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noTep~ 3apRAa ~ CBR3aHH~H C H~M~ Ae~eKT aMnn~TYA~ BO BXOAHOM 
OKHe /MepTBOM cnoe/ nonynpOBOAH~KOBOrO AeTeKTOpa o6~4HO onpeAe
nR~T KaK pa3HOCTb Me*AY 3Hepr~eH 4aCT~~~ Ha BXOAe AeTeKTopa ~ 

3Hepr~eH, B~AeneHHOH B 4YBCTB~TenbHOM cnoe. Pa3n~4~e B 3T~X 
3Hepr~RX MOmeT 6~Tb CBR3aHO KaK C noTepRM~ 3Hepr~~ 8 MeTann~ye
CKOM 3neKTPOAe Ha BXOAe AeTeKTOpa, TaK ~ C noTepRM~ B MepTBOM 
cnoe caMoro AeTeKTopa. 

Ben~Y~Ha noTepb, CBR3aHHaR c MeTann~YecK~M 3neKTPOAOM, nerKo 
nOAAaeTCR yYeTy ~ Aanee He paccMaTp~eaeTCR. noReneH~e MepTBOrO 
cnoR a KpeMH~~ MomeT 6~Tb CBR3aHo KaK c o6nacTb~ cna6oro nonR 
e np~noaepxHOCTHOM cnoe, TaK ~ c HapyweH~eM ero CTPYKTyp~.B no
cneAHeM cnyYae ~3-3a Manoro epeMeH~ m~3H~ HepaeHoaecH~x HOC~Te
neH ~MeeT MeCTO peKOM6~Ha~~OHHaR noTepR 3apRAa. 
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Ha p~cyHKe np~BeAeH~ pa3n~4H~e Mo
Aen~ cnoea, KOTOp~e MOryT COOTBeT
CTBOBaTb pa3n~4H~M AeTeKTopaM. Ha 
p~c. a/ noKa3aH ~AeanbH~H AeTeKTop, 
B KOTOpOM BXOAHOe OKHO OTCyTCTByeT 
~ ee3Ae ~MeeTCR 3neKTP~YecKoe none, 
n()~rnt:JUIAA~Inii~P.P. Mf'lni-U'lP rnfilA!"'~I-tiAP 

3apRAa. P~c. b/ COOTBeTCTByeT MOAe
n~ AeTeKTOpa C MepTB~M cnoeM f'l., B 
KOTOpOM 3neKTp~4eCKOe none OTCyT
CTByeT. np~MepOM TaK~X cnoea MOryT 
cnym~Tb c~nbHoner~poaaHHaR o6nacTb 
A~~Y3~0HHoro ~n~ ~MnnaHT~poaaHHO

ro n- p -nepexoAa, n- ~n~ p -cno~ 
B AeTeKTOpe T~na p-i-n.CnyYaH, no
Ka3aHH~H Ha p~C. cj, COOTBeTCTByeT 
AeTeKTopy c np~noaepxHOCTH~M cnoeM 

CxeMaTH~ecKoe Hso6pa&eHHe AeTeK
Topos C pa3nH~HWMH BXOAHWMH OKHaMH. 
0Tpe30K (O,d ] . - TO~Ha tlyBCTBHTenb
HOro cnon AeTeKTopa; oTpe3KH [O,R]. 
H [-l'l., R-l'l.] - npo6er qacTHW>J; he,p -
MaKcHManbHan APeH~osan AnHHa 3neKT
poHa H AbiPKH COOTBeTCTBeHHO. 
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TOfl~HHOH ~. 8 KOTOpOM 04eHb HH3KOe speMR ~H3HH HepaBHOBeCH~X HQ
CHTeneH, 4TO npHBOAHT K npaKTH4eCKH nOnHOH noTepe 3apRAa 8 HeM. 
npH 3TOM 3fleKTPH4eCKOe none Cy~eCTByeT 80 BCeM 4YBCTBHTenbHOM 
cnoe AeTeKTOpa, CK803b KOTOp~H npOXOART OCTaBWHeCR HOCHTenH. 
npHMepoM MOryT cny~HTb KaK nosepXHOCTH0-6apbepH~e, TaK H APeH
¢QB~e AeTeKTOp~ C B~BeAeHH~M Ha nosepXHOCTb i -cnoeM, COAep~a
~HM npHnOBepXHOCTH~H CflOH MaTepHana C HapyweHHOH CTpyKTypOH. 
nocneAHHH cny4aH /pHC.d/· aHanorH4eH npeA~AY~eMy c TOH nHWb pa3-
HH~eH, 4TO KpOMe noTepb 3apRAa Ha HHTepsane (0,~]. 8 nnOCKOCTH 
X•~ HMeeT MeCTO a6con~TH~H CTOK AflR HOCHTeneH, APeH~Y~~HX K no
sepXHOCTH. PaHee TaKaR MOAenb BXOAHOro OKHa He o6cy~Aanacb.Pac
CMOTpHM ee 6onee noApo6Ho. 

B Ka4eCTBe xapaKTepHCTHKH noTepb 3apRAa BBeAeM noHRTHe 3~
~eKTHBHoro MepTsoro cnoR Ha BXOAe AeTeKTopa ~eff cneAY~~l1M o6-
pa3oM: 

~eff 
~Q= q f N(x)dx, /1/ 

0 
rAe ~Q=Qo -Q ; Q o- 3apRA, BbiAeneHH~H 4aCTH~eH B 4YBCTBHTenb
HOM Cnoe AeTeKTopa, 3a HCKfl~4eHHeM noTepb 8 MeTannH4eCKOM 3neKT
POAe; Q- 3aPRA, HHAY~HposaHH~H Ha 3neKTPoAax AeTeKTopa; N (x) = 
= n(x) •P(X) - pacnpeAeneHHe reHepHposaHH~x BAOnb TpeKa 4aCTH
~~ 3neKTpoHos H A~POK; q - 3apRA 3neKTpoHa. 

3apRA, HHAY~HpoBaHH~H 80 BHeWHeH ~enH 3neMeHTOM TpeKa dx, 
paseH /1,2/: 

dQ = dQ +dQ =QN(x) l!lciJn +~4>Pdx, 
n p V /2/ 

rAe ~ciJn,p - pa3HOCTb noTeH~Hanoa, KOTopy~ npoXOART 3fleKTpOH~ 
H AbiPKH COOTBeTCTBeHHo; V - pa3HOCTb noTeH~HanoB, npHflO~eHHaR 
K AeTeKTopy. AnR paccMOTpeHH~X Ha pHCYHKe cny4aea HHAY~HposaHH~H 
3aPRA COCTaBHT: 

Q .. Qo •. 

R-ll 
Q- q ( N(x)dx, 

OR 
Q ... qJ N(x)dx, 

Q.q ~ IN(x)dx, 

/3a/ 

/3b/ 

/3c/ 

/3d/ 

rAe ~cb- naAeHHe noTeH~Hana Ha oTpe3Ke (~.d] ., · R - npo6er 4ac
TH~~. 

B~4HCnHM ~err AflR Tpex pa3nH4HbiX pacnpeAeneHHH nnoTHoCTH re
Hepl1poaaHH~x HOCHTeneH, KOTOpble MoryT Cfl~HTb YAo6HbiM npH6nH~e
HHeM pacnpeAeneHHR YAeflbHOH HOHH3a~l1H 3apR~eHHbiX 4aCTH~, TOpMo-
3R~HXCR a AeTeKTope. 
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1. nnoTHOCTb reHepHpOBaHH~X 3apRAOB nOCTORHHa: 

N =n(x)-p(x). 

2. nnoTHOCTb reHepHpoBaHH~X 3apRAOB fll1HeHHO cnaAaeT: 

X 
N(x)aN0 (1- if). 

3. nnoTHOCTb reHepHpOBaHH~X 3apRAOB flHHeHHO B03pacTaeT: 
X 

N(x)-N 0 +(NR-NO )if• 
3Aecb N0 • N(O), a NR -N(R). 

/4/ 

/5/ 

/6/ 

PeweHHR 6yAeM HCKaTb AflR ABYX pacnpeAeneHHH noTeH~Hana a 4ya-
CTBHTeflbHOM cnoe AeTeKTopa: 

X 2 
cb(X)=I VB I (1- -) • 

d 

/7a/ 

/7b/ 

rAe d - Ton~HHa 4YBCTBHTenbHOH o6nacTH AeTeKTopa, V8 - noTeH~Han 

noaepxHoCTH. PacnpeAeneHHe noTeH~Hana /7a/ cooTBeTcTsyeT pacnpe
AeneHH~ noTeH~Hana a roMoreHH~x c4eT4HKax, a i -cnoe p-i-n -
CTPYKTyp C xopowe.:i KoMneHca~HeH 06DeMHOro 3aPRAa, B nosepXHOCTHo-
6apbepH~X AeTeKTopax, pa6oTa~HX a pe~HMe CHnbHoro nepeHanpR~e
HHR. PacnpeAeneHHe /76/ COOTBeTCTByeT XOAY noTeH~Hana B noaepx
HOCTHo-6apbepH~X HflH B AH~Y3HOHHbiX AeTeKTOpax CO CTyneH4aT~M 
rpaAHeHTOM nerHpy~eH npHMeCH B HOpManbHOM pe~HMe pa6oT~. 

U4eBHAHO. 4TO Allfl (..JIY"'dH. IIU"-d~dMMVI v no " ....... <.,'. ~en - ::;, 
a AnR cny4aea, noKa3aHH~x Ha pHc. b/ H c/, acerAa a~nonHReTCR 
paBeHCTBO ~err•~. 3~eKTHBH~H MepTB~H CflOH AflR cny4aR CO CTOKOM 
a nnocKoCTH x -ll /pHc. d I paccMoTpHM 6onee noAPOOHo. 

1. 3~KTHBH~H MepTBbiH CflOH 
npH flHHeHHOM 3aKOHe H3MeHeHHR noTeH~Hana 

a/ nnoTHOCTb reHepHpoaaHHoro 3aPRAa nocTORHHa 

B 3TOM cny4ae H3 /1/, /3d/, /4/ H /7a/ HMeeM: 

~ rr ·M 1+ !.o- A>1 · e d R 
!81 

npHR/d•1 H ~«d ~err 

max 
~err • 2/l. /9/ 

npH R/d<<1 ~err all,· 4TO OTBe4aeT ycnoBH~, KOrAa B COOTBeTCTBHH 
C o603Ha4eHHRMH Ha pHCYHKe HHAY~HpoaaHH~H 3aPRA C03AaeTCR ABH
~eHHeM OAHHX flHWb 3fleKTpOHOB, a A~PKH npaKTH4eCKH He BflHR~T Ha 
aenH4HHY HHAY~HpOBaHHOro aapRAa. 
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6/ nnoTHOCTb reHepHpoaaHHoro aapRAa nHHeHHO cnaAaeT 

B 3TOM npH6nHmeHHH H3 /1/, /3d/, /51"' /7a/ nony4aeM: 

~err = R-(R-~)J1-Md, 

~ R 
~ ff ,. -(- + 2). 

e 2 d 

npH R/d=1 AOCTHraeTCR MaKCHManbHOe 3Ha4eHHe ~err • paBHOe: 

max 
~err z1,5~. 

/10/ 

/lOa/ 

/11/ 

npH R/d<<2, T.e. KOrAa HHAY~HPOBaHH~H 3apRA C03AaeTCR B peaynb-
TaTe ABHmeHHR TOnbKO 3neKTpOHOB, ~err COBnaAaeT C ~. 

B/ nnoTHOCTb reHepHpOBaHHOrO 3apRAa nHHeHHO 
aoapacTaeT 

B 3TOM cny4ae H3 /1/, /3d/, /6/ "'/7a/ nony4aeM: 

~err 

npH ~<<R,d paBHO: 

NR R _ 
~ rr ·M(1+-)-+1]. 

e N 2d 
0 

/12a/ 

MaKcHManbHoe 3Ha4eHHe ~err. KaK "' paHee, AOCTHraeTcR npH R/d-1: 

max ~ NR 
~err "'-

2 
<3 "" -). 

No 
/13/ 

~err 

KaK nerKO BHAeTb, H3 /13/ MOmHO nony4HTb MaKCHManbH~e 3Ha4e
HHR ~err• COOTBeTCTBYIOIJIHe /9/ H /11/. TaK, npH NR=No• T.e. npH 
nOCTORHHOH nnOTHOCTH reHepHpOBaHHOrO 3apRAa, H3 /13/ nony4aeM 
A max 

2
.. 191 - _.max uerr= u, 4TO coanaAaeT c , a npH NR=O nony4aeMuerr=1.5~. 

nonHOCTbiO COBnaAa10111ee C /11/. npH Man~X 3Ha4eHHRX OTHOWeHHR R/d 
BenH4HHa 3$¢eKTHBHOrO MepTBOro CnOR He 3aBHCHT OT BHAa pacnpe
AeneHHR reHepHpOBaHH~X 3apRAOB H CTpeMHTCR K ~. T.K. HHAY~HpO
BaHH~H 3aPRA onpeAenReTCR TOnbKO ABHmeHHeM 3neKTpOHOB, KOTOp~e 

npOXOART BeCb nyTb 6e3 3aXBaTa ~eHTpaMH peKOM6HHa~HH. 

j 

2. 3¢¢eKTHBH~H MepTB~H cnOH 
npH KBaApaTH4HOM 3aKOHe H3MeHeHHR noTeH~Hana 

a/ nnoTHOCTb reHepHpoaaHHoro aapRAa nocTORHHa 

B 3TOM cny4ae H3 /1/, /3d/, /4/ "'/7b/ nony4aeM: 

~ rr ·M1+ ..!(1- ~X2- ~)], 
e d R d 

Ha I 1 4/ npH R/d = 1 "' ~«R,d cneAyeT: 

/14/ 

~max= 3 ~ err · I 15/ 

CooTBeTCTBeHHO npH R/d<<l/2 H ~<<d,R aenH4HHa 3~~eKTHBHOro MepT
aoro cnOR CTpeMHTCR K nOCTORHHOMY 3Ha4eHHIO, paBHOMy ~. 

6/ nnoTHOCTb reHepHpoaaHHoro aapRAa nHHeHHO cnaAaeT 

B 3TOM cny4ae H3 /1/, /3d/, /5/ H /7b/ HMeeM: 

~ rr = ~ [1+..!(1- ~)]. 
e d R 

Ha /16/ npH R/d =1 "' ~«d HMeeM: 

~max .. 2 ~. err 

1\dK "' paHee, npH L\<<a "' K/G<<l 

~err=~ 

H3 1 101 cneAyeT paaeHcr80 

a/ nnoTHOCTb reHepHpoaaHHoro aapRAa nHHeHHO 
aoapacTaeT 

B 3TOM cny4ae H3 /1/, /3d/, /6/ "' /7b/ nony4aeM: 

/16/ 

/17/ 

N0 j N2 NR+N ~ 2 ~ N N -~err =--R+R Q + 0 -(1--) (1--)[-~+~]./18/ 
~N0 (NR-N

0
)2 NR-N 0 d R NR-No R 

npH6nHmeHHOe B~pa>KeHHe AnR ~err npH ~«R. d. 6onee YA06Hoe AnR 
aHanH3a, MOmHO aanHCaTb B BHAe 

~err "'M(1+~).B.+l] · 
N

0 
d 

Ma KCHMYM ~eff AOCTHraeTCR npH R/d .. l: 

/18a/ 

~:;rx = ~(~·+ 2 ). /19/ 
0 

Ha /18a/ aaToMaTH4eCKH cneAYIOT a~pameHHR /15/ H /17/ AnR no-
CTORHHOH (NR"'NO) H nHHeHHO cnaAaiOIJieH (NR =0) nnOTHOCTH reHepHpo-
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BaHHbiX 3aPRAOB. npH R/d << N ° BeJlH4HHa 3<)xf>eKTHBHoro MepTBO-
NR+No 

ro CJlOfl CTpeMHTCfl K nOCTORHHOMy 3Ha4eHH~, paBHOMy ~. T.e. OHa He 
3aBHCHT HH OT pacnpeAeJleHHfl BAOJlb TpeKa reHepHpOBaHHOrO 3apRAa, 
HH OT pacnpeAeJleHHfl noTeH~HaJla B 4YBCTBHTeJlbHOH 06JlaCTH AeTeK-
TOpa. ' 

AHam13 nony4eHHbiX aaBHCHMOCTeH AJlR ~err noKa3biBaeT, 4TO 
eCJlH B AeTeKTOpax AeHCTBHTeJlbHO HMe~T MeCTO noTepH 3aPRAa no 
paccMaTpHBaeMoMy MeXaHH3My, TO 3~eKTHBHbiH MepTBbiH CJlOH MO~eT 
3Ha4HTeJlbHO npeBbiWaTb BeJlH4HHY~. npH4eM 60JlbWHe noTepH AOJl~Hbl 
Ha6n~AaTbCR AJlR AeTeKTopoa c JlHHeHHbiM pacnpeAeJleHHeM 3JleKTpH4e
cKoro nOJlR B 4YBCTBHTeJlbHOM CJlOe, HanpHMep B noaepXHOCTH0-6apb
epHbiX AeTeKTopax. B 3TOM cny4ae npH JlHHeHHO soapacTa~eH nnoTHO-

N 
CTH reHepHposaHHoro aapRAa, HanpHMep npH -:...& =3, H3 I 19/ cne-

No 
AYeT, 4TO MaKcHMaJlbHaR noTepR aapRAa MO~eT B 5 pa3 npeBbiWaTb no-
Tep~ 3apRAa, o6yCJlOBJleHHY~ MepTBbiM CJlOeM TOJl~HHOH ~. 

PaccMOTPeHHWH MexaHH3M noaaonReT o6DRCHHTb AJlR noaepxHoCTHo-
6apbepHbiX H aHaJlOrH4HbiX HM AeTeKTOpOB 3KCnepHMeHTaJlbHO Ha6Jl~Aae
My~ o6paTHO nponop~HOHaJlbHY~ 3aBHCHMOCTb noTepb 3apRAa OT HanpR
~eHHOCTH 3JleKTPH4eCKOrO nOJlfl npH perHCTpa~HH TR~eJlbiX aapR~eHHbiX 

4aCTH~ 131 • AeHcTBHTeJlbHO, nocKOJlbKY ao ace Bblpa~eHHR AJlR 3~eK
THBHOH TOJl~HHbl MepTBOrO CJlOR BXOAHT OTHOWeHHe R/d, · TO OTC~Aa 
CJleAyeT 06paTHO nponop~HOHaJlbHaR 3aBHCHMOCTb ~err OT npOH3BeAe
HHfl pF, rAe p - YAeJlbHOe conpoTHBJleHHe MaTepHana AeTeKTopa, F
HanpR~eHHOCTb 3JleKTPH4ecKoro ~OJlR. Ho H3 o6p~THOH nponop~HoHanb
HOCTH ~err OT p CJleAyeT, 4TO AJlfl AeTeKTOpOB, H3rOTOBJleHHbiX H3 
6011ee BbiCOKOOMHOrO MaTepHaJla, 3~eKTHBHbiH MepTBbiH CJlOH AOJl~eH 
6b1Tb MeHbwe, 4eM AJlR HH3KOOMHbiX AeTeKTopoa, 4TO npoTHBope4HT 
Ha6Jl~AaeMbiM pe3yJlbTaTaM141. AJ1R ycTpaHeHHfl 3TOro npOTHBOpe4Hfl 
He06XOAHMO, 4T06bl BeJlH4HHa MepTBOrO CJlOfl ~ yBeJlH4HBaJlaCb C poe
TOM YAeJlbHOro conpoTHBJleHHR. TaKHMH csoHCTBaMH o6naAaeT HHBep
CHOHHbiH CJlOH/&I,npOCTHpa~HHCR OT nosepXHOCTH KpeMHHfl Ha rny6HHy, 
AJlfl KOTOpOH KOH~eHTpa~Hfl AbiPOK /AJ1R KpeMHHfl n-THna npOBOAHMOCTH/ 
npeablwaeT KOH~eHTpa~H~ 3JleKTPOHOB. B AeTeKTopax c JlHHeHHbiM H3-
MeHeHHeM nOTeH~HaJla B 4YBCTBHTeJlbHOH 06JlaCTH, AJlfl KOTOpbiX TOJl~H

Ha 4YBCTBHTeJ1bHOrO CJlOR He 3aBHCHT OT npHJlO~eHHOrO HanpR~eHHR, 

BCR 3aBHCHM0CTb noTepb 3apRAa OT HanpR~eHHOCTH 3JleKTPH4eCKOrO 
nOJlfl AJlfl 4aCTH~bl C ~HKCHpoaaHHOH 3HeprHeH MO~eT 6b1Tb CBR3aHa C 
TOJl~HHOH HHBepCHOHHOrO CJlOR. 

ABTOPbl Bblpa~a~T 6naroAapHOCTb ~.n.XapHTOHOBy aa none3Hble o6-
CY~AeHHR. 
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8bl MOJCeTe OO.IYIIMTb no OOliTe nepe'IMCJieHHble HMJCe KHMrM, 
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M3A&TenbCKHA OTnen 00benHHeHHOrO HHCTHTYT& RAePHbiX HCC11eAOB&HHA 

ronoaHH 6.H., KywHHPYK B ••• , nePMAKoaa n.A. 
0 B03MO*HOM MeXaHH3Me nOTepb 3apAAa BO BXOAHWX OKHaX 
nonynpo&OAHHKoawx AeTeKTopoa 

15-82-520 

PaCCMaTPHBaOTCA pa311H'IHWe MOAenH noTepb sapRAa BO BXOAHOM OKHe nony
npoBOAHHKOBWX AeTexTopoa npH perHcTpa~HH sapR•eHHWX 'laCTH~. Oco6oe BHHMaHHe 
YAeneHO noTepRM HOCHTeneH TOKa, APeH·Y~HX K nepeAHeH noaepXHOCTH AeTeKTO
pa, B MOAe11H CO CTOKOM B nnoCKOCTH, pacnono•eHHOH Ha rny6HHe~ OT BXOAHOH 
noaepXHOCTH AeTeKTOpa. noxa3aHO, 'ITO ~KTHBHWH MepTBWH C110H MO•eT SHa
'IHTel1bHO npe-aTb MepTBWH CI10H AeTeKTOpa TOJlUIHHOH ~. oco6eHHO AJ1R noaepx
HOCTHo-6apbepHwx AeTeKTOpoa npH perHCTpa~HH 'laCTH~, YAe11bHaR HOHH3a~HR 
KoTopwx aospacTaeT K KOH~y npo6era. 

Pa6oTa awnonHeHa a na6opaTOPHH RAePHwx npo6neM OHRH • 

Golovin B.H., Kushnlruk V.F., Penmyakova L.A. 15-82-520 
On a Possible Mechanism of Charge Losses In Entrance Windows 
of Semiconductor Detectors 

Several models of charge losses at the entrance window of semiconductor 
detectors are described. Special attention was paid to losses of the charge 
carriers drifting to the entrance window for the model with a sink which 
is placed at a distance ~from the entrance surface of the detector. It 
was shown that the effective dead layer may be significantly thicker than 
dead layer~ especially In surface-barrier detectors when detecting charge 
particles having the Increasing specific Ionization power at the end of 
their ranges. 

Th~ Investigation has been perfonmed at the Laboratory of Nuclear 
Problems, JINR. 
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