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Kupum (JIoKkTOpJIHK auccepTausiCl AHHOTALUSICH)

JAuccepranuss MAB3yCHHMHT JA0J13ap0JIMIH Ba 3apypaTu. XO03UpPru KyHJa
KaxoHJa JMHAMUKAIM PUBOKIAHAETIaH MUKPO Ba ONTOAJIEKTPOHHMKA HYHAIUIINIA
MyXUM (U3UK-TEXHOJOTUK MyaMMoJapJiaH Oupu (PYyHKIHMOHAI XapaKTepuc-
TUKaJapy SXIIWJIAHTaH KYN KaTiamiid SpUMYTKa3ruwid MaTepuajiap acocujia
($hOTOKAOYNKUATHWIAD HIIA0 YMKApUIT XucoOJiaHaau. ApceHuAramuiaum (oTto-
CE3rup Ty3WIMalap aKTUB COXAHUHT AJIEKTPOPU3UK MapaMeTpiapu OWiaH yiap-
HUHT 3KCIUTyaTallMOH MapameTpiiapy y3apo OOFIMKIUTUHU TAAKUK KAJTUII KYTIKAT-
Jamian GOTOCE3TUP TY3WIMAIAPHUHT OJIJUH MabiyM OYiIMaraH UMKOHHUSTIAPUHU
oun® OepyBUM SIHTM TEXHHMK €YUMJIAp OJIMII HMMKOHMHM Oepanu. Maitnonuit
TPaH3UCTOPHUHI KaHAJ COXACHHU MYKaMMaJUIAIITUPHIL, SHEPTHUS TE€XKAMKOPJIHUIU
MyaMMOJIapUHU €UMIll, p-n-YTULIUIM MaWJOHUN TPaH3UCTOPIAPHHU MILIA0 YUKUII
XaMmJla CUPTU TEKCTypiaHraH (oToce3rup Ty3uiamaiap Tau€piall TeXHOJOTHUSCU
Oyitnua oau6 6opuaaérral TaAKUKOTIAp YCTYBOP MYHaIUIIIIApaaH XHUCOOIaHa U,

Kyn katnaminu spumMyTka3ruuiam acoo0nap skymiaacura KUpyBYH (HOTOIUON
Ba TPAH3UCTOPJIAPHU TEJIEKOMMYHHUKAIIMS Ba aBTOMOOWJ caHOATHU]a TAaTOUK KH-
JUII yJIApHUHT HWIIYM YaCTOTACHHU OLIMPUII, Yy3aTHII XapaKTepUCTUKATAPUHU
TYFPU YM3UKKA KEJITHPHUII, KydaUTUpHUIl KO3()PUIMEHTIApUHU OLIMPUII Ba yiia-
HUII CXEMaJapuHU TAAKUK KWIMIIHUA Tanad kunagu. llyHuHr yuyH maigonnu
TPaH3UCTOPJIAPHUHT KOHCTPYKTUB IMapaMeTPIapuHU ONTUMAIAIITUPHIL MaKCca u-
Ja SMHUTaKCHal Ty3uiaMmaiap MapamMeTpilapyHud MalJOHIU TPaH3UCTOPIAPHUHT
XYCyCUSITUTa TabCUPU yCTHAA OJMO OopwiaguraH TaJAKUKOTIAp J0J3ap0
XMCOOIaHAIH.

Ymly TagKuKOT 3pUTMa-KOpUIIMaJapHU KYmnu6 Oopuill ilynu OuiaH sipum-
YTKa3ruwin MaTepuaulapHu 3MUTaKCHal YCTUPHUIN YCYJIMHH sIpaTUIIra Xamja
KUpUIIMalapyu TAKCUMOTHUHHUHT TPAJUMEHTH Ba XapakaTYaHJIUTU OOLIKApUIIaJUraH,
T apCeHWIM  KynKartiamiu (OToce3rup Ty3WIMajlapHHW, IIYHUHICK,
OYJIMHUIIIHUHT MUKpopenbedn yerepacura 3ra (OTOAHO TY3WIMAIAPHU OJIUIITA
uynantupwirad. bynnail Ty3uiManapHUHT (YHKUIHMOHAJN XapaKTepUCTUKAIAPUHU
AXIIWIAN, Ta€piam TEXHOJNOTHSICH XyCycusATiapura ¥y3apo OOFIHMK paBHIIIA
dboToce3rup MaWAOHMI TPAH3UCTOPJIAD OJUII Ba YJIAPHUHT DHEPrUsl TEKAMKOP
peXUM/Ia MIJTAIIMHA TabMUHJIAIT TUCCEPTAUSHUHT 3apypaTH XMCOOIaHA IH.

V36ekucton Pecnyonukacu Ilpesunentununr 2010 iiun 15 nexaGpaaru
[IK-1442 — con «2011-2015 iinnnapna V36ekucton Pecniy6imkacu canoaTuHU
PUBOXKJIAHTUPUIIIHUHT YCTYBOp WyHanuuuiapu tyrpucuaanru Kapopuna Oenru-
JaHTaH BazuQanapHu, )KyMJaJaH 3JIEKTPOH TEXHUKA MaXCyJIOTIAPUHUHT paKkooOar-
OapIONUTUTMHU OLIMPHILI BazudacuHU MyailsiH Aapaxkajga Oaxkapuira MasKyp
JUCCEPTALMS XU3MAT KUJIA/IH.

TaagKUKOTHUHI pecny0/MKa (paH Ba TEXHOJIOTHSJIAPH PABOKJIAHUIIHU-
HHMHI ACOCHH YCTYBOP MyHAJUULIAPUIra OOFJIMKIMIM. Juccepranus TagKuKOTH
pecnyOnuka ¢aH Ba TeXHoJOrusUlapHU puBoXIaHTUpUIIHUHT ATJ-3 «OHep-
reTHKa, SHEPrOPECYPCTEKAMKOPIUTH, TPAHCIIOPT, MAlIMHA Ba acO00CO3IMK, 3aMO-
HaBHI 2JICKTPOHUKA, MUKPOAJICKTPOHUKA, (POTOHHMKA Ba 3JIEKTPOH acO00co3Iuru
PUBOXKJIAHUIITU»HUHT YCTYBOp HyHaNuMuuiapura MyBoQuk Oaxxapuiras.



Juccepranus MaB3ycu 0yHHU4a XOPHAKHUNA MIMHA-TAAKUKOTIAP HIAPXH.

Maiionnu TpaH3uctopiap Oyinua WIMHM TaAKUKOTIAp €TaK4Yd WIMHUN
Mapkasjiap Ba YHUBEpCUTETIap TOMOHUIAH, kymiuaaaH, bepkau (AKIL) Ba
MonTtnenue (Opannus) yauBepcuteTiapuaa xamaa Mitsubishi Electric (Anonus)
¢upmacuga HloTTku TYCUKIN Ba p-n-yTUILIM TpaHsuctopiaap, «llomrocy unmuit
unuiad yukapui kopxonacuna (Poccust) apcenun rammuii acocuaa I0KOpU 4acTo-
Tajau MaijoHnu Tpansuctopiap, Kamudopuus ynusepcutetuaa (AKII) sca rpa-
deH acocua MaIOHIM TPAH3UCTOPIIAP OJIUII TEXHOJOTHUSIIApU YCTUAA U3JIaHUII-
nap oaub GOpUIMOK/IA.

Kaxon mukécuma Oup KaHda 1013ap0d Macajanap euuiarad Oyiamo, >Kym-
JajaH, SHTU SPUMYTKA3TUYId MaTepuajjlap acocujia MYKM KydaThpuiira sra
Oynran acOoOyiap OJUII coXacujJa MYXUM WIMHK HaTWKajlap OJWHraH: YyTa
yTKazyBUaHIMK 3PdeKkTr acocuaa EpyruK OwinaH OOLIKAPWUIYBYM MaWOHIU
TpaH3ucTop Oaprno KuiauHrad - (SlnonussHuHr Tabuuit gannap Mwunnuil yHuBep-
CUTETHIa); IOKOPH YacTOTalIM JUana3oHAa WIUIOBYM HKKHA YI4amiid 3JEKTPOH
KaHAJUITM MaiIoHuid TpaH3ucTop uuuiad yukwirad - (OpaHuusHuHr MoHTnenue
YHUBEPCUTETH/Ia); CTATUK HWHIAYKUUSAIM BEPTUKAN KaHaUIM MaWJOHMNA TpaH-
3ucTopiiap nuuiad yukwiral - (AAnonussHuar Sony gupmacuaa); Si (111) kpemuuit
tarnukaa okopu cudarau AlGaN/GaN aqtoOMUHUA-HUTPU TaJUIMAIA SIUTaK-
cuai KaTjiamjiap YCTUPHUII TEXHOJIOTMSICM acoCHaa IOKOPH XapopaTra uYujamMiu
MaioHui Tpan3uctopiaap onunrat - (AKIuuHr Nitronex koMnaHusicuaa).

ByryHru KyHaa cHUpPTH TeKCTypallaHTaH Ba KUpHUIIMalap TaKCUMOTH
npoduiivn OOLIKapUIaAUraH SMHUTAKCUAl KaTjiamjiap acocuja TalépraHaauran
doToce3rup Ty3WIMalapHM HOUIA0 YUKHUII XaMJa YJIApHUHT (YHKLIHOHAMT
XYCYCUSITIApUHM KEHTraWTUpHUIl KaOW TEXHUK MyaMMOJApHU XaJl KUJIMINra
OaruIIaHTaH WIMHK-TAJIKUKOT UIIIApH YCTYBOP 0O OOPHIMOK/IA.

MyaMMOHMHI YPraHuJIraHjaukK gapaxacu. A.I'. MumexuH TOMOHUIAH
MaWJIOHJIA TPAH3UCTOP YJIAHUII TypJiapd KOMOWHAUMSIAPUHUHT KYTI COHJIMJIUTU
Typala YHUHT Typiu Makcaajap y4yH UILIATWIMIIK KYpUO YUKWIraH. AMMO, Oy
pexxumIIapa mapaMeTpiIapuHUHT 0apKapOPCHU3IMIK Ba y3aTHUII XapaKTepUCTHKA-
JApUHU TYFPU YM3HKKA KEJITUPHUII YCYJUIAPUHM HUYKIUTH Typaiiu, KydalTUpHIL
koa¢ purreHTHHUHT nact 0ynuimu ynapra xocaup. AKI onumu Pucel R.A. Tomo-
HUJAH UIUIATWITaH MaWJIOHIM TpaH3UCTOpJap KaHald Y3yHJIWTMHU KaMalTHpUII
XMCOOUTa YIapHUHT NapaMeTpiapyHH SIXIIUJIAIIHUHT TEXHOJOTUK YCyIIapH, Oup
TOMOH/IaH, KaHaJlaru KUpUIIMAJIapHUHT TAKCUMOTHU XapakTepura OOFJIUK paBHILI-
J1a y3aTUII XapaKTepUCTUKATAPUHU TYFPU YM3UKKA KEITHUPUIL XUCOOUTa TpaH3HUC-
TOPHUHT KYyYaWTHUPHII XYCYCHSTH SIXIIMJIaHCA, OOIIKa TOMOH/AAH, UIIYHM TOKHUHT
OpPTHUIIM XMCOOWTra TapKajdaJuraH KyBBaTH omu6 ketaau. by BazusT OyHnail maii-
JIOHJIM TPAH3UCTOPJIAP KAHAJTUHUHT ENWINIINTa SKUH PEKUM/Ia UIUTAITUHUHT UM-
KOHU HYKnmuru Tydailnu, ymapHUHT UKTHCOIUN >KUXaTAaH 3(PQPEKTUBIUTU KaM-
JUTHAAH Aapak 6epaau.

Avian maitaa taHukau oauM R.N. Noyce HCTOK MyHanWIIM TOMOH TOK Ta-
ITyBYWIAPHUHT COHU Kamaiu® OopuO, KaHam Y3YHIUTH OYilyiad KupuiiMaiap
Oyiinama rpaJlueHTUHUHT XOCWJI OYiuiM, GakaTruHa KaHajdl KapIIMJIUTH MOIYJIs-
uusicd d(QQPEKTUBIUTUHU OIIUPUIINHY, JIEKUH, KaHal KaJUHIUTH OYVinYa 3pKUH
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TOK TalllyBUMJIap TAKCUMOTHU TEKUC OYITaHIUTH YUYYH X€4Y KaYOH TPAH3UCTOPHUHT
y3aTUII XapaKTepUCTUKAIapura TabCUp KWIMACIUTHHHM KypcaTau. byHma kaHan
KAUTMHIUTA Oyiinya TallyBUYMJIAPHUHT XapaKaT4yaHJIUTH Ba KHUPUIIMAJIapHUHT
IpaueHTIIN X0JIaTiaapy Kapad yuKuiIMaras.

Cyrok snuTakcusi coxacu Mmyraxaccucu, Poccust onumu B.M. Anapees To-
MOHU/IaH JIETUPJIOBYM KHUPHILIMAJIAP TAKCUMOTU KOI(PUIMEHTUHUHT Xapopartra
OOFNIMKJIMIYA  XHUCOOMAAH MaxOypuil COBYTWJIQJMraH KOTHILIMa-3pUTMalapiaH
OJIMHTaH 3MHUTAKCUaJ KaTjamiap/a, TaHJIaHTaH JIETUPJIOBUM KUPHILIMAra Xoc TeX-
HOJIOTHK OOIIKApUIMANAUTaH KUPUILIMAJap TAKCUMOCTHU TPAaIUEHTUHU OJIUII MyM-
KUHIUTH KypcaTwirad. CyloK SMUTaKCcHsl KypwiIMalapd KOHCTPYKIMSICUHU Mak-
cauiy Y3rapTUPHUII UMKOHUSTH SIpUMYTKa3ruwin acoobsap 6azacuaa KupuimManap
TaKCUMOTUHUHT TYPJU TPAJUEHTUHU TabMUHIIAII Ba YJIAPHUHT JMOJ Ba TPaH3UC-
TOp XOccallapura TabCUPWHU AaHUKJIAMIMIraH TEXHOJOTHMK yCyJ Ba yCIyOJapHU
MOJIEpHU3AIMSIIAII YUyH acoc OYiaonaan.

ByryHru KyHra Kajap CyIOK SMHUTaKCHUS TEXHOJOTHSICUHUHT PHUBOXKJIAHU-
mura akagemuk JXK.W. Andepos spatran makrad, npodeccop FO.I1. SIkosnes, aka-
nemuk M.C. Caunos, ¢an nokropiapu M.H. Typcyno, M.A. AOnykaaslpoB Ba
A.B. KapumoB xamaa Gomkanap ¥3 XuccajlapuHu KyUauiap, Makcaj] Ba Ba3uga-
napura Kapa® Oy TEXHOJOTHSHMHI KHUppajapHU PUBOXIAHTUpAWIAD. XYCYyCaH,
A.B. KapumoB rpynmnacu TOMOHUJaH COBYTHII TE€3JIUTH KaMaiin® 00pyBUM KOTHIII-
Ma-3pUTMaJIaH KeCKUH p-n-YTUII OJMII YyCcIyOu Xamja U30TEPMUK IapouTiapia
acocHil KopHIlIMa-3puTMara Tapkuou HapkJid KOpUIIMa-3pUTMAIAPHU KYIIULI HY-
71 OWJIaH BapU30H dMUTAKCHUAN KaTjamiap OJMII TEXHOJOTUACH UITad YUKUITaH.

HOxopuna 6aéH KuIMHraHjgapAaH WyHJad MabHO KEIUO YMKAIMKH, KaHal
KAIMHIUTA Oyiinya XapakaTyaHJIMK Ba KUPHUIIMAJApHUHT Tanad KWJIMHTAaH Tpa-
JUEHTUHU OJIMIIHUHT TEXHOJOTMSCHM HIIad YMKWIMAaraH. Y3aTHIl XapakTe-
PUCTUKACHUHHU TYFPU YM3UKKA KEITUPUIL YCYJIU SSHrUYa EHIAITYBHU Tanald KUJaau.
doroanoa Ty3uwIMagapu CTPYKTYypaJapUHHUHI JJIEKTPUK XapaKTEePUCTHUKATAPUHU
AXIIWJIAN MMKOHMSTIIApU Ba KYI KaTIaMJIM TPAaH3UCTOPJIM Ty3WiIMa KaHaJIura
XapakaTyaH Ba OUpPKMHCIM OYJIMaraH KUpHUIIMalap TaKCUMOTH KUPUTWITAHUIA
XaMm/la HOAHbaHABUW Yylall peXUMIIApUIA, yIapHU Tal€piaml TEXHOJIOTMK Ia-
poutnapu OunaH OOFJIMK XapaKTEPUCTHK MapameTyiapura HOOMPKUHCIWIMK Tab-
CUPMHM KOMIUIEKC YPraHMIIHU Tanad KWJIraH 3JIEKTPUK Ba (YHKIMOHAN Mapa-
METPJIAPUHU SXIIUIAITHUHT UIMUNA-TEXHUK MyaMMOJIapu €4riiMaid KOJIMOK/IA.

Juccepranus MaB3yCHHUHI JHcCepTALUS 0a:KapWIaéTraH WIMMA-TaI-
KHKOT MYAaCCACAHUHI WJIMHIl TaAKUKOT MULIapu OuiaH Ooramkiauru. [luc-
ceprauus Dusnka-texHuka HHCTUTYTUAA NeA-6-049 «Tannanran Qotocesrup-
JIMKKA 3ra sipUMYTKa3rud (POTORIEKTPUK Y3rapTKUUJIapHU Tail€prail TeXHOJIOTUs-
cuHu unuiad yukumn (2006-2008ii1.) maB3ycuaaru jonnxa Ba ®A17-d-100 «Do-
TORJIEKTPUK Y3rapTKU4WiIap acocuja KydCU3 ONTHK CUTHAJUIAPHUHT (POTOKAOYII-
KWITHYuHA uniad yukumn (2009-201 1ii.) noituxacu, myHuaraek A3-dA-0-10-
440 «SpumyTrazruwin acoobsap kaMEO rypyxjJapuHu HILIA0 YUKApHIILIa SPOKIU
YUKUIIMHU OIIMPUII YYYH TEPMHUK Ba JJIEKTPUMIYJILCIM HWIUIOB Oepuin
yeymraputu spatuir (OAXK «FOTON»)» (2012-2014 i) V3P unmuii TagKukor
unuiapu JlaBnar gactypu qoupacua oaxapuiras.



TagKUKOTHUHI MAKCAJAW CUPTU TEKCTypajaHTraH Ba KUPHUIIMAJIAp TaKCH-
MOTH TpOGWIN OJAUHAAH OepuiiraH SMUTAKCUAl KaTjiamiiap acocuja Tayui
apCeHMINM KYN Kariaamiau (OToce3rup Ty3WIMallapHU HILIa0d YUKUII Xamja
yJIApHUHT (PYHKIMOHAJI XapaKTEPUCTUKAIAPUHM SIXIIWIAII Ba SHTHM YyJIAHWII pe-
KUMJIAPUHU TAJIKUK dTUIIIAH HOOpaT.

Makcaara >puimuil y9yH Kyduaaru TaAKUKOT Basudaiapu KyHWIras:

CYIOKJIUK SMUTAKCHUSCH YCYIWJA CUPTH TEKCTYpJAHTaH KYI KaTiaMiyd Tajl-
JUW apCeHU TN Ty3WIMaJapHu OJIUII TeXHJIOTHSCUHU UIJIA0 YMKHIIL,

CUPTH TEKCTYpJIaHTaH SpUM YTKa3ruyjaa kupuinmanap auddysuscu xapa-
EHIapUHU MOJAEIUIAIITUPULI;

KUPUIIMAIAPHUHT KAJTUMHJIUK OVinuYa HOYM3MKIM (MycOaT, maHdwuii, napa-
KaJlM) TAKCUMOTH TPaJMEeHTUra 3ra SMUTAaKCHAll KaTJaMJIapHU YCTUPHUII TEXHOJO-
TUSICUHU MIILJIA0 YUKHIIL;

KOTUIIIMA-3pUTMa XaXXMHU OPTHUINM OujiaH Oupra KedajuraH, y3rapyByaH
TapkuOra sra OyJiraHn KOTUIIMa-3pUTMaJaH dMUTAKCHal KATJIaAMHU YCTHUPUIIHUHT
HOM3O0TEPMHUK KaAPAEHUHU MOJICIIAIITUPUILI;

KUPUILIMAIAPHUHT KATUHIUK OViinua HoTekuc (MycOaT, MmaH(uil, 1apakain)
TaKCUMOTHU Tpoduiaura sra TaIMid apceHUAM acocuaa MalJoOHUI TpaH3UCTOP
UIUIa0 YMKUII Ba YJIAPHUHT AJIEKTPO(U3UK Ba (HOTOIIEKTPUK XapaKTepUCTUKATIA-
PUHH TAAKUKOT KUJIUIIL;

KaHaJ KaJWHIUTH Oyiinuya TallyBuWjap XapakaTYaHJIWTH Ba KUpPUILIMAaJIap-
HUHT HOTEKUC TaKCUMOTH MPOQUINra 3ra MaJIOHUN TpaH3UCTOpJaplard 3JeK-
TPOH Kapa€HIIAPHHU MOJIEJIAITHPUILL,

MaiJIOHUN TPAH3UCTOPHM YJalifa, YHUHT (PYHKIIMOHAT WUMKOHUSTIApPUHU
KeHTaTupaauran (aBTOMATUK TYCHIN, CTOK-3aTBOp KY4WIaHUIIKW OujaH Ooii-
KapujiaJurad MakCUMall YTKa3yBYaHJIUK) ONTUMAJT PeKUMIIAPUHU UIILIA0 YMKHIIL,

OuTTa EPYFIMK HYPJIATKUYU Ba MaWJIOHUM TPAH3UCTOP aCOCHUIIATd KUPHUIII
Kackaau €paaMuga oObEKTHU TE3KOp alMallTHUPUIMIINra 3ra MacodaBuil Oomka-
pUIaAuTraH ONTOAJIEKTPOH KAIUTHHU UIIA0 YUKHII,

apCEeHUATAUINAIIA MaUJOHJIM TPaH3UCTOpP Ba KPEMHMIUIM Ha30paT HaMyHa-
Japu y4yH OJIMHTaH HAaTWKaJapHUHT COJMINTUPUIN aHAJIU3U acocuaa ac0o6su
SIHTH YJIaHUII PEXKUMIIAPHU UILTA0 YUKUIIIL.

TaakuKOTHUHT 00bekTH OVIMO 0a3ajaru TauryBUMIap XapaKaT4aHIUTU Ba
KUpUIIMaiap TaKCUMOTMHUHT TYypiau mnpoduuiapura Xxamja OOLIKapuiaJural
p ' GaAs-pGaAs-nGaAs-ytunun GHOTOCE3TUp KYN KATIaMJIM MaWJOHJIM TpaH3HC-
TOpJIap Ba KPEMHHI acocHJard KOHTPOJ HaMyHaJIap, IMIYHUHTACK OYIWHUIIHUHT
M30TUIl TeTepo Ba MHKpopenbedau yerapacura sra OYiraH ramuidid apceHuIu
Ty3uIMaiapu XUcoOJaHaIu.

TagKUKOTHUHT NpeaMeTH — Ty3UJIMaBUi Ba MOP(OTOTUK HOOUPKUHCIIU-
JUKJIapra 3ra OynaraH KynkaTIamJId TaTUNA apCeHUITN Ty3WIMaJapHU OJIUIIHUHT
mubdy3uoH Ba SMHUTAKCHAT TEXHOJOTHMSUIAPUHUA WIUIA0 YMKUII YyCiIyOnapu Ba
xKapa€Hilapy XamJia TPAaH3UCTOP CTPYKTYpalapuHu (DYHKIIMOHAN YJIAHMII PEXKUM-
JIapy Ba TOK YTUII KapaCHIapuaup.

TaakKuKOTHUHT ycyaaapu. TaaKUKOT kapa€Huia SKCepuMeHTall (hU3nKa-
HUHT KOMIUIKCIIU UH(POPMATUB YCYIUIapU: p-n-YTHIILIA CTPYKTYpajJapHU YpraHMIII-
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HUHT BOJIbTaMIIep, BOJIbT(apaa METOJIapy; TYPJId UIIYM KyWIaHUIUIaApJard CIeK-
Tpasl POTOCE3TUPIIMKHU YIyall ycyiiapu, OYJIUHUII Yyerapacu Ba CUPTHUHI MOP-
(bosoruK TaAKUKOTIApH, IIYHUHTJEK, Ha3apuidl pu3nkaHuHr (U3MK-MaTeMaTuK Ba
KOMIIBIOTEP MOJEJUIAIITHPHUIL YCYJIAPU KYJUIaHUITAH.

TagKNKOTHUHT MIIMHUII SHTWIMIM Kyiuaarmiapaian uoopar:

WIK O0p KOTHIIMa-3pUuTMara Kymumua KOTUIIMa-3pUTMAHH KYIIUII TE3TUT U
OUIaH aHUKIAHAINIAH KHPHIIMATAPHUHT TaKCUMOT npodumm A’B’ spumM Tkas-
rud OMpUKMallapy SMUTAKCHal KaTJIIaMUHHM YCTUPUIIHUHT HOU3OTEPMHUK YCYJIU
Takin(} KUJUHTaH Ba YCTUPWIAJWTaH SIHMTAKCHal KarjaM KaJIMHIWTU OYyitnua
KUpHUIIMaiap TaKCUMOTU (PU3UK-TEXHOJIOTUK MOIEIIIAIITUPUIITaH;

TEKCTypJIaHTaH CUPTIM raumi apcenuaura 80 nakukKa JIaBOMHAA pPyX
kupuimacu 800 °C na auddys3ust KumHuO, KeHnHYAIMK OUp JaKuKaaa Oup rpa-
nyc cosuti Tesnuru 6utan 813 °C man 809 °C raua xapopaT OpaaMFHIA STOHA
xapa€HJla SMUTaKCHall TeTepOKaTIaM YCTUPHUII TEXHOJOTUSCH UIIA0 YHMKUITaH;

NGadAs -rarmuk  6mnan  nGa,gIn, As -rereposnurakcial  KatjiaMm I1aH-
xkapanapu napamerpu dapku ~1.4% Oynumm xucobura ro3acu rodpiau OyiaraH
ukku tycukm Ag —nGaygln,, As — NGaAs— Ag -poroguon omum Ba nGads -

tarmukaara  pGag e, In, o AS -reTeposnuTakcuan  KaTiaM — yCTHAA — TepMaHHiA

KkupuimMacu Mukaopu 3.1 moinb.% Oynranaa, cuptuaa nupamuaanap (acocu 40+60
MKM, Oamanmmuru 810 MKM) XOCWI KWJIYBYM TEXHOJIOTMK TEKCTypJIaHTaH

pAl, ,Ga,,As  ¢pouran  rerepoxarnamiau  ¢porososnsTank  pAl,Ga,yAs -

pGag e, In, o As -nGaAs - Ty3unmanap OJIHII TEXHOJIOTHsIAPY UIIIa0 YMKHUITaH;

WIK 0Op KaHAIWJArd KUpUIIMalap TpaJueHTH MycOar OyiraH apceHui-
TAUTMHAIN  MalIOHIM TpaH3ucTopra HucOataH (OTOCE3TUPIUTH HMKKH MapTa,
MabJIyM aHajioriapura HucOaTaH 3ca Kydaltupuiml koddduuuentu 3.5 mapra
Karra sra OyiraH, KaHaJdWJard KUPHUIIMAJIAPHUHT TpajJueHTH MaHbui (cupt
TOMOH KaMaroB4M) OYJraH apCeHUATaUIMHIN (OTOCE3THp MaNHAOHIN TPaH3UCTOP
Tal€pIIaHTaH;

MalIOHJIM TPAH3UCTOPHUHT MaKCUMaJl CE3TUPIIUKKA 3ra (POTOKAOYIKUITHY,
KMYUK WHepIusra sra (poTrope3sucTop Ba KaTTa KyBBaT KalTa ynaruuu cudaruia
WIUIAIIMHA TaAbMUHJIAWAUTaH, YIaHUII PEeKUMIIAPU Ba YCYJUIapu Takiu(d KUIUH-
raH;

WIK OOp rauvid apceHUIUIW MaWJOHMIM TpaH3UCTOpPJAp Y3aTHII XapakTe-
PUCTUKAJAPUHUHT TYFPU YU3UKKA KEITUPUII UMKOHHUATH KYpcaTWinO, CUPT XO-
JaTiiapy TabCUPU Ba TOK TAIIyBUWIAD XapaKaTYAHJIWUTUHUHT TPAAUCHTHHU XH-
cobra onrad xonja, OolIKapuiaaurad p-n-yTUINra 3ra y3yH KaHAJUIM MalJOHIH
TpaH3UCTOpJIApAary TOK TalllyBUaHIMKHUHT (PU3UK-MAaTEMAaTUK XUCOOU KUIMHTaH;

KaHAJIHUHT EMWINIINTa SIKUH pexumaa Kydatupui kodpuuuentunu (70)
Oup TapTUOra KaTTa OYIUIIMHN TAbMUHIANAUTaH, CHHXPOH MOAYJISIUsIaHAUT aH
KaHaJlapra sra MKKUTPAH3UCTOPJIM CXE€Ma acocuja TYpPT YMKULUIM YHHUBEpcal
MUKpOCXeMa HIIIa0 YUKUITaH;

3aTBOP Ba MCTOK KAPIIWJIMIM YpPTacura MKKUA TYCUKJIM Ty3WUJIMa acOCUIAru
(GOTOKAOYIKMUIATHY KUPUTHUITAH, MalJOHUNA TPaH3UCTOp acocuia KydauTupruy



KUpUII KackaauaaHn wuobopaT 3iekTpacOo0iiap Ba TEXHOJIOTHK >KUXO3JIAPHUHT
yIAHUILI-Y3WIMIIMHA TabMUHJIARAUTaH Macodanan Outra EpyFiMK 30HAM OulaH
OOLIKapUIaIuraH ONTOAIEKTPOH KAJIUT UITa0 YUKUIITaH;

KUPUII CUTHAIM UCTOKKA OepUIaIUraH UKKU OUIIONSIp TPAaH3UCTOP YpHHUTa
KaJIUT Ba TOK MaHOau (pyHKIUsICMHU Oa)kapyBUM OMTTa MalJIOHJIM TPAH3UCTOPIaH
Ba SpUM YTKA3rU4Wiu EPYFIMK HYpJIATTUYAaH HOOpaT SPUMYTKA3TUWid EFay
TapKaTyBYM acOOOJapHUHI HIJIAIl PEKUMUHU CTAaOMIUIAIITUPHUIL WMKOHUHU
OepaauraH ONTHUK CUTHAJUIAPHUHT MOJYJISITOPU UILIA0 YMKUIITaH;

CTAOMJIMTPOH, KY4WIaHHII YEKJIaruyu Ba S-IUOAJIAp THUIHUAArd TOKA KECKUH
OpTaAuran SPUMYTKa3ruy acOOOJAPHUHT BOJIBTAMIIED XapaKTEPUCTUKACHUHU
YIIYallHA TabMUHIAWAUTaH, KUYUK KaJdaMiId HPEUU3HUOH MOCIAIITHPUIIAIUTAH
TOKHU O€pHUIll yuyyH MYJDKaJUIaHTaH KaHaJulapyu CHUHXPOH MOIYJSIUsUIaHaJAUraH
MKKU TPAH3HCTOPJIM CXeMa acocuja cTaOuWiulaliraH TOKJIAp TeHepaTopu HILIad
YUKUJITaH.

TaagKNKOTHUHT aMaJInii HATHXKACH KyluaaruiapjaaH noopar:

KAJIMHIUTA OYiinda 601Kapuiand OOpMiIyBUYMd TAKCUMOTIIN TaJUTMA apCeHUIH
AIUTAKCUAJ KATJIaMJIApUHU YCTUPUIITHUHT HOM30TEPMUK YCYIW MIUIA0 YHMKWITAH
Ba YHUHI acocuja 0a3a coxacu OMp>KHHCIIM OYiIMaran KynkaTtiamin (poToce3rup
TY3WIMaHHU, YHUHI aCOCUM IMAapaMeTPJIAPUHHU ONTUMAJUIAIITHPHUILI OPKAJIH, dHEP-
TUATEKAMKOP PEXKUMHIA WUUIAIIMHA TabMUHJIANAWIaH TEXHOJIOTUS MILIA0 Yu-
KWJITaH;

ONTHUKABUN WYKOTHILIAPHU KaMaWTUPHILI XUCOOUTa KYMKATIaMIN Ty3UJIMa-
JApHUHT (DOTOCE3TUPJUTH OPTUIIMHU TabMUHIANAWIaH WHIUN Ba allOMHUM Tap-
KHOJIU TeTepOCTPYKTypajiap Tal€plallHUHT TAKOMWLIAIITUPUITAH TE€XHOIOTUSCH
UIU1ad YUKUITaH;

JOMMHMM Ba y3rapyBuaH CUTHAJJIAPHU KyYaWTHUPHUILTa MYJDKAJUIAHTAH, JICK-
TPOH CXEMaJa rajulMil apCeHUIM acoCHUIaru Ba KpEMHUN Ha30paT HaMyHAacH aco-
cujard MauJoHUNA TPAH3UCTOPJIAPHUHT (YHKUIHMOHAT MMKOHMSITIAPUHU O4ub Oe-
pajural TEXHUKAaBUM eunMiap UIiad YMKUITaH.

TaaKuKOT HATHKAJAPUHUHT WIIOHYJIMJINTH (PU3UK jKapaéHIapHU TaIKUK
KWJIMIIIA YMYMKaOyJl KWJIMHTaH WIMHI Ba TEXHOJOTUK yCIIyOJsap, SpuMyTKa3r1y-
T acOOONapHUHT XapaKTepUCTUKAJIIApUHU Ba MapaMeTpilapuHu TEKUIIUPUIIIA
CTaHJapT Ba KEHI KYJUIAaHWJIAJUTaH TaAKUKOT YCyJapuaan (oiianaHuiIraniurua
OwinaH TacaukiaHrad. HaTwka Ba Xyrocanap 3aMOHAaBUM Ha3apuil Ba IKCIEpH-
MEHTAJI MabJIyMOTJIapra, pUMYyTKa3ru4jap Ba yJap acoCUAaru MaTepUaJIApHUHT
¢bu3uKaBUil TacaBBypJiapra acocCjaHTaH »dKCIEPUMEHTal MabJIyMOTJIAPHUHT
UIIOHWIWJIMTH CUHOBJAH YTraH KOMIUIEKC Yyiyaml ycinyOjlapuaaH Ba MabiyMOT-
Japra Hazapui MuuioB 6epuiga (GoiganaHuATaHIuK OUlaH TaAbMUHIIAHTaH.

TaaKUKOT HATHKAJAPUHUHT WIMHMH Ba aMaJuid axaMusaTH. Tagkukoraa
OJIMHTaH WIMHUN HaTKanap 0azacu TpaJueHTIM OYiraH Kyn KaTjiamiid HOKOpPHU
dboTocesrup Ty3uiamaaap uiuiam Gu3nKacuHu 04uo Oepaam.

OnuHran aManuii  HaTWXKajdap  TEIEKOMMYHHMKAaUMsUIap Ba  ONTHK
CUTHAJUIAPHU Yy3aTUII Ba KaOysn KWIMII TH3UMJapuja ¢oiianaHuiagurad Typiu
MalJIOHUA TPAH3UCTOPJIM JJEKTPOH CXEMAJapHUHI PEXUM YyJIAHUILIIAPUHU
ONTUMAJIIAIITUPUIT YUYH MYXUM XUCOOIaHAIH.
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TaaKuKOT HATHXKAJAPUHUHI KOPUIl KWJIMHMIIM. DJIEKTPOH KypuJiMa-
Jap/a (pUMYTKA3TUYId CTPYKTYpaJapHUHT UII PeKMMUHU ONTUMAJUIAIITUPUIIT Ba
(QYHKIIMOHAN apaMeTpIapuHN SXIIWIOBUM KyHHmard 4 Ta mxtupora Y30eKuc-
ToH PecniyOnukacu mateHTH onuHran: «OnTuk curHamiap moayisaropu», (IAP
No 04854, 21.02.2014i1.); «Macodanan OomKapuIaauraH ONTOICKTPOH KaauT,
(IAP Ne04600, 25.04.2012i1.); «DpuTMa-KOpUIIMAIAPHA apajalliTUPUO Kyuiuo
Ooopuil Mynaum OuilaH SPUMYTKA3TUWIM MAaTepUaIapHU JMHUTaKCUal YCTUPHUII
ycynun», (IAP Ne 04053, 09.10.2009i1.); «Mabigonnu ¢GoToce3rup TPaH3UCTOPY,
(IAP Ne 03832, 21.11.2008i1.);

APUMYTKA3TUWIN acOOOIApHUHT MILJAH YUKUII cababiapuHu Ba KaOyn Ku-
JIMHTaH perjiaMeHT/IaH YeTIallluIIMHU aHuKi1ad OepyBun «Kuuuk Tokmap reHepa-
topu» Kypuinmacu «FOTON» AXKna amanuérra xopuil 3TUInM0, YHUHT HaTHXa-
cuja Ta€p ApUMYTKA3TUWwIk acO00JAPHUHT SPOKJIM YMKUII TpouieHTHHH 10 Gous-
ra OMMPUINO WHIUTMK UKTUCOAMM caMapafopiauk 20 MIIH. CYMHHM TalIKWUJ 3TraH
(«Y3sarexcanoar» Acconuanusicuauar 10.04.2014 Hungark MabIiyMOTHOMACH).

TagkukoT HATHKAJAPUHUHT anpodanusicu. Vnmuii HaTHkanap pecmy0-
JUKa Ba XaJKapo KoH(epeHIusIapaa Mabpy3a Ba MyXoKama KUJIUHTaH: KyM-
nanan 14-«International Young Scientists Conferece» SPO 2013, Kyiv, «Problems
of Optics and High Technology Material Science». (Kyiv, 2013); «Apum-
yTkazruwiap (uU3MKacu Ba KypwiIMajlapyd Xamjaa YJIapHU YKUTHIIHUHT MyaM-
monapu» (Hamanran, 2013); «AxtyansHble npoOiembl ¢usuku» (baky, 2008);
«HepaBHoBecHbIie mporiecchl B modynpoBoaHukax» (Tamkenr, 2007); «DyHpaa-
MEHTaJbHbIE U MPUKIAIHbIE MPoOJieMbl coBpeMeHHON ¢u3ukn» (Tamkent, 2007);
V-International Young Scientists Conferece SPO 2006, Kyiv, Problems of Optics
and High Technology Material Science. (Kyiv, 2006); «®yHnaMeHTaJIbHBIE W
npukiagaeie Bonpockl ¢uzuku» (Tamkent, 2006); «MUKPOIIEKTPOHHBIE TTPEOO-
pazoBatenu ¥ npubopsl Ha ux ocHore», MOIIII (baky-Cymraut, 2005); RIO 5
«World Climate & Energy Event» (Braziliya, 2005); Scanning probe microscopy -
2003 International Workshop, Nizhny Novgorod (Russia, 2003). Hucceprarus
WIIWHUHT aCOCUM HaTHWXaJlapu V3P ®A «DPuzuka-Kyéur» NNYDb dusnka-TexHuka
WHCTUTYTH SPUMYTKA3rHuIap WYHaIUIIM OVHWYa KEeHraWTHpWITaH CeMHHapuia
(2015i1. 3-uton) xampa Dusnka-TexHUKa HHCTUTYTH, MoOH mnasma Ba Jaszep
TEeXHOJOTUsJIapu MHCTUTYTH Ba CaMapKaH/ [aBllaT YHUBEPCUTETH Xy3ypUAaru
16.07.2013.FM/T.12.01 pakamiu Mnmuii kenram acocuna 01.04.10 uxtucocauru
Oyiinua (TexHuka (aHiapu) Ty3WiraH OUp MapTaIMK WIMHUM KEHTall KOIIWJard
unmuii cemuHapaa (2015i. 25-H0s10p) MyxokaMa KUJTUHTaH.

TaagkKMKOT HATHKAJAPUHUHT IbJOH KMJIMHHIIM. J[MccepTaius MaB3ycu
Oyiinua 43 Ta WiIMUN U, )Xymjaaad 23 Ta mMakoia, WIyjJdapJaH 8§ Tacu MHIJIU3
TWIUAA XaJIKapo *KypHajulap/ia 3bJIOH KUJIuHTaH, | Ta KuTo0, KoH(epeHusiapaa
MaBp3y Oyinya 15 Ta Te3uc 4yon 3TWIraH, UXTUPO YUyH 4 Ta MaTEHT OJIUHTaH.

JluccepTalMsIHUHT Xa:KMHU Ba Ty3wiaumiuM. J[ucceprauus kupuui, Oemira
000, xynoca, Ba 129 Homaaru ¢oiinananunrad anabuérnap pyiixaru, 2 Ta uiosa,
200 caxuda matH, 89 Ta pacm Ba 28 Ta kajaBayiaH HOOpaT.
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TIMCCEPTALIMSIHUHT ACOCHUI1 MAZMYHMU

Kupum xucmuaa aumccepranus MaB3yCHHUHT J0J3apOJMryd Ba 3apypaTu
acocllaHraH,  TaJKUKOTHUHI  pecnyOiumka  ¢gaH  Ba  TEXHOJOTHUsJIApH
PUBOXJIAHUIIMHUAHT YCTUBOP MYyHANIMIUIApUTa MOCIUIH KYpCAaTWITaH, MaB3y
Oyiinya XOpPWXHUM WIMHH-TaJKUKOTIAp IIapXd, MYAMMOHHHI YPraHuiIraHJIuK
Japakacu KeITHPUITaH, TAAKUKOT MakKcaau, Bazudanapu, oOObEKTH Ba MPEIMETH
TaBcU(JIaHTaH, TAAKUKOTHUHI WMJIMUN SHTUJIUTH Ba aMajui HaTwxkanapu OaéH
KWIMHTaH, OJIMHIaH HaTWXAJapHUHT Ha3apuil Ba aMaluid axaMHsITH 04U
Oepuirat, TaAKUKOT HATHKAIAPUHUHT KOPUM KUIMHUIIM, HAIIp STUJTAH HUIILIap
Ba JIUCCEpTalMs TY3WINIIN OYiinya MabIyMOT/Iap Oepuiira.

bupunun 0606 «MyaMMOHMHI X0JIaTH Ba MOP(OJOIMK HOOUPKUHC-
JWINKJIApra 0OFJIMK PaBUIIAA KYNKATIAMJIM APUMYTKA3THYJIN Ty3HJIMAaJiap-
HUHI (YHKIHOHAJ XAPAKTEPUCTHKAJAPHHH SIXINWIAIN TeHACHUHMSJIapU»ra
Oarunuianran Oynub, MyaMMOHMHI XOJaTH Ba MOP(}OJIOTUK HOOHMPIKUHC-
JWIMKIIapra OOFJMK paBUIJa KYNKATIaAMIM SPUMYTKA3TUY Ty3UJIMaJIapHUHT
GyHKUMOHAN XapakTepUCTHKAJIApPUHM SXIIWIAIl TEeHJICHUUsIapu OYyilmua ana-
OuETNap MabJIyMOTHHUHI IIAPXU KEATHUPUIITaH Xamaa MailJIoHU TpaH3ucTopiap
KOHCTPYKTHB XYCYCHUATIAPUHU YJIAPHUHT (YHKIMOHAJ XOccajlapura TabCHUPH,
IIYHUHTIEK MalJOHIN TPAH3UCTOPJIAPHUHT JJIEKTPUK NapaMeTpiIapyuHU SXIIHJIALI
wynnapu kypubd yukuiarad. Mapxya MabIyMOTJIApPHMHI Ha3apuil Ba SKCIEpU-
MEHTaJ TaXJIWIA HaTWXKacua Ba3u(patapHUHT KYHWIHILIN aKJUTAaHTUPUIITaH.

Nkxunun 600 «kO3acu TeKCTypJaHraH CHUPTIM KYNKATJIAMJIU TYy3WJI-
MAJIAPHM OJIMII TeXHOJOTHSICHHU MILIA0 YMKHID)1a MyaMMOJIAPUHUHT €4HMH,
abHU, OU(PYy3Uss Ba CYIOKIMK SIUTAKCUSICH yCyJulapu OuWjiaH TEKCTYypJIaHTaH
CUPTIM KYNKATIAMJIM TY3WJIMaJTapHU SPATUIIHUHT TEXHOJOTUK OOCKUWIApH,
YJIAPHUHT CHEKTPAJl XapaKTEpUCTHUKAIapH, reTepOTY3WIMAHUHI Ky4aWTUpHUII Ba
(GOTORIEKTPUK XOccallapy, YHMHI acocujard wmacodanaH OolIKapuiaJural
OMTORJIEKTPOH KAJIUTHUHT XYCYCUSTIAPUHU YPraHuil OUIaH Xal THUIITaH.

lannmuit apcennau Oydep KaTIaMUHUHT TEKCTYpJIaHTaH CUPTUTa pyX KH-
pUIIMAacUHUHT OOocKHuMa-00ocknd AuGQy3usICUHU TabMUHIAWIUTAH, MUKPO-
penbeduiu cupTra sra KynkatjiaMid Ty3WJIMaHd KOMOMHHUpJIAHTaH yCyjja OJIMII
TEXHO-JIOTUSACH Ba KEMMHYAINK YHUHT YCTUJAH Oup >kapa€HHUHT y3uja YeKIaHTaH
KOTHIIMA-3pUTMA/IaH JNUTAKCHAl TEeTEPOKATIaM AJIOMUHHUWIAIUIMNA  apCeHU]
(AlGaAs) Yctupuin TeXHONOTUs-CM HIIIAa0 uuKwirad. bydep katiam cuptu
aHU30TPOIl EMUPHILI  HATWXKAcuAa TEKCTYpiaHuO, YyHUHT CUpPTHra pyx
KApHIIMAcHHUHT THbdY3HACH pyX KYKyHHAAH (5.3 cM® Xa)MIn rpaduT KaMmepasa
146 wmr) 30 pakuka paBomuga 800 °C  xapoparna amaira OIIMPUIITaH.
I'eTeposnuTakcuan KaTjJlaMHUHT YCHIIM 3Ca CYIOK 3nuTakcus €épaamuaa 813 °C
nan 809 °C raya xapopar opainuruaa lrpaj/makuka COBUTHIN TE3JIUTHAA aMalira
omupwirad. bynaan tamkapu, nud@ys3us xapa€Hu MHUKpOpenbed yYerapaHu
OJIMIIra UMKOH OepaiuraH, TarmuKHUHT cupTH (1 cM®) GHIaH KOHTAKTIA OYIraH
KaTTuK kucMin (GaAs:Zn ra IMHK KyKYHU MypKajraH) MaHOaJaH YTKa3WIraH.
OnuHrad ty3uiMa YTUII Yerapaiapyd KeCUMIApUHUHT MUKpodoTorpadusiiapu 1-
pacmza udoaaiaHraH.
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a) SICCH p-n-yTUII OUIIaH B) KOHTAKT quddysusicu Ounan
OJIMHTaH p-n-YTUIIHUHT MHKpOpPebedIu
qyerapacu

1-pacm. pGaAs 6ydep KatjiaMu Ba
pAly4GaysAs reTeporaTiamMiIn Ty3WJIMa
yTHII Yerapajapu KeCUMJIAPUHUHT
MHKpo(oTorpapuscu

- 30 um
0) ACHIPUT TUIIHIATH
MUKpOpenbeIIn p-n-YTUlll

&

Taxxpubana xkypcaTuiraHueK, OJMHIaH KYNKaTIaMJId MUKpopenabed cupt-
m  p*Al,,Ga, As — pGads: Zn— nGadAs —n"GaAs Ty3WIMaJaa CIEKTpajl CE3TrUpIIuK

COXacu KHUCKA TYJIKHHJIAD TOMOHIa KEHTasau, KBAaHT YUKUIIU 3Ca SICCU CHUPTIH
Ty3WiManapra Kaparaija UKKd mapTa optaau (2-pacm). by addext muxpopensed
HIAKJUTAHTUPWIIMIINIA p-n-YTUIL 4Yerapacuaa (OTOCE3THp I03aHUHT KEHraluiiu
OuaH OOFIUK.

I, 0.e. g 0,4-
o
1 ,0 1 3 ....no--"""\.
€03 ¢ \2
0.8 H /
3 \
0,6 & 0,2 / 1.1
8 _u"_m"\\
™
0,41 %0’1 j f__w" \_\
n x o
0,21 Al § J— “}:,k
0.0] \x__ § 0,0 s asaa—s
@ T T T T T T T
04 06 0.8 1,0 2, mkm 04 05 06 07 08 09 1,0 4 Mk
a) CIEeKTpall XapaKTePUCTHKA 0) (POTOCE3TUPIIMKHUHT KBAHT YMKHUIIIH

2-pacMm. Sccu (1) Ba Mmukpopeabeduu (2) p-n-yrumra
3ra Ty3WJIMAaHHHT (POTOIJIEKTPUK XapaKTepUCTUKAIAPH

Cyrok snuTakcust Wynu OWIaH apCeHU] Trajuluid Tarjukiapaa WHAWK Ba
ATIOMUHUN TapKUOIM apCeHH] TaJuIMM 3MUTAaKCUal Karjamiap acocuja MHKpO-
TEKCTYpJIAHTaH 103aJiap OJUII TEXHOJIOTHICH MIILIA0 YMKWITaH, YHIA IOTUIaETran
HYpJAQHUIIHUHT KaMpad onuil OypyarMHU TEKHC I03aJId CTPYKTypaslapAarura
HUcOaTaH OMIMpUIITa UMKOH Oepanu. byHpaail ro3anap p-n-yTUIIHUHT TEKUCIUTU
Owan axpanub Typaau, XxamJa OyHJaail 103alapHy TEKCTypJiall TeTepOKATIAMHUHT
TapkuOu OWJIaH aHUKJIaHAIH.

TexkcTypnanran rerepokariamyiap allOMUHUN Ba repMaHuid TapKuOIU KO-
puimMa-sputMagad 822 °C go 818 °C temmepaTtypa opanuruja 1 rpag/MuHyT co-
BYTHILJIa YCTUPUIITAH.

13



nGaAs -rarmuknaru pGa, o, In, , As -reTeposnuTakcHai KaTjaaM yCTHIa Tap-
kubuma 7.5 Monb.% nerupinanMaran apceHua ramaui, 0.3 moinb.% aaoMUHUN Ba
3.1 mons% repmanumiing KopummMa-spurManan pAl,,Ga,,As rerepokariam ycru-

pwiragaa, yHUHT (poHTa1 cuptuaa nupamunanap (acocu 40+60 mxm, Oa-
nangmurn 8+10 MkM) Xocun Oynumu aHukiaaHraH (3-pacM). DOTOBOJBTAHMK
TY3WIMAHUHT p-n-YTUIIUM TEKHC 4Yerapara sra O0ynub, cCUpTH rerepokariam Tap-
KiOM OuJlaH aHUKJIaHAJAUTaH TEXHOJOTUK TEKCTypa OwiiaH axkpaiaud Typaau Ba
I0TUIAETrad EPYFIMK HYPJIAHUIIUHUHT KaMpad oiuil OypyaruHu sicCH Ty3UJIMa-
napra kaparanzaa 50 rpagycaan 90 rpagycraya OIIMPHINTa UMKOH Oepaiu.

a) CHPT KYPHUHHIIN 0) p-n- yTUII Yyerapacu

3-pacM. YcTupuiran MuKkpopesbeduu Ty3ujima
Mukpodgororpadusicu

NGaAs -rarmux ounan nGa,gIng, As -rereposnurakcuan KaTiaM MamKapa-

napu napamerpu papku ~1.4% OYynuim xucodura r03acu roppiu OYiraH Ba ONTHK
CUTHAJUIApHH KaOyn KWIHO Ky4aWTHUPHIN Y9yH MYJDKaJUTaHTaH WKKWA TYCUKIU
Ty3WJIMa OJIUII TeXHoJorusicu unuad yukuirad. NGaAds tarnmuruna KalduHIATH
2+4 MM OynraH nGa,In,,As (N, =7-10" cu™) reTepoKaTiiaM rajuiniiia 3puTHITaH

4.9 monb.% apcenun ramnuid Ba 0.7 Monb.% MHAUMN KOTUIIMa->puT™MaHu 838 °C
naH 822 °Craya xapopat opaluFuja 1 rpaja/mak. COBUTHIN TE3TUTHAA YCTUPHUIITaH.
By rerepouzoTun Ty3uJIMaHUHT WKKajla CUPTUTA KYMYIIHU MypKail OuiaH TYFpu-
JIOBYM, EF1Y TapKATYBYM JHOJJIaH KUPYBUYU ONTUKABUN CUTHAJHU Ky4aTHUPHIITa
MMKOH Oepanuran koHTakTiap onuHau. Ly acocna 6utra EpyFiIuk 30HIU EpaaMu-
na 00beKTHU HadakaT yJallHK, OAJIKK Y3UIITHU XaM TabMHUHJIaaUran Oonkapusia-
JUTaH OMTORJIEKTPOH KIUT UILIA0 YUKWIIU (4-pacm).

4-paCM. MaCO(l)aIlaH 60m1<apn.11azmraﬂ OIITOIJIEKTPOH KAJIMTHHUHT 3JIEKTPOH CX€eMacCHu
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By ummaHMaHMHT ¥3Ura Xoc XyCYCHUATH LIYHJIAKH, MabJIyM aHaJorjapura
Kaparaja Takid(] KWIMHTaH KypwiMajaa HypJIaHTUPrud Ba KaOyn KWirud
ypracugart XoCwJl KWJIMHTAH CTOK OINTOAJEKTPOH alloKa xucoOura maiijgoHui
TPaH3UCTOp KaIUT (QYHKUMACUHU XaM Oaxapanu. bynaa macodaman Oomkapuii
MalJJOHUIN TPAH3UCTOPHU EPYFIIMK 30HIU OPKAJIU KY3FaTWJIAJUraH reTepOU30THIl
dboToauon €pmamuaa ENWIMII pEeKUMHUAA KalTa ylaHWIIA XucoOura amaira
omupmianu. by Tuzumaa xaita ynaHuin €pyriuk 30HIUHUHT MKKaida GOTOKaOys
KWIruura HaBOaTMa-HaBOAT WyHanTUpuO, KaiiTa ynaHumu OwuiaH amanra
omupunanu. by naca snekrpacb6o06 - yckyHajmapHUHT MacodaaaH yaaHUO-
Y3WJIMIINTAa UMKOH Oepajiu.

Yuunun 600 «baza coxacum TpajHeHTIM OyJraH Kyn KaTJaMJu
CTPYKTypajiap TaiépJam TeXHOJOTMSICHHM MILIA0 YMKUII»ra OarulUIaHraH
O0ynub, yekJlaHraH KOTHUIIMa-3pUTMAJAaH CYIOKJIUK SIUTAKCUSICU YCyJIu OuWiaH
raJyIuil  apCceHUINM Mal-JAOHIU TPaH3UCTOPJIAPHUHT 0a3a coxacu KaJWuHJIMIU
Oyiinya KupulIMajap TpaAUCHTUHU MIAKUIAHTUPUII YyCYJUIapu Ba yJIAPHUHT
MalJOHUM  TPAH3UCTOPHUHT  CTaTHK, JUHAMUK XapakTepUCTHKajlapu Ba
dboToKyyalTUpruy Xycycusitiapura Tabcupu kypuo6 uukwirad. lllynunraex, kyn-
KAaTJaMJIM TY3WIMAaHUHT ()aosl COXAaCHMHU KaJWMHJIWIK OYyiirya KUpUIIMaTapHUHT
IpaJueHTH AUAMA30HUHU KEHTaTHpHUIlTra UMKOH OepajuraH, KOTHUIIMa-3pUTMaHu
KOHIEHTPAI[MOH  apajalliTUpUIl  Hynu OuiaH  KaTiamyIlapHU — BIUTaKCcHAl
YCTUPUITHUHT SIHTU YCYJIMHU aMajra OUIMPUII TPUHIMIUIAPU 0aéH KUIMHTaH.

Taakuk KUIMHAETraH KYNKATIAMIIM TAUTMA apCeHUIIU (POTOCE3rup TY3WII-
Ma TamryBuYriaap KoHreHtparusicu 2-10" cMm ~ 6yarad, CYOKIHK SIHUTAKCHICH KYy-
PWIMACHUHHUHI y4Ta suyedKacura (Karakdacura) >KOWJamITHpUiIaguraH, KeruHda-
UK OWTTa >XKapaCHHUHT Y3uzaa Typiau Te, Te+Si Ba Sn nerupioB4u Kupuuimaiap
Oownan ketMma-keT pGads Ba nGaAs-Tunjard YTKazyBUaHJIMKKa 3ra Katjamiap
Yycrupunaaurad p-tunjgara GaAs Taraukia OJMHTaH.

XaMMa 3MHUTaKcual Kariamiiap rauidiijla S3puTWIraH OFUPIUK HUCOATIapu
7 Monb.% apceHu] rajuliuiiad MabiyM KUpHUIIMallap OuilaH JeTHpJIaHTaH KOTHII-
Ma-3put™Magad yerupwirad. Kamuunuru 0.5 MKM OyiraH p-TUIUIM SIUTaKCHAI
Katnamiap 1 rpan/mak noumuit coputuil Teznuruna 848+845 °C xapopartiap UH-
TEepBaIMIa Ba N-TUN YTKa3yBYaHJIMKKA dra Oynran 1 MKM KaJIMHJIMKIArd Kat-
namiap sca 845 °C OommaHrud XapopaTia jaactiald karra Te3nuk (3rpaj/nak),
KeWMH 3ca KMUMKpoK Te3nukaa (0,5 rpan/nak) coButuin Ounan ycrupuirad. TaH-
JIAHTaH JIETMPJIOBUM KHMpHUIIMA Ba CYIOK (pa3alaH sMUTaKCHAN KATIAMHUHI YCHII
TE3JIMTUTa MOC paBUla KUPHUIIMAJIAPHUHT KAJTWHIMK OYiirYa TaKCUMOTHHHHT
TEruluUId NpoQuin maKiaHaau. Yoy KYnKaTaaMmian Ty3wiIMallap acocuaa Max-
CyC KOHCTPYKIMSITa 3ra MalJoHuUW TpaH3ucTOpiap Tai€pnanran OymuO, yHaa
3aTBOp SIXJIUT, #- TUN YTKAa3yBUYAHJIMKKA 3Ta, KaHAJTHUHT TOPU30HTAIb Ba OUYMK
HKAHJIUTH 3Ca KaHaJl KAJTWHJIWTUHU Y3rapTUPHIL Ba YHUHT KadoJaTiaHran ¢oTo-
CE3rUpJIMK Ba ENMUIUIIMHU aMmalira oumupuinra uMKoH Oepaau (5-pacm). Kanan
y3ywiura 50 MKM (KaHan y3yHJIMTHMHMHT KaduHiurura HucOatu 10 man kartra)
0ynu6, Oy YHUHT CUPTHHHM KUMEBUN Ba MOPQOJOTUK HA30paT KWIHII UMKOHUHU
oepaau.
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CUFUMHUHT XaXMUH 3apsijl KQIMHIUTU Y3rapuiiy OuinaH OOFJIuK, 3aTBOP p-
n-YTUIIN KyWIAHUIIUTa OOFJIUKIUTHHUHT 3KCIIEPUMEHTA MabIyMOTiapuiaH Oa-
3a cOXa KAJIMHJIUTUHUHT KOHUEHTPALMOH Npuduin aHukiIaHrad. By srpu um-
3UKJIAPHUHT TaKKOCHAHUIIM IIyHU Kypcaraguku, ITe (Myc.I-MT — Myco6ar
IPaJueHTIN MaWJIOHIM TpaH3ucTop) 7Te OWNAH JIeTUpJIAHTaH Ty3WJIMaja
TAaIIyBYMIAP KOHIEHTpAIuscH kupuiManapuaunr 2.510%cm™ rpaguentn Guman
optaau (6-pacm, 1-srpu unsuk), Te+Si (TT-MT — Tekuc TakCUMOTIN MalIOHIN
TpaH3uCTOp) OwWiaH JerupjaHraH KaHaUId Ty3WIMaJga »3ca, TallyBYWiIap
KOHIICHTPA-IIMSICH TEKHC TaKCUMJIaHTaH (6-pacMm, 2-3rpH YM3HWK) OYyiaau xamja
Kajail OwiaH JserupinaHrad kKaHamwi tysuamaga (Man.I-MT - Manduit
IpaJueHTIN MallIOHIN TPAH3UCTOP) TAllyBYMIIAP KOHIEHTpPA IUSACU KUPHUIIMAaIap

N, cm®
10!7
10!57
10" X, MREM
0.1 1.0

I- Myc.I' -MT; 2- TT- MT; 3- Man.I' -MT
6-pacm. GaAs anuTaKCHHAI
KaTJaMJapaaru Kupuimasaap
TAKCMMOTHHHUHT PO uin

5-pacM. QUMK KaHAJUIA MalIOHU
TPaH3UCTOP

KOHIEHTpAIUsCH TpaueHTH Omian kamasiau (6- pacm, 3-3rpu 4u3uK). 1-xanBanga
TaJKUK KWIMHAETTaH rajuluil apCceH TN MalIOHUI TPaH3UC-TOPJIAPHUHT KUPUI Ba
YUKHII  XApAaKTEPUCTUKAIAPUra KaHaJlJard KuUpUIIMaigap TaKCUMOTUHUHT
npoduiv cesunapid Japaxkaga TabCHUpP KWIMIIM HKCIEPUMEHTAl paBHILIA
Kypcatwirad. byHzna kaHanu Tenyp, KpeMHUU+TEIyp OwWiaH JerupiaH-raH
MalJJOHUI TpaH3UCTOpJIapAa Ba KPEMHUIIIM MalJOHUNA TpaH3ucTOpra HHcOa-TaH
y3aTUII XapaKTePUCTUKACUHUHT STPWIMTH OUp TapTUOra Kamasiau, KaHalu Kajan
OwiaH JIETUpJIaHTaH MaiIOHUH TpaH3UCTOpJa 3ca Kamaiuil ¢akaTruHa 3 mapTa
oynanu.

Hazopat namynacu cudaruga KI1303, KI1302 kpeMHuitiim MaiiIoHIn TpaH-
3ucTopiiap TaHiaHraH. Kananjgaru KupuiiManap TaKCUMOTH MycOaT rpaJueHTaaH
MaH(puiira yTumm OuiaH KOPOHFWIMK TOKJIAPH MKKU TapTUOra Kamasiau, YUKUII
JMHAMMK Kapumuinuknapu 3ca 96 kOm nan 200 kOwm raua opraau. by sca kaHanu
Kajlail OWjaH JerupiaHraH MauJoOHUN TPaH3UCTOpAA y3aTUII XapaKTEepUCTUKACH-
HUHT TYFpPU YM3MKKA KEJITUPWIHMIIWHKA acOCIaiIu Ba 7-pacMa KypcaTHUITaHHUJIEK,
SHEPIUs TEKAMKOPIIUTH PEKUMUIA NIIAIl UMKOHUSTUHU SPaTaIu.

KananHuHr énunumura SKMH peKUMIa KUPHUIIMaIapyu TEKUC TaKCUMJIaHTaH
MalJIOHUI TpaH3ucTOpra Kaparauja (7-pacM, 2-3rpu 4u3MK) MaH(UN rpaueHTra
sra MalJOHJIM TPAH3UCTOP y3aTULI XapAKTEPUCTUKACUHUHI TYFPU YM3UKKA SIKUH-
namumuny (7-pacM, 3-3rpu YM3MK) y3aTULI XapaKTePUCTUKAIAPUHUHT KaHaJAaru
KUpHUIIMaiap TAKCUMOTUA Tpoduiinra OOFIMK SMAcIUTMHU KYpCaTyBUM MaBXKYy.l
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Hazapusnap (bokymsiin Ba PudyepHUHTr TaakuKoTiIapu) OWiaH TYyIIyHTUpHO OYI-
Maian. By Hazapusiapna 3apsi TallyBUMJIAPHUHT XapakaTYaHIUTH KaHaJTHUHT
OyTyH XaxMu OVitnua noumuii n1e6 kaOyn kuinuHran. Hazapusigan dapkiu yinapok,
Kajail OWiaH JerupliaHTaH MaWJOHWN TPaH3MCTOpJa KaHAIHU KaTilamMMma-KaTiam
eIMPUIIJIA 3apsi]] TAIlyBUMUJIAp XapaKaTUaHIUTHHUHT KOOPIWHAT Y3rapHuIly TOTIHII-
VKW, OYHU IUICHKA-TarJIMK dYerapacura SKUHIAIINII OWIaH HYKCOHJIAp 3HW4-
JUTUHUHT Y3rapuiy acocuaa TYIIYHTHPUII MYMKHH. ONWTaKCHal KaTiamiap-
Jard TOK TaIlyBYMJIAp XapaKaTUYaHIWTHHU YIYallHU FONKa IUIEHKajIapia Yadain
METOAWKAacH Oyirua KHYMK KyWwIaHUILIapAa amaira omupuian. KammHimmk
Oyiimva TamryBUMIap XapaKaTUYaHIWTH TaKCUMOTH YYyH XaKUKHH KuaHMaT
OepuiaraH MHTEpBaIAA u(x)= ﬁ(x)+x-%(
aHUKJIAIIHA XHUCcoOTra OJiraH XoJja Tomwiran 0ynud, Oy xakaaru MabiyMoTiap 8-
pacmia KeNTHPUIITaH.

A(x)) GYHKUMSHUHT YpTaya KUMMaTUHU

1-xanBan
TaaKuK KWINHAETIaH HAMYHAJIAP Y3aTHII XapaKTePUCTUKAIAPU T PUIMTHHUHT
ényBYM KYWIAHHMIITAa OOFJIMKJIMIY OYiin4a MabJIyMoOTJIap

Myc.I' -MT- p'GadspGaAs—nGads:Te R, =100kOm, R, =31.9 kOm

8bIX

U._.B 0 05 | 1.0 1.5 2 |25 ] 30 | 35
I, , MKA 422.3 307 202.5 138.1 84.55 38 13.9 2.25
S, MKA/B 230 209 128.8 107 93.1 | 48.2 23.3
k=S-R__ 73 | 666 | 41 34 | 296 | 153 | 074
TT -MT- p*GaAspGaAs—nGads:Te+ Si, R, =130kOm, R, =345 kOm
U._.B 0 0.5 1 15 | 2 ] 25 | 3 3.5 4
I, , MKA 661 415 272 188 126 87.1 | 48.5 23.2 0.88
S, MKA/B 491.6 286 167 1252 | 77.6 | 77.2 | 50.6 44.6
k=S-R,,. | 169 | 98 | 576 | 43 |267| 266 | 174 | 15

Man.I'- MT- p*GadspGaAs—nGads:Sn R, =200kOm, R, =38 kOm

BbIX

Uu,.B 0 0.2 0.4 0.6 | 0.8 1.0 1.2 1.4 1.6
I, , MKA 150 115 91 70.5 | 49.5 | 359 22.3 12.3 1.63
S, MKA/B 175 120 | 102.5 | 105 | 68 68 50 53.3

k=S-R,.. 6.65 | 456 | 3.89 | 399 | 2.58 | 2.58 1.9 2
KII1303 Kpemuuiinu Ha3opaT MaiiioHuil Tpansucropu R, =96 kOm, R, =31.5 kOm
Uu,.B 0 0.5 1.0 1.5 2.0 2.5
1., MKA 430 283 153 66 19 6
S=AIl /AU, , MmxA/B 294 260 174 94 26
k=S8R, 9.2 8.19 5.48 2.9 0.81

AViHaH MaHa 11y Ky3aTWIA€TraH KaHaJJaru TallyBUYWIAp XapaKaTYaHJIUTH-
HUHT KOOPAMHAIUSIN OOFIMKINTH, TAJAKUK KWJIMHAETTaH MalJOHUM TpaH3UCTOp-
HUHT (Man.I'- MT) sHeprust Te:KaMKOPJIUTH peXUMUIA, SHHU KaHal ENUIUIINTA
AKUH, (oiany CUTHAJHUHT Y3rapuilld Ba WYKOIMIIWHA HWCTUCHO KHWJIAaJIWTaH
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8-pacm. 3apsa TamyBYHIAPHUHT X0JLI
XApaKATYAHJIUTHHUHT 3MUTAKCUAT
KATJIaM KAJIUHJIUTUTa OOFJIMKJINTU

1- Te; 2-(Te+Si); 3- Sn; 4-KI1303
7-pacm. TpaH3uCTOpPJIAPHUHI CTOK-3aTBOP
y3aTHII XapaKTepucTUKAIAPU

peKuMaa UIUIalIura UMKOH sipatafau. Taakuk KWIMHAETraH MalJIOHUM TpaH3HC-
TOpJIAPHUHT KYYaWTHPHII XYCYCUSATIAPUHU TAKKOCHAUIJAH KaHAIWAA KUpHUILIMa-
JapHUHT MaH(Uil TpagueHTH OYiIraH MaWJOHUN TPAH3UCTOP KUPUIIMAIAPUHUHT
MycOaT IrpaJIMCHTUTa 3ra MalJOHUHN TpaH3UCTOpJIapra Kaparasja (2-xaaBaji) UKKU
Maprta k¥ (18) €xku KpeMHUNIN MaiiJIOHUI TpaH3UCTOpra Kaparasja sca 3.5 mapra
KYTI KydalTUpuIll KodPhUIIMEeHTUra 3ra SKaHIUTy aHUKJIaH .

Myspai Kuanbd, KHECUM TaxXJ Ui KaHAJIIard KUpUIIMaiap Yu3uKId rpagucH-
THUHUHT MaWJIOHUNA TPaH3UCTOpP CTAaTHK, TUHAMHUK XapaKTepUCTHKajdapu Ba ¢GoTo-
Ky4alTUPHUII XyCYCHUSATIApUra TabCUPU KUPUIIMAJIAPHUHT MycOaT IpaIu€HTH CTOK
TOKMHUHT KyWIAHUIITa OOFIMKIUTUIa YCYBUU XapaKTep OCpUIIMHU KYPCAT/IH.

2- skaaBag
Kyuaiitupuim k03¢ppuuueHTHHHHT CTOK-UCTOK KYyYIAHHMIIUTA
OOFJMKJINIH OYiiNYa MabJyMoOTIap*

GaAs n1a MaliJOHUI TpaH3UCTOP, KaHAJ TeJUTyp OMJIaH JIeTUpIIaHraH
U, B 2.0 2.31 2.69 2.8 2.89 3.1 3.5 3.8
wurue » MB 50 64.6 84.7 | 91.5 | 83.8 | 74.6 | 43.6 | 248
Ky = Ui ' Ui | 5.0 6.46 847 | 9.15| 838 | 746 | 436 | 2.48
GaAs J1a MaliIOHUH TPAH3UCTOP, KAHAJ KaJlall OWJIaH JIETUPJIAHTaH
Uei, B 0.5 1.0 | 1.5 | 1.75 | 1.89 | 20 | 2.1 | 22 | 23 |24
U, om» MB 11.7 25.4 | 555 | 1058 | 180 | 180 | 180 | 180 | 111 | 72
Ky =U i ' Uppue | 1.17 | 254 [ 555 | 105 | 18 | 18 | 18 | 18 |11.1[ 7.2
KII303 kpemHuitnm Hazopat MalJOHUIN TPaH3UCTOPU
Ua, B 0.45 0.7 1.0 1.6 23 2.9
wweuns» MB 40 75 75 60 50 40
Ky = Ui ' U i 4 7.5 7.5 6 5 4
* U =10 MB, [ =1xly

Kupummanapauar Man@uii rpagueHTira sra MailIoHUi TpaH3uCTOpJap/ia y3aTHIll
XapaKTepUCTUKAIAPU KUPHUIIMAJIAPHUHT MycOaT TpaJuMeHTUra sra MalJloHuil
TpaH3UCTOpJapra HUCOATaH TYFPU YM3HMKKA KeJITUpWIaau, OyHAa TPaH3UCTOPHUHT
My OWilaH KydaWTUpuil KOd(PQOUUMEHTH Ce3WIapcu3 Japaxaaa KaMas .
KupummanapHuHr KaHall KaduHJIMTK OYiluda Japakaiu Ba HOYM3UKIM TaKCUMO-
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TAUHU MaWJOHUN TPaH3UCTOPHUHT (DYHKIMOHAN XYyCYCHUSTIApUIra TabCUPUHU
CUHYUKJIA0 YpraHuil Makcajara MyBo(hUK XucoOIaHaIu.

bupok, KynKaTIaMmiy Ty3uiIMaJlapHUHT YCUI )Kapa€HIIApUHNA TaJAKUK KHJIALLI
acocusia xap Oup JErupaoBYM KUPHUIIMA SMHUTAKCHAN KATIIAMHUHI KAJIUHIUTH OV-
Huya KupuiIMagap TaKCUMOTHHUHT TYFPU YM3UKKA SIKHH OYJIraH TaKCUMOTHUHU
Oepully, YHUHT TPaJAHEHTH 3Ca UIUIATUIAETIaH KUPHUIIMa TaKCUMOTUHUHT Xapo-
paTtra OOFJuK Xo0JiJa OCepUSIUIIM Ba y OOMIKapUIMACIUry aHuKJIanau. Kupuni-ma-
JapHUHT OyHIal XO0JIaTH KPUCTAJUTM3ALMs Yyerapacuia KUpUIIMaJIapHUHT KOHIICH-
TPAIMSACUHU XOCWI KWJIUII MapoUTH y3rapMaciauru ouian 0ornuk. LLlyHunr yayn
KaHaJl KAIMHJIUTK OYinya KUpHUIIMaJapHUHT Japa’kajd Ba HOYM3UKIM TaKCHMO-
THHU OJIMII YYyH KpPUCTAJUIM3aLUs Yerapacuja KUpHIIManap KOHUEHTPALHUSICUHU
y3rapTUpuIlra UMKOH OepaauraH TEXHOJOTHMK IIAPOMTHH sipaTuil Kepak. bynra
Aca acocHil KOTUIIMa-dpUTMara KUpHUIIManap KOHUEHTpalusicu OwunaH ¢apkia-
HAJUTaH KYIIMMYa KOTUIIMA-3pUTMaHU KUPUTHUI UM OUIaH SPUILUIT MYMKHUH.

by makcanra spuiini yuyH YCTUpHIAETTaH KATIAMHUHT KAJTMHIUTY OYitnua
KUPUIIMAJIAp KOHLECHTPALUSACUHUHT YaMaJlaHTaH FPaJUEHTHU OJIUII y4YH KOTHILI-
Ma->pUTMAHHU apanalITUPUII Hyau GuIaH KYIKATIaMIN SpUMYTKA3THd p  ph- IH-
TaKCcHaJl KaTjaM YCTUPUIIHU TabMHHIIA0 OepyBUM mMaxcyc Kypuima (9-pacm) uii-
a6 yukwirad. bynaa acocuil Ba Kymmumya KOTHIIMA-3pUTMa KUPUIIMATAPUHUHT
KOHIEHTpAIMsICH opacujard ¢Gpapk KamMuaa UKKA TapTHOra TEeHr OYIMIIU Kepak.
Acocuii KOTHIIMa->puUTMara KUPUTWIAAUTAH KyIIMMYa KOTHIIMa-3pPUTMAHUHT
JUCKPET KUCMHU M Maccacu KUpHUIIMalap TAKCUMOTH MPOPUIMHU aHUKJIAMIUTaH
TE3NUK & =m,y-¢" Ounan Oepunrad m = km,l" UpoaaHu KAHOATITAHTUPUILHN KEepaK.

0) KypuiMa 3JeMEHTIapH

a) TeOMETPUK KeCUM

9-pacm. Ukkn nopuieHyn rpadput Kypuiama

I'padur Kypunmana nactinal® ramnuiiga 3puTWwiIrad 7 mMoib.% TanryBuuiap
KOHIIEHTpausick 10”7 cu™ OYIraH apceHU] TajUIMAIA KOTUIIIMA-3pUTMAIaH p-THIT
snurakcuan Katinam 845°C xapoparga 1 cM” 1o3ara, 2-10° cu” KOHLEHTpaIusra
ora p -TUIN TariuMKKa TOPU3OHTANb Y3aTUIN iynum 6umad yctupunamu. CyHrpa p-
TUIl SIHUTAKCHANl KaTjaM YCTUra OJIIMHTM HucOaTga Trajiuiiga SpUTWITaH
TalmyBYHIap KOHIEHTpanusickH 7.5-10"cM™ ra TeHr OYaraH n-THIUTH apCeHH.T
TaINIMIAIA aCOCHH KOTHIIMA-3PHTMA TOPU30HTATb Tap3ia Oepuiagu. Y CTHPHII
KaMasiiurad Te3nuKaa MaxOypuii coutuin Owmman 830 °C xapoparda acocwii
KOTHIIIMa-3puT-mMara 10° cu~ KoHueHTpauusau Ga+Gads:Sn (1800 mr 1560:240)
KyIIMM4a KOTUIIMa-3pUTMAaHU BepTHKald Tap3faa Oepuin Hynu OuiaH amanra
OLIMPWIAJIA. p-TUIUIA SMHUTAKCUAN KaTjaM YCTUTa apajlallTUpUIraH KOTUIIMa-
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ASPUTMAJIaH, BOJIBT-CUFUM XapaKTEpPUCTHKAJAH aHUKIaHAAUTraH, n-tumu (3 —1)
10'° cu™ xamMaroBYaH KOHICHTPALMSIIM KatiaMm ycTupwiaau. Taximud stunaérran
YCYJIHUHT OOlIKa ycyiapaad (apku MyHAaKd, KylIuM4ya KOTUIIMa-3pUTMAaHUHT
KYIIWIAIIKA aCOCUM KOTHUIIMA-3PUTMAHUHT TYHUHUO KeTHUIIWra oJIu0 KeJlIMaiu,
OyHaa TYHUHUIIra MaxxOypuil COBUTHII XucoOura spuinninaan. Kupummanap tak-
CUMOTHMHMHI TPOQUIN KYIIMMYa KOTUIIMA-3pUTMAHU y3aTUII Te3uru (&= f(z))
Owian Oomkapwiaad. YOy TEXHOJOTHSl acOCHJa OJIMHTaH Y3aTHII XapaKTepuc-
TUKACUHUHT TYFPU YM3HMKIM OYIuIM Tydailiin kaHanuaa KUupUIIMaJapHUHT MaH-
¢buif rpaguenTura 3ra Oynran Gotoce3rup MaJAOHHI TpaH3UCTOP HOKOpU (PoTo-
CE3TUPJIMTMHU Ha(akaT KaHajl OYHUK XOoJja, OalKu KaHaIHU EMNUIl peXUMUra
(U, =0.8 B) sxunnamranga Ba vinyu Kywianumu 1.3+2.2B 6ynaran opanuruia

XxaMm cakyiab xosamu. 1.8 B ra Tenr ontuman umrym pexxkumaa Ba 100 ik ra TeHr
UHTEerpan EpuTwiI-raniukaa Gororok 4.5 MxkA 6ynub cesrupauru 1.28 A/nm €xu
8.26:10° A/Br 6Yymu0 KaHamu TeUTyp OWIaH JIETHpPJIaHTaH KHPHIIMAaIap
rpaJueHTu MycOaT OynraH MalJOHMI TpaH3UCTOpra Kaparaijaa MKKU MapTa, TOK
Oyitnda GoTorIEKTPUK KyualTupuin kodhuimreHT 3ca oatu Mapra (60) karTa.
TypTunun 600 «MaiiIoOHNH TPAH3UCTOPJAPHUHI KaM JHEPrusi MCTeb-
MOJI KWINIIMHUA TAbMHUHJIOBYM SIHIM YJAHUII pPe:kuMiIapu»ia KypcaTuiuo,

OOIIKAPUIAUTaH P p — N -YTHIIH (OTOCE3THP MalIOHMI TPaH3UCTOPHUHT yJIa-
HUII peXUMIIapura OOFIMK Xojaa (YyHKUMOHAI XaMJa MHKPO Ba ONTOAJIEK-
TpoHUKaAa (oijamaHWIaIurad MUKpoCcXeManap SpaTull UMKOHUSTIAPUHUA O4UO
OepaauraH KpeMHUIUIM MalJIOHUI TpaH3UCTOpJapAa y3aTHIl XapaKTepUCTHKA-
JApUHUHT CXEMOTEXHUK HYn OuilaH TYFpU YU3MKKA KEITUPHIL Y4yH acoc
XMCOOJIaHAIUTAaH CTOK TOKUHUHT TYHHUHUII sKapa&Hiapy TaxXJ i KUJIUHA N,
Maiionnii TpaH3UCTOPHUHT MaKcUMaj (POTOCE3TUPIUTUHU OJIUIIHUHT OI-
TUMaJ PEKUMIIAPUHU TONUII YYyH KMECUN TaxXJIWil YTKa3Wirad. ManaoHuil Tpas-
3UCTOPHUHT EPYFIUK MHTCHCUBJIUIYA KaMaluIly OuiaH coqup Oynaauran xapakar-
JaHyBYaH pexXuUMAa EpPYFIUK HMHTEHCHUBIMTUTa OOFJIMK BOJbTAMIIEp XapakKTe-
PUCTHKACH KAHAJIHUHT ENWIMIIA XUcoOUra BOJIBTAMIIEp XapaKTepHUCTHUKaIap
TYPKYMHHH XOCUJI KWJIaJd. YMYMUM UCTOKKA 3ra OYiran pexxumja 3ca, CTOK Kyd-
JAaHUIIM KuhMatura OOfiuK OVYiMmaraH Kuimatrra sra Oynanu, YyHKU EpYFINK
XOCHWJI KWJITAaH y3rapuil 3aTBOP KYUYJIAHUIIU OPKAJIA KOMIICHCALMATIAHAIN.
KananHu aBTOMATHK TYCHUI PEKMMHAA KaHajl KaJWHIWTH MOAYJISALMICH-
HUHT XyCYCHUSITIIapU OMJIaH OOFJIUK SHT I0KOPU Ky4aluIl Ky3aTuiaand. 3aTBOP OUUK
Oynran Ba TpaH3UCTOp (YMYMHUI HCTOKIIM YJIAHMIN) PEKUMHJIA MaWJOHUI TpaH-
3UCTOPHUHT KBaHT caMmapaJoOpiurd TaKKOCIAHUIIM 3aTBOP OYMK OVIraH pexumja
KMYUK KywiaHuuuiapaa (2.23 B ra xapmu 2B) kBaHT camapaJopiIuruHUHT OUp
xull KuimaTiapuau (60+65) onumr Mmymkuniuruau kypcatau (10-pacm). Onro-
AJIEKTPOH YJIAHHUII aMIIEPMETP CTOK Ba MCTOK OpacHja, UIIYM KyWIAHUII 3Ca CTOK
Ba 3aTBOpra yjaHraH pexumaa (OTOTOK HIIOPACUHUHT MHBEPCHsS OVIMIIN
tonwirad. by pexumaa (QOTOTOKHUHI KywIaHMIITra OOFJIMK paBHILJA OPTHILU
CTOK-3aTBOP YTHUIIM aCTa-CEKMH EMMUIAETraH BaKTAAa 3aTBOP-UCTOK YTUIIMHUHT
nacTiaabKy xoJiaTra Kaparasjaa TYFpU HyHaIMINIa CHIDKUIIN OujaH OOFIIUK.
HaTtmxana virym KydjaaHum opTuik OusaH ¢GoTokalOysl KWJIyBYM MailioH
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1- 3pkuH 3aTBOp OWIIAH;
2- KaHAJTHA aBTOMATHK TYCHUII PSKUMHIA

10-pacm. Maiinonuii
(oTOTPAH3MCTOPHUHT CHIEKTPAJ
XapaKTepPUCTUKACH

XaM, (OoToTallyBUMWIAp TeHepalusiaHaAuran Xaxxkm xam optaau. Ly BakTHHHT
y3uga KOPOHFYJIUK TOKMHUHT (DOTOTOK OWJIaH KOMIMeHcalusicu Tyhaiiau, YHUHT
IIOBKMH TOKMHM TAalIKWJI JTYBYUCHM KECKMH KaMaWuIIM aHUKJIaHraH. HMmdum
KyWIaHUII OPTUILN OMIaH UKKHU O6apbep opacujaaru (oTokadysia KUITyBYM CUPTHUHT
KaiiTa TaKCUMJIAHUIIU — Oy CTOK-3aTBOP KYWIAHHWIIHM OWJIAH KAHAJIHUHT EMUIIALI
pexXuMHUIa MaiJOHUN (POTOTPAH3UCTOPHUHT XYCYCUATU XucoOmanaau. Maitnonuit
TpaH3UCTOpJap/a CTOK TOKH OpTUO OOpHUIIM OWJIaH KaHAJIHU aBTOMATHUK TYCHII
pexxuMHuAa SKKOJI U(pOAaTaHraH CXEMOTEXHUK CTOK TOKM TYHMHUIIM Ba (oTO-
ANEKTPUK Kydaluin Kod(QPUUuEeHTH yMyMHH HMCTOKIM yiaHuil pexkumura (60)
Kaparaijaa TypT Mapta opTuK (250) KuiiMaTra rajquri aHUKJIaHTaH.

Kananu aBTOMaTWK TYCHII pEeXMMHUAA TAAKUK KUJIMHAETraH MalgoHUN
TPAH3UCTOP CTOK TOKM TYWMHMIIMHUHI ca0aOMHM aHalu3 KWIHII HaTHXKAacuia,
KaHaJIHU Tyca€TraH pe3ucTopAa KywlaHWII TYIIMIIWHUHT TYUHMHUII XapakTepu
aHUKJIaHTaH. by Ky4JaHWII UCTOK-3aTBOP YTUIIMHUHT ENWIMIINIA Ba 3aTBOPHUHT
OyTyH KeHIUIMTH Oyinua Ky3rajaMmac HWOHJAIITaH 3apsyyiap XOCWi1 OYauiu
XMCOOUTa KaHAJTHUHI TOpalluIIMra xamja CTOK TOKMHUHT SIKKOJ Hu(oaalaHraH
TyiuHUImMra onu6 kenaau. Kanamuu TYcyBYM KapIIMJIMKHUHT TaHJIaHTaH Typiu
KUMaTiapuaa CTOK TOKM AKKOJ MdoaanaHaau Ba CTOK XapaKTEePUCTHUKATAPUHUHT
TYPKYMU HIAKJIJIAHAIH.

yan Tabkuanad YTHII SKOU3KW, KapIIWIWK KMMMaTH KaHdya KaTTa Oyiica,
CTOK TOKM KUWMAaTH IIyHYa KaM O0Ynaau. ABTOMATUK TYCHUII PEKUMUA KaHATHUHT
TargaH EpUTWINIINA KaHAJIHU TYCYBUM KyWIaHUII CHHXPOH KaMaWMIINIa Ba CTOK
TOKH OPTHUIIIUTA OJIUO KeJIaIu.

lammui apceHUIM MaWJOHUKM TPAH3UCTOPHUHI CTOK TOKM TYWUHUII
XKapa€HUHM TAIKUK KWJIUII HATHXKATapy acoCHA SHTM TEeXHUKaBUN €4UM TaKIU(]
KWIMHTaH OYnub, y crok Toku karra Oynran (330 mA) KII302 kpemuuiinu
HazopaT MalJOHUHM TPAH3UCTOPU ACOCUJATH HYp TapaTyBUH SPUMYTKa3ruy ac600-
JAPHUHT CTAOWII MIUTAIl PEKUMUHU TabMHUHJIAIITa UMKOH Oepaju.

OnTUK CUTHAJUIAPHUHT TOK CTAOMJIM3aTOPHU Ba MKKUA OUIOJIAP TPAH3UCTOP
KanuTuaaH uoopat Oyiran Moayiasitopuaaru ¢poiganu curaan Oy3uiIUIIUHA OJJIH-
HU OJIMII Ba UIIYM TOK CTAOWJIJTUTMHU OLIUPHII YUyH, TakIu( KUIMHAETTaH MOTY-
JATOpJAa KAJIUT Ba TOK CTAOWMIM3aTOPUHUHI MaHOaum cudaTuaa KeJITUPHITraH
cxemara MyBOGUK ylaHraH OWTTa MaWJOHHM TpaH3UCTOpAAaH (oiamaHUIl TakK-
mud kunuHaay (11- pacm). Taknud KuamHaéTran MOIYJIATOPAA UIIYU TOK MIITYU
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11-pacm. ONTHK CUTHAJLIIAP MOXYJISTOPH CXeMAaCH

kywianuml 10 B pgan 3B raua kamaiiraHzma xaM y3rapMacaad Kosaau. ToBymn
CUTHAJIM MaHOauaaH Kenaaurad (Goiganu CUrHajl UCTOKHUHT YUKUIINIa yIaHUIIU
XHCOOUTra YMyMUH HCTOKIM CXeMajarura HucOaTaH KYNPOK KAHAJIHUHT YYKYp
MOJYJISILUASICY TAbBMUHIIAHAIY.

ABTOMATHK TYCHUII CXEMACUAATH OJJHNI PE3UCTOPHU MAWJIOHUN TPaH3UCTOP
KAaHAJIMHUHT KAPUIWIWTUTa QJIMAIITUPUII OU3HUHT SIHTM EHJIAITyBUMHU3 MOXUS-
TUHU Tamkui Kuiaau (12-pacm). bynna 6a3za coxacu KaIMHIUTUHUHT, MailIOHUI
TPaH3UCTOP Ky4yaUTUPUII KOIPPUIMEHTUHUHT YMYMUI UCTOKKA YJIAHUII PEKUMHU-
ra Kaparaijaa siHaja KYOpoK KMWMAaTWHM OJMIIra UMKOH Oepajaural, siHaja 4vy-
KyppoK Mopayisuusicu pyu Oepanu. by epaa myHu Tabkumad YTUIL >KOU3KH,
«auerikay n1e0 aTtalaguraH, UKKA MailIOHUHd TPaH3UCTOPHUHI YJIAHMII CXEMAacH
Oup TOMOHJIaH KOMOWHALMSAJIAHTaH, S’IbHU YMYMUI 3aTBOPJIM MaiIOHUI TpaH3MC-
TOPHU Ba YMYMMI UCTOKJIM MaWJOHUW TPAH3UCTOPHU Y3 Uuura ojaau. bomika To-
MOHJIAH, yJapAaru 2 - yMyMui YMKHUIIHUHT MaBXYyIJIUTH YHUHT YJIAQHUII PEKUM-
Japu KOMOMHAIMSICUHU KYTTAUTUPUIITa UMKOHUAT sipataau. 1 Ba 3 YUKUIILIAp UII-
Yy KyWwIaHUIIHU Oepwuiira, 4 - YUKUIIJIAH 3ca Y0y KaTaKYaHUHT UIIYU PEXKUM-
JapuHU OepaJuraH TYCHUI KyWIaHUIIHA Oepulll yuyH (hoiganaHunaim.

Ymly ynanum cxemacuaas (poiganaHull, TOBYII I'€HEPATOPUIAH CUHYCO-
uaa makiauaaru kuuuk (~2 MB) y3rapyBuaH curHanjaH, CTOK TOKHMHHUHT SIKKOJI
udoaanaHraHIury TYWUHUIIM Ba Y3aTHILI XapaKTEPUCTUKACUHUHT TYFPU UYU3HK-
nanumu (13-pacm) Tydainm, 3-kanBayijga KEITUPUITAaHUEK, EMWIMIT Ky4IaHH-

IIMHUHT SpMUTa TEHT TYXTAaTyBYU KyWIAHUIIIA Ky4auTUpUII KO3PHULUEHTUHH
3-xaaBas
Kyuaiinm ko3 GpUuMeHTUHHHHT TYXTATYBYH Ky4/JIaHH LI
KATTAJUIUra OOFJTUKJNITY OViinya MabayMmoTaap®

Uy,B | 03 0310320325 033 | 0335 | 036 | 044 | 054 | 0.6
Uy omB | 2 | 2 2 2 2 2 2 2 2 2
Ugp-MB | 22 | 64 | 130 | 140 | 140 | 130 | 100 80 40 | 20
Ky 11| 37 | 65 | 70 | 70 65 50 40 20 | 10
* £=4001y

70 rava omMpUII UMKOHMHU OepajuraH MUKpocxema Takiaud STWiIraH. YHaa Ky-
IMMYa TPAH3UCTOP 3aTBOPUHMUHT YUKHILIK MCTOK YMKUIIUAAH aXpaTUirad Ba Oy
MCTOKHUHT YMKHIIA MabiIyM KackajaaH (apkiu paBullga, acoCUil TPaH3UCTOP
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12-pacm. 3-KeTMa-KeT yJIaHraH

13-pacm. TagKuK KUJIMHAETIaH MAHIOHUM
TPAH3UCTOPJIAPHUHT y3aTHII
XapaKkTepUuCTUKAIAPH

HNxKu TpaH3UCTOPJIM A4YeiiKka

3aTBOPUHUHI YUKMILIWTA YJaHTaH OYnuO, KydyaWTupuil Kod()PUIMEHTUHU OIIU-
pumira uMKOH Oepagu. Taknu@ KWIMHraH WKKA TPAH3UCTOPIM «I4YehKay
acocHusiaru TOK PETyJSATOpH, XapopaT yiayarudd Ba ONTUK CUTHAN KydaWTup-
TUYJIAPUHUHT YIAHUII PEKUMIIAPUHUHT TYpJIU KOMOMHAIUsIapUaard HMIljiaHMa-
Japy UMKOHMSTIIApU KYpCcaTHIITaH.

Ymly HMKKM KacKaaiu «s4yedka» JHHAMHK OKJaMara sra KackajjaaH
nbopat 6ynub, Teruimya MOJACpHU3ALMIIAHCA, KHUUK Ba ypTaya KyBBaT/IU KU-
pUII CUTHAJUIAPUHU UYKOTHUILIAP Ba OY3WJIMILIAPCU3 Y3TapTUPHIL YUYH UIIATH-
mumu MyMkuH. Kupumn curHanugad OWp BakTHUHT Y3uJa HKKajga KaHal
MOAYJSIUSIIaHAAUTaH, KYYaUTUPHIL XyCYCUATIAPH SIXITUIaHAAUTaH Ba YHU TypJu
GyHKUMOHAN MYJDKAIJArd Kypuiamanap spaTuil YYyH TaJ0UK KWIMII UMKOHUSITH
naiigo 6ynaau. JluHaMuK foKIaMalid Takiau@ KUIUHAETraH MUKPOCXEMa MablyM
MUKpOCXEeMa-Jlapra KaparaHja, KeTMa-KeT yJaHraH WKKala KaHaJIHUHT Oup
BaKTHUHT Y3WJaru MOIYJISIUICU Xxucooura, oepwiran ynanumniaa 100 raga 6ynran
UKKU TapTuOra karra Kydatupum kod(duuueHntura sra Oymanu. Maitnonuit
TPaH3UCTOpJIard JIMHAMHK IOKJIaMall YHUBEpcal MHUKpocxema KpemHul, SiGe
KATTMK KOTMIIMAcH, wyHHHraek A’B° m A’B® spuMyTkasrmy GupHKMamapu
acocua Xam Tau€piiaHuIl MyMKHH, 14-pacwm.

7 2 3

Oh

n+ p + n+ p+ n+ p+
'\
n ./]"
pf

14-pacMm. YHuBepcaJ MUKPOCXeMAaHUHT KYHAAJIAHT KeCHMH

Mynpait kunub, MalAOHUNA TPAH3UCTOPJATH TUHAMUK Harpy3Kaiu Kackal
acocuard Takiud KWIMHAETTaH MHUKpOcXeMa Me€pura eTKa3wiraH sSpuMyTKa3-
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rudjap UIUIaduMKapuil TEXHOJTHMSICH acocHlla MIuiad YMKApWIMIIA MYMKHH Ba
y3rapyByaH CUTHAJUIAPHUHT Ky4alTupruuu cudartujga xamja yJIaHHUIIl PEXUMHU
OWlaH aHUKJIaHaIUraH OOIIKa MaKcaayiapAa UIIATHIUIIN MyMKHH,

bemnnun 060612 «KynkaBaTiM CTPYKTYpPaJapHMHI TOK XapaKTepuc-
THUKAJAPU Ba OJMII TEXHOJOTMACHHUHI AHAJIMTHK XHCOOM TAAKHKOTIAPW)
KeJNTupwirad OYynuO, HOTEKHC cUpTra sra OYiraH sipuM YTKa3ruyra METaJTHUHT
mubdy3usicu xapa€Hu, yerapajaHraH Ba OpTHO OopaguraH XaxMJIM KOTHILIMAa-
SPUTMAJIaH YCTUPUIIAJAUTaH TaIMH apCeHUANM KYIKaTiaMid Ty3uiMaaapaard
KUpHUIIMaiap TAKCUMOTUHHUHT PO WIH MAKIJIAHTUPUITaH. Y JIaHUIITHUHT U0 Ba
TPAH3UCTOP PEKUMHUJA KUPUIIMAJAPHUHT TYPJIM TPaJHEeHTHUra sra Kyn KaTIiamiiu
Ty3WIManap/a TOK TallUII )KapaéHIapUHUHT MEXaHU3MJIapU aHAJIU3 KUJIMHTaH.

MertanauHr (Zn) TeKcTypiaaHTran cupTiu spumyTtkasruura (nGaAs) nudody-
3USICH Kapa€HUHU MOJICJUTAIITUPWINILKIAA aHUKJIaHUIIWYa, Auddy3usiianaérran
MeTayl KOHLIEHTpAaUUsACUHUA Ba NU(PQy3us YTKa3UIl BAKTUHU Y3rapTUpuO Typiu
IIaKJ Ba cUpTra sra OyiraH p-n-YTUIIHM OJUII MyMKHH. bepunran xapopatia Ba
METAJIHUHT YeKITaHTaH MUKIopuaa pyxHuHr 30 gakuka nuuga 700°C naru nuddy-
3UsiCUa p-n-yTHUIL 4Yerapacu, lS5a-pacmpaa KypcaTWITaHUIEK, SpUM YTKa3ruy
CHPTH TEKCTypacuHH Takpopiaiau, xapopat (900 °C) Ba muddysus BakTH AaBO-
MUWIUTH OpTULIM OuniaH 1uddy3us dyerapacuHUHT acTa-CeKUH TEKUCIaHUILIU Pyl
oepaau (156-pacm).
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15-pacm. GaAs na Zn nuddy3usicu GpoHTH

By sca spumyTkazruura metamn qud@ys3uscu KodGPUIMEHTUHUHT OPTHUILH
Owsan 0oFnuK OYiuO, rajmiuidi apceHuaura UHK atomiaapu nuddysusicu xapaéHu-
HUHT 3KCIIEPUMEHTANl MabIyMOTIapu OuiIaH TaCAUKIAHAIH.

Pyx aTOMJIapuHUHT TEKCTypJIaHTaH apCeHUATaUINi cupTtura auddysusicu
xKapaCHimapuHu (QU3MK-MAaTeMaTHK MOJEUIAIITUPUILI EpJaMuia KYpCcaTUITaHKH,
muddy3aHT MUKJIOPU Ba Kapa€H MaBOMUWIMTHUHU TaHJANl Wynu OWJIaH MUKPO-
penbed npodunuHM OOMIKApHII MYMKHH. 15-pacmpaa BakTu =30 MUHYT Oyiran
mubdy3us xapa€Hu TaxJIM KWIMHTAHJA METal Npopuin Ty3uiaMa npoduiInHu
alfHaH TakpopJjalld Ba MOJACIUIAIITUPUII HATHXKaJIapy OMJIaH MOC KEJIUIIU Xap XUl
muddy3us mapouTiapu yuyH 4- xkansannga kypcaruiarad. uddys3us Baktu €xu
XapopaTy OMIMPUIIWITAHJA apCEHU]T TAIUTMIAA pyX METATMHUHT NMPOPUIU TEKUC-
naHuO siccu xonarra TYFpu kenmanud. Kpucrtanmnuzauus derapacuaa KupuuiMaiap
KOHIEHTPAIUSCUHU OOLIKAPUII MaKCaJuJa acoCUil KOTHIIMa-3pUTMara Oepuiral
TE3NIMKIa KylIuMYa KOTHUIIMAa-3pUTMAHHU apajalliTUPUII XUcOOWra JIETUPIIOBYU
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4-:kanBa
Xap xuJj 1upPy3usi APOUTIAPUAA Y3YHIMK Ba BAKTHUHI YI14aMcu3
KATTAJIMKIAH YIYaMJIM KaTTAJIMKKA YTHIIMIATH XHCOOMI MABJIyMOT/Iapu

T, D, [X] [7] =001 t =0.05
°C cMm>/cek MKM MUH MHUH MUH
700 2,98-107° 10 5,610 560 2800
750 1,39-107" 10 1,2:10* 120 600
800 5,64-10"° 10 3000 30 150
850 2,02-10™ 10 800 8 40
900 6,46-10"" 10 250 2,5 12,5

KUpUHIMAJIAPHUHT MUKIOPH Bd Xd)KMHUHH 60m1<ap1/1m TaKJII/I(i) KHJIWHaIH.

N, cm” KupuimmanapHUHT aKJUIaHAIUTaH HO-
10 YU3UKJIW TPAMEHTHHH TYIIYHTUpHUO Oe-
pa oJlaguraH MOJEJUIAIITUPHIN YTKa-
sunrad. CukuO 4YMKapaauraH MOpIIEH

10" KaJIaMUHUHT Y3rapuil KOHYHUHU OpPKa-
JU KyIIUM4Ya KOTHIIMa-3pUTMaHu Oe-
PUII TE3IUTMHU Kyhuaaru udoaa ouian

10’;'1 1 Mk & = f(my,t) = myyt" GOIIKAPUII MYMKHH.
GHBHKITAD — XHCOB by epna ¥ Ba n- xoadduinuentiap 6y-
HYKTajlap—SKCIEPHMEHTAI nub, ynap Kymumya KOTHUIIMa-3pUTMa-

16-pacm. Konnentpannon apantamrapum ~ HU OCPHII TE3NIUIU Y3rapuIlMHA Ba KH-
YCYJIHM/Ia KAJMHINK OViinua KUpumIMaiap pHUIIMa TaKCUMOTH TpodwinHu Oo1i-

TaKCHMOTH Kapuiu MyMKuH (16- pacwm).

Kupuimimanap TaKCUMOTHHUHT TEXHOJIOTHK Kapa€Hlla XOCWJ KUIMHAJAUTaH
npoduiapy MalIoOHUNA TPaH3UCTOPHUHI CTOK-3aTBOP XapaKTepUCTHKalIapura
ce3uyapiiv Japaxana Tabcup Kwiaau. dOusmk-mMaremMatuk xucoO MablyMOTIApU
KaHaJl KaJIMHJIWTK OVHWYa TallyBUMJIAp XapaKaTYaHJIWTH Ba KUPUIIMAJIapHUHT
TEKHC TAaKCUMJIAHMILIK XOJaTHAa CTOK TOKJIapHU TYXTAaTyBUM Ky4dJAHUIITa KBaj-
paTUK KOHYH OYinuya Kydalui ko3 OUIMEHTUHUHT KaMaluIura oiauo KeauIln-
Hu kypcarnu (17a-pacm).

V3artum xapakTepUCTUKATAPUHUHT aHATUTHK - XUCOO TaJKUKOTIApU aco-
cu/ia aHUKJIAHJUKH, HAa3apui Ba SKCHEPUMEHTAN 3TPU YU3UKJIIAP, SITUTAKCHAI KaT-
Jamiapja TallyBYWIAp XapaKaTYyaHJIUTH OSKCIEPUMEHTaNl TaJAKUKOTIApUHUHT
HaTwkanapu OunaH tacaukiaHanurad, (Man.I' -MT) kanan kanuanuru Oyiinua
TallyBUMJIAD XapaKaTYaHJIUTMHUHT TPaUeHTH MaBxXyl, 1e0 ¢apa3 KUIMHIaH-
narvuHa Oup-Oupura Moc Kenuinu aHukianau (176-pacm).

bynpna xanail Ounan JierupiianraH MaiJIoOHU TPaH3UCTOP KaHAJIM/a TallyB-
Yuiap XapakaTyaHJIUTMHUHT IOKOpU MaH(PUil TpagueHTH MaBXyJIUTU KaHATHUHT
3¢ ()eKTUB y3yHIIMTMHN KUCKApTUPHUILTA, 11Ty OUjiaH Oupra TpaH3UCTOPIAPHUHT y3a
TUII XapaKTEePUCTHUKACUHU TYFPU UYM3UKKA ONMO KeNraH XoJjjaa, TallyBuuiap
KOHUEHTPAIUSICUHUHT 3JIEKTP MalJOH KyWIaHTaHJIMIura OOFIMKJIMIMHUA Xapak-
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17-pacm. MaiifoHuil TPAaH3MCTOPJIAPHHUHI Y3aTHII XapaKTEePUCTHKAJIAPH

Kananuparn xupumManapHuHr MaHGUi TpaJueHTHra 3ra MalgoHUi
TPAH3UC-TOPAA Y3aTUII XapAKTEPUCTUKAIAPU XYIIU KUCKA KaHAJUIM MaWJIOHUU
TpaH3UCTOpJapAaru kKaOu TYFpW 4Yu3MKJIaHaau. by sca snuTakchan KaHaJTHUHT
ycunn skapa€HUHM Y3rapTupuO Ba KaJIWHIWK OYinda KApulIMaiap TaKCUMOTHHU
Oo1Kapu0, KMCKa KaHALIM TPAH3UCTOP XYCYCHUSTHUTA 3Ta Y3YH KaHAJUIA MallIOHIN
TpaH3UCTOPJAPHU Tal€pial MyMKUH OYJITaHJIWTH YU4YH YHJAH SHEPTUSHUHT KaM
capbuna texxamkop pexumaa dorgananuim MyMkuH. Kananuparu xkupuiimManap
TPaIMCHTH IIAKJJIAHUIIA XUCOOWUra KOPOHFUJIIMK Ba EPYFIMK TOKJIApUHU
OoIlIKapuIll WMKOHMATHHU KypcaTaauraH MaWJAOHMN TPaH3UCTOPHUHT JTHOJ
pexuMuiard  (POTOPIEKTPUK  XAPAKTEPUCTUKATAPUHUHT  aHAJIUTHUK  XHCOO
TAAKUKOTIIAPU YTKA3UIIIHN.

XYJI0CA

1. Tarnuk OunaH anokaga Oyiran acocui KOTHIIMa-3pUTMara Kymum4ia Ko-
TUIIMA-3pUTMAaHUA JTUCKPET KUCMJIAp Ba OOUIKAPWIIYBUM TE3NMHMKAA KYIIUII Hynu
OwiaH OepwiraH KUPHUIIMAHUHT SIUTAKCHAJl KaTjaM KaJuHJIUrd OYiinad Tax-
CUMOTHHMHI IIAKJUIAHIIUHU TabMUHJIAWIUTAH CYIOK 3MUTAKCUSHUHT SIHTU YCYIU
UIU1a0 YUKUJITaH.

2. XaXMH y3rapMac Ba y3rapyByaH Xa)KMJIM KOTHUIIMa-3pUTMAJIaH YCTUPH-
naéTral SIUTaKCHal KaTiiamiiap KaduHIuru OViuya KupHUIIMalap TaKCUMOTHU
IIaKJUTAHUIIW AHAJIUTUK XUcOOJaHTraH, OyHJAa acocui KOTUIIMa-dpUTMara Ky-
IMMYa KOTUIIMa-3pUTMaHU FOOOPHUIN TE3JTUTH KOHYHUSTH KUpHUIIMallap TaKCH-
MOTHHH OOIIKAapHUIIH KYpCaTUIITaH.

3. Srona >xapaényua 6a3a COXaCHHUHT TEKCTypaJlaHTaH cUpTUTa pyX auddy-
3USICH, CYHIpa KETHAAaH SMHUTAKCUAT TeTepOKaTIaMHU YCTHUPUIIHUHT ONTHUMAI
peXUMIIApU aHUKJIAHTaH. MeTajulHM TeKuc OYynmaraH o3aiu sSpUMYyTKa3ruura
mubdy3ust Kapa€HUHU KOMIBIOTEPIM MOJEIUIAIITUPUIT  OpKanu audy3us
BaKTHHU OLIUIIN OUJIaH p-n-YTUII Yerapacu TeKUCIaHUIIN KYpCaTUITaH.
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4. Tarnuk OunaH reTepociiofl opacuaa MaHXapa napameTpiapu (apku
~1.4% uHIUI OPTUKIUTH XUCOOUIAH 103acu rodp MIAKINAA TEXHOJIOTUK TEKCTYp-
JAHTaH WHAUN TapKUOIM apceHu] TaTUN SMUTaKCHal KaTjJaMId HUKKUTYCUKIU

wotunn  nGaygln,, As — NGaAs -retepocTpykTypa OJHUII TEXHOJOTHSICH HIILIA0

YUKWITaH.
5. Wuguit Tapkubnum rerepokaTiiaM  yCTUJA YCTHpUITaH (pOoHTal

pAl, ,Ga,,As rerepokariaMaa repMaHMii JETUPIOBYM Kupuiimacu 3.1 Moub.%

oynranga (acocu 40+60 mxMm ra Ba Oamangmuru 8+10 MKM ra TeHr OViraH)
nupaMyuaiap KYpUHUIIUIATA TEXHOJIIOTHK TEKCTypalaHraH CUpTra sra (hOTOBOJIb-

tauk pAl,,Ga,,As - pGa, g, In, o As -nGaAs -Ty3uimManap OIMUII TEXHOJIOTUACH

SpaTUJITaH.

6. 3aTBOp Ba MCTOK KAPIIWJIWTU Opacura HMKKH Oaphepiid Ty3WJIMa aco-
cugaru (poTokadya KUITH4 KOMIAIITUPUIITAH, MAUAOHUN TPaAaH3UCTOPAard KUPHUII
KacKaJura sra Ky4auTUpruyjiaH TallKW TOINTraH 3JIeKp ac000Jsiap Ba TEXHOJIOTUK
KUXO03JIapHHU EPYFIIMK 30HAU EpaMuaa yiaad-y3uIllHU TabMUHJIaWIuran macoda-
JlaH OOIIKApUIaAUTaH ONTOAIEKTPOH KAJUT UILJIA0 YMKUIITaH.

7. Kupum curHaiam MCTOKKa OepuiiauraH WKKUA OUIIOISP TPaH3UCTOP Yp-
HUTa OWTTAa MaWJOHHWI TpaH3UCTOp, TOK MaHOau Ba EFAy AMOAWIAH HOOpat
SPUMYTKA3TUYIN EPYFIUK TapaTyBud acOOOJApHUHT CTaOUJ TOK PEKHUMHUHU Tab-
MUHJIaBUM Ba OUMOJISAP TPAH3UCTOPHUHT CUFUMH KaTTaJIUTHra OOFJIUK CUTHAJIAp
OY3WIMIIIMHUHT OJITUHU OJyBYH ONTHK CUTHAJIJIAP MOAYJISATOPH UIILIA0 YUKHUITaH.

8. Kananu myc6aT rpaiMeHTIM MaWJOHIW TpaH3UCTOpra HuUcOaTaH MKKU
Maprta katta (orocesrupiaukka (800 A/BT) Ba 6 mapTa Karta TOK Ky4aWTHPUII
kod(punuentura (60) sra OynraH apceHu] rauiMil acocujaa KaHaiuu MaHpun
IpaMEeHTIIM MalOHIIA TPAH3UCTOP SIPATUIITaH.

9. Y3yH KaHaJUIM TPAH3UCTOpPJA KaHAT KAIMHJIWTUA OYinYa XapakaTyaHIUK
Ba KUpHIIMaiap TAKCUMOTUHUHT TPAJUEHTUHH XHUCOOTa OJIraH XOJIJa, TeXKaAMKOP-
TUK pexumuna dorgamaHuIra UMKOH Oepajurad, KUCKa KaHAJUIM MalJIOHUM
TPAH3UCTOPHUHT XYCYCHUSITIAPU XOCHJI OVIWIIUHU TacIAUKIAWIUTraH CTOK BOJIBT-
aMIiep XapaKTePUCTUKATAPUHUHT aHAJTUTUK XUCOOU TAJKUKOTH YTKa3UJITaH.

10. KananauHr &énunuinura sSKUH pexumaa Oup Taptubra karta (70)
Kydaiuim Kod(pPUIMEHTUHN TabMUHJIAWIWIaH, KaHaulapu CUHXPOH (OWp BaKT-
HUHT V31J1a) MOJYJSIUsJIAIAIATaH UKKH TPaH3UCTOPJIU CXeMa acocujaa TYpTTa
YUKHUIILITA 3Ta YHUBEPCAI MUKpOCXeMa Taking) KUIHMHTaH.

11. CtaOunuTpoH, Ky4JaHHUI YEKJIAarudv Ba S-TUOJIAp THUIKJArd TOKHU
KECKUH OPTaJUraH SPUMYTKa3Tud acO0OJIApHUHT BOJIbTAMIIED XapaKTEPUCTUKACH-
HU VJIYalllHA TabMUHJIANAUTAaH, KHYUK KaJaMJId MPEelU3u0H MOCIAIITUPUIIAIUTaH
TOKHM O€pHUIll YUyH MYJDKajUlaHTaH KaHaJUlapd CUHXPOH MOAYJUIaHAIUTaH UKKU
TPAH3UCTOPIIN CXEMa acocHjia CTabWIIIAIITaH TOK TeHEPATOPH UILTa0 YUKUIITaH.
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HAYYHBIN COBET IO MPUCYKAEHUIO YYEHOHU CTEIIEHU
JOKTOPA HAYK 16.07.2013.FM/T.12.01 ITPU ®PU3UKO-
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I'OCYJAPCTBEHHOM YHUBEPCUTETE

HAYYHO-ITPOU3BOJACTBEHHOE O bEJUHEHUE «®U3UKA-COJIHLIE»
®U3UKO-TEXHUYECKUHA UHCTUTYT

EATOPOBA JIUJIBAPA MYCTA®AEBHA

PA3ZPABOTKA TEXHOJIOI'MX U3I'OTOBJIEHUSA
®OTOUYYBCTBUTEJBHBIX MHOI'OCJIOMHBIX
CTPYKTYP HA OCHOBE APCEHUJIA I'AJIJIUA

01.04.10 — ®du3uKa NOJIYNPOBOIHUKOB (TeXHHYECKHE HAYKH)

ABTOPE®EPAT JJOKTOPCKOM JUCCEPTAIIMA

Tamkent — 2015 rox
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BBenenue (AHHOTAIUSA JOKTOPCKOM IMCCEPTALNHN)

AKTYaJIbHOCTH M BOCTPEOOBAHHOCTH TeMbI AUccepTannu. B Mupe onnum
U3 BaXHBIX (PU3MKO-TEXHOJIOTMUECKUX MpOoOJeM B AMHAMUYHO pPa3BUBAIOIIEMCS
HaIpaBJICHUU MUKPO U OMNTORJIEKTPOHUKH SIBISETCS pa3paboTKa MHOTOCIOMHBIX
(OTOUYBCTBUTENBHBIX CTPYKTYpP Ha OCHOBE MOJYNPOBOJHMKOBBIX MAaTE€pPUAJIOB C
yIAyYIIEHHBIMU (YHKIMOHAJIBHBIMU XapakTepucTukamu. Ilpu sTomM u3zyuyeHue
B3aMMOCBSI3H ANEKTPOPHU3NUECKUX napameTpoB aKTUBHOMU oOnacTu
apCEHUITANIUEBBIX (POTOUYBCTBUTENBHBIX CTPYKTYP C HUX 3KCIUTyaTallMOHHBIMHU
napamMeTpaMu  [O3BOJIMT  TMOJYYUTh  HOBBIE  TEXHUYECKHE  pElICHUs
CIIOCOOCTBYIOLIHE PACKpPBITHIO paHee HEU3BECTHBIX BO3MOXHOCTEMH
MHOTOCJOUHBIX (POTOUYBCTBUTENBHBIX CTPYKTYp. PaboTbhl, mnpoBoAHMBIE 10
YCOBEPUICHCTBOBAHUIO KaHAJIBbHOW O0OJACTU TMOJIEBOTO TPAaH3UCTOPA, PEIICHUIO
npo0eM CHUKEHHUS SHEPronoTpedseHus], Mo pa3paboTKe MOJIEBBIX TPAH3UCTOPOB
C p-n-mepexojioM, a Takke MO0 pa3paboTKe TEXHOJOTUU HU3TOTOBIICHUS
(OTOUYBCTBUTEIBHBIX CTPYKTYp SBISIOTCS TEPCIEKTUBHBIMH HaNpaBICHUSIMU
HCCIIEIOBAHUM.

[IprMeHeHne MHOTOCIOMHBIX MOTYNPOBOIHUKOBBIX MPUOOPOB, B TOM YHUCIIE
GOTOMOIOB M TPAH3UCTOPOB B aBTOMOOWJIBHOW  TMPOMBILUIEHHOCTH |
TEJIEKOMMYHHUKALIUU TpeOyeT MOBBIMIEHUS MX padodeil 4acTOThbl, JTUHEapHU3aluu
MEepPeaTOYHbIX XapaKTePUCTUK, YBEIUYEHUS KOAXDUIMEHTOB YCUJICHHUS U
UCCJIEIOBAHUS CXEM TMOAKIIoUeHusi. B CBA3M C 3THUM B UENSAX ONTUMHU3AIUHU
KOHCTPYKTHBHBIX  IapaMeTpOB  TOJIEBBIX  TPAH3UCTOPOB  HCCIIEOBaHUS,
MPOBOJUMBIE MO BIMSHHUIO Ha CBOWCTBA MOJEBBIX TPAH3UCTOPOB, MapaMeTpPOB
AIUTAKCUATIBHBIX CTPYKTYP SIBIISIOTCS aKTyalbHBIMU.

JlanHas uccienoBartajibckas paboTa HampaBjieHa Ha pa3paboTKy crocoba
AIUTAKCUAJIBHOTO POCTa MOJYMPOBOJHUKOBBIX MATEpUAJIOB MyTEM CMEIIMBaHUS
pPacTBOPOB-PACIUIABOB, a TAKXKE MOJYUYEHHUIO apCEHUATAIUIMEBBIX MHOTOCIOHHBIX
(OTOUYBCTBUTENBHBIX CTPYKTYp C YOPABISIEMBIM TPAJUEHTOM pacCIpeesieHUs
npuMecedl U MOABW)XHOCTU, U (POTOAMOIHBIX CTPYKTYp € MHKpopenbedHON
rpaHulied paszzaena. YiydlleHne (QYHKIMOHAIBHBIX XapaKTEPUCTUK TaKHUX
CTPYKTYp, TOJydeHUue (OTUYBCTBUTEIBHBIX TOJIEBBIX TPAH3UCTOPOB  BO
B3aMMOCBSI3M C OCOOCHHOCTSIMHM TEXHOJIOTMM M3rOTOBJIEHUS U OOecrleueHue HX
paboTOCIIOCOOHOCTH B SHEPTOCOEPETaAOIEM PEKUME SBISIETCS HEOOXOIUMOCTHIO
IUCCEpPTaLUN.

Hacrosimas nuccepranusi CyKUT BBINOJHEHUIO B OMPENEIECHHON CTENeHU
3aJ1ayy M0 MOBBIIIEHUIO KOHKYPEHTOCTIOCOOHOCTH U3 3JIEKTPOHHON TEXHUKHU
Kacarolleicsi, B 4aCTHOCTH, 3a7ad OTMEYEHHBIX B TocTaHoBieHuu [Ipe3unenra
Pecniy6niuku Y36exuctan I111-1442 “O npuoputeTax pazBUTHs MPOMBIIUIEHHOCTH
pecniyosinku Y36ekuctad B 2011 - 2015 rogax™ ot 15 nexabps 2010 rona.

CooTBeTcTBHE  HMCCJIE€JOBAHUSI  NPHOPUTETHHIM  HANPABJIEHUAM
Pa3BUTHA HAyKH M TexHoJoru PecnyOauku Y30ekucran. Jluccepramus
BBITIOJIHEHA B COOTBETCTBUU C IPUOPUTETHBIMU HAMPABICHUSIMH PAa3BUTHS HAYKU U
texnosiorui Pecniyonuku Y36ekucrtan [1T1U-3-“Onepreruka, snepro- pecypcocoe-
peXeHHe, TPAHCIOPT, MAIIMHO- U MPUOOPOCTPOEHUE; Pa3BUTHE COBPEMEHHOMU
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ANEKTPOHUKH, MUKPOIIEKTPOHUKH, (POTOHUKH, JIEKTPOHHOTO MPUOOPOCTPOCHNUS .

O0630p MeXIYHAPOAHBIX  HAYYHBIX  HCCJIEJIOBAHMH 1O  TeMme
auccepraumu. VccnegoBanus B 00JacTH MOJIEBBIX TPAH3UCTOPOB MPOBOASTCS B
BEIyIIUX YHUBEPCUTETAaX W ILIEHTpax, B YAaCTHOCTU, B YHHUBepcuTeTax bepkiu
(CIIA) u MonTnenue (dpannus), a Takke hupmoit Mitsubishi Electric (Snonwust)
no pa3pabOTKe TEXHOJOIMH M3rOTOBJICHUS TOJEBBIX TPAH3UCTOPOB C p-N-
nepexoqioM u 6apsepom [lortku, HIIIT «Ilomtoc» (Poccust) mo BEICOKOYACTOTHBIM
MOJIEBBIM ~ TpaH3WCTOpaM Ha apceHuae ramwmumsa, a B Kanudopauiickom
yauBepcutere (CIHIA) Begytcss paboThl MO TEXHOJIOTMM TOJYYEHHUS IMOJIEBBIX
TPaH3UCTOPOB Ha rpadeHe.

B wmupoBoMm MacmTabe pelieHbl HECKOJBKO aKTyaldbHBIX MpoOsieM, B
YaCTHOCTH, B 00JIACTH MOJTyYEHHUs MPUOOPOB C BHYTPEHHUM YCUJICHUEM HA OCHOBE
HOBBIX TOJIYIPOBOJHUKOBBIX MAaTE€pUAOB TOJYyYEHbl Ba)KHbIE PE3yNIbTAaThl: Ha
ocHOBE 3P deKTa CBEpXIPOBOAMMOCTU CO3/aH MOJIEBOU TPAH3UCTOP YIPaBISEMbIii

ceetoM — (HanuoHanbHBIH YHUBEPCUTET €CTECTBEHHBIX HayK SMOHUM);
pa3paboTaH BHICOKOYACTOTHBIN JIBYMEPHBIN MOJEBOM TPAH3UCTOP C AJIEKTPOHHBIM
kaHaioM — (YHuBepcuteT MonTtnenue @paHIMU); U3rFOTOBJICH IOJEBOU

TPaH3UCTOP C BEPTUKAIbHBIM KaHAJIOM CO CTaTHYECKON WHAYKIUeH — (pupma
Sony flmoHuu); Ha  OCHOBE TEXHOJIOTMM  TOJIYYEHHS  KayeCTBEHHBIX
AIUTAKCUAJTIBHBIX CII0€B aTtoMUHUM-HUTpUA Tasuius AlGaN/GaN Ha noanmoxkax Si
(111) monyyeH noJsieBoi TpaH3UC-TOp pabOTAIOMIKUKA PU OOJBIINX TEMIIEpATYpaxX —
(xomnanus Nitronex CIIIA).

Ha ceromHs mpoBOASTCS NEPCIEKTUBHBIE MCCIENOBAHUS ITOCBAILICHHBIC
PELICHUIO TEXHUYECKUX MPOOJEM H3rOTOBIEHUSI (POTOUYBCTBUTEIBHBIX CTPYKTYP
Ha OCHOBE OJIMTAKCUAJBHBIX CIIOEB C TEKCTYPUPOBAHHON TIOBEPXHOCTBHIO U
yIPaBIIsieMbIM I'PAJIMEHTOM IIPUMECEH, a TAKKe paclIupeHus UX PYHKIUOHAIBHBIX
XapaKTEPUCTUK.

Crenenb u3y4eHHOCTH npodaembl. Co ctopoHbl A.I'. Munexuna paccMoT-
PEHBI BO3MOYKHOCTH HCHOJb30BaHUs IOJEBOr0 TPAH3UCTOPa B MHOTOYHCIICHHBIX
KOMOMHAIMSAX BHUJIOB BKJIOUEHHUS JJIA PA3NMUHBIX HazHaueHud. OIHAKO B 3TUX
peXuMax TOJEBOMY TPAaH3UCTOPY MPUCYIIM HECTAOMIBHOCTh MapaMeTpoB U
HU3KUE KOA((UIMEHTHl YCWIIEHHs, OOYCIOBJIECHHBIE OTCYTCTBHEM IPUEMOB
JUHEapu3aluy €ro MepelaToyHod XxapakTepucTuku. YdeHeiM u3 CIIHA R.A.
PuseleM mnoka3aHo, 4YTO W3BECTHbIE TEXHOJIOTMYECKHUE CIOCOOBI YIy4IIeHUS
[apaMeTPOB 3a CUET YKOPOUYEHUS IJIMHBI KaHala MOJIEBOr0 TPAH3UCTOPA MPUBOJAT,
C OIHOW CTOPOHBI, K YJIYUIICHUIO YCUJIUTEIbHBIX CBOMCTB 3a CUET JIMHEAPU3ALNHU
KPYTU3HBl TEPENIATOYHOM XapaKTEpUCTHKM B 3aBUCUMOCTH OT Xapakrepa
pacrpeneneHuss IpUMecel B KaHalle, a C JpPyrod CTOPOHBI IOBBIIAIOT
paccerBaeMyl0 MOILHOCTb M3-3a yBeIMUYeHUs pabouero Toka. Benexctue sToro
(akTa Takue MoJieBble TPAH3UCTOPHI CTAHOBITCS IKOHOMUYECKH HEBBITOAHBIMU U3-
32 HEBO3MOKHOCTH MX pabOThl B pekuMe, OJIM3KOM K OTCEUKE KaHala.

B Toxe Bpemsa uszBecTHpIM yueHbIM R.N. NoycoMm mokasaHo, 4To co3naHue
IIPOJOJIBHOTO TpaJeHTa MpPHUMECEH M0 JUIMHE KaHajlla € YMEHBIIAKUICHCS
KOHILICHTPALIMEN! HOCUTENIEW B HAIPaBIECHWH MCTOKA MO3BOJSET JIUIIb MOBBICUTH
3G (HEKTUBHOCTH MOAYJISLIMMA CONPOTUBICHUS KaHaIa HaNPsHDKEHUEM 3aTBOP-UCTOK,
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HO, HU B KOEM clly4ae HE€ BIJMSAET Ha TMepeJaTOYHbIEe XapaKTEPUCTHUKU H3-3a
PaBHOMEPHOI'O paclpesieieHus] MpuMmeceid mo TojimuHe KaHana. [Ipu sTom He
pPaccMOTpEHBI Clly4au TpaJeHTa KOHIEHTPALMH U MOJABUKHOCTH HOCUTENEH 1O
TOJILMHE KaHaJa.

CrneunanuctoM B 00JIaCTH >KUJKOCTHOM »MUTaKcUu, ydeHbIM M3 Poccun
B.M. AHzipeeBbIM MOKa3aHO, YTO UMEIOIIHUECS TEXHOJIOTUHU MOTYUYEHUS U3 KUJIKOU
da3pl  ApCEHUITAIUEBBIX  MHOTOCIOMHBIX  SMHUTAKCHANIBHBIX  CTPYKTYp C
NPUHYIUTENBHBIM OXJIQXKIEHUEM pacTBOpa-pacijiaBa JaloT TEXHOJIOTHYECKU
IJIOXO YIpaBisieMble Majble TpagueHTbl NpPOGuUiIs paclpeleseHusl MpUMeceH,
OoOyCIIOBJIEHHBIE ~ TEMIEPATypHOM  3aBUCHUMOCTbIO  UX  Kod(hduimeHra
pacupenenenusi. lleneHanpaBieHHblE W3MEHEHUS KOHCTPYKIHMH  YCTPOMNCTB
KUJIKOCTHOU SMUTAKCUU MOTYT CIIY>KHTh OCHOBOM IS MOJIEPHHU3ALIMU CIIOCOOOB U
METOJ/IOB CO3/aHMs TPAJIMEHTHOIO paclpeeseHus npuMmeceid B 0a30Boil 00JIacTu
MOJIYIPOBOJHUKOBBIX MPUOOPHBIX CTPYKTYp M ONpEAENieHUs WX BIUSHUS Ha
JUOJIHbIE U TPAH3UCTOPHBIE CBOMCTBRA.

Jlo ceronHsAIIHEro JHS B Pa3BUTHUE TEXHOJOTUU KUIAKOCTHOW AMUTAKCUU
omnpeJieNieHHbI BKJIaJ BHecnu Iukousbl akajnemuka JK.M. Andeposa, npodeccopa
IO.I1. fIxoBneBa akanemuka M.C. CaunoBa, rpynmsl nokropoB M.H. TypcyHoBa,
M.A. AOGpyxaasipoBa u A.B. KapumoBa kaxngas H3 KOTOPBIX pa3BUBaja
pa3IuYHbIE TEXHOJIOTMYECKHE acCHEeKThl B COOTBETCTBUU CO CBOMMH IIE€JIEBBIMU
yCTaHOBKaMU U 3anayamu. B wyactHocTtH, rpynmoit A.B. KapumoBa Obuin
pa3paboTaHbl CIOCOOBI MOTYUYEHHUsI PE3KOT0 p-n-Mepexojia U3 pacTBOpa-paciuiaBa,
OXJIAKJIAEMOT'0 C YMEHBIIAIOMIEHCS CKOPOCThIO, @ TAK)KE TEXHOJIOTHUS MOJTYyUYEHUS
BApU30HHBIX JMUTAKCUATIBHBIX CJIOEB IYyTEM CMEIIMBAHUSA MOPLHA PacTBOPOB-
pacIuUIaBOB Pa3JIMYHOTO COCTAaBa B U30TEPMHUUECKUX YCIOBHSIX.

W3 BBIIEN3TI0KEHHOTO CIEAYET, UTO HE pa3padOTaHbl TEXHOJOTUHU MOJTyYe-
HUsl TpeOyeMOoro TpaJueHTa MOJBHKHOCTH M TpPHUMECEH IO TOJIIMHE KaHaja
MOJIEBOTO TpaH3ucTopa. JIuHeapuzanus NeperaTouHoON XapaKTEPUCTHKU TpeOyeT
HOBOro mojaxona. OcCTaiTcsi HEpPEUICHHbBIMH HayYHO-TEXHUYECKHE MPOOJIeMBbI,
CBA3aHHBIE C  LEJCHANPABICHHBIM  YIPABICHUEM  3JIEKTPOPU3HUUYECKUMU,
(OTORNEKTPUUECKUMU U DJIEKTPUYECKUMH  XapaKTEPUCTHUKaMHU  (HOTOAMOIHOM
CTPYKTYpbl, a Takxke (YHKIMOHAIbHBIMU  CBOMCTBAMH  MHOTOCIIOHHOM
TPaH3UCTOPHOM CTPYKTYphl TpPU BBEICHUH HEOJHOPOJHOIO paclpeneieHus
npuUMecei U MOJBUKHOCTH HOCUTENEH TOKa B KaHalle, TPEOYIOMHUX KOMIUIEKCHOTO
U3y4YeHHUs BIMAHMS TpUMEced Ha HMX XapaKTepUCTUUYECKHUE MapaMeTphl BO
B3aMMOCBSI3U C TEXHOJOTMYECKUMH YCIOBUSMHU UX U3TOTOBJICHUSI.

CBsi3b TeMbl AUCCEPTALMH C HAYYHBIMH MCCJIEJOBAHUAMM HAY4YHO-
HCCJIEI0BATELCKON  OpPraHu3alMyu, TIJie BbINOJHEHA [MCCEePTAIMOHHASA
pabGora. J{uccepranusi BbinoaHEHAa B PUBMKO-TEXHUYECKOM MHCTUTYTE B pamMKax
['ocynapcTBeHHOM MporpaMMbl HAy4yHO HCCIEAOBaTeNbCKUX paboT PY3 Ne A-6-
049 Ha Temy: «Pa3paboTka TEXHOJOTMHM M3rOTOBIEHHUS MOJYINPOBOJHUKOBBIX
dboToaniekTponpeodpaszoBaresiel ¢ u3bHparenbHOW (HOTOUYBCTBUTEIBHOCTHION
(2006-2008 rr.) m mnpoekra D®A17-O-100 «Pa3zpaborka QoTOnpPUEMHOTO
yCTpOiicTBa cna0bIX ONTHUYECKUX CUTHAJIOB Ha OCHOBE
dbotoanekTponpeodopazoBarens» (2009-2011 rr.), a takxe npoekra A3-DA-0-10-
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440 “PazpaboTKa METOJOB TEPMUUYECKON U 3JIEKTPOUMIYJIbCHONH 00pabOTKH st
YBEJIHYCHHUS BBIXOJIa npu MIPOU3BOJICTBE neUIUTHBIX rpyni
oJIynpoBOAHUKOBBIX MpubopoB (AO “FOTON®)” (2012-2014 rr.)

Heabo uccieqoBaHus sBIsSETCS pa3padOTKa TEXHOJIOTMU W3TOTOBIICHUS
apCEHU/ITANIUEBBIX MHOTOCIIOMHBIX (DOTOUYBCTBUTENIBHBIX CTPYKTYp Ha OCHOBE
AIUTAKCUATIBHBIX CJOEB C 3aJaHHbIM TOpoduieM pacnpeneieHus Mnpumeced u
TEKCTYPUPOBAHHONW  TMOBEPXHOCTHbIO,  YIydllleHHE WX  (YHKIHMOHAJIbHBIX
XapaKTePUCTUK U U3YUYEHHE HOBBIX PEKUMOB IPUOOPHOTO BKIIOYEHHUSI.

B cooTBeTcTBUU C MOCTaBICHHOW WLEIbI0 PEIIAIMCH CIEAYIOUIUE 3aJa4yu
UccJIe[0BAHUA:

pa3paboTaTh TEXHOJOTHUIO TOJYYEHHS] apCEHHATANIUBBIX MHOTOCIOWHBIX
CTPYKTYp C TEKCTYPUPOBAHHOU MOBEPXHOCTHIO METOIOM >KUJIKOCTHOM IMUTAKCUU;

CMOJIENIMPOBATh Tpouecchl aud@Py3un MNpuMecd Ha MOJYIPOBOJHUK C
HETUUIOCKOM ITOBEPXHOCTHIO;

pa3paboTaTh TEXHOJOTHUIO BBIPAIIMBAHUS AMUTAKCHUAIBHBIX IUICHOK C
HEJIMHEHHBIM  (TOJIOKUTENBHBIM, OTPULIATENBHBIM, CTENEHHBIM) TPaJIUEHTOM
pacnpeeneHus npumecei o TONIIKUHE;

CMOJICIUPOBATh  MPOLIECC  BBIPAIMBAHMS ~ AMNUTAKCHAIBHOTO  CJIOS
NPUHYIUTENBHBIM OXJAXKJICHHEM U3 pacTBOpa-pacijiaBa € M3MEHSIOMIMMCS
COCTaBOM, COIIPOBOXKAAEMbIi YBEJIMUYEHHEM 00bEMa PacTBOpa-PaCILIaBa;

pa3paboTaTh MOJEBOM TPAH3UCTOP HAa OCHOBE apCeHHa TaJUIUs C HEepaBs-
HOMEPHBIM  (TIOJIO)KUTENbHBIM,  OTPULATEIbHBIM, CTENEHHbIM) MpoduIeM
pacnpeneneHus puMecei o TONIIKMHE KaHalla;

CMOJIENTUPOBATH AJIEKTPOHHBIE MIPOLIECCH] B TOJIEBBIX TPAH3UCTOPAX C HEPAB-
HOMEPHBIM MpoduiieM pacnpeesieHusl MPUMecei U MOJBUKHOCTEH HOCUTENeH 1Mo
TOJILMHE KaHaa;

pa3paboTaTh  pa3liMyHble  PEKUMBl  (aBTOMATUYECKOTO  CMEIICHMS,
MaKCUMaJIbHOH MPOBOJUMOCTH, a TaKKe YIPABIIEMOro HAIpPSKEHUEM CTOK-
3aTBOP) BKJIFOUEHUS MOJIEBOTO TPAH3UCTOPA, PACIIUPSIONIKE €r0 (PYHKIIMOHATbHbIE
BO3MOXHOCTH;

pa3paboTarh JUCTAHIMOHHO-YIPABISIEMBI ONTOAJIEKTPOHHBIN KIIOY C
OBICTPBIM NEPEKITIOYEHUEM 00BEKTa C MOMOIIBIO OJHOTO CBETOBOI'O M3Iydaress U
BXOJIHOTO KacKajia Ha OCHOBE I0JIEBOI'O TPAH3UCTOPA;

pa3paboTaTh HOBBIE PEXKHUMbI MNPUOOPHOrO BKIIOYEHHS] Ha OCHOBE
COIMOCTaBUTEIBLHOTO aHaIM3a TOJYYEHHBIX PE3YyJIbTaTOB JJIsi apCEeHUATaIuEeBOrO
MOJIEBOI'O TPAH3UCTOPA U KOHTPOJIBHOT'O KPEMHUEBOT0 00paslia.

O0bekT wMcciaenoBanusi -  (HOTOUYBCTBUTEIbHbIE  MHOIOCJIOMHbBIE
TPaAH3UCTOPHBIE CTPYKTYPHI C yHpaBisitomuM p - GaAs-pGaAs-nGaAs-iepexoioM ¢
pPa3IUYHBIMU NPOPUISIMU pacipeieNieHus: IpUMecel U MOABUKHOCTH HOCUTETIEH B
0a3e U KOHTPOJIbHbIE 00pa3libl Ha OCHOBE KPEMHUS, a TaKXKe apCeHUATaJINEeBbIC
CTPYKTYPBI C U30TUITHOM reTepo U MUKpOpeIbepHON rpaHuIIeH pasena.

IIpeamer uccjieqoBaHusi — COCOOBI M PEKUMBI SMUTAKCHAIBHOU U U(]-
(Gy3MOHHOM TEXHOJIOTMU MOJYYEHHUS] MHOTOCJIOMHBIX apCEHUITAINTUEBBIX CTPYKTYP
C TOBEPXHOCTHBIMHU M MOP(HOIOrHYECKUMU HEOAHOPOJHOCTIMU U  PEKUMBI
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(YHKIIMOHAIBHOTO  BKJIFOYEHUSI TPAH3UCTOPHBIX  CTPYKTYp, U  MPOIECCHI
TOKOIIEpEeHoca.

Metoabl  uccienoBanuss. B pabore  npuUMEHEHBI  KOMIUIEKCHBIC
WHpOpMATUBHBIE METOJBl  AKCIEPUMEHTAIBHON  (PU3HKU: BOJbTAMIICPHBIC,
BOJIbT(apaJHbIe METOJbl HU3YUYCHHS CTPYKTYp C p-n-TIEpexXoJaMu; METOJbI
U3MEPEHUsST CIEKTPAIbHOM (POTOUYBCTBUTEIHHOCTH MPU PA3TUYHBIX PadOUUX
HaIpPsDKCHUSIX U CTPYKTYPHBIE METOJbl M3YUeHUs] MOP(OJOTHH MOBEPXHOCTH U
TpaHMI] pasjiesia MHOTOCIOMHBIX CTPYKTYp, a TakKe METOIbl TEOPETHUYECKHX
pacyeToB U KOMITBIOTEPHOT'O MOJICIUPOBAHUSI TEXHOJOTHUUYECKUX M DJICKTPOHHBIX
MIPOIIECCOB.

HayuyHnasi HoBU3HA MCCJIeI0OBAHUS 3aKITFOYACTCS B CJICIYIOIIEM:

BIIEPBBIC pa3pabOTaH Ccroco0 HEM30TEPMUUECKOTO IMpoIlecca BhIpalliBaHUs
SIHTAKCHAIBHOTO CIIOS IIONYIPOBOIHUKOBBIX coenuHeHmii A’B° ¢ mpodmmem
pacrpeeneHus npuMecen 3a/1aBa€MbIM CKOPOCTBIO CMEIIIMBaHUS
JIOTIOJIHUTEIIBHOTO PacTBOpa-paciuiaBa B OCHOBHOW pacTBOP-pPaCILiaB U MPOBEJICHO
(hU3UKO-TEXHOJIOTHYECKOE MOJICIIMPOBAHUE MPOGUIIs paclpenesieHus] MpuMecei
IO TOJIIIIUHE BBIPAIIIUBAEMBIX SIMUTAKCUAIIBHBIX CJIOCB;

pa3paboTtana TexHoJoruss AudPy3un IpUMecH IIMHKAa B apCEHU]l TaJuus C
TEKCTYPUPOBAHHOM MOBEPXHOCTHIO C MOCIEAYIONIUM POCTOM 3MUTAKCHATLHOTO
TeTEPOCIIOs, YCTAaHOBJIEHBI ONTUMAIIbHBIC PEKUMBI 3aKiItouaronuecs B 1udys3uu -
muaka npu 800 °C B Teuenwe 80 MHHYT W POCTa TETEPOCIOS B HHTEpBAie
temmeparyp ot 813 °C mo 809 °C co cKOpOCTBIO OXTaXmeHHs 1 rpajg/MHUHYT B
€JMHOM TIpoIIiecCe;

MPEJIOKEHBl  TEXHOJIOTUW  TIOJYYEeHHMs] W30TUIMHOM  JIByXOaphepHOU
nGag_ . osln o, As —nGads -rerepocTpyKTypsl Ha OCHOBE HHIMHCOJEPIKAIIETO

AMUTAKCUATBLHOTO CJIOSl apCEHUJIa TajuThsl ¢ TEXHOJIOTHYECKH TEKCTYPHUPOBAHHOMU
MMOBEPXHOCTBIO B BHJIE€ TOPPOB MNMPU HU3OBITKE HMHAMS, CO3JAIONIEM pa3inyue
napamMeTpoB pemetok B ~1.4% ¢ TONNOXKOM apceHMna rajuids U

(b oTOBOIbTANYECKOM pAl, Ga,  As - pGay, 4, 1In, o As -nGaAs -cTpyKTyphl Cc

TEXHOJIOTUYECKU TEKCTYPUPOBAHHOMN MOBEPXHOCTHIO B BHUJI€ BBINYKIIBIX MUPAMHUL
(c ocnoBanuem 4060 mxMm u BbicoTOM 8+10 MKM) mpu H30BITKE JIETUPYIOIIEH

npuMecu repmanus B 3.1 Moitb.% Bo GpoHTansHoM rerepocioe pAl) Ga,,As : Ge

BBIPAILIEHHOM Ha UHAMICOAEpKalleM reTepocioe;

BIIEPBbIE M3rOTOBJIEH (DOTOUYBCTBUTENbHBIA TOJIEBOW TPaH3UCTOP Ha
apCeHHJIe TAJIUSl C OTPUILIATENBHBIM (YOBIBAIOIIMM K IMOBEPXHOCTH) TPATUECHTOM
npuMecedl B KaHaje, UMEIOIUNA (OTOUYBCTBUTEIBHOCTh B JIBa pa3a OOJbLIUHN IO
CPAaBHEHMIO C MOJIEBBIM TPAH3UCTOPOM C IMOJOKHUTEIBHBIM I'PAJUEHTOM MpUMECei
u B 3.5 paza Oonpmiuii KO3PGUUMEHT YCUJIIEHUS B OTJIMYHME OT HM3BECTHBIX
aHaJIOrOB;

MPEAJIOKEHbl CIOCOOBl M PEXHUMBI BKIIOUEHHUS TMOJIEBOTO TPAH3UCTOPA,
oOecreynBarone ero paboTy B KayecTBe (POTONPHEMHHKA C MaKCUMalIbHOMU
YyBCTBUTEJIBHOCTHIO, MAJIOMHEPIIMOHHOTO (hOTOpe3ncTOopa M IepeKtovaTess
OOJBIINX MOIIHOCTEN B AJIEKTPOHHBIX CXEMAX;
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MpoBeIeH (PU3MKO-MAaTEMAaTUYECKU pacyeT TOKOIEpPEeHOca B TMOJEBBIX
TPAH3UCTOPaX HA OCHOBE APCEHHUAA TAJUIMS C YIPABIAIOIIUM p-A-TIEPEXOIOM C
y4€TOM TIpaJIMeHTa TOJABMXKHOCTH HOCUTENIEH U BIUSHUA TMOBEPXHOCTHBIX
COCTOSIHUM, BIIEpBbIE TI0Ka3aHa BO3MOXKHOCTh JIMHEapHU3aluu NepelaTOYHbIX
XapaKTePUCTHUK MOJIEBBIX TPAH3UCTOPOB C ITTMHHBIM KaHAJIOM;

pa3paboTaHa yHHMBEpCaJibHas MHUKPOCXEMa C YEThIpbMS BBIBOJAAMHU Ha
OCHOBE “JIBYXTPaH3UCTOPHOM SYEUKH~ ¢ CUMHXPOHHO MOIYJIHPYEMBIMU KaHAJIaMH,
oOecreunBaromas Ha nopsiaok (70 mpoTuB 7 B OOBIYHBIX CiIy4asix) OOJBIIMIA
KO3 (PUIIMEHT yCUIeHUS B peXUMe, OJTM3KOM K OTCEUYKE KaHala;

BIIEPBbIE CO3/IaH JUCTAHIMOHHO-YIPABISEMBIM ONTOAJIEKTPOHHBIA KIIIOY,
oOecrneynBaoii  OJHUM  CBETOBBIM  30HJOM  BKJIIOYEHHE-BBIKIIIOUEHHE
AIIEKTPONIPUOOPOB U TEXHOJIOTMUECKUX 000pYTOBaHUM, COCTOALINI U3 YCUIUTENSA
C BXOJHBIM KackaJoM Ha TMOJEBOM TPAH3UCTOPE, MEXKAY 3aTBOPOM H
CONMPOTHUBJIICHHEM HCTOKa KOTOPOrO BBEIEH (DOTONPUEMHHUK Ha OCHOBE
IBYyXO0apbepHOUN CTPYKTYPHI;

BIIEpBbIE COOpaH MOAYJSATOP ONTHYECKUX CHUTHAJIOB, IO3BOJISIOMIMIMA
MOBBICUTh CPOK CIY>KObI TOJYNPOBOJAHUKOBBIX CBETOM3IYUYAIOIIUX TMPUOOPOB,
coJiep Kalluii OJYyNPOBOAHUKOBBIM U3TydaTesb CBETa U BBIMOJIHSIOMINN (yHKIIMH
MCTOYHHKA TOKA M KII0Ya OJUH IOJIEBOM TPAH3UCTOP B3aMEH JABYX OUIOJISPHBIX
TPaH3UCTOPOB, T/I€ BXOJHOW CUTHAI MOAAETCS K UCTOKY;

pazpa0oTaH  reHepaTop  CTAOWJIM3HPOBAHHBIX TOKOB Ha  OCHOBE
«IBYXTPAaH3UCTOPHON  sSTUCHKN» C JMHEapU30BaHHOM nepeIaToyHoM
XapaKTepUCTUKOW, KOTOPBIM MpeJHa3HAauYeH JJig HCIHOJIb30BaHUS B KayecTBE
MPEU3MOHHO-PETYIUPYEMOTO  TEeHeparopa  TOKa C  MajbiM  IIarom,
o0ecneunBaoIuM U3MEpEeHue BOJIbTAMIIEPHBIX XapaKTePUCTHUK
MOJIYIPOBOJHUKOBBIX ~ IPHUOOPOB C PE3KO  BO3PACTAIOMIMM  TOKOM  THUIA
CTaOMJIMTPOHA, OTPAaHUYMTENICH HAMIPSKEHUS WU S — TUO/IOB.

IIpakTH4YecKkue pe3yabTaThl MCCAEI0BAHNUS 3aKII0YAIOTCS B CIEAYIOIIEM:

pa3paboTaH HEU30TEPMUYECKUM CHOCOO BBIPAIIMBAHUS AMUTAKCHATBHBIX
CJIOEB apCEHU/IA TAJIJINS C YIPABISIEMbIM paclpeAesIiEHUEM IPUMECEN 10 TOJILINHE
U Ha HUX OCHOBE MPEJJI0KEHAa TEXHOJOTUS M3TOTOBJIEHUS (DOTOUYBCTBUTEIHbHON
MHOTOCJIOMHON CTPYKTYpbl C 3aJaHHBIM TPaJUEHTOM IpuMeceil B 0a30BOM
o0nacTh, o0O0ecreuyuBalONIMM ONTUMHU3ALUI0O UX KIIOUEBBIX M[MapaMeTpoOB M
(GYHKUMOHUPOBAHHUE B DHEProcOeperaroiieM pexxume;

pa3paboTaHbl  YCOBEpIICHCTBOBAHHBIE  TEXHOJOTMU  HW3TOTOBIICHUS
MHOTOCJIOWHBIX ~ MHAMM W aJIOMHHMM  COJEpXKAIlUX  TeTePOCTPYKTYP
oOecreynBarolie yBEIMUYEHUE UX (POTOUYBCTBUTEIBHOCTU 33 CYET CHIKEHUS
ONTUYECKUX MOTEPD;

pa3paboTaHbl TEXHUYECKHE PEIIEHUs, pacKpbiBarouiue (yHKIHOHAIbHBIC
BO3MOKHOCTH IIOJI€BOTO TPAH3UCTOpAa Ha OCHOBE apCceHuaa Taulud H
KOHTPOJBHOTO 00pa3lla Ha OCHOBE KpPEMHHUS B JJIEKTPOHHBIX CXEMaXx,
MpeHa3HAYCHHBIX JJI YCHIICHHS TOCTOSTHHOTO U IEPEMEHHOT0 CUTHAJIOB.

JlocTOBEPHOCTH pe3yJbTaTOB uccJieJOBAHM I MOATBEPKIACTCS
NPUMEHEHUEM  COBPEMEHHBIX HAYYHBIX M  TEXHOJOTMYECKHUX  METOJIOB,
CTaHJAPTHBIX U amnpoOOMPOBAHHBIX B 3aBOJICKUX YCIOBUAX METOJIUK KOHTPOJIS
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napamMeTpoB M XapaKTePUCTUK IMOJYIMPOBOJHUKOBBIX MPUOOpPOB. Pe3ynbraThl n
BBIBOJIBI OOOCHOBBIBAIOTCS Ha (PU3UYECKHX TMPEACTaBICHUSX, OCHOBAHHBIX Ha
TEOPETUYECKUX u HKCIIEPUMEHTAIbHBIX JaHHBIX. JloCTOBEpHOCTH
HKCIIEPUMEHTAIBHBIX JaHHBIX OOECIEeYUBAETCS MCIOIb30BAHUEM KOMILUIEKCHBIX
HE3aBUCUMBIX METOJUK HU3MEpeHHUs U o0paboTKM MJaHHBIX, a TaKXkKe HuX
COOTBETCTBHEM COBPEMEHHBIM MOHATHUAM (PU3UKH U TEXHUKH TOJYIPOBOJHUKOB U
W3JEIUN Ha UX OCHOBE.

Hayuynasi m npakTu4yeckasi 3HAYMMOCTH Pe3yJbTATOB HCCJIEI0BAHMS.
[lony4yeHHble pe3yabTaThl PACKPBIBAIOT (U3MKY JCHCTBUS MHOTOCIOMHBIX
(OTOUYBCTBUTENBHBIX CTPYKTYP C TpaAUeHTHON 6a30i.

[IpakTuueckble pe3yiabTaThl  SBISIOTCS  BAXKHBIMU  JJI1  BBISIBJICHUS
ONTHUMAJIBHBIX YCJIOBUI U PEKUMOB SKCIUTyaTallM PA3JIMYHBIX 3JIEKTPOHHBIX CXEM
C MOJIEBBIMH TPAH3UCTOPAMHM, UCIIOJIb3YEMbBIX B TEJIEKOMMYHUKALIUA U B CHUCTEMAaX
npuema M nepesayu OnTUYECKUX CUTHAIIOB.

Buenpenne pe3yiabTaroB ucciaenoBaHusi. [lonydyeHsl, npenHa3HaAaueHHbIE
JUIsL  TPENOTBpAllleHHs] BbIXOJA W3 CTPOSI W YBEIUYEHHUS CpOKa CIYKObI
paANoOdJIeKTPOHHON anmapatypsl, 4 mareHTa Ha wu3zo0perenus PecnyOnuku
VY36ekucran: «MoaynsaTop onTudeckux curanoBy, (IAP Ne04854 ot 21.02.2014);
«/ucTaHIMOHHO-YIpaBIIEMbI  ONTORJICKpOHHBIN Kitou», (IAP Ne 04600 ot
25.04.2012); «Cnoco0 »NUTaKCUAIBbHOTO HapalMBaHUS MOJIYITPOBOJIHUKOBBIX
MaTepualioB MyTeM CMeELIMBaHusA pacTBopoB-pacmiiaBaBy, (IAP Ne04053. or
09.10.2009); «®DoTOUuyBCTBUTENbHBIN MONEBON Tpan3zuctop», (IAP Ne 04832 or
21.11.2008r.);

pa3zpaboTaHo ycTpoucTBO «l'eHepaTop MajbiX TOKOBY», MO3BOJISIONIEE
YCTAHOBUTH  MPUYMHBI  OTKa3a M  TEXHOJOTMYECKMX  OTKJIOHEHHH  OT
YCTAaHOBJIEHHOTO perjaMeHTa MOJIYyIPOBOJHUKOBBIX MPUOOPOB, U BHeIpeHO B AO
«FOTONY. Dxonomuueckuit 3¢ (HEeKT OT BHEAPEHUS 3a CUET MOBBILLIEHUS POIIEHTa
BbIXOJIa TOAHBIX MOJYNPOBOJAHUKOBBIX MpubopoB Ha 10% cocrtaBnsger 20 MiH.
cymMm B rof (AkT BHeapenus oT 10.04.2014r. Acconmanuu «Y331TeXcaHoar»).

AmnpoOauus pe3yabTATOB HccJel0BaHuA. Pe3ynbTaThl AuCcepTalliOHHON
paboThI TOKJIABIBAINCH U O0CYKIAIUCh Ha PECITYOJIMKAHCKUX U MEKIYHAPOIHBIX
koH(pepenuusx: l4-International Young Scientists Conferece SPO 2013, Kyiv,
Problems of Optics and High Technology Material Science. (Kyiv, 2013);
“SpumyTkazruuwiap (uU3MKAcH Ba KypwiMaldapd Xamaa YJIapHU YKUTUIIHUHT
myammonapu” (Hamanran 2013); “Akryanbhbie npoonemsl pusuku” (baky, 2008);
“HepaBHoBecHbIe nporiecchl B monyrnpoBoanukax” (Tamxkent, 2007); “DyHnameH-
TaJbHbIE U MPUKIAIHbIE TpobieMbl coBpeMeHHol ¢u3uku” (Tamkent, 2007); V-
International Young Scientists Conferece SPO 2006, Kyiv, Problems of Optics and
High Technology Material Science. (Kyiv, 2006); “®@yHnameHTalbHbIE U TPUK-
naansle Borpockl ¢puzuku” (Tamkent, 2006); “MukposnekTpoHHbIE MPeodpas3o-
Barenu u npudopsl Ha ux ocHoe”, MOIIII (baky-Cymraut, 2005); RIO 5 “World
Climate & Energy Event” (Braziliya, 2005); Scanning probe microscopy - 2003
International Workshop, Nizhny Novgorod (Russia, 2003).

OcHOBHBIE pe3yJIbTaThl JUCCEPTAIMOHHON PAOOThI TOJT0KEHBI U 00CYKI€HbI
(3 wuronp 2015r.) Ha paclIMPEHHOM CEMHHAape MO HaMNpaBICHUIO (DUIUKH
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MOJIYIPOBOJHUKOB Tpu Duzuko-rexHuyeckom uHcTuTtyre AH PVY3, a Takxke B
onHopazoBoMm Hayunom cemunape (25.11.2015r.) npu HayuHom coBete
16.07.2013.FM/T.12.01 npu @Dusuko-rexundyeckom uHcturyre AH PV3,
NHcTuTyTE HOHHO-IUIa3MEHHBIX W Ja3zepHbIX TexHoioruii AH PVY3 m
CamapkaHJICKOM TOCYIapCTBEHHOM YHUBEPCUTETE IO MPUCYKICHHUIO YYEHOH
CTENEHU JO0KTOopa Hayk no crnenuaibHocTu 01.04.10-®Puszuka monynpoBOJHUKOB
(TeXHUYECKUE HAYKH).

Ony0/1MKOBAHHOCTHL pe3yJabTaTOB HccjaenoBanuil. [lo wmarepuanam
JUCCEPTALMU OMyOJIMKOBAaHO 43 Hay4dHbIX paboT, U3 HUX 23 cTaTel, B TOM 4ucie §
Ha aHIJMHACKOM s3bike, 1 kHuMra (MoHorpadus), 15 TpynoB xoHbepeHIuil u 4
naTeHTa Ha U300peTeHusl.

CrpykTypa n 00beM auccepramuu. JluccepranuronHas pabota cCOCTOUT U3
BBEJCHUS, ISITH TJIaB, 3aKIIOYEHUsA, CIHCKAa JUTEPATYphl, BKIOUaromen 127
HAaNMEHOBaHUM H 2-X mnpwioxkeHuu. Tekct aucceprauuu wusnoxeH Ha 200
CTpaHUIIaX MAITMHOMMCHOTO TeKCTa, BKIOYas 89 pucynkoB u 28 Tabnu.

OCHOBHOE COIEPKAHUE JUCCEPTALIUN

Bo BBegeHum 0OOCHOBaHBI aKTyaJlbHOCTb M BOCTPEOOBAHHOCTH TEMBbI
JUCCEPTALMU, OIpE/eNieHa CBS3b MCCIEOBAHUN C OCHOBHBIMHU MPUOPUTETHHIMHU
HaIpaBJICHUSIMU Pa3BUTHUS HAYKH U TEXHOJOTUHN B pecnyOiuKe, MpUBEAeHbI 0030p
MEXIYHApPOJIHbIX HAYYHBIX MCCIEIOBAaHUM IO TEeME JUCCepTAllMM, CTeNeHb
U3YYEHHOCTH MpoOJieMbl, cHOpMYyIUpPOBaHBI 1I€JIb U 3aJa4H, BBISBICHBI OOBEKT,
IpeaIMeT U METOJbl MCCIIEIOBaHUs, U3JI0KEHA HAaydyHas HOBH3HA HCCIEIOBaHUS,
000OCHOBaHa  JOCTOBEPHOCTh  MOJYYEHHBIX  pPE3yJbTaTOB, pacKpbiTa HUX
TEOpeTUYeCcKasl M TMpaKTHUecKass 3HaYUMOCThb, NMPUBEICHbI KPaTKUE CBEACHUS O
BHEJIPEHUH PE3yJIbTATOB U ampodaruu paboThl, a Takxke 00 00beMe U CTPYKTYype
JUCCEPTALINH.

B nepBoil rnaBe ananmmzupyercs «CocTosiHMe mpodJieMbl M TEHACHUHMH
yJAy4YllIeHHs] TEeXHOJOrHMH W3rOTOBJIEHHUS NOJYNPOBOJIHUKOBBIX CTPYKTYp €
HEOTHOPOHOIl 0a30BOi 00J1aCTHIO» HAa OCHOBE JHUTEPATYPHBIX JAHHBIX IO
COCTOSIHMIO  TpOoOJeMbl M TEHACHUUSAM  YJIydlleHUus  (PYHKIMOHAIBHBIX
XapaKTePUCTUK MHOTOCIOWHBIX MOJYIPOBOJHUKOBBIX CTPYKTYP B 3aBUCUMOCTH OT
CTPYKTYPHBIX U MOP(}OIOTrHYECKUX HEOJHOPOAHOCTEH M PACCMOTPEHO BIIMSHHE
KOHCTPYKTHUBHBIX OCOOECHHOCTEH MOJIEBBIX TPAH3UCTOPOB HA UX (PYHKIIMOHAJIbHbBIE
CBOICTBA, a TakXKe OINpeAesieHbl CXEMOTEXHUYECKHUE MYTH  YIyUIICHHS
ANEKTPUUECKHUX IMapaMeTPOB U XapaKTEPUCTUK MOJIEBBIX TpaH3UCTOpoB. Ha ocHoBe
aHalnM3a UMEIOLIMXCS  TEOPETUYECKUX U IKCIEPUMEHTANbHBIX  JaHHBIX
chopMyIMpoBaHa MOCTAHOBKA 3aa4H.

Bo BTOpoii rnaBe «Pa3padoTka TeXHOJOTMH MOJYYeHHS] MHOTOCJIOMHBIX
CTPYKTYP ¢ MHKpOpeJbe()HO! NMOBEPXHOCTBHIO» MPUBEACHBI TEXHOJOTHYECKHE
ATamnbl CO3/IaHHUS MHOTOCIOWHBIX CTPYKTYpP C TEKCTYPUPOBAHHOW MOBEPXHOCTHIO
Meronamu  qud@y3ur W KUJKOCTHOM  DMHUTAKCUU, HX  CIEKTPaJbHbIE
XapaKTepUCTUKH, YCUJINTETbHBIE u boTO3AEKTpUUECKUE CBOMCTBa
reTepOCTPYKTYPHI, O0COOEHHOCTH JTUCTAHIIMOHHO - yIPaBIIIEMOrO
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OITORJIEKTPOHHOTO KIIF0Ua HA €r0 OCHOBE.

Pa3paboTana TEXHOJOTUS TMOJYYEHUST MHOTOCIOHMHBIX CTPYKTYp C
MUKpopenbeHon MOBEPXHOCTHIO KOMOMHUPOBAHHBIM CIIOCOO0M,
o0ecreynBaoIuM MOATAMHYIO b y3uro npumecei UHKA Ha
TEKCTYPUPOBAHHYIO TMOBEPXHOCTh Oy(depHOro cjos apceHuja ramius u
MOCJIEYIONINIT POCT SNUTaKcHalbHOro rerepocios (A/GaAs) moBepx HEro wu3
OTPaHUYEHHOI'0 pacTBOpa-pacijiaBa B €IUHOM Tpouecce. TeKkcTypupoBaHue
MOBEPXHOCTH Oy(PEpHOro Ci0s OCYHIECTBISUIOCh AHU3O0TPOIMHBIM TPaBJICHUEM.
Hubdy3us npumeceil mUHKa MNpoBoAWSIach M3 TMopomka nuHka (146 mr B
rpadUTOBON Kamepe 06BEMOM 5.3 CM’) B apCeHHI TalIMs ¢ MHKPOpenbedHOi
noBepxHOCThIO pu 800 °C B TeueHue 50 MUHYT. POCT retepociost npou3BOAUIN B
uHTepBane temmeparyp ot 813 °C nmo 809 °C co ckopocThio oxyaxiaeHus |
rpag/mMunyT. Ilpu 3TOM OBUTM BBIOpaHbl NMOMIOKKU nGaAs ¢ KOHLEHTpauuen
10%u° u ¢ pasmepamu (I cM°) COOTBETCTBYIOIIMMH sueiikaM rpapuTOBOIA
kaccetbl. KpoMe Toro mpouecc auddy3un MOXKHO MPOBECTU U3 TBEPAOTEIBLHOTO
MCTOYHUKA (HAMBUICHHOTO NOpONIKa HUHKAa Ha (GaAds:Zn) KOHTAKTUPYEMOIO C
MOBEPXHOCTHIO TOJIJIOKKH, YTO MO3BOJIAECT MOJYUYUTh MUKPOPETbe(HYIO TPAHUILY
pasznmena JByX cpel. Mukpodororpadhuu CKOJIOB TMOJNYYEHHBIX CTPYKTYP
IIPUBEJICHBI HA puC. 1.

a) C IJIOCKUM p-n-TIEPEX0]I0OM 0) MEKpOpenbedHas rpaHuIa
p-n-Tiepexo/ia TUIa JCHIPUTA

Puc. 1. Muxpogororpadus ckojioB

I . | Nepexoa0B CTPYKTYP
l : B ~ i ¢ Oy¢pepHbIM cii0eM pGaAs u

rerepociaoem pAly GaysAs
B) MHUKpOpenbedHas rpaHulla p-n-mepexo/ia
MIOJIyYU€HHOTO KOHTAKTHOM Au(dy3ueit

OKCNEepUMEHTAJIbHO II0Ka3aHO, YTO B IOJYyYEHHOW MHOIOCIOWHOMN
¢orosonsranueckoit p Al ,Ga,,As — pGads: Zn—nGads —n" GaAs - ctpykType

C MHKpOpenbedHON MOBEPXHOCTHIO 00JIACTH CHEKTPaJbHON UYYyBCTBUTEIbHOCTH
pacmupsieTcs B KOPOTKOBOJHOBYIO YacTh, & KBAHTOBBIN BBIXOJ CTAaHOBUTCS B JBa
pa3a 0oJIbIIIe 10 CPABHEHUIO CO CTPYKTYPAMHU C IJIOCKOM MOBEPXHOCTHIO (pucC.2.),
YTO JIEJIA€T MEPCIEKTUBHBIM IIEJIEHAIIPABICHHOE HUCIOJIb30BAHUE TAKON CTPYKTYPBI
B KayecTBe (OTOBOJIbTAMYECKOTo mnpueMHuka. OOHapykeHuil 3(p(deKT CBsI3aH C
yBEJIMUEHUEM (POTOUYBCTBUTEIBHONW IUIOMIAAM HA TpaHUIE p-n-nepexojia IMpu
(bopMHPOBAaHUU MUKPOPEIHEPOB.

Pa3paboTana  TeXHONOrWs  BBIpAllMBAaHUS  MHUKPOTEKCTYPHUPOBAHHOM
MMOBEPXHOCTH METOJOM JKUJIKOCTHOM DSIHUTAKCMM HAa OCHOBE WHIAUW U
ATIOMHUHUICOIEPKAIMX AMUTAKCUAIBHBIX CJIOEB aPCEHU/IA TaJUIds Ha MOJJI0KKaX
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apceHuJa rajums, KOTopas IO3BOJIAET YBEJIWYUTh YroJl 3axBaTa IOIJIOIIAEMOro
CBETOBOTI'0 M3JIyYEHHUS] OBEPXHOCTHIO B CPABHEHUU C IUIOCKOU CTPYKTypou. Takue
MMOBEPXHOCTH OTJIMYAIOTCS POBHOM I'PAHULIEH p-n-NEPEXOAA, @ TEXHOJIOTHYECKOE
TEKCTYPUPOBAHUE TAKOW MMOBEPXHOCTU ONPEAENSIETCA COCTABOM I€TEPOCIOS.
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a) CIIeKTpallbHas XapaKTePHCTUKA 0) KBaHTOBBIHN BBIXO] (POTOUYBCTBUTEIHLHOCTH
Puc. 2. ®oTo31eKTpUYeCKHE XapAKTePUCTUKH
CTPYKTYPHI ¢ 1ockuM (1) u mukpopenabedHbiM (2) p-n-nepexoaom

TekcTypupOBaHHbBIE AFOMUHUNA U MHAUKUCOAEPKAIIUE CIIOU BBIPAILIMBAIN B
MHTEpBaje Ttemmeparyp ot 822 °C nmo 818 °C co CKOpOCThIO oxyaxaeHus |
rpaji/MUHYT.

Cerepocnoit  pAl,,Ga,,As:Ge BelpammBaay M3 pacTBOpa-paciuiaBa

coxepxaiero 7.5 Moib.% HelerupoBaHHOro apcenunaa ramwms, 0.3 moib.%
amoMuHUs U 3.1 Monb.% repMaHus pacTBOPEHHBIX B TajUIMM B HMHTEPBAJE
temmeparyp ot 822 °C 1o 818 °C co CKOpPOCThIO OXJIaXKaeHUsI 1 rpaj/MUHYT.

BoisiBiieHO, 49TO mpH BbIpammBanuu rerepocios pAl, Ga,,As:Ge w3

pacTBopa-paciuiaBa cojepkamero 7.5 Monb.% HeJIEerHpoOBaHHOIO apceHuia
raus, 0.3 Monb.% amtomunug U 3.1 mMosb.% repMaHus Ha WHIMMCOAEPKALIEM
pGag e, In, \ As - retepocioe GhopMHpyeTCs TEKCTYpa B BUIE BBINYKJIBIX MTHPAMU/
(c paamepamu ocHoBaHusi 4060 MKM U BeicoTOM 8+10 MKM), puc. 3. p-n-iepexos
(OTOBOIBTAMYECKON CTPYKTYpPhl HMEsS POBHYIO TpHHILy, €ro TIOBEPXHOCTb
OTJIUYAETCS] TEXHOJOTMYECKONM TEKCTYpOM M TMO3BOJISIET YBEJIMTH Yroll oOXBaTa
ceeta 10 90 yrioBeiX rpaaycoB npoTtuB 50 rpagycoB B INIOCKUX CTPYKTYypax.

a) BUJ IOBEPXHOCTH 0) rpaHuna pazziena p-n-nepexoaa

Puc. 3. Mukpodororpaduu CTpyKTYphbI ¢ BbIpallleHHbIM MUKpPOpe/ibedom

Belpartien rerepocioit nGa,_,.sln,,A4s (N, =7-10" cn™) ¢ TONIMHON 2+4

MKM ¢ TOPpUPOBAHHOM MOBEPXHOCTHIO (32 CUET Pa3IUyus NMapaMeTpPOB PEIICTOK
1.4 %) na nomnoxke nGaAds:O ¢ TNPUHYIUTENbHBIM OXJaXJEHUEM pacTBOpa-
pacmiaBa coxepxamiero 4.9 moinb.% apcenuga ramwms u 0.7 monb.% wuHAUA
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PacTBOPEHHBIX B TajUIMM B HHTEpBaie temieparyp or 838 °C mo 822 °C co
CKOpPOCTBhIO  oxJaxaeHuss 1 rpan/munyr. Ha o00e moBepxHocTH ATOH
reTepOM30TUITHON CTPYKTYphl HalbUIEHHEM cepeOpa HAHECEHbI BBIIPSIMIISIIOIINE
KOHTAKThI MO3BOJISIONINE, YCUIIUTh BXOAHOM ONTHYECKUI CUTHAJN, MOCTYyHaIOMUn
oT cBeroanoga. Ha sToit ocHOoBe pa3paboTaH yIpaBiIsieMbI ONTOAIEKTPOHHBIN
KJII0Y, OOECMEYUBAIOIINNA HE TOJBKO JIUCTAHLIMOHHOE BKJIIOYEHHE, HO U
BBIKJTIIOUEHHE 00BEKTa C MOMOIIIBIO OJTHOTO CBETOBOTO 30HAa, puUcC. 4.
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Puc. 4. 3J'IeKTp0HHaH ¢xeMa JUCTAHIMOHHO - YIIPpaBJAAEMOI'0
OIITO3JICEKTPOHHOI'0 KJII0O4Ya

Oco0eHHOCTh pa3pabOTKH COCTOMT B TOM, YTO B OTJIMYHE OT HU3BECTHOTO
aHajora B TPEIJIOKEHHOM YCTpPOMCTBE peanusyercs (yHKLIMS KIOuYa 3a CUeT
CO3/IaHHOM CTOKOBOW  ONTOXJIEKTPOHHOM  CBSI3M MEXKAY M3JIy4yaTelleM U
¢dboTonpueMHUKOM. JIMCTaHIIMOHHOE YNpaBlIEHHE MPHU 3TOM OCYIIECTBIISIETCS 3a
CYET MEPEKIIIOYEHUSI TOJIEBOTO TPAH3UCTOPA B PEKHMME 3allMpPaHus C MOMOLIBIO
reTEPOU30TUITHOTO dboToauona BO30YyX/1aeMOT0 CBETOBBIM 30H]IOM.
IlepexiroueHne B ITOM CUCTEME NPOU3BOAUTCA MOOYEPEAHBIM HABEJAECHUEM
CBETOBOr0 30HJa Ha 00a (QOTONMpUEMHHUKA, YTO MPHUBOJUT K JAUCTAHIMOHHOMY
BKJIFOUEHHIO-BBIKITIOYEHUIO AIEKTPUUECKUX NPUOOPOB U 000pYyI0BaHUS.

B tperbeil rnaBe «Pa3padoTka TEXHOJOTMM H3TOTOBJICHUSI MHOIOCJIOM-
HBIX CTPYKTYpP € HEOJHOPOJHOH 0a30BOil 00J1aCTBIO» PACCMATPUBAIOTCS
crocoObl (OpMUPOBAHUS TpagueHTa MpUMeced Mo TOoJIMKMHE 0a30Boi 0OMacTH
apCEHUATAIUINEBBIX IMOJIEBBIX TPAH3UCTOPOB METOAOM >KUAKOCTHOM SIUTAKCUU U3
OrpaHMYEHHOro 00bEeMa pacTBOpa-paciuiaBa U UX BIMSHHME Ha CTaTHYECKHE,
JUHAMUYECKUE XapaKTEpPUCTHUKU U (OTOYCUIIUTENbHBIE CBOWCTBA IOJIEBOTO
TPaH3UCTOpPa, a TaKKe H3JAraloTCs NPUHIMIBI pealu3alud HOBOIO crocoba
AIUTAKCUAIBHOIO HAPAIMBAHUS CJIOEB, IyTEM KOHLUEHTPALIMOHHOTO CMEIIMBAHUS
pacTBOpPOB-pacIuia-BOB  IO3BOJIAIOUIETO  paCIIMPUTh  JUAINa30H  TPaJueHTa
MpUMECEH 1O TONIIMHE aKTUBHOM 00J1aCTH MHOTOCIIOMHON CTPYKTYPHI.

Hccnenyemble apceHMIraujiieBble MHOTOCIOWHbBIE (DOTOUYBCTBUTEIbHbIE
CTPYKTYpHI MOJTYYEHbl HA MOJJIOXKKaX p-Tuna GaAs ¢ KOHLIEHTpAalMEN HOCUTENEN
2:10”cM ™, pa3meniaeMbIX B TPU SUYCHKH B YCTPOMCTBE KHUIKOCTHON JMUTAKCHHU,
i€ MOCIEA0BATENBHO BhIpalIuBatOTCA CIOoU pGaAs n nGaAs-tuna npoBOAUMOCTH
C Pa3IUYHBIMU JIETUPYIOIIUMU puMecamu Te, Te+Si u Sn B eAUHOM IIpolLiecce.

Bce »snuTakcuanbpHbIE CIOW BBIPAIIMBAJINA W3 PACTBOPOB-PACIUIABOB C
BECOBBIMH 4YaCTSMU COAEpKaUX 7 MOJb.% apCeHuJ Tajuus JIETUPOBAHHBIX
COOTBETCTBYIOIIMMHU IPUMECSIMU PacTBOpPeHHbIX B rawmu. Crmoum p-tuna
ToinuHon 0.5 MKM BbIpallIMBaJId B MHTEpBaje temmneparyp ot 848°C no 845 °C
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OpU TOCTOSTHHOM CKOPOCTH OXJaxaeHuss | Tpaa/MuH, a CJIOM n-TUMA
MPOBOJUMOCTH  TOJIIMHOW 1 MKM  BBIpalIUBajid MPU  OXJIAKICHHH C
yMEHBIIAIIEHCsT cKopocThio 0T 3 rpaa/muH 1o 0.5 rpag/mun. B cooTBeTcTBUU C
BBIOpaHHOH JIETUPYIOMIEH MPUMECHI0 M CKOPOCTBHIO POCTa AMHUTAKCHUAIBHOTO CIIOS
U3  OKUAKOM ¢a3pl  OymeT (GOpMHpPOBATHCA COOTBETCTBYIOIIMI  mpoduib
pacmpesielieHusi mpuMecel Mo ero ToimuHe. Ha OCHOBE STHX MHOTOCIOWHBIX
CTPYKTYp H3TOTOBIJICHBI IIOJICBBIE TPAH3UCTOPHI C OCOOOW KOHCTPYKIIMEH, THe
3aTBOP SBIISICTCS CIUIONIHBIM, a KaHaJl /-THIA MPOBOAMMOCTH TOPH3OHTAJIBHBIM U
OTKPBITBIM, YTO TMO3BOJSTIAa M3MEHSATh TOJNIIMHY KaHala U 3a7aBaTh €ro
rapaHTHPOBAHHYIO OTCEUKY U (OTOUYBCTBUTEIBHOCTH, (puc. S5). [nmHa kanama
nopsiaka 50 MkM (OTHOIIEHHE JUIMHBI KaHala K TojimuHe Oonbmie 10), dro
OTKPBIBACT BO3MOXXHOCTD UISI KOHTPOIUPYEMOM XUMHUECKOH U MOPPOIOTHIECKOM
00pabOTKH €ro MOBEPXHOCTH.

Ha ocHOBe »SKCHEpUMEHTANBHBIX JAaHHBIX 3aBHCHMOCTH €MKOCTH OT
HANPSDKEHUST p-n-TIepeXo/ia 3aTBOpa, CBA3AHHBIX C XapaKTePHBIM H3MEHEHUEM
TOJIIIMHBI OOBEMHOTO 3apsiia ONpeAeNieHbl KOHIICHTPAI[MOHHBIE MPO(HIN 1Mo
TonmuHe Oa3oBoil (3amupaemoi) oOjactu. CoOINOCTaBJICHHE OSTHUX KPHUBBIX
MoKa3ajao, 4To B CTPYKType JierupoBaHHou Te (oOpazer IIT-III") koHmenTpaius
HOCHTEJIeH TOKa yBeIMuMBaeTcsi ¢ rpagmentoM mpumeceit 2.510%° em™ (puc. 6,
kpuBasi 1), a B CTpykType rae kaHan JjerupoBadH Te+Si (oOpazen IIT-PP)
KOHIICHTpAIMsI HOCUTENEH 3apsja SBIsIETCs paBHOMEpHOW (puc. 6, kpuBas 2).
OTMeTHuM, 4TO B CTPYKTYpE C KaHAJIOM JIerMpOBaHHBIM 0sioBoM (00pazer [IT-OT)
KOHIIGHTPAIMS HOCHTENEH yMEHbIIaeTcss ¢ rpaamentom mpumeceii 2.5°10°° cm™
(puc. 6, kpusas 3).

HNcmok

N, cm”
10 17

folﬁ

10" X, MKM
0.1 1.0

I-IIT-I1I"; 2- [IT-PP; 3- I[IT-OI"
Puc. 6. IIpo¢puinb pacnpenesseHus npumecen
B 3MUTAKCUATBHBIX cJ10AX GaAs

Puc. 5. IToJsieBoii TpaH3ucTop
€ OTKPBITHIM KaAHAJIOM

DKCIEPUMEHTAIPHO MOKa3aHOo, 4TO MPOo(WIb paclpeiesieHus MpuMeceil B
KaHaje CYIIECTBEHHO BJIUSAET Ha BXOJHBIE W BBIXOJIHBIE XapaKTEPUCTUKU
HCCIIeTyeMbIX TIOJIEBBIX TpaH3ucTOpoB. M3 Tabn. 1 BUAHO, YTO KpyTHU3HA TEpe-
JTATOYHOU XapaKTEPUCTUKH C YBEIMUCHHEM 3alUPAIOIICTO HAMPSHKCHUSI B apCEHU/T
TraJUIMEeBBIX TMOJEBBIX TPaH3UCTOpax, KaHajdl KOTOPBIX JIETMPOBAH TEUIYpOM, a
TaKke KPEeMHUU+TEIUTypOM IO CPaBHEHHUIO C KPEMHHEBBIM IOJEBBIM TpPaH3HUC-
TOPOM MMEET Ha MOPSIOK MEHBIINE 3HAYCHUS, a B MOJIECBOM TPAH3UCTOPE KaHa,
KOTOPOTO JIETUPOBAH OJJOBOM YMEHbIIIEHUE COCTABJISET BCEro JUIIb B TPU pa3a.

B kauecTtBe KOHTpOIBLHOTO OOpasiia ObLIN BHIOPAHBI KPEMHUEBBIC MOJICBBIC
tpan3uctopsl KI1303, KI1302). [lo mepe mepexona pacnpeneneHus mpuMeceid B
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Taoauma 1
I[al-ll—ll)le prTI/I3HI)I nepeuaTo‘moifl xapaKTepncTuKu I/lCC.]'IeIlyeMbIX
oﬁpasum; B 3ABHUCHMOCTH OT 3alIMPAOIIETr0 HANIPAKCHU S

OT-IT p*'GaAdspGadAs—nGads:Te R, =100xkOm, R, =31.9 kOm

BbIX

U,.B 0 0.5 1.0 1.5 2 25 | 30 | 35
I, MxA 4223 | 307 | 2025 | 138.1 | 8455 | 38 | 139 |225
S, MKA/B 230 209 | 1288 107 93.1 | 482 | 233
k=S-R,. 7.3 6.66 | 4.1 3.4 296 | 153 | 0.74

IT-PP p GadspGaAs—nGaAs:Te+Si, R, =130xOm, R =34.5 kOm

oun 6bIX

U,.B 0 0.5 1 1.5 2 25 3 3.5 4
1, , MKA 661 415 272 188 126 87.1 48.5 232 ] 0.88
S, MKA/B 491.6 286 167 1252 | 776 | 772 | 50.6 | 44.6

k=S-R,, 16.9 9.8 5.76 4.3 2.67 | 2.66 1.74 1.5
NT-0r p GaAspGads—nGaAs:Sn R, =200xOm, R, =38 xOm

U,.B 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
1, , MKA 150 115 91 70.5 | 49.5 | 359 223 123 | 1.63
S, MKA/B 175 120 | 102.5 | 105 68 68 50 53.3

k=S-R,, 6.65 456 | 3.89 | 399 | 258 | 2.8 1.9 2
KII303 KoHTponbHbIii KpeMHHUEBEIIT IToneBoi Tpansuctop R, =96 kOm, R, =31.5 kOm
U,.B 0 0.5 1.0 1.5 2.0 25
1, , MKA 430 283 153 66 19 6
S=AI_ /AU, vkA/B 294 260 174 94 26
k=S-R,, 9.2 8.19 5.48 2.9 0.81

KaHaje OT IMOJOXHUTEJIBHOTO TpajueHTa K OTPHUIIATCIIbHOMY, TEMHOBBIE TOKHU
YMEHBIIIAIOTCS Ha JIBa TOPSAKA, a BBIXOAHBIC IMHAMUYECKHE COMPOTHBIICHUS
yBenuuuBaoTcsa oT 96 kOm g0 200 kOM. DTO CBHUAETENBCTBYET O TOM, YTO B
MOJICBOM TPAH3UCTOPE KaHall, KOTOPOTO JIETUPOBAH OJIOBOM, OCYIIECTBIISCTCS
JUHeapu3aIys nepeaaTouHoON XapaKTePUCTUKH U CO3/1a€TCsl BO3MOKHOCTh PabOThI
B DHeprocOeperaroimeM pexuMme, Kak IMoka3zaHo Ha puc. 7. CyliecTBeHHas
JUHeapu3aIs KPyTU3HbI MePeIaTOYHON XapaKTePUCTUKU TOJIEBOTO TPAH3UCTOPA
C OTpHUILATENbHBIM TPaJAUEHTOM (pucC. 7, KpuBas 3) MO CPaBHEHHUIO C TOJICBBIM
TPAH3UCTOPOM C PaBHOMEPHBIM pacrpejesieHueM npumecen (puc. 7, kpupas 2) B
pexuMe OJM3KOM K OTCEYKEe KaHajia HEBO3MOXKHO OOBSICHUTH CYIIECTBYIOIIUMU
teopusimu  (pabotel  bokymditma u  Pudepa), KoTopbie MpeacKas3bIBalOT
HE3aBUCUMOCTh TEepPEaTOYHON XapaKTePUCTUKU OT Mpodwiis pacmpeacieHus
npuMecel B KaHaje. 3aMeTUM, YTO B ATHUX TEOPHUSX TMOJBH)XHOCTh HOCHUTEJIEH
3apsiia TPUHATA TOCTOSIHHOM 1O BceMy 00beMy KaHana. Bompeku Teopuu B
peaJbHOM TIOJICBOM TPAH3UCTOPE JITUPOBAHHBIM OJIOBOM TIPH  TOCIOMHOM
TpaBJIEHUM KaHaJla OOHAPYKEHO KOOPAMHATHOE HW3MEHEHHE IMOJABUKHOCTH
HOCUTEJEH 3apsijia, KOTOPblE MOXKHO OOBSCHUTH YBEJIMYEHHUEM ILJIOTHOCTHU
ne(EeKTOB MO Mepe MNPUOMIKEHHS K TpaHUIle IUICHKa-TOoMIoXKKa. M3MmepeHus
MOJABMYKHOCTH HOCHUTEJIEH B SMUTAKCHAIBHBIX CJIOSAX OCYIICCTBISIIN MPU MajbIX
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HallPSKCHUAX, II0 MCTOONUMKC HM3MCPCHUS B TOHKHX INICHKAX. I[eﬁCTBHTeHBHBIC
BBIPpAKCHUA I PACTIPCACICHUA ITOABUKHOCTH HOCHUTEJICH I10 TOJIIINUHC HaﬁﬂeHBI
C YUCTOM OIIPpCACTICHUA CPCAHCTO 3HAYCHMHA ®YHKHHH B 3alaHHOM HHTCPBAJIC:

u(x) = pm(x)+ xdi( [i(x)), JaHHBIE, KOTOPBIX IPUBE/IEHBI HA PUC. 8.
X

» i, eM/(B-c)

cU - cu.make

1,04 5000

081 X 4000
0,6

3000
0,4
2000
0,2

1000

00 02 04 06 08 10U, __ d, MKm

0 0,204 0608 1,0 1,2 1,4 1,6

Puc. 8.
3aBHCHMOCTD XO0JLJIOBCKOM MOJABHKHOCTH
HOCHUTeJel 3apsiia OT TOJIIIMHBI
AMUTAKCHAJIBLHOIO CJION

Puc. 7.
CTOoKO03aTBOPHBIE NepeIaTOYHbIe
XapaKTePUCTUKHN TPAH3UCTOPOB

Nmenno, wHabmogaemMass KOOpAWHATHAs  3aBUCHUMOCTh  IOJBI)KHOCTH
HOCUTEJEH B KaHajle OTKPBHIBAET BO3MOXXHOCTH JJII pPabOThl HCCIETYEMOTO
nosieBoro Tpanzuctopa (IIT-OI') B sHeprocOeperaromieM pexuMe, TO €CTh B
pexuMe OJIM3KOM K OTCEYKE KaHalla, UCKJIIoUasi UCKAKEHUS U MOTEPU TOJIE3HOTO
curHana. M3 comocTaBiieHHs] YCHUJIUTEIbHBIX CBOMCTB MCCJIEAYEMBIX IOJEBBIX
TPAH3UCTOPOB  BBISABJICHO, UTO TMOJICBOM TPAH3UCTOP C OTPHUIATEIbHBIM
IpaJIM€HTOM MpUMeceH B
kaHasie umeet koddduiment ycwieHus (18) B 1Ba paza 00NN 110 CPaBHEHUIO C
MOJICBBIM TPAH3UCTOPOM C MOJOKHUTEIBHBIM TpaJlueHTOM npumeceit (9) wiu B 3.5
paza OoJibllie TIO CPAaBHEHUIO C KPEMHHUEBBIM IIOJIEBOM TPAH3UCTOPOM, Kak
MOKa3aHO B TaOIUIIBI 2.

Tadamnna 2
JlanHble KO3 PUIIHEHTA YCUIIEHUS] OT HANIPSIZKEHUS CTOK-UCTOK®
[ToneBoit Tpan3ucrop Ha GaAs KaHaJl JETUPOBAH TEJLLIYPOM
U, B 2.0 2.31 2.69 2.8 2.89 3.1 3.5 3.8
v,,,vB 50 64.6 84.7 91.5 83.8 74.6 | 43.6 | 24.8
K,=U0,.U0,, 5.0 6.46 8.47 9.15 8.38 7.46 | 436 | 2.48
IToneBoii Tpan3ucrop Ha GaAs KaHaJl IETHPOBAH 0JIOBOM
U, B 0.5 1.0 | 1.5 1.75 | 1.89 | 20 | 2.1 | 22 |23 |24
v,,,vB 11.7 254 | 555 | 1058 | 180 | 180 | 180 | 180 | 111 | 72
K,=U0,.U0,, 1.17 2.54 | 5.55 | 10.5 18 18 18 18 |11.1| 7.2
KII303 KOHTpOIbHBIN KPEMHHUEBBIN OJIEBON TPAH3UCTOP
U, B 0.45 0.7 1.0 1.6 2.3 2.9
v,,,vB 40 75 75 60 50 40
K,=U0,.U0,, 4 7.5 7.5 6 5 4

*U,.,,=10MB, f=1xly
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Takum 00pa3oM, COMOCTAaBUTEIBHBIA aHAIW3 BIUSHUS  JIMHEHHOTO
rpaJlicHTa MpUMecel B KaHalle Ha CTATUIECKUE, TMHAMUYECKIE XapaKTePUCTUKU U
doToycunuTeNnbHbIE  CBOMCTBA  IMOJIEBOTO  TPAaH3UCTOpa  TOKas3al,  YTO
MOJIOKUTENBHBI  TPaJueHT TMpUMECeH TMpHuaaeT HapacTalomMi  XapakTep
3aBHCHMOCTH TOKa CTOKa OT HampspDKeHus. VX mepenaTodHble XapaKTepUCTHUKU
JMHEAPU3YIOTCS 10 CPABHEHHUIO C TOJEBHIMHU TPAH3UCTOPAMH C IOJIOKHTEIHHBIM
TpaJleHTOM TpuMecel, oOecredyrBas HE3HAYUTEIBHOE TPEXKPATHOE CHIKEHHUE
KOX(PGUITMEHTA YCUIICHHS TI0 Mepe 3allMpaHus TpaH3UCTOopa. BIusHue CTEeHHOTO
U HEIMHEHHOTO pacmpelesieHus TpuMeceil 1Mo TOJIIMHE KaHaja Ha
(yHKIMOHATIbHBIE CBOWCTBA TIOJEBOTO TpaH3UCTOpa TpeOyeT MoIpoOHOro
U3yYCHUSI.

Ha ocHoBe nccieoBanus MpoLeccoB pocTa MHOTOCTIOWHBIX CTPYKTYp ObLIO
YCTAaHOBJICHO, YTO KaXKAas JIETUPYIOIIas NMPHMECh JaeT XapakTepHoe OJIM3Koe K
JUHEHHOMY paclpejielieHne MpUMeceld MO TONIIUHE SHUTAKCHAJIbHOIO CIIOS,
TPaeHT KOTOPOTO 3a/JaeTCsi TEeMIepaTypHOH 3aBUCUMOCTBIO Kod(dduimeHnTta
pacmpesieieHusT KOHKPETHOW TIpUMECH U SIBIISIETCS HEyIpaBisgeMbIM. Takoe
NOBEJICHHE TIpHMecell OOyCIIOBICHO HEHW3MEHHOCThIO YCIOBHHM  CO3JaHUA
KOHIICHTpAIMN TpuMeceil Ha (QpoHTEe KpHucTaumm3anud. [1o3ToMy Iis momydeHus
CTETICHHOTO U HEJIMHEHHOro pachpeiesieHus NpuMeceld Mo TOJNIIUHE KaHaia
HEOOXOAMMO CO3/1aTh HOBBIE TEXHOJOTUYECKUE YCIOBUS MO3BOJIAIONINE N3MEHUTH
KOHIICHTPAIIMIO TpUMece Ha (QpPOHTE KPUCTAJUIM3AIMH, YTO MOXET OBITh
JTOCTUTHYTO 3a CYeT J100aBJIeHHsI B OCHOBHOM pacTBOP-pacIljiaB JOMOJIHUTEIBHOTO
pacTBOpa-paciiaBa, ¢ OTIMYAIONICHCS KOHIICHTPALUeH MPUMECH.

Jlns peanu3aliy MOCTAaBICHHOM 3aqadd ObLIO pa3paboTaHO cleHUaNbHOE
YCTPOMCTBO JKUJAKOCTHOM snuTakcuu (puc. 9), obecneuynBaroiiee dAMUTAaKCUATbHOE
HApallUBaHUE MHOTOCTONHBIX IOMYNPOBOJAHUKOBBIX p pn-CTPYKTYp IIyTeM
CMEIIIMBAaHUsI PACTBOPOB-PACIIABOB, C 3aJaHHBIM T'PAJUCHTOM KOHIICHTpAIUH
npuMecel 1Mo TOJIIINHE BhIparuBaeMoro cyios. [Ipu 3ToM ObII0 yCTaHOBIICHO, YTO
pasHUIla MEXIy KOHIEHTPAIUSIMH TPUMECEH OCHOBHOTO U JOIMOJHUTEIHHOTO
pacTBOpa-pacIiaBa JI0JDkKHa ObITh HE MEHee JIByX MOopsiAKoB. Macca m AUCKpPETHOM
YacTH JIOTIOJIHUTENIFHOTO PacTBOpa-pacijiaBa BBOJUMOIO B OCHOBHOI pacTBOp-
pacrias

/
AR

LI

a) .
reoMeTpHUCCKHil paspes 0) 2JIEMEHTHI YCTPOICTBA

Puc. 9. /IByxnopuiHeBoe rpagpuroBoe ycTpoicTBO

HOJDKHA YHAOBJICTBOPATH COOTHOIICHHUIO, mzkmol" nojiaBacMoM Cco CKOpPOCTBIO

E=m,y-t" onpeaensdione npopuiab pacrnpeaeeHus NpUuMecen.
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B rpaduroBom ycTpoiicTBe cHauajga BbIpalIMBaICs SMUTAKCHAIBHBIN CIION p-TUNA
C KOHIIEHTpale Hocurtenei 107 cu™ W3 pacTBOpa-paciuiaBa CojepiKaiiero 7
MOIb% apceHuJa Trajulks PacTBOPEHHOTO B TAJUIMM NPUBEACHHOIO ITyTEM
TOPU3OHTAILHON Tofaun mpu Temmeparype 845 °C B KOHTAKT € MMOJIOXKKOM
momanaeo 1 cM” p+-TI/IHa ¢ KOHIIeHTparei 2-10° cu”. 3aTeM Ha TMOBEPXHOCTH
AIUTAKCUAIBHOTO CJIOA p-THNA TOPU30HTAJIBHO IOJABAJICS OCHOBHOM pacTBOp-
pacIuiaB 7-TUIA COAEP KAIIUN apCEHU/T TaJUIUS B TAJUIMU B TOM K€ COOTHOLIEHUU C
KOHIleHTpanue#  Hocutenmedr  7.5-10"cm ™. Poct  ocymiecTBisieTcss  MpH
BEPTUKAIBHON TMOJaye JIOMOJHUTEIBHOIO pPAacTBOpA-paciiaBa 7-TUIA TaKKe
comepxamero 7 Moab% apceHHaa TajulMs  PacTBOPEHHOTO B TajUIMU  C
KOHIIEHTpaIuei 10° cu™ K OCHOBHOMY pacTBOpYy-paciuiaBy mnpu temieparype 830
*C NpUHYAUTEIBHBIM OXJIAKICHUEM M C YMEHbBIIAIONIEHCS CKOpoCcThio. [Ipu pocte
Ha IOBEPXHOCTH AIUTAKCUAJIBHOIO CIIOS p-THUNA W3 CMEUIMBAEMBIX PacTBOPOB-
pacIulaBOB  BbIpalllMBAeTCs TPaJMEHTHBIA CIOM n-TMHa ¢ yObIBaromen
KOHIIeHTpaie Hocutened (3—1) 10°  cu™, KOTOpbIe ONPEHCICHBI U3
BOJIbTEMKOCTHBIX ~ Xapakrtepuctuk. OtTiuuyue mpeajgaraemMoro crnocoda oT
U3BECTHBIX COCTOMT B TOM, YTO CMEIIMBAaHHUE JOMOJHHUTEIBHOTO pacTBOpA-
pacijiaBa HE NPHUBOJMUT K IIEPECHIIIEHUIO OCHOBHOI'O pAacTBOpa-paciuiaBa, a
MEPECHILIEHUE JOCTUraeTcs 3a CYET NPUHYAUTENbHOro oxiaxiaeHusd. lIpodunb
pacrpeneneHuss MpUMeEcel YIpaBiseTCsl CKOPOCThIO NMOAAYM JTOMOJHUTEIBHOTO
pacTBopa-paciuiaBa (&= f(¢)). YCTaHOBIICHO, UYTO TOJYYCHHBI Ha OCHOBE ATOU
TEXHOJOTUU (OTOUYBCTBUTEIBHBIM MOJIEBOM TPAH3UCTOP C OTPUIATEILHBIM
IpaJMeHTOM MpuMeceld B KaHaje Onarojaps JMHEApU30BaHHOM MepeaaTOYHON
XapaKTePUCTUKN COXPAHSET BBICOKYIO (DOTOUYBCTBUTEIBHOCTh HE TOJIBKO MpHU
HYJIEBOM CMEILIEHUHU, HO U C MPpUOJIMKeHneM pexxuma otceuku kanana (U, =0.8 B)

nipu pabouem Hanpspbkenuu (1.3+2.2 B). [Ipu ontumanbHOM paboyeM HanpsiKEHUU
1.8 B u unrerpanbHoit ocBenieHHOCcTH 100 5K co3gaeTcst (POTOTOK CTOKAa paBHbBIN
4.5 MkA ¢ dorouyBcTBUTENbHOCTRIO 1.28 A/mm miom 8.26-10° A/Brt, uto B 1Ba
pa3a OoJjbllle MO CPaBHEHHIO, YEM B IOJIEBOM TPAH3UCTOPE C MOJIOKHUTEIbHBIM
IpaJMeHTOM MPUMECH, KaHall KOTOPOIO JIETUPOBAH TEJUIYpoOM, a Kod(puuueHT
(hOTORIEKTPUIECKOTO YCUIICHHUSI TIO TOKY O0JIbIe B IsATh pas (60).

B uetBeproii riaBe npuseaeHbsl « HoBble peskMMbl BKJIIOYEHHS MOJIEBbIX
TPAH3UCTOPOB, O0eceYUBAOIIMEe MAaJioe MNOTpPedJeHue JHEPrum», TIJe
aHANMM3UPYIOTCS  (PYHKIUMOHAIbHBIE  BO3MOXKHOCTH  (POTOUYBCTBUTEIHHOTO

II0JIEBOTO TPAH3UCTOPA C YNPABJIAIOMIUM P P — N -IIEPEXOJOM B 3aBUCUMOCTH OT
PEKUMOB BKJIFOUEHUS M MPOIECCHl HACHIIIEHUSI TOKAa CTOKA CIy>Kalue OCHOBOW
JUISL  CXEMOTEXHHYECKOW JMHeapu3aluu MepeJaTOYHOM XapaKTepUCTUKH Ha
KPEMHHUEBBIX TMOJEBBIX TPAH3UCTOPAX OTKPHIBAIOUIUX BO3MOXKHOCTh CO3JaHUS
MHUKPOCXEMBI UCIIOJIL3YEMOW B MUKPO U OMTORJIEKTPOHUKE.

[IpoBeneHn cOMOCTaBUTENbHBIA aHAIW3 JJis BBISBJICHUS ONTUMAJIbHBIX
PEKUMOB  TOJYYEHHS]  MAKCUMaJIbHOM  (OTOUYBCTBUTEIBHOCTH  IOJIEBOTO
¢doToTpan3ucropa. BeisicCHEHO, YTO BOJIbTaMIIEpHAs XapaKTEPUCTHKA IOJIEBOTO
TPaH3UCTOPa B 3aBUCUMOCTH OT MHTEHCHUBHOCTH CBETA B IUIABAIOLEM DPEKUME C
YMEHBIICHUEM WHTEHCUBHOCTH OCBEIICHHUS CO3[a€T CEMEWCTBO KPHUBBIX 3a CUET
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3amupaHus KaHajga. A B peXuMe ¢ O0IMM UCTOKOM TOJIIIIMHA KaHayla IpruoOpeTaeT
HEU3MEHHOE OT HAIpPSDKCHHS CTOKA 3HAUYCHHE, MOCKOJBKY CO3/1aBa€MOE€ CBETOM
M3MEHEHHUE KOMIIEHCUPYETCS HaNpsHKEHUEM 3aTBOpa.

VYcTaHOBIIEHO, YTO B PEKHUME aBTOMATUYECKOTO CMeEIleHUsl HabJromaeTcs
HauOoJbIIIee YCHWICHHE, OOYCIOBICHHOE OCOOCHHOCTSIMU MOIYJISIITUU TOJIIUHBI
KaHasia B JaHHOM pexkume. CpaBHEHHE KBAHTOBBIX A(h(PEKTUBHOCTEHN 1OJIEBOTO (PO-
TOTPAH3UCTOpPa B IUIABAIOIIEM M TPAH3UCTOPHOM (B CXeMe€ C OOIIUM HCTOKOM)
pexuMax mokaspiBaeT (puc. 10), 4To ouHAKOBBIE 3HAUEHUS KBAaHTOBOH d(PheKkTHB
HOCTH (60+65) MOXHO TOJYYUTh MPU MEHBIIUX HAMPSHKCHUSX B PEXUME
riaBatomero 3arsopa (mpu 2 B mpotus 2.23 B). O6HapykeHa MHBEpPCHUSl 3HAKa
(hOTOTOKA B MOJIEBOM TPAH3UCTOPE MIPU PEKUME ONTOTPAH3ZUCTOPHOT'O BKIFOUCHHUS,
KOrJa aMIIEpMETP BKJIIOYEH MEXKJy CTOKOM M HCTOKOM, a pabodee HampsiKeHHE
BKJIIOYEHO K CTOKY W 3aTBopy. B 3ToM pexume yBenuueHue ¢GHOTOTOKA C
HaIpspKeHHEM  O00YCIIOBIIEHO CMEIICHHWEM B TMPSMOM HaIlpaBJIEHUM TIEepexoja
3aTBOP-HUCTOK

70 N

60
504
40
30
20

PR g

1- ¢ mIaBaloLIM 3aTBOPOM;
2- O CMEIIEHHBIM 3aTBOPOM

Puc. 10. CnekTpajbHasi XapaKTepUCTHKA
nosesoro ¢gororpansucropa

OTHOCHUTEJIHHO IMePBOHAYAIBHOT'O COCTOSIHHS, B TO BpEMs KaK MEePEX0;] CTOK-3aTBOP
MOCTENIEHHO 3amupaeTcs. B pesyiapTaTe Kak Iuiomanb  (HOTONMPHEMHON
MMOBEPXHOCTH, TaK M 00BEM TJI¢ TCHEPUPYIOTCS (OTOHOCUTEIIH, YBEINUUBACTCS C
pocToM pabodero HampspDKeHHs. B Toke BpeMs BBISIBJICHO, YTO B CBSI3H C
KOMITCHCAIIUC TEMHOBOTO TOKa (OTOTOKOM IIIYMOBBIE  COCTABIISIIOLIUE
NPaKTHUECKH HCKIoYaTcsa. OCOOCHHOCTRIO TMONEBOro (OTOTPAaH3UCTOpa B
peKMME  3amnMpaHus ~ KaHajla ~ HANpsOKCHWEM — CTOK-3aTBOP  SIBIISICTCS
nepepacrpezeneHine GOTONMPUEMHON TOBEPXHOCTH MEXAY JIBYMs OapbepaMu ¢
yBEJIMUCHUEM Pab0vYero HaNpsoKeHUS. BBISIBICHO, YTO B MOJICBBIX TPAH3UCTOPAX C
HapacTarOIIMM TOKOM CTOKa MOYHO IOJIY4YUTh SPKO BBIPAKCHHOE HACHIIIICHUE
TOKa CTOKA CXEMOTEXHUYECKH B PEKUME aBTOMATHYECKOT'O CMEIICHUS U B YETHIPE
paza Oonpmuit  kodpdunueHT ¢doTodNeKkTpuueckoro ycwienus (250) mo
cpaBHeHUIO (60) ¢ PSKUMOM BKJIFOYEHUS C OOITUM UCTOKOM.

AHanu3 TPUYMHBI HACBINICHWS TOKAa CTOKAa MCCIEIYEeMOTO II0JICBOTO
TPaH3UCTOpPA TIPH HKCIOJIB30BAHMHM PEXKUMa BKIIOYCHUS aBTOMATHYECKOTO
CMEIICHUS, TOKa3ajd HACHIIAIONIUHCSA XapakTep MaJaroniero HampsHKCHUS Ha
CMeEIIaIeM pe3uctope. Takoe N3MEHEHHE TaIar0IIero HAMpsKSHHs TPUBOIUT K
MOCTIEIOBATEIPHOMY 3allMPAHHUIO MEPEX0/la UCTOK-3aTBOP M CY)KEHUIO KaHaJla 10
BCCH NIMPHHE 3aTBOpa 3a CYET OOpa30BaHMS HWOHU30BAHHBIX 3aps/ioB, 4YTO U
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NPUBOANUT K SIPKO BBIPAXCHHOMY HACHIIICHHIO TOKa cToka. [lomOupas 3HaueHUs
CMEIIAIONIET0 COMPOTHBICHUS MOXHO C(QOpPMHUpPOBaTH CEMEHCTBO CTOKOBBIX
XapaKTEePHUCTUK ¢ OoJiee SIPKO BBIPAKCHHBIMU TOKAMH CTOKA.

CrnenyeTr OTMETUTH, YTO YeM OOJIbIle OyAeT BEeIHMUNHA CONMPOTHUBICHUS, TEM
MEHbBIIIe OyIeT TOK CTOKa. B peknMe aBTOMAaTHYECKOTO CMEIICHHS IOACBETKa
KaHaja MPHUBOJUT K CHHXPOHHOMY YMEHBIIEHUIO CMEIIAIONIETO HAIMPSHKCHHUS U
YBEIIMYCHHUIO TOKA CTOKA.

Ha ocHOBe pe3ynbTaToB WCCIENOBAHMS MPOIECCa HACBHIMEHUS TOKAa CTOKA
apCEeHUATaJUINEBOTO IIOJIEBOTO TPAH3HUCTOpPa TPEIAJIOKEHO HOBOE TEXHHUYECKOE
pellleHre, TO3BOJIAIONIEE TOBBICUTH CPOK  CIYKOBI  TIONYIMPOBOJTHUKOBBIX
CBETOM3ITYYaAIONIUX MPHOOPOB HAa OCHOBE KOHTPOJIHHOTO KPEMHHEBOTO TOJIEBOTO
tpan3uctopa KI1302 ¢ 6onbimm TokoMm cToka (3+30 MA).

C menbpio TpeaoTBpaIICeHUS HECTAOUIBHOCTH pab04yero TOKa M UCKaKCHUH
MOJIE3HOTO CHUTHalla B pa3paboTaHHOM MOIYJIATOpE B KadecTBe HMCTOYHHKA
cTabmim3aTopa TOKa M KIIOYa TPEUIOKEHO HCIOJIb30BaTh OAWH TIOJIEBOM
TPAH3UCTOP BMECTO ABYX OHITOISIPHBIX TPAH3UCTOPOB HUCIIOJIB3YEMBIX B H3BECTHOM
MoxyJsaTope, puc.l1.

—
1+ 2 5 11
X -k
8[| 10|l T '—| T2
5 7 4
._| ex— 12
ex— 6
a) U3BECTHAs 0) npemaraemas

Puc.11. Cxema MoayJIITOPAa ONTHYECKUX CUTHAJIOB

B mnpeanaraeMoM MopaynsiTope pabouuMii TOK OCTaeTCs HEU3MEHHBIM IpH
cHIKeHUH pabovero HampspkeHus ot 10 go 3 B. Ilogada nmone3Horo curhana ot
HMCTOYHHUKA 3BYKOBOI'O CHTHala K BBIBOJAY HCTOKA, OOECIEUMBAET TIIIyOOKYIO
MOAYJSIMIO KaHalla ¢ KO3(PPUIUEHTOM YCUIeHUS OOJNbIINM, YEM B CXEME C
OOLIUM UCTOKOM.

3aMeHa OOBIYHOIO pPE3UCTOpa Ha CONPOTUBIECHHE KaHajla I0JIEBOIO
TPaH3UCTOpPa B CXEME C AaBTOMATHYECKUM CMEIIEHHEM COCTaBJISET CYIIHOCTb
IpeJIoAKEHHOrO0 HoBoro mnoaxozxa (puc.12). Ilpum stoM ocymiectBisercs Ooiee
riyooKass MOIYJSIUS TOJIIMHBI 0a30BOM 00JacTH MO CPaBHEHUIO C PEKUMOM
BKJIIOYEHHS] C OOIIMM HCTOKOM, 4YTO TIO3BOJISIET TMOBBICUTH 3HAYCHUE
Koa(puIeHTa yCUIIeHHus TI0JIEBOTO TPAH3UCTOpa. 3AECh CIeAYET OTMETUTh, UYTO C
OJIHOM CTOPOHBI CXE€Ma BKJIFOUEHUS JIBYX IMOJIEBBIX TPAH3UCTOPOB, TaK Ha3bIBaeMas
«IuerKay SBISETCS KOMOMHUPOBAHHOM, TO €CTh BKJIIOYAET MOJIEBOM TPAH3UCTOP C
oOLIMM 3aTBOPOM M TOJIEBOM TpaH3UCTOP ¢ oOmuM ucTokoM. C Apyroi CTOPOHBI
HaJdM4he B HEW 0OIero BbIBOJA 2 OTKPHIBAET BO3MOXKHOCTH JJIsl YBEITUUYCHHS
KOMOUMHAIMK ero pekUuMoB BKIIOUeHHs. BoiBoawsl 1 u 3 ciyxkaT majig mojnadu
paboyero HampsKeHHUs, a BbIBOJ 4 MCHOJB3YyeTCs ISl TMOJayd CMEUIalouIero
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HaIpsDKEHUS 3aalolero paboure peKUMbl dTOM sUelKu, a TakKe IJis IoJadu
MOJIE3HOT'O CUTHAJA.

[Ipu wucnosb30BaHUM JTaHHOM CXeMbl BKIIOYEHHUS Ornarojaps SpKo
BBIPQ)KEHHOMY HACBIIICHUIO TOKa CTOKa (puc. 12) u nuHeapu3auu nepeaaTouHon
xapaktepuctuku (puc. 13) or wmamoro (~2 MB) mnepemenHoro curhana
CUHYCOUJANbHOW (OpMBI 1MOJaBa€MOro OT 3BYKOBOI'O T€HepaTopa MOJyYeH
kod(ppunmeHT ycuneHus mnopsaka 70 mpu 3anuparolieM HanpsiKEHUW pPaBHOM
MIOJIOBUHE HAIPSHKEHMS] OTCEUKH, KaK MPUBEJICHO B Ta0JI. 3.

Tabauna 3
JlaHHbIe 32aBUCMMOCTH KO3 PUIHMEHTA YCHICHUS
OT BEJIMYHMHBI 3alIUPAOLIETr0 HANPSIZKeHU s *

Usyr B 03 | 031 ] 032 | 0.325 | 0.33 | 0.335 0.36 0.44 0.54 0.6
UyomB | 2 | 2 | 2 2 2 2 2 2 2 2
UpnoMB | 22 | 64 | 130 | 140 | 140 | 130 | 100 80 40 | 20
K. 11 37 65 70 70 65 50 40 20 10
* £=4001y
1 ICM’ 0.
i I}:_I o 1,04 1—=— oTaenbHo B3ATLI ¢ U =-0.8 B
| | 2—e— oTpenbHo B3aTEIN ¢ U =-0.5 B
i T L 3 i 0,84 3—4A— nocnepoBaTenbHO COEANHEHHbIEe
B | | 061
i i
- | o
| I 0,2
LIRS S
= 0,04 : . . - :
3 00 02 04 06 08 10U o0e
Puc.12.
JIByXTpaH3UCTOpPHAs siveiika Puc. 13. IlepeanaTouHblie XapaKTePHUCTHKH

HCCJIIEAYEMBIX IMMOJEBBIX TPAH3UCTOPOB

B Helt BbIBOJ 3aTBOpa pa3beIWHEH OT BHIBOJA MCTOKA M COCJAMHEH K HCTOKY
OCHOBHOTO TPaH3UCTOpA, YTO MO3BOJSET YBEIMUUTh KOdhuimeHT ycunenus. Ha
OCHOBE TMPEIJIOKEHHON  «JIBYXTPAH3UCTOPHON  SMMEHKM» TIPU  Pa3IMYHBIX
KOMOMHAITUSAX €Tr0 PEKUMOB BKJIIOUCHUSI TIOKa3aHbl BO3MOXXHOCTH pPa3padOTKU
perysTopa ToKa, U3MEPUTENS TEMIIEPATYPhI U YCUIUTENSI ONTHYECKOT0 CUTHAIa
JlanHasi «IBYXTpaH3HCTOpHasi s4eika» MpejcTaBissi co0oMl, Kackag c
JTMHAMHYECKON Harpy3kou, MpH COOTBETCTBYIOIICH MOJIEPHU3AIMU MOXKET OBITh
MCIIOJIb30BaHa TaKXe JUIsl MpeoOpa30BaHus BXOJHOTO CUTHaja MaJlol U cpelHen
MOIITHOCTH 0€3 MCKaXEHUW U MoTephb. B HEH OT BXOJHOTO CUTHAIA OJHOBPEMEHHO
MOAYIHUPYIOTCS 00a KaHaia, yIy4llaloTcsl YCUIUTEIbHbIE CBOMCTBA U TOSIBISETCS
BO3MOXKHOCTh €€ TMPUMEHEHHUs [ CO3JIaHHs YCTPOWCTB C pa3IMUYHBIMU
(YHKIIMOHATLHBIMHU Ha3HAYCHUSIMH. [Ipennaraemas MHUKpOCXEMa, C
JTMHAMHYECKON HArpy3Ko#l MpU JaHHOM BKJIIOUCHHUH IO CPAaBHEHUIO C U3BECTHOMU
MMEeT Ha JBa mopsaka Oonpmuii kodddunueHT ycuieHus ao 100 3a cuer
OJIHOBPEMEHHOM  MOAYJSLHMH  TOCJIECIOBATEIbHO  COCIUHEHHBIX  KaHAJOB.
VYHuBepcaibHasi MHKpPOCXeMa ¢ JUHAMHYECKOM Harpy3kol Ha IOJIEBOM
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TpaH3ucrope (puc. 14) mMoxeT ObITh M3rOTOBJIEHA HA OCHOBE KPEMHUS, TBEPIbIX
: L A3RS . A2R6
pacTBOpoB SiGe, a TakKe NOJyIPOBOJIHUKOBBIX coeanHeHnid A°B u A"B’.

7 2 3 4

[T -

n >t -

+

p

Puc. 14. llonepeunslii pa3pe3 npeasnaraemMoi
YHHMBEPCAJbHOI MUKPOCXeMbI

Takum oOpa3zoMm, mnpenjaraemas MHKpOCXeMa Ha OCHOBE Kackaja
JUHAMUYECKOIN Harpy3Kou Ha MOJeBOM TPAaH3UCTOPE MOKET ObITh OCBOCHA Ha Oa3ze
0TpabOTaHHON MPOU3BOJCTBEHHON TEXHOJOTHUHU MOJYNPOBOJAHUKOBBIX U3JIETUN U
MCIIOJIb30BAThCSl B KAUECTBE YCUIIUTEINS IEPEMEHHBIX CUTHAJIOB U B IPYTUX LIETAX
OTpeJeNSIEMbIX PEKUMAMH BKIIOUEHUS.

B maron riase mnposeneHbl «PacdyeTHO-aHAIMTUHYECKHE HCCIeI0BAHMSA
TEXHOJOTMH TOJYYEHUS] M TOKOBBIX XaPAKTEPUCTHK MHOIOCJIONHBIX
CTPYKTYp», mpouecca aupdy3un MeTamsia B MOJYNPOBOJAHUK C HEIJIOCKOM
MOBEPXHOCTBIO, @ TaKXke MporeccoB (GopMupoBaHus Npoduis pacupeaeaeHus
npUMecell B apCeHUTAIITUEBBIX MHOTOCIIOWHBIX CTPYKTYpax, BbIPAIIUBAEMBIX U3
pacTBopa-paciuiaBa C OrPAaHHMYEHHBIM W YBEIMYMUBAIOUIUMCA OOBEMOM, B TOM
YlClie PACCMOTPEHBl PE3yNbTaThl PACUETHO-AaHATUTHUYECKUX HCCIIeJOBAaHUMN
MPOLIECCOB  TOKOMEpPEHOCAa B MHOTOCIOMHBIX CTPYKTypax C PpPa3IMYHbIM
IpaJue€HTOM MpUMECEH B TUOJHOM U TPAH3UCTOPHOM PEXMMAaX BKIIOUEHUS.

MopnenupoBanuem mnpouecca aubdysun meramna (Zn) B NOJTYIPOBOIHUK
(nGaAs) ¢ TEKCTYpUpPOBAHHOW TIOBEPXHOCTHIO YCTAHOBJIEHO, YTO MEHSs
KOHIEHTpaluoo 1ud@yHaupyeMoro Meramia U BpeMeHU MpoBeaeHus nuddysuu
MOXXHO CO3/1aBaTh p-n-Nepexonbl pa3nuyHod ¢opmbl u miuomanud. llpu
OTpaHUYECHHOM KOJIMYECTBE METajula U 3aJlaHHOU TeMrepatype nud@y3un nuHKa
700 °C mpu Bpeme-uu aupdysun 30 MUHYT TpaHUIA p-n-TIEPEXO]a MOBTOPSCT
TEKCTYpY NOBEPXHOCTHU MOJYNPOBOJHMKA, KaK MPUBEJEHO Ha puc. 15a, a mo mepe
noBbimennss temmeparypbl (900 °C) u  AIUTEIBHOCTH BpeMeHH Auddy3un
MIPOUCXOJIUT TIOCTENIEHHOE BbIpaBHUBaHUE ¢GpoHTa auddysun puc. 156. D10
o0yclioBIIeHO yBennyeHueM kodpdunrenta nuddysun metamia B HOTYNPOBOJI-

1__0.. T - T T T T 1!0- T — T T
a) t =001 0.5 6) [ =003

0,5

oF 0

-0,5+ -0,5
1,0fF 1,0
1,5} 1,5}
08 04 0 0,4 -08 08 04 0 04 -08

Puc. 15. ®pountsl nuddy3un Zn B GaAs
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HUKE, KOTOpPOE TMOATBEPKAACTCS OKCIEPUMEHTAIbHBIMA JaHHBIMH IIpoIiecca
b dy3un aToMOB IMHKA B ApCEHUIE TaJLITHS.

[TyreM pacyeTHO-TEXHUYECKOTO MOAENUpoBaHus audPy3un LIHUHKA Ha
TEKCTypUPOBAHHYIO TOBEPXHOCTh AapCeHUAA Tajulds IOKa3aHO, 4YTO TOA0upas
Ko4uecTBO nuddy3aHTa U AIMTEITHHOCTH MPOIECca MOXKHO YIPABIAThH Mpoduiem
Mukpopenbeda. [Ipu ananuze npouecca auddy3un npu Bpemenu quddysun t=30
MUHYT Tpo@uib MeTamyia MNOBTOpsieT npoduiab CTPyKTypsl (puc. 15) m s
Pa3IMYHBIX YCIOBUN AUQPPY3UH COTTACYIOTCS C IKCTICPUMEHTAIBHBIMH JTaHHBIMH,
KaK TpUBEICHO B Ta0II. 4.

Taoauua 4
PaC‘IeTHbIe JAHHbIC AJIA nepexoua oT 6e3pa3Meprlx K pa3MeprlM
BEJIMYMHAM VIMHBI 1 BPEMEHH NIPH Pa3JIHYHBbIX YCJIOBUAX 1M Py3un

T, °C D, cm?/cek [X], MKM [7 ], Mun t =001,mun | 7 =0.05, Mun

700 2,98-107° 10 5,610 560 2800

750 1,39-10" 10 1,2-10* 120 600

800 5,64-10"° 10 3000 30 150

850 2,02-10™ 10 800 8 40

900 6,46-10™"" 10 250 2,5 12,5
HpI/I yBeJII/I‘IeHI/II/I BpeMeHI/I }II/I(I)(I)YBI/II/I NJIn T eMHepaT ypBI HpO(i)I/IJIB
pacnpeneneHI/m IIUHKAa BBIpaBHI/IBaeT Ci.

C wmenplo  ympaBieHUsT  KOHIIGHTpalUueW mpuMeced Ha  (QpoHTe

KPUCTAJTA3AIUHU MPEUIOKEHO YIIPABIATh 00bEMOM M KOJUYCCTBOM JICTHPYIOMINX
MIpUMECEH 3a CUeT CMEIIMBAaHMS B OCHOBHOHM pacTBOP-PACILIaB JIOMOJHUTEIHLHOTO
pacTBOpa-paciuiaBa ¢ 3aaBaeMOil CKOPOCTBIO.

VY CcTaHOBJICHO, YTO 3a7aBasi 3aKOH M3MEHEHHUS IIara BBIJaBIMBAIOIICTO ITOP-
IITHS, MOYKHO YIMPABJIATh CKOPOCTHIO TOJaYd JIOMOJIHUTEIBLHOTO pPacTBOpa-pacii-
naBa &= f(my,t)=myt", TA€ Y U n- KO3PUIHEHTHI, ONpeAesionue 13MEHEHNE
CKOPOCTH T10J1aYd JIONIOJIHUTEIILHOTO PacTBOpa-pacijiaBa W IO3BOJISIONINE TEM
caMbIM YIpaBIATh TpoduiIeM pacmupe-

-3
mhf; - JEJEHUs IpUMecH, puc. 16.

CoznaBaemble B TEXHOJOTHYEC-

KOM Ipoliecce Npo(uin pacupeaeneHus

npUMecell  CyIIeCTBEHHBIM  00pa3oM

10" BJIIMAIOT HAa CTOKO3aTBOPHBIE XapakKTe-
PUCTHUKU I10JIEBOI'O TPAH3UCTOPA.

Ilo pacueTHbIM [IaHHBIM I1OKa3a-

107 x, mxw HO, UTO B Cllydae PaBHOMEPHOIO pac-

0.1 1.0 IIpEEJICHUs IIPUMECEU U IOJBUKHOCTU

JIUHUH — pacdeTHast
TOYKHU — SKCTIEPUMEHTaIbHAS

HOCHUTENIeH IIO TOJIIIMHEC KaHaJla TOKH
CTOKa IIpU YBCIUYCHHUHN 3allMPAOIICTO
HaIllPpsAKCHUA YMCHBIIAKOTCA IO KBaJApa-
TOJIIIMHE TIPH UCHO0Ib30BAHUH TUYHOMY 3dKOHY, IIPUBOJA K CHHKCHUIO
KOHUECHTPAUMOHHOI0 CMEIIUBAHUSA K03‘1)(1)I/IHI/I6HT21 YCUIICHUA (pI/IC- 17,3)-
Ha ocHoBe PAaCYCTHO-aHAJIUTHYCCKOT'O  HCCIICOHOBAHUA TICPCAATOYHBIX
XAPAKTCPUCTHUK YCTAHOBJICHO, YTO PACYCTHBIC W OSKCIICPHUMCHTAJIBHBIC KPUBLIC

Puc. 16. Pacnipenenenne npumecei mo
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COrJIacylOTCS JIMIIbL B TPEINOJIOKCHUN HAIWYUSA TPAJUCHTa ITOABHIKHOCTH
Hocutesned no tonmuue kanana (IIT-OI') (puc. 170), cymecTBOBaHHE KOTOPOTO
MOATBEPXKACHO PE3yIbTaTaMHU 3KCIIEPUMEHTAIBHOT'O UCCIIEAOBAHUS TIOJIBHIKHOCTH
HOCUTENICH B DOIHTAKCHAIBHBIX CJOSX. Ilpm dTOM HajgM4We BBICOKOTO
OTPUIIATEIPHOTO T'PaJMCHTA IOJABHKHOCTH HOCHUTEIICH B KaHAJIe IIOJICBOTO
TPaH3UCTOpPA JICTHPOBAHHOTO OJIOBOM IMPUBOIUT K YKOPAYMBAHUIO ()PEKTUBHOU
ga’n-N
I’

Hac

IJIMHBI KaHaJIa, 1 TCM CAMBIM K YBCIIMYCHHIO 3HAYUCHUS IMApaMCTpa y = >
EEHL
0

XAPAKTCPUIYIOMICTO CTCIICHb 34 BUCHUMOCTH IIOABHUKHOCTH HOCHUTEJIEH OT
HaAIIPSKCHHOCTHU  QJICKTPHUYCCKOI'o IIOJIsA, 10 10, NpuBOAsA K JIMHCApU3ALIUU
HCpCHaTO‘IHOI‘/II XAPAKTCPUCTHUKU TPAH3HUCTOPOB, PUC. 178. HpI/I MaJbIX 3HAYCHUAX
nmapamMeTpa ) MOAYIALU KaHajla OHNpEACIsACTCSA IPEHUMYIICCTBECHHO HpO(l)I/IJIeM
IIOABHUXKXHOCTHU HOCHTeHeﬁ, a IIpu OOJBIIMX 3HAYCHHUAX OHA OIIPCACIIIACTCA
HpO(l)I/IJICM KOHIOCHTpPAIUU IIPUMCCH.

1,0

leiflore 1,0 lelore 10 ,mﬂwc

.
-

08 0,8

0,8

0,6 0,6

0,6

04 0.4

0,4

0.2 0,2

v, 92

n h...,_*‘___ 3
0 02 04 06 08 10 ° 0z 04 08 08 10 00 02 04 06 08 1,0
a) U =const 6) 1-u = u, — Bx 5)
2-p = py = fx

Puc. 17. Ilepenatouynble XapaKTepUCTHKHU IOJIEBbIX TPAH3UCTOPOB

B noneBoM TpaH3UCTOPE C OTPULIATENBHBIM I'PAJTUEHTOM IPUMECEN B KaHAJIE
MepeJaTOUYHbIE XapAKTEPUCTUKHU JTUHEAPU3YIOTCA KaK B IOJIEBBIX TPAH3UCTOPAX C
KOPOTKHM KaHaJIOM. OJTO YyKa3blBa€T Ha TO, YTO BapbHUpys MpOllECCaMU pOCTa
AIUTAKCUAJIBHOTO KaHAJIa W YIpaBisisd PacupeAciCeHUEM MNPUMECEN MO TOJIIUHE
MOYHO TMOJYYUTh IOJEBBIE TPAH3UCTOPHI C JJIMHHBIM KaHAJOM CO CBOMCTBaMHU
KOPOTKO-KAHAJIBHOTO  TPAaH3UCTOpA, KOTOPbIE  MOYKHO  HCIIOJIB30BaTh B
HKOHOMHYHOM PEXHUME C MAJIBIM NOTPEOJICHUEM SHEPTHUH.

[IpoBeneHbl pacyeTHO-AHATIUTUYECKUE HCCIEIOBAHUS (POTOAIEKTPUUECKUX
XApAaKTEPUCTHUK IOJEBOTO TPAH3UCTOPA B JIHMOJHOM pEXKUME, KOTOpBIE IMOKa3alu
BO3MOKHOCTh ~ YNPABJICHUS TEMHOBBIMHU M CBETOBBIMM TOKAaMHM 3a CYET
dbopMHpyeMOro rpajgueHTa NpUuMecei B KaHase.

3AKJIIOYEHHUE

1. Pazpabotan HOBBIN CMOCOO >KUAKOCTHOW AMUTAKCUHU, 00€CTICUMBAIOIINI
dbopmupoBaHue 3aJaHHOTO Npoduis pacupeneieHuss NpUMeceil Mo TOJIIMHE
SMUTAKCUAIBHBIX CJIOEB BBIPAIIMBAEMBIX IIyTEM CMEIIMBAHUS B OCHOBHOM
pacTBOp-pacIiuiaB, KOHTAKTUPYIOMIMI C MOMJI0KKOM, TONOJHUTEILHOTO PacTBOpa-
pacIiaBa TUCKPETHBIMHU YaCTSIMU € YIIPaBIISIEMO CKOPOCTHIO.
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2. IlpoBegeHo  pacyeTHO-aHAJIUTHYECKOE  HCCIIeOBaHUE  TPOQuIIs
pacnpeneneHuss IpuMeceil 1Mo TOJIIMHE BBIPAIIMBAEMbBIX 3MUTAKCUATIBHBIX CIIOEB
U3 pacTBOpa-paciiaBa ¢ HEM3MEHHBIM 00BEMOM U C YBEJIMUMBAIOIIUMCS 00BEMOM,
I7Ie CKOPOCTh MOJIayu JOTOJIHUTENIBHOIO pacTBOpa-pacijiaBa B OCHOBHOM pacTBOp-
paciuiaB 3a7aeT npoduib pacupeaeaeHus: npuMecei.

3. VYcraHoBieHBbl ONTUMajJbHblE peXxuMbl aUPPY3UH LUHKA Ha
TEKCTYPUPOBAHHYIO TOBEPXHOCTh 0a30BOW 00JIaCTU W TMOCIEIYIOUIEro pocTa
AIUTAKCUAJIBHOTO TEeTepocioss B eAMHOM Tnpouecce. [lyreM KOMIBIOTEpHOTO
MojienpoBaHus mnpoiecca Aubdy3un Meramia B MOJYINPOBOJHUK C HEIUIOCKOU
MOBEPXHOCTHIO TMOKa3aHO, 4YTO, IO MeEpe YyBeIW4eHHUs BpemeHu auddysuu,
npoduiib rpaHUIBl p-n-TIEpEeXojila CTAaHOBUTCA Bce OoJiee IUIOCKOH, 4TO
corjacyercs ¢ SKCIIEpUMEHTaJIbHBIMU Pe3yJIbTaTaMHU.

4. Pa3pabotaHa TEXHOJOTHUS TMOJYYEHUS M3O0TUIHOW JBYXOaphepHOM

nGag_ osln. ,4s — NGaAs -rerepocTpykTypsl Ha OCHOBE HHIMHCOEPIKAIIETO

AMUTAKCUAIBLHOTO CJIOSl apCEeHUJIa TajuTUsl ¢ TEXHOJIOTHYECKH TEKCTYPHUPOBAHHOMU
MMOBEPXHOCTBIO B BHJIE€ TOPPOB MPU HU3OBITKE HMHAMS, CO3JAIONIEM pa3inyue
napameTpoB pemeTok B ~1.4% ¢ moJJI05KKOM apceHna raiusl.

5. Paspaborana TeXHOIOTUs moiyueHus poroosbranueckoil pAl,,Ga,yAs -

pGa o, Ing As -nGaAs -cTpyKTypbl ¢ TEXHOJOTHYECKH  TEKCTyPHPOBAHHOMU

MTOBEPXHOCTHIO B BUJI€ BBIMYKJIBIX MUpamMuy (¢ ocHoBaHueM 40+60 MKM U BBICOTOM
8-10 MkM) mipu Jerupyromieit mpumecu repmanus B 3.1 Moiab.% Bo PppoHTaIBbHOM

rerepocioe pAl, ,Ga,,As BeIpalieHHOM Ha UHIUICOIEPKALIEM IT€TEPOCIIOE.

6. Pa3paboraH AMCTAaHIIMOHHO-YMIPABISEMBIH OMNTOAJIEKTPOHHBIA KITIOY,
o0ecreynBaomuii BKJIIOUEHHE-BBIKIIIOUEHHE AIEKTPONIPUOOPOB u
TEXHOJIOTUYECKUX OOOpPYJOBAaHMH C TOMOULIBIO OJHOIO CBETOBOI'O 30H/A,
COCTOSIIIIMN U3 YCWJIMTENsI C BXOAHBIM KacKaJoM Ha IOJICBOM TPaH3UCTOpPE, B
KOTOPOM MEXIYy 3aTBOPOM M CONPOTUBIEHUEM HCTOKA BBeAeH (OTONMPHUEMHUK Ha
OCHOBE JABYXOapbepHON CTPYKTYPHI C BBICOKUM BXOJAHBIM COTIPOTUBIICHUEM.

7. Pa3paboran  MOIyJATOpP  ONTUYECKUX CHUTHAJIOB,  COAEp KaIUi
MOJTYTIPOBOJHUKOBBIM HM3J1ydaTelib CBETAa, MCTOYHMK TOKAa M KJIHOYa Ha OJHOM
MOJICBOM TPAH3UCTOPE BMECTO ABYX OHUIOJSPHBIX TPAH3UCTOPOB, YTO IMO3BOJISIET
COXpPaHUTh CTaOWJIM3UPOBAHHBIK TOK MW HCKIIOYWTH HWCKAXEHUS CHUTHaja
CBsI3aHHBIE C OOJIBLION EMKOCTBIO OUIOJISPHOTO TPAH3UCTOPA.

8. Pazpabortan (oTOUyBCTBUTENBHBIN MOJIEBOW TPAH3UCTOP HA apCeHUE
rajuidsi ¢ OTpUIATEILHBIM TPAIUCHTOM MPUMEcCEl B KaHaJie UMEIOIIHUIA B JIBa pa3a
oosbiyto porouyBcTBUTENBHOCTD (800 A/BT) u B 6 pa3 Oonbimuii kodpduuueHT
ycwieHuss 1o Toky (60) 1o CpaBHEHHIO C TIOJEBBIM TPAaH3UCTOPOM C
MOJIOKUTEIIHBIM TPAJUEHTOM TIPUMECEH.

9. IlpoBepeHO  pacyeTHO-aHAJIUTHYECKOE  MCCIIEJOBAHUE  CTOKOBBIX
BOJIbTAMIIEPHBIX XapaKTEPUCTHK IOJIEBOTO TPAH3UCTOpPA C JUIMHHBIM KaHAJIOM C
y4eTOM TpaJueHTa pachpeicieHus MpuMeced W TOABHKHOCTH IO TOJIIWHE
KaHaJia, 00bSACHSIOIIEee NPOSBICHUE B HEM CBOMCTB KOPOTKO-KaHAIBHOTO MOJIEBOTO
TPaH3UCTOPA U BO3MOKHOCTh €r0 UCTOJb30BaHUS B YKOHOMUYHOM PEKUME.
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10. IIpennoxxena yHuBepcajibHas MHKPOCXEMa C YEThIpbMS BBIBOJIAMHU Ha
OCHOBE <(JIBYXTPaH3UCTOPHOU STYEUKH» C CUHXPOHHO MOAYJIMPYEMBIMU KaHaJIaMH,
o0ecrneunBaOIMMHU Ha TOPSAIOK OONbIINN KOA(D(PUIMEHT YCUICHUS B PEXUME,
OJIN3KOM K OTCEYKE KaHalla, B CPABHEHUM CO CXEMOW C JMHAMHYECKOW Harpy3Koi
Ha TIOJIEBOM TPAH3UCTOPE.

11. PaspabGoTan reHepaTOp CTAOMIM3UPOBAHHBIX TOKOB Ha OCHOBE
«IBYXTPaH3UCTOPHOU STUCHKI C JIMHEAPU30BAHHOU NepeaaToOuYHO N
XapaKTepPUCTUKOW, KOTOPBIA MPEAHA3HAYEH [UISI MCIIOJb30BAaHUSA B PEKUME
3aJaHHOI0 MPELU3UOHHO-PETYIUPYEMOTO TOKa C MaJIbIM 11arom,
00ecIIeYnBaIoOIINM W3MEPEHUE BOJIbTAMIIEPHBIX XapaKTEPUCTUK
MOJIYIIPOBOJHUKOBBIX ~ MPHOOPOB €  PE3KO  BO3pACTAIONIMM  TOKOM  THIa
CTAOMJIMTPOHA, OTPAHUYMTENICH HANIPSHKEHUSI WIIH S — IUOJIOB.
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Introduction (Annotation of doctoral dissertation)

Topicality and demand of the subject of dissertation. In world one of the
important physical and technological problems in the fastest dynamical growing
areas of micro- and optoelectronics is the development of photosensitive gallium
arsenide multilayer structures with enhanced functional characteristics. In this case
investigation of the relationship of their operating parameters with electro-physical
parameters of the active region will provide to obtain new technical solutions
contributing to reveal previously unknown features of photosensitive multilayer
structures. Performing research on the improvement of channel region of the field-
effect transistor, on solving problems on reduction of energy consumption, on the
development of field-effect transistors with p-n-junction, as well as the
development of manufacturing technology of photosensitive structures are
promising areas of research.

Application of multi-layer semiconductor devices, particularly photodiodes
and transistors in automotive industry and telecommunications needs to enhance
their opration frequencies, linearization of transfer characteristics, increasing the
thier gain and research inclusion modes. Thus the research conducting on influence
of epitaxial layer parameters to the properties of field-effect transistors aimed at
optimization of construction parameters of field-effect transistors are actual.

This research work aimed at development of the method of epitaxial growth
of semiconductor materials by mixing solution-melts as well as obtaining gallium
arsenide multilayer photosensitive structures with a controllable gradient of
impurity and mobility distributions and photodiode structures with micro-relief
border of interface. Improving of functional characteristics of these structures and
obtaining photosensitive field-effect transistors in conjunction with the features of
manufacturing technology and providing their operation in power saving mode are
the demand of this dissertation.

This thesis is devoted to solving in a certain extent the problems on
enhancing the competitiveness of electronic products, particularly, the problems
noted in the Decree of the President of the Republic of Uzbekistan DP-1442 «On
the priorities of industrial development of Uzbekistan in 2011 — 2015» of 15
December, 2010.

Conformity of research to priority directions of development of science
and technologies of the Republic of Uzbekistan. This work was performed in
accordance with the priority directions of development of science and technology
of the Republic of Uzbekistan PAS-3 — «Power engineering, energy-saving and
resource-saving, transport, machine engineering and instruments industry; the
development of modern electronics, microelectronics, photonics and electronic
devices».

Review of international scientific researches on the subject of
dissertation. Research on field-effect transistors are held at leading universities
and centers, in particular in University of Berkeley (USA) and Montpelie (France),
as well as by company Mitsubishi Electric (Japan) to the development of
manufacturing technology of field-effect transistors with p-n-junction and a
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Schottky barrier, SPC “Polyus” (Russia) on the high-frequency field-effect
transistors on gallium arsenide, and at the University of California (USA) research
are held on manufacturing technology graphene filed-effect transistors.

In world scale some actual problems are solved, particularly, in the field of
devices with internal gain on the base of new semiconductor materials significiant
results are obtained: field-effect transistors controlled by the light were created
based on superconductivity — (National University of Natural Sciences, Japan); a
high-frequency field effect transistor structure with two-dimensional electron
channel has been developed — (University of Montpelie, France); static induction
field-effect transistor with vertical channel has been manufactured — (Sony, Japan);
high temperature field-effect transistor has been obtained based on technology of
growth of high quality epitaxial layers of alluminium-gallium nitride AlGaN/GaN
over the Si (111) substrates — (Nitronex, US).

At this time advanced research are performing on solving the technical
problems of manufacturing technology of photosensitive structures based on
epitaxial layers with mmicro-relief surface and controllable gradient of impurities,
and extension of their functional characteristics.

Degree of study of problem. Numerous connection combinations of field-
effect transistor for various applications are considered by A.G. Milekhin. As well
as, is noted that with the approach of locking mode of the channel instabilities of
parameters and low gain, caused by the nonlinearity of the transfer characteristic,
are inherent in it. Known technological methods for improving the parameters by
shortening the channel length of the field-effect transistor used by Pucel R.A. lead
on the one hand to improve the amplifying properties due to the linearization of the
transfer characteristics associated with the profile of impurity distribution in the
channel, and on the other hand increase the power dissipation with increasing of
the operating current. This circumstance signifies that these field-effect transistors
become economically unfavorable due to impossibility of their operation in mode
close to pinch-off of the channel.

At the same time a famous scientist Noyce R.N. showed that the creation of
a longitudinal gradient of impurities along the length of the channel with
decreasing carrier density in the direction of the source allows to increase the
efficiency of the channel resistance modulation by gate voltage, but by no means
does not affect to transfer characteristic due to the uniform distribution of the
impurities along the thickness of the channel. In this case gradient of impurities
and mobility of charge carriers along the thickness of the channel are not
considered.

By a specialist in the field of liquid epitaxy Russian scientists V.M. Andreev
it 1s demonstrated that technologically unmanageable gradients of impurity
distribution, inherent to the selected dopant, can be obtained in the epitaxial layers
produced from solution-melt with forced cooling due to the temperature
dependence of the distribution coefficient of the dopant. Possibility of purposeful
modification of the constructions of liquid epitaxy devices are a prerequisite for the
modernization of technological methods and techniques so that be able to provide
different impurity distribution gradients and to identify their influence on the
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properties of diode and transistor structures.

Until the present day in the development of liquid phase epitaxy technology
a certain contribution have been made by group of academician Zh.l. Alferov,
professor Y.P.Yakovlev, academician M.S. Saidov, doctors M.N. Tursunov, M.A.
Abdukadirov and A.V. Karimov as well as others, each of which has developed
various technological aspects in accordance with their targets and objectives. In
particular, by the group of A.V. Karimov methods have been developed to obtain
abrupt p-n-junction from the solution-melt which is cooled at a decreasing rate, as
well as technology of obtaining variable-band epitaxial layers by mixing portion of
solution-melts with different composition into the main solution-melt under
isothermal conditions.

From above it follows that the manufacturing technologies of the desired
gradient of impurities and mobility of charge carriers along the thickness of the
channel are unprocessed. The methods of linearization of transfer characteristic
require a new approach. Thus, remain unexplained the opportunities of
enhancement of electrical characteristics of photodiode structure and functional
properties of the multilayer transistor structure with an inhomogeneous distribution
of impurities and mobility of charge carriers in the channel, as well as at non-
traditional connection modes, which require a comprehensive study of the
influence of irregularities on their characteristic parameters in conjunction with the
technological conditions.

Connection of dissertational research with the plans of scientific-
research works. Doctoral dissertation is carried out at the Physical-technical
institute SPA «Physics-Sun» of AS RU under Research and Development State
Programs: Ne A-6-049 «Development of manufacturing technology of
semiconductor photoelectric converters with selective photosensitivity» (2006-
2008); ®A17-D-100 «Development of photoreceiving device for weak optical
signals based on photoelectric converter» (2009-2011) and A3-DA-0-10-440
«Development of thermal and electric pulse processing methods aimed at increase
of yield at production of lacking groups of semiconductor devices (JSC
«FOTON»)» (2012-2014).

Purpose of research is development of a multilayer photosensitive gallium
arsenide structures on the basis of epitaxial layers with a predetermined impurity
distribution profile and textured surface, improving their functional characteristics
and research of new connection modes.

To achieve this goal the following tasks of research are formulated:

to develop a manufacturing technology of a multilayer gallium arsenide
structures with a micro-relief surface by liquid phase epitaxy;

to simulate processes of impurity diffusion in a semiconductor with a micro-
relief surface;

to develop a growth technology of epitaxial films with non-linear gradient
(positive or negative gradient, power-law gradient) distribution of impurities along
the thickness;

to simulate a non-isothermal growth process of epitaxial film from solution-
melt with varying composition accompanied by increase of volume of solution-
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melt;

to develop a field-effect transistor on the base of gallium arsenide with non-
uniform (positive or negative gradient, power-law gradient) distribution profile of
the impurities along the thickness;

to simulate electronic processes in field-effect transistors with non-uniform
distribution profile of the impurities and mobility of charge carriers along the
thickness of the channel;

to develop different connection modes (mode of automatic bias, mode of
maximum conductivity, and drain-gate voltage-controlled mode) of field-effect
transistor that enhance its functionality;

to develop a remotely-controlled optoelectronic switch with fast switching of
an object using a single light emitter and the input stage on the basis of field-effect
transistor;

to develop new connection modes based on comparative analyse of the
obtained results for gallium arsenide field-effect transistor and reference silicon
sample.

Objects of research are p*GaAds-pGaAs-nGaAs-junction field-effect
transistors with different distribution profiles of impurities and mobility of charge
carriers in the base, as well as gallium arsenide structures with isotype hetero and
micro-relief boundary.

Subject of research is process of developing the epitaxial and diffusion
technologies of manufacturing the multilayer gallium arsenide structures with
structural and morphological irregularities.

Methods of research. In dissertation have been applied the complex
information methods of experimental physics: measurement of current-voltage and
capacitance-voltage characteristics; measuring the spectral photosensitivity at
different bias and morphological studies of surfaces and interfaces, as well as
methods of theoretical calculations and computer simulations of technological and
electronic processes.

Scientific novelty of dissertational research consists in the following:

for the first time, a method is developed for non-isothermal growth process
of epitaxial layer of A’B’ semiconductors with desired distribution profile of
impurities by mixing the saturated solution-melts and is conducted its simulation;

a technology is developed for diffusion of impurity zinc to gallium arsenide
with texturied surface followed by growth of epitaxial hetero-layer, optimal modes
are established consisting in zinc diffusion at 800°C for 80 minutes and growth of
hetero-layer in temperature range from 813°C to 809°C with cooling rate 1
deg/min in a single process;

a technology is developed for manufacturing isotype double-barrier
nGag_, osIn.,,A4s — NGads -heterostructure based on indium-containing epitaxial

layers of gallium arsenide with technologically textured surface in the form of
ripples at excess of indium, leading to the difference in the lattice parameters equal

to 1.4% with gallium arsenide substrate and the photo-voltaic pAl, ,Ga,,As -

pGa, e, In, \ As -nGads -structure with technologically textured surface in the form
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of pyramids (with a base 40-60 microns and a height of 8-10 microns) at impurity
germanium with 3.1 mol.% in frontal hetero-layer pAl, ,Ga,,As:Ge grown on
indium-containing hetero-layer;

for the first time, a photosensitive field-effect transistor is developed based
on gallium arsenide with negative (decreasing to the surface) gradient of impurity
distribution in the channel having a gain twice as large as compared to the field-
effect transistor with a positive gradient of impurities distribution and 3.5 times
larger in comparison with the conventional devices;

connection modes of field-effect transistor are proposed providing its
operation as a photoreceiver with maximum sensitivity, as a fast-response
photoresistor and as a high power switch in electronic circuits;

a calculation of current transport process in field-effect transistors is
conducted taking into account the gradient of the carrier mobility distribution and
the influence of surface states which for the first time showed the possibility of
linearizing the transfer characteristics of the field-effect transistors with a long
channel,

a universal microchip with four electrodes is developed on the basis of
double-transistor circuit with synchronically modulated channels providing an
order of magnitude (70 compared to 7 in ordinary cases) higher gain in mode close
to pinch-off the channel;

for the first time, a remotely-controlled optoelectronic switch is developed
providing a switching on and switching off of the electronic devices and
technological equipments consisting of an amplifier with the input stage on the
basis of field-effect transistor wherein between the gate and resistor of source is
included a photodetector based on double-barrier structure;

for the first time, a modulator of optical signals is developed allowing to
increase the lifetime of the semiconductor light-emitting devices consisting of
semiconductor light-emitting device, current source and a switch based on single
field-effect transistor instead of two bipolar transistors wherein input signal is
applied to the source;

a generator of stabilized currents are developed based on “double-transistor
cell” with linearized transfer characteristics, which is intended for setting
precision-regulated current with a small step, provides a measurement of the
current-voltage characteristics of semiconductor devices with sharply increasing
current stabilitron type, voltage suppressor and S — diodes.

Practical results of research consist in the following:

a method is developed for non-isothermal growth process of epitaxial layer
of gallium arsenide with predetermined distribution profile of impurities along the
thickness and on their base a lechnology is poposed for manufacturing the a
photosensitive multilayer structure with desired gradient of impurities in base
region aimed at optimization of their key parameters providing operation in power
saving mode;

the modified manufacturing technologies are developed for multi-layer
aluminium and indium-containing heterostructures providing increasing of the
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photosensitivity of multi-layer structures by decreasing the optical losses;

technical solutions are developed disclosing the functional capabilities of
field-effect transistors based on gallium arsenide and a reference sample based on
silicon in electronic circuits designed to amplification of the DC and AC signals.

Reliability of obtained results is confirmed by the use of modern scientific
and technological methods, standard and tested in the manufacturing factory
techniques to control the parameters and characteristics of the semiconductor
devices. Results and conclusions are justified on physical representations based on
theoretical and experimental data. The reliability of the experimental data is
provided by using complex independent measuring techniques and data processing,
as well as their corresponding to modern concepts of physics and technology of
semiconductors and devices based on them.

Theoretical and practical value of results of research. Obtained results
expand the physics of multi-layer photosensitive structures with gradiental base.

Practical results are important for identifying connection modes of various
electronic circuits with field-effect transistors used in telecommunications and in
systems of transmission and receiving of optical signals.

Realization of results of research. 4 patents of the Republic of Uzbekistan
intended to prevent failure and increase the lifetime of electronic equipment have
been obtained: “Modulator of optical signals”(IAP Ne04854 on 21.02.2014);
“Remote optoelectronical switch” (IAP Ne04600 on 25.04.2012); “Method of
epitaxial growth of semiconductor materials by mixing the solution-melts” (IAP
Ne04053 on 09.10.2009); “Photosensitive filed-effect transistor” (IAP Ne03832 on
21.11.2008);

a device “Generator of low currents” are developed which provides to
establish the reasons for refusal and technological deviations from the established
regulations of semiconductor devices and implemented at SJC “FOTON”. The
economic effect of implementation due to increasing the percent of yield of
semiconductor devices by 10% i1s 20 million Uzbek Sums per year
(Implementation act of “Uzeltechsanoat™ Association from 10.04.2014).

Approbation of work. Main results of the dissertation were presented and
discussed at the republican and international conferences, including: «Young
Scientists Conference on Optics and High Technology Materials Science», SPO-
2013 (Kyiv, 2013); «Physics of Semiconductors and Devices, Problems of
Teaching» (Namangan, 2013); «Actual Problems of Physics» (Baku, 2008); «Non-
equilibrium Processes in Semiconductors» (Tashkent, 2007); «Fundamental and
Applied Problems of Modern Physics» (Tashkent, 2007); «Young Scientists
Conference on Optics and High Technology Materials Science», SPO-2006 (Kyiv,
2006); «Fundamental and Applied Problems of Modern Physics» (Tashkent,
2006); «Microelectronic Converters and Devices» (Baku-Sumgait, 2005); RIO 5
«World Climate & Energy» Event (Braziliya, 2005); «Scanning probe microscopy
—2003» International Workshop, Nizhny Novgorod (Russia, 2003).

Main results of the dissertation were presented and discussed at the enlarged
seminar (3 June, 2015) on specialty «Physics of Semiconductors» at the Physical-
Technical Institute SPA «Physics-Sun» AS RU, as well as at the one-off scientific
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seminar (25 November, 2015) at Scientific council 16.07.2013.FM/T.12.01 at
Physical Technical Institute, Institute of Ion-Plasma and Laser Technologies and
Samarkand State University on award of the scientific degree of Doctor of Science
in specialty 01.04.10 - Physics of Semiconductors (technical sciences).

Publication of results. According to the materials of the dissertation 43
scientific papers are published, including 23 articles, 8 of which in English, 1
monograph, 15 conference proceedings and 4 patents for inventions.

Structure and volume of dissertation. Dissertation consists of
introduction, five chapters, conclusion and list of references, including 127 items
of references and 2 appendixes. It is presented on 200 printed pages, containing 89
figures and 28 tables.

MAIN CONTENTS OF DISSERTATION

In the introduction the topicality and relevance of the dissertational subject
have been justified, the conformity of the research with priority directions of
scientific and technological development in the republic have been defined,
presented an review of international scientific researches on theme of the
dissertation, degree of study of the problem, the purpose and tasks, the object,
subject and methods of investigation have been formulated, the scientific novelty
of the research has been stated, the reliability of the obtained results has been
proved, their theoretical and practical values have been revealed, short information
about the implementation of the results and approbation of the work as well as
about the volume and structure of the dissertation have been given.

In the first chapter «State of issues and trends to improve manufacturing
technology of semiconductor structures with an inhomogeneous base region»
of the dissertation a review of literature data on the status of the research problem
and trends to improve the functional characteristics of multi-layer semiconductor
structures depending on the structural and morphological irregularities are given
and the influence of constructional features of the field-effect transistors on their
functional properties, as well as ways to improve the electrical parameters of field-
effect transistors by circuit design are considered. Based on the analysis of
available data are formulated the tasks of dissertation.

In the second chapter «Development of technology for manufacturing the
multilayer structures with the micro-relief surface» technological steps of
manufacturing multilayer structures with a textured surface by diffusion methods
and liquid phase epitaxy, their spectral responses, amplifying and photoelectric
properties of heterostructure, features of remotely-controlled optoelectronic switch
on the basis of this heterostructure are given.

The technology is developed for manufacturing multilayer structures with
micro-relief surface by combined method providing diffusion of zinc impurities
into the textured surface of the gallium arsenide buffer layer and subsequent
growth of epitaxial hetero-layers (4/GaAs) on top of the buffer layer from a limited
solution-melt in a single process.

Texturing the surface of the buffer layer was carried out by anisotropic
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etching. Diffusion of zinc impurities was provided from zinc powder (146 mg in a
graphite chamber with volume of 5.3 cm’) into gallium arsenide with micro-relief
surface at 800°C during 50 minute. Growth of hetero-layer was carried out at

a) p-n-junction with flat
boundary

\

b) dendrite type micro-relief
boundary of p-n-junction

K-

c¢) micro-relief boundary
of p-n-junction obtained
by contact diffusion

30 pm

Al

Fig. 1. Micrographs of
cleavages of structures with
buffer layer pGaAs and
hetero-layer pAly 4GaycAs

temperature range from 813°C to 809°C with
cooling rate 1 degree/minute. In this case, the
nGads substrates were chosen with concentration
10" cm® and with dimensions (1 cm?)
corresponding to the cell of a graphite cassette. In
addition the diffusion process can be carried out
from the solid-state (from the deposited zinc
powder on GadAs:Zn) contacting the surface of the
substrate, allowing to obtain a micro-relief
interface. Micrographs of cleavages of obtained
structures are shown 1n fig. 1.

It is experimentally shown that in the obtained
multilayer p+Alo.4Ga0.6As-pGaAs:Zn-nGaAs-
n' GaAs-structure with micro-relief surface the
range of spectral response extends into the region
of short wavelengths, and the quantum yield
becomes twice higher as compared than in the
structures with flat surface (fig. 2.) which can be
specifically used as the photovoltaic receiver.

The  technology is  developed  for
manufacturing the structures with grown micro-
relief surface by liquid phase epitaxy on the basis
of indium and aluminum-containing epitaxial
layers of gallium arsenide on the gallium arsenide

substrates, which allows increasing the angular response to the absorbed light as
compared with a flat structure (up to 90 degrees compared to 50 degrees in the flat
structures). They are characterized by flat boundary of p-n-junction and
technologically textured surface defined by composition of hetero-layer.
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Fig. 2. Photoelectric characteristics of structures
with flat (1) and micro-relief (2) p-n-junction

A pAl, ,Ga,,As : Ge

heterolayer were grown from the solution-melt

containing 7.5 mol.% undoped gallium arsenide, 0.3 mol.% aluminium and 3.1
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mol.% germanium solved in gallium at the interval of temperature from 822 °C to
818 °C with cooling rate 1 degree per minute.

It is revealed that at growth of pAl, ,Ga,,As:Ge heterolayer from the
solution-melt with the above composition on the indium-contained pGa, g, In ,As

heterolayer texture in the form of pyramids (with a base 40-60 microns and a
height of 8+10 microns) is formed, fig. 3.

o ——

a) view of the surface b) boundary of p-n-junction
Fig. 3. Micrographs of structures with grown micro-relief

The hetero-layer nGa.>9sln<g:As with corrugated surface (due to
differences in the lattice parameters of 1.4%) is grown with thickness 2+4 micron
on the substrate nGaAds:O by forced cooling the solution-melt containing 4.9
mol.% gallium arsenide and 0.7 mol.% indium solved in gallium at temperature
range from 838°C to 822°C with cooling rate 1 degree/minute.

On both surfaces of this hetero-isotype
structure the rectifying contacts are
obtained by deposition of silver allowing
to amplify the input optical signal (from
light emission diode). On this basis the
controlled optoelectronic  switch is
developed providing not only switching
on, but also switching off the object
remotely using a single light probe, fig. 4.
The feature of this design is that as
compared

with the conventional analogues it has a function of switch due to created

optoelectronic feedback at drain between the light emitter and the photodetector.

In this case, the remote control is carried out by switching the field-effect
transistor to the locking mode using the hetero-isotype photodiode excited by a
light probe. Switching in this system is performed by alternately pointing the light
probe to both photodetectors, which leads to remotely switching on and switching
off the electrical devices and equipments

In the third chapter «Development of technology for manufacturing the
multilayer structures with non-uniform base region» methods of formation an
impurity gradient along the thickness of the base region of gallium arsenide field-
effect transistors by method of liquid phase epitaxy from a limited volume of the
solution-melt and their influence on static, dynamic characteristics and photo-
amplifying properties of the field-effect transistor are considered, and realization
principles of a new method are described for epitaxial growth of layers by mixing

Fig. 4. Electronic circuit of remotely-
controlled optoelectronic switch
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the solution-melts allowing to extend the range of the gradient of impurities along
the thickness of the active region of the multilayer structure.

The investigated gallium arsenide multilayer photosensitive structures are
obtained on p-type Gads substrates with charge carriers’ concentration equal to
2:10”cm™, which are placed into the three cells of liquid phase epitaxy equipment,
where are consistently grown layers pGaAds and nGads-type conductivity with
different impurities Te, Te+Si and Sn in a single process. The all epitaxial layers
were grown from the solution-melt containing 7 mol.% gallium arsenide doped by
appropriate impurities solved in gallium. The epitaxial layers of p-type
conductivity with thickness 0.5 micron were grown in temperature range
848+845°C at constant cooling rate 1 degree/minute, and layers of n-type
conductivity with thickness 1 micron were grown with cooling at first in a high
rate (3 deg/min) passing to a small rate (0.5 deg/min). In accordance with the
selected dopant and growth rate of the epitaxial layer from the liquid phase the
corresponding impurity distribution profile along its thickness will be formed.

On the basis of these multi-layer structures field-effect transistors with
unique construction are manufactured wherein the gate is all-over, the channel of
n-type conductivity is horizontal and uncovered which allows to change the
thickness of the channel and to set the guaranteed pinch-off of the channel and
photosensitivity, fig. 5. The thickness of the channel is about 50 micron (the ratio
of the channel length to its thickness is more than 10) which provides an
opportunity for controlled chemical and morphological processing the its surface.

On the basis of experimental data of capacitance dependence from voltage
on the gate’s p-n-junction related with typical change of the thickness of the space
charge region the concentration profiles are defined along the thickness of the base
(latching) region. A comparison of these curves shows that in the structure doped
with Te (Sample FET-PG) concentration of the charge carriers increases with
gradient of impurities 2.510* c¢m™ (fig. 6, curve 1), and in the structure with
channel doped with Te+Si (Sample FET-UNI) concentration of the charge carriers
is uniform (fig. 6, curve 2) and in the structure with channel doped with Sn
(Sample FET-NG) concentration of the charge carriers reduces with gradient of
impurities 2.5'10%° cm™ (fig. 6, curve 3). As a reference sample silicon field-effect
transistors «KII303», «KI1302» were selected.

N, cm®
Source 10”7

10"

1- FET-PG; 2- FET-UNI; 3- FET-NG

Fig. 6. Distribution profile

Fig. 5. Field effect transistor of im[.)uri.ties in GaAs
with uncovered channel epitaxial layers
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It is experimentally shown that distribution profile of impurities in the
channel significantly affects to the input and output characteristics of the
investigated field-effect transistors. As the transition of the impurity distribution in
the channel from the positive to the negative gradient, dark current is decreased by
two orders of magnitude, and an output dynamic resistance is increased from 96
kQ to 200 kQ. From Table 1 it can be seen that the transconductance of the
transfer characteristic in the field effect transistors, the channel of which is doped
with tellurium, siliconttellurium and in the silicon field-effect transistor are
decreased by the order of magnitude and in the field effect transistor, the channel
of which is doped with tin, a reduction is only three times. It testifies that in the
field effect transistor, the channel of which is doped with tin, is performed the
linearization of the transfer characteristics and provides an opportunity to operation
in a power-saving mode, as shown in fig. 7. Significantly linearization of the
transfer characteristics of the field-effect transistor with negative gradient (fig. 7.,
curve 3) as compared with field effect transistor with uniform distribution of
impurities (fig. 7., curve 2) in the mode close to the pinch-off of the channel is
impossible to explain by existing theories (in works of Bockemuehl and Richer),
which predicts the independence of the transfer characteristic from the impurity
distribution profile in the channel.

Table 1
Data on transconductance of transfer characteristics of investigated
samples depending on the gate voltage
FET-PG p'Gads— pGaAs—nGads:Te, R, =100kQ, R, =31.9 kQ
U,V 0 0.5 1.0 1.5 2 2.5 3.0 3.5
1,, nA 422.3 307 202.5 138.1 84.55 | 38 13.9 | 2.25
S, pA/V 230 209 128.8 107 93.1 | 48.2 | 233
k=S-R,, 7.3 6.66 4.1 3.4 296 | 1.53 | 0.74
FET-UNI p*Gads— pGaAs—nGads:Te+Si, R, =130 kQ, R, =34.5 kQ
U,V 0 0.5 1 1.5 2 2.5 3 3.5 4
1,, nA 661 415 272 188 126 | 87.1 | 485 | 232 | 0.88
S, pA/V 491.6 286 167 1252 | 77.6 | 77.2 | 50.6 | 44.6
k=S-R,, 16.9 9.8 5.76 4.3 2.67 | 2.66 | 1.74 1.5
FET-NG p'Gads— pGads—nGaAs:Sn, R, =200 kQ, R, =38 kQ
U,V 0 0.2 0.4 0.6 | 0.8 1.0 1.2 1.4 1.6
1,, nA 150 115 91 70.5 | 49.5 | 359 22.3 123 | 1.63
S, pA/V 175 120 | 102.5 | 105 | 68 68 50 53.3
k=S-R,, 6.65 | 456 | 3.89 | 399 | 258 | 2.58 1.9 2
KII303 - a reference silicon field effect transistor,R, =96 kQ, R, =31.5 kQ
U,V 0 0.5 1.0 1.5 2.0 2.5
1,, nA 430 283 153 66 19 6
S=Al,/AU,, pnA/V 294 260 174 94 26
k=S-R,, 9.2 8.19 5.48 2.9 0.81
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Note that in these theories the mobility of charge carriers is assumed to be
constant over the whole volume of the channel. Contrary to the theory in the real
tin-doped field-effect transistor at layer-by-layer etching of the channel coordinate
change in mobility of the charge carriers is found, which can be explained with
increasing of the density of defects on approach to the film-substrate interface.
Measuring the mobility of the charge carriers in epitaxial layers was performed at
low voltages, by the method of measurement in thin films. The actual expressions
for the distribution of the charge carrier mobility along the thickness were found
with considering the definition of the mean value of the function in the given

interval: u(x)= ﬁ(x)+x-di( f(x)), the data are given in fig. 8.
X

Namely, observed coordinate dependence of charge carriers mobility in the
channel provides an opportunity for operation of the investigated field-effect
transistor (FET-NG) in a power-saving mode, i.e. in a mode close to pinch-off of
the channel excluding the distortion and loss of useful signal. From a comparison
of the amplifying properties of the investigated field-effect transistors it is revealed
that the field-effect transistor with a negative gradient From a comparison of the
amplifying properties of the investigated field-effect transistors it is revealed that
the field-effect transistor with a negative gradient of the impurities in the channel
has a gain of two times larger than the field effect transistor with a positive
gradient of the impurities or 3.5 times more than in silicon field-effect transistor, as
shown in table 2.

w, em’/(V-s)
Id/ld.max
1,0 5000
0.8 4000
06 3000 -
0,4 -7
’ 2000
0,2 3
2 1000
00 02 04 06 08 1,00 /U, d,um
0 0,20406 0810 12 1,4 1,6
Fig. 7. Drain-gate transfer Fig. 8. Dependence of charge carriers mobility on
characteristics of transistors thickness of epitaxial layer

Thus, a comparative analysis of the influence of a linear gradient of
impurities in the channel on the static, dynamic characteristics and photo-
amplifying properties of the field-effect transistor has shown that the positive
gradient of impurities imparts increasing character to dependence of the drain
current from the voltage. In field-effect transistors with negative gradient of
impurities in the base region dark currents are reduced by two orders of magnitude,
and dynamic resistances are increased two times. Their transfer characteristics are
linearized in comparison with field-effect transistors with positive gradient of
impurities providing minor (three times) reduction of the gain as blocking of the
transistor. The investigation of the nature of influence of the linear and nonlinear
impurity distribution along the thickness of the channel on the functional
properties of the field-effect transistor is appropriate.
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Table 2

Data on gain depending on the drain-source voltage*

Field effect transistor on GaAs with channel doped by tellurium

Ui, V 2.0 2.31 2.69 2.8 2.89 3.1 3.5 3.8
u,,,mV 50 64.6 84.7 91.5 83.8 74.6 | 43.6 | 24.8
K,=U,6,/U, 5.0 6.46 8.47 9.15 8.38 7.46 | 436 | 2.48
Field effect transistor on GaAs with channel doped by tin
Ui, V 0.5 1.0 1.5 1.75 | 1.89 | 2.0 | 2.1 | 22 | 23 |24
u,,,mV 11.7 254 | 555 | 105.8 | 180 | 180 | 180 | 180 | 111 | 72
K,=U,6,/U, 1.17 2.54 | 555 | 10.5 18 18 18 18 | 11.1] 7.2
“KII303” a reference silicon field effect transistor
Uis, V 0.45 0.7 1.0 1.6 2.3 2.9
u,,,mV 40 75 75 60 50 40
K,=U,6,/U, 4 7.5 7.5 6 5 4

*U, =10mV, f=1kHz

However, based on the investigation of the growth processes of multilayer
structures it is established that each dopant gives a typical nearly linear impurity
distribution along the thickness of the epitaxial layer, the gradient of which is
given by the temperature dependence of the distribution coefficient of specific
impurity and is uncontrollable.

This behavior of impurities is caused by constancy of the conditions creating
the impurity concentration at the crystallization front. Therefore, to obtain the
power-law and nonlinear impurity distribution along the thickness of the channel
creation of new conditions allowing to change the concentration of impurities at
the crystallization front is necessary, which can be achieved by adding to the main
solution-melt an additional solution-melt with different concentrations of
impurities.

In this connection, a special device is designed for liquid phase epitaxy (fig.
9) providing epitaxial growth of multi-layer semiconductor p pn-structures by
mixing the solution-melts, with a predetermined gradient of impurity concentration
along the thickness of the grown layer. The difference between the impurity
concentrations in the main and additional solution-melts should be at least two
orders of magnitude. Mass m of a discrete part of the additional solution-melt
injected to the main solution-melt must satisfy the relation m =kmy", feeding with

velocity & =m,y-t" defining the distribution profile of impurities.

—

a) geometric cross sectional view b) elements of device
Fig. 9. Double piston graphite device
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In graphite device were first grown epitaxial layer of p-type with
concentration of charge carriers 10" cm™ from solution-melt containing 7 mol.%
gallium arsenide solved in gallium brought by the horizontal submission at
temperature 845°C into contact to the substrate with area 1 cm® of p'-type with
concentration 2-10"” c¢cm™. Then to the surface of the epitaxial layer of p-type
horizontally brought a main solution-melt of n-type containing gallium arsenide in
same composition with concentration of charge carriers 7.5-10'7 cm™.

Growth is carried out by vertical feeding an additional solution-melt of n-
type containing also 7 mol.% gallium arsenide solved in gallium with
concentration 10" cm™ to the main solution-melt at temperature 830°C by forced
cooling with decreasing rate. At growth on the surface of epitaxial layer of p-type
from mixing solution-melts a gradient layer of n-type is grown with decreasing
concentration of charge carriers 3—1-10'° cm”, which are defined from
capacitance-voltage dependences.The difference of proposed method from the
known is that the mixing of additional solution-melt does not lead to super-
saturation of the main solution-melt; super-saturation is achieved by forced
cooling. Impurity distribution profile is controlled by the feed rate of additional
solution-melt (& = £(¢)).

It is established that the obtained on the basis of this technology a
photosensitive field-effect transistor with negative gradient of the impurity in the
channel due to the linearized transfer -characteristic maintains a high
photosensitivity not only at zero bias, but also at approaching of pinch-off mode
(Uss=0.8 V) at operation bias (1.3+2.2 V).

At optimal operation voltage 1.8 V and integrated illuminance 100 Ix drain
photocurrent is generated equal to 4.5 mkA, which corresponds to the
photosensitivity 1.28 A/lm or 8.26-10%> A/Wt, which is twice more in comparison
within field-effect transistor with positive gradient of impurities channel of which
doped by tellurium and photoelectric current gain is five times higher (60).

In the fourth chapter «New connection modes of field-effect transistors
providing low power consumption» the functionalities of the photosensitive
field-effect transistor with a controlling p”p—n-junction depending on the
connection mode and the saturation processes of drain current providing the basis
for the linearization of transfer characteristic by circuit design on silicon field-
effect transistors allowing the creation of microchips used in micro and
optoelectronics are analyzed.

A comparative analysis is performed to identify the optimal connection
modes to obtain maximum photosensitivity of the field-effect phototransistor. It is
found that the current-voltage characteristic of the field-effect transistor depending
on the light intensity in the floating mode with decreasing the light intensity
creates a family of curves on account of the locking of the channel. And in the
mode with a common source thickness of the channel acquires unchangeable from
the drain voltage value, because changes produced by the light are compensated by
the gate voltage.

It is established that in an automatic displacement mode the greatest gain is
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observed caused by features of modulation of the channel thickness in this mode.
Comparison of quantum efficiencies of field-effect phototransistors in floating gate
mode and in transistor mode (in circuit with common source) indicates (fig. 10)
that same values of quantum efficiencies (60+65) can be obtained at low voltage
in floating gate mode (at 2 V against
70, 2.23 V).
60 It is shown that sign inversion of
i’: the photocurrent in the field-effect
0] transistor in the connection mode as
2 opto-transistor where the ammeter is
connected between the drain and source,
and the operating voltage is included to
the drain and gate. In this mode

III:-I 05 06 07 08 09 1,07 pm

1 — with floating gate; 2 — with biased gate ~ Increasing of the photocurrent by
voltage is caused by forward biasing of

Fig. 10. Spectral response of field the gate-source junction relative to the
effect phototransistor initial ~state, while the drain-gate

junction gradually is locked.
As a result, both an area of the photo-receiving surface and volume, where
photocarriers are generated, increase with the operating voltage. At the same time,
due to the compensation of the dark current by the photocurrent the noise
components are almost excluded. A feature of the field-effect phototransistor in the
mode of locking the channel by drain-gate voltage is redistribution of the photo-
receiving surface between two barriers with increasing of operating voltage.

It is found that in the field-effect transistors with rising drain current can be
obtained strongly pronounced saturation of the drain current by circuit design in an
automatic displacement mode and four times larger photoelectric gain (250)
compared (60) with a connection mode with a common source.

In order to identify the causes of the drain current’s saturation in the
investigated field-effect transistor in an automatic displacement mode saturating
nature of falling voltage on the biasing resistor is defined. This voltage leads to a
successive locking of source-gate junction and narrowing of the channel across the
width of the gate due to the formation of fixed ionized charges, which leads to the
strongly pronounced saturation of drain current. At different fitted values of
biasing resistance, a family of drain characteristics is formed with more
pronounced drain currents.

It should be noted that the greater the value of resistance, the less will be the
drain current.

On the basis of the results of investigation the processes of drain current
saturation in gallium arsenide field-effect transistor new technical solution is
proposed allowing to extend the lifespan of semiconductor light emitting devices
based on a reference silicon field-effect transistor “KI1302” with high drain current
(3+30 mA).

With a view to avoid instabilities of the operating current and distortions of
the useful signal in a known modulator of the optical signals, consisting of a
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current regulator and a switch based on the two bipolar transistors, in the proposed
modulator as a current regulator and a switch is proposed to use a field-effect
transistor connected according to the circuit which is shown in fig. 11.

There operating current remains unchanged at reducing of the operating
voltage from 10 to 3 V, and the value of the operating current of the light emission
diode is defined by variable potentiometer, the dependence of which at the
quadratic law coincides with the theoretical curve. A useful signal from the audio
signal source is supplied to the source lead providing a deep modulation of the
channel with a gain greater than in the circuit with the common source.

Replacing a conventional resistor to a channel resistance of the field-effect
transistor in the circuit with an automatic displacement is the essence of our new

+ 11
T2 5 1+
s[l 10]] T o | T- 2
5 7 [ 4
-—||—|j—|:|— ex — 12
ax — 6

a) known b) proposed

13}

Fig.11. Circuit of optical modulator

approach (fig. 12). In this case a deeper modulation of the thickness of the base
region as compared with a connection mode with common source is carried, which
allows to obtain a greater value of the gain of the field-effect transistor.

g 1, ru.
|
i | 1,01 1—=— single at U, = -0.8 V
| } | 2—e—single atU,=-0.5V
R : s g| | 0,81 3—— double, serial connected
- - 3 |
I |
e 3 v
.r_,_l:' | 0,41
4 - g 's }
I 1 0,21
! !
1 0,04 : : — :
3 00 02 04 06 08 10U, ru
Fig. 12. Fig. 13 Transfer characteristics of investigated
Double-transistor cell field effect transistors

It should be noted that on the one hand connection circuit of the two field-
effect transistors, so-called “cell”, i1s combined, 1.e. consists of a field-effect
transistor with common gate and a field-effect transistor with common source. On
the other hand it contains a common pin 2 which provides an opportunity to
increase combinations of its connection modes. Pins 1 and 3 are used for supplying
the operating voltage and pin 4 is used for supplying the bias voltage pre-assigning
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operating conditions of the cell, and for supplying the useful signal.

When using this connection circuit due to the strongly pronounced saturation
of the drain current and linearization of transfer characteristic (fig. 13 from a small
(~2 mV) alternating signal in the form of sine supplied from the sound generator
the gain of about 70 is obtained at reverse voltage equal to half of the pinch-off
voltage, as shown in Table 3.

Table 3
Data on gain depending on the value of reverse gate voltage*
Us,V 0.3 | 0.31 | 0.32 | 0.325 | 0.33 | 0.335 0.36 0.44 0.54 0.6
U,,mV 2 2 2 2 2 2 2 2 2 2
Uoyor-mV | 22 64 130 140 140 130 100 80 40 20
K, 11 37 65 70 70 65 50 40 20 10
* f=400Hz

The possibilities of the development of the current regulator, temperature
measuring device and optical signal amplifier based on the proposed double-
transistor cell at various combinations of its connection modes are demonstrated.
This double-transistor cell representing a cascade with a dynamic load at the
appropriate modernization can also be used to convert the input signal of low and
medium power without distortions or losses.

A microchip is proposed, wherein both channels are simultaneously modula-
ted by the input signal, amplifying properties are improved and a possibility is
appeared for its application for the creation of devices with different functionality.

There gate terminal of the additional transistor is disconnected from the
source terminal and the source terminal is connected to the gate terminal of the
primary transistor, unlike the known cascade that has allowed to increase the gain.

In comparison with known microchip proposed one with dynamic load at
this connection has two orders of magnitude larger gain up to 100 due to the
simultaneous modulation of two series-connected channels.

Universal microchip with dynamic load on field-effect transistor (fig. 14)
can be manufactured on the basis of silicon, solid solutions of SiGe, and
semiconductor compounds A’B’ and A*B°. Thus, proposed microchip based on
cascade with dynamic load on field-effect transistor can be manufactured by
known technologies and used as amplifier of alternating signals and in other
purposes defined by connection modes.

T 2

“F

Fig. 14. Cross-sectional view of
n P n P n\p proposed universal microchip
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In the fifth chapter «Computational-analytical investigations of
manufacturing technology and the current characteristics of multilayer
structures» computational-analytical investigation of processes discussed in the
dissertation 1s given, main assumptions and approximations used in the
calculations and simulations are justified, the results of computational-analytical
analysis of the diffusion process of the metal into the semiconductor with a non-
planar surface and the formation processes of impurity distribution profile in
gallium arsenide multilayer structures grown from solution-melt with limited and
increasing volume are presented, the results of computational-analytical
investigation of the charge transport processes in multilayer structures with
different gradients of impurities in the diode and transistor modes are reviewed.

By simulation of diffusion process of metal (Zn) into semiconductor
(nGaAs) with micro-relief surface it is established that by changing the
concentration of diffusible metal and the time of diffusion p-n-junction of different
shape and area can be obtained. At limited quantity of metal and predetermined
diffusion temperature of zinc 700°C in duration of diffusion 30 minute shape of p-
n-junction interface repeats the texture of the semiconductor surface as shown in
fig. 15a, and with increasing the temperature (900°C) and the duration of diffusion
a gradual alignment of the diffusion front occurs (fig. 15b), caused by an increase
of the diffusion coefficient of the metal in the semiconductor which is confirmed
by experimental data of diffusion process of zinc atoms in gallium arsenide.

A computational-technical research of the growth process of the epitaxial
layer from solutlon melt with limited volume is performed explaining nearly

i PEET linear distribution of impurities formed by the

A temperature dependence of the distribution

coefficient of a particular dopant. In order to
control the concentration of impurities on the
crystallization front controlling the volume and
quantity of dopants by mixing into a main
solution-melt an additional solution-melt with
desired speed is proposed, and simulation was
carried out, which explains the non-linear gradient
formed by impurities, which are consistent with
experimental data in different diffusion conditions

0.5
0
-0,5
-1,0
-1,5

Tt as shown in table 4.
b) It is established that by setting the law of
Fig. 15. Diffusion front changing the steps of extruding piston a feedrate of
of Zn at GaAs additional solution - melt can be controlled:

&= f(my,t)=myyt", where ¥ and n are coefficients defining the change of the

feedrate of additional solution-melt and thereby allowing to control impurity
distribution profile, fig. 16. Created in the technological process impurity
distribution profiles significantly affect the drain-gate characteristics of the field-
effect transistor.

According to the calculations it is shown that in case of uniform distribution
of impurities and mobility of carriers along the thickness of the channel drain
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current decreases by square law with increasing of the blocking voltage, leading to
a decrease in gain (fig. 17a). On the basis of the computational-analytical
investigation of the transfer characteristics it is established that calculated and
experimental curves are consistent only under the assumption of existence of the
gradient of the carrier mobility along the thickness of the channel (FET-NG) (fig.
17b), whose existence is confirmed by the results of experimental investigation of
the carriers mobility in the epitaxial layers.
Table 4

Calculated data for transition from dimentionless to dimensional
units of time and coordinate at different diffusion conditions

T, D, [%] [7] 7 =0.01 7 =0.05
°C cm’/s um min min min
700 2,98:10™" 10 5,6-10° 560 2800
750 1,39:10"° 10 1,2:10° 120 600
800 5,64-10™" 10 3000 30 150
850 2,02:10™" 10 800 8 40
900 6,46-10" 10 250 2,5 12,5
N, cm” In this case the presence of large
0 negative gradient of carriers mobility in
the channel of the field-effect transistor
doped with tin leads to a shortening of
10" the effective length of the channel, and
thereby to increase the value of the
parameter y _44E-N , which
10’;'1 1o Mim 2¢eg,V,,.L
curves — calculated data characterizes the degree of dependence
points — experimental data of the carrier mobility on the electric
field strength, until 10, resulting in
Fig. 16. Impurity distribution along lineatization of the transfer

thickness when used method of

concentration mixing characteristic, fig. 17c.

1,0
08
0,6
0,4
02 Ups Uy
0 0,2 04 0,6 0,8 1,0

[] 02 04 06 .0,8 1,0 ’
a) U =const b) I-p=p, — px
2-p = py = fx
Fig. 17. Transfer characteristics of field effect transistors

It is shown that for small values of parameter ¥ modulation of the channel

is mainly determined by the profile of the carrier mobility, and for large values it is
determined by the impurity concentration profile. In field-effect transistor with
negative gradient of impurities in the channel the transfer characteristics are
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linearized as in field-effect transistors with short channel. This suggests that by
varying the processes of growing the epitaxial channel and controlling the
distribution of impurities along the thickness field effect transistors with a long
channel can be obtained with the properties of the short-channel transistor which
can be used in an economy mode with low energy consumption. Computational-
analytical investigations of photovoltaic characteristics of the field-effect transistor
in the diode mode are performed, which have shown the ability to control the dark
and light currents due to formed gradient of impurities in the channel.

On the basis of the dependence of photocurrent on absorption coefficient
using literature data for gallium arsenide were built spectral characteristics. As can
be seen, these calculated curves are qualitatively consistent with the experimental
data. In this case anomalous decrease of the photocurrent in FET-NG at reverse
voltage of 0.9 V can be explained by the fact that at illumination of the structure a
saturation of the surface states takes place, which leads to reduction of the surface
recombination velocity. Caused by this reduction of dark current superimposing on
the current of the photocarriers leads to a decrease of the photocurrent.

CONCLUSION

1. A new method of liquid phase epitaxy is developed providing the
formation of a given impurity distribution profile along the thickness of epitaxial
layers grown by mixing into the main solution-melt contacting with the substrate
an additional solution-melt in discrete parts with controlled rate. In this case the
impurities concentration in the additional solution-melt at least two orders of
magnitude is different by the impurities concentration in the main solution-melt.

2. A computational-analytical research of impurity distribution profiles
along the thickness of epitaxial layers grown from solution-melt with the constant
volume and the varying volume where gradient impurity distribution profile
determined by feed-rate of additional solution-melt into the main solution-melt are
conducted.

3. Optimal modes of zinc diffusion into textured surface of the base region
and subsequent growth of epitaxial hetero-layer in single process are established.
By computer simulation of diffusion process of metal into semiconductor with
micro-relief surface it is shown that with increasing the duration of diffusion a
gradual alignment of the shape of p-m-junction interface occurs, which is
confirmed by experimental data.

4. A technology is developed for manufacturing isotype double-barrier

nGag_, osIn.,,A4s — NGads -heterostructure based on indium-containing epitaxial
layers of gallium arsenide with technologically textured surface in the form of
ripples at excess of indium, leading to the difference in the lattice parameters equal

to 1.4% with gallium arsenide substrate.
5. A technology is developed for manufacturing the photo-voltaic

pAl, Ga,  As - pGay o, In, cAs -nGads -structure  with technologically textured
surface in the form of pyramids (with a base 40+60 microns and a height of 8+10
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microns) at doping impurity germanium 3.1 mol.% in frontal hetero-layer
pAl,Ga,,As : Ge grown on indium-containing hetero-layer.

6. A remotely-controlled optoelectronic switch is developed providing a
switching on and switching off of the electronic devices and technological
equipments consisting of an amplifier with the input stage on the basis of field-
effect transistor wherein between the gate and resistor of source is included a
photodetector based on double-barrier structure with high input resistance.

7. A modulator of optical signals is developed allowing increasing the
lifetime of the semiconductor light-emitting devices consisting of semiconductor
light-emitting device, current source and a switch based on single field-effect
transistor instead of two bipolar transistors which allows to keep stabilized current
and to remove distortions of signal caused by high capacitance of bipolar
transistor.

8. A photosensitive field-effect transistor is developed based on gallium
arsenide with negative gradient of impurity distribution in the channel having a
photosensitivity (800 A/Wt) and a current gain 6 times larger (60) as compared to
the field-effect transistor with a positive gradient of impurities distribution.

9. A computational-analytical research of drain current-voltage
characteristics of the field-effect transistor with long channel are conducted taking
into account the distribution gradients of the impurities and charge carrier mobility
along the thickness of channel which explains the appearance of the properties of
short-channel field-effect transistor and the possibility of its use in economic
mode.

10. A universal microchip with four electrodes is proposed on the basis of
“double-transistor cell” with synchronically modulated channels providing an
order of magnitude higher gain in mode close to pinch-off the channel as compared
to circuit with dynamic load on field-effect transistor.

11. A generator of stabilized currents are developed based on “double-
transistor cell” with linearized transfer characteristics, which is intended for setting
precision-regulated current with a small step, provides a measurement of the
current-voltage characteristics of semiconductor devices with sharply increasing
current stabilitron type, voltage suppressor and S — diodes.
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