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BBeaeHue

B nmnocnegHue roapl MOMYyYWIM IIMPOKOE pa3BUTHE HOBBIE THUIBI AJIEKTPOHHO-
MEXaHUYECKUX MPUOOPOB, MpeAHa3HAYECHHbIE U1 paboThl B KAYECTBE JATYUKOB YIJIOBBIX IEepe-
MEIIEHUN U CKopocTel. Bce OHM, Kak IpaBUIiIo, COAECPKAT MEXaHUYECKHUE PE3OHATOPHI pa3jIny-
HBIX TUIIOB, KOJIEOAHUS KOTOPBIX YYBCTBUTEIbHBI K BpaIlaTeIbHOMY ABMXKEHHIO. JlOCTH)KEHUE
CTaOWJIbHBIX U BBICOKMX XapaKTEPUCTHK TaKUX MPHUOOPOB TpeOyeT MmofAepaHusl B HUX BHYTpH-
nprGoOpHOro Bakyyma Ha yposHe 1...10™ ITa. B TexHOMOrHH CGOPKH TAKHX IPHOOPOB 9aCTO HC-
IIOJIB3YIOT KJIEM U TEPMETUKH — OHM IMO3BOJISIFOT IPOCTO M HAJEKHO COECIUHSATH AETalI U3 pas-
JUYHBIX MaTEpUAJIOB M UCKIIIOYAIOT PUCK MX TEPMUUECKOIO WJIM MEXAHUYECKOIO TIOBPEXKICHNUS,
HO BMECTE€ C T€M KJIeeBble IIBHI 00JaJalOT 3HAYMTEIbHBIM Ta30BbIICICHUEM, YXYALIAIOIINUM
BHYTPUIIPUOOPHBIN BakyyMm. XOTs CEroJHsS MHUpPOBas HHAYCTPHUSl BBITYCKAeT OOJBIIOE YHCIIO
KJICeB Pa3IMYHBIX THUIIOB C MaJIbIM ra3oBblIeeHHEeM (cM. Hampumep, 6a3y aanabix NASA [1]),
npobiema oOecrieueHrs Bakyyma B MpUOOpax ¢ BHYTPEHHUMH KJIEEBBIMH COEIMHEHUSMHU OCTa-
€TCsl 10 KOHIIa HEpEIIEHHOM. B nureparype umeroTcs AaHHbIE, XapaKTEpPU3YIOIINE Ta30BblAeIIe-
HUE U3 HEKOTOPBIX TEPMOCTONKHUX KiieeB [2-7], KOTOpbIe MOKA3bIBAIOT, YTO AaXKe HEOOJbIIOE OC-

TATOYHOE Ta30BBIACICHUE CYIIECTBEHHO YXY/IAaeT BHYTPUIPUOOpPHBIN BakyyM. Jlmarpamma,
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paccunTaHHas MO JaHHBIM [6,7] U mpencTaBieHHAs Ha puc.l, MOKa3bIBAET COCTAB U MaplHallb-
HOE JIaBJICHUE T'a30BbIX KOMIIOHEHT IpPU KOMHATHOM TeMIlepaType BHYTpH Mpubdopa, cojepika-
miero kieesble coenunenus (kieit EPO-TEK H74UNF), uepes 10 et ero skcmyaranuu. B pac-
deTe TUIOMAMh KICEBBIX MBOB COCTaBiseT S=1 Mm%, BHyTpeHHHMIT 0GbeM mpuGopa V=100 cm®,
yACIBbHBIC CKOPOCTH Ta30BbIACICHUS paBHBI [3]: v(HzO)=6.9~10'6 [Ta-m/c; \/(C02)=8.9-10'8
IMa-m/c; v(CO)=1.7-107 Tla-m/c; v(CxHy)=10"° Tla-m/c; v(H2)=1.210° Ila-m/c; v(Oz)=1.3-10"°
[Ta-m/c; v(HF)=1.4'10'8 ITa-m/c. Kak BuiHO U3 nmuarpammel, B TedeHue 10 JeT mocie u3roTorie-
HuUs ofIee aBleHHe BHYTpU Takoro mpudopa Bozpactet A0 ~30 Ila, yTo Hen3bexxHo mpuBeeT
K ITOTepe ero paboTocrnocoOHOCTH.

Hz: 4 Ma 02: 0.0004 Na CxHY: 3.3Ma H20: 21.3Ma

HF:0.04 Na

CO:0.4Na

(;02; 0.3MNa

Puc.1. [TapuuansHoe 1aBjieHUE ra30BbIX KOMIOHEHT BHYTPHU IPHOOPa, COJIEPIKAILETO KIIeeBble COSIMHEHHS uepes
10 sreT ero ’KcIIyaTanuu

Jlna obecniedyeHrss HEOOXOAMMOTO BaKyyma B TOJOOHBIX CIIydasXx HCIIOJNB3YIOT BCTPOCH-
HBIC Ta30TOMIOTUTENN (TeTTephl). [ eTTephl MpeAcTaBIsAioT co00i BBICOKOBAKYYMHBIC HACOCHI,
OCHOBaHHBIE Ha BBICOKOW COpOIMOHHOM criocoOHocTH psaa metamwtoB (Ti, Zr, Cd, Nb, Ta, Th,
Ba u np.). CopbupoBanHbie MOJEKYIbl 00pa3ylOT B MOBEPXHOCTHOM 30HE TBEPJbIE PACTBOPHI,
MIPH 9TOM BBICOKAsi COPOLIMOHHAS €MKOCTh JOCTUTAETCS 3a CUET BBICOKOW yJENbHON MOBEPXHO-
CTH T€TTEPHOTO MaTepuaina. XOoTs B JIUTEPAType OMUCAHO OONBIIOE KOJIUYECTBO PA3HOOOPA3ZHBIX
TeTTepPOB, BCE OHU IMPOSBISIOT COPOIIMOHHBIE CBOMCTBA B HOPMAJILHBIX YCIOBUSX JUIIH B OTHO-
mennn akTuBHBIX ra3oB (O, CO, CO,, Ny, H,0, Hy), mpakTuyecku He MOriomas yriaeBoI0poabl
[8-13].

DTa 0COOCHHOCTh CBOMCTB T€TTEPOB MPUBOAMT K TOMY, YTO UX YCTAaHOBKA B BaKyyMHBIC
MPUOOPHI IMO3BOJISET MOTJIONIATh BO BHYTPEHHEM 00BbeMe BCE JICTYydHe KOMITOHCHTHI, 32 UCKITO-
yeHneM yriieBonoponos CyHy, koTopsle n OyayT 0o0pa3oBbIBaTh OCTaTOUHYIO BHYTPUIIPHOOPHYIO
atMoctepy. B paccmaTpuBaemMoM mpuMepe MapiuaibHOE JaBICHHE YIIIEBOJOPOIOB BO3PACTAET
MIPAKTUYECKH JIMHEHHO CO BpeMeHeM U nocturaeT BennuuHsl 3.3 Ila cryerst 10 net mocie coop-
ku pubopa. Kak nmokazano B [7] murenbHOoe obe3raxuBaHue (6 CYyTOK) MPU MOBBIIICHHONW TEM-

0
neparype (200°C) mo3BoiseT pe3Ko YMEHbBIIUTh BBIICTICHUE YTIIEBOJAOPOIOB U3 KIEEBBIX IIIBOB U
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TakuM 00pa3oM 00eCNeYHTh UIUTENbHYI0 pa00TOCIIOCOOHOCTh BaKyyYMHBIX MPUOOPOB C BHYT-
PEHHUMH KJICEBBIMH COCIMHEHUSMU. HetocTaTrkoM 3TOro crocoba sSBIsSeTcs JOCTaTOYHO BHICO-
Kasl JUTMTEIBHOCTh U TPYJOEMKOCTh MPOIEIypPhl 00S3ra)kKUBaHUsI, BEAYIIas K YBEIHUCHHUIO ceOe-

CTOMMOCTH HU3CIINA.

Llenb paGoThI

Lenp HacToOsIIEH pabOTHI COCTOSIIA B PACCMOTPEHUHN BO3MOXKHOCTH YIyUILICHHS BaKyyMa B

OTHAsSHHBIX TPUOOPOB 3a CUET OCOOCHHOCTEH pabOTHI TETTEPOB.

Pe3ysibTaThl U 06CYKAECHUE

W3BecTHO, YTO aKTHBHOCTh TETTEPHBIX MATEPHAJIOB IO OTHOIICHUIO K YIJIEBOAOPOIaM
PE3KO MOBBINIACTCS NIPU YBEJIWYCHUU TeMIiiepaTypbl. [Ipu pa3orpeBe OOJBIIMHCTBA T€TTEPHBIX
MaTepHajioB J0 450-500°C Ha ux MMOBEPXHOCTU MPOUCXOJUT MUPOJIU3 MOJIEKYJN YTII€BOJOPOIOB
CxHy, ancopOuust mpogyKTOB HX TEPMHUYECKOTO PAcIa/ia Ha AKTHBHBIX IIOBEPXHOCTHBIX IIEHTPAxX
U 00pa3oBaHKME TBEP/bIX YCTOMYMBBIX COCIMHEHUH. PaccMOTpUM mNpakTHYECKHE acleKThl HC-
M0JIb30BaHMs 3TOM OCOOCHHOCTH T'€TTEPOB. TEXHMYECKU 3TO PEIIACTCS YCTAHOBKOM B BaKyyM-
HBIW TIPUOOP C BHYTPECHHUMH KJICEBBIMU COCJAMHEHHSIMH T'€TTepa ¢ BCTPOCHHBIM JJIEKTPOIOIOT-
peBaresieM, KOTOPbIi MMO3BOJISET MPOBOJAUTH €r0 aKTUBAIUIO (2 IPU HEOOXOJIMMOCTH U pereHe-
paimmo), a Takke 00ecreYrBaeT B peXXHMe IOI0TPEeBa MOTJIONMICHHE YTIIeBOI0po10B. [Ipumepom
TAKOTr0 Ta30MOrJIOTHTENS MOXKeT ciyxuTh ST171/LH1/4-7 ¢ maccoii rertepHoro marepuana 235
MT, CHa0)KEHHBI MHUHHUATIOPHBIM 3JIEKTPUYCCKAM TOJOTrPEBaTENIeM, CIIOCOOHBIM pPa3orpeBaTh
rertepHyio Maccy 10 450-900°C B 3aBmcuMocTH oT ToKa mogorpesaren [15]. Ilpu Harpese ret-
Tepa 10 450-500°C yrieBoxopo/bl paspyLIarTCs i aJCcOPOUPYIOTCS B TCUCHHE HECKOIBKUX MH-
HyT. Bpemsi, B Te4eHHEe KOTOPOTO MOCJe ITOr0 BHYTPU PUOOpa MOICPKUBACTCS HEOOXOTUMBIH
YPOBEHb BakyyMa Pp MOKHO OIICHHUTH 110 TIPOCTO (hopmyIie

PV
t=5. (1)
CxHy

Cnenaem npoctele onieHkH. [lycT, Hanpumep, B mpuOOpe C MIIOLIA/Ibi0 BHYTPEHHUX Kilee-
BBIX IIBOB S=1 MM° 1 BHyTpeHHUM oObemMoM V=100 cM® MaKCHMAJIBHO JOMYCTUMOE JJaBJICHUE
rasza He JOJDKHO MPEBBIIATh PD:10'2 [Ta. Torma, mpu VCXHy=1O'6 [Ta-m/c, cormacuo (1), mepuos
PabOTOCIIOCOGHOCTH M3IENHs TTocTe 04ucTKH atMocdepsl coctaBut t=10° ¢ (~11 cyrok). dto
MOKa3bIBAET, YTO IOCJIE OYMCTKU BHYTpEHHEH arMocdepsl mpubopa OT yIieBOJOPOJOB ITyTeM
MOJIOTPEBa reTTepa, Npuodop crnocobeH padboTaTk TOCTATOYHO JOJT0e BpeMs, Jaxe eciau o0e3ra-
KMBaHUE KIJIEEBBIX IIBOB IOCJE COOPKH U3ZENUs HE MPOBOIWIOCH M T'a30BBIACIICHHE U3 BHYT-
PEHHHUX KJIEEBBIX LIBOB JIOCTATOYHO BeIHKO. C Ipyroil CTOPOHBI OUEBUIHO, YTO EPUOTUIECKOE
BKITIOUCHHE T€TTEpa HE MO3BOJSAET 00ECIEUNTh TOCTOSTHHOE MHOTOJIETHEE (DYHKIIMOHHUPOBAHHE
BaKyyMHOTO mpubopa. JlelicTBUTENBHO, MTPH MIOCTOSHHOM IMOJICPKaHUN BaKyyMa TaKUM CIIOCO-
0oM, B paccMaTpHBaeMOM TpUMeEpe TeTTep HEOOXOIUMO BKIIFOYATh HA KPATKOBPEMEHHBIH ITO-

norpeB ¢ nepuogoMm 11 cyTok, 4To sKBUBaJIeHTHO 33-34 BKIOYEHHSM B roj. OIHAKO Kaxka0e
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HarpeBaHue TeTTEPHOrO0 MaTepualia MPUBOAMT K NMPOTEKAHUIO MPOIIECCOB €ro JNECTPYKIUHU, B
CBSI3U C YeM MPOU3BOJIUTENIM TE€TTEPOB OTPAHMYMBAIOT MAKCHUMAJIbHOE YWCIIO €r0 BKIIOYEHUH
(o6sryHO He Oonee 100) mocie dero ero HopMaliibHas paboTa He rapanTupyercs. OTcrona cieny-
€T, 4TO B TaKOM pexXume paboTel pabouuii pecypc mpubOpa OrpaHUYMBACTCS MaKCHMAaJIbHBIM
YHCJIOM BKIIIOYCHHUH TeTTepa, B PACCMATPUBACMOM IPUMEpPE OH COCTABHT OKOJIO TPEX JIET, a B
obmeM cimyuyae padounii pecypc 7 BakyyMHOTO IprOOpa MOKET OBITH paccyuTaH 1o Gopmyiie

_NBv

TS, )

S‘/CxHj

rae N — MakCUMaJIbHO 10ITyCTUMOE YUCIIO BKIIOYEHUI reTTepa.

BMmecTte ¢ TeM Ha MpakTHKE B psijie CIy4aeB pa3HOOOpa3HbIe BAKYyMHBIE 3JEKTPOHHO-
MEXaHUYECKHE MPUOOPHI BKIIOYAIOTCS CPAaBHUTENIBHO PEIKO WK J1axe oJHOKpaTHO. [Ipumepom
TaKMX MPUMEHEHUIN MOXKET CIIYy’KUTh, HAIPUMED, HABUTALIMOHHOE 000pYy0BaHHUE CracaTeIbHbIX
LIUTIONIOK, aBAPUMHBIX CUCTEM U T. . B Takux ciydasx HeT He0OOXOAMMOCTHU MOCTOSIHHO HOJIep-
KHUBaTh B NPUOOpE BBICOKMM BaKyyM, JOCTaTOYHO OOECHEYUTh €ro HEMOCPEJCTBEHHO IMepes
BKJIFOYEHHEM NpUOOpa, MPUBOS €ro TEM CaMbIM B pabodee coctosHue. B aToM ciydae nepuo-
TMUYECKUI pexuM paboThl reTTepa M03BOJISET, C OAHON CTOPOHBI, 00ecneuuTh B mpubope HeoO-
XOJIMMBIN YPOBEHb BAKYyMa, a C IPYroll — CYLIECTBEHHO YIPOCTUTH IPOU3BOACTBEHHYIO TEXHO-
JIOTHIO 32 CYET UCKIIIOUCHHS JUTUTEIBHOW U TPYAOEMKOU MPOIEayphl 00e3ra)kuBaHus KIIEEBBIX

IIBOB.

3axk/iloueHue

[lepuonnueckoe BKIIOUEHHUE TeTTEpa MO3BOJISAET YAAIATh U3 BHYTpEHHEH atMocdepsl Ba-
KYYMHOT'O IIpHO0Opa OCHOBHOW OCTaTOYHBIN I'a30BbI KOMIIOHEHT — YIJI€BOJIOPOAbI U 00ECIEUNUTh
Ha ONpEJeNICHHbI MHTEepBal BPEMEHU HEOOXOIMMBI ypOBEHb BaKyyMa. DTO MO3BOJISIET OTKa-
3aTbCsd OT TPYJOEMKOW OIepaluy 00e3rakvBaHUs BHYTPEHHMX KJIEEBBIX ILIBOB JJIsl MPHUOOPOB,
KOTOpbIE BKIIIOYAIOTCS CPaBHUTENBHO peako (MeHee N pa3 3a Bpemst Ci1y>kObl) WIM OJHOKPATHO.
HeoOxonuMmelil ypoBeHb BakyyMa IpH 3TOM OOECIEUMBAETCS KPATKOBPEMEHHBIM (HECKOJIBKO

MI/IHYT) BKIIFOUCHUEM T'CTTEpa HENTOCPCACTBCHHO IIEPECI NCIIOJIb30BAHHUEM an60pa.
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Introduction

Recent years have seen extensive development of new types of electro-mechanical devices,
intended for use as sensors rotations and angular rates. They all tend to comprise any type of
mechanical resonators which are sensitive to fluctuations in the rotational motion. Achievement
of stable characteristics and high performance of these devices requires maintaining of the
vacuum inside them at the level of 1...10™ Pa. In the technology of assembly of such devices
different adhesives and sealants are often used. They allow to connect easily and safely parts of
different materials and eliminate the risk of thermal or mechanical damage, but at the same time
adhesive joints have significant outgassing worsening vacuum inside the device. Although
today's global industry produces a large number of different types of adhesives with low
outgassing (see, for example, the NASA database [1]), the problem of providing vacuum in
devices with internal adhesive joints remains unresolved until the end. The literature contains
data describing the outgassing of some heat-resistant adhesives [2-7], which show that even
small residual outgassing significantly worsens vacuum inside the device. The diagram (Fig. 1)
evaluated according to the data presented in [6, 7] shows the composition and the partial pressure

http://technomag.bmstu.ru/doc/715485.html 227



http://dx.doi.org/10.7463/0614.0715485
http://www.org-info.com/search.php?type=name&val=%D0%9E%D0%90%D0%9E%20%20%D0%90%D0%A0%D0%97%D0%90%D0%9C%D0%90%D0%A1%D0%A1%D0%9A%D0%9E%D0%95%20%D0%9D%D0%90%D0%A3%D0%A7%D0%9D%D0%9E-%D0%9F%D0%A0%D0%9E%D0%98%D0%97%D0%92%D0%9E%D0%94%D0%A1%D0%A2%D0%92%D0%95%D0%9D%D0%9D%D0%9E%D0%95%20%D0%9F%D0%A0%D0%95%D0%94%D0%9F%D0%A0%D0%98%D0%AF%D0%A2%D0%98%D0%95%20%20%D0%A2%D0%95%D0%9C%D0%9F-%D0%90%D0%92%D0%98%D0%90

of gas components at ambient temperature inside the device comprising the adhesive joints (ad-
hesive EPO-TEK H74UNF), after 10 years of its operation. In computations, the area of adhesive
joints was S=1 mm?, the inner volume was V=100 cm?, relative outgassing rates were equal to [3]:
v(H20)=6.9-10° Pa-m/s; v(CO,)=8.9-10° Pa-m/s; v(CO)=1.7-10" Pa-m/s; v(CxHy)=10° Pa-m/s;
V(H2)=1.2-10° Pa-m/s; v(02)=1.3-10""° Pa-m/s; v(HF)=1.4-10® Pa-m/s. As can be seen from the
diagram, within 10 years after manufacture the total pressure inside the device increases to about
30 Pa, which inevitably leads to the loss of its functionality.

H,: 4 Pa O,: 0.0004 Pa CH,;:3.3Pa H,O: 21.3 Pa

HF: 0.04 Pa

CO: 04 Pa

CO,: 0.3 Pa

Fig. 1. The partial pressure of gas components inside the device containing adhesive joints (after 10 years of
operation)

To ensure the required vacuum in such cases, the built-in gas-absorbers (getters) are used.
Getters are the high-vacuum pumps whose principle of operation is based on high sorption prop-
erties of some metals (Ti, Zr, Cd, Nb, Ta, Th, Ba,et al.). Adsorbed molecules form solid
solutions in a surface area, and high sorption capacity is achieved due to the high relative surface
area of the getter material. Although the literature describes a large number of different getters,
they exhibit sorption properties in normal conditions only against active gases (O,, CO, CO,, N,
H,0, H,), and practically do not absorb hydrocarbons [8-13]. Activity of getters in relation to
hydrocarbons takes place at a temperature of 450-500°C, wherein pyrolysis of CxHy molecules
on the surface of the getter material occurs with adsorption of products of thermal decomposition
on active sites of the surface, and then the formation of solid stable compounds takes place.

Due to this feature of getters their installation in vacuum devices allows absorbing all
volatile components in the internal volume, except hydrocarbons CxHy, which form a residual
atmosphere inside a device. In this example, the hydrocarbon partial pressure increases almost
linearly with respect to time and reaches 3.3 Pa 10 years later after the assembly of the device.
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As was shown in [7], long degassing (6 days) at increased temperature (200°C) can
dramatically reduce the emission of hydrocarbons from the adhesive lines and thus ensure long-
term performance of vacuum devices with internal adhesive joints. The disadvantage of this
method is relatively high duration and complexity of degassing procedures leading to increased
cost of the product.

The goal of this work is consideration of possibility of vacuum enhancing in sealed-off
devices at the expense of getter features.

Results and Discussion

In practice, in some cases, a variety of vacuum electro-mechanical devices are switched
relatively rare or even once. Examples of such applications are, for example, navigation
equipment of lifeboats, alarm systems, etc. In such cases there is no need to constantly maintain
a high vacuum in the device and it is enough to provide it just before switching the device,
thereby bringing it into working condition. Technically, this task is accomplished by setting into
the vacuum device with internal adhesive joints the getter with integrated electric heater, which
allows its activation (and, if necessary, regeneration), as well as provides absorption of
hydrocarbons in the heating mode. An example of such a getter is ST171/LH1/4-7 with getter
material weight of 235 mg. This getter is provided with a miniature electric heater capable of
warming the getter mass up to 900°C at activation and regeneration and up to 400°C at
absorption of hydrocarbons [15]. After switching the getter to the heating mode, the high
vacuum inside the device is formed in a few minutes. The time during which the required
vacuum level Pp is supported inside the device can be estimated according to the simple formula

= PV | M
SVexry

Let us make straightforward estimates. Suppose, for example, that the maximum gas
pressure in the device with internal area of the adhesive seam S=1 mm? and internal volume
V=100 cm® should not exceed Pp=10" Pa. Then, according to Eq. (1), at vexny=10° Pa-m/s the
product uptime after purification of the atmosphere will be t=10° s (about 11 days). This shows
that after cleaning of the inner atmosphere of the device from hydrocarbons by heating a getter,
the device is able to operate for a relatively long time, even if degassing adhesive joints after
product assembly was not performed and outgassing from the interior adhesive lines remains
sufficiently large. Note that the periodical switching of the getter does not allow continuous
operation of the vacuum device over a long time. Indeed, at a constant maintenance of vacuum in
this way in this device, the getter must be switched for short-term heating with period of 11 days,
which is equivalent to 33-34 switches per year. Recall that each heating the getter material
causes its destruction due to which the getters manufacturers limit the maximum number of its
switches (typically about 100), after which the normal operation cannot be guaranteed. There-
fore, the service life of the device is limited to a maximum number of switches of the getter. In
this example it will be about three years, and in the general case, the service life time T for this
vacuum device can be calculated using the formula
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where N is the maximum number of switches of the getter.

However, in practice, in some cases, a variety of vacuum electronic and mechanical devic-
es are switched relatively rare or even once. Examples of such applications are navigation
equipment of lifeboats, alarm systems, etc. In such cases there is no need to constantly maintain
a high vacuum in the device, it is sufficient to ensure it just before turning the device, thereby
bringing it into working condition. In this case, the periodic working mode of the getter on the
one hand, ensures the desired vacuum level inside a device, and on the other hand it is greatly
simplifies the production technology by eliminating the time-consuming and laborious procedure
of outgassing adhesive joints.

Conclusion

Thus, periodical switches of the getter allow removing hydrocarbons as the main residual
gas components from the internal atmosphere of a vacuum device and ensuring the necessary
vacuum level during a certain time interval. This gives possibility to abandon the labor-intensive
operation of degassing adhesive joints for rarely used devices (occurring once or less than N
times during the service life). Here, a desired vacuum level is provided by a short-term (for a few
minutes) switching the getter immediately before its use.
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