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ronoBHH E.M., KywuapyK B.<l> .. nepMHKOBa n.A. Pl3 - 10991 

06 HHBepCHOHHOM MeXBHH3Me o6pa30B8HHH BXO~HO~O "oKRa" 

KpeMHHeBbiX noeepXHOCTHo-6apbepHbiX ~eTeKTOpOB H~epHbiX 

H3ny'leHHA 

npoBe~eH paC'IeT TOnWHH HHBepCHOHHbiX cnoeB H HSnpg}KeHHOCTH 

aneKTpH'IeCKO~O nonH B HHX ~nH KpeM.HHeBbiX noeepXHOCTHo-6apbepHbiX 

~eTeKTOpOB (nELl) H~epHbiX H3ny'leHHli npH pa3nH'IHbiX 3HB'IeHHHX y~enbHO~O 
ConpOTHBneHHSI IfCXO~HO~O MBTepHana H npHnO}KeHRbiX pa60'IHX CMemeHHSIX, 

PeaynbTSTbi pac'leToB cpaBHHBSIOTCH c aKcnepaMeHTanbHbiMH ~SHHbiMH 

0 TOniDHHBX BXO~HbiX "OKOH" KpeMHHeBbiX ~eTeKTOpOB, 

Ha OCHOBSHHH nony'leHHbiX ~SHHbiX C~enSH BbiBO~ 0 TOM, 'ITO B HBCTO!I

wee BpeMH HeT CKOnbKD-HH6y~b y6e~HTenbHbiX ~oK838TenbCTB B nonbay 

OTO}K~eCTBneHHSI TOnWHHbl HHBepCHOHHO~O CnO!I C TOnWHHOH BXO~HO~O 

'oKua• nELl. 

Pa6oTa BbinOnHeHa B na6opaTOpHH H~epHblX npo6neM OIHH1. 

OpeapBBT 06J.eJUUieBBOro BBCTBTfT& a,lepiiWX BCC.De,lOII&BIII. Jly6aa 1977 

Golovin B.M., Kushniruk V. F'., Permyakova L.A. P13 - 10991 

On Inversion Mechanism of F'ormation of Entrance 
"Window" of Surface-Barrier Detectors of Nuclear 
Radiations 

Inversion layer thicknesses and their electric field intensity 
have been calculated for silicon surface-barrier detectors (SBD) 
of nuclear radiations at various values of specific resistance of 
initial material and reverse bias voltage applied. 

The calculation results are compared to experimental data 
on thicknesses for silicon detector entrance "windows". 

Basing on the data obtained the conclusion has been drawn 
that at the moment there is no any reliable evidence available in 
favor of identification of the thickness for inversion layer with 
that for entrance "window'' of SBD. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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l /1-3/ 
B pa6oTax Ha6mo.IJ;anHCL noTepu JapJI,ZJ;a B npuno-

sepxHoCTHLIX CnOJIX KpeMHHeBLIX llOBepXHOCTHO- 6apLep

HLIX ,ZJ;eTeKTOpOB /Illi,IJJ, KOTOpLie o6LI'IHO CBJI3LIBalOT C 

cymecTBOBaHHeM He34JcP_eKTHBHoro /"MepTsoro"/ cno11 se

mecTsa y BLIXO.IJ;Hoi nosepxHoCTH ,ZJ;eTeKTopa. TaKoa cnoa 

Ha3LIBaeTCJI TaK)I(e BXO,ZJ;HLIM "OKHOM" C'leT'IHKa. 

IJpH'IHHOH B03HHKHOBeHHJI "MepTBLIX" cnoeB Hepe,ZJ;KO 

CqHTalOT HHBepCHOHHLIH cnoa, cymecTBOBaHHe KOTOporo 

no.IJ;TBep)I(,D;eHo 3KcnepuMeHTanLHO 
141

. ABTOpLI pa6oTLI 151 

CqHTaiOT, qyo 3TOT CnOH COCTaBnJieT OCHOBHYIO 'laCTL TOn

IUHHLI "MepTBOrO" CnOJI, HO B llO,!J;TBep)I(,ZJ;eHHe CBOeH H,ZJ;eH 

He npHBO.IJ;JIT peJynLTaToB KaKoro-nu6o KonuqecTBeHHoro 

aHanuJa. 

MO)I(HO TaK)I(e npe.D;nono)I(HTL, qyo He34JcPeKTHBHaJI o6-

nacTL Ha BXO,ZJ;e IJii)l, COBlla,ZJ;aeT C TOR 'laCTLIO HHBepCHOH

HOrO cnoJI, r,ZJ;e HJ-Ja BLICOKOH npOBO,!J;HMOCTH B03MO)I(H0 

Mana HanpJI)I(eHHOCTL 3neKTpuqecKoro non11 141 . 

B HacToJimea pa6oTe npuso,ZJ;JITCJI peJynLTaTLI pacqeTa 

TOnmHHLI HHBepCHOHHLIX cnoeB H HallpJI)I(eHHOCTH 3neKTpH

qeCKOrO nonJI B HHX llpH pa3nHqHLIX 3Ha'leHKJIX y,ZJ;enLHOrO 

COllpOTHBneHHJI (p) HCXO,!J;HOrO MaTepuana H npHnO)I(eHHLIX 

K · cqeT'IHKY pa6oqux cMemeHHJIX. PeJynLTaTLI pacqeTos 

cpaBHHBaJOTCJI C 3KCnepHMeHTanLHLIMH ,ZJ;aHHLIMH 0 Tonmu

HaX "MepTBLIX" CnOeB B IJii)l,. 

3HepreTH'IecKaJI ,ZJ;HarpaMMa nosepxHOCTHo- 6apLepHoro 

,ZJ;eTeKTopa npHBe,ZJ;eHa Ha puc. 1. 
Ilpu npose,ZJ;eHHH BLiqucneHHH .IJ;enanHCL cne.D;YJOmue .IJ;O

nymeHHJI: 

a/ ,!J;OHOpHaJI npHMeCL B HCXO,ZJ;HOM n-KpeMHHH non-

HOCTLIO HOHH3HpOBaHa; B p - o6naCTH KOH~eHTpa~HJI CBO-

60,ZJ;HLIX 3neKTpOHOB Mana llO cpaBHeHHIO C KOH~eHTpa~Hea 
,D;LipOK; 
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Puc. 1. 3Hep2e111U~eCKOJI 0U02POMMO ypo6Heii u (JopMO 
n0111€HijUO/IbH020 6opbepo HO zpaHUll€ M€1110/1/1 - n - KpeMHUU 
6 po6H06eCHbiX yc/I06URx: E c , E v - HUJKHuii u 6epxHuii 
ypo6HU 30Hbl np0600UMOC111U U 60/I€H111HOU 30Hbl C001116e111-

C1116€HHO; EF , E i - ypo6HU 4>epMu 6 ucxoOHOM Malllepuo/le 
u 6 M0111epuo/le co6c1116eHHoii npo600UMOC111U coo1116€111C1116eH-

Ho; q <1> s , q <l>b - 3Ho~eHUR no111eHL1UO/IO q<l>= E F - E i 
HO no6epXHOC111U U 6 o6oeMe; q V 8 , q V - nO/IHbiU U32U6 
30H HO no6epXHOC111U U 6 npOU360/IbHOU 1110~Ke o6/IOC111U 
npoc111pOHC1116eHH020 30p.ROO coo1116e111C1116eHHo; q ~Bn 
6biC01IIO no111eHLIUO/IbHozo 6opbepo HO zpaHut~e Me1IIOA/I
noAynpo600HuK; <I>m - po6o111o 6biXOOo M€1110/1/lo; qV 0 = 
=Ec-EF. 

6/ B HepaBHOBeCHOM cocTOBHHH BJJ.Ollb aceii nepexoJJ.

HOH o6nacTH p- n -nepexo)l,a nono>KeHHe KBa3HypoaHeii 
$epMH )l.llB OCHOBHbiX HOCHTeneii DOCTOBHHO /S/0 
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"" 

Cnoii c p -npoBOJJ.HMOCTbiO B Illi)J; H3 n -KpeMHHJI 

ne>KHT Me>KJJ.Y TO"'KaMH A H C I puc. 1/. Ero TOllllUIHY Mo>K

HO paCC"'HTaTb DO !llopMyne 171
: 

z _ ( K( okT 
p-

2q2no 
1 

Y2 0 d ) ( u ____________ _ 

u qVa ub 
s [ ( u b + 1-- I -u -1 )e 

kT 

-u lf2 
+e ] /1/ 

nony"leHHOii H3 ypaaHeHHB IlyaccoHa, JanacaHHoro JJ.llJI p

o6nacTH Illi)J; npH Hano>KeHHH Ha p- n - nepexoJJ. o6pa THoro 

CMell-'eHHB V a o 3)l.eCb 

q!V al 
U=Ub+---+V, 

kT 

q<I> 
u =---

kT ' 
V= 

qV 

kT 

/2/ 

/3/ 

v s , u 8 - noaepxHOCTHble 3Ha"leHHB noTeHuaanoa u H v ; 

u b - o6'beMHOe 3Ha"leHHe noTeHuaana u; n i - KOHUeH
Tpal{HB HOCHTene:ii B C06CTBeHHOM MaTepaane; K - )l.H3-

neKTpH1.1eCKaB llOCTOBHHaB KpeMHHBj q - a6COlliOTHOe 3Ha

"'eHHe 3apB)l.a 3lleKTpoHa. 

Tonii-'HHY ( Z P) o6nacTH c p -npoBOJJ.HMOCTbiO B pac
cMaTpHaaeMoM HaMH cnyqae MO>KHO npe)l.CTaBHTb KaK co

CTOBII-'YIO H3 Jl.BYX "laCTeii: 

zP~ zi +Z~, 

rJJ.e z i - yqacToK c npoBOJJ.HM'OCTbiO (ai ) 6om~we o6'beM

Hoii llpOBO)l.HMOCTH (ab ) , Z ~ - yqaCTOK C llpOBO)l.H

MOCTbiO ap
0

Sab jpuc.l/. 

Tonii-'HHbl 3THX yqacTKOB MO>KHO HaiiTH H3 ypaaHeHHB 

/1/, ecna HHTerpapoaaHHe npoBOJJ.HTb B npe)l.enax: 

us SuS- ub - JJ.nJI o6nacTH Z i 

-ub:::.u < 0 - )l.llB o6naCTH Z~ o 
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HH*HHB npe~en HHTerpHpoBaHug B ypaBHeHHH /1/ on

pe~engeTcg BenH'IHHOB noBepxHOCTHoro noTeHuHana 

JqVa I qV s 
u s ~ u b ~ --~--- + ---- ' 

kT kT 
/4/ 

JaBucgmero OT noTeHuuana V s 

PeJynLTaThi TaKHX pac'leToB npe~cTaBneHhl B ma6A. 1. 
llpH cpaBHeHHH paC'IeTHhiX ~aHHhiX C 3KCllepHMeHTanh

HhiMH Mhl 6panH He nonHyiO TOniUHHY (Z p) p - o6naCTH B 

llli)l., a TOnll{HHY Z i -o6naCTH, npOBO~HMOCTh KOTOpOB 

6onLwe o6'heMHOB npoBo~HMOCTH, r~e B cornacuu c pa-

6oTo8 14 / MO*HO 6hinO O*H~aTh HH3KOe 3neKTPH'IeCKOe 

none B HHBepCHOHHOM cnoe. 
/7' 

B pa6oTe ' TonmuHa Z P pacc'IHThiBanach npu V s = 
-0,52 B ±10o/o HeJaBHCHMO oT y~enLHoro conpoTHBne

HHg HCXO~HOrO Ma Tepuana. 3TO 3HaqeHHe V s 06hi'IHO C'IH

TaiOT llpH6nH3HTenhHO BepHhiM ~ng llOBepXHOCTeB, o6pa-

6oTaHHhiX cTaH~apTHhiM TpaBHTeneM CP -4. 
0~HaKO H3BeCTHO COOTHOWeHHe, CBgJhiBalOIUee BenH

'IHHY V s C BhiCOTOB llOTeHUHanhHOrO 6apbepa ( ~ B ) Ha 
!8.1 11 

llOBepXHOCTH MeTann-nonynpOBO~HHK 

Vs = <l>Bn - V n · /5/ 

B cooTBeTCTBHH c 3KcnepHMeHTanhHhiMH ~aHHhiMH 
'8-10. 

<l>Bn - BenH'IHHa llOCTOgHHag ~ng ~aHHOrO MeTanna H He 

3aBHCHT OT ypoBHg nerHpOBaHHg nonynpOBO~HHKa. )l.ng 

KOHTaKTa Au- ( n -Si) 

<I> Bn = 0,81 B. 

BenH'IHHa v n = E c - E F JaBHCHT 

nepeHOCHT 3TY 3aBHCHMOCTh Ha V s · 

BhlnonHeHHhle HaMH pacqeThl /eM. 

'ITO V s OKa3hiBaeTcg 6nH3KHM K -

cnyqae HH3KOOMHoro MaTepuana I p 

OT fl H, O'leBH~HO, 

ma6A. 2/ 
0,52B 

= 100 

noKaJanu, 

TOnhKO B 

OM·CM/ H 

3Ha'IHTenhHO OTnH'IaeTcg OT 3TOB BenH'IHHhl ~ng MaTepua

noB BhiCOKOOMHhiX. ll03TOMY paC'IeThl TOniUHHhl HHBep

CHOHHOrO cnog H Hanpg*eHHOCTH 3neKTpH'IeCKOrO nong B 

HeM npoBo~unHch c V s , onpe~engeMhiM H3 /5/. Ha 
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Ta6mma II. 3Ha'leHHe noTeHUHSJIOB Vs , BJAHCJieHHwe no !JloiJMYJie (5). 

Y.llMbHOe CO!YpOTJIIBJieHHe HCXO,IlHOrO MaTepHSJia .P , ( K0M• CM } 

cp6n o. r I r I ro I so I roo 
3HatJeHIDl noTe!IIIHan:a '4 (B) 

O.BI -0.47 -0.4I -0.35 -0.29 

pUC. 2 DOKaJaHa 3aBHCHMOCTL TOni~HHLI HHBepCHOHHOrO 

cnoJI oT o6paTaoro cMemeHHJI ua c'leT'IHKe ~n.11 paJawx 

3Ha'leHHB y~enLHLIX CODpOTHBneHHB HCXO~Horo MaTepHa· 

na. Ha 3TOM >Ke pHCYHKe ~.II cpasaeHHJI npe~cTasneuw 

peJynLTaTLI 3KCnepHMeHTanLHLIX H3MepeHHB BXO~LIX 

"OKOH", nony'leHHLie B pa6oTe /ll C HCnOnLJOBaHHeM npo

TOHOB C 3HeprBeii 80 K3B. 

0TMeTBM, 'ITO BO BCeX paCCMOTpeHHLIX HaMH cnyqa

.JIX 3«WleKTHBHaJI TonutHHa "MepTsoro" cno.11 Z M .c < Z i < Zp . 

.nnJI BLinOnHeHBJI ycnOBHJI Z M.C:' Z p 
151 

npHwnOCL 6LI, 

B DpOTHBOpe'IBH C 3KCnepHMeHTOM, B3JITL <I> Bn 3HalfH· 

TenLHO MeHLWe 0,81 B /ma6A. 1/. 3ToT peJynLTaT npoTB

sope'IBT YTBep~eHB.JIM 0 TOM, 'ITO BHBepCHOHHa.JI o6-

naCTL B llli,n B OCHOBHOM COBna~aeT no TOnlUHHe C "MepT· 

BLIM" cnoeM C'leT'IHKa. 

Ha puc. 3 noKaJaao HJMeHeHBe uanp.II>KeHHOCTH 3neKT

PH'IeCKoro nonJI (E) no TonmHae P - o6nacTH C'leT'IHKa 

B JaBBCBMOCTB OT y~enLHOrO ConpOTHBneHB.JI BCXO~HOrO 

Ma TepBana. BB~Ho, 'ITO npB !IIHKCBposauaoM 3Ha'leHHH y .11.enL

uoro conpoTBBneHHJI MaTep&ana uanp.II>KeHHOCTL 3neKTpH

qecKoro nonJI OCTaeTCJI npaKTH'IeCKB nOCTO.JIHHOB no BCeB 

TOnlUHHe p - o6naCTB. 

Hanp.II>KeauocTL 3neKTpB'IecKoro non.11 H3MeH.IIeTc.JI c 

YPOBHeM nerBpOBaHH.JI HCXO,!J,HOro MaTepBana, O~HaKO BO 

BCeX paCCMOTpeHHLIX cny'laJIX OHa ,IJ,OCTaTO'IHO BenHKa 

B scer.11.a npeswwaeT cpe,!J,HJOJO uanp.II>Keauocn. non.11 B C'leT

'IHKe. TaKOR pe3ynLTaT npOTHBOpe'IBT MHeHHJO 0 TOM 141 , 

'ITO BHBepcBOHHLIB cnoii - "3cWleKTBBHLIB" MepTBLIB cnoi 

C'leT'IBKa, o6pa30BaHHLIB 3a C'leT HH3KOB Hanp.JI>KeHHOCTH 

nonJI B HeM. 
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Puc. 2. Pac'lemHble 3aeucuMocmu mOAJI#UHbl uHeepcuoHHOZO 
CAOJI (Z i ) om o6pamHOZO CMeJI#eHUJI OAJI pa3HbiX 3HQ'leHUU 
yc}eAbHOZO conpomueAeHUJI UCXOOHOZO MamepuaAa: a/ {J = 
= 1 K0M CM; 6/ p = 10 K0M CM; e/ P =50 K0M CM. 
l..(u(Jpbl HQ KpU6biX - 3HQ'leHUJI nomeHijUQAQ V s . /IyHKRlUpHbi
MU AUHUJIMU nOKQ3QHbl 3KCnepuMeHRrQAbHble 3Q6UCUMOCRlU 
OAJI mOAJI#UHbl exoOHbiX "oKoH" no pe3yAbmamaM U3Mepe

Huil 11 ' 

113 nony'leHHLIX peJynLTaTOB cne,IJ,yeT, TaKHM o6pa30M, 

'ITO B HaCTOJIInee BpeMJI HeT CKOnLKO- HH6Y.IJ.L y6e,!J,HTenLHLIX 

OCHOBaHBB K OTO>K,IJ,eCTBneHHIO TOnutHHLI "MepTBoro" cnOJI 

llli,n C TOnutHHOB HHBepCBOHHOrO CnOJI B HeM. Heo60CHOBaH

HLI TaK>Ke nonLITKB CBJ13aTL nOJIBneHHe "MepTBOrO" cnOJI 

C Manoi HanpJI>KeHHOCTLIO 3neKTPH'IeCKOrO nonJI B HHBep

CHOHHOM cnoe. 
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Puc. 3. HaMeHeHue Hanp.RJICeHHocmu 3AeKmpu'lecKozo noA.R 
(E) no mOAfiiUHe p - o6Aacmu C'lem'lUKa npu pa3HbiX 3Ha'le
HUJIX yaeAbHozo conpomueAeHUJI ucxoaHozo MamepuaAa: 1 -
0,1 K0M CM; 2 - 1K0M CM; 3- 10 K0M CM; 4 - 50 K0M CM. 
Pa6o'lee cMeUieHue - 100 B. l.(u,Ppbl Ha KpuebJX- 3Ha'leHu.R 
cpeaHeii Hanp.RJICeHHocmu 3AeKmpu'lecKozo noA.R e c'lem'luKe. 

MO>KHO npe.l{nOJIO>KHTb, O.l{HaKo, qro He341cl>eKTHBHaJI o6-

JiaCTb Ha BXO,I:{e llli)l;, 3aHHMaJI qacTb HHBepCHOHHOrO CJIOJI, 

onpe.l{eJieHHbiM o6pa3oM CBJI3aHa c oco6eHHOCTJIMH ero 

CTpOeHHJI H .l{BH:>KeHHJI B HeM HOCHTeJieH 3apJI.l{a I? I. ll03TO

MY npoBe.l{eHue 3KcnepHMeHTaJibHbiX H TeoperuqecKHX uc

cne.l{oBaHHH crpyKTYPhl npunoaepxHOCTHoii o6nacru llli,D; 

H co6upaHHJI HOCHTeneB: 3apJI.l{a B HeB: npe.l{cTaBJIJieT 3Haqu

TeJibHbiH HHTepe C. 
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