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nO~oneH~e CBeTOC~nbHMX MHOrOCnO~HMX nonynpoBoAH~KOBMX CneKT
pOMeTpOB 11-31 n03Bon~no np~cTyn~Tb K peweH~~ W~pOKOro KPyra ~~
a~4eCK~X aaAa4. BMecTC c TeM Tpe6oBaH~~, BoaH~Kw~e B xOAe Bblnon
HeH~~ ~ccneAOBaH~~, np~8en~ x He06xOA~MOGT~ COBepweHCTBooaTb 
TCXHOnOnfl() ~3rOT08neH~A nn,llt MeTOAbl ~X Kan~6'pOBK~ t a r aioxe 06yc
nOB~n~ C03AaH~e 3neKTpOHHMX t~cTeM c BMCOK~M~ 3KcnnyaTa~~oHHMM~ 

napaMeTpaM~. B OCHOBHOM 3T~ pa3pa60TK~ ~ YCOBepweHCTBOBaH~R Ha
npaBneHM Ha TO t ~To6M pean~30BaTb 8 3Kcnep~MeHTe BMCOKoe 3He~

reT~4eCKoe pa3peweH~e nonynpoBoAH~KOBMX cneKTpOMeTpOB. 
CneK!pOMeTp~4eCK~e xapaKTep~CT~K~ TeneCKona nn,ll B 3Ha4~Tenb

HO~ c reneun onoenenaor ca Ben~4~HaM~ He4YBCTB~TenbHbIX, TaK Ha3b1
aaexux MepTBblX t cnoes (W M• C. ) . Jln~ npHMepa Ha pnc , 1 npeac raa
neHa paC4eTHa~ 3aé~c~MoCTb 3HepreTH4eCKoro pa3~eweHH~ CTonKH 
Kpe~H~eBblX AeTeKTopOB TonlllHHO~ 3 MM OT Ben~4HHbl VW npH peract 

pau.~~ 3apmKeHHblX 4aCT~~ (p, d, t) , rne W - CYMMa TOnlJl~H MepT8b1X 
cnoeB~ 4epe3 KOTop~e npOXOA~T 4aCTH~a no OCTaHOOK~. TaK KaK npH 
~3roTo8neH~~ CTaHAapTHblX AeTeKTopOB c nOMolllb"1Q A~~~Y3H~ nHTHR /4/ 

rny6H~a 3aneraHH~ p-n nepexQAa COCTaBn~eT 300+500 MKM, TO npH 
cneKTpOMeTpHH 4aCTH~ c n~o6eraMH BMwe 3 MM 3HepreTH4eCKoe pa3
peweHHe nonynpoBoAHHKOBoro cneKTpOMeTpa npaKT~4eCKH nonHOCTblO 
onpeAen~eTCR Tonlll~HO~ He4YBCTB~TenbH~X cnoee. n03TOMY AnR peanH-, 
3a4~H B~COKHX cneKTpOMeTpH4eCK~X xapaKTepHCTHK TaKHX np~60poB . 
B03HHKna H~o6xOA~MOCTb 'pa3pa6oTaTb nn,ll c TOHKHM~ /10~0 MKM/ 
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MepTBMM~ cnORMH. KpOMe Toro, 
AnR ynY4weH~R Ka4eCTBa KOHTaK
TOB menaTenbHO nOBblCHTb no
BepXHOCTHYIO KOH~eHTpa~HIO nHrH
pYlOllle~ np~MeCH. 

B HaCTO~lllee opeM~ H3BeCTHbI 
pa3n~4Hble cnocoõu ~3rOTO'BneHHR 

TOHK~X AH~~Y3~OHHMX cnoeB. TaK, 
aBTopM pa60Tbl / 51 AnR nonY4eHHR 
He4YBCTBHTenbHoro cnOR -20 MKM 
npoBoAHnH AH~~Y3HIO nHTHR npH 

PHC. I. Pac'tIeTUalI 3aBHCHMOCTh 

3HepreTHQeCKOrO pa3pemeHHH 

CTOnKH xpesmaeasrx rum OT VW, 
rrte W - CyMMa Tonllum MepTIJblX 

cnoen, npOXOAHMblX QaCTH~eA A~ 

RQnr~q OC~'HOBKH. 
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TeMnepaType 18if c, OAHaKO np~ 3TOM KpH~eHTpa~~~ np~Mec~ Ha no
BepXHOCT~ peaKO CH~manaCb. 3TO np~Beno K YBenM4eH~1O KOHTaKTHblX 
WYMOB ~, cneAOBaTenb~O, K YXYAweH~~ 3HepreT~4eCKoro paapeweH~~ 

nnA. B pa60Te / 61 ~cnonbaOBanCR naaepHM~ HarpeB. TaKO~ cnoco6 

~~a;~~:e~e::~~~~:~ :~~::~~P~~:~M:~~~ ~~:~p:~bcn~~::~:IO>n~a~~~~
He60nbWYIO rny6~HY aaneraH~R p-n nepexOAa ~n~ OM~4eCKoro KOHTaK
Ta MomHO coaAaTb B peaynbTaTe ~OHHoro BHeApeH~~ n~r~pYlOllle~ np~

Mec~ 171 . HeAocTaTKoM ~MnnaHTa~~~ n~T~R ~Bn~eTC~ He06xoA~MOCTb 
OT>KHra paA~a~~OHHbIX Ae~eKToB, KOTOPbl~ B AaHHOM cny-rae np~BOA~T 

K aaMeTHOMY YXYAweH~1O AeTeKTopOB.xapaKTep~CT~K 

B pa60Te ~anaraeTC~ ycoBepweHcTBoBaHHM~ cnoc06 npoBeAeH~~ 

A~$~ya~~ n~TM~ c nOMOlllb~ CBeTOBblX ~MnynbcoB~C ~enbn ~OpM~poBa

H~~ y nnA TOHK~X He4YBCTB~TenbHMX cnoeB. ,lln~ nonynpoBoAH~KOBMX 

AeTeKTopOB 60nbwo~ nnolllaA~ /10 CM 2/ TaKO~ nOAXOA, nO-B~A~MOMY, 
~Bn~eTC~ np~H~~n~anbHMM. 

,lln~ CH~meH~~ rny6~HM A~~~ya~~ ~ nonY4eH~~ pa~npeAeneH~~ KOH
~eHTpa~~~ np~MeCM c peaK~M cnaAOM OCYllleCTBn~eTC~ nOBepxHocTHbl~ 

paaorpeB o6paa~a np~ OAHOBpeMeHHOM ero oxna~AeH~~ c APyro~ CTO
pOHM. 3TO noaBon~eT coxpaHMTb napaMeTpbl ~CXOAHoro MaTep~ana, 

TaK KaK OCHOBHa~ Macca Kp~CTanna He HarpeBaeTCTI AO BbICOK~X TeM
nepaTYP. ~cnonbayeMbl~ HaMM MeToA npoBeAeH~~ A~~~ya~~ pean~ayeT

CA c nOMolllbm YCTaHoBKM, cxeMa KOTOpO~ npeAcTaBneHa Ha p~C. 2. 
HarpeBaTenb B B~Ae Mon~6AeHaBo~ ~n~ TaHt~noBo~ ~onbr~ /paaHep 
10x10 CM/ ~cnonbayeTc~ KaK ManY4aTenb CBeTa. Hanp~Mep, TeM~epa

Typa TaHTanOBoro HarpeBaTen~ MomeT AOCT~raTb 2000°C, 4TO AaeT 
BOaMO>KHOCTb nporpeTb ~MnynbcaM~ CBeTa nOBepXHOCTb 06paau.a AO 
TeMnepaTYP Bblwe 700°C. OXna>KAa~ nOAnomKY, Ha KOTOpO~ paaMelllaeT
C~ AeTeKTOp, nOA6~pa~ An~TenbHOCTb ~ CKBa>KHOCTb. CBeTOBblX ~Mnynb
:OB, MO>KHO nporpeTb TonbKO =-_.__._--.- ---------
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np~noBepxHocTHbI~ cno~ nn,ll. 3TO BeAeT 
K TOMY, 4TO TeMnepaTypa OT nOBepx
HOCT~ Kp~CTanna peaKO CH~>KaeTC~t 

TO eCTb coaAaeTC~ TeMnepaTYPHbI~ 

rpaA~eHT, np~ KOTOpOM K03~~~~~CHT 

A~~~ya~~ OT nOBepxHOCT~ B rny6~HY 

06beMa o6paa~a YMeHbwaeTc~. 

nepaTYPY nOBepXHOCT~ 06pa3~a 

HO TaK>Ke peryn~poBaTb nYTeM 
HeH~~ TeMnepaTypbl ~anY4aTen~ 

TeM
Mom

~aMe

~nJ.1 

PHC. 2. CxeMa YCTaHOBKH gnfl npo

BegeHHH gH~~Y3HH nHTHfl c nOMO~bID 

caeronsrx HMnynbCOB: ]-BaKYYMHbIH 

06'beM, 2-3neKTpHQeCKHe BBOgbl, 3
H3nYQaTenb, 4-o6pa3e~, 5-oxna~ga

exaa nOgJIO~Ka, 6-o.6'beM gJIfl 3anHB
KH ~HgKoro a30Ta. 

'tn~.Cl};fjemi~il Rit.cnrryr I 
U~ftHWK ater»l1onamd~ 

6M&JUiCjTEiiA 
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PHC. 3. 3aBHCHMOCTb MaKE 
t cHManbHoH TeMrrepaTYPbl :~~'_.T'fltl400 

rro~rrO~KH OT AITHTerrbHOCTH 
O~HHOqHWX HMnyrrbcoB CBe

600 Ta H paCCTOHHHH Me~~y H3~:~ rryqaTerreM H nOAITO~KoH. 
, ~.~. AnH T = f(t) paCCTOHHHe400 

<; r·f/xl H3rryqaTerrb  rrOAITO~Ka~~ 
paBHO 5 MM.

200 

~3MeHeH~~ paCCTO~H~~ ~3

nY4aTenb - nOAnO~Ka. Ha 
15 Z5 fIel p~c. 3 nOKa3aHa 3aB~C~

MOCTb MaKc~ManbHo~ TeM
nepaTypbl n9BepXHOCT~ nOAnO~K~, ~3MepeHHa~ TepMonapo~, OT An~Tenb
HOCT~ OA~H04H~X ~MnynbcoB CBeTa, nOKa3aHO TaK~e ~3MeHeHKe 3TO~ 

Ben~4~Hbl B 3aB~C~MOCT~ OT paCCTO~H~~ ~3nY4aTenb - nOAno~Ka np~' 

pa3n~4H~X An~TenbHOCT~X CBeTOB~X ~MnYnbcoB. TeMnepaTypa TaHTano
Boro ~3nY4aTen~ B AaHH~X ~3MepeH~~X - 1500°C. 

TaK~M 06pa30M, Tpe6yeM~~ npo$Hnb pacnpeAeneH~~ n~T~~ MO~HO 

nonY4~Tb, ~3MeH~~ TeMnepaTYPH~~ rpaA~eHT B np~nOBepXHOCTHOM cnoe 
06pa34a. Ha p~c. 4 np~BeAeH OA~H ~3 np~MepOB pacnpeAeneH~~ KOH
4eHTpa4~H n~T~~ B repMaH~~ nocne npOBeAeH~~ A~$$Y3~~'npeAnarae

M~M cnoco60M. npO$~nb pacnpeAeneH~~ nonY4eH np~ ~3MepeH~~ no
BepxHocTHO~ npoBOA~MOCT~ MeTOAOM nocneAOBaTenbHoro wn~$a. An~ 

cpaBHeH~~ Ha 3TOM ~e pHCYHKe nOKa3aHO paC4eTHoe pacnpeAeneH~e 

KOH4eHTpa4KH n~T~~ no rny6~He o6pa34a np~ paBHOMepHOM HarpeBe. 
BMAHO, 4TO rny6~Ha 3aneraH~~ p-ll nepexoAa, nonY4eHHoro c no· 
MO~b~ AH$$Y3~~ n~T~~ np~ Han~4~~ TeMnepaTypHoro rpaA~eHTa, Ha 
IOP~AOK MeHbwe, 4eM np~ ~3rOTOBneH~~, no TpaA~4~oHHO~ TeXHonor~~. 

KpOMe Toro, B03paCTaeT nOBepXHOCTHa~ KOH4eHTpa4~~ np~Mec~, 4TO 
o6ycnoBneHO 60nee B~COKO~ TeMne
paTYpo~ noBepXHOCT~ Kp~CTanna 

o 5 10 15 zo 25 Xl....) 

19 B Ha';UeM nOAxoAe.
";'--- tO 

l: nOATBep~AeH~eM pe3KO~ rpaH~4~ 
~ 

Me~AY p-ll nepexonox ~ 6a30BblM 
~ 18 

to MaTep~anOM, no cpaBHeH~~ c A~$,. 
$Y3~e~ np~ paBHOMepHOM HarpeBe, 
Mo~eT TaK~e cnY~~Tb 3aB~C~MOCTb(

10 
17l~\ 
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PHC. 4. Pacrrpe~erreHHe KOH~eHTpa
16 1 \- -, 

~HH rrHTHH B Ge : I - nar-pes ~BY
MH CBeTOBbIMH HMrryrrbcaMli AITHTerrb
HOCTbID 10 c, cKBa~HOCTb 5 .MHH, 

,!O r .1 .~ 

'o'~ 1, "'. paCCTOHHHe H3rryqaTerrb  rro~rro~Ka 

paBHO 5 MM, 11 - HarpeB rrpH T = ,0'1 l \\. = 340°C B Te~eHHe 10 MHH. 
zuo 400 600 BOO X[HKH} 

d 
'11 

s: 
lC PHC. 5. 3aBHCHMOCTb Torr~HHW He

.!. Tu = r"A,21'10<1: 

qYBcTBHTerrbHoH 06rraCTH Si( Li)
~s: -. rum OT npanoxenao ro nartpaxenaa : 

300 -. I - ~eTeKTop c pe3KHM P- II rrepe
XO~OM. Torr~Ha MepTBoro crrOH H3

. MepeHa c noxoursio a-~acTH~; 11
\

."" -<, lL._._. ne'rerc-rop c 06bIl.IHbIM ~H<WJY3HOHHbIM 

200 rrepexo~oM, WM • C • H3MepeHa c rroMo.''': 10 
"'-.. ~blO arrerc'r'pouon /8/ .-.-.L-.- • j 

Ton~~HW He4YBCTB~TenbHO~ 06naCT~ 

AeTeKTOpOB OT Ben~4HH~ 06paTHOrO
100 200 300 4ôo--~ur~1o 

Hanp~~eHH~, npeACTaBneHHa~ Ha 
pHC. 5. BHAHO, 4TO OHa ropa3AO pe34e B~XOAHT Ha Hac~~eHHe y Ae
TeKTopa, nony4eHHoro MeTOAOM AH$$Y3HH c nOMO~b~ CBeTOB~X HM
nynbcoB, no cpaBHeHH~ c nnA, HMe~~HM 06~4H~~ AH$$Y3HOHH~~ nepe~ 

XOA. 
An~ Toro 4T06bl nOH~Tb, KaK BnH~eT YCOBepweHCTBOBaHHbl~ cnoco6 

Ha Ka4eCTBO AeTeKTopOB, y ABYX nHTH~-Ape~$OB~X nnA H3 KpeMHH~, 

H3rOTOBneHH~X no CTaHAapTHO~ TeXHonorH~, 6~n cownH$OBaH nepe
KOMneHCHpOBaHH~~ nHTHeM cno~. nocne 06e3~HpHBaHH~ H TpaBneHH~ 

Ha nOArOTOBneHHY~ nOBepXHOCTb B BaKyyMe Han~n~nc~ nHTH~. 3aTeM 
06pa3e4 nepeHOCHnc~ B YCTaHOBKY ICM. p~c. 21, rAe npOBOAHnaCb 
AH$$Y3H~ YKa3aHH~M B~we MeTOAOM. nocne Han~neHHR KOHTaKTOB Ae
r exropu CTaBHnHCb Ha BblpaBHHBa~H~ Ape~$ AO nonuoro Hacbl~eHH~ 

BonbT-$apaAHo~ xapaKTepHcTHKH. B Ta6nH4e npeAcTaBneH~ 3Ha4eHH~ 

3HepreTH4ecKoro pa3peweHH~ 3THX nnA, H3MepeHH~~ c nOMo~b~ HCT04
HHKa anexr pouoa BHYTpeHHe~ KOHBepcHH 207 Bi 

Ta6rrH~a 

~ E /T<3B/ rrpH T = 20°CIlnontazrs ~YBcTBHTerrbHoH ,. ,...
o6rracTH rum Hcxo~Hbrn o6pa3e~ rrorry~eHHbm o6pa3e~
 

2
S = 1 CM 27 14 

lo S 8 CM
2 65 30 

3Ha4eHHR !"!r. E AeTeKTopOB, nonyveuaux TaKKM o6pa30M, COOTBeTCT'
BY~T nY4WHM Si(Li) - nnA, KOTop~e H3rOTaBnHBanHCb c nOMO~b~ 

AH$$Y3~H nHTH~ npH paBHOMepHOM HarpeBe.;({., Ilpoaeneaae AH$<!>Y3HH nHTH~ rrpenrrar aeaua cnocoõo« Ha nnacrauax , 
\ l Bblpe3aHHblX H3 MOHOKpHCTannOB CBepX4HCToro repMaHH~, rtoaaonuno ., ynY4WHTb TaK~e BpeMeHH~e xapaKTepHCTHKH AeTeKTopOB ~3 HPGa 

3TOT 3$$eKT Mo~eT 6blTb o6bRcHeH õonee coaepureauoü $OpMO~ 3neKT
pH4eCKoro non~ B 4YBcTBHTenbHo~ o6nacT~ nnA 3a C4eT pe3Koro 
cnaAa B pacnpeAeneHHH npHMeCH. 

5 4 



~3MepeH~R TOn~~H A~$$Y3~OHHOrO CnOR c nOMO~b~ a-4aCT~~ Y Ae
Í"eKTOpOB c p'e3K~M~ p-n 
WaeT 10~O MKM, np~ 3TOM 

CT~K, npOpa60TaB 60nbwe 
CneAyeT OTMeT~Tb, 4TO 

Si(Li) - nnA Heo6xoA~MO 
06naCTb~. 3TO CBR3aHO c 
~MnynbcOB CBeTa c ~enb~ 

nepexOAaM~ noxaaana , 4TO WM.C. He npe au
AeTeKTOp~ ~e ~3MeH~n~ CBO~X XapaKTep~

rOAa. 
TOHK~e He4YBCTB~TenbH~e cno~ B CnY4ae 

nOnY4aTb Ha 06pa3~aX c KOMneHC~pOBaHHO~ 
TeM, 4TO npoBeAeH~e A~$$Y3~~ c nOMO~b~ 
npoBeAeH~R Ape~$a n~T~R Ha nnaCT~Hax ~C

XOAHoro MaTep~ana, TaK ~e KaK ~ B CTaHAapTHOM nOAxoAe, BeAeT K 
YBen~4eH~~ MepTBoro cnOR. 

TaK~M 06pa30M, np~MeHeH~e npeAnaraeMoro cnoco6a n03BonReT 
~3rOTaBn~BaTb nonynpoBoAH~KOB~e AeTeKTopbl c T?K~M~ napaMeTpaM~, 
KOTop~e np~6n~3RT 3HepreT~4eCKoe pa3peweH~e MHorocnO~H~X cneKT
pOMeTpOB K CYMMa~HOMY pa3peweH~~ nnA. np~ 3TOM npeACTaBneHH~~ 
MeTOA OTn~4~eTCR npoCTOTO~ ~ B~COKO~ TeXHonor~4HOCTb~. rny6~Ha 
aaner auws p-n nepexoAa, TO eCTb MepTBbl~ cnoã , XopOWO aocnpowar 
BOA~TCR B AaHHO~ TeXHonor~. 3a C4eT YBen~4eH~R KOH~eHTpa~~~ n~
T~R ynY4w~nOCb Ka4eCTBO KOHTaKTa, 4TO np~Beno K yMeHbweH~~ KOH
TaKTHblX WYMOB nnA, ~, KaK cneACT8~e, ynY4w~noCb 3HepreT~4eCKoe 
~ BpeMeHHoe pa3peweH~e, YBen~4~nOCb npo6~BHoe HanpR~eH~e, YMeHb
w~n~cb 06paTH~e TOK~ no cpaBHeH~~ c AeTeKTopaM~, nonY4eHH~M~ no 

TpaA~~~OHHO~ TeXHonor~~. 
B 3aKn~4eH~e Mbl XOTel1~ 6bl Bblpa3~Tb 6naroAapHoCT b B.M. ron~KOBY, 

~.H.Erow~HY ~ B.A.ne4KypOBY 3a noMo~b B pa60Te. 
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fopHOB M.f. H ~p. 13-86-796 
Ilonynpoaornnncoasie nerex-ropsr c TOHKHMH 
lMepTBbIMH" CnOHMH, nonyqeHHbIMH c nOMOm;blO 
AH<P<PY3HH nHTHH 

OnHcblBalOTCH nonvnp oaomuncoaue ne'rexropu c TOHKHMH / ....10f 
f20 MKM/ "MepTBbIMH" cnOHMH, xoropue I10SBOnHIOT npHônH3HTb 
3HepreTHQeCKOe pa3pemeHHe rrnn cneKTpOMeTpoB K CYMMapHoMy pas
pememno ne-rex-ropoa , AJUI YMeHbmeHHH rnyôHHbl sarrer-aaaa p-n ne
pexo~a, B OTnHqHe OT TPaAH~HOHHOH TeXHonorHH, npoBop;HTCH AH<P
~Y3HH nHTHH c nOMOUJ;b1O cBeTOBblX HMnynbcoB npH ~anHqHH TeMIIepa
TypHoro r-p anaerrra B oõp aaue , "KpOMe Toro, rrpn TaKOM nonxone 
B03paCTaeT nOBepXHocTHaH KOH~eHTpa~HH qTO Bep;eT K npHMecH~ 

ynyqmeHHIO KaQeCTBa KOHTaKTa, H, KaK cnep;cTBHe, ynyqmalOTcH 
xapaKTepHcTHKH nnA. 

PaÕOTa asmonneua B JIaõopaTOPHH H~epHbIX np oõrrex OIliUI. 

Ilpenpanr ÜG"be.l1HHeHHOro HHCTHTYTa JUJ.epHblX Hccne.l10BaHHH. .uy6Ha 1986 

nepeBO~ O.C.BHHorpap;oBoH 

Gornov M.G. et aI.
 
Semiconductor Detectors with Thin "Dead"
 
Layers Obtained by Lithium Diffusion
 

13-86-796
 

The semiconductor detectors with thin' (10-Z0 mkm) "dead" 
layers are described which allow to approach the energy re
solution of multiplayer spectrometer to summary resolution 
of detectors. In order to diminish the depth of p-n transi
tion junction, as compared to traditional technology, the 
lithium diffusion is performed by means of light impulses .. 
at temperatur~ gradient in a sample. Besides, in such an ap
proach the surface impurity concentration increases that re
sults in improvement of contact qualities, and as a conse
quence, the detector characteristics improve. 

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