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Texnonoeus ¢gpopmuposanus UC ¢ noanoi
OUdIeKMPUYecKoll uzonayueu, 00veouHs-
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umnynbchom moxe 6 0,5 A.

ITpu pazpadotke paguanuonto croiikux MMC ¢ ma-
JIBIMH TOKAMH YTEUKU OOBITHO IIPHIMEHSIOT KPEMHHUECBEIE
CTPYKTYpHI ¢ amdnekTpudeckoid uzonsuueit (KCAN).
Takue cTpyKTypbl MOIYyYalOT C MMOMOIIBI0 TEXHOJIOTHH
(dhopMHUPOBaHUS AUIEKTPUUECKUX TUIEHOK OKCHIA KPEM-
HUS U TOJCTBIX TNICHOK MOJMHKPUCTAIITMYECKOTO KpeM-
Hus (Si*) WM TEXHOJIOTHIA CpaIUBaHKs IIACTHH C T10-
MOIIIBIO JUAIEKTPUIECKUX INIEHOK C MOCIEAYIOIINM HC-
MIOJTH30BAHHMEM ITPOIIECCOB ITOJUPOBAHUS U MOTYICHHSI
oOnacreil («kapMaHOBY» ) MOHOKPHCTAJUINYECKOTO KpeM-
HYSI, U30JIMPOBAHHBIX JMAJICKTPHUESCKUMHU IJICHKaMH (Ha-
npuMep, IIeHKaMu okcuza kpemuus Si0,). IlogoOubie
texHonoruu popmuposanuss KC/IM numerot orpannueHne
10 MUHUMAJIBHOH TOJIIIUHE 00J1acTel MOHOKPUCTAIIITAYC-
ckoro kpemHus (2—3 MkM). Heo6Xx0quMOoCTh MomydeHust
Manbix TokoB yredkn MMC (1,=10—100 MxA), BEICOKOH
Y4acTOThl OOMEHa CUTHAJIOB MH(OPMAIIMHU, BHICOKUX KO-
sdppunuenros ycumienus (f=40—70) curuanoB pasHoii
MOJIIPHOCTH 1 OOJTBIIIX MMITYJTBCHBIX TOKOB KOJUIEKTOPa
(/70,5 A) GUIIONAPHBIX TPAH3UCTOPOB B AKTUBHOM pe-
JKFME JIeJIaeT HEBO3MOYKHBIM HCIIOJIB30BAHNE TOPU30H-
TaJbHBIX TPAH3UCTOPOB. DTO 00yClIaBIMBaeT HEOOXOIH-
MOCTBH Pa3pabOTKN KOHCTPYKIIH U TEXHOIOTHH (POPMHU-
POBaHMS KOMILIEMEHTAPHBIX BEPTUKAJIbHBIX TPAH3UCTOPOB,
KOTOPBIC MOTYT 00CCIICYUTh YKA3aHHBIC XapaKTEPUCTHUKH.

[Tpu M3roTOBICHUH TAKUX TPAH3UCTOPHBIX CTPYKTYP
B TexHonoruu KCAU miia popmupoBanus odnactei Mo-
HOKPUCTAJUTNYECKOTO KPEMHHS ITPOTHBOIIONIOKHOTO THIIA
MIPOBOJIMMOCTH MOKHO HCIIOJIb30BaTh MPOIIECCHI Tepe-
KOMIICHCAINHU TIPHIMECH TTO/UIOKKH € TIOMOIIBIO JTOTIOI-
HUTEIBHBIX MPOIIECCOB TUPPY3HUH JICTHPYIOICH TpUMe-
cu. Ho o texnonornn KCJIM noctarodHo CI0KHO TO-
JIy94aTh TPAH3UCTOPHBIC CTPYKTYPHI B CIIOSAX KPEMHUS
TOJIIIUHON 2—4 MKM.

Ilensio HacTOsIIEH pabOTHI ObIIa pa3paboTKa KOHCT-
PYKIMH BEPTUKATIBHBIX KOMITJIEMEHTApPHBIX TPAH3UCTOPOB
C TIOJTHOM TMAJIEKTPUYECKON U30JIIMEH, pa3padoTKa HO-
BBIX TEXHOJIOTHUECKHX POIIECCOB CO3JaHUS Ha UX OC-
HOBe paaunanuonHo croiikux UC ¢ mapamerpamu, KOTO-
pBIe 00eCIeunBaIOT HU3KKE 3HAYCHHUS TOKA YTEUKH Hapsi-

JIy CO 3HAYUTEJILHBIMH BETMYMHAMY TIPSMOTO TOKA U TTPO-
OMBHOTO HAMIPSKESHUS TIPH YaCTOTE 0OMEHA CUTHAJIOB MH-
dopmanuu Ha ypoBHe 500 k11

B03MOXKHOCTB TEXHOIOTHYECKOTO (DOPMHUPOBAHHUS H
WCIIOJIb30BAHMSI CJIO€B KPEMHUS TOJIIMHON 2—4 MKM C
TOYHO ONPEJICIICHHBIMH MapaMeTPaMH B OTCYTCTBHE MHO-
ropa3oBoii NIepEeKOMIICHCAIINN TIpUMecel Obliia TOCTHT -
HyTa 3a c4eT 0ObETUHECHHUS TEXHOIOTUH U3TOTOBICHHUS
KCIMU c texnonorueii “NU3onnanap”. [1pu a3ToMm 3a cyer
BHEPEHUs POLIECCOB SMUTAKCHH MOSBISIETCS BO3MOXK-
HOCTh (popmupoBanust Ha actuHax KC/U cioer mo-
HOKPHCTAJUTMYECKOTO KPEMHHS HEOOXOANMOI TONIIHEI,
YTO [103BOJIAET CO3/1aBaTh KOMIUIEMEHTapHbIE BEPTUKAJIb-
HBIC TPAH3UCTOPHBIE CTPYKTYPHI C HYKHBIMHU YaCTOTHBI-
MU ¥ BOJIBT-aMIIEPHBIMU XapaKTEPUCTUKAMH.

TexHOoNIOorusl U3rOTOBIIEHUS] CTPYKTYP C BEPTHKAIb-
HBIMHU KOMILJIEMEHTapHBIMHU TPAH3UCTOPaMH ObliIa OIIPo-
ooBana nipu m3rotosineann MC 1567AI11 u 1567AI12.
NC 1567AI11 npencrasiseT codoit TByXKaHATBHBIH (-
(bepeHImaTbHBIN MPUEeMHUK CUTHAIOB B Kozie RZ mo OCT
(ARNIC-429) ¢ MynbTHIIIIEKCOPOM KaHAJIOB Ha oOIIHe
BBIXOZIHbIE (POPMHUPOBATENIN CUTHAJIOB MH(OPMALUH H
ctpoba ¢ yactoroit 250 kI'm. UC 1567AI12 siBnsietcs rie-
penarunkoMm curHaios B koge RZ mo OCT (ARNIC-429)
Ha yacrore 250 k11 Ha tuHMI0 13 BUTOM napel. Haznaue-
HUE TIPEIJIOKEHHONW CHUCTEMBI Nepeilayd CUTHAJIOB CO-
CTOUT B peasin3alui (U3NYECKOTO YPOBHS MEXKIyTpPH-
OopHOTO HHTEpPEiica H3MEPUTEITEHBIX, KOHTPOIUPYEMBIX
U YIpaBlse€MbIX KOMILIEKCOB, HAIPUMEp HaBUTallMOH-
HBIX KoMILIeKcoB. CrcTemMa obecrieunBaeT OOMEH Iud-
poBoii nHpOpPMAIMEl B ITUPOKOM THAa30HE CKOPOCTH
nepeaayu, Py 3TOM Ha IPHEMHOM KOHIIE BOCCTaHABIH-
BAIOTCS UIMITYJIbChl CHHXPOHHU3ALIUH.

s popMHUpOBaHUS CAMMETPUYHBIX MOIOKUTETBHBIX
U OTpHULATENIbHbIX UMITYJIbCOB PaJHALlMOHHO CTOMKHX
HNMC B cootBetctBun ¢ OCT ObuTH pa3pabOTaHbI AJICKT-
pHUYECKHE CXeMBI HA OCHOBE KOMIUIEMEHTAPHBIX TPaH3HC-
TOPOB, Yepe3 OJIUH U3 KOTOPHIX B MPSIMOM HaIlpaBICHUH
MIUTAHUS [IPOTEKAeT UMITYJIbCHBIN TOK BeHMuuHOi 0,5 A,
a Tok yreukn UMC B Takux cxemax Ipu TeMmiepaType
125°C mensbmre 100 MxA.

[Tpu pazpadorke UMC mpoBoIMIIOCH UCCIICTOBAHHE
MIPOIECCOB JIOKAJTBHON AMUTAKCUU MOHOKPHUCTAILITHYE-
CKOTO KpeMHHUA ¢ (hopMUpOBaHHEM JIOKaJIbHOH U30JIs-
LIUH, KOTOpast COBMEIIANIACH C TUIEKTPUUECKON U301~
nueit crpykryp KCJHW, yem obecrieunBanock GopMupo-
BaHUE MOJHOM TUAJIEKTPUYECKON H30JISLIAN CTPYKTYP AJIe-
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Puc. 1. Cxemsr ctpykryp UMC:
a— (popMUpOBaHHUE MIEHOK 31H-Si* ¢ W-noo6HbIM penbedom; 6 — cpamupanue odnacreii 0obemHuoii SiO,-usonsunu crpykryp KCJIN uin
BBIPAILMBAEMbIX TIJIACTHH C JIOKaIbHOM 60K0BO# Si0,-n30s1HKelH B 001aCTH SNUTAKCHATBHBIX IJICHOK; 6 — (OPMUPOBAHHUE IIEHOK dMH-Si*
: ok, + ot
JIOTIOJHATENbHBIMH IIeHKaMu SiO, 1 Si'; 2 — CTPYKTypa KOMILIEMEHTAPHBIX BEPTUKAILHBIX TPAH3UCTOPOB (11, P, — CKPHITBIE CTION JIETHPY-

St
IOLIUX NIPUMECel; 1 -TK, p-TK — TIyOOKHE KOJIIEKTOPBI; WPG, W

menToB UMC. TlepBoHayaIbHO SMUTAKCHS MOHOKpHCTAT-
JIMYECKOr0 KPEMHUS IPOBOMIIACH Ha MOUIOKKHU U3 110-
JIMKPHUCTAJINYIECKOT0 KpeMHHus (Si*), KoTopble comepikar
00J1aCTH MOHOKPHUCTAJIITMUECKOro KpeMHus (Si) p-Tuma
IPOBOMMOCTH (KapMaHsl). [Iporieccsl anuTakcuu mpo-
BOJIMJICH W3 Ta30BOH (a3bl TeTpaxjopuaa KpeMHHUS Ha
ycranoBke YHEC-2I. ITpu atom ¢opmupoBaiacek 3mu-
TaKCHAJIbHAS IJICHKA MOHOKPUCTAIITMYECKOTO KPEMHHSI
n-TUTAa MPOBOJAUMOCTH, JIETUPOBAHHAS TPUMECIMH (oc-
(dopa, ¢ yaenpHBIM conpoTuBIeHHeM 1 OM-cM. DBoITIO-
s peibeda MoBEPXHOCTH U3ydaiach MPH MOMOLIH pa-
CTPOBOH 3JIEKTPOHHOM MuKpockormu [ 1—4]. Ha puec. 1
nokasanbsl cxeMbl cTpyktyp UMC mnocne snurakcum u
(hopMupOBaHS TOKATEHOI OOKOBOW N3OJISAIIUH, KOTOPAsT
KOHTaKTHPYeT ¢ 00beMHOH m3osueiit KC/IU.

B oGnacTsax Haj kapMaHaMU U3 MOHOKpHCTaJLTU4e-
CKOTO KpeMHHUSI Si (100) q)opMpreTc;I AMUTAKCUATLHBIN
MOHOKPHCTAJLIHYCCKHiT Kpemuuii (o11-Si). Hax obac-
TAMH M3 Hoaukpemuus Si° u SiO ,~M30JISALHH TIEPBOTO

YPOBHS OCak/IaeTCs SHI/ITaKCI/IaJILHHI/I [IOJIMKPHUCTAIIIU-
yeckuii kpemuuii (3mu-Si’). [Ipu TeMmeparype SmuTaK-
cru 1050°C tommiHa ciost smu-Si* cocrasmser ot 1/2
10 2/3 3HAYEHUS TOJIIUHBI CJIOS dIU-S1 H (puc. 1, a).
‘YMeHbIIIeHIE TONIIUHEL o0macTa Si* Ha6n}0z[aeTc;[ Harpa-
HUIIE C MOHOKPUCTAIITHYECKAM KPEMHHEM U B 00JIaCTIX
¢ 0OJIBIION MIIOTHOCTHIO MOHOKPUCTAIIMYECKOTO SITHU-
Si, 4T0 0OBSCHACTCS KOHIICHTPAITHOHHBIMH OTINIHSIMHE T'a-
30BBIX ITOTOKOB BCJIEICTBHUE MPEBATUPYIOLIEH CKOPOCTH
pocra snu-Si B Hantpasienuu [ 100]. TommuHa citost o1u-
TaKCHAIBHOTO KPEMHHS Hall O0JIACTSIMH OKCHJIA KpeM-
Hust (00beMHOM u3ossiuu momioxku KCAM) cocrapis-
et okonol/3H,,.

KuHneTnka npoieccoB ocax1eHusi KpeMHuUs B o0Jiac-
TH OKCHJa KPEMHUS OTMEUYAETCsl CEJIEKTUBHOCTBIO CKO-
POCTH OCaXKACHUS B 3aBUCUMOCTH OT TeMIliepaTypsl. [Ipu
cHmxeHnn temrepatypst 10 800—900°C u YMEHbIIIe-
HUHM Pacxojia XJaopa CKOpocTh OCaxkaAeHus nu-Si* yBe-
muuuBaetcs. VcciegoBanue npoLeccoB SMUTAKCUU Ha
noBepxHocTH SiO, 6OJIBIION MIOMAIH MOKa3ajo, 9To

— ToJIMHA 0a3bl COOTBETCTBEHHO N—p—H- U p—N—p-TPAH3UCTOPOB)

00pa3oBaHue U yBeIUYEHHE 3apo/blIel HOBOM (asbl Si*
TIPOUCXOMUT B OTACIBHBIX JIOKAJTBHBIX 00TACTSIX, UTO IIPH-
BOJIUT K OCAXJEHHIO U POCTY HOBOH (has3bl B BHIE OT-
JIENTbHBIX IAPUKOB MK X TIOJIOBHHOK C paanycom 1,5—
5,5 Mxm. Eciii oBBICUTE TeMIiepatypy 10 1050°C TO
pocta 5nu-Si” Haj 06JACTAMY U3 OKCHA KPEMHHS HE
niporcxouT. [TonoOHast 3aBUCHMOCTh HAOTIOMACTCS U TIPH
Ooree HU3KOM TeMIlepaType MpH MOBBIIIEHUH PacXoja
xyopa. [Ipu Temneparype 1050°C ckopocTh TpaBieHHs
XJI0pOM o0Opasyromuxcs Ha moBepxHocTH Si0, 3apobI-
1ieii gaspl Si” IIpeBbIIaeT CKOPOCTh X (bopMHpOBaHH;I
[Tpu temmeparype 800°C ckopocTh TPABJICHHS yMCHb-
1raeTcs, 1 00pa30BaHUE YaCTHUEK (1)a31,1 Si* npoucxonut
0oylee MHTEHCHBHO, YTO B JajbHEHIIEM 00eCIIeunBacT
(hopmupoBaHne KOM(POTEPHBIX CTPYKTYp. Takue cTpyk-
TYPBI UMEIOT TUTABHBIN penbed, 9TO CO3/aeT IMpHeMIIe-
MBbI€ YCIOBUS JUIsl (POPMUPOBAHUS TUICHOK METaJTN3a-
UU U IPUMEHEHHS [JIAHAPHON TEXHOJOTHU B LEJIOM.
Opnnuako nipu Temriepatype 800°C ¢popmupyeTcs Heomy-
CTUMO OOJBIIOE KOJMYECTBO JIe()EKTOB B TUICHKE SITH-
takcuabHOro Si (100). CkopocTh pocTa SMUTAKCHAITh-
HBIX TeHOK Si (100) mo4TH Ha MOPSIOK BBIIIE CKOPOCTH
pocra snuTakcuanbHbIX ieHoK Si(111) Ha 60KOBBIX HO-
BEPXHOCTSAX BBICTYIIOB MOHOKpHCTasuTIdeckoro Si(100).

PaccmoTpum ocoOeHHOCTH pa3padOTaHHOI TEXHOIO-
ruu uzrorosienns UMC. Baemnunii BU1 TOBEpXHOCTH U
ckosa kpucraia UC nocie snuTakcuu npyu TeMIepary-
pe 1050°C nokazaH Ha puc. 2, TA€ BHJIHO, YTO IIOCKUE
MOBEPXHOCTH KAPMAHOB MOHOKPHUCTAJLTUIECKOTO KPEM-
HUS pasJiesieHbl pebehHBIMU Y4aCTKaMU OJIUKPUCTANI-
audeckoro KpemHus. Ilpu temmepaTtype SmHUTaKCHH
1050°C ¢popmupoBaHue AMUTAKCHATEHOTO KPEMHHUSI Ha
TIOBEPXHOCTH 00beMHOM Si0,-M30/IS1MK IIPOMCXOUT 3a
CYET pOCTa U YBEIWYCHHUS 00beMa COCETHUX OOKOBBIX
MOBEPXHOCTEH MOTHKPHCTAILITYECKOTO KPEMHUS C Ofl-
HOW CTOPOHBI U MOHOKPHCTAIUTHYECKOTO KPEMHHA — C
MIPOTHUBOIIOJIOKHON CTOPOHHI (pHC. 1). BCHe):[CTBI/Ie Ha-
MY ABYX oOsacTeit S1O pa3ielIeHHbIX Sl U1 KMHE-
TUYECKUX OTIMYUH npouecca pocTa IIEHOK 3MUTAKCH-
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Puc. 2. IToBepxHocTs u cxon kpuctamia IMC nocne popmu-

POBaHUS SMUTAKCHAIBHBIX IUICHOK Si B 00JIaCTH KapMaHOB

13 MoHO-Si 1 51u-Si* B 061ACTH U3 TOTMKPUCTAILTHYECKOTO

kpeMHus u ci10s SiO, (TommuHoM 1 MkM) 00beMHO#H U30-
unu crpykryp KCAU

aIbHOTO MOIMKPUCTAIMYECKOro KpeMHus Si° Ha pas-
HBIX MaTepuanax B oonactu uzonsauun KC/AU-ctpykTyp
TIPH STIUTAKCUH PopMupyercss W-TI0100HbIN penbed 1mo-
BEPXHOCTH [2, 3], BIaJUHBI KOTOPOTO (POPMUPYIOTCS HAZ
obnactamu SiO, (puc. 1). Taxoii penbed mo3BosseT npo-
BOJIUTH MIPOIIECC OKUCIICHUS U (POPMHUPOBAHUS JTOKAIb-
HOU Si0,-M30JIs1MK C TUIAHAPHOM MOBEPXHOCTHIO O€3
[IPEIBAPUTEILHOIO JOMOJHUTENBHOIO TPaBJICHUS IS
(dbopmMupoBaHus yrIyOIeHnH, HEOOXOIUMBIX IS TIOJTY-
YEHHUS [TOJTHOM U30JISLHH.

Kpome Toro, W-nomoOHsIi penbed ¢ HAaKITOHHBIMU
OOKOBBIMH ITOBEPXHOCTSIMH 00€CIICINBACT YMEHBIIICHUE
MEXaHUYECKHUX HANpPsKEHHH (B OTJIUYME OT KAaHABOK C
BEPTUKAJIHHBIMI OOKOBBIMU ITOBEPXHOCTSIMH B KJIaCCH-
YecKoH TeXHONOTHU «J30TU1aHapy) Mpu TEPMHUYECKOM
(hOpMUPOBAHUHU TOJICTHIX IUIEHOK JIOKAJIbHON M30JISIIUN
Y UCKITIOYAET MPOIIECCHI TeHEePAUH 1e(PEKTOB KPHUCTAI-
JIYECKOW PEIISTKH B SIIUTAKCHAITBHBIX CIIOSIX MOHOKPEM-
HUS. DNUTAKCUANbHBIEC [UICHKH TaKXKe OTJIMYal0TCs OT
MOHOKPEMHHUSI TIOJIOKEK OTCYTCTBHEM e (EKTOB, KOTO-
PBIM COOTBETCTBYIOT INTyOOKHE SHEPreTUIECKIE YPOBHI
B 3alpEeIIeHHON 30He. biarogaps 3ToMy yMeHbIIaeTCs
00OpaTHBIN TOK p—1-TIEPEXOIOB M CO3MAOTCS yCIOBUS JIISI
MOTy4YeHHUS MATBIX TOKOB yTeukn UMC. Texnomorus ¢op-
mupoBanus MC ¢ onHoM IU3IeKTpUUecKOl N30isILuel,
00BeIMHSAIONIAs Pa3HbIE TEXHOJIOTHH, TIO3BOJIMIIA TTOTY-
YUTh 3Ha4YeHHs TOKOB yTeuku IC Ha ypOBHE eJMHUI] MUK-
poamrepa mpu NpsiMOM UMITYJIbcHOM Toke B 0,5 A.

C 1enplo pacIMpeHus TEXHOJIOTHUECKUX U KOHCTPYK-
THUBHBIX BO3MOXHOCTEH CO34aBaJIUCh CTPYKTYPHBI C yBe-
JINUCHHOM TOJIIIUHOM SMUTAKCUATIBHOTO CJ108 (3—4 MKM).
B sTOoM cirydae npuMeHs1ach Takke U TEXHOJIOTHs cpa-
[IMBAHUS MOHOKPUCTAJUTMYECKHX IJIACTHUH C HCITOJIB30-
BarueM TexHojoruii KHU. ITo Texnomoruu smu-KCAN
Tepe]] SIUTaKCcHel B 00TIaCTH H30IISIIIMN CO3/1aBaJIHCh 0~
MOJTHUTEJIbHBIE IJICHKH OKCHJIa KPEMHUS U TOJIUKPHUC-
TAJUIMYECKOTO KPEMHUs, KaK 3TO IOKa3aHo Ha puc. 1,
[4]. 3amyTa NOIUMKPUCTAIUIMYECKUM KPEMHHUEM IIOBEPX-
HOCTHU JIOTIONHUTENBHON ieHku Si0, obecnieunBana
OCaKAECHHUE SIUTAKCHAIbHBIX TNICHOK TOJILKO Ha 001acTu
MOHOKPHCTAJUTUYECKOTO U MOIMKPUCTATITMYECKOTO KpeM-
HUS U JIeNalia IOBEepXHOCTh CTPYKTYp Oonee kompoTep-
Hoii. TommuHa cnos »mu-Si” cocTansa 2,6—2,8 MKM,
a MOCKOJIbKY MaKCHMaJlbHas TOJIIMHA OKCUAA KPEMHHUS
JIOKAJTLHOM H30JIAIIUN 00BIYHO cocTaBiseT 2,0—2,5 MKM,

HEOOXOTMMO OBLIO POU3BECTHU TPABIEHHE SMU-Si 11 9ac-
TUYHOTO yJaJeHus ciosi (tommuHon B 1,2—2,4 MKm).
OcTaTo4YHas TOIMHA HOITYIEHHOTO CJI0s SMH-Si~ COCTaB-
nsiet 1,2—1,4 mxm. Takum 00pa3zom, OSBIISIETCSI TOTIOJI-
HHUTEIbHAS BO3SMOKHOCTH KOPPEKTHPOBAHMS INTAHAPHOCTH
noBepxHocTH n3oisiuu VC [4] myTeM BpIOOpa HEOOXO0IH-
MO TOJIITMHEI JOTIOIHATEIHHOH IICHKH OKCUIA KPEMHHSL.
[Tpu BepTHKAITEHOM KOHCTPYKITHN KOMILUTEMEHTaPHBIX
TpaH3ucTOpoB (pHc. 1, &) HEOOXOAUMO CHOPMUPOBATH
1yOOKHEe KOJUIEKTOPBI, TU(PPY3MOHHBIE 00JIACTH KOTO-
PBIX UTSL p—1—p-TPAH3UCTOPOB (DOPMHUPYIOT OTHOBPEMCH-
HOU U y3ueli B 00beM SMTUTAKCHATHHOM TIICHKH TPH-
MECH U3 CKPBITOTO CIOS (p',) TOBEPXHOCTH KPEMHHS
MOJUTOKKH C OJTHOM CTOPOHBI M U3 Ta30BOM (ha3bl uepes
MOBEPXHOCTD JITUTAKCHATBFHOTO KPEMHUSI — C JIPYTOH
CTOPOHEL. J{J151 yMECHBIIICHHSI COTIPOTHBIICHUS H BDEMCHH
IUPPY3UN MOKHO HCIOIH30BATh OTKPBITHIE 001acTH
OOKOBBIX YUaCTKOB JITUTAKCHATEHOTO MOHOKPHCTAIITAYC-
CKOTO KPEMHHSI, KOTOPBIC PACIIOJIOKEHBI OJIVIKE K TOBEPX-
HOCTH CKpHITBIX cioeB [4]. Koncrpykius p—n—p-Tpan-
3HCTOPOB IpeIycMaTpuBacT hopMUpoBaHHeE 0a3bl B CI0C
KPEMHUSI STIUTAKCHATBHON TUICHKH, a IS (QOpMHIpOBa-
HEs1 0361 7—p—N-TPAH3UCTOPOB HCIIOIB3YIOTCS OOIee Hr3-
KOOMHBIE 00JIACTH JISTHPOBAHHOTO OOPOM KpPEMHHUS.
B oGiactu 6osee BHICOKOOMHOM 0a3bl p—1n—p-TPaH3UCTO-
POB BO3HHMKAIOT 00BEMHBIC O0CTHEHHBIC CIION OOJIBIICH
TOJIIUHBI ¥, COOTBETCTBCHHO, TOJIIUHA 0a3bl p—n—p-
TPaH3UCTOPOB JIOJDKHA OBITH OOJIBIIIE, UM TOJIIUHA Oa3bI
n—p—n-tpan3ucTopoB. CrienoBaTeabHO, CHAYAIA IPOHC-
XOIIUT 3aTOHKa TIPUMecH Oopa 1 Havasio OTKUra Tudady-
3HOHHBIX 00JIaCTel IMUTTEPOB p—1—p-TPAH3UCTOPOB, a
3aTeM 3aroHKa mprMecd Gochopa IMUTTEPOB 1i—p—71-TpaH-
3ucTopoB. [locite 3Toro MpoBOIST COBMECTHBIH (YHHHUIII-
HBIN OT)KUT C OKOHYATENILHBIM (popMHUpoBaHHEeM TUP Y-
3HOHHBIX 00yacTell 000X TUIOB SMHUTTEPOB. [Ipu sTOM
0a30BbIe 00JIACTH p—H—p-TPAH3UCTOPOB (POPMHUPYIOT C TIO-
MOIIBEO BCTPEYHBIX MporieccoB Auddy3un 6opa ¢ IMUT-
TEPHOTO W KOJUICKTOPHOTO CJIOCB. YPOBEHB MOCIEITHETO
3aj1aeT NIyOrHy nepexoa «0a3a—KoJUIeKTOp» U IEPBOHA-
YaibHO (POPMHUPYETCS B TIPOIIECCE AMUTAKCUH | ITPH (Hop-
MHPOBAHUH CJIOS TyOOKOT0 KOJUIeKTopa. Pacmonokenue
ATOTO YPOBHS MOJICIUPYETCS MIPHU MOCIEIYIOMNX OTepa-
X (popmMupoBaHus 0a3bl n—p—1-TPAH3UCTOPOB, SMHT-
TEpOB p—#—p- U n—p—n-TpaH3uctopos. Tak, n—p—n-TpaH-
3HCTOPHI IMEIOT CTPYKTYPY APEH(POBOTO TpaH3UCTOPA CO
BCTPOCHHBIM yCKOPSIOIINM JICKTPHYCCKUAM TI0JIeM B Oa-
30BOI1 00JIACTH CO CTYTICHIATHIM KOJUIEKTOPHBIM IEPEX0-
noM. 115 p—n—p-TpaH3uCTOPOB XapaKTepHa CTPYKTypa 6e3-
IpeidoBoro TpaH3KUCcTOpa ¢ O0JIee TIABHBIM KOJIIEKTOP-
HBIM IIepexooM. B p—n—p-TpaH3ucTope mponcxomuT Mo-
JETTMPOBAHUE 0OCTHECHHOTO 0OBEMHOTO CIIOS: YMEHBIIIe-
HUE TOJIIIMHBI B 00J1aCTH TU(PQPY3HOHHOTO KOJUIEKTOPA
YBEJINYCHHUE Er0 TOIIIIHBI B 00JIACTH 0a3bI C OTHOCHTEIb-
HO BBICOKOOMHBIM CJIOEM JITUTAKCHAIBHOTO KPEMHHISL.
[pu popMIpOBaHHH FTUTAKCHATHEHOT'O CIIOST TOJIIMHON
2,2 MKM ¢ yaenbHbIM corpotuienreM 0,85—1,05 Om-cm
3Ha4YeHHe TPOOMBHOTO HanpsokeHus U, «KOJIEKTOp—
AMUTTEP» cocTaBuiio 14—17 B nipu koaddurmente ycue-
Hust f=60 mis n—p—n-TpaHsuctopoB u 22—24 B npu
B=30—35 must p—n—p-tpansucropos. [Tocie onTnMusa-
UM KOHCTPYKIUHU ¥ TEXHOJOTHIECKHUX pekuMoB BAX
Tpan3ucTopoB u mapamerpsl UMC B 11€J10M Yy HIININCE.
Tax, Ipy yBETMUSHNH YIETHHOTO COMPOTUBIICHHIS ST TAK-

TexHOI0rHs ¥ KOHCTPYHPOBAHHE B YJIEKTPOHHOM anmaparype, 2011, Ne 3

25



OYHKIIMOHAJIbHASI MUKPO- 1 HAHOSJIEKTPOHUKA

cuanbsHoro cios A0 1,0—1,25 Om-cM 1 ero TOIIUHEL 10
2,5 MKM JJIsl n—p—n-TPaH3UCTOPOB TOTYUYCHBI 3HAYCHUSI
U_=19—22 B ipu =60, a 111 p—1—p-TpaH3uCTOPOB —
U= 28—30 B npu =35—45 npu ymMeHbIICHUH TOI-
ekl 6236l ¢ 0,8 10 0,7 MkM. OOpaTHOE HAMPSHKECHHUE
po6os Uy, smutTepHOTo nepexona cocrapuino Ug =8 B.
Ota BelMYMHA 00ecreYrBaeTCsl Oaroapsi HaJIH9IHIO
00CTHEHHOTO CJI0s1, TIepeKphIBaroIero n-6asy p—n—p-
TPaH3KMCTOPA, TOJIMHOK W, KOTOPYIO MOXHO paccuu-
TaTh 10 opmyre [5]

6]
e W — TonmuHa 0OETHEHHOTO CIIO0sI TIPH HaIpske-
HUH JJaBUHHOTO 11po6ost Uy =100 B xpemuus 6a30Boro
CITOSl HEOTPAaHMUCHHBIX Pa3MEpOB C KOHIICHTPaLUeH Jie-
rupyroueii mpumecn pochopa N =5-10'° cm3.

B cootrBerctBUM ¢ dopmynon (1), HanpsKeHHE
U,=8 B 06ecrieunBaeTcs Npy TOJIIMHE CJI0S KPEMHHS
6a3bl 0,7 MKM, a 00CIHEHHOMY CJIOK p-00JIACTH KOJI-
JIEKTOPHOTO p—n-TIEPEXo/ia C PACHPEICIICHUEM JIETHPY-
IOIIHX MTPUMEceH, OJTM3KUM K THHEHHOMY, COOTBETCTBY-
eT najienue HanpspkeHus B 20—22 B, uto B cymme omnpe-
JETISUI0 3HAYECHNE HAPSDKEHMUSI IPOOOST «KOJIEKTOP— OMUT-
Tep» B 28—30 B.

J7st niceneryeMbIX KOMITIEMEHTAPHBIX TPAH3UCTOPOB
3aBHCHMOCTH K02 pHUIMenTa nepenayn Toka 3, B cxeme
¢ OOIIIMM DMHTTEPOM B AKTHBHOM PEKUME paOOTHI TPaH-
3UCTOpa OT KOHIIEHTPALIMH JIETUPYIOIUX IIPUMECEN IMUT-
Tepa u 6aspl, a TAKXKE OT TOJMIMHEL W, n-6a3bl p—n—p-
TPaH3UCTOpPa MOXKHO 3aHCcaTh Kak [5, 6]

> -1
1 W6 1 Dna Q6O

B, =| Y o |1, Do | ©)
2 Lp n Dp()-Q30
e Lp — muddy3Has JMHA IBIPOK B n-0ase, L, =, /Dpr o

N — KO3 PUIHEHT, BeININHA KOTOPOTO 3aBUCUT OT
HaIU4usl B 0a3e BCTPOSHHOTO AJIEKTPHUYESCKOTO
[oJIst, Il p—n—p-TpaHsucropa N=1, a mis
n—p—-n-TpaH3uctopa N=2—4 u Gosble;

Dp, T, — COOTBETCTBEHHO ko3 unuent nudpdysun u
BpeMsI JKU3HU JIBIPOK B n-0ase;
D, D, — k03QpunueHTs 1uddy3ud COOTBETCTBEHHO

JJIEKTPOHOB B 3MUTTEpE U JBIPOK B Oase;
Ogo ¥ O, — TUIOTHOCTH 3aps0B HOHU3MPYIOIMX NpHUMeE-
ceil B 6a3e M HIMUTTEPE, COOTBETCTBEHHO.

Jnst n—p—n-tpan3uctopa dopmya (2) 3amuchiBacT-
Cs1 aHAJIOTHYHO.

KoHcTpyKIus KOMIUIEMEHTapHBIX TPAH3UCTOPOB, KO-
TOpBIE CPOPMHUPOBAHBI B IOCTATOYHO TOHKHX IUICHKAX
SMHUTAKCHATIBHOTO KPEMHUSI, TI03BOJISICT OIYYUTh MIPHU-
eMIIeMble KO PUITHESHTHI YCHICHUS TIPH 3HAYUTEIHHBIX
npOOUBHBIX HANPSDKEHUSX. J{JIs1 X peanu3anuu dIMHT-
TEpHBIE CIION TPAH3UCTOPOB (DOPMHUPOBAIU TAK, YTOOEI
MOJTYYUTb 3HAYUTENBHBIN KO3()QUIIMEHT HHXKEKIINH, YTO
1 obecreunBao popMUPOBAHUE OTHOCUTEITHHO OOJBIITAX
UMITYJTbCHBIX KOJUIEKTOPHBIX TOKOB. Takast BelTMUnHA KO-
3G OUIHCHTOB WHXEKIHMH 00eCIIeYUBANIACE BHICOKIM
YPOBHEM JICTHPOBAHHS SMUTTEPHBIX 00JIaCTel C KOHIICH-
Tpauueii nerupyromeit mpumecu okosio 102! cm3 u Tex-
HOJIOTUYECKUMH YCIIOBUSIMH COXPAHEHHUS BLICOKOTO YPOB-
HSl MHTETPAJIbHOTO 3apsijia HOHU3UPYIOUIUX MPUMECEit

SMHTTEPOB JI0 KOHEYHOTO dTana GopmupoBanus UMC.
3aBucUMOCTh KOA((HUITMEHTa UHIKEKIIUH Y OT KOHIICH-
TpalUu JETUPYIOMIUX IPUMECEH [Tl p—H—p-TPaH3UCTO-
pa MOXKHO 3ammucath Kak [6]

o.D
_ 6> \—1
y=(1+ ) 3)
0D
37 p6
rne Qg, O, — 3apsi HOHM3HUPYIOUIMX NpUMeECEd B n-6ase u
P-OMUTTEPE, COOTBETCTBEHHO, Q= N W,
Qa = Naaxa; .
N s, N, — KOHIEHTpAIKsA JETUPYIOMIUX IPUMECEH COOT-
BETCTBEHHO 0a30BBIX U SMUTTEPHBIX CJIOEB;
X, — TOJIIMHA SMUTTEPHOTO CJIOAL.

s n—p—n-tpansucropa popmysa (3) 3anuceBact-
Csl aHAJIOTHYHBIM 00pa3oM.

Texuonorus nanpHeimero gpopmuposanus UC mpe-
JlyCMaTpUaBeT COXPaHEHHE BEICOKUX 3HaUeHUH K03 hu-
IIUEHTOB HHxeKIuU. [Tpu sToM npeanonaraercs codto-
JICHUE OTPEACICHHBIX NMPEIOCTOPOKHOCTEH, Harlpumep
NPeOTBPANIeHIE PACTBOPEHNS KPEMHHS B TIIIEHKE alio-
MUHUS B 001aCTU KOHTAKTA, YTO [I03BOMISIET UCHOJIB30BATh
CIUIaBBl AJIIOMUHUS C KpeMHUeEM, U 1ip. IIpumenenue us-
BECTHBIX PELICHNH, TAKNX Kak (JOPMUPOBAHHUE METAIIIH-
3anuu ¢ KoHTakTamu H1oTTKY MK 3a1UTa KOHTAKTOB IIICH-
KaMH TIOJIMKPUCTAITHYECKOTO KpeMHHs Si”, Takske OMO-
TafOT COXPAHUTh JJOCTATOYHO BBICOKHE 3HAYCHHS KOd(du-
IIUEHTOB HXKEKIMU. B cBOIO ouepep, hopMupoBaHUE MO-
,Z[O6HI>IX KOHTAKTOB ITIO3BOJISIET ITIOBBICUTH GBICTpOHeﬁCTBHe
KaK OT/IEJIbHBIX TPAH3UCTOPOB, TAK U CXEMBI B [IETIOM.

INockonbKy noydeHHbIe 3HAUCHUS IPEIEIbHOI YacTo-
Thl TPAH3UCTOPOB cocTaBysIM He MeHee 150 MI'w, a Tpe-
Oyemas pabodasi yacToTa IpH MPUMEHEHHH MUKPOCXEMBI
He npessimaet 1 MI'n, obecrieunBacs 0CTaTOUHBIH 3a-
Tac Mo 9acToTe, M YaCTOTHAS 3aBUCUMOCTB KO3 (hHIIHCH-
Ta yCUJICHHS He Hy>K/1aJIach B JIOTIOJHUTEIIEHOM aHAJIN3E.

*kk

C nomonipto pa3paboTaHHON KOHCTPYKIMU U TEXHO-
JIOT'MHU U3TOTOBJICHUSI BEPTUKAIBHBIX KOMIIEMEHTAPHBIX
Tpan3ucTopoB noryueHs! IC ¢ momHo#M TM3IeKTpIIecKoi
n3ossnueit. [Ipu BenmunHe MaKCHMaIbHOTO KOJUIEKTOP-
Horo Toka 0,5 A 3HaueHHS TOKOB yTE€UKU (DYHKITHOHUPY-
fomux VIC coCTaBIsIIOT € ANHUIIBEI MUKPOAMIIEPA.
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