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nonynpOBOAHHKOBble ,qeTeKTOpbl R,qepHbiX H3Jly4eHHH, rl03BOJ1RIOI!lHe 

nOJly4aTb HH~OpMa4HIO 0 KOOPAHHaTaX na,qaiOI!lHX 4aCTH4, npHo6peTa
IOT Bee 6onee WHpOKOe npHMeHeHHe B npaKTHKe ~H3H4eCKOrO 3KCne
pHMeHTa. npH HCrlOJlb30BaHHH o,qHOpO,qHbiX pe3HCTHBHbiX CJlOeB TaKHe 

,qeTeKTOpbl /o,qHo- HJlH ABYXKOOPAHHaTHble/ ,qaiOT OTKJlHK, JlHHeHHO 
3aBHCHMbiH OT Koop,qHHaTbl 4aCTH4bl. Onpe,qeneHHbiH HHTepec AJlR pR,qa 
3a,qa4 npe,qcTaBJlRIOT npH60pbl C pa,qHaJlbHOH n03H4HOHHOH 4YBCTBH
TeJlbHOCTbiO /1,2~3TOT THn ,qeTeKTOpa MOmeT HaHTH npHMeHeHHe B 
3KcnepHMeHTax, r,qe HcnoJlb3oeaHHe TenecHoro yrna npH pacceR

HHH 4aCTH4 enepe,q HJll'l Ha3a,q npmt3BOAV!TCR B orpaHH4eHHOM ,qHana ·-

30He. 
He,qOCTaTKOM TaKHX npH60pOB RBJlReTCR TO, 4TO OHH He ,qaiOT 

JlHHeHHOrO no3H4HOHHOrO OTKJlHKa, eCJlH HCnOJlb3yeTCR OAHOpO,qHbiH 
pe3HCTHBHbiH CJlOH Mem,qy BHyTpeHHHM H BHeWHHM KOHTaKTaMH/pHc.la/. 

0TKJ1HK ,qeTeKTOpa £y,qeT: 
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- BHyTpeHHH~ H BHeWHHH pa,qHyCbl pa6o4eH o6naCTH; 

- pa,qHyC na,qeHHR 4aCTH4bl. 
B HaCTORI!leA pa6oTe noKa3aHa B03MOmHOCTb nony4eHHR JlHHeHHo

ro OTKJlHKa pa,qHaJlbHOrO ,qeTeKTOpa C HeO,qHOPOAHbiM no pa,qHycy 

pe3HCTHBHbiM CJlOeM, H3rOTOBJleHHbiM MeTOAOM AH~~Y3HH JlHTHR B KpeM
HHH. 
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PHc.l. CTpyKTypa paAHanbHOro no3HQHOHHo-qyBCTBHTenbHoro 
AeTeKTopa: a/ c OAHOPOA~ pe3HCTHB~ cnoeM; 6/ c pe-
3HCTHBH~ cnoeM, H3rOTOBneHHNM keTOAOM AH~Y3HH nHTHR 
npH rpaAHeHTe TeMnepaTypbl BAOllb paAHYCa AeTeKTOpa. 
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~310TOBnEH~E AETEKTOPA 

B OCHOBY paAHanbHoro AeTeKTopa, cnoco6Horo AaBaTb nHHe~Hhl~ 

OTKJlHK, nonomeHO C03AaHHe pe3HCTHBHOrO CJ10H 8 o6pa3~e KpeMHHH 
MeTOAOM HH3KOTeMnepaTypHO~ AH~~Y3HH f1HTHH !3' C rpaAHeHTOM TeM
nepaTypw BAOJ1b paAHyca o6paa~a /pHc.16/. 

Pac4eTw, noasonH~~He sw6paTb Heo6xoAHMW~ rpaAHeHT TeMnepa
TYP, npHBeAeHhl 8 npHnomeHHH. 

AeTeKTOP H3roTaBriHsancH H3 n ~KpeMHHH c YAeflbHbiM conpoTHB
neHHeM p = 2000 OM· CM. 

PaaMepbl pa6o4e~ o6nacTH AeTeKTopa: r 0 = 3, 5 MM, r 8 = 19 MM, 
TOJl~HHa o6pa3~a 570 MKM. 

nocne He06XOAHMO~ WJlH~OBKH H npeABapHTeJlbHOrO TpasneHHH 
npOBOAHJlaCb AH$~Y3HH flHTHH npH TeMnepaType 400°C B Te4eHHe 
nHTH MHHYT AflH C03AaHH_H KOHTaKTOB K pe3HCTHBHOMY CJlO~. 

3aTeM MeTOAOM AH~~Y3HH C03AasanCH JlHTHeBW~ pe3HCTHBHhl~ CJlO~. 

Tpe6yeMw~ TeMnepaTypHhl~ rpaAHeHT nOAAepmHsancH a Te4eHHe Heo6-
XOAHMoro speMeHH c noMO~b~ cne~HanbHoro HarpesaTenbHoro npH6o
pa /pHc.2/. npH 3TOM OCy~eCTBJlHJlCH HenpephlBHhl~ KOHTPOJlb TeMne
paTy~~eHTpe o6paa~a H no o6paay~~e~ KpeMHHesoro AHCKa c 
T04HOCTb~ 2:_0, 5 °C. Aanee pe3HCTHBHbl~ cno~ aa~H~ancH KHCflOTo
CTO~KHM MaTepHaJlOM H npOBOAHJlOCb OKOH4aTeJ1bHOe TpasneHHe. Bhl-

' npHMJlfl~~H~ KOHTaKT H KOHTaKTW K pe3HCTHBHOMY CJ10~ H3rOTaBJ1HBa-
JlHCb no TPaAH~HOHHO~ TeXHOJ10rHH ~: 

L. 3 
;-- ;-

XAPAKTEPI1CH1KI1 AETEKTOPA 

PHc. 2. HarpeBaTeJibHbiH rrpH6op .o;mr 

rrpos e.o;eHHH p;Hqxpy3HH JIHTHH·. I -
HarpesaTeJibHaH crrHpaJib; 2 - Kop

rryc H3 Me,o;H; 3 - o6pa3e~ H3 n

KpeMHHH; 4 - CJIOH JIHTHH, HaiTbilleH

HOrO B BaKyyMe; 5 - ITpOKJia):IKH H3 

HH):IHH. 

nonHoe conpoTHBneHHe peai-lcTHBHoro cnoR nocne AH~~Y3J.H1 6bmo 
Rrr= 3200 OM, 4TO Ha 10% OTJ1H4anocb or pac4eTHO~ aenH~HH~. 

C ~enb~ yMeHbWeHHR eMKOCTH AeTeKTopa /4TO samHo npH cneKTpo
MeTpH4eCKHX HCn~TaHHRX/ o6pa3e~ 6~n paape3aH BAOJlb AHaMeTpa 
Ha ABe 4aCTH. EMKOCTb AeTeKTopa crana C = 247 n<l>, conpoTHa
neHHe pe3HCT~BHoro cnoR. R rr = 6400 OM. 
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rl1C • .J • liU::Il1~l1UHHble ClleKTpbl a -'-laCTH~, IIOJiy'l:eHHbie 'lepe3 

~MaTOp C IIOMO~biD pap;HaJibHb~ geTeKTOpos: a/ OAHO

pO)J;HbiH pe3HCTHBHbiH CJIOH; 6/ pe3HCTHBHbiH CJIOH H3rOTOBJieH 

MeTOAOM AH¢¢Y3HH Li npH pa.o;HaJibHOM rpa.o;HeHTe TeMrrepa
Typ. 

06paTH~~ TOK AeTeKTopa npH HanpRmeHHH CMe~eHHH 100 B co
craanRn npH KOMHaTHO~ TeMneparype 1 ,4 MKA. ~3MepeHHH nHHe~Ho
CTH H n03H~HOHHOrO pa3peWeHHH npOBOAHJ1HCb C nOMO~b~ a-4aCTH~ 

24 1 Am 4epea KonnHMaTop, HMe~~H~ 6 oraepcTH~ AHaMeTpoM 1 MM, 
pacnonomeHH~X no paAHYCY C HHTepaanoM 2,5 MM MemAY ~eHTpaMH. 

Ha pHc. 36 npeACTaaneH nony4eHHbl~ cneKTP, noKa3biBa~~H~ nH
He~H~~ OTKJlHK AeTeKTOpa /KoppenR~HOHH~A K03~~H~HeHT, paCC4H
TaHH~~ no MeTOAY HaHMeHbWHX KBaApaTOB r = 0,9996/. AnH cpaBHe
HHR Ha pHc.3a noKa3aH cneKTP aHanorH4Horo no pa3MepaM AeTeKro
pa c OAHOPOAH~M pe3HCTHBHhlM cnoeM. nony4eHH~e pe3ynbTaT~ xopo
wo coanaAa~T c pac4eTaMH H no3BonR~T yraepmAaJb, 4TO_, C03AaBaR 
Heo6xOAHM~~ TeMnepaTypH~~ rpaAHeHT, Ha nnacTHHe n~nynpoao~HH
Ka MOmHO nony4aTb AH<i><I>Y3HOHHble pe3HCTHBHble CJlOH C c;qnpOTHBJle
HHeM, nponop~HOHaJlbH~M paAHYCY AeTeKTOpa, T.e. H3rOTaBnHaaTb 
paAHaJlbHble AeTeKTOp~, HMe~1111-1e JlHHe~Hy~ ~YHK~H~ OTKJlHKa. 
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nPIIITIOl~EHHE 

3ap.AA, C06paHH~H C BHeWHero KOHTaKTa pe3HCT~BHOrO CflOR pa
A~anbHOrO AeTeKTopa, 6yAeT 

R(r) Q (r) .. Qo-- , 
Rn 

/1/ 

rAe R(r) - conpoT~aneH~e pe3~CT~BHoro cnoR Me>KAY aHyTpeHH~M 
KOHTaKTOM ~ T04KOH naAeH~R 4aCT~~~; Rn- conpOT~BneH~e pe3~

CT~BHOrO CflOR Me>KAY KOHTaKTaM~. 

B HaweM cny4ae np~ A~~~Y3~~ n~T~R a o6paae~ c rpaA~eHTOM 
TeMnepaTyp~ BAOflb paA~yca o6paa~a, ~MeeM: 

R (r) = _1_ f _ej9_ 
2rr I() ~qxp{r) 

dr 
--# 

r 

R 
II 

r 
!.. fa __el!')._ dr 

217' ro ~<W> ,(r) 

1113 pa6oT /J,4/ HMeeM: 
z z c-: J -3 0,65Ii y, J 

x ,y.= 2 If v. t f erfc ZdZ "' 2 [ 2,5.10 exp (- --:+ t] f erfc Z • dZ 
3'¥'1'. '0 kT 0 

p .. (1 + {),0018 T) exp (12,936 - 0,0308 T) + 0,1274 , 

rne T - T~MnenrlTVnr~ niAI'h'!'Y~IAIA niATIAQ t - R!"~Ma .".IA'!''!'~''3'A'A 
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/3/ 

/4/ 

/51 

npeAnOnO>K~M, 4TO np~ HeKOTOPOM pacnpe.qeneHH~ TeMnepaTypbl 
A~~~Y3H~ no pa.q~ycy .qeTeKropa MO>KHO nony4~Tb n~HeHHY~ aaa~c~
MOCTb R = f (r). PeweH~e ypaaHeH~R TennonpOBOAHOCTH tl>ypbe AJlR 
cny4a.A nonoro ~Hn~HAPa .qaeT XOA !113MeHeH~.A TeMnepaTypbl BAOnb 
pa.q111yca: 

T (r)"' To 
T 8 -T0 r 
---en
en ...5L. ro 

ro 

/6/ 

rAe To ~ T8 - TeMnepaTypa BHyTpeHHeH ~ BHeWHe~ CTeHK~ ~~n~HAPa 

COOTBeTCTBeHHO ( T B >To); r O ~ r B- BHyTpeHH~H ~ BHeWHHH pa.q~y

Cbl 1.\~fl~HApa. 

np~ 3TOM He Y4~TbiBaeTCR H3ny4eH~e C TOP~OB ~HflHH.qpa /B Ha
WeM cny4ae c noaepxHOCTH .qeTeKTopa/. 

no.qcTaan.A.A /6/ a /4/ H /5/, a 3aTeM a /2/, nony4~M Bblpa>Ke
H~e aaaHCHMOCT~ conpOTHBneHHR A~~~Y3~oHHoro peawcTHBHOro cnoR 
OT pa.q~yca AeTeKTopa c napaMeTpaMH T 0 , T8 11 t. 

C noMOIJib~ 38M 6binH HaH,qeHbl 3Ha4eHHR 3Tl1X napaMeTpOB, npH 
KOTOpbiX COnpOT~SnetMe pe3~CTHBHOrO CflO.A flHHeHHO 3aB~C~T OT 
paA11yca. CeMeHcTso aaa~c~MOCTeti R '"k·r .qnR pa3JlH4HbiX 3Ha4e
HHH T 0 , · t H ~T = T8 -To ,np11ae.qeHbl Ha p~c. 4. KaK noKaaaHo 
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6enb4a~ E., OcHneHKo 6.n., CaHAYKOBCKH~ B.r. 
0 B03MO~HOCTH nony4eHHR paAHallbHOro nonynpOBOAHHKOBOrO 
n03H4HOHH0-4YBCTBHTenbHOrO AeTeKTOpa C llHH~H~M OTKilHKOM 

13-82-91 

00Ka3aHa B03MO~HOCTb H3rOTOBReHHR KpeMHHeBoro paA11allbHOrO n03H4HOHH0-
4YBCTBHTellbHOrO AeTeKTOpa, HMe~~ero llHHe~H~ OTKilHK; B OCHOBy AeTeKTOpa 
nono~eHO C03AaHHe pe3HCTHBHOrO CllOR MeTOAOM AH<!><!>Y3HH llHTHR npH rpaAHeHTe 
TeMnepaTyp~ AH<I><!>Y3HH BAOilb paAHYCa o6pa34a. JlHaMeTp AeTeKTOpa J8 MM, TOn
~HHa 570 MKM. 003H4HOHHOe pa3pe~eHHe AeTeKTopa ARR anb<!>a-4aCTI14 241Am -
0,28 MM. CAenaH~ pac4eTbl TeMnepaTypH~x pe~HMOB AH<I><I>Y3HH llHTHR e KpeMHH~. 
nony4eHo xopowee coenaAeHHe 3KcnepHMeHTanbHbiX pe3yllbTaToe c pac4eTHbiMH 
3Ha4eHHRMH . HenHH~~HOCTb no3H4HOHHoro OTKilHKa ,s 1%. 

Pa6oTa BblnOnHeHa B na6opaTOpH11 RAepH~x- npo6neM OIHII1 . 

. ._ . 

C~eHHe 06~eAHHeHHoro HHCTHTYTa RAePHWX HccneAoeaHH~ . AY6Ha 198' 

Beltsazh E., Osipenko B.P., Sandukovsky V.G. 
On a Possibility to Obtain a Radial Semiconductor 
Position-Sensitive Detector with the linear Response 

13-82-91 

A possibility to fabricate the Si radial position--sensitive detector 
with the I inear response is 'shown. The detector is based on the graded re
sistive layer obtained by the Jithium diffusion at the diffusion tempera
ture gradient along the sample radius. The detector diameter is 38 mm and 
thickness 570 m. The detector position resolution for a-particles of 24lAm 
Is 0. 28 mm. The temperature conditions of the lithium diffusion into sili
clum are calculated. A good agreement of the experimental results with the 
calculated values is obtained. The non! inearity of the detector respons is~l%. 

The Investigation has been performed at . the Laboratory of Nuclear 
Problems, JINR. 
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