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' ·,· In the formatiop. of the 'pul~e height defect(PHD) in a silicon smface barrier 
'detector (SSB), the residual defectis the· component of PHD another than the ' 

/ nuclear stopping defect and the window one .. At present there are'two basic.1 , · 

, models expla,ining residual defect. The first one is mo~e, traditional,.based on the · .. 
phenomenon of non~equilibrium electron-hol.e recombination [1-4]. Recently,,in 

' [5,6] the residual defect was derived theoretically. from the dielectric properties · 
of/ the plasma column, altllough tlle contribution 'of! recombinatio'n was' not 
completely excluded. The residual defect was calculated using the lengthof the 
plasma column . created by an incident charged particle and the depletion layer ·, . 

, , thickness· of a SSBi.This model contains one parameter (screening factor) whic}:t 
\ .. ; is :determined, experimentally. O,ne of the arguments supporting this appro~ch is.· 

, the explanation'. of experimental, data of the.incident angle dependence of PHD 
for 133.9 MeV' 5,8Ni., , Despite . such a ,difference between the models. very , 
important conclusion follow from ,bot~ ones, that ther:~. is no poss~bilitf .to .·· 
explain the ,angular dependence of the. residual defect by theyariation of the \ 
detector entrance window thickness. '.: ~. · · · , '. . , ·.• •·. i ' ' · ' 
Frnm)he viewpoint of application in computer sim,ulation' ',th~ ,forinula for 

. , incident angle dependence of residual'.defect is requir~dto calculate the.spectra ; 
, of spontarieousfission (SF) activityofthe nucl~i implarit~clinto SSB:. This, is 

typical f9r t~e' study ?f fusi~n'-evapor~tion ~~ctions .at the focilities .like . the.· 
,DubnaGas Filled Recoil Separator, [7]. ·. . . , , . . , 

·· · .• ·, .. · To obtain the formula for the angular dependence of the residua} defect· . · 
we consider the plasma erosion process as described by .Seibt et al.[8]. According '· 

. to [2] we assume the · surface channel· to' be the major recombination. channel, 
hence the nm~ber of recombinl!d, • electron-hole pairs is giveri by; · , : · · ·.' · ·' 
· · dN = sxn(t)xA(t)xd:i::, · · \ (1), . , - ' 

'whe;e:' 1 
, • , , .-: ' J ,, , . ,.'' I 

n(t) - js the near surface concentr~tion of non-equilibrium el~ctron-h.ole pairs, · 
· A(t) is Hie.elapsed value ofeffective track area ( s_ee Fig.1), , . · 

.is the Jelocity of-surface re2~mbination: ·: 
',• '. ,/ . ·, ,'•.· •, ,, ,' . ',, ,"' _,, '.. 
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The plasma column is . ass11med to have\ cylindrical , configuration with 
homogeneous electron-:hole density inside it, as in [2,6,8]. · · · . ·· 
For tracks as 1~.5 MeV Xe and 139.9 MeV · Ni this assumption for our goal is ... 
true bec,ause . the diffusion len~:✓4DTp . has the same order of magnitudeas' 
the track length', itself. Here D is the ambipollar 'diffusion constant i:r;t Si and 

Tp-plasma.time,ac~~rding to 'Seibt:Thus,-subs_!Jtuting N(t) ,by No(F-1.(t)) ~nd' '',' 
taking into account A(t)=Ao/ cos0, where No-the ' initial value of generated pairs -- .

1
1~ 

and N(t) is that for the time t; Ao -top area of the plasma column and ). is the , I fl 
relati:e value of ;esidual d~fect, n .z:- li~ear electr~i:i-hole density, We obtaii:t the •· . . ill . 
equa_t~on for the value of ). m the form: 1 • ')~

1 
\ ' 

s Tp 
- cos 0· f nidt, . AN / '(2) 

', 

·1 :, : '0 · ... 

t.(Tp) = s . . Tp . 
' . · cos 0 x R l (l ~ A(tf )dt • \ (3) 

Considering Tp as a parameter after differentiating by this one we obtain 
equationfor t., in t~e foJ:it .. . . . . 

dA · s. 
; dTp +.- R X ;OS: 0 A(Tp) - R X'COS0 

with an evident ;olution : 

1v(0). = 1 ' ' AO.'')/. exp t-.: cos 0 . · · 

(4 )' 

(5) 

·,· 

, ' 

The value of Xo' corresponds tozero incident angle.. .·, . .. 
Fig:2 demonstrates·· the agreement· between the. <;alculated · dependence and 
measured one for 136xe [9]. The value of "-0 =8.6% was measured in [9] with 
·changing bias voltage. At vertical axis the difference between the residual defect•. 
•for angle 0 (~r(0)).and zero one <~r(O))' is presented;'The:sameformulaWas 

\ applied to. represent experimental qata obtained by. Kanno et a_I. for 139.? MeV 
· 58Ni. We used a comparis~n atlarger angle' of 60 deg. (Fig3) and depletion layer 
· thickness as independent variable as it was used in[S].'.The .values ofwindow 

and nuclear.stopping losses.were taken from the tables presentedat the same 
,,~ ' ' , { ' ' 
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. > paper. To extract parameter AQ . a Ht according to formula (5) was done at · r 

angi~s from O deg. up to 60 deg. for one depleti_on layer thickness ( 110 µm)~ For 
· · qur opinion a good agreement _is evident. . · 

~ I, ' • 

,· After demonstration of th~se examples it i~ possible to d~~~ hvo con~lusion~:•· 

', 1. The recm~biriation model in form of·: surface recombh~ation · provides a~l .... 
: ,\ . 'explanation for incident angle,dependence of.the resid~al defect; ·. 

2. An original formula was 01:?tained which<can- be used for,- computer 
simulations of SF events spectra of nuclei implanted .into SSB. 

. •·f 
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We would. like. to., th~nk. Ors:. w-.'Kushniruk arid (Kanno ·for interesting 
· discussion of this point. ' . . . . 
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U:hlraHOB IO.C., IlomIKOB A.H. -~ E7-:-94-346 
0 npnpo'Ae YrJIOBOH 3aBHCHMO~II OCTaTOllHOro 'Ae<peKTa aMilJIHTy-, 
'Ahl B K~eMHIICBOM IlOBepxHOCTH0-6apI>epHOM 'AeTeKTOpe' 

. . . 

Ilpe'AJIO)KeHa HOBa~ cpopMyJia 'AJI.11 yrJIOBOn° 3aBHCHMOCTH OCTaTOllHOro 'Ae
<peKTa aMilJIHTY'Ahl Ha OCHOBe MO'AeJIH noBepxHOCTHOH peKoM6nHa~nn ~JI.II no
TepI> sap51,!:1a. IlpclBe'AeHO cpaBHeHue paciieTHhlX 3HalleBijH C 3KCnepnMeHTaJib- ' • 
HhIMII 'A.JI.II uoHOB 136Xe u 58Ni. 1

• · • · .• • • • -
1 

••• 

·. Pa6orn BI>monHeHa h Jia6opaTopuu SI'AepHi:ux p~aK~nii: nM. r.H.<D'.rrepoBa 
O:VI.Slll. · . . . . . . . . . . . 

· .. ,. 

. IlpenpHHT Qfu,e;iHH,eHHOI'O HHCTHTyTa ll/1epH~ix HCCJI~;lOB~HHH. ,ll;y6Ha, 1994' . 
. • 'I ,, 

. Tsyga~ov Y~.s.;'Polyakov A:N. E7-94-34~ 
'On the Nature of Incident Angle Dependence 
of Residual Defect in Silicon Surface Barrier Detector 
~ . ' . . ' } 

.. A new formula. for the angular dependence of the residu11 defect based on 
the surface recombination model of charge _losses is presented. Experimental 
results for 136Xe and 58Ni are compared with.calculated ones .. . . :. ,, ,, '•.·,, 

, , " . . . \ . ,• . ·,;, ' ~ 

The investigation has been performed at the Flerov Laboratory of Nuclear 
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