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PAIIMAIIMOHHA I TEXHOJIOI'MA VIVUILIEHW A OMUYECKHNX
KOHTAKTOB K 2JIEMEHTAM 3JIEKTPOHHOU TEXHUKU

Hccneodosano enuanue muna memaniusa-
YU U MUKPOBOIHOB020 00IYUeHUsl HA CBOl-
cmea oMu4eckKux KOHMmMAaxkmosg K cemepo-
CMPYKMYpam, cooeprcawjum ¢yiiepetuvl.
Buisasneno npeumywecmeo mumanogou
Memaniuzayuu nepeo 3010mou.

B 211eKTpOHHOM TEXHUKE IIMPOKO UCIIOJIB3YIOTCS OMU-
YecKue KOHTaKThl. BompocaM TeXHOIOTUU UX U3TOTOB-
JICHUS yHensieTcs 00IbII0e BHUMAHUE B CBS3H C BA)KHOU
POJIbIO MEXaHU3MOB MIPOTEKAHMUS TOKA B TETEPOCTPYKTY-
pax Ha rpaHulle paszjena «MeTaul — HOJIYIPOBOIHUKY
[1]. B cencopHBIX cucTeMax, (POTOAIEKTPOHUKE U COJI-
HEYHOH SHEepreTHKe HAOMI0IAaeTC s Pa3BUTHE TCHICHITMHN K
MPUMEHEHHIO HU3KOTEMITEpaTypHbIX TEXHOJIOTUid H3TOTOB-
JICHUS TYBCTBUTEIHHBIX HIEMEHTOB JATYNKOB MTApaMeT-
POB (PH3MUECKUX BETUYMH HA OCHOBE MOJTyTPOBOIHUKO-
BBIX MarepuajoB ¢ BKIOYeHHeM QyriepeHos [2]. Hc-
TI0JIb30BaHKE TOHKOM TIeHKH C ) B KA9€CTBE MPOMEXKY-
TOYHOTO CIIOS B CTPYKTYPax «METaJUl — MOJIYIPOBOJ-
HUK» Au/Ti u Au/GaAs Mo3BONMIO YIYYIIUTh (DOTOIIEK-
TPUIECKUE CBOWCTBA TyBCTBUTEIHHBIX SJIEMEHTOB Ha X
ocHOBe (Bo3pocia 3¢ (PeKTUBHOCTEL (oTompeodpa3oBa-
Teneit). Bkmouenue ¢yiiepeHoB B HOIUMEPHYIO MaTpH-
Iy TIPE/ICTABIISICT HAYYHBIH U TIPAKTHISCKUI HHTEPEC C
TOYKH 3PEHHUSI HAHOTEXHOJIOTHI H MOy ITPOBOTHUKOBOTO
npubopocTpoenus. HuskoremneparypHble IOJTUMEpHbIE
TEXHOJOTHH C WCIIOIB30BAaHUEM ITOTYIPOBOIHUKOBBIX
CBOKCTB (ymepenos C, TakKe NPUMEHAOTCS JUIS U3-
TOTOBJICHHS (OTOTYBCTBUTEIBHBIX U COTHEUHBIX AJICMCH-
ToB [3].

ITpu pazpaboTke MPHOOPOB AMEKTPOHHON TEXHUKU
0c000¢ BHIMAHUE YIENSAETCS BEIOOPY THIIA METAILIH3a-
IIMX ¥ TEXHOJIOTUH N3TOTOBJICHUS] OMUUECKHX KOHTAKTOB,
T. K. OHM MOT'YT BIIUSITh Ha ITAPaMETPhI H3TOTaBIUBAEMBIX
puOopoB. J[i1st MOBBIIIEHUsS] KaueCcTBa MOIYIPOBOIHH-
KOBBIX CTPYKTYP U IPHOOPOB ANEKTPOHHON TEXHUKH Ya-
CTO MCTIOJIB3YeTCs BO3MOXHOCTh M3MEHEHUS MX Tapa-
METpPOB TOJ JEHCTBUEM Ja3epHOr0, 3MEKTPOHHOTO U
Y-00ITydeHHs, a TaKXKe TEPMUUECKOTO OTKuTa. OIHAKO
UTs QYIIIEpPEHCOACPKANNX CTPYKTYP MEPEUUCICHHBIC
AKTHBHBIC BO3JACUCTBHS HE MOTYT OBITh HCIIOJIb30BAHBI
u3-3a pacnana (yuIepeHoB B IpoIiecce Takoi 00padboT-
kd. [IepCreKTUBHBIM B 3TOM CiIy4ae SIBJISCTCS CPaBHHU-
TEJBHO MPOCTOMN, OBICTPBIN 1 HEAOPOTOW KPaTKOBPEMEH-
HBI MUKPOBOJHOBOH OT)KHT.

Lebro qaHHOM PabOTHI OBLIO YCTAHOBIICHUE BIMSHUSI
THUIIa METAJTM3AI[UH HA CBOMCTBA OMUUCCKHX KOHTAKTOB
K 9yBCTBUTEIHHBIM DJIEMEHTAM CEHCOPHOH TEXHUKH, U3-
TOTOBJICHHBIX Ha OCHOBE MOJHMMEPHBIX KOMIIO3UTHBIX
wieHoK ¢ dymrepenamu Cgy, a TaKKe UCHOIB30BAHHE
KPaTKOBPEMEHHOM MUKPOBOJHOBOM 00paOOTKH JIJIsI yITyd-
IIICHSI UX TTapaMeTPOB.

CxeMarndeckoe M300paKeHHE TOMEepeyHOro cpe3a
UCCIIEIYeMOH CTPYKTYPHI poTompeodpasyroniei ssaeiku
npeacTaBieHo Ha puc. 1. OHa COCTOUT U3 KPEeMHHEBOM
TIO/ITOKKH [, HUYKHETO CIIOSl MeTaJTu3anuu 2 (TUTaHo-
Bast IUICHKA TOMIIMHOM 40 HM), TOTMMEPHOTO 105 ¢ (yII-
nepenamu Cy) 3 (90 HM) 1 BEPXHHX CIIOEB 30JI0TOH U
TUTAHOBOI METAJUIN3ALINH 4.

BIBEE— 4 — [An][Au]

Puc. 1. Cxemarnyeckoe n300paKeHUE MCCIIEAYEMOM
CTPYKTYPBI:

| — KpeMHueBasi OAJIOKKA; 2 — CJION HIDKHEH MeTaJuIM3alluy;
3 — nonumepnbiit cnokt ¢ Cg; 4 — BEPXHUE OMUYECKHE KOHTAKTHI

Cro#i HIKHEH MeTaJuTH3aliH ObLT TIOJTYYeH CIICAYO-
M o6pasom. B Bakyyme 107 Topp pe3srcTHBHBIM Me-
TOJIOM Pa30rpeBajl TUTAHOBYIO CIIUPajb, U UCHAPSIO-
myecst U3 Hee aToMbl Ti ocakmamuch Ha KPEMHHUEBYIO
no/U10kKy. Bo m30exaHne BOSHMKHOBEHUS TepMHUUec-
KHX HaIlpsDKEHUH B cTpykType T1/Si moasoxkka He moj1o-
rpeBaJach.

Ha noBepXHOCTb OJIY4EHHOT0 TUTAHOBOT'O CJIOS Ha-
HOCWJIM IyTEeM paclbUIeHUs B LIEHTpU(yre pacTBOpeH-
HYIO B ToJyoJie cMech noiuMepoB PCBM c dynnepena-
mu C, (6,6-enun-C -OyTuar MeTuII0BOro 3¢upa) u
P3HT (monu-3 rekcuntroden). B nporiecce HaneceHUs
CMECh HEIPEPHIBHO Kallalld Ha BPaILAIOLIYIOCs CTPYK-
typy Ti/Si. [lony4eHHYO CHCTEMY C TIOJIMMEPOM CYTITH-
1 Ha Bozyxe. ClietyeT OTMETHTh, uTo jobaBka Kk PCBM
nosmmmvepa P3HT pu maccoBoM cootrHotennn 2: 1 crio-
COOCTBYET MOBBIIICHUIO 3()(ESKTUBHOCTH KOHBEPCHH COJI-
HEYHOM 2HEPIUU B 3JEKTPUUECKYIO.
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Crietyromiuii 3Tar u3roToBJIeHUs GOTONPeoOpasyo-
IIei TeTepOCTPYKTYPHI 3aKITFOUAIICSI B HAHECCHUH CIIOCB
BEpXHEH KOHTAaKTHOW MeTaim3auy. Ha moBepxHOCTh No-
JIUMEPHOTO CJI0s HAKJIaJbIBAJIM MAacKy C HPSIMOYTOJIb-
HBIMU OTBEPCTHUSIMH, U B BAKYYMHOM KaMepe HaHOCUIIN
TEPMHUUYECKUM HCIIAPEHUEM TUTAHOBBIE MJIH 30JI0ThIE KOH-
TaKThL.

s onpeneneHns OMUYHOCTH KOHTAKTOB UCIIOIb30-
BaJIM YEThIPEX30HOBbIM METOI. DIEKTpUYecKas cxema
W3MEPEHU CYyMMapHOTO COMPOTUBIECHUS KOHTAKTHOM
CTPYKTYpPBI «METaNIN3aLUs — IOJIUMEP» U COIIPOTHUB-
JICHUS TTOJIMMEPHOTO CJI0S Ha yYacTKe MEX/y METalIn-
3UPOBaHHBIMU KOHTaKTaMH MpUBEeHa Ha puc. 2. Ha kax-
JIBIH U3 IBYX COCETHUX KOHTAKTOB OHOW METAJUTU3aLUU
(Au nm Ti) pazmernanu o a8a 30813, OJIHY TIapy 30H-
JIOB CTaOMJIM3UPOBAJH 110 TOKY, a Ha APYroil mape m3-
MEpSUIIOCH HAIPSKEHHE YHUBEPCAIBHBIM BOJIIBTMETPOM
B7-46. Ilpu 3ToM onpeensiioch CyMMapHOE COMPOTUB-
JIEHUE CTPYKTYPbl «METAJUl — MOJUMEPHBIA KOMIIO3UT
— MeTaJliD» JUIsl KaKJJ0r0 TUIIA BEpXHEH MeTaJIM3alH.
Hcnonp3yemas aekTprueckas cxema I03B0JIs1a CKIIIO-
YUTH BIIMSHUE COMPOTUBIICHUS H3MEPHUTEIBHBIX TIPHUOO-
POB Ha pPe3yNbTaThl U3MEPEHUI.

Puc. 2. Dnexkrpuueckas

4 1 cXxeMa M3MEpEHUsT KOH-
I . TAKTHOTO COIIPOTHUBIICHUS
4 I=const P

. 1, 2 — mapa 30H10B JUIs CTa-

3 e a! 2 Ounnm3anuy Toka; 3, 4 — napa

30HJ0B U1 U3MEPEHUS HAIIPsI-
JKCHUA

AHanu3 MoJTy4YeHHBIX JAHHBIX MTOKA3aJ, 4TO MOIHOE
COMPOTHUBIIEHUE UCXOJHBIX CTPYKTYp 3aBHUCHUT OT THIIA
BEpXHEW MeTalu3annd. [[ias CTpyKTyp ¢ 30JI0TOH Me-
TaJUIM3aIMEN ero BenmuuuHa (R, ) B HECKOJIBKO pa3 Ipe-
BBIIIAJIa CONPOTUBIIEHHE CTPYKTYP C TUTAHOBOM MeTal-
musanued (Rp;) (cM. puc. 3). Takoe pasiudue MOKET
OBITH 00yCIIOBIICHO clieytomuMuy (akTopamu. Bo-mep-
BBIX, (ha30BBIC JHATPAMMEI «30JI0TO — YTICPOI» U «THU-
TaH — yIIIepOa» YKa3bIBAIOT HA BO3MOKHOCTB KapOnIn-
3anuu THTaHa (oOpa3zoBanue xumuueckou cBsa3u Ti—C) u
OTCYTCTBHE TaKOH BOZMOXKHOCTH IS 30J10Ta. BO-BTOpBIX,
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Puc. 3. 3aBHCHMOCTB TIOJIHOTO CONPOTHUBIIEHHS CTPYKTYPHI C
3o5i0ToM (/) M ¢ THTAaHOBOH (2) BepxHEH MeTayuM3alueil oT
JUTUTEITLHOCTH MHKPOBOJIHOBOTO OOJTY4SHHUS

B [4] MeTOTAMU PEHTTEHOBCKOM, ()OTOATIEKTPOHHOM CIICK-
TPOCKOIIMH U CHHXPOTPOHHOTO U3JTyUSHHs ObLTH UCCIIe-
JIOBaHBI IIPOLIECCHI OCAXKICHU pa3numaHbIx MeTainios (Ti,
Cr, Au, La, In) Ha moBepXHOCTB TIEHOK (yutepenos C,.
ABtopamu [4] ObIIO ycTaHOBIEHO, uTo Ti u La Ha Ha-
YaJIHBIX CTAJUSIX POCTa 00pa3yroT KapOWIbI, a 3aTeM
MPOUCXOANT KIIACTEpU3aLIsI aTOMOB MeTasuIa. [Ipu ocax-
nernd Au, Cr u In yxe Ha HauaJIbHBIX CTAIHUAX POCTA
IPOMCXOIUT NEpEMEIIMBaHKE aTOMOB MeTasa ¢ Cy, 6e3
00pa3oBaHus 00EMHOTO METAILI-(YIUICPUITHOTO KOMITA-
VHI, T. €. cpa3y 00pa3yroTcs MEeTaUIMIeCKHUe KilacTe-
pul. Tennennus k o6pazoBanuto MoHocost Ti u La mpu
ocax/ieHuu Ha ok pymnepenos C, ) oTpaxkaeT ruopu-
JIU3AIHI0 METAJUTMYECKOU d- U QyIuIepeHOBOH p-opOuTa-
Jiel 0 aHaJIOTUU ¢ 00pa3oBaHUEM OOBEMHBIX KapOu-
JIOB, TOJIEKO ITPY 3TOM CITApUBAIOTCS MOJICKYIISIPHEIE Op-
Owranu, a He atomuble. [Ipu ciapuBanum opburanei C,
¢ Ti, , mporcxozmt rudpumsams yposrein LUMO B C
¢ Ti,, ypoBHsIMH THTaHa, 1 00pa3OBaHHas CTPYKTYpa
Ti C,,, ABISETCS CKOPEE MUTAHAPHOM, YEM TPEXMEPHOM.
B-tpetbux, B [S] onTuyeckumu MetoaaMu ((hoToIOMuU-
HECIICHINY, KOMOMHAIIMOHHOTO PACCESTHUS CBETa U OII-
THYECKOHM MPOBOJUMOCTH) OBIJIO TIOATBEPKACHO 00pa-
30BaHKE HOBOM (ha3bl IPU OCAKICHUH THTAHOBBIX CJIOCB
Ha TIeHKH pysuiepena C ,, KoTopasi He IPUHAIICKUT HH
bynnepeny, Hi TUTAHY.

YuuTeiBast pe3ynsrathl [4, 5], OyaeM cuuTaTh, 4To B
HCCIIeTyEeMbIX HAMH CTPYKTYpax Ha IPaHHIe THTAHOBOI
METaJUTH3ALNH C TOJTUMEPOM, COIEPIKAIIIM (DyIIepeHs
Cyo» TOXKE BO3MOXKHA rHOpUaM3anus d-opouraneit Ti u
p-opbutaneii ynnepeHa. DTo IPOUCXOJUT KaK Ha BEpX-
HEM, TaK M Ha HI)KHEM TUTAHOBBIX KOHTakTax. CiemoBa-
TENEHO, 00pa30BaHUe TixC60y CHIDKAeT OaphepHBI KOH-
TakT «T1— mosumep», 1 OCHOBHOM BKJIaJI B 00IIIee co-
MIPOTUBJIEHUE CTPYKTYPHI C THTAHOBOW METaJIH3alueH
BHOCHUT CONPOTHBJIEHNE KOMITO3UTHOH MOTMMEPHOM IIJIEH-
k. ITocKoNbKy 30710TO HE B3aUMOAEHCTBYET C (ysuiepe-
HAMH, COIPOTHUBIICHUE KOHTAKTa « AU — ITOJIUMEP) OOIb-
11e conpoTUBIEHUS « i — MOTMMEp», 9TO IPUBOIUT K
0OJBIIIEMY COIPOTUBIICHHIO CTPYKTYPHI B CIy9ae 30J10-
TOH METAJUIN3ALINH.

Jis panmmanimoHHON 00pabOTKHU CTPYKTYP UCTIOIB30-
BAJIOCh MHKPOBOJIHOBOE OOJIyueHHE MMITYJILCAMU Yac-
totoii 2,45 I'Tu MomHOCTHIO 1,5 BT/cM? AIMTENBHOCTBIO
1 c. CymmapHoe BpeMst 00ryueHust He mpesbimano 10 c.
MuxkpoBosHOBast 00pab0TKa yMEHbIATa CyMMapHOE
COIIPOTHBJICHUE CTPYKTYPHI KaK C TUTAHOBOM, TaK U C
30JI0TOM MeTayuTM3armei (puc. 3), HO MPH STOM OHa ObLTa
6onee >PeKTUBHON I CTPYKTYpPBI C TUTAHOBOW Me-
TAJUTM3ALUCH, YeM JJIsl CTPYKTYPBI C 30JI0TOW METaJlIU-
3areit, mpuaeM 3Ta 3G HEeKTHBHOCTH BO3pacTaia C yBe-
mugenreM umTenbHocTH CBU-00paboTku (puc. 4).

Brimsaue Timma MeTann3anuy Ha CTEICHb yMEHBIIe-
HUS OOIIETO COMPOTHUBICHUS CTPYKTYPBI «METall —
MOJIMMEpP — METAJ» MPH MUKPOBOJIHOBOW 00paboTKe
TETEPOCTPYKTYP C PyIepeHaMHU OOBSICHICTCS HECKOIIb-
knMH (akTopamu. OIUH U3 HUX — 3TO HAJIHYHE IIPO-
[IECCOB Pa/IMAIIMOHHO-CTUMYITUPOBaHHOH TU(PY3UH, KO-
TOPBIC B HAIIIEM CJTy4ae HMEIOT MECTO B IIPHUKOHTAKTHBIX
obnactsax «Ti — monmumep» U «Au — noauMepy». ITH
MPOLIECCHI IPUBOIAT K YITyUIICHHIO OMUYECKOTO KOHTAKTa
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Puc. 4. 3aBUCUMOCTb OTHONICHUS CONPOTUBICHAN R, ¥ R
OT AJMTEIBHOCTH MHUKPOBOJIHOBON 00paboTKH

MeTaa K monumepy oiarogapst nHTepaAnpGy3un Ha UxX
rpaHulie paszena, ctuMynupoBanHoit CBY-o0myueHueM.
IIpu aTOM BO3pacTaeT KOHTAKTUPYIOIIAS TIOBEPXHOCTD, &
B CITy4ae THTAHOBOI METaJUTH3AIINH MTOSIBIISICTCS BEPOSIT-
HOCTh 00pa3oBaHMs KapOua TixC6Oy HE TOJIBKO Ha I10-
BCPXHOCTH MOJIMMEPHOIO CJIOSA, HO U B IPUKOHTAKTHOU
oOacTu. B cimydae e 30510TOM METATH3aIUH, KaK OBLIO
YKa3aHo BbIIlIe, KapOous! He 00pa3yrorcs. BropsM dak-
TOPOM, BIIUSIONIMM Ha YMCHBIICHHE COMPOTHBICHUS
CTPYKTYPBHI B IIPOIIECCE MUKPOBOIHOBOM 00paOOTKH, SIB-
JSIETCSI paIHalliOHHO-CTUMYIHPOBAHHOE YIOPSIOUCHUE
00beMa IMOTMMEPHOTO CIIOS B TETEPOCTPYKTYpPE, a TAKKE
rpaHuibl pasena « Ti— momumepy. ITo crenyer us pe-
3yJbTaTOB UCCIIEIOBAHUSI IAaHHBIX FETEPOCTPYKTYp Me-
TOZIOM MOAY/IALOHHON CHEKTPOCKOIUH AIEKTPOOTPaXKe-
HUs cBeTa. B [6] ObIIO YCTAaHOBIICHO, YTO MO ACHCTBU-
em CBUY-00paboTku penakCHpyoT BHYTPECHHUE MEXaHH-
YeCKHe HANPSDKEHHSI Ha TpaHuLe pa3aena « 11— monu-
MEp», IOTIOJHUTENBHO 00pasyeTcs coenunenue Cy ¢ Ti,
YMEHBIIIAETCsI TapaMeTp YIIUPEHUsI CIEKTPa AIEKTPOOT-
pa’keHUs OT MOJIUMEPA, BO3PACTAET BpeMs SJHEpreTuye-

CKOI1 penakcaliuy HocuTenel 3apsiia, BO30yK/ICHHBIX B

HEM CBETOM. DTHU (DaKThl CBUAETEILCTBYIOT 00 yIydIIe-

HHUH CTPYKTYPHOTO COBEPIIIEHCTBA B OJIMMEpE 10 Mepe

YBEJIMUEHHS JUTNTEILHOCTH MUKPOBOJIHOBOH 00PaOOTKH.
*kk

Taxum 06pa3om, P U3TOTOBICHUN OMHUYECKUX KOH-
TaKTOB K AJIEMEHTaM 3JIEKTPOHHOM TEXHHMKH, CO/IepIKa-
muM QyIUIEpEHBI, PEKOMEHTYeTCs HCIIOIb30BaTh MaTe-
puabl, 00pasyroiue KapOuaHbIe COSAMHEHUS ¢ (yIuie-
penamu. M3 nByx Hamboliee pacpoCTpaHEHHBIX B Ha-
CTOsIIIIee BpEMsl THIIOB MeTaumu3anun — Ti u Au — B
JTAHHOM CITy4ae IPeANOYTUTEIbHON SBIISETCS TUTAHOBASL.
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Kuura npencrasasier co6o# noapobHoe cnpaBouHoe PYKOBOJACTBO MO OCHOBHBIM BaKy-
YMHBIM MJIa3MOXHMHUYECKHM TPOILEccaM B TOHKOMAEHOUHOH TeXHOJOIMH — PeaKTHBHO-
MYy MarHeTpOHHOMY HAaHECEHHIO TOHKHX MJAEHOK U MOHHO-MJIa3MEHHOMY TPaBJICHHUIO.
B kHure comepKuTcs MoapoOHOE OMUCAHME MArHETPOHHBIX HATBIIUTENbHBIX YCTAHO-
BOK U MJIa3MOXHMHUYECKHX YCTAHOBOK JJIsT TPaBJEHHS TOHKHX MJIEHOK; PACCMOTPEHBI
TeXHOJOTHYecKre OCOOEHHOCTH HX HCIOJb30BaHMs; OMHUCAHBI CMOCOOHBI yIIpaBIeHHS
npoueccaMmu peakKTUBHOIO HaHeCeHHs1 TOHKHUX MJAEHOK W HCIOJb30BaAHHsA CpeaHedac-
TOTHBIX UMMYJbCHBIX UCTOUHUKOB MUTAHHUS; MOKA3AHbI TEXHOJOIHUECKHE 0COOEHHOC-
TH MOJYUEHHS TOHKHX MAEHOK TPOHHBIX XHMHUECKHUX COEJIMHEHUH METOI0M peaKTHUB-
HOrO MAarHeTPOHHOrO COpPACIHbIIEHHs; OMUCaHa CTPYKTypa MOJyuyaeMbIX MJEHOK, a
TaKxKe ee 3aBUCHMOCTb OT TapaMeTpOB Mpollecca HaHeCeH s, TpUBeIe-
Hbl MPUHIHUIBl KOHCTPYHPOBAHHUS MCTOUHHKA BBICOKOUYACTOTHOTO pPas-
psiia BbICOKOH MJIOTHOCTH JJIsT KOHHOTI'O WJIK MJIa3MOXUMHUYECKOro rmpe-
[IU3UOHHOT'O TPAaBJEHHUS TOHKHUX MJEHOK, 8 TAKMKe €ro MCMoJb30BaHHUS
JUISI CTHMYJIMPOBAHHOTO MJIa3MOH OCaKAeHUsI TOHKUX MAEHOK.
Paccunrana Ha crnenuasucToB B 061aCTH 3J€KTPOHHON TEXHUKH, HAHO-
TeXHOJOTHH, TEXHOJOTHH TPOU3BOJICTBA U H3TOTOBJEHUS CIEIHANN3HU-
poBaHHoro o6opynoBanus. TakxKe GyjieT mose3Ha AJjsi CTYJI€HTOB cTap-
\__ MX KypCOB 1 aClUpaHTOB COOTBETCTBYIOUIHX crieiManu3almi.
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