 00eCcrneuyrBaeT YyBCTBUTEb-
HocTb 10 4,4 MK /I1a B miupokom auamna3sone aasiaeHuii (ot 0,01 no 100 kITa).
KuroueBbie ciioBa: MOMC; naTyuK AaBJieHUs; cybaTMOCchepHbIil 1Mana3oH; TeEPpMO-
9JIeKTpUYecKUit 3(pHeKT; TOHKOMJIEHOYHAsI AURJIEKTpUYecKasi MeMOpaHa.

An original concept of a pressure sensor based on micromechanical deformation
of a thin-film membrane near a system of highly sensitive thermocouples has been pro-
posed. It is shown that the optimal sensor design provides sensitivity up to 4.4 mK/Pa
in a wide pressure range (from 0.01 to 100 kPa).

Keywords: MEMS; pressure sensor; sub-atmospheric range; thermoelectric effect;
thin-film dielectric membrane.

TonkomnneHoyHass MOMC- (MUKPO3JEKTPOMEXaHUYECKUE CHUCTEMBI) TEXHOJIO-
st MeMOpPaHHBIX JaTYMKOB HaBJICHUST 00€CTICYMBACT UX BBICOKYIO YYBCTBUTEJIBHOCTH
TP CPAaBHUTEIBHO MaJbIX pa3Mepax. B KOMOMHAIIUM ¢ HU3KOI1 ce6eCTOMMOCTBIO TTPO-
M3BOACTBA M3JEJMI Ha CTAaHAAPTHBIX (poToIuTOrpadMyecKux npoueccax U uxX MajiblM
9HEPrornoTpedIIeHNeM 3TO TaeT GOIbIIOe MPEUMYIECTBO B MTPOEKTUPOBAHUU CEHCOP-
HBIX 2JIEMEHTOB JIJIsl yCTPOUCTB U3MEPEHUSI BHYTPUYEPEITHOTO IaBICHU S, TIPUMEHUMBIX
B LUMPOKOM MEpeYHEe MEAUIIMHCKUX HANIPaBJIEHU — HEMPOXUPYpPIruu, HeipoTpaBMaTo-
JIOTUU, HEBpoJsioruw [1].




MukpocuCTEMbI. CEHCOPBI I AKTIOATOPBI

Nwmeromuecs: Ha peiHKe MOMC-maTunku naBieHUs (JIEKTPOMarHUTHBIC, PEe30-
HAHCHBIE, TbE303JIEKTPUUYECKUE, €MKOCTHBIE, ONTUYECKUE) OKa3bIBAIOTCSI UYBCTBU-
TEJIbHBIMU K BHELIHUM BO3AEHCTBUSM (BUOpaLMsM, yiapaM, TeMIlepaType 1 Ipoy.), YTo
YXYIIIaeT HAIEXKHOCTh UX PAa0OTH M TPeOYeT MOCTOSTHHON KOPPEKTUPOBKHU BBIXOTHOTO
curnHana. [1o 3Toit mpuYMHe MOUCK aTbTEPHATUBHOTO METOIa U3MEPEHU ST U30OBITOUHOTO
IaBJIeHUs B LUMPOKOM JMana3oHe, COYeTalolIero B cede yCTOMYMBOCTD K BHELIHUM yC-
JIOBUSIM M BBICOKYIO UYBCTBUTEIBHOCTD, SIBJISETCS OMHOM U3 MPUOPUTETHBIX 3a/1a4 CO-
BpPEMEHHOI1 ceHcopuku. HecMOTpsi Ha TO YTO TEMJIOBbIE Fa30Bble CEHCOPHI MTOBCEMECT-
HO MCHOJb3YIOTCS 1151 TOUHOTO U3MEPEHUsT YCKOPEHUSI U CKOPOCTH MOToKa rasa [2, 3],
TETUIOBOM TIPUHIIUT NeTeKTUPOBAHUS U30BITOYHOTO naBieHUsT B MOMC-cTpyKTypax
C TOHKOTIJIEHOYHOI MeMOpaHOIi, MOABEIIECHHOI Hal MUKPOIIOJOCTbIO ¢ paboueii ra30Boii
cpenoit, He paccMaTpuBajcsl paHee. B pabore npenyoxxeHa opurnHaabHas KOHLEM LU
TETUIOBOTO JaTuYWKa NABJICHUs, TIe U3MEHEHHE TeMIIepaTypbl TEPMOYYBCTBUTEIBHBIX
9JIEMEHTOB O0ecreurBaeTcsl MyTeM TeIJIoNepeHoca Yepe3 ra3oByl0 cCpely B Mmpolecce
MUKpPOMEXaHUYecKoil nedopMalii TOHKOIUJIEHOYHOW KOMIIO3UTHOW MEMOpaHbl MOA
NeCcTBUEM WM30BITOYHOTO naBieHus. [IpomeMoHcTpupoBaHa 3Gh(GEKTUBHOCTh TTPUME-
HEHUs yKa3aHHOW KOHUEMIMU K U3MEPEHMIO NaBJIeHUS B IIMPOKOM nuarna3oHe ot 0,01
1o 100 kITa. Tak:xe ObLJIO MOKAa3aHO, YTO MaAKCMMaJibHasi 4yBCTBUTEJIbHOCTh IaTYMKA Ba-
peupyeTcs B mpenenax ot 1,5 no 4,4 MK /Ila B cryuae paccMOTpeHU S pa3IMIHBIX Ta30BBIX
cpen (Kr, Xe, Ar).
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Thin-film MEMS (Micro-Electro-Mechanical-Systems) technology of membrane-
based pressure sensors ensures their high sensitivity at relatively small size. In combination
with the low-cost production of devices based on standard photolithographic processes
and their low power consumption, this has a dominant role in the design of sensor
elements for devices that measure intracranial pressure and are applicable in a wide range
of medical fields — neurosurgery, neurotraumatology, neurology [1]. The pressure sensors
(electromagnetic, resonant, piezoelectric, capacitive, optical) available on the MEMS
market today are susceptible to external factors (vibrations, shocks, temperature, etc.), which
degrades their reliability and requires continuous adjustment of the output signal. For this
reason, the search for an alternative method for measuring gauge pressure in a wide range,
combining resistance to external conditions and high sensitivity, is one of the priority tasks
of modern sensorics. Despite the fact that thermal gas sensors are widely used to accurately
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measure acceleration and gas flow rate [2, 3], the thermal principle of detecting overpressure
in MEMS-based structures with a thin-film membrane suspended above a microcavity with
a working gas medium has not been considered previously. The paper proposes an original
concept of a thermal pressure sensor, where a change in the temperature of thermosensitive
elementsis provided by heat transfer through a gas medium in the process of micromechanical
deformation of a thin-film composite membrane under the action of excess pressure.
The efficiency of the application of this concept to the measurement of pressures in the wide
range from 0.01 to 100 kPa has been demonstrated. It also was shown that the maximum
sensor sensitivity varies from 1.5 to 4.4 mK / Pa in the case of considering various working
gases (Kr, Xe, Ar).
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