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1 • BBEAEHI1E 

B Ka4eCTBe np~6opoe s RAepHo-$~3~4eCK~x 3Kcnep~MeHTax, s 
TOM 4MCne B ~ccneAOBaH~RX C per~cTpa~~e~ 4aCT~~ B~COK~X 3Hep
r~~/U,w~pOKO np~MeHR~TCR cneKTpOMeTp~ Aa OCHOBe nonynpOBOA
H~KOB~X AeTeKTopos lnnAI. HecMoTpA Ha TO, 4TO 3T~ cneKTpoMeTp~ 
o6naAa~T ~enbiM PRAOM AOCTO~HCTB, CAepm~sa~~~M $aKTOpOB B paa
B~T~~ nonynpOBOAH~KOBO~ cneKTpOMeTp~~ 4aCT~~ B~COK~X 3Hepr~~ 
RBnA~TCR TeXHOJ10r~4eCK~e TPYAHOCT~ nony4eH~R MOHOKp~cTannOB 

6onbWOrO o6beMa C He06XOA~M~M~ AnA ~aroTosneH~A nnA 3neKTpo
$~3~4eCK~M~ napaMeTpaM~. 

B~6op KpeMH~R B Ka4eCTBe MaTep~ana nnA o6ycnosneH B03Mom
HOCTb~ pa60T~ KpeMH~eB~X AeTeKTOpOB Is OTn~4~e OT repMaH~eB~XI 
nP~ KOMHaTHO~ TeMnepaType, YTO oco6eHHO samHO AnA cneKTpOMeT
pos cnomHO~ KOH$~rypa~~~, B 4aCTHOCT~, AnR MHOrocnO~H~X nony
npOBOAHHKOB~X TenecKOnos/V. 

MoHOKp~cTannw KpeMH~A c xopowe~ CTPYKTypo~ ~ Ha~6onee H~a
K~M COAepmaH~eM np~Mece~ B HaCTOR~ee speMR nony4a~T MeTOAOM 
6ecT~renbHO~ aoHHO~ nnasK~/ 3/. MeTOA noaaonAeT c s~coKo~ soc
npo~asoA~MOCTb~ nony4aTb MOHOKp~CTannbl p-nma npOBOA~MOCT~ 
A~aMeTpoM 50 + 60 MM c YAenbHbiM conpoT~sneHHeM 1 0 KOM· CM M spe
MeHeM m~3H~ HeOCHOBH~X HOCHTeneR aapRAa IH.H.3.1~'1 MC. 

0AHaKO B TeXHOnor~M ~3rOTOBneHHR nosepXHOCTH0-6apbepHWX 
AeTeKTOpOB ln6AI HCnonbayeTCR npe~My~eCTBeHHO KpeMH~~ n-T~na 
npOBOA~MOCTW 4/, nony4eH~e MOHOKp~cTannos n -KpeMH~R C A~aMeTpOM 
50 MM ~ YAenbHWM conpoT~BneH~eM ~1 K0M·CM CBA3aHO C TPYAHOCTR
M~ B o6ecne4eH~~ Tpe6yeMO~ T04HOCT~ A03MpOBKM 11 OAHOPOAHOCTH 
pacnpeAeneH~R AOHOpHO~ np~Mec~. no3TOMY B HaCTOR~ee speMR, 
np~MeHRR MeTOA OT6opa, MOmHO nony4~Tb nHWb OTAenbH~e $aKTH-
4eCK~ cny4aRH~e KpMCTann~, npHrOAH~e AnR 6onbW~X n6A. 

B HaCTOA~e~ pa6oTe HanaraeTCR OAMH ~a sosMomHwx cnoco6os 
peweHMR npo6neMbl 113rOTOBneHMR 6onbW~X n6A MeTOAOM nepeKOMneH
ca~~~ KpeMHMR P -T~na B n -T~n C nOMO~b~ RAePHOi:i peaKL\MM 

so 8i (n,y) s.Isi _{3- ... 3lp • 
2,6 4 

npoTeKa~~e~ s noToKe Tennos~x He~TpOHos 15 ~1 . 
BcneACTs~e Manoro ce4eH~R peaK~~M I ~o, 11 61 M pasHOMepHoro 

pacnpeAeneH~R ~soTona 30 Si e o6beMe KPHCTanna ner~py~~aR np~
Mecb - $OC$6p,RBnR~~MACR THnM4~~M AOHOpOM, TaKme pacnpeAenR-
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eTCH paBHOMepHO, npM Han~4MM ~CT04HMKa TennOB~X He~TpOHOB, 
noss~nR~~ero c xopowe~ T04HOCTb~ AOSHpoeaTb cTeneHb o6ny4eH~R 
o6paa~OB, MOmHO nony4aTb KpeMH~~ C paan~4HO~ lsaAaHHO~I CTe
neHb~ KOMneHca~~M/6~PaA~a~~OHH~e Ae$eKT~, sosH~Ka~~~e s KP~c
Tannax e pesynbTaTe o6ny4eH~A, y6~pa~TCR nyTeM oTm~ra np~ 
paan~4H~x TeMnepaTypH~x pem~Max, aae~cA~~x s cny4ae MaTep~ana 
C H~3KMM COAepmaH~eM np~Mece~ B OCHOBHOM OT 3HepreT~4eCKOro 
cneKTpa ~ sen~4~HW ~HTerpanbHoro noToKa He~TPOHos/5~/. 

2. nEri1POBAHHE MOHOKPI1CTAnnoB 

AnA nony4eH~A KpeMH~R n-T~na nposoA~MOCT~ c noMo~b~ ner~
posaH~A B nOTOKe TennOBWX He~TPOHOB B Ka4eCTBe ~CXOAHOrO Ma
Tep~ana ~cnonbaosan~cb MOHOKp~cTannbl Kpe'MH~R p-T~na, Bblpa~eH-· 
HWe MeTOAOM 6ecT~renbHO~ 30HHOR nnaeK~. 

YAenbHoe conpoT~sneH~e(~ ~CXOAHoro KpeMH~R ~aMepAnocb 4-
30HAOBbiM M8TOAOM ~ YT04HRnOCb no BOnbT-eMKOCTHbiM xapaKTep~CT~
KaM nocne C03AaH~R Ha KOHTpOnbH~X o6paa~aX nosepXHOCTHWX 
6apbepoe nyTeM HanblneH~R an~M~HMR Ha HeoK~cneHHyiO nosepxHOCTb. 
reoMeTp~4eCK~e paaMep~ ~ YAenbH~e conpoT~sneH~A OTo6paHH~x 
AnA o6ny4eH~R o6pas~os npeACTasneHbl s Ta6n~~e. BpeMR m~aH~ 
H.H.3. OnpeAenRnOCb MeTOAOM nepeXOAH~X ~apaKTep~CT~K/ 7 /, 

06ny4eH~e Kp~CTannos KpeMH~A npOBOA~nOCb B BepT~KanbHOM 
3Kcnep~MeHTanbHOM KaHane IB3KI Tennoso~ KOnOHHW ~ccneAOBaTenb
CKoro peaKTopa /HPTI MI1$Hil¥~apaMeTpw noToKa He~TPOHOB s AaH
HOM B3K ABnA~TCA OAH~M~ ~X ny4W~X AnA 3TO~ ~en~: ManaR np~MeCb 
6biCTPbiX He~TPOHOB I KaAMVIesoe OTHoweHHe, ~aMepeHHoe no aonoTy, 
1:500/, AOBOnbHO W~pOKaR o6nacTb nnaTO 110+ 15 CMI npaKT~4ec
K~ nOCTORHHOro lc T04HOCTb~ 2%1 no BWCOTe KaHana nOTOKa He~Tpo
HOB. 3TH napaMeTpW RBnR~TCR HaH6onee Cy~eCTBeHHWMM np~ nerHpO
BaH~M, TaK KaK AnR paBHOMepHOro BBeAeH~R ~OC~opa He06XOAHMO 

Ta6Jirru;a 
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Puc.). 3aBHCHMOCTb UOTOKa 
HeHTpOHOB, HeOOXOAHMOrO Anfl 
nepeKoMneHca~HH, OT YAenbHoro 
COllpOTHBneHHH HCXOAHOrO KpeMHHfl. 

o6ecne4~Tb pasHOMepHOCTb noToKa 
HeHTPOHOB 4epe3 06DeM Kp~cTan
na ~ CBeCT~ K M~H~MYMY paA~a
~~OHH~e HapyWeH~R, B~3~BaeM~e 

B Kp~CTanne 6~cTp~M~ HeHTpOHaM~. 

HHTeHC~BHOCTb noToKa HeRTpOHOB cocTasnRna - 2. 10 11 I eM 2, c, 
speMR o6ny4eH~H Kp~cTannos- -10 4acoa. CpaaH~TeilbHO ManaH 
~HTeHc~BHOCTb noToKa oKa3anacb 04eHb YA06HoR, TaK KaK no3sonR
na A03~posaTb ~HTerpanbH~R noTOK c 6onbwoR T04HOCTb~. 

Pac4eT speMeH~ o6ny4eH~H npoBOA~ncH no ~opMyne~3 pa6oT~/81: 

NP =1,7·10- 4¢t, 

rAe Np- KOH~eHTpa~~H aTOMOB BBeAeHHOrO ~oc~opa; ¢- nOTOK 
Tennoa~x HeRTpoHos; t - apeMH o6ny4eH~H. 

AnH YA06CTBa onpeAeneH~H 3aa~c~MocT~ HHTerpanbHoro noToKa 
HeHTpOHOB OT YAeilbHOro conpOTHBileHHfl HCXOAHOro Ma~epHaila 
6~n~ nocTpoeH~ pac4eTH~e KPHB~e, npeAcTaaneHH~e Ha pHc.1. KpH
s~e pacc4HTaH~ AI1H pa3I1H4H~x 3Ha4eHHH o~HAaeMoro YAenbHoro 
conpoT~sneHHH KpeMHHH n-THna: 1; 2; 5; 10; 20 KOM·cM. 

OT~Hr paAHa~HOHH~X Ae~eKTOB e o6ny4eHH~X o6pa3~ax npoeo
AHI1CH Ha B03AYXe npH TeMnepaTypax OT 500°C AO 900°C 8 Te4eHHe 
OAHOro, ABYX H Tpex 4acoe. Pe3yi1bTaT~ H3MepeHHH YAeilbHoro 
conpOTHBileHHH o6pa3~0B, OTO~~eHH~X B pa3H~X pe~HMaX, noKa3~ea
~T, 4TO AOCTaT04HO nonH~H OT~Hr paAHa~HOHH~X HapyweHHH C xo
poweR BOCnpOH3BOAHMOCTb~ 3Ha4eHHH p npOHCXOAHT npH TeMnepaTy
pax 600-800 o C a Te4eHHe 1-2 4acoe, 4TO cornacyeTCR c AaHHbiMH 
pa6oT/5,9/, 

napaMeTp~ o6ny4eHH~X H OTO~~eHH~X 06pa3~0B KpeMHHfl H3MepH
I1HCb no onHcaHH~M a~we MeTOAHKaM. H3roToaneHHe n6A npoBOAHnOcb 
no o6bi4HOH AnH KpeMHHH n -THna TexHonorHH 141. 

3. PE3YnbTATbl 

B Ta6nH~e BMecTe c Hcxd:O,HbiMH 3Ha4eHHHMH npeACTasneHbl eenH-
4HH~ YAeilbH~x conpoT~sneHHH o6ny4eHHoro KpeMHHH nocne oT~Hra, 
a TaK~e 3HepreTH4eCK11e pa3peweHHfl H3rOTOBI1eHHbiX n6A Anfl a -
4aCTI1~ 2~Pu. nony4eHH~e 3Ha4eHI1H YAeilbH~X conpOTHBileHHH 6I1H3KH 
K O~HAaeM~M, a Bei1H4HH~ pa3peweHHH COCTaBilH~T -20 K38. 

KaK pe3YI1bTaT, HMe~~HR caMOCTORTeilbHOe 3Ha4eHHe, cneAyeT 
OTMeTHTb nony4eHHe o6pa3~a c YAeilbH~M conpoTHBneHHeM ~130 KDM·CM, 
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PHc. 2. CneKTpbl a -qacTH~, 3neKT
poHOB BHyTpeHH€H KOHBBpCHH il 

TfllK€JlblX HOHOB, llOJlyqeHHbiB C no
MOII\hiO llOBepXHOCTH0-6apJJepHblX 
AeTeKTQpOB H3 HBHTPOHHo-nerH~ 
pOBaHHOrO KpBMHHH. 

npHrOAHOro Ailfl H3rOTOBI1BHHH n6A 
C 60nbWOH TOn~HHOH 4YBCTB~Tenb
HOH o6nacTH. 

H3roToaneHH~e H3 HeATpOHHo
nerHpoaaHHoro KpeMHHfl n6A Hc
nonb30Bai1HCb AI1H TPaAH~HOHHOR 
cneKTPOMeTpH~ a -4aCTH~, cneKT
poMeTpHH 4aCTH~ OTHOCHTenbHO s~

COKHX 3HeprHH, B TOM 4~Cne 
3I1eKTpOHOB, H3MepeHHR 3HeprHH 
TH~enbiX HOHOB, Ha pHC. 2 npeA-
CTaBileH~ HeKOTOp~e cneKTp~,Ae

MOHCTpHpy~~~e BOSMO~HOCTH n6A H3 HeHTPOHHO-nerHpOBaHHOro 
KpeMH~fl. 

Ha PHC. 2 a - cneKTP a -4aCTH~ 2·38 Pu, nony4eHHbiR c noMOlJ1b~ n6A, 
H3rOTO~OrO 113 o6pa3~a N'1 /10/; Ha pHC, 26 - cneKTP 3I1eKT
pOHOB BHyTpeHHeH KOHBepCHH W7Bi,nony4eHH~H C nOMO~b~ n6A,H3ro
TOBI1eHHOro H3 o6pa3~a 'N'4. nHHHH, COOTBeTCTBY~~He KOHBepC~H 
Ha K- H L -o6ono4Kax, OT4eTnHao BbiAeneHbl, AHaMeTp 4YBCTBHTenb
HOR o6naCTH n6A paBeH10 MM, WHpHHa 4YBCTBHTenbHOH o6naCTH 
H, COOTBeTCTBeHHO, 3~~eKTHBHOCTb perHCTpa~HH orpaHH4HBanacb 
TOI1lJ1HHOH HCXOAHOrO o6pa3~a -1 MM. 

Ha pHc.2B npeACTaaneH cneKTp HOHOB }%Xe C 3HeprHeH 120 M38, 
H3MepeHH~H C nOMO~b~ n6A, H3rOTOBI1eHHOro 1-13 o6pa3~a N'2 /co6-
CTBeHHOe pa3peWeHHe ny4Ka HOHOB: 0,3%/. CpaBH~TeilbHO HH3KOe 
YAeilbHOe conpOTHBileH~e H B~COKaH OAHOPOAHOCTb /-1%/ o6paa~a 
n03BOI1HI1H nony4HTb 3Ha4HTei1bHY~ HanpRmeHHOCTb nOilH H AOCTaT04-
HO B~COKOe 3HepreTH4eCKOB pa3peweHHe. 

H3MepeHHH apeMeHH ~H3HH H.H.3. noKaaanH, 4TO apeMH ~H3HH 
Y KOHTpOilbH~X /He o6ny4eHH~X/ H o6ny4eHH~X o6pa3~0B yMeHb
WHI10Cb nocne OT~~ra npHMepHO B ABa pa3a. YcnOBHH OT~Hra o6ny-
4eHH~X H KOHTpOilbH~X o6pa3~0B 6~nH OAHHaKOB~MH. npH4eM Y o6-
ny4eHH~X o6pa3~oa Ha6n~Aanocb 6onee cy~ecTseHHoe yMeHbweHHe 
speMeHH mH3HH H.H.3. no-BHA~MoMy, AI1R nony4eHHR ny4WHX peaynb
TaToa no speMeHH ~H3HH CileAyeT C06I1~AaTb YCI10BHR OT~Hra, 6nH3-
K~e no CTepHnbHOCTH K YCI10BHRM B~palJ1HBaHHR KPHCTai1I10B/ll~ 
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4. BbiBOL\bl 

Pe3ynbTaT~ pa6oT~ noKa3~Ba~T, 4TO He~TPOHHo-nerHposaHH~~ 
KpeMHH~ n~THna npOBOAHMOCTH, nony4eHH~~ 1113 HCXOAH~X MOHOKpHc
TannoB p-y~na, B~pa~eHH~~ MeTOAOM 6eCTHrenbHO~ 30HHO~ nnaBKH, 
MOmeT cnymHTb MaTepHaflOM AflR H3rOTOBfleHHR nosepXHOCTH0-6apb
epHbiX Si(Au) -AeTeKTopos 3apRmeHHbiX 4aCTHL\ c napaMeTpaMH, 6nH3-
KHMH K YPOBH~ flY4WHX npOM~WfleHH~X o6pa3l.\OB n6L\ 1113 KpeMHHR 
n -THna. 

npH 3TOM B~COKaR OAHOPOAHOCTb He~TpOHHO-~erHpOBaHHOrO KpeM
HHR AOCTHraeTCR npH 6onbWOH CTeneHH KOMneHCal.\HH, TO eCTb npH 
nony4eHHH OTHOCHTeflb.HO HH3KOOMHOro KpeMHHR n -nma. B cny4ae 
nony4eHHR s~coKOOMH~x o6pa3l.\OB c YAenbH~M conpoTHBneHHeM, 
KOTOpoe cpaBHHMO flH6o B~We HCXOAHOro, Ka4eCTBO n6L\ B CHflbHO~ 
CTeneHH 3aBHCHT OT OAHOPOAHOCTH HCXOAH~X MOHOKPHCTaflflOB. 

B 3aKn~4eHHe M~ xoTenH 6~ s~pa3HTb 6naroAapHOCTb O.M.rpe-
6eHHHKoso~ 3a noMOll\b npH BbmonHeHHII1 pa6oTbl. ABTOpbl 6naro,o;apRT 
TaKme n.A.MHpOHOBY 111 B.r.lliyKOBY 3a H3rOTOBneHII1e n6A 111 noAro
TOBKy MaTepHana K o6ny4eHH~. 
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ropHOD M. r. I{ AP. TionepXHOCTH0-6apbepHbie p;eTeKTOphl 13-82-180 
H3 KpeMHitfi, JlQI'HpODaHHOI'O <lJocclJaTOM B IIOTOKe TeiiJIOBhiX HeHTpOHOB 

Hccnep;ODilllll DOSMOii\HOCTb IIOJiyqeHHH IIOBepXHOCTH0-6apbepHb!X 
p;eTeKTOpOD liS KpeMlllHI, Jiei'HpOBaHHOI'O <lJoc<lJopoM B IIOTOKe Terrno
BhiX uefiTpOIIOO, D It8'4:eCTDe HCXOAHOI'O MaTepHana HCIIOJib30BaJIHCb 
MOHOI<pHCTilJlJlbl p -TI-In8, 06Jiyt:IeHH.Il IIpOBO,IJ;HJIHCb B TeiiJIOBOH KOJIOH
ue peaitTOPil C MllJlOti IIpHMeCbiO ObiCTpb!X Hei;iTpOHOB. 0Tii\HI' pap;Hau;H
OHHbiX p;ectJOICTOD DblnOJlHHJIC.Il Ha B03p;yxe, ,IJ;OCTHil\eHHe CTaOHJibHhiX 
3Hat:Iemd\ YAOJl!>IIOI'O COIIPOTHBJieHH.Il rrpoHCXO,IJ;HJIO IIPH 600-800 °C 
qepe3 1-2 'lOCO, fiOita38UO, liTO p;eTeKTOphl H3 p;aHHOI'O MaTepHana 
MOI'YT Obl'rb ltCilOJlbSODaiihl AJIH CIIeKTpOMeTpHH a -t:IaCTHIJ;, 3JieK:rpOHOB, 
TJI)JCCJib!X lt0110tl 0 llpH 3TOM rrapaMeTpbl Ilii,[( COOTBeTC'rByiOT JiytiiiiHM 
KOMMep'lCCKIIM o(Spasu;aM, 

P aOOTil DblllOJliiOila D Tia6opa TOPHH Hp;epHbiX rrpo6neM' OI-U!H. 

npenpHHT Q(h.OAHilOHtmro HHCTHTyTa RAePHbiX HCCileAOBaHHH. Ay6H8 1982 

Gornov M.G. ot nl. Surface-Barrier Detectors Made 13-82-180 
of Silicon Alloyed by fhosphorus in the Thermal Neutron Flux 

A ponnlhllity to fabricate surface-barrier detectors of si
licon alloyed by phosphorus in the thermal neutron flux io 
investigated. The monocrystals of P -type are usad oo a star
ting mntarial. Radiation has been performed in tho ranctot 
thermal column with a small admixture of faAC noucronn. Annan
ling of the radiation defects has boon modo In atmonphcro. 
Stable value of resistivity have boon nchluvCid At: l'lelO-flOO no 
in 1-2 hours. It is shown that tho cltil:cH'tCirn mntlo Clr t:hh mA
terial can be used fora -particle, ala~crnn And hoavy inn 
spectrometry, the parameters of nomlc:onduc·t:or tlntac:torll ror
responding to the best commorc:lnl dnCctc:tlll:ft, 

The investigation hns boo'l t>ndotmod, nt l:ha LllbOrtli:.Ot.)!, o~ 
the Nuclear ProblemA, JINR. --~ i 
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