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Hcnoru.aosasae peattuaJ
0 B(n ,a) 

7•L1 ,~:~nH onpe,~:~eneHRR npo6era 
HOHOB 6opa, HMDnBHTBpOB8HHbiX B KpeMHHI 

On&cb!BaeTCH MeTO.QHKa onpe,~:~ene&BH npo6eros ( R P) &Mnna&T&posa&&hiX 
B KpeMHBI HOBOB 6opa 6e3 pa3pyWeHHR o6pa3Ua. Onpe,~:~eneBbl 3B8'18BHR npOoo 
~I"OB B o6nacTH aHepruA uMnnaaTauuu 20-80 Kafi. To'lHOCTb onpe,~:~ene&BH 
R P cocTaBnHeT :!:,.200 JL nony'leHHbie aaaqe&HSI RP xopowo cornacyiOTCs c 
TeopeTB'l8CKHMB 3H8'18BHSMH npo6ei"OB, paCC'lBT8HHbiMB no TeOpHH •LSS , 
B C .Q8HBbiMB llPYI"HX axcnep&MeHTOBo 

npenpHHT 061.eJP(HeHHOrO HHCTHTyTa Jl,llepiiiiiX HCCJle,llOBBHJdl. 

Av6aa, 1974 

Bogancs J., Deme S., Gyulai ~., Nagy A., p]4 _. 8295 Nazarov V.M., Csoke A., Yazv~tsky Yu.s. 

A Method for the Determination of Boron 
Ranges in Ion-Implanted Silicon by the 
IO B(n, a) Nuclear Reaction 

A non-destructure technique for the determination 
of boron +anges in ion-implanted silicon is briefly des
cribed. The values of the boron ranges in the random si
licon in the energy region 20-80 keV were determined with 

· an accuracy of ±200 ~. The values obtained have been com
pared to LSS theory and to other experiments. 

Preprint. Joint Institute for Nuelear Reeeareh. 
Dubna, 1974 

llpH HJroToaneHHH nonynpoao,IUIHKOB H3 Si a Ka'leCTBe 

npHMeCHOrO 3neMeHTa p -THDa lliHpOKO HCDOnh3yeTCJI 6op. 

B nocne.z.Hee apeMJI .z.nJI ero aae.z.eHHJI a o6pa3eU Ha'lanu 

npHMeHJITL MeTO.Z. HOHHOB HMnnaHTaUHH. Onpe.z.eneHHe JaaH

CHMOCTH npo6era OT 3HeprHH HMnnaHTHpyeMblX HOHOB HMeeT 

Ba:lKHOe 3Ha'leHHe DpH npoeKTHpOBaHHH H H3rOTOBneHHH 

DOnynpOBO.Z.HHKOBhlX npH60pOB. 

Pac'leTLI npo6eroa HOHOB B B KpeMHHH 6hlnH BhlDOnHeHhl 

ru66oHCOM lz I Ha OCHOBe TeOpHH JIHHxap.z.a, lliap$a H lliKHO

Ta II I ITeopHJI LSS 1. H3aecTeH TaK:lKe PJI.Z. pa6oT no 3Kcne

pHMeHTanLHOMY ODpe.z.eneHHIO npo6erOB HOHOB 6opa DpH 

HMnnaHTaUHH /~-16/ . O.z.HaKo B o6nacTH Manhlx 3Hepruii, 

aa:lKHoii .z.nJI npaKTH'IeCKHX ueneii, .z.ocTa TO'IHO TO'IHhiX I c Toq-o 
HOCTLJO nyqme ±200 A I 3KcnepuMeHTanLHhlX .z.aHHhlx 

JIBHO He xaaTaeT. Uo.z.aonJIJOIUee 6onLmHHCTBO 3THX pa6oT 

BhiDOnHeHO KOCBeHHhlMH l3neKTpH'IeCKHMHI MeTO.Z.aMH / 4 / , 

KOTOphle .z.aJOT CBe.Z.eHHJI 0 pacnpe.z.eneHHH B MaTpHUe TOnhKO 

3neKTpH'IeCKH aKTHBHoro 6opa, HO He acero 6opa. KpoMe 

TOrO, 3TH MeTO.Z.hl Tpe6yJOT 6onblliHX 3aTpaT Tpy.z.a H no

cne,llOBaTenLHOB COllinH$OBKH cnoeB MaTpHUhl, T .e. npHBO.Z.JIT 

K pa3pymeHHJO HccnenyeMhlX o6pa3uoa, 'ITO naneKo He ace rna 

,llODYCTHMO Ha DpaKTHKe. 

B HaCTOJill.{eB pa60Te ODHCblBaeTCJI MeTO.Z.HKa onpe.z.ene

HHJI npo6era HOHOB 6opa B KpeMHHH, OCHOBaHHaJI Ha peaKUHH 

l <lJ( n, a) 7 Li , H3MepJIIOTCJI noTe pH 3HeprHH a - 'laCTHU, 

BhiXO,IlJIIUHX H3 MaTpHUhl. 0HH Henocpe.Z.CTBeHHO CBJI3aHhl 

C rny6HHOB HaXO)I(,IleHHJI DpHMeCHhiX aTOMOB H He 3aBHCJIT 

OT HX 3neKTpH'IeCKOrO COCTOJIHHJI. HcnonL3yeMaJI MeTO.Z.HKa 

He Tpe6yeT DOCnOBHOrO CHJITHJI MaTpHUhl, 'ITO .z.aeT B03MO)I(

HOCTh DpOBe,lleHHJI MHOrOKpaTHhlX H3MepeHHB Ha OA,HOM 

H TOM :lKe o6pa3ue. lionLmoe ce'leHHe peaKUHH 
1 0

B( n, a) Li 

3 



/no CpaBHeHHIO C ~pyrHMH ( n, a) peaKUHJIMH Ha TeUJIOBLIX 
Heii:TpOHax/ n03BOnJieT BLinOllHJITL H3MepeHHJI npo6eroB 
npaKTH'IeCKH B ni06LIX MaTepuanax MaTpHULI. 

IlpH nOTOKe TennOBLIX HeHTpOHOB 106ueiiTp./CM 2.ceK 
6LinH onpe~eneHLI npo6erH HOHOB C noaepXHOCTHOH KOHUeHT
panueii OKono 10 15 amoMoe.cM- 2 .HMnnauTaUHJI 6opa npo
ao~unacL npu 3HeprHH HOHOB 20, 40, 60 H 80 K3B B l.J.Hcl>H 
/liy~aneruT/. lf3Me_peHHJI 6LinH BLinOnHeHLI Ha HMnynLCHOM 
peaKTope HBP-30 /18/ JIH«l>. 

OnucaHue 3KcnepuMeHma u MemoouKu 

CxeMa H3MepuTenLHoii ycTaHOBKH noKa3aHa ua puc. 1. 
Hccne~yeMLIH o6pa3en H ~eTeKTOp anLI!la-qacTHU noMeiUa
nHCL B 06JUYIO KaMepy, OTKa'IHBaeMyro ~0 ~aaneHHJI 
10- 2 MM pm. em. KaMepa ycTauaanuaanacL B ny'IOK ueiiTpo
HOB Ha paCCTOJIHHU 10M OT aKTUBHOH 30HLI peaKTOpa. 
,l(eTeKTop anLI!la- qacTUU pa3MeiUancs napannenLHO nnocKoc
TU o6pa3na. PaccTosuue Me>K~y ~eTeKTopoM u o6pa3UOM 
paBHJillOCL 15 CM. ,l(nJI npoaepKU Kanu6pOBKU U3MepUTenLHO
ro TpaKTa no 3Hepruu U ~nJI MOHUTOpupoBaHUJI ny'IKa 
cny>Kuna MUWeHL 6 LiF B BU~e KOllLUa TOlliUHHOH 
0,06 MZ.CM - 2 /CM. puc. 1/. 

B Ka'leCTBe ~eTeKTopa ucnonL3oaancs noaepxuocTuo-
6apLepuLiii KpeMHUeBLIH ~eTeKTOp C pa6oqeii noaepXHOCTLIO 
1 eM 2 u y~enLHLIM conpoTuaneuueM 400 OM. eM. ,l(eTeKTop 
npu uanpJI>KeHHH cMeiUeHHJI 60 B HMen pa3peweuue no 
3Hepruu 60 K3B MJI anLI!la-qacTun 241 Am. Bnaro~aps Manoii 
TOlliUHHe 'IYBCTBHTenLHOro CllOJI, npH ~OCTaTO'IHO BLICOKOH 
HanpJI>KeHHO~TU nons, HU3KOOMHLie ~eTeKTOpLI n03BOllJIIOT 
3Ha'IHTenLHO CHH3HTL raMMa·lboH. 

BnoK-cxeMa U3MepuTenLHoro TpaKTa noKa3auauapuc.1. 
B cneKTpoMeTpH'IeCKOM TpaKTe npuMeHJinacL cTau~apT
uas annapaTypa, pa3pa6oTaHHaJI B OH.HH 117 ~ B 3Kcnepu
MeHTe OCyiUeCTBllJillCJI aMnnBTY~HLIH auanU3 /2048 KaHanoa/ 
HMnynLCOB BO BpeMeHHOM OKHe, COOTBeTCTBYIQIUeM BpeMeHH 
nona~aHHJI TennoaLix ueiiTpouoa B uccne~yeMLiii o6pa3en 
/eM. puc. 2/. 

06pa6oTKa cneKTpoa npoao~nacL B pe)I(HMe of-line ua 

4 

\.. 

t~ 

~ 

~ 

I 
I 

10 

~ 

Pui::. 1. liAoK- cxeMa U3MepumeAbHoii ycmaHoeKu. 1 - Heiim
poHHblU ny'IOK, 1 a· - KOAAUMQ1110p, 16 - A06YUlKa ny'IKa, 
2- o6pa3ell, 3 - MuweHb 6 Li F, , 4 - 3apJIJKeHHbre 'lacmullbt, 
5 - oemenwp, 6 - eaKyyMHaJI KaMepa, 7- npeoycUAumeAb, 
8 - ycUAUIIIeAb C tjopMUp06KOU, 9 - 3MUIIIIIIepHbiU noemopu
l/leAb, 10 - zeHepaJiop, 11 - aMnAU111yOHbiU aHaAU3Q1110p C 
epeMeHHbfM OKHOM, 12 - zpatjUKOnOC111pOUIIIeAb, 13 - MQZHU· 
11otjoH, 14 - Ji3CM-4, 15- OCK, 16- llutJpone'lallfb, "0"
cmap•oebrii cuzHaA, L - npoAemHaJI 6a3a /10M/. 
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Puc. 2. CneK•P HeiimpoHoe /1/ u ~oHa /2/ e UlKaAe epeMeHu 

~N 
npoAellta. ~ - 'lUCAO OIIIC'le1II06 6 KUHaAe (J o•HOCUI/IeAbHbiX 

u.t ' 

eOUHUflQX OAUIIfeAbHOC111b10 128 MKCeK, t - epeMJI npoAema 
e MKceK, t2 - t1 - epeMeHHoe OKHo, E - 3HepzuJI HeiimpoHoe, 
M3B. 

3BM .63CM -4 C nOMOIIJ,LIO CTaH,L\apTHOi W:aTeMaTH'IeCKOH 

nporpaMMLI. 3Ta nporpaMMa onpe,L\en.11na nono:>KeHHe nHKOB, 

COOTBeTCTBYIOIIJ,HX aJIL$a-qacTHIJ,aM C 3HeprHeH 

/1471-1\Ea/ K3B H TpHTOHaM C 3HeprHeii 2730 K3B/CM. 
pac. 3/. 0wH6KH B onpe,ZJ;eneHHH nono:>KeHHJI nHKOB BKJDO'IaJIH 

B ce6JI KOppeK:IJ,HIO Ha X 2 ; ----

xz 
a"' =a ·v---, 't'aKT . pacq. N _ m /1/ 

r,L\e N - 'IHcno o6pa6oTaHHwx TO'IeK, m - 'IHcno cTeneHeii 
CBOfiO,L\W. 

6 

B Ka'leCTBe OCHOBHOrO KaJIH6pOBO'IHOrO o6pa3u,a HC

nOJIL30BaJICJI TOHKHH CJIOH ecTeCTBeHHOrO 6opa, HaHeCeHHOrO 

BaKYYMHLIM pacnLineHHeM Ha amoMHHHeBYIO no,L\JIO:>KKy. Ton

IIJ,HHa 3Toro cnoH no noTep.IIM 3HeprHH a -qacTHU. 6Lina 

3KBHBaJieHTHa rJiyfiHHe npOHIIKHOBeHHJI HOHOB 6opa B KpeM

HHH npH 3HeprHH HMnJiaHTaiJ,HH 10 K3B. 

H3MepaTeJILHLIH TpaKT ,L\OnOJIHHTenbHO KOHTponHposancJI 

HCTO'IHHKOM 241 Am H cneKTPOMeTpH'IeCKHM reHepaTopoM. 

Ha pHC. 3 noKa3aH KaJIH6pOBO'IHLIH cneKTp OT TOHKHX CJIOeB 

MeTaJIJIH'IeCKoro 6opa H 6 LiF. fiHKH, yKa3aHHLie Ha pH

CYHKe, COOTBeTCTBYIOT 3HeprHJIM JI,L\epHLIX 'laCTHIJ,, o6pa3o-

BaBWHXCJI B oeaKIJ,HJIX 1%(n,a) 7 Li H 6 Li(n,a) 3 II. 
Ha pac.4 noKa3aHLI annapaTypHLie cneKTpLI oT o6pa3u,os 

KpeMHHJI C 3HeprHJIMH HMnJiaHTaiJ,HH 10 H 80 K3B H KOHT

pOliLHLie nHKH OT TpHTOHOB. CMellJ,eHHe anLI)m.- nHHHH npo

nopU,HOHaJibHO nOTepUi 3HeprHH ( i\£ u) aJIL(j}a-qaCTHIJ, B o6-

pa3IJ,e KpeMHHJI. Onpe,L\eneHHe i\ F.u npoH3BO.L\HJIOCL no $op
Myne 

" , o=oz-Em'+(Al-Az) 
i\ F. u = ( E I o - f_ i) - B 1 o = ----------- ( k 1 o- k i ) , /2/ 

k02-kOI 
r,L\e E 10 - 1471 K3B; E i - H3lltepeHHaJI 3HeprHJI anL$a

qacTHU. B o6pa31J,'e ; EO 2, £ O I - 3HeprHJI TPHTOHOB 

/2730 K3B/ H aJIL(j}a-qacTHlJ, /2050 K3Bj; k !O ,k i , k0 I H 

k O I- HOMepa KaHaJIOB, COOTBeTCTB}'lOUUIX BLiilleyKa3aHHWM 

naKaM; B 10 - noTepa 3HeprHH I- 10 K3B/ B Kana6poBO'IHOM 

o6pa3u,e; A I , A 2 - noTepa 3HeprHH B o6pa3u,e 6 Lil·. 
Ilo H3MepeHHLIM 3Ha'leHH!_M ;\ E u onpe,L\en.11nacL ycpe.L\

HeHH&JI seJIH'IHHa npoeKIJ,IIII ( R p) lj}aKTII'IecKoro npo6era Ha 

OCL ny'IKa HOHOB n,o $opMyne 
r. I o- i\ ~<.a 

R = r (dE/dx)-l . dE. 
p /3/ 

EIO 
Y.L\enLHLie noTepa 3HeprHH anL!j}a-qacTHU. .L\JIJI KpeMHHJI 

6paJIHCL H3 pa60TW /I O { B KOTOpoii fiWJIII 060611J,eHW 3KCne

pHMeHTaJILHWe 3Ha'leHHJI noTepL B BH,L\e CJie,L\}'lOIIJ,ero BLipa-
)l(eHHJI: dE 

( ""dx) a= 243,7 +0,243£ +[ (-3,074·10-4) E2] + 

+ 1, 232 • 10-7 · E 3 + [ ( -1.686 . 10 -ll ) ] • E 4 , /4/ 
r,L\e E - B K3B; X - B MKM. 
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Puc. 3. AnnapamypHble cneKmpbl, no.(lyt~eHHble om o6pa3f.#OG 
f6Li F u ecmecmeeHHozo B /. N - 'IUCAO omc'lemoe e 
KaHaAe 3a 1 'laC U3MepeHUU. k - HOMep KaHaAa aMnAumyo
H020 aHaAu3amopa. Jlepebre_ 'lembzpe nuKa ( cAeea Han_aaeo) 
coomeemcmey10m 'lacmuijaM 1 Li, 839 K:JBI94o/o/; 'Li, 
1014 K3B/6tfo/ 4 lie ,.J471 K3B/94o/o/; 4 He ,17/7 KaB/6o/o/ 
om peaKf.#UU 10H( n, u) 7 Li ; nocAeoHue nuKu··.coomeemcmey10m 
t~acmuijaM 4 He, 2050 K3B u 3 H , 2730 K3B om pealif.#UU 
6Li(n.u):IH. 

• 0 

K 

- . ..._. 

Puc. 4. AMnAumyoHble cneKmpbl, noAyt~eHHbre om o6pa3f.#08 
C 3H€P2UJIMU UMnAaHmaijUU UOH06 6opa 10 K3B /1/ U 
80 K3B /2/. N - t~ucAo omct~emoe e KaHaAe /3a 15 t~acoe 
U3MepeHuu/, k - HOMep KaHaAa aMnAumyoHozo aHaAU3amopa, 
1 a, 2a - KOHmpoAbHbJe nuKu om 6 Li F- MUW€1!U. 

K 



llocne qacneHHoro HHTerpupoBaHHJI Bwpa~eHKI /3/ B 
paiioHe 3Hepruu anLiba-qacruu 1500 ±100 K3B nonyqaeM 
6onee npocroe BLipa~eHue ~ng onpe~eneHHJI npo6era HOHOB 
6opa B KpeMHHH: 

R P =4,012·10- 3 
·L\Ea -6· 10-7 C<\Ea) 2 • /5/ 

Ha puc. 5 noKa3aHw no-!!yqeHHLie B ~aHHoi pa6ore 3Kcnepu
MeHranLHWe 3HaqeHH.R R P ~m1 HOHOB 6opa B ~eopHeHT.Bpo
BaHHOM KpeMHHH. Ha 3TOM ~e pucyHKe npuBe~eH.w reoper•
qecKHe 3HaqeHRI R p ' nonyqeHHble ru660HCOM/2/. 06o3-
HaqeHHJI Ha pacyHxe ~ononHHTenLHO CM B ra6naue. 

Rp.A 

• ., • E 
Puc. 5. Ilpo6ezu uoH06 6ppa 6 KpeMnuu 6 3a6UCJlMoc•u c• 
3Hepzuu UMnAanmaijuu. Rp - npo6ez uoH06, A • E 
3Hep2UJI UMnAGHIIQijUU, K3B. • - pe3YAblfGifbl, noAy'leHHWe 
6 oannou pa6o•e. Oc~t~aAbHble o6o3Ha'leHuJI - CM. •a6Auijy. 
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0THOCBTenLHa.H muu6Ka npu BLJqacneHBB Rp B Hawux 
H3MepeHBJIX B OCHOBHOM CBJI3aHa C OWB6KaMB onpe~eneHBJI 
~ E a . ToqHoCTL onpe~eneHB.H nono:>KeHB.H nBKOB /k 10 , k i , 

k02u k0 / cocTaBn.Hna ± 0,5 KaHana. CTa6anLHOCTL B3Mepu
TenLHoro TpaKTa BO BpeM.H B3MepeHBH 6LJJia He xy:>Ke 
±0,3 KaHana. TaKBM o6pa30M, ~E a Haxo~unacL c Toq
HOCTLID0 ± 1,0 KaHana, qTo COOTBeTCTByeT npo6ery BOHOB 
± 200 A. 

BbiBOObl 

li3MepeHBJI Ha BMDynLCHOM peaKTOpe llliP-30 DOKa3a· 
nu,qTo DpB BCDOnL30BaHBB MeTO~BKB BpeMeHB nponeTa MO:>KHO 
onpe~en.HTQ Rp n~B noToKe TennoBLIX HeiiTpOHOB scero 
106HeiiTp./cM2.ceK1 Ha o6pa3u;ax c KOHD;eHTpau;ueii 10 B 
10 lSamo..w.c..w-2 . ToqHoCTL onpe~eneHB.H Rp B ocHOBHOM 
orpaHaqusanacL pa30l)emeHHeM npaMeHeHHoro ~eTeKTopa. 

B npe~enax ± 200 A nonyqeHBLie B ~aBHoii pa6oTe 3Haqe
HB.H xopowo co~nacyroTc.H c TeopeTaqecKBMB 3HaqeHH.HMB 
npo6eros, paccqaTaHHLIMB no Teopuu LSS. 
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