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B nByx0apbepHoOii KpeMHHEBOH 7 pnn*-CTPyKType B pexKUMe 3allipaHus ny -p-Tiepexoia B pepo-
00itHOM 001aCTH NP MOACBETKE OAMHOYHBIM UMITYJICOM OOHAPYKEHO SIBIICHUE ONTUYECKON IMaMsi-
TH, a IPU [10Ja4€ NMPSIMOTO IIOPOTOBOTO TOKA K p-n-NIepexoly 00OHAPYKUBAETCS AIEKTpUIECcKas 1oJie-
Basl MaMATh.

KuroueBblie cjioBa: #™~ pnn'-CTPyKTypa; SIIEMEHT ITaMsTH; JJABUHHBIA IPOOOH; TByXOapbepHas CTpy-
KTYypa; JICKTPUYECKasl I10JIeBast HaMATh.

SIBUIIE TAM’SITI B IBOBAP’€PHIN n"pnn*-CTPYKTYPI
A. B. Kapimos, JI. M. Hoaroposa, O. A. A6ay.1xaeB

B nBoGap’epHiil KpeMHi€BIH n pnn’-CTpyKTypi B peKHMi 3aMHUKAHHS n# -p-TIEPEXOAY B IIEpel-
MpoOiiHii 001acTi pH MiACBIIYBaHHI OMWHOYHUM IMITYJIHCOM BHSIBIIEHO SIBHIIE ONTHYHOI ITaM’sITi,
a MpH ToAavi MPSIMOTO MOPOTOBOTO CTPYMY IO p-M-TIEPEXONy BUSBISETHCS €JIEKTPUYHA IMOJIHOBA
aMm’SITb.

KurouoBi ciioBa: ™ pnn -cTpyKTypa; eIeMEHT IIaM’SITi; TaBUHHUH Mpo0Oiif; 7BoOap’ epHA CTPYKTYpa;
eJICKTPUYHA TIOJTHLOBA TTaM ' ATb.

MEMORY PHENOMENON IN TWO-BARRIER rn"pnn*-STRUCTURES
A. V. Karimov, D. M. Yedgorova, O. A Abdulkhaiev
In double-barrier silicon n~pnn*-structure in a reverse biasing mode of n#n*-p-junction in pre-break-
down region at illumination by a single pulse the phenomenon of optical memory is detected, and at
submission of a direct threshold current to p-n-junction the electric field memory is found out.
Keywords: n™pnn*-structure; memory element; avalanche breakdown; double-barrier structure;

electric field memory.

BBEJAEHUE

Pa3zBuTHe ONTOZNMEKTPOHUKKM W HMH(MOpPMAIH-
OHHOM TexHOJIOTHH TpelyeT pa3paboTKu Bce
HOBBIX M HOBBIX TOJYIPOBOJHUKOBBIX CTPYK-
Typ, 00JIaJaroIKX BO3MOKHOCTBIO XPaHEHUS U
peructpauuu 3apsna. OHU JOJDKHBI 00J1aaTh
NaMsThIO U CIIOCOOHOCTBIO MEPEKITIoUaThCs U3
OJTHOTO COCTOSIHMS Ha JIPyroe U 00paTHoO.

K nacrosmemy BpemeHH pazpaboTaHbl pas-
JIMYHBIE BHJIbI MOTYMPOBOJHUKOBBIX 3allOMU-
HAIOUIMX 3JEMEHTOB U TMaMsATeH, KOTOphIE W3
rozia B roji COBepIIeHCTBYIOTCs. Tak, B mpubo-
pax ¢ 3aps70BOH CBSI3bI0 UMEIOT MECTO MOpPO-
roBeie 3(PPeKThl, OCHOBAHHbIE Ha BO3MOXHO-
CTH XpaHEHHs ¥ PErUCTpalliy HAIU4uUs 3apsia
B n3oyMpoBaHHOM obnactu. Cxembl Ha M/III-
TPaH3HUCTOpaxX C KaHaJlaMH OIHOTO THIIA B pe-
KMME XpaHCHUsT WHPOPMAIUHN TPAKTHYECKU
HE MOTPEONSAIOT SIEKTPUUECKOW MOIIHOCTH.
[TorpebeHre MOITHOCTH MPOUCXOAUT JIUIID B
pexxumMe nepexinroueHus [ 1, 2].

B ormuune or MIAII-cTpykryp doTtoTnpu-
CTOPBI, COCTOAILME U3 YETBIPEXCIONMHOUN p-n-p-
n-CTPYKTYPBbI KaK B peXKHME IIOKOsI, TaK U IOcIIe
NEePEKITIOUCHHS TOTPEOIISIOT TOK.

IIepexon U3 OQHOrO yCTOMYUBOIO COCTOS-
HUS B JIpyroe MPOMCXOAUT CKAauKOM, KOrja Ha-
IIPSDKEHUE HA YNPABISIOLIEM MIEKTPOIE HIIU
OCBEIIIEHHOCTD IPEBBIIIAIOT HEKOTOPOE MOPO-
rOBOE 3HAUEHUE.

B wactHOCTH, pH OcBemeHuu GOTOTHPHUC-
Topa B ero 0a30BOil 00JacTH IeHEpUPYHOTCA
IEKTPOHBI U JABIPKH, IPUBOJA K YMEHBIICHUIO
HaIPsDKEHUS CPhIBA U YBEIIMYCHUIO ITPOTEKAIO-
miero Toka [ 1]. Bo BKIIFOUeHHOM COCTOSTHUH BCE
NIE€PEXO0/Ibl TUPUCTOPA BKIIIOYEHBI B IPSMOM Ha-
IIPaBJIECHUHU.

B Hacrosimeit pabore nmpuBoaSTCS pe3yibTa-
Thl MCCJIEIOBAaHUS KPEMHUEBOW »' 'pnn'-cTpy-
KTYpbl B Kaue€CTBE DJIEMEHTA IaMsTH, B KOTO-
po¥i B peKUME 3allupaHus nn'-p-nepexona npu
MOJICBETKE WM TOJa4ye MPSIMOro Toka K Oaze
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ABJTEHHE ITAMATH B JIBYXBAPbEPHOH n*'pnn*-CTPYKTYPE

00HapYKEHO SIBJICHUE ONITUYECKOM, a TAKXKE dJ1e-
KTPUYECKOMN TOJIEBOU MaMSITH.

HOAI'OTOBKA OBPA3LIOB U
METOIAUKA UCCJIIEJOBAHUA
Hccenenyemas CTpyKTypa KOHCTPYKTHBHO UMeE-
€T BUJ, IPUBEJCHHBIN HA pUC. | U U3roTOBIIEHA
cienyromuM obpazom. Ha momnmokke KpeMHUs
n’-THIa BBIPAIIMBAETCS AMUTAKCUATIbHBIN CIION
n-THIIA C KOHICHTparuei Hocutenei 5-10'cm
U ToNHOM 6—10 MKM.

1L

Puc. 1. 'eomerpuueckuii paszpes uccienyemoit n* pnn'-
CTPYKTYPBI

Janee B snuTakcuanbHbI cioil nuddysuei
o6opa dopmupyroT 06a30Byr0 0O0JIACTH p-THIIA
TONIUHOM 2,0—2,5 MKM C KOHIIEHTpaIuei Ho-
cureneii 2-10"7 cm 2. Barem quddysueit hocdo-
pa B 0a3y MOIy4arOT CHUJIbHOJETHPOBAHHYIO
o0nacTh 3MUTTEPA n**-TUNIA C KOHLIEHTpALUE
nocureneit 5-10%° M3 u tommmuoi 1,5 mxm. B
pe3ylpTare B TOTOBOH CTpyKType (opmupy-
IOTCS JIBA BBIMpAMIISONUX nepexoma. OauH ¢
1 -p-mepexooM, a IPYroil ¢ p-n-mepexoaoMm.
Hccnenyemas cTpyKTypa KOHCTPYKTHBHO aHa-
JIOTUYHA OUTOJSPHON TPAH3UCTOPHOM CTPYK-
Type, B KOTOpPOW CHUJIBLHOJETHPOBAHHYIO 00-
JacTh n''-TUMA MOXHO MPHUHATH 32 AMUTTEP,
a oOmacte p-Tuma 3a 0azy M 00JacTh n-TUNA
3a koyuiekTop. Cxema ans u3ydeHus (oto-
ANIEKTPUUECKUX XAPAKTEPUCTUK HCCIETyeMOM
CTPYKTYpBI IIpUBE/ICHA Ha pUC. 2.

B 31Ol cxeme OTpHUATENbHBIN IOJIIOC Ha-
npsbKeHus: nutanust ot Oarapeu V1 depes am-
MEPMETP MOAKIIOYEH K OMUYECKOMY KOHTAKTy
n-p-Tepexoja, a MoJI0KUTEIbHBIN MOIIOC 110/1a-
€TCSl K OMUYECKOMY KOHTAKTy ' -p-Tiepexoja.
B pesynabrate OTHOCHUTEIBHO IPHJIAracMOIo
HaTPSDKEHUST  p-n-TIEPeX0Jl OKa3bIBaeTCs TMpsi-
MOCMEIIIEHHBIM, B TO BpeMsl Kak 7' "-p-mepexo
HAXOJUTCS B peKUME 3alHpaHusl.

BbIKI N

T— V2

——j——]

Puc. 2. Dnexrprueckas cxema U H3y4eHHUs (POTOIIIEK-
TPUUECKUX XaPaKTEPUCTHUK /' pnn*-CTPyKTypbI

BriBo oMHueckoro KoHTakTa 6a30Boii 00a-
CTH TIOZIKJTIOYEH K JByM KHomKaM. [lepBast kHoII-
Ka (BKJI) Uepe3 aMIepMeTp U OTPaHHYHUTENb TOKA
COC/IMHEHA KO BTOPOMY MCTOYHHKY HAIPSDKCHUS
V2, IJIFOCOM K OMHUYECKOMY KOHTaKTy 0a30BOM
00JIaCTH ¥ MUHYCOM K OMHYECKOMY KOHTaKTy
n**-p-niepexona. Bropas kHomKa (BBIKI) uepe3
KOHACHCATOP COCIAUHACT OMHYECKUN KOHTAKT
KOJUIEKTOpA C KOHTAKTOM 0asbl.

9KCIIEPUMEHTAJIBHBIE
PE3YJIBTATBI 1 UX OBCYKAEHMUE.
BonbramnepHsle  XxapakTepucTuku n'pnn’-
CTPYKTYphl B pEXHME OOpaTHOTO CMEIICHUS
IIPUBEJIEHBI HA pHUC. 3.
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Puc. 3. BonbramnepHasi xapakTepUCTHKa JAByXOapbep-
HOW KpeMHUEBOH #™ pnn-CTpyKTypbl

f Uxks, B

B pexume 3anupanus n*-p-nepexoma 1o
Mepe yBEJIWYCHHS HAIPSKEHUsT OOPATHBIN TOK
nproOpeTaeT MEJICHHO HapacTAIOIIMA Xapak-
Tep a0 poctmxenus 107 A u ganee HaOrOMa-
€TCs PEe3KUil POCT TOKa C MEPEeXOJ0M Ha yua-
CTOK C OTpuIarenbHbIM auddepeHnanbHIM
COTNIPOTUBJICHUEM, KOTOPBIM 3aTeM CMEHSETCS
MOJIOKUTEIILHBIM POCTOM TOKA.
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HccnenoBanus TeMmepaTypHOW 3aBHCHMO-
CTH TOKOBBIX XapaKTEpUCTUK MOKa3ald, 4TO C
noBbiieHreM Temmneparypsl oT 30 °C no 60 °C
HarpspKeHHe Mpo0os yBeauduBaeTcs ot 6,63 B
1o 6,8 B, 4TO CBOWCTBEHHO JJaBUHHOMY MeXa-
HU3MY Tipo0ost [1]. B mpomomkenue mpo6oitHO-
ro yuacTtka hopMupyercs S-o0pa3Has BOJIbTaM-
MepHasi XapaKTepUCTHKA C IByMS yCTONYMBBIMHU
COCTOSIHHSIMU (Y4aCTKH HapacTaHUs TOKa C Ha-
HPSDKEHUEM).

SABJIEHUE IMAMSATH
B pexxume 3anupanus n'-p-nepexona npu noju-
CBETKE CTPYKTYPbl OAMHOYHBIM UMITYJILCOM HUH-
TErpajbHOro CBETa OT BOJb(PAMOBOI JTAMITbI
ocseleHHOCThI0 5000 5K, a TakKe Ipu noaaye
npsiMoro moporosoro Toka (140 MxA) mepBoit
KHOIIKOH (BKJI) K 0a3e (puc. 2), B mpeanpoooii-
HO oOnacty HaunHasi ¢ 6,1 B oOHapyxuBaetcs
SBJICHUE ONTUYECKOM U AJIEKTPUUYECKOH IoJie-
BOM mamsATH. [Ipu 3TOM TOK 4Yepe3 CTPYKTypy
CKauKOM YBEJIMYMBAETCSI 0 OIpPe/IeIeHHOrO
3HaueHus (puc. 4) U coXpaHsieTcsl Ha ’TOM Ypo-
BHE JI0 OTKJIIOUEHUS] MUTAHMSI WM 3aKOpadu-
BaHUS BTOPOW KHOIIKOM (BBIKJI) Yepe3 KOHJEH-
CaTop OMHMYECKOTO KOHTAaKTa KOJUIEKTOpa C
KOHTakToM 0a3bl. [lo mMepe yBenuueHus 3anu-
parolero HampsbkeHus 10 6,8 B Tok mamsitu
Bo3pacraer a0 ~0,1 A.
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Puc. 4. 3aBucumoctu TOKa OT HampshKeHUs B n' 'pnn'-

CTPYKType B pexXHUMe 3alupaHus n''-p-nepexona mnocie
OTKJIFOYEHHSI TIO/ICBETKA

HabGmromaeMoe sBleHME IIaMSTH MOXKHO
OOBSCHUTH CIeayIomuM oopa3zoM. B ucxonnom
COCTOSIHUU OT TIPUJIOKEHHOTO 3alHparoIIero
HAINpsDKEHUS TPU MPEANPOOOMHBIX 3HAUCHHSIX
HanpsHKeHUs 00J1acTh 00bEMHOTO 3apsiiay 3aITu-
paeMoro n'**-p-repexo/ia pacuIupseTcs 10 Ompe-
JICIEHHOr0 3HadeHus. Jlajgee mpu IMOACBETKE

0a3pl HACTyMaeT PEXUM JIABHHHOTO MPoOos
U JIBIPKM HAYMHAIOT CKAIUIMBaThCS B 0a30BOM
obOmactu. B pesynbrare majgeHue HanpsKEHUS
Ha IPSIMO CMEIIAEMOM p-n-TIEPEXO/e 3a CUET
BBIXO/Ia JBIPOK W3 0a3bl OyleT yMEHBIIAThCH,
PUBOAS K AalIbHEHIIeMy paclIupeHuo oba-
CTH OOBEMHOTrO 3apsija 3amupaeMoro # -p-
nepexo/ia BIUIOTH JIO HACTYIUICHHS pPEXuMa
CMBIKaHMsI (MIepeKpbITUs olnacTtell 00bEMHOTO
3apsiia 000MX MEPEX0/IoB) 3a CUET OOCTHEHUS
06a30B0i1 00J1aCTH, KOTJ]a TOK CKAuKOM Ipruodpe-
TaeT MaKCHMaJbHOE 3HAUCHUE U COXPAHSIETCS
Ha ATOM YpPOBHE MOCJE YIaJICHHs TOACBETKU
WIM TPSIMOCMENIAroNIero Hampsbkenus. [lpu
3aKOpaYMBAHUU p-n-TIEpEXoa Yyepe3 KOHICeH Ca-
TOp CTPYKTypa BO3BpAILla€TCs B MCXOIHOE CO-
CTOSIHUE.

Hccnenyemas aByx6apwepHas n' pnn*-cTpy-
KTypa MOXET UCTIOJIb30BaThCs B KaU€CTBE KITIO-
Ya, 2JIEeMEHTa aMsITH U B ONTPOHHOH Tape.

3AKJIIOYEHUE

B nByxOapbepHoil kpeMHUEBO# #n' pnn‘-cTpy-
KType B peXHUMe 3alupaHus n'-p-nepexoaa B
npeanpoOoHON 00IacTH MPU MOACBETKE OU-
HOYHBIM HUMIIYJIbCOM OOHApYKEHO SIBJICHUE
ONTUYECKOW MaMATH, a MpPU IoJaye MPSMOro
IIOPOTOBOI'0 TOKA K p-n-TIepeXoay OOHapyK1Ba-
€TCsI ANIEKTPUUYECKAs MOJIeBast MaMSTh.
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