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KOH®EPEHLINA

TennoBble ceHcopbl Ha ocHoBe 6UMOPPHbLIX MAIMC angd
JANCTAaHLMOHHOIO KOHTPOIA TEMMNEPaTYPHOro pacrnpeaeneHuns

U.A. PewweTHuKOB %, [1.5. Puiranumu 12,

E.A. ®eTucos 2, P.3. Xadpu3os 23

1HUY MUIT, 20A0 «3eneHorpagcKkum
MHHOBALIMOHHO-TEXHOJIOTMYECKHUH LIeHTP»,
3000 «3nem UHdo»

TemnepaTypa — BaXHeNllee CBOMCTBO Jlt0-
6bIx 06bEKTOB. KOHTPONb M U3MepeHne Temne-
paTypbl — OAWH M3 CcaMbIX pacnpoCTPaHEHHbIX
BUAOB HabnoaeHnn 3a NiobbiMU 0O6bEKTAMMU.
CywecTByeT Hemano MeTo40B M3MEPEHUSA U
KOHTpONS TemnepaTypbl, 04HAKO OAUH U3 CaMblX
«3aMaH4u1BbIX» METOL0B M3MEPEHUS SBNSETCS
n3MepeHune TemnepaTypbl M NPOCTPAHCTBEHHOMO
pacnpeaeneHuns TeMnepaTypbl MO NOBEPXHOCTU
06bEKTOB AMCTAHLIMOHHO (MMPOMETPUS 1 TEPMO-
rpadus), T.e. NnyTem U3MepeHnss UHTEHCMBHOCTH
TENIOBOro U3My4eHUS TeN U ONpeaeneHus ero
NPOCTPAHCTBEHHOIO pacnpeaeneHus.

OQHUM M3 NEepCneKTUBHbIX HanpaBieHUH
pasBUTUS B MUPOMETPUN U Tepmorpadun B no-
cnefHue rofbl CTano NPUMEHEHUE MUKPOINEK-
TpoMexaHnyeckunx cuctem (MAOMC) Ha ocHoBe
6UMOPOHbBIX KAHTUNEBEPOB B KayecTBe OAHO-
3M1EMEHTHBIX MM MHOTO3/1EMEHTHbIX (MATPUYHBIX)
CEHCOPOB (NMPUEMHUKOB) TEM/IOBOI0 N3Ny4eHus
B AMana3oHe 4JIMH BOSH 7-14 MKM.

B ocHOBe GYHKLMOHMPOBaHNUA JaHHOIO TMNa
CEHCOPOB NEXUT TEPMOMEXaHUYECKUIN 3P DEKT, B
COOTBETCTBUM C KOTOPbIM MPU UBMEHEHUU TEMME-
paTtypbl NPUEMHOM YacTK (TENIOYYBCTBUTENLHOM
MeM6paHbl) MPOUCXOANT N3rM6 BUmaTteprabHOM
MWKPOKOHCONU. N3rn6 BO3HMKAET M3-3a pas-
HOCTU KO3 DULIMEHTOB TEMIOBOIO PacWMpeHUs
(KTP) ncnonb3yemor napbl MaTepuanos. Mapa
obpaszyeTca U3 matepuana ¢ Manbim KTP (Ha-
npumep, M3 HUTpULA KPEMHUS) U U3 MaTepuana ¢
6onblunm KTP (Hanpumep, U3 antoMuHus). Benu-
YWHa OTKNOHEHUS MUKPOKOHCOM NPY USMEHEHNUHU
Temnepatypbl Habnwaaemoro MK-o6bekTa Ha
1 K cocTaBnsieT OT HECKONbKUX €AUHWUL, A0 He-
CKOJIbKMX COTEH HAHOMETPOB.

CeHcopbl Ha ocHoBe 6UMOpdHBIX MAMC nme-
10T iBa OCHOBHbIX BUAa peann3aLmmn: CeHCopbI
C 3N1EKTPUYHECKMM U ONTUYECKUM CHUTbIBAHUEM
curHana. B gaHHon paboTe paccmaTtpuBaloTcs
MaTpu4Hble TennoBble ceHcopbl Ha MAMC ¢ on-
TMYECKMM CYUTbIBAHWEM CUTHanNa.

B nocnegHue roabl 0cobbl MHTEPEC Ans Uc-
cnefoBaTenen-pa3paboTiMKOB NpeacTaBAsAoT
MaTpUYHbIE MPUEMHUKM MHPPAKPACHOTO U3nyye-
HUSi Ha OCHOBE BUMOPOHbLIX CTPYKTYP. [TPUEMHUKH
MK-n3nyyeHns Ha ocHoBe GUMOPOHBIX CTPYK-
Typ Mpuv NpPaBuIbHOM MOCTPOEHUU OMTUYECKOWM
CUCTEMbI CMOTYT 06€CcneyYynTb IKBUMBANIEHTHYIO
wymy pasHocTb Temnepatyp NETD~ 20 MK, B
4yeM He ycTynatT MaTpuLamM MUKPO6GOOMETPOB,
Npwv 3TOM IBNSSICb TEXHONOMMYECKU 3HAYUTENBbHO
MeHee CIOXHbIMMU.

[aHHbIN TMN MaTPUYHbIX MPUEMHUKOB Te-
NJ0BOr0 U3Ny4YeHUs B NepcrneKkTuBe No3BONuT
co3jaBaTb TEMNOBU3NOHHbIE NPUOOPLI HOBOIO
NOKONEHNS, KOTOPble CMOryT paboTtaTb B »KecT-
KWMX YCNOBUS 3KCMAyaTauuu, B TOM Yucne npu
BO3ENCTBUMN MOHUBUPYIOLLMX U3NYYEHUN. TaK,
cornacHo nutepaTypHbIM UCTOYHUKAM, uccne-
[lOBaHHble aHaNorMyHble CTPYKTYpbl GUMOpPd-
HbIX MUKPOKaHTUNEBEPOB NMOKa3ann BbICOKYIO

Puc. 1. Cxematu4yHoe npejcraBieHUe ceHcopa
TEMJI0BOro n3ny4yeHus Ha 6umopdpHbix MOIMC
Pic. 1. Schematic representation of a bimorph
MEMS thermal sensor

YCTOMYMBOCTb K BO3AENCTBUIO A-U3NTYHEHUIO U
PEHrEHOBCKOMY MU3MyYEHMUIO.

Cvnamu Hallero KonneKTMBa pa3paboTaHbl U
M3roToB/IEHbI 06Pa3Lbl MAaTPUYHbLIX MPUEMHUKOB
TENNOBOro M3Ny4eHUs Ha ocHoBe GMMOPGHbIX
YyBCTBUTE/bHbIX 3IEMEHTOB.

YyectBUTENbHBIE MOMC 3nemeHThbI, aBnd-
foLMecs aneMeHTapHbIMU SHeKaMn MaTpuLbl,
NPeACTaBNAoT cO60M MUKPO3epKana (MM MUKPO-
KaHTWneBepsbl), NoABELLEHHble Haj Si NOAJTIOXKON
Ha BbICOTe 0KOM0 2,5 MKM. CxemaTuyHoe npega-
CTaB/ieHWe CeHcopa TENNOBOro U3Ny4YEHUS Ha
6umMopdHbIX MOMC npeacTtaBneHo Ha puc. 1.

Pa3mep s4enKkn maTpuLbl B NnaHe cocTaBns-
eT 25-50 MKM Npy CyMMapHOW TOLWUHE CNOEB
MeHee 1 MKM. TennoyyBCcTBUTENbHAA MeMbpaHa
6umaTtepuranbHOro ceHcopa (cm. puc. 1, nos. 1)
M3roToBNEHA U3 HUTPWUAA KPEMHUS TONLWMHOWM
oKono 400 HM. Mem6paHa noaBelleHa Haa no-
BEPXHOCTbIO MOAJSIOMKKM HA PACCTOSHUM NPUMEPHO

500 HM C MOMOLLbIO MUKPOKOHCONEN (N03. 2), KO-
TOpble TaKXKe U3rOTOBNEHBI U3 HUTPUAA KPEMHUS.

[Ons ymeHbleHnsa gedbopmManmn, BO3HUKa-
IOLWMX B Npouecce U3rotosieHns, membpaHa
COLEPKUT apMUPYIOLLYIO CETKY (pPEGpa KECTKO-
cTh). MUKpPOKOHCONM BUMaTepuanbHbIX MPUEM-
HWKOB MMmeloT ABa nneyva. OgHo nneyo — paboyee
(nos. 3), fatolLee OTKIMK Ha UBMEHEHME Temne-
paTypbl, U BTOPOE Nie4Yo — KOMMNEeHcupyolee
(no3. 4), oHO npefHa3HayeHo Ang npegorspa-
LLleHMS HarpeBa YyBCTBUTENbHbIX 9N1€MEHTOB OT
NOANOXKHK. Kpome Toro, KoMneHcupytoLee nieyvo
CNYXWT AN NPOTUBOAENCTBUSA TEPMUYECKUM [e-
dopmaLmsM, KOTOpble BO3HWKAIOT B X04e BbINon-
HEHWS BbICOKOTEMMEPATYPHbIX TEXHONOMMYECKUX
onepauui Npu U3roToBneHUU. N5 CHUKEHUS
TennoobMeHa MeXay HyBCTBUTENbHbLIM 3fIEMEH-
TOM M MOANOXKOW MUKPOKOHCO/b UMEET y4acCTOK
Tepmounsonsaumm (nos. 5). bumatepuanbHbi K-
NPUEMHUK KPENUTCH K MOANIOXKKE B ABYX MecTax
(no3. 6). C Lenbio CHUKEHUS TEMI00O6MEHa MeXay
YyBCTBUTENbHBIM 31EMEHTOM U Noanoxkon NK-
NPUEMHUK JOMKEH pa3MeLLaTbes B BaKyyMUpo-
BaHHOM Kopnyce.

Ha pwvc. 2 nokasaHa nocnefoBaTefibHOCTb
TEXHOJNIOTMYECKMX onepaunin GopMmnpoBaHUs
TENNOBOro ceHcopa Ha 6UMopdHbIX MAOMC. Uc-
XOAHOW MOAJIOXKKOW AN GOpMMUPOBaHMA TEMNJIO-
BOr0 ceHcopa Ha ocHoBe 6UMopdHbIX MAMC
ABNSETCA MOHOKpUcTanandeckui Si. Mpouecc
M3roToBJIEHUSA COCTOUT U3 5 — 7 poTonuTorpadu-
YeCKMX LMKIIOB U BK/IOYaET B ceb64 cneayloLime
OCHOBHblE NpoLecchl POPMUPOBAHNUSA INEMEHTOB:
OCaxaeHue epTBeHHoro cnos Si0,; ocaxaeHue
Si;N,; Hanbinexnue v Tpasnexue cnoes NiCr n Al;
TpaBneHue cnos Si,N, M HaKOHeL, yianeHue xepT-
BEHHOrO cnosi. TaknM 06pa3oM, TEXHONOrMYeCKHE

Puc. 2. MocnepoBaTeNnbHOCTb TEXHOJIOrMYECKUX onepauuin ans GopMUPOBaHUSA TEMIOBOrO CEHcopa

Ha 6umopdHbIX MOIMC
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Pic. 3. Images of bimorph MEMS elements of various construction

Puc. 4. U306parkeHUs A4eeK TeNI0BOro ceHcopa, HaxoAALWMXCA NPYU ABYX pa3/iIM4HbIX TeMnepaTypax:
— 24°C (cnpaBa) u +150°C (cneBa) / Pic. 4. Cells of a thermal sensor under two different
temperatures - 24°C (on the right) u +150°C (on the left)

onepauuu, NpUMMeHsemMble NMPU U3FOTOBSIEHUHU
CEHCOPOB Ha 6UMOpPOHBLIX MAOMC, coBMECTUMbI CO
CTaHapPTHbIMWU TEXHOIOMMYECKMMU MpoLieccaMu
MUKPO3NEKTPOHMKM.

B pesynbrate npoBeAeHHbIX paboT HaleMy
KONNIEKTUBY yAanocb pa3paboTaTtb M U3roTOBUTb
3KCMepuMeHTabHble 06pasLibl TEMI0BbLIX CEHCO-
poB Ha 0cHoBe 6UMOPOHBLIX MAOMC co cTeneHblo
nHTEerpaumm go 160x120 anemMeHTOoB.

Ha puvc. 3 npuBeaeHbl M306paxeHns aneMeH-
TOB 6MMOpPOHBbIX MOMC, nmetolme pasnnyHble
KOHCTPYKLMK. MU306parkeHns Nosy4YeHbl ¢ MOMO-
b0 PacTPOBOro 3MEKTPOHHOrO MMKpPOCKoNa
(POM).

Ha n3obpakeHnax YETKO BUAHbI TEMIOYYB-
CTBUTENbHbIE MeMb6paHbl, NOABELIEHHbIE Haj
NOANIOXKKOM Ha 6GUMaTepuanbHbIX KOHCONSX.
BbicoTa nogbema Mem6paHbl (6€3 BO3AENCTBUSA
Temneparypbl) 3aBUCUT OT KOHOUIypaLmm 6uma-
TepuanbHOW KOHCOMM U cnocoba 3aKkpenneHus
MeM6paHbl U KOHCOJIM (MO OAHOW CTOPOHE MEM-
6paHbl UK NO guaroHanm).

[ns namepeHus TepMomMexaHnyeckunx gecdop-
Mauui TENOBbIX CEHCOPOB Mcnonb3oBancs POM
JSM-6490LV (Jeol, AnoHus) M BaKyyMCOBMECTH-
MbIH CTONMK, 06ecneyYnBaloLL i yCTaHOBKY, Noa-

[lepXaHve 1 uamepeHune TemnepaTypbl 06pasLia
oT-30°C go +160°C. NMpumeHeHUe gaHHOro 060-
pyAoBaHMs NO3BONWNO BWU3yanbHO Habnogatb
3a QYHKLMOHUPOBaHMEM 6MMOPPHbBIX CEHCOPOB
noja Bo3encTBMEM TeMMepaTypbl.

Ha puc. 4 npvBeaeHbl M306parkeHns aueek
TENNOBOro CEHCOPa, HaxOAsALWMXCS NPY ABYX pa3-
NYHbIX Temnepatypax: — 24°C (cnpasa) u +150°C
(cnea). o ycTaHOBNEHHBLIM MapKepam MOXHO
OLIEHWUTb BESIMYUHY OTKJIOHEHUS TEMNN0YYBCTBU-
TeNbHON MeMGpaHbl OTHOCUTENLHO NOAIOMXKHU B
Avana3oHe TemnepaTtyp, 4N AgaHHOro obpasua
OHO cocTaBmno 10 MKM.

lpoBeaeHHble TaKUM METOAOM MccnefoBa-
HUS NOSTYYEHHbIX 3KCNEepPUMEHTabHbIX 06pa3-
LLOB C Pa3nnyHbIMU KOHOUTYPaLIUAMU CEHCOPOB
NO3BOJIMAN BblYUCIUTb TEPMOMEXAHUYECKYIO
YyBCTBUTENbHOCTb K=(z1-2z2)/(T2-T1), KOTOpas
coctaBwuna okono 100 Hm/°C (gna Hanbonee yaay-
HbIX KOHOUIYpaL it YyBCTBUTENbHbLIX 3IEMEHTOB).

Cnegylowunm aTanom B UccnefoBaHum Tenno-
BbIX CEHCOPOB Ha ocHoBe MAMC cTano npoeuu-
poBaHune NK-n3obpaxeHns Ha maTpuLy CEHCO-
poB. CnpoeLmpoBaHHOE Ha MaTpuLLE TEMIOBbIX
CEHCOPOB M306paXkeHne OOMKHO NPUBECTU K
M3MEHEHMIO NMONOXEHWS (BbICOTbI) TENNOHYBCTBH-

TeNbHbIX MEMOBPAH, 4TO MPUBELET K USMEHEHMIO
Bcero penbeda matpuupl.

[nda uccnefosaHuns penbeda maTpuLbl, Ha-
xogsauwencs nog sozgencrenem NK-nanyyveHus,
6bl/1 UICMOb30BAH ONTUYECKUN NPOPUIOMETP
(MHTEpdEpOomMeTprUecKnin Mnkpockon) Wyko
NT9300 (Bruker, [epmaHusi) n oTaenbHbIe KOM-
NMOHEHTbI, BK/OYalWwme B cebi BaKyyMHbIH
KOpNyC C BXOAHbIMW OKHamu, Npo3payHbiMK B
Buanmon unu MK-obnactu (7-14 MKkm) cnekTpa,
a TaKe psaf KOMMNOHEHTOB, MO3BONSAOLWMX 3a-
KpenuTb KOMMNOHEHTbl CTEHAA Ha ONTUYECKOM
ocKu nog 06bEKTMBOM MUKPOCKONa. B KavyecTBe
UcTo4YHUKa NK-n3nydyeHunsa ucnonb3oBanoch ab-
COJIOTHO YepHoe Teno Micron 316, a TakKe paa
CTaHaPTHbIX ONTOMEXaHUYECKUX KOMMOHEHTOB,
No3BONAIOWMX CNPOELMPOBATL U306paXKEHNE
Ha maTpuuy. doTorpadus cteHaa ana uccnego-
BaHMWA OTKIMKa MaTpuLbl NpuBeaeHa Ha puc. 5
(cnpaBa) ¥ BaKyyMHasi KaMepa C pa3mMeLLEHHON
B HEN MaTpuLEen TeENNOBbIX CEHCopoB Ha MOMC
(cnesa).

B aaHHbI MOMEHT UccneaoBaHMa maTpul,
TEeNNoBbIX ceHcopoB Ha MOMC He 3aKOHYEeHbI
M MPOBOAATCHA Ha NPUBEAEHHOM Bbllle CTEHE,
a TaKXKe C NOMOLbIO TEMNNOBU3UOHHOIO MUKPO-
ckona FLIR SC5700 ¢ pa3pelueHnem no temne-
patype 25 MK.

BbiBOoAbI

Pa3paboTaHHble Tenjao0Bble CEHCOPbl Ha
M3MC nmetoT cnegyrolime npemmyuiecTea: 60-
nee gewéBoe NPon3BOACTBO NO CPABHEHMIO C
npon3sofcTBoM MK-NpuemMHMKOB Ha OCHOBEe
MWUKPOBONOMETPOB; HET HEOOXOAMMOCTH B OX-
NaxaeHMn NPUEMHMUKA A0 KPUOreHHbIX Temne-
paTyp; AaHHbIM TUM NPUEMHUKOB o6eLlaeT 6biTb
60nee yCTOMYNBBIM K BO3AENCTBUIO creunasb-
HbIX GaKTOPOB.

[ns noctpoeHusi npubopoB Ha OCHOBE pas-
paboTaHHbIX TeNN0BbIX ceHcopoB Ha MAMC cyue-
CTBYET psaf TEXHUYECKMX NPoBNeM, OHAKO npe-
Of0/eHME ITUX CIIOXKHOCTEW NMO3BONUT CO34aTb
TENNOBMU30p, 06NajaloWmi paaomM NpenmyLLecTs
OTHOCWUTENbHO CYLLECTBYIOLMX HA AAHHbIA MOMEHT
NPOMbILWAEHHbIX TEXHONOT M.

MNpeanoxeHHble MaTpuLLbl TEMIOBbLIX CEHCO-
poB Ha MAOMC MoryT HaWTV LIMPOKOE NpUMEHe-
HvWe B annapaType, MPUMEHAEMON KaK B BOEH-
HOW, TaK 1 B rparkagaHckon cdepax. B KavecTBe
rpaXkaaHCKOro NpUMEHeEHUs cneayet OTMETUTb
TaKve 06/1acTH, KaK CTPOUTENLCTBO, NPOMbILLIEH-
HOCTb, SHEPreTMKa M XUIULLHO-KOMMYyHanbHoe
X039MCTBO, aBTOTPAHCNOPT, CAYKGbl cnaceHus
B MeauLMHE.

Pa6oTa BbinonHeHa Npu NoaAepKKe MUHUCTEPCTBa
o6pa3oBaHua U HayKu Poccuitickoin depgepauumn
(rocypapcTBeHHbI KOHTpaKT N2 14.514.11.4074).

Puc. 5. dotorpadumsa cteHaa U BaKyyMHasi Kamepa ¢ pa3MelleHHOW B Heil MaTpuLeli Tem1oBbIX ceHcopoB Ha MAMC

Pic. 5. Photo of a stand and a vacuum chamber containing a matrix of MEMS thermal sensors (to the left)

44 ATOMHbBIV MPOEKT




CONFERENCE

Thermal Sensors Based on Bimorph MEMS for Remote Control
over Thermal Distribution

I. Reshetnikov?, D. Rygalin'?,

E. Fetisov'?, R. Khafizov?®

1 National Research University of
Electronic Technology MIET, 2 «Zelenograd
innovation and technology centre» 0JSC
(ZITC), 2 «<Elem Info» LLC

Temperature is the most important property
of all the objects. Temperature measurement
and control represent one of the most common
methods of site surveillance. There are numerous
approaches to measuring and controlling the
temperature, but one of the most attractive
measurement methods implies remote measuring
of the temperature and spatial thermal distribution
over the surface of objects (pyrometry and
thermography), that is through measuring the
intensity of thermal radiation of bodies and
determining its spatial distribution.

An upcoming trade in pyrometry and
thermography development today is application
of microelectromechanical systems (MEMS) based
on the bimorph cantilevers as single or multi
(matrix) sensors (detectors) of thermal radiation
in the wavelength range of 7-14 microns.

Sensors of this type operate based on the
principle of thermomechanical effect, according
to which temperature variation of a receiving part
(thermosensitive membrane) causes bimaterial
microcantilever bending. Bending occurs because
two types of materials used are different in
coefficients of thermal expansion (CTE). A twain
is formed from a material with low CTE (e.g.
silicon nitride), and a high CTE material (such as
aluminum). The rate of microcantilever deflection,
that occurs when the temperature of an observed
infrared object changes by 1 K, varies from a few
to several hundred nanometers.

Bimorph MEMS-based sensors have two main
types of implementation: sensors with electrical
or optical signal reading. In this paper we shall
consider matrix thermal MEMS-based sensors
with optical signal reading.

In recent years, R&D developers take
particular interest in matrix infrared detectors
based on bimorph structures. Subject to proper
construction of the optical system IR radiation
detectors based on bimorph structures can
provide noise equivalent temperature difference
NETD ~ 20 mK, thus they are in no way inferior to
microbolometer matrices, while being considerably
less technologically sophisticated.

In the long run this type of matrix thermal
detectors will enable a new generation of thermal
imaging devices that can operate in harsh
environment, including the effects of ionizing
radiation. Thus, according to published sources,
after proper examination similar structures of
bimorph microcantilevers showed high resistance
to A-rays and X-rays.

Due to joint efforts of our team samples of
matrix thermal detectors based on bimorph sensor
elements were designed and manufactured.

Sensitive MEMS elements that are elementary
cells of the matrix represent micromirrors (or
microcantilevers) suspended above the Si
substrate at the height of about 2.5 microns.
Schematic representation of a bimorph MEMS
thermal sensor is shown on Pic. 1.

The mesh size in a matrix under the plan is 25-
50 microns, with a total layer thickness of less than
1 micron. A bimaterial thermosensitive membrane
in a sensor (see Pic. 1, Pos. 1) is made of silicon

nitride about 400 nm thick. The membrane is
suspended above the substrate at a distance
of approximately 500 nm using microcantilevers
(Pos. 2), which are also made of silicon nitride.

To reduce deformations that may occur
while manufacture, the membrane comprises a
reinforcing net (stiffeners). Microcantilevers of
bimaterial detectors have two shoulders. One
shoulder is a working one (Pos. 3), which provides
feedback on changes in temperature, whereas
the other is a compensating shoulder (Pos.4)
designed to prevent heating of substrate sensitive
elements. Moreover, a compensating shoulder
serves to counteract thermal deformations arising
while manufacture during high-temperature
technological operations. To reduce thermal
exchange between a sensor element and a
substrate a microcantilever has an area of thermal
insulation (Pos. 5). A biomaterial IR detector is
attached to a substrate at two locations (Pos. 6).
In order to reduce thermal exchange between a
sensor element and a substrate an IR detector
shall be placed into a vacuumized housing.

Picture 2 shows a sequence of technological
operations aimed at forming a bimorph MEMS
thermal sensor. A blank substrate for forming
a bimorph MEMS thermal sensor is a single-
crystal Si. The manufacturing process consists
of 5-7 photolithographic cycles and includes the
following basic processes of forming the elements:
deposition of SiO2 sacrificial layer; deposition
of Si3N4; deposition and etching of NiCr and Al
layers; Si3N4 layer etching, and finally, removing
the sacrificial layer. Thus, technological operations
applied in production of bimorph MEMS sensors
are compatible with standard microelectronic
processes.

As a result of joint efforts undertaken by our
team experimental samples of MEMS bimorph
thermal sensors with an integration degree of
up to 160x120 elements were designed and
manufactured.

Pic. 3 shows images of bimorph MEMS
elements of various construction. Images were
obtained through a scanning electron microscope
(SEM).

Images clearly show thermosensitive
membranes suspended over the substrate on
bimaterial cantilevers. Membrane rising height
(under no temperature impact) depends on the
configuration of a bimaterial cantilever and the
method of fixing a membrane and a cantilever
(along one side of the membrane or cornerwise).

To measure thermomechanical deformations
of thermal sensors, they used a scanning electron
microscope JSM 6490LV (Jeol, Japan) together

Sequence of technological operations
enabling the formation of a bimorph MEMS
thermal sensor

with a vacuum-compatible table ensuring
installation, maintenance and measurement of
a sample temperature from -30°C to +160°C.
Application of such equipment allowed to visually
observe functioning of bimorph sensors under
temperature impact.

Pic. 4 shows cells of a thermal sensor
located under two different temperatures -
24°C (on the right) n +150°C (on the left). By
established markers one can estimate the rate
of a thermosensitive membrane deflection against
a substrate in a temperature range; for the given
sample, deflection was 10 microns.

Research conducted using such method into
experimental samples obtained with different
configurations of sensors allowed to calculate
thermomechanical sensitivity of K=(z1-z2)/
(T2-T1), which approximated 100 nm/°C (for most
successful configurations of sensitive elements).

The next step in studying MEMS-based thermal
sensors implied projecting of an infrared image
onto a matrix of sensors. Projected on the matrix of
thermal sensors the image should lead to a change
in position (height) of thermosensitive membranes,
which then leads to changes in matrix relief.

In order to study topography of the matrix
exposed to infrared radiation an optical
profilometer (interferometric microscope) Wyko
NT9300 (Bruker, Germany) has been used together
with individual components comprising a vacuum
housing with inlet windows transparent in the
visible or infrared (7-14 m) area of the spectrum,
as well as a number of components used to fix
the components of the stand on the optical axis
under the microscope lens.

Sources of infrared radiation included a
blackbody Micron 316, as well as a number of
standard optomechanical components used to
project an image onto the matrix. Photo of a stand
used to research matrix response is shown on Pic.
5 (to the right) together with a vacuum chamber
containing a matrix of MEMS thermal sensors
(to the left).

Currently studies into matrices of MEMS
thermal sensors are not finished and are held
on the above stand, and using a thermal imaging
microscope FLIR SC5700 with temperature
resolution of 25 mK.

Conclusions

The designed MEMS thermal sensors have
the following advantages: cheaper production
compared to the production of microbolometer-
based IR detectors; there is no need to cool a
detector to cryogenic temperatures; this type of
detector is going to be more resistant to the impact
of special factors.

In order to build devices based on such
MEMS thermal sensors one has to overcome
a number of technical problems, but meeting
these challenges will enable a thermal imager
characterized by certain advantages over currently
existing industrial technologies.

The proposed array of matrices of MEMS
thermal sensors can be widely applied in
equipment used in both military and civilian
domains. Civil application shall include such areas
as construction, industry, energy, housing and
utilities, transport, medical emergency services.
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