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AnHOTanmms. B nanHo# paboTe pacCMOTPEHBI OHITHS U IPSUMYIIECTBA THOKHX TPaH3UCTOPOB,
MaTePUAITBI JJISI UX CO3aHUsI, TIEPCIICKTUBBI MX HUCIOIB30BaHUS B OYy/IyIIICM.
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TpyOKH, TIPEACTBbHBIN H3THO.

['uOKkuii TPAaH3UCTOP — STO UHHOBAIIMOHHASL KOHCTPYKIHMS, KOTOPYIO MOXKHO CBEPHYTbH UJIH CO-
rHYTh [1]. IMEHHO 3TUM OH OTJIMYAETCS OT OOBIYHBIX TPAH3UCTOPOB, KOTOPHIE SIBISIOTCS KECTKUMU
¥ HE MOTYT HCIOJIB30BAThCs (PU3NIECKU THOKUM criocoOoM. 'mOKue TpaH3UCTOPHI MO3BOJISIOT CO-
3/1aBaTh THOKKE TUCIUICH U IPYTUe annapaTHble KOMIIOHEHTHI, TAKHE KaK THOKUE KIIaBHATYPBHI.

Hogeiiniee n3o0peTeHre nMeeT MoKa TOIbKO CI0XKHOE TEXHUYECKOe Ha3BaHUE - OUMOJspHas
KOMILUIEMEHTapHasl CTPYKTypa C METAJI-OKCHUIHBIM TOJYNMPOBOAHUKOM. [lo cyTw 3TO TOHKOILIE-
HOYHBIA TPAH3UCTOP KOHCTPYKIHS KOTOPOTO IIO3BOJIAT COYETAaTh HECKOJIBKO OYEHb BaXKHBIX
CBOMCTB — CIIOCOOHOCTH MPOBOJIUTH BHICOKHE TOKH C MUHUMAIIBHBIM BBIIEJICHHEM TeIl1a, IPU 3TOM
TUOKOCTh TPAH3UCTOPA COXPAHSETCS M HE BIIUSET HA €ro JIEKTPUUYECKUE CBOWCTBA.

B HOBOI rOKOI TEXHOJIOTMH BBICOKOTEMIIEPATYPHOE CIIEKaHHE 3aMEHEHO Ha HCIOJIb30BaHKE
HAHOCHHTETHUYECKOTO KJjes, Onarogaps 4eMy BO3MOXKHO CO3JaBaTh TMOKHE CTPYKTYpbl OBICTPO U
MEHEe 3aTpaTHO B IPOU3BOJICTBE.

BykBanpHO HETaBHO YJal0Ch CO3/1aTh TPAH3UCTOP HAa OCHOBE Tpa)eHONMOJ00HOTO JIBYXMEP-
HOTO Marepuaia — aucyibhuaa moiaudaeHa (MoSy), moaxoaauuil A UCTIOTB30BaHUS B YIIPaB-
JISrOINX 1ensax ruokux auciuiees OLED.

Jnst meMoHCTpali BO3MOXKHOCTEH pa3paboTku Oblia uzrotomieHa marpuiia OLED paszpe-
nieHreM 6 X 6 muKcesel Ha TUIaCTUKOBOM MOJIokKKe TonmuHoi 7 MkM. Ha ¢uHansHOM 3Tamne pas-
paboTKu ObLIO BHISBICHO, YTO “‘IUCILICH MOMYUYUJICS HACTOIBKO THOKUM, YTO €r0 MOYKHO HaKJIeH-
BaTh Ha KOKy. CaM ke “mucrureii” m300pakeH Ha puCyHKe 1.

Pucynok 1 — M306paxeHne ruOKoro TpaH3UCTOpa Ha OCHOBE JUCyIbhuIa MonMuOaeHa
Ha IUTAaCTUKOBOMU MOAJI0XKKE Ha PyKE YEIIOBEKa
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58-51 HayuHas KOH(EPEHIUS aCTUPAaHTOB, MATUCTPAHTOB M CTYJECHTOB

[Tockonbky marepuan MoS; sBisieTcs IBYXMEPHBIM, OH NMPAKTUYECKU Npo3payeH. B 1o xe
BpeMs, 4TOObI ClIeNaTh TPAH3UCTOPBI, NOAXOAALINE Ul BHIOPAHHOM 00JIacTH NPUMEHEHUs, HE0O-
XOJMMO OBLJIO YMEHBIIUTH CONPOTHUBICHHE KOHTaKTa Mexay MoS; u snextponamu. HyxHoro 3¢-
(exTa yaanoch 100UTHCS, 3aMEHUB OOBIYHO MCIIOJIb3YEMbIH B KaueCTBE AMIIEKTPUKA OKCHIL KPEM-
Hus Si0; okcunom amomuHus AlO3. Cxema Takoro TpaH3UCTOpa MOKa3aHa Ha PUCYHKE 2.
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Pucynok 2 — Ctpoenne rudKoro TpaH3uCTOpa Ha OCHOBE AUCYIb(HIa MOIHOIeHA

B utore ynanoch nosnyuyuTh 3Ha4€HUE OJBHXKHOCTHU 3JIEKTPOHOB, OJIM3KOE K 3HAYEHUIO ITOr0
napaMerpa B TPaH3UCTOpaxX Ha OCHOBE MOJUKPUCTAIUINYECKOTO KPEMHHSL.

Tak ke ycreuHsIM H300peTeHHEM CTaJI0 CO3/IaHHE BBICOKOIPOU3BOUTEIBHBIX MOJIHOICHH-
TOBBIX TPAH3UCTOPOB Ha TMOKOM MIACTUKOBON MOIOKKE. ITO OTKPBITUE JI0KA3bIBAET, YTO MaTEPH-
a1l B Oy/1yIieM MOXKET UIealbHO MOAXOIUTh /Ui CO3/IaHMsI THOKHX, HO IIPU ATOM BBICOKOCKOPOCT-
HBIX ¥ TPEOYIOUINX Majoi MOIIHOCTH MUTAHUS 3JIEKTPOHHBIX YCTPOHCTB.

MonuOaeHuT, cocTosImui U3 MOJIMO IeHa U Cepbl, MOXKET HAWTH MacCy MPAKTUYECKUX MPHU-
MeHeHuil. MaTepuan uMeeT MpsIMyIo 3alpelieHHYI0 30HY IUPUHOM npuMepHo 1,8 3B. D10 3HauwmT,
YTO JUIsl U3TOTOBJIEHUS (DOTOHHBIX YCTPOMCTB OH MOAXOJUT HAMHOTIO JIy4llle, HeXelTd KpeMHUI,
MMEIOLINI HETIPSAMYIO 3alpelieHHYI0 30Hy. Ha ceroaHsmHui 1eHb HEKOTOpbIE HayYHbIE TPYIIIbI
Jla’ke YTBEPXKAAI0T, YUTO MOJUOICHUT MOXKET ObITh KOHKYPEHTOM YIAMBHUTEIBHOMY MaTepHaiy rpa-
¢deny (He UMEIOIIEMY 3alPELICHHON 30HbI BOBCE B CBOEM IIEPBO3/1aHHOM COCTOSIHMM) B JIEKTPOH-
HBIX cxemax Oynyuiero. Hanmnune npsMoii 3arpenieHHo 30Hbl OUeHb BaXKHO, KOT/1a €TI0 JOXOAUT
JI0 CO3JJaHMsI TAKMX YCTPOUCTB, KaK CBETOAMO/bI, COJTHEUHbIE OaTapen, POTONPUEMHHUKH U JTHOOBIX
Ipyrux (OTOHHBIX KOMIIOHEHTOB, UCIOJIB3YIOIIUX BO30YK/ICHHE Naphl AJIEKTPOH-AbIPKa IPOBOIU-
MOCTH, TOCKOJIbKY YCTPOMCTBA C MPSAMOI1 3amperieHHoN 30Hoi o0ecnieunBaroT Hanbosee 3pdek-
TUBHOE IIpeoOpa3oBaHue sHeprun. Kpome Toro, Hammure npsMoil 3arpeneHHoi 30Hbl 03HAYaeT,
YTO YCTPOWCTBO MOXKET JIETKO BKJIFOUATHCS U BBIKJIIOUATHCS, UTO BaXKHO JUISI TAKMX KOMIIOHEHT, Kak
OOBIYHBIN TPaH3UCTOP. MOMMOIEHUT OTIMYACTCS BEICOKOW MOJIBUKHOCTBIO CBOOOIHBIX 3apsI0B
(mopBmwXHOCTH orieHuBaeTcs B 100 cM?/B*c, a HEKOTOPbIE HAYYHBIE TPYIIbI OLIEHUBAOT €€ B 500
cM?/B*c), BenmunHa KOTOPOI cpaBHMMA C MOIBUKHOCTBIO B CAMBIX COBPEMEHHBIX 00pa3iax Kpem-
HUS. A TIOCKOJIbKY OT/IeNIbHBIE IBYMEPHBIE CJIOM BEIIECTBA CJ1a00 CKPEIUIEHbI MEXy cO00i JINIIbh
BaH-JIep-BaaJIbCOBBIMH CHUJIAMHU, B TEOPUU MOJIMOJIEHUT JJOJKEH ObITh COBMECTHM C Pa3IUUHBIMU
MOJJIOKKAMU, aKe THOKMMHU OCHOBAaHUSIMU U3 TUIACTUKA.

Tem He MeHee, NpeAbLAYIINE MONBITKA CMOHTUPOBAaTh MOJIMOJEHUT Ha IJIACTUKE OBLTH HE
oueHb ycremHbIMU. [lomyyenHbie TakuM 00pa3oM ycTpoicTBa GyHKIIMOHUPOBAIU JOBOJIBHO IIOXO
B CPaBHEHMH C DJIEMEHTAaMH, pPa3MELIEHHBIMUA Ha KECTKMX OCHOBaHUAX. C MCHOJIb30BAaHUEM CTaH-
JApTHBIX METOAOB JUTOrpaguu CTAaJ0 BO3MOXKHBIM CO3[JaHME MHOI'OCIOMHOTO MOJHMOJEHUTOBOIO
TpaH3UCTOpa Ha THOKON IUIACTHMKOBOHM IOJUIOKKE, UMEIOIIEr0 BBICOKOE COOTHOLIEHHE TOKOB BO
BKJIIOYEHHOM U BBIKJIFOYEHHOM COCTOSIHUM (COIOCTaBUMOE € MapaMeTpaMM yCTPOICTB, pa3MelleH-
HBIX Ha KPEMHHEBBIX MOAJO0KKAX). CO31aHHOE YCTPOICTBO TaKKE OTIMYAETCS MaJbIMHM SHEPro3a-
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TpaTtaMmu B mporiecce paboThl; KpOME TOTO, OHO MOKET THYThCS B JTFOOOM HaIlpaBJIeHUU 0€3 BO3HUK-
HOBEHUS KaKuX-THM00 MEXaHWYECKHUX MOBpexaAeHui. Paguyc npenenbHOro usrnbda Takoro TpaH3u-
CTOpa COCTaBISIET BCero 1 MM, YTO HAIOMUHAET BO3MOXKHOCTHU rpadeHa — Hambosiee M3BECTHOTO
cpeau MOKHMX KpUCTAJUIMYECKMX MarepuasnoB. Pa3zpaboTka HailieT npuMeHeHHe B TMOKUX 3JIeK-
TPOHHBIX CXEMaXx, a TAKXKe 3TO U300peTeHHE JJ0Ka3ajI0, YTO JaXe TaKOi JIByMEpHBIN MaTepHual, KaK
MOJMOJEHUT, BIIOJHE IPUTOAEH Ul TaKMX HETPaJMLMOHHBIX MOJUIOKEK, KaK IUIACTHK, CTEKIIO U
Jla’Ke TKaHH.

JIst co3aanusi caMoro ruOKOro TPaH3HCTOpPa MCIOJIb30BAIKCH YIIICPOJHbIC HAHOTPYOKH [2],
C MaJIOW TOJIIIMHOW, BEICOKOW MPOYHOCTHIO U OJTHOBPEMEHHO THOKOCTHI0. OCHOBOM 3JIEMEHTa CTaj
HOJMBUHUIIOBBIM CIIUPT, UCHOJIB3YIOLIUICS B HEKOTOPBIX KilesiX B KauecTBe 3arycturens. OH abco-
JFOTHO MPO3PAYHBIA U THOKUI KaK IMOKa3aHO HA PUCYHKE 3.

Pucynok 3 — 300paxeHne ruOKOro TpaH3UCTOPA U3 YIIIEPOJHBIX HAHOTPYOOK Ha MPO3PAaYHOIl MOTOKKE

DTO U300peTeHHe MpeACTaBIsieT coOON TMOJIEBOM TPAH3UCTOP C TOJNIIMHOW CXEMbI MEHEE
15 muxpomerpoB. McnbiTanust ycTpoiicTBa OKa3aiH, 4TO, JHUIIb IOCIE TOTO KaK CXEMY CKOMKAIH
100 pa3, ona Havasa naBath cOOM (HEMHOTO YMEHBIIHMJICS MaKCHUMAaJbHBIN TOK cTOKa). Kak ObLI0
BBISICHEHO IOCJIE CTOJIbKMX MEXaHMYECKUX Harpy3oK YIjepoJHble HaHOTPYOKHM Hadaju JIOMAThCs.
Tem ne menee, 100 cknanpiBaHUIl — OUEHb HEIJIOXOH MOKa3aTeab, KOTOPHI MO3BOJISET MEUTaTh O
NPUMEHEHUH HOBUHKHU B 3JIEKTPOHHBIX CXeMaxX, KOTOPBIM MPHUAETCS paboTaTh B 3KCTpEMalbHbIX
YCIIOBUSIX, TaM, ]I POUCXOIUT MHOYKECTBO U3MEHEHUN (POPMBI.

HccnenoBanust Takxke MoKa3ajid, YTO MUHUMAJIBHBIA paguyc U3ruba He JI0JDKeH ObITh Oosee
OJIHOTO MWJIJTUMETPA, TO €CTh O MOJHOM CKJIaJbIBAaHUU peuu He uaér. Ho u Takoi mokasaTtesns — J10-
cTiwkeHue. J{pyrue Tpanzuctopsl Opanu mianky 0,1 Muimumerpa.

[Toka — 3T0 o4eHb paHHsS pa3pabOTKa, HO B JaJIbHEUIIEM €CTh MEPCHEKTUBBI KOHTPOJIS
CBOMCTB TPaH3UCTOPOB U OCBOEHUS MX MHTErpallM B JpPYIHe YCTPOMCTBA, a TAKKE UIEH O CO3Jla-
HUU KOMMepYeCKOoi TMOKOW U MPO3pavyHO, MOJTHOCTHIO YIIIEPOIHOM 3JEKTPOHUKH.

PaccmoTpuM ruOkuil TpaH3MCTOp C IUIABAIOLIMM 3aTBOpPOM. I MOKMII TpaH3UCTOp ¢ IJiaBaro-
MM 3aTBOPOM IIPEICTaBIsIET COOON TPaH3UCTOP, KOTOPHIM MOKET HAXOJUTHCS HE TOJBKO B ABYX
COCTOSIHUSIX — 3aKPBITOM U OTKPBITOM, HO U B MPOMEXYTOUHBIX, & TaKXKe CIIOCOOHBIN M3rndatbcs
WM CBEPTHIBATHCSA 10 MPEIEIbHOI0 N3ruoa.

WHTepecHb! HAXOKU MO CO3/IaHUIO MACCUBOB F'MOKHMX TPAH3UCTOPOB C IJIABAIOIIUM 3aTBOPOM
Ha OCHOBE OpPraHMYECKHUX MOJIYIMPOBOAHUKOB, B KaUe€CTBE TAKOBOT0 ObLI BbIOpaH neHTaneH. Ha pu-
CYHKE 4 TIpeJCTaBJIeHa IUIEHKA C TAKUM MacCUBOM M CXEMa CaMOro TPAH3UCTOpA.

Jlns onucaHus CBOWMCTB AMAJIEKTpUKa (OKCHI aIFOMHUHHUS IUTIOC CaMOCOOMpAroOUIUiicss MOHO-
CJIOi), UCTIONIB3YEMOT0 TIPU CO3/IaHUM TPAH3UCTOPOB, TAKXKe OBLIM M3TOTOBJIECHBI TMOKHE TPaH3U-
CTOpBI 0€3 OPraHMYeCcKOoro MoaynpoBoAHUKA [3]. BblIu m3MepeHbl cMeleHHs TOPOTrOBOTO HaMpsi-
YKEHHS THOKOTO TPAH3UCTOPA C OPraHMUECKUM HOJTYIPOBOJHUKOM B 3aBUCHMOCTH OT HalpsKEHU,
IPUKJIAIBIBAEMOTO MPH 3aIMCH, U BPEMEHH, OTBEIEHHOIO Ha 3anuch nHpopMmanuu. Beidpas, Takum
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58-s1 HayyHast KOH(pEPEHIHS aCMUPAaHTOB, MATUCTPAHTOB U CTYACHTOB

00pa3oM, ONTUMaTbHBIE TTAPAMETPHI IS 3aMucy UH(POpPMAIIHK, Ha OCHOBE TAKOTO MacCHBA TPaH3U-
CTOpPOB OBLI CO3/1aH THOKHUI TaTUYMK JTaBJICHUS.
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Pucynok 4 — (A) ®otorpadus miéHku, coctosmie n3 26X26 OpraHnIecKuX TPAaH3UCTOPOB C IUIABAIOIINM 3aTBOPOM.
(B) CxeMa opraHH4ecKOro TpaH3HCTOpa ¢ MmiaBaroiumM 3atBopoM. (C) TEM-mukpodotorpadust «cpesa» TpaH3uCTopa.

B 270l CBSA3M MOKHO OTMETUTH, UTO PA3BUTHE JAHHOI'O HANPABICHUS B MHUKPOAJIEKTPOHHUKE
MO3BOJIMT B OYAYIIEM CO3[aBaTh Pa3IMYHbIE KOMIIOHEHTHI AJIEKTPOHHBIX YCTPOWCTB HA OCHOBE O-
TFaHMYECKUX IOJYIPOBOJHUKOB U YCIIEIIHO BHEAPSTH UX, €CJIU HE B IOJIHOCTbIO OPraHUYECKHUE, TO
XOTs1 ObI B THOpHUIHBIE YCTPOMCTBA, TAKHE KaK COJHEUHBIC OaTapew, CBETOM3ITYYaIONIHe TIOBEPXHO-
CTH, CeHCOpbl. Vcnoap30BaHue THOKUX TPAH3UCTOPOB YCTPAHUT TEKYILYIO0 NOTPEOHOCTh B BBICOKO-
TEMIIepaTypHOil 00pabOTKe M MOCIEIYIONIYIO MOTPEOHOCTD B JKapOIPOUYHBIX TPAH3UCTOPHBIX MaTe-
puanax. OHM TaKkKke MOTYT OBITh UCIIOJIb30BaHBI [Tl 3aMEHbI KPEMHUS, UCIIOJIb3YEMOI'0 B KOMIIbIO-
TEPHBIX JUCILIEAX. DTA TEXHOJOTUS MOXET MPUBECTU K CKJIAJHBIM ITOPTaTUBHBIM KOMIIBIOTEPAM U
3JIEKTPOHHBIM YCTPOWCTBAM.
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