OYHKIUOHAJIBHAA MUKPO- U HAHODJIEKTPOHUKA

K. ¢.-m. u B. M. I[IOI1IOB, A. C. KIUMEHKO, A. I1. IOKAHEBHIY,

0. M. LIYVCTOB, U. U. 'ABPUJIIOK, A. 1. [IAHUH

Vkpauna, . Kues, Llentp «Mukpoananutuka» MHCcTHTYTa
muxponpubdopos HAHY, OAO «Ksazap»
E-mail: popovmc@i.kiev.ua

JIOKAJIBHBIE CBOVMCTBA

JlaTta moctynuieHus B pelakIuio
23.01 2010 r.

OmnmnoxeHT 0. ¢h.-m. H. A. A. EBTVX
(UDIT mm. B. E. Jlamkapésa, . Kues)

DJIEKTPUYECKU AKTUBHbBLIX IED®EKTOB
B COJIHEYHBIX BATAPEAX HA OCHOBE KPEMHUA

Hccnedosansl snekmpuiecku aKmuegHvle
oeghexmpl ¢ IOKATbHO NOBLIULEHHOL NPOBO-
OUMOCMbIO p—N-nepexooa u C8emogoll
amuccuei. Ilokazano, umo no ux KoHyeH-
MPayuy MONCHO KOHMPOIUPOBAMb Kaue-
CMB0 CONHEeYHbIX bamapeli 8 npoyecce u3-
20MOo8IeHUs.

[MoBbimenne >pPeKTHBHOCTH (HYHKINOHUPOBAHHUS
coHeuHBIX Oatapeit (CB) HemocpeacTBeHHO CBSI3aHO CO
CHIDKCHHEM KOHIICHTPAUH Je(EKTOB C MOBBIIICHHOM
MIPOBOJIUMOCTBIO B p—n-Tiepexofax. M3BecTHO, 4TO Ha-
JIMYHWE JIEKTPUICCKU aKTHBHBIX eektoB (IA/L), oka-
3bIBAIOMINX IIYHTUPYIOMICC BIMAHUC HA p—H-TICPEXOAbL
CBb, conpoBokIaeTCsl yXyALIEHUEM SKCIUTyaTallHOHHBIX
XapaKTEePUCTHUK MIPUOOPOB — ITOHIKEHUEM HATIPSKCHUS
XOJIOCTOTO X0/1a U Kodddunuenra 3anoiaaenus [1]. Ha-
nuure ykazaHHbIX fedextoB cHuxkaeT KITJ] comHeunbix
Oarapeii mpu paboTe B YCIOBHUSX IIOHMKEHHON OCBEIICH-
HoctH [2]. [Toatomy DAL, mryHTHpYIOIINE p—H-TIEPEXO-
161 CB, B ocsietHee BpeMsi UCCIIEAYIOTCS 0COOEHHO MH-
TeHcuBHO [3]. Pa3BuBarOTCS M COBEPIICHCTBYIOTCS Me-
TOJIBI JIOKIM3AIUU JePeKToB [4, 5], pacmupstorcs
MIPEACTaBICHUS O (PU3HKO-XMMHUYECKHX CBOMCTBAX DA /]
B CB [6, 7]. IMetoTcst pabOTHI TIO BBISIBIICHUIO M UCCIIE-
noaHuto DA/, 00anarommx 3JIeKTPOFOMAHECIICHITH-
el mpy MPSIMBIX HANPSDKEHUSIX Ha p—n-iepexonax [8]. B
TO K€ BpeMs, Me(PEKTHI, XapaKTepH3yeMbIe CBETOBOI
IMHCCHEN NPU OOpaTHBIX CMEILEHUSIX Ha p—n-TIepexo-
nax Cb, uccinenoBaHbl HEIOCTaTOYHO.

B Hacroseit pabote mpoBeneHbI KOMIUICKCHBIC HIC-
cnenoBanust DAJ] ¢ TOBBIIIEHHONW MPOBOJUMOCTBIO B
p—n-nepexonax Cb, xapakrepHoii 0cOOEHHOCTBIO KOTOPBIX
SIBIISIOCH HaJIMYUE CBETOBOM SMUCCHU B BUJIUMOM JIHa-
Ma30HE U3Ty4YCHUs1, HAOIFOIaeMOT0 TIPU OOPaTHBIX CMe-
LIEHUsIX Ha p—n-niepexonax. CoueTaHne ONTUYECKON MUK-
POCKOIIHMHU BBICOKOTO pa3pelieHHs, JKUJAKOKPUCTAITHYE-
CKOH TepMorpaduu, pacTpoBOH ITEKTPOHHON MUKPOCKO-
uu (POM), BKITIOUast peXKUM TOKOB, HH Y ITHPOBAaHHBIX
anekTpoHHbIM JiydoMm (THUIJI), mokanbHOTO peHTreHo-
crnekTpaiabHoro Mukpoananmnia (JIPCMA), anextpodu-
3UYECKUX M3MEPCHHU U OPYTUX METOIOB IMO3BOJIIO
OTIPEICTUTH JOKAIBHBIC (PH3HKO-XUMIUCCKUE CBOMCTBA
ANIEKTPHYCCKU AKTUBHBIX DJICKTPOIIOMHHECIICHTHEIX JIe-
¢dextoB (DAIJI). [TonyueHHbIE pe3yabTaThl IPEICTAB-
JIAOT UHTEPEC IJIA IPUMCHEHU B LHEJIAX KOHTPOJIA Kavye-

ctBa Cb Ha sTanax pa3pabOTKU U CEPHITHOTO TIPOU3BO/I-
CTBa MPHOOPOB, a TAKIKE JJISI ONTOAICKTPOHUKH IIPH CO-
3JaHNUHU JIOKAJIBbHBIX HCTOYHUKOB CBETOBOM SMHCCHH HA
OCHOBE KpEMHHUS

OO0pa3ubl 1 MEeTOAUKA IKCIIEPUMEHTA

HWccnenoBansl mactiabl Ch, M3roTOBIEHHBIX pa3iIny-
HBIMU TTPOU3BOIUTENISMU HA OCHOBE KPEMHHS p-TUIIA C
yaenbHeIM conpotusienneM 1—10 Om-cm. @opmupo-
BaHHUE p—n-TIEPEXOJIOB OCYIIECTBIIOCH ITyTeM Tupdy-
3un pochopa, ITyOrHA 3aeraHust HAXOIUIach B Ipeie-
nax 0,2—0,4 mxm. MccnenoBanus MpoBOAMIINCH HA TUTa-
cruHax CB Kak 1mociie onepamyu Co3aanus 7 -cios, Tak
U TIOCIIC 3aBEPIICHUS BCEX TEXHOJIOTHUYECKHX IpOIiec-
COB (B TOTOBBIX U3JICIHIX).

ITepBoHauaIbHO OMPENENATIOCh pacnpeieieHue Jie-
(heKTOB € MOBBILIEHHON TPOBOAUMOCTBIO B p—H-TIEPEXO-
JaX TPy OOPaTHOM CMEIICHHH HAa OCHOBE BBIIBICHUS
JIOKaJTFHBIX NCTOYHUKOB MOBBHIIIICHHOTO TETUIOBBIICIICHIIS,
TaK HA3bIBAEMBIX «TOPSIUX TOUYCK», METOJIOM JKHUIKHX
kpuctauioB (7KK) [9]. MnankaTopaMu «ropsaux TOUEK»
CITY’KUJIH TIOJIMMEPHAs TUICHKA C IUCTIEPTUPOBAHHBIM B
Heill xonectepuueckuM JKK u nipo3padnble SUEHKH C TO-
MEOTPOITHO OPHEHTUPOBAHHBIMU MOJIEKYJIAMH TaKOTO
KK B cmekTrueckoit dase [10] u MonekynamMu HeMaTH-
yeckoro JKK.

ITocne kapTorpadMpoBaHuUs «IOPSUUX TOUEK) 110 BCEi
TUTIOIIA/I TUIACTHH IPOBOMIICS aHAJIU3 pacpeaeseHUs
JIOKATBHBIX ICTOYHUKOB CBETOBOI AIMUCCHU ITPpH 00part-
HOM HarpsbkeHun Ha p—n-tiepexone 10—15 B B rotoBbix
Cb u 15—20 B na mnactunax mocie (GOpMHPOBAHUS
n*-crost. Busyanusarus OTIeIbHBIX HCTOYHHKOB CBETA
OCYHIECTBIISUIACH C TIOMOIIBIO ONITUYECKOTO MHKPOCKO-
na «Jena Tech» 1 BCTpOEHHOI B HETO BHICOKOYYBCTBHU-
tenpHOH Bumeokamepsl « Edmund Optics» ¢ kpeMHue-
Boit [I3C-maTpumneit (mopor 4yBCTBUTEIBHOCTH —
0,02 nk) mpu yBenmmaenusix 1o 1000 pa3. Pazpemaromias
criocoOoHoCTh BhIsBIIeHHs DADJIJ] cocTaBisia OKOJIO
1 mxM. Peructpanus ob1iero pacnpeaeaeHus HCTOUHH-
KOB CBETOBOI 3MHCCHH MPOBOAMIACH IMyTeM (oTorpa-
(bupoBaHWsI B CBETON30IUPOBAHHON KaMepe BeeH rac-
THHBI TUGPOBBIM (oToanmaparoM (¢ emkocThio [13C-
MaTpHIIbI 107 MMUKCEIIOB) TIPH JITUTEIIEHON HKCIIO3UIINT
(6omee 10 cexyHm).

HccnenoBanHble TUIACTUHBI Pa3pe3aliuCh Ha 4acTH
pa3MyHbIX pazMepoB (0T 2X2 1o 20%x20 mm), B mipene-
JaxX KOTOPBIX (PUKCHPOBAJICS TOIBKO OAWH Ne(eKT 100
Ie(eKTHI OTCYTCTBOBAIN. Ha OIMHAKOBBIX IO TUTOIIIA I
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(hparMeHTax MIaCTUH C OJHUM Ae(EeKTOM, a Takxke Oe3
Je(heKTOB U3MEPSIINCH BOJIBT-aMIIEPHBIC XapPAKTEPUCTUKI
(BAX). Tum mpoBOIUMOCTH MOBEPXHOCTH KPEMHHS B
obnactu Haubosee KPYMHBIX JeEKTOB OMPEEIISIICs C
HCTIONIb30BAaHNEM TETFIOBOI'O MUKPO30HA (JIOKATBHOCTD
TOpsiZIKa 5 MKM).

BrrsiBneHHBIE TEPEKTHI UCCIECIOBAINCH C TIOMOIIBIO
pacTpoBOTO 3MEKTpOHHOTO MUKpockona JSM 1C845
«JEOL» B pexxrMax BTOPUYHOM AJIEKTPOHHON SMUCCHH
u TUDJI. DneMeHTHBIN COCTaB TEXHOJIOTHYECKUX CTPYK-
Typ B DAJ] onpenensuica merogom JIPCMA B pexxume
SHepreTudeckoi aucnepenu Ha ycranoBke AN10000/95S
«Link Analytical».

B psine ciaydaes oraensHble DADJ]] 6b11H Hccneno-
BaHBI C MOMOIIBIO0 METO/A 3IEKTPOJIN3A JJCHOHU30BaH-
HO# BOJIBI.

JKCcIepUMeHTA/IbHbIE Pe3yJbTaThl

YcTaHOBIIEHO, YTO PACHIPEICIICHUSI «TOPSIUUX TOUCK)
Ha OTKpbITON oBepxHocTH wiactud Chb (BHe 31ekTpo-
JIOB) MPAaKTUYECKH COBMAJAIOT C paclpelleicHueM
DADJI, T. €. O4EBUIHO, YTO B OOOUX CIIyYasx WX UC-
TOYHHKOM CITyXaT OJTHH U Te ke AedekTbl. Hanbobiee
quCIo AeGeKTOB 00HAPYIKEHO HA KPasiX IJIACTHH BJIOJIb
IpaHUIILl 77 -CII0s1, 0Opa30BaBILEHCS B pe3yaLTaTe yaa-
JICHUS 3TOT'O CJIOSI HA TOPIIAX IJIACTHH MPH IJIa3MOXHMH-
4eCKOM TpaBlicHHUU. [Ipy MaJIbIX yBETHUCHUAX EPEKThI
BBIIVISJIENN, KAK OT/IEIbHBIE CBETAIIMECS TOYKU MU UX
ckoruteHust. [Ipu 6onbimx ysemmuenusx (500—1000 pa3)
JIe(eKThl, B OCHOBHOM, MMEIIU BHJ] CBETSIINXCS 3aMK-
HYTBIX WU HE TOJHOCTHIO 3aMKHYTBIX KOHTYpPOB (pHc. 1).
B citydae TOYEUHBIX HCTOUHHKOB U3IYUICHUS UX pa3Me-
PBI COCTABIISUTH MEHEE MUKPOMETPA, THAMETP CBEUCHHS 3aMK-
HYTBIX KOHTYpOB fnocturai 20 Mxm u Oonee. [Ber cBe-
qeHwUst 1e(hEeKTOB B MOJIABIISIFOIIEM OOJIBITUHCTBE HCCIIC-
JIOBAaHHBIX 00PA3IIOB OBLT OCJIBIM, & B OT/ICJIBHBIX CITyda-
SIX UMeJT KPACHOBATHII OTTCHOK.

10 MkM

Puc. 1. XapaktepHble TpUMEpbl CBEYCHHUS B 00JIACTH AJICKT-
PHUYECKU aKTUBHBIX A€(EKTOB HA IIACTHHAX COJHEYHBbIX Oa-
Tapeil npu oOpaTHOM CMEILEHHU Ha p—n-NEPexojie

DJEKTPOTIOMUHECIICHINIO e (EKTOB HAOIMIOAATN Ha
00pa31ax 0OJIbIIMHCTBA U3BECTHBIX €BPONEHCKHX U OTe-
4yecTBeHHBIX m3roroButeneii Cb Ha ocHOBE KpeMHHS.
CremyeT MoIYepKHYTh, YTO M3ITydaron[ie Oeblid CBEeT
JeeKThl 00HAPYKUBAIHUCH Ha BCEX TEXHOJIOTHYCCKUX
stamax u3rotoienus Cb mocne popmupoBanust Ha rTa-
CTHHAX KPEMHHs p-THIIA 1" -CIIOsL, T. €. ociie 00pa3oBa-
Hust 1" —p-niepexona. JleTaabHOE CONOCTaBICHHE MECT Pac-
TIOJIOXKEHHS «TOPSYMX TOUCK U DIICKTPOTIOMUHECIHPY-
IOMIAX 00JIacTeH IT0Ka3aJIo, YTO JIUIIb B OTICIBHBIX, He-
MHOTOYHCIICHHBIX CITyJasiX B 00JIACTSX «TOPSTINX TOUCK)
cBedeHue He HaOmonanock. Kak npaBuiio, 3To ObLTH 00-
JacTH HanboJee BHICOKOH POBOJMMOCTH, JIJISI KOTOPBIX
XapaKTepHbI JIOKabHbIE THHeHbIe BAX.

AHanm3 MpUBEICHHBIX HA PHC. 2 TaHHBIX MOKa3al,
9TO OOpATHBIN TOK PAacTeT C YBEIUUCHHEM KOINICCTBA
PETUCTPHUPYEMBIX BU3YaJIBHO B TEMHOTE JJICKTPOIIFOMH-
HECIMPYIOIINX JIeeKTHBIX obnacteil. ClieyeT OTMETHTS,
YTO 3Ta 3aBUCUMOCTB OTPAXKAET TOIBKO OOIIYIO TCHICH-
1uto, T. K. HaOmomaembie DADJIJ] nmenu paszHbie reo-
METPHUYECKUE pa3Mephl U YPOBHH JIEKTPHICCKOU MPO-
BOJIMMOCTH, a OJIM3KHE 110 pa3MepaM H3JIyJarolue 00-
JIACTH MOTYT CYIIIECTBEHHO (MHOT/IA HA TIOPSIKH) OTJIU-
YaThCsl 10 YPOBHIO 00PAaTHOrO TOKAa. MUHUMATBHBIH ypo-
BEHb TOKa ()parMeHTa IIaCTHHBI TUIONIAIBI0 OKOJIO 5 MM?
¢ otnenbHbIM DADJI]] pa3zmMepoM HECKOIBKO MUKPOH IPH
BH3YaJILHO PETUCTPHPYEMOM B TEMHOTE ITIOPOT'e H3ITyICHUSI
COCTaBIISUT 35 MKA, 4TO COOTBETCTBOBAIO MHTETPATIHHOM
I0THOCTH ToKa 7-107#A/cM?, a MUHMMAaNbHOE 00paTHOE
HaIpspKeHUE, TIPH KOTOPOM PETHCTPHPOBAIOCH U3ITyUe-
HHeE, paBHsIOCH 3,6 B.
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Puc. 2. CBsi3b BETMYUHBI 00PATHOTO TOKA C OOIIMM KOJHYEe-
ctBom DADJIJ] Ha TutactuHe

Ha puc. 3 npusenens! ooparHeie BeTBu BAX nByX
(hparMeHTOB TIaCTHH paBHOM Imiomann (4x4 M), Ha
ormHOM 13 KoTophix DADJI]] He BHISBICHBI, a HA IPYTOM
BHU3YaJIbHO U ¢ TIoMolbio xonectepuueckoro KK mpu
HanpspkeHuu 10 B 3apeructpuposan otaensHbii DADJ/L.
®parMeHThl BBIPE3aHbl U3 IIACTUHBI, TPOLIE/IIEH MoJI-
HBINA TeXHOJIOrnYeckuil nuki u3rorosienus Cb. O6e ua-
ctu actiabl Chb Ha TUIIeBOi TOBEPXHOCTH MMEITH OJT!-
HAKOBBIE TUIOMIAIN COOMPAIOIINX TOK IITHH, TOKPBIBAIO-
HIMX TPUOTU3NUTENHEHO TPETHIO YacTh MMOBEPXHOCTH, a C
00paTHOM CTOPOHBI ATH YUACTKU OBLITH METALITU3UPOBA-
HbI ATFOMMHHMEBOM MTacTo!. 113 prcyHKa BUIHO, 4TO ypoO-
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Puc. 3. O6parnsre BeTBH BAX 1Byx (parMeHTOB, BHIpE3aH-
HBIX W3 OJIHOM TUTACTHUHBI, PABHOW TUIOIIAH:
1 — y4actok ¢ ogauM DADJIJL; 2 — yuacTok 6e3 nedekTon

BEHb TOKa Ha y4acTke ¢ Je(eKToM MpHOIH3UTEIHHO B
50 pa3 Gousblie Toka 6e31ePeKTHOTO yJacTKa.

‘YeraHOBIIEHO, YTO TIPH 00paTHOM HanpsikeHuu 10 30 B
obpatHbie BeTBU BAX, M3MEpEHHBIX Ha OTICIBHBIX yIacT-
Kax IDIaCTHH 0e3 1e()eKTOB, HMEIOT (POPMY, THITHIHYIO
IUISL 1T —p-TIepEeX0I0B Ha KPEMHHUH C YIEIbHBIM COTPO-
THUBJICHUEM HecKoIbKo OM-cM. [Ipu oOpaTHOM Hampsixke-
Huu cBbiiie 30 B HaOmonaeTcst pe3Kuii pocT Toka p—ni-
nepexo/ia ¢ MOCISAYONINM TOSIBICHUEM yJacTKa OTPH-
LATEJILHOTO COMPOTUBIICHUS, U TIPH JaTbHEHIIIEM YBEITU-
YeHUH TOKa UMEET MeCTo nerpananust BAX p—n-mepexo-
na. O6paraeie BAX tutactun ¢ DADJI]] B muanazone Ha-
TPSDKCHUS 10 U TTOCTIE TIOSIBIICHHS N3Ty9eHUsI, HO HE 00-
nee npubnu3nTensHo 30 B uMeroT miaBHBIN XapakTep
0e3 pe3Kux M3MeHEHHH ()OPMBI, a TPU HAIPSKEHUU CBbI-
mre 30 B Tok, kak u B ciuydae 0e3aedekTHrIX hparMeH-
toB Cb, pe3ko Bo3pacraer. CBeueHue BCeraa HAUMHAET
HaOTrOIATHCS 0 Havasia mpo0ost 10 BCEH IO U HC-
clieTyeMoi ITacTUHBI WK ee pparmenTa. Haubosnee Be-
POSITHOM IPUYIMHOM CBEUCHUSI SIBIICTCS PA3BUTHE JIOKAIb-
HOT'O MUKpOIIpo0ost B obnactu nedexror. He nckimode-
HO, 4TO B o0mactu DADJIJ] mokanbHBIE YCIOBUS 3apOK-
JISHVsI JJABUHHOTO TIpo0os (HarpuMep, KpUBU3HA p—i-
nepexo/ia, BETMYMHA DIIEKTPUYECKOTO o) Oosee Ona-
TONPUSTHBL, 4eM B cpeaneM B CB.

Ha puc. 4 npencrasnensl BAX oquHaKOBBIX 110 ILIO-
maay (hparMeHTOB, BEIPE3aHHBIX U3 0e31e(heKTHOH 00-
nact TactuH Cb u u3 001acTi ¢ OJIHUM KPYITHBIM
(=20 mxm B quamerpe) DADJI], a Taxxke BAX camoro
nedexra. BAX nedexra Oblia u3MepeHa ¢ MOMOIIBIO
BOJIL()PAMOBOTO 30H/1a C TUAMETPOM 3aKPYIIICHUS OCT-
pust 7,5 MKM, TIPIJIOKEHHOTO K IEHTPaIbHONU 00JIacTH
nedekra. M3 pucynka BuHO, 4to BAX (parmeHToB (Kpu-
Bble / 1 2) UMEIOT OOBIYHBIN TUOMHBIN BUL, a i BAX
nedekra (kprBas 3) XxapakTepHa JTMHEHHOCTh, CBUIIETEIb-
CTBYIOIIIAsl O TOM, UTO B €T0 ICHTPAIbHOM 007IaCTH 30H/
00pasyeT MPakTUIECKN OMHICCKHAN KOHTAKT K KpeMHHe-
BOH MOJIONKKE.

Jlnst uccnenosanmst npuposst DADJI] Beiaensim yua-
CTKH TUIACTUH C JOCTATOYHO KPYMHBIMU (=20 MKM B TI0-
MIEPEYHHKE) U3ITYYAOIIUMHU JePEeKTaMH, KOTOPbIC ObLITH
PAacIoIOKEHBI KakK BONN3U Kpast TpaBieHus n'-quddy-

0,02 T II|
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Hanpsioxenne, B

Puc. 4. Bonpr-aMiiepHbie XapaKTepUCTHKH (JParMEeHTOB I1a-
ctuH Chb:

1 — Ge3eeKTHBIN y4acTOK IJIACTHHBI; 2 — Y4acTOK IUIACTHUHBI C
DADI; 3— BAX nedexra

3HOHHOTO CITIOS, TAK U BAAJIN OT HeTo. [[pHHIIITHATBHBIX
OTIIMYMH B CBOWCTBAX JC(PEKTOB B 3aBHCUMOCTH OT 00-
JIACTH MX PACIOIOKEHHS Ha TUTACTHHE HE YCTAaHOBJICHO.

T'eomeTrpuueckas popma cBeTsIIEeiics 00IaCTH OHO-
TO U3 UCCJICIOBAHHBIX KPYIHBIX NE(PEKTOB, B KOTOPOM
OTCYTCTBYET CIIOW aHTHOTPAYKAIOIIETO IIOKPBITHSL, TOKa-
3aHa Ha puc. 5, a. BuiHo, uTo M3rydatomnias 0esbIid cBeT
o0acTh 3Toro Aedexra uMeeT GopMy ¢ TOCTATOYHO YeT-
KUM KOHTypoM. MccrenoBanusi Tuma mMpoOBOIUMOCTH
KPEMHUSI, IPOBEICHHBIE C TOMOIIBIO UTONBYATOr0 MUK-
poTepMo30H/a B 06nacTu Aedekra, moKa3ain, YTo BHYT-
PH CBETSILET0OCS KOHTYpa UMEET MECTO p-THII IIPOBOIH-
MOCTH, a BHE e(eKTa, KaK U OXKHUIAI0Ch, — n-TuI. Ha
puc. 5, 6 ToKa3aHO U300paKEHHE UCCIIeyeMOit obac-

20 MKkm

—_

Puc. 5. U3o0paxkenns obmactu DADJI/] B Cb B pasnuuHbIx
pexKruMax Ha6J'IlO,HeHI/IHI

@ — CBEYEHHE B ONITHYECKOM MHKPOCKOIIE; 6 — TOIOJIOrHs OBEpPX-

HOCTH BO BTOPHYHBIX 2J1eKTpoHaX POM; ¢ — TOK, HHIylIUPOBaHHBII

NMEKTPOHHBIM JydoM POM; o — XapakTepuCcTHYEeCKOE€ PEHTIEHO-
BCKOE U3JTy4eHHE aTIOMUHHUS
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TH C Je(EeKTOM BO BTOPUYHBIX 3JieKTpoHax POM. Ha-
OrromaeMble 3/1€Ch CBETIIBIC MISITHA SBISIOTCS BEpIINHA-
MH MUPaMUJ] TEKCTYPHUPOBAHHOM TOBEPXHOCTU KPEMHUSL.

Amnanmu3 obnacTu pacnoioxeHus nepexra B POM B
pexume THUDJI BBISIBUII BHYTPH CBETSIIETOCS KOHTYpPa
OADJI] npakTuuecku MOIHOE OTCYTCTBUE NHYLIMPOBaH-
HOTO TOKa, T. €. OTCYTCTBUE p—n-Tiepexoaa (puc. 5, 6).
Ota 00macTh 1o (popMe U MECTOTIONIOKCHHUIO TPAKTHIEC-
CKU COBIAJAeT ¢ 00JIaCThI0, OTPAHUUCHHOMN CBETAIIUMCS
KOHTYpoM. [IpoBeIcHHBIH B 3TO# 007aCTH JIOKAIbHBIH
PEHTTEHOCHEKTPAIbHBII MUKPOAHAIN3 BBISIBUII XapaKTe-
pUCTHYECKHI UK aToMOB amoMuHMs. Ha puc. 5, e no-
Ka3aHa 9Ta ke 00JIacTh B XapaKTepPHCTHYECKOM PEHTre-
HOBCKOM M3JTy4CHUH aTOMOB aJIOMHUHUS. BUHO, 4TO 110
(hopme OHa TaKKe COOTBETCTBYET 00JIaCTH, OTPAaHUYECH-
HOI KOHTYpOM cBeueHUs AedekTa. 3yuenue ToKaabHbIX
PEHTI€HOCIIEKTpOrpaMM MaTepHasia BHyTpY KOHTYpa CBe-
YCHHS TIO3BOJIMJIO OIICHUTH KOHIICHTPAIMIO AJTFOMUHUS HA
yYKa3aHHOM ydJacTke. B mpenenax miomanm paccMOTpeH-
Horo DADJIJ] KoHIIEHTpalKuy aJIIOMUHUS U KPEMHUS Ha
MIOBEPXHOCTH OBLIH MPUOIN3UTEITEHO OIMHAKOBEL.

B npyrux mccienoBaHHBIX nedeKTax, pazMepsl Ko-
TOPBIX OBLTH MEHBIIIE PACCMOTPEHHOTO BBIIIIE, B Pa3IINy-
HBIX TOYKaxX 00JIacTH CBEYEHHs CpefHee COJepKaHue
AJIOMMHUSA B €JI0€ IIyOUHOM mopsaka | MKM, B OCHOB-
HOM, OBIJIO HIKE U COCTABIISLIO OT 5 10 50% OT KOHIIEeH-
TpPALMU KPEMHHUSL.

OO6cyxaenne pe3yibTaToB

[ToydeHHbIE pe3yabTaThI JAI0T OCHOBAHUS CIUTATD,
YTO B MCCIIEJIOBAaHHBIX CONHEYHBIX Oatapesx DADJIJI
¢dopmupyrorest B nt-aupPpy3HOHHOM CcII0e KPEMHUS B
pe3ynbprare JIOKambHOH MudQy3un aToMOB ATIOMUHUS,
KOTOpAasi IIPHBOIUT K KOMITCHCAIIUH CBOOOIHBIX DIICKT-
POHOB B JIETHPOBaHHOM (hocopom ciioe u GopMHUpOBa-
HUEO 00nacty p*-tuna nposogumocty. Ecim muddyHm-
PYIOIHE aTOMBI AFOMUHUSI, TIPOHHUKASL Yepe3 1 -CIIOi,
JIOCTUTAIOT MOJIJIOKKH, TO Ha BCeH Tutomanu tuddy3un
oOpasyercst obnacts p-tuna. B pesynprate Ha ydacTke
Tuddy3un aTIOMUHAS p—n-TIEPeXo]] UCUE3aeT, a Ha €ro
MeCTe IMOBEPXHOCTHh KPEMHUSI TPUOOPETAET TUII IIPOBO-
JUMOCTH TIOJJIOKKH, YTO TIOATBEPKIACTCS THHEHHBIM
xapaktepoM BAX nedekra (cMm. puc. 4). Ha rpanurie (1o
KOHTYPY) JIETUPOBAHHBIX aTIOMUHHEM obnacreii ¢ n'-
cioeM (QOpPMHUPYIOTCS p—n-TIEPEXOAbl C Pa3ITHIHBIMU
JJEKTPUICCKUME XapPAKTCPUCTHKAMH, 3aBUCSIIUMHA OT
yCIOBUH UX POPMHUPOBAHHS. DTH p—H-TICPEXOBI BKITIO-
YarTcs napauienbHo obuemy nepexoxy Cb, copmu-
poBaHHOMY I dy3ueH, U B cilydae UX JIOKAIbHO BbI-
COKHMX 00paTHBIX TOKOB IIYHTHPYIOT ero. [Tpu npuiosxke-
HiM K Cb 00paTHOTO 3MEKTPUYECKOTO CMEIICHHS ITH
MepexXo/ibl TAK)KE BKIIIOYAIOTCS B OOpAaTHOM HaIpaBlie-
HHH U OTIpeAessIoT Xapakrep BAX comneunsix 6arapeii.
VIMEeHHO OTIEeNbHBIC YIACTKH ATUX p—H-TIEPEXOIOB CTa-
HOBSITCSI ICTOYHUKAMH U3ITyUCHHUS CBETA.

Juddy3us amroMuHAS U3 TOKATBHBIX HICTOYHUKOB Ha
MIOBEPXHOCTH KPEMHUS IIPOUCXOAUT BO BpEMsI IIPOBEJIC-
HIUSI BEICOKOTEMIIEPATYPHBIX ONeparnuii (pOpMUPOBAHILI
p—n-niepexona (pu quddysun pochopa) v (Wm) Ha Tare
BXKHT'aHUST METAJUTN3AIMHY, TPOBOMMOM TIPU TEMIIepa-
Type Bbie 900°C.

Hanuune p-tuna npoBoANMOCTH BO BHYTPEHHEH 00-
nactu DADJI/] 1 a1eKTpUUeCcKOoro MoJis 1o ero BHEIIHe-
MY KOHTYPY, T/Ie HaOII0IAeTCs IEKTPOTIOMIHE CIICHIIN,
TIOJTBEPIKACHO TAKXKE NEKTPOIHU3OM ICHOHI30BAHHOM
BOJIBI, COTIPOBOKTAFOIIIIMCSI BBIACICHUEM ITy3bIPEKOB BO-
Jopojia B obsiact mpoBojsiiero aedexra. C aToit 1e-
npto wiactuHa Cb pacnosaranack Ha METaUIMYECKOM
CTOJIMKE, a HAJI HCCIEAYEMbIM Ie(EKTOM MOMEIIAIACH
CrienpanbHas sueiika B BUJIE MPO3PavyHOTO ICKTPOAa
(CTeKIISTHHOH TUTACTHHKH, HOKPBITOH MTPOBOASIIAM CIIO-
eM SnOz). TosmmuAa c10s8 JEMOHN30BAHHON BOIBI MEXK-
JTy TIPO3PAYHBIM AIIEKTPOJIOM U ITOBepXHOCTHIO Ch OblTa
MOCTOSIHHOM U cocTaBiisiia 20 MkM. TOHKUH clI0M Ien0-
HU30BaHHOU BOJIBI B sSTYEHKe MO3BOJISLT TOYHO (PUKCHUPO-
BaTh PACIOJIOKEHHUE ITy3bIPbKa HETIOCPEACTBEHHO HaJI Jie-
(exrom. ITy3sipek Bojgopoa B obmacTu AedeKTa mosis-
JISUICSI KaK MPH TT0ave HAIPSHKESHIS MEKTY TIPO3PadyHBIM
ANIEKTPOJIoM U nosioxkkoi Chb, Tak U Mpu MpUII0KEHUT
00paTHOTO CMEIEHHS K p—n-TIePEXOTY, KOTJa AJIEeKTPOJ
s4yeiiku OblT TaCCUBHBIM. B mIepBoOM cityyae MmpH 3J1eKT-
PHUYECKOM II0JIe, TIEPIICHANKYISIPHOM TIOBEPXHOCTH, Ha-
JIYHE 3JICKTPOIHN3a CBUACTEIECTBOBAIO O TOM, UTO 00-
JacTh JAeeKTa COSTUHEHA C MOUIOKKON (p-THTI IPOBO-
JIMMOCTH BBIXOJIUT Ha MOBEPXHOCTh KpeMHus). Bo BTo-
POM city4ae dIIEKTPOIIHN3 YKa3bIBaJl Ha IPUCYTCTBHE HIIEK-
TPHYECKOTO TIOJI, apanieTbHoro moBepxuoctu Chb u
00pa3yoIerocst MeK Iy TIOBEPXHOCTHBIM 71 -1 dy3u-
OHHBIM CJIOEM U 00JTaCTHIO Ie(eKTa, COSTMHEHHOH ¢ IO
JIOXKKOM p-Tuna. THTepecHo, YTO Mpu TaKOM TOAKITIOUe-
HUU B MIPOIECCE IIEKTPOJIN3a M0 BHEIIHEMY KOHTYPY
Jedexra HabIoAaIach SMUCCHSI CBETA.

CrnenyeT OTMETHUTb, YTO IPUCYTCTBUE HA IOBEPXHO-
ctu Cb JTOKaIbHBIX YYACTKOB C TIOBBIMICHHOM KOHIICHT-
panueii arOMIUHHS HE SBISIETCS JOCTATOUYHBIM yCIOBHU-
em (popmupoBanus DADJIJ]. Ha moBepXHOCTH KpeMHHUS
B Cb 3a mpenenamu obnactu DADJIJ] meTogom BTO-
PUYHON MOHHOM Macc-CIEeKTPOCKOIMH Ha yCTaHOBKE
IMS-4f «Camecay 3aperucTprupoBaHO HATHYUE OTIEITb-
HBIX 00JTacTeH ¢ MOBBIIIICHHOW KOHIICHTPAIHEH aJlFoMH-
HIIS1, KOTOPEIE HE BBI3BIBAJIN CBEUCHIISI IIPH OOPATHBIX CMe-
IICHISIX Ha p—n-Tiepexoze. B atoMm ciryyae, Bunumo, cre-
TIeHb U TITyOWHA JIOKATBHOTO JICTUPOBAHHUS AIFOMUHUEM
HE JIOCTaTOYHbI AJIs IepekoMIeHcanuu Gocdopa B mud-
(by3uOHHOM cIToe, Tt (POPMUPOBAHUS p-00TIaCTH, TOC-
TUTAFOIIEH ONOXKKH, 1 co3nanust DAIJI]I. Kpome Toro,
yCKOpeHHOH i hy3nn aTFOMUHMS B KDEMHUIA Ha OT/IEIb-
HBIX YYaCTKaX MOTYT TaK)Ke€ CIIOCOOCTBOBATh U OT/EIb-
HBIE CTPYKTYPHBIE 1e(DeKThI Ha MOBEPXHOCTH MOITYIIPO-
BOJIHUKA.

Y4uThIBas TO, YTO P BU3YAITEHOM HAOIIOICHIH CBE-
TSAIUXCS Ie(PEKTOB MBI BUIMM TOJBKO MTOBEPXHOCTHYIO
KapTUHY, TIPEICTABIISIIO HHTEPEC UCCIIE0BATh IITYOHHY
n3nydaeMoit oosactu. C 3Toi 1eNbIo IPOBEAEH ClIeTyIo-
i sxcriepuMenT. [lpeaBapurenbHo BHIOpaHHBIH U KC-
cienoBaHHbIN pparMeHT miacTuHbl Ch ¢ m3mydaronmm
cBeT JIeeKTOM OBbLT TOMEIIEH B KaMepy YCTaHOBKH HOH-
Horo TpaBneHus «lon Tech» Ha mpeaMeTHBIN CTOMUK,
o0ecrnieynBaBIINi BO3MOXKHOCTB MOKITIOYEHHUS 00pasia
K UCTOYHHKY TUTaHUs. VIMest BO3MOXXHOCTb HaOJIOIATh C
MIOMOIIIFI0 MUKPOCKOIIA CBeUeHHE AeeKTa depes clie-
IIMAIEHOE OKHO B paboyel kamepe, IPOBOIHIIN TOCIOK-
HOE WJIH HENIPEPBIBHOE HOHHOE TPABJICHUE TIOBEPXHOCTH
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Puc. 6. Cxemarnueckoe nzobpaxenue odmactu DADJI/] Ha
mnactue Ch:
1 — noanoxka p-tuna; 2 — nuddysuonnas obnacts n'-tuna; 3, 5 —
00J1aCTH DIEKTPOITIOMUHHUCIIEHIINH; 4 — 001acTh AU Qy3Hn aToMu-
HUs (p-THI)

oOpasna B 00sacTu aedeKkTa 10 NCYS3HOBEHUS CBeue-
Hust. ONpeaennB IpeIBapuTEIbHO CKOPOCTh TPABICHHS
Takux 00pa3iloB B aproHe, OICHUBAIN [IyOUHY CTpPaB-
JIEHHOTO CJI0A KPeMHHUs B 00JacTH JieeKTa B MOMEHT
MpeKpameHns BUAUMOro m3nydeHus. Oka3anock, 4To
IyOMHA CTPABICHHOTO CJI0sl ObLTA IPAKTUYCCKH paBHA
rnyoune nuddysun docdopa, T. e. Tommmae AU PYy3U-
OHHOTO 77-CII0sl. DTOT Pe3ybTaT YKa3blBaeT Ha TO, Y4TO
M3JTydeHHE Ha BHEIIHEM KOHType Ne(eKTHON o6macTu
UMeeT 00BEMHBII XapaKTep, T. €. IOCTYIACT U3 CJIOs, IPHU-
On3HUTENBEHO paBHOTO TITyOuHe p—n-niepexona B Ch.

Ha ocHOBaHNY BceX BBIMICH3I0KEHHBIX PE3yIIBTaTOB
npemoxena obmiast cxema DADJIJ] B Cb Ha ocHOBe
KPEMHUS, TIPS/ICTaBICHHAs Ha pUc. 6. Bousichenue Gpusu-
YEeCKUX MEXaHH3MOB, OTBETCTBCHHBIX 32 BO3HHUKHOBE-
HIE CBCUCHMS B YKa3aHHBIX JeekTax, TpeOyeT qanbHei-
IIUX UCCIICIOBAHUIM.

[To Bompocy MOSIBICHUST HA MOBEPXHOCTH ILIACTHH
KPEMHHS TIOCTOPOHHUX IIPHMECEH MOKHO OTMETHTH ClIe-
nyromiee. V3 ananm3a TeXHOJIOTHIECKUX IPOIIECCOB U3-
rotoBnenus wiactud Ch ciemyert, 4To BEpOsSTHOCTD 3a-
IPSI3HEHUI [UTACTUH TAKUMHU IPUMECSIMU KaK ATFOMHHU
JIOCTATOYHO BBICOKA. AJTFOMUHHUI BXOAUT B COCTAB I1aCT,
HAHOCUMBIX Tpa(apeTHBIM CITOCOO0M Ha 00paTHYIO CTO-
POHY IUIATHHBI ITPU (POPMUPOBAHUN OMHIECKOTO KOHTAKTA
K MOJUTOYKKE ¥ Ha JIUIIEBYIO CTOPOHY IIPH CO3IaHUU TO-
KOCBEMHBIX IIUH. VICTOUHIKOM aTIOMHUHHS MOXKET OBITH
Y TEXHOJIOTHYECKAsI Tapa TS TPAHCTIOPTUPOBKH ITACTHH B
mporecce npou3BoacTBa. OAHAKO 3arps3HEeHUE TTOBEPX-
HOCTH I[UIACTUH, HATIPHMED, ATFOMHHUEBOM TACTOM Jaxe
MOCJIe TPOBEICHUS MOCIIETYIONINX BEICOKOTEMIIEpaTyp-
HBIX OTKUTOB (Oosee 800°C) He Bceria MPUBOIUT K 00-
pa30BaHMIO HAOMIONAEMBIX Ae(DEKTOB, YTO MOATBEPIMIH
MPOBEICHHBIC HAMH YKCIIEPUMEHTHI. Tak, HAHeCeHHE aTto-
MHHHEBOM IACTHI HA TIOBEPXHOCTH CHOPMUPOBAHHOTO HA
TUIACTHHE KpeMHUS AU Py3HOHHOTO 717 -CII05I, C KOTOPO-
0 OBUIO YIaJIeHO aHTUOTPAXKAIOIIEE TOKPBITHE, U €€ BXKHU-
raHue, IMATUPYIOIIEE PeaIbHbIN TEXHOIOTUIECKHUI ITPO-
1iecc, He Bcerya MpuBouio K nosisiennto DADJI]. Oto
CBUJICTENBCTBYET O TOM, 4TO (opmupoBanue DADJIJ]
MIPOUCXO/TUT JIUIIIB IIPH OTPE/ICTICHHBIX YCIOBUIX U B ME-
CTax, r7e 00ecIeunBacTCsl TAKOH KOHTAKT aTOMOB aJTio-
MUHHS C TIOBEPXHOCTEIO, IPH KOTOPOM ITPOMCXOIHT €TO
s dexruBHast 1uddy3us B KpeMHHUIA.

Jlst IpoBEpKH ATOTO BHIBOJA W IJIST OOCCIICUCHHUS
SBHBIX YCJIIOBUH B3aMMOJCHUCTBHUS CIIOS aIOMUHUS C
KPEeMHHUEM MTPOBEICHBI SKCIICPUMEHTHI, B KOTOPBIX aJTio-

MUHHI 4epe3 MacKy HaIbUISUICS Ha OCBEIKCHHYIO I10-
BEPXHOCTH AUPPYIHOHHOTO /2" -CI10s PparMeHTOB IUIa-
ctuH Cb MeTo10M TepMUYECKOT0 HCTIapEHHS B BAKyyME
1-107° MM pr. cT. [Tocne GpOpMUPOBAHKS KPYIVIBIX AJIFO-
MUHHEBBIX 3JCKTPOAOB (TOJIIMHA CIIOSI aTIOMHHMUS
=0,5 MKM) 00pa3IBl OT)KUTAIN B TeueHne 5S—10 MuHyT
pu Temrepatype u3 nuanazona 600—850°C na Bo3y-
xe. [lanee anmromunuil crpasnuBaiics. [locne storo nc-
cnenoBanuch BAX n Hannuue BUANMOTO CBEUCHHUS, ITPH-
4yeM HauOoJIbIliee BHUMAaHKE OBLTO 0OpameHo Ha odac-
TH, C KOTOPBIX aJFOMHHHUEBBIC MEKTPOBI ObIUTH yaase-
HBL. AHAIIN3 PE3yNbTaTOB HCCIICAOBAHUM MOKA3al Clie-
JyIolee.

BAX 00pa3moB, OT)KHTaBIIHXCS TIPH MAKCHMATEHBIX
temneparype (850°C) u BpeMeHH, UMENTH BBICOKYIO ITPO-
BOJJIMOCTB M ITPAKTHIECKH CHMMETPUYIHBINA BT IIPH 00€-
UX TOJIIPHOCTSX MPHJIOKEHHOTO HamnpspkeHus. O6pas-
161, OTOMCKCHHBIC TTPY HanOoJIee HI3KUX TeMITepaTypax
(600—700°C) umenu BAX, Onu3kue Kk XapakTepHCTH-
KaM 00pa3noB 1o orxwura. M ToapKko Ha OTIETBHBIX 00-
pasuax, MpoueAlnX OTKUT Mpu Temieparypax 700—
800°C, B 007aCTSIX, C KOTOPBIX OBLIH YIAICHEI DIICKTPO-
JTbI, TOSIBIJTHCH QHAIOTHYHbIC HAOJIOaEMbIM Ha IIaCTH-
Hax Cb cersmmecs mokanpHabie oOmactu (puc. 7). Je-
TaJlbHOE MCCIEI0BaHUE TAaKUX O0PAa3loB C y4YaCTKaMH
CBETOBOI SMICCHH ITOKA3aJI0, UTO B Pe3yJIbTaTe OIHCaH-
HBIX TEXHOJIOTHUECKUX MPOIICAYP ObLTH CHOPMHUPOBAHBI
D ADJI]I, anaOrMYHEIC BEIIBJICHHBIM M UCCIICTOBAHHBIM
B ractuHax Cb.

OTOT 9KCTIIEPUMEHT YKa3bIBACT Ha TO, UTO B PEATTHHBIX
TEXHOJIOTHYECKHUX YCIoBUAX GopmupoBanus Cb mpu
HaJIMYNH HEKOHTPOIHPYEMBIX 3arPSI3HCHUI, COIeprKaIX
OTHOCHTEJIBHO JIETKO T (D YHANPYIONHI B KPEMHHH aJTIO-
MHUHHAH, MOTYT 00pa3oBeIBaThCs DADJI/IL.

f 500 MM I

i I

Puc. 7. Pacupenenenune DADJIJ] na nosepxuoctu n'-cios

kpemHuus B mnactuHe Cb mocne BricOKOTeMIEpaTypHOTO

OT)KUTa U yJaJICHUs] TOHKOH IUICHKU alioMHUHUS (IIpu oOpar-
HOM CMelleHny Ha n'—p-nepexone 15 B)
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Kak y»xe orMe4anock, Ha CepUiHHBIX 00pa3iax Iiac-
Tl Cb noBeimeHHas miotHocTs DAIJI/] nabmonanach
TI0 IEPUMETPY MIACTHH. 31eCh KOHIIEHTpaLus AeeKToB
MHOT/Ia Ha MTOPSIOK U O6oJiee peBbllliana UX KOHIEHTpa-
LU0 B HEHTPATBHON YaCTH IJIACTUH. Takoe MOBEICHUE
DADJIJI o0yciioBIIeHO 0COOEHHOCTSIMHU TEXHOJIOTHH M3~
rotoBneHust Ch: Ha kpasx macTuH GopMHUPYETCs KIIUH
TUIa3MOXUMHUYECKOTO TPABJICHUS TIPU YJIAJICHUU C TOP-
0B U Py3uonHor0 n-cinos. Kak crnencrsue, Ha Kpa-
X TUIACTUHBI p—1-TIePeX0] BBIXOJUT Ha MOBEPXHOCTh. B
pe3ynbprare IIa3MOXHMHUYIEeCKOTO BO3ICHCTBUS (hopMu-
PYIOTCS CTPYKTYPHBIE Ae(hEKTHI B KPEMHUH, U IPU HAJIH-
YUU 3arpA3HCHUSA TOPLOB AJTFIOMUHUEM ITPH BX)KUT'AHUH MC-
TaJTU3aUH UIMEHHO B 9THX Je(eKTax co3aaroTcs Hau-
Ooiree ONArONPHUATHBIC YCIOBHS UTS YCKOPSHHOM TU(]-
(y3un anroMuHUs B Bo3HUKHOBeHUs DADJI] u, coor-
BETCTBEHHO, IIIyHTOB, CHIKAIOIIHUX TEXHUYECKHE XapaK-
tepuctuku Cb.

[NoyyeHnble pe3yasTaTbl CBUIETENBCTBYIOT O TOM, UTO
OeckoHTakTHas peructparus IADJI]] mo ux cBeToBomMy
W3JTyYEHHIO B BUIMMOM 00JIACTH CIIEKTPa ITO3BOJISIET IK-
CIIPECCHO BBISBIIATH JC(QEKTHI C TOBBIIIEHHON TIPOBOTH-
MOCTBIO (IIIYHTBI) U MOXET OBITh TOJOXEHa B OCHOBY
3¢ GEKTUBHOTO METO/Ia KOHTPOJISI KAY€CTBA COTHEUHBIX
Oarapeii B mporiecce H3rOTOBIICHUS.

Kpowme Toro, ycraHoBICHHAsI BO3MOKHOCTH BOCIIPO-
W3BEJICHUSI CBEYCHHUS Ha OTIIENBbHBIX y4yacTkax Cb B pe-
3yJBTaTEe MPOBEICHUSI ONPEICTICHHBIX TEXHOIOTHYECKUX
MIPOLIECCOB YKa3bIBAET HA MEPCHEKTUBHOCTh M3YUYCHHS
TIPUPOJIBI BBISIBICHHBIX TE(EKTOB IS CO3TaHUS UCTOY-
HUKOB U3JIyYCHHS CBETA B KPEMHHUH, UTO SIBISICTCS OfI-
HOH 13 HanboJee akTyalbHBIX 33129 ONITOAICKTPOHHKH.
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Peabkun Il. Mukpokontpoasepbl Atmel apxutektypsi AVR32 cemeiicTBa
AT32UC3. PykoBoactBo nogabn3oBarens.— M.: Texnocpepa, 2010. — 784 c.

Knura siBasiercst 3aKOHUEHHBIM CTPaBOYHBIM MOCOOHEM U PYKOBOJACTBOM MO MPUMeHe-
HUIO 32-pa3psi/IHbIX MUKPOKOHTPOJMIEpOB apxuTekTypbl AVR32 ¢upmbr Atmel ce-
meiictea AT32UC3. CoaepUT mojapoOHYI0 CIpaBOUHYIO HH-
hopMaIHio 0 BCEX BbIMYCKAaeMbIX B HACTOsIIIEEe BPeMsl YCTPOH-
CTBax 3TOro ceMeiictea. [loMnMo cBeleHUIT CTIPaBOYHOTO XapaK-
Tepa, KHUTa BKJAIOYaeT OOIUPHYI0 HHPOPMALIUIO MO MPOTPaAMM-
HBbIM MHCTPYMEHTAJJbHBIM CPEACTBAM Pa3dpabOTKH MPHUIOKEHUH
aas AT32UC3: IDE TAR Embedded Workbench for AVR32 ot
[AR, IDE AVR32Studio or Atmel u anmapaTHbIM HHCTPYMeH-
Ta/JbHbIM cpenctBaM oT Atmel. 31ech TakKe MPUBOISTCS OMU-
caHusi CBOGOJHO pacmpoCTpaHseMblX MPOU3BOIUTEIEM TIPHMe-
poB npunoxenui a5 AT32UC3, nporecTHpOBaHHBIX aBTOPOM.
Manoxkennasi B KHUre HHGOpMAaIHs OXBAThIBAET BCE TATIBI MPO-
eKTHPOBaHUs MpuaoKeHuil Ha ocHoBe AT32UC3, uto mo3Boss-
€T B KOPOTKHE CPOKH OBJIajeThb HaBbIKAMH PabOThl C ITHMHU
MHKPOKOHTPOJIIepAMHU J1aKe HAUHHAIOIIUM pa3paboTunKaM.

K knure npumaraercs DVD-nuck, cogepxKaninii 6ecnjaTHble J€MOBEPCUH OMUCAHHO-
ro B Hell HHCTPYMEHTAJBHOTO MPOrPaMMHOr0 obecreueHus, HCXOAHbIE KOJIbI OMUCAH-
HBIX MPOEKTOB, OPUTHHAJNBHYIO CIPABOYHYIO HHAOOPMAIHIO TTPOU3BOAUTENS U APYyTHE

_ HHPOPMALIMOHHDBIE U CIIPABOUHbIE MATEPHAJbI.
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