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--- -.1;' Int~ociuction 

The design,6f :ctet~ction syste~s f~r high energy physics 

. , has been widely discuss~d <recently in: corin~itfon sWith :the 

future supercol l ider. experiment.s - ( SSC and -- LHC) /t t Si Ucon · 
,. -,. : ••• _, ,y ... ••• ,, .~ .... '-\..~·'·~ ·, ·." •• •• '.; • '\. ·.,.., ... -'- -, 

0 calorimetry has a ,.sufficient_ capability-- to meet the ,:most 

. rigorous ,: ieq~i'fements, ,of - th~ ;projects.' ,Th~ calorimeter 

includes. both: th~ - sam;ling, '!ayers- of detectors manufac'tured 

,, of high ·~esi;tivity :silicor/ and al:isorbi~g :rnediµm.. The 
. , .' . • • • • ',' .· • . •. - .·:. ·• y ·.:. .')· ~-. ·/ ,c:. :_ . . • 

-peculiarities 9f, the detec_tors:are:· • ~- _ . , 
• J - • • ,- ;' - - - • - - - • - - - - - - ' - - /- • 

- the total depletion ·at,.rather. l_ow bias voltage(Vd<100 V): 
::.:-a-large: numb~·i1·or·f11(? d~te'cto.rs' . (up',to 5><10 6

) -.~ith 

identical 'pa~amet~_rs is required becau~ . of· the· large 
hence~,,-. pl~n~r 

'': \ - . . ' ' 
,total _ area occupied· 'by the .calorimeters, 

te~hnologicalperfo;mance ~is inecessary; -

·c61"i~c:Uon :time for the ~oth typ;s , ;f/ ~harge .\~~rier~ 

(el~c1::rons ~nd>ole~)'.'.les:S tha~- 20 nsec. ,: 

•• ,_ j A . large - R&D work' has been. carried out to inves-tigate 

the radiation hardnes~- 'oi the' detectors / 2
•:l•

41 a-s:'soon as 
,._, -. . ' .,,....., . 

. high neutron/ fluences are expected in supercoll~ders., ThiS/.
_pa_ per 'deals, with .,the .res~arch of non...:irradiated -'detectors , 

" incl£idi~g . some. prope.rties - of;: t.he :~starting silicon. 

c,haracteristics :of irradiated ·detectors · will ,be 

2._ The ExperJmental-Technique r 

1 
· -<')'heldetector·s were· produ·c::~d :- by .Research and Produc,tion __ _ 

Association' ELMA, Russia. They 'represent p:':n.:..:n + -structures on'-•-

- wafer~ with diam~ter iooinm_·(Wacker) a~~ 76~ (ZTMF,: Zap6rojie 

·Titanill~ 'Magn~si~m F~~tory,' Zaporojie,::Ukraine) ma'nufactured 

. of · the - :float-zone ti-'-type-;-c~nduct·i vi ty silfcon. T~-e W~f~r 
- , ' ,- " • ' ' /, - -, -_, '., • . •• ._ -- <' l " 't 

• thickness was 400~m. : The following _procefl~es were used while , 
.detector manufacturing: dry 'oxidation. at• the temperature of 

' 0 ' ' . : / ;·· ··:, , . - \ " :;_._.:··· ,,. . ' .. •- . - ,": . rl, , 

·, 1100 C; phosphorus - diffusion ,'or .implantation .to the wafer 
· - ', , • ·,,,- - , ·. '. · • · • ;- · ._· · .• ·c' i-_ ·_ --. 
>back side, thin oxidation, ·ion implantation of boron• through, 

- th~ . thin. oxide - film at, the- :wafer.: f~ont side; ·. 't.herinaf 

treatments at_ the temperature 600°C "and 860°C, aluminium---:, 
~ \.," 'l , • " ' 



';~ \ 

,_,· 

·,dotible.side metallization. Both: doubl~ implal!tatibn and. 

d!ffusion-implantation. (B;. • P) technology were applied. ,The 
deteict~r topology .is shown in Fig: 1;. · 

.- '. In our resear:ch tl1e follo111ing experimental' methods were 
applied:: 

. :.. .. c·urrent.:.voltage .· depend~nce measurements;· 

', .. .''. meast1r~ment~: ~f~-·deep levels•. iri the- forbidden gap of 

.~ .. siiicon by:D;ep.Lev~l Tr~~sient ~p;ctros~o~y (DLTS);~ 

Ha!L :.~ffec~. ~easurements ._with •Special satellite 
samples;• 

. .:_.' <X-J>a.i-'.t.i_cl e high. pr~ci flion "spectroscopy; 

-~ - Transierrt'. Cllrrent T~chnique (TCT) .wi-th a-particles. and 
. L :·; _galli ~~a-~senide ( GaAs ).:lase·~ pulse exci tati;n . 

' ·. . - . .. ',, ' 

".; 

•:. 3, , Investigation·of Silicon Crystals 
- . , ·:.. . . . . · :. . ·: .. /·· .· .. :· . . . " 

Two · types ' of .the ·undoped float~zone siticon · crystals 
produced 'by'Wacker ·chemitroni~s and ZTMF,-·were investigated .. 

The crystal~:w~;e of go~d--unHor~ity-and had the followi~g 

para~eters for, ZTMF., and Wacker sp-icon, respectively: the 

resisti.vI,ty p :;;/2. 5 + 3. O. kOh~xcm,and 4. + 5;4- kOhmxcrn; .. :the 

··· lifetfme;-Of '.the:minority: ,chat-g~ ~ar;iers -c;· <><1'.0 ms ~ndc4-~. 

ms, ,Selective. etching ;.in . the .modified Sirtl . etchant have -

re~e~led 't.hat> .both: the(> Z~MF a~ci .·wacker crystals were 
' ~ < ., _,.,. - , 

free 'of dislocatioris ··and swirl-defects. . One could. 6:bserv·e 
• -', '' . . ·f.' . ~ :~' 

'only small' '.shallow ... etch. pits -which· .are: -homogeneously 

dist~ibuted (F~~-2): a~d ,ccir~esponding~ to 'the ·so-called n..:. 
. ·. ·, ·.·. ,· .- ·: . '. • .. • " ... ' . / 5 / • ' . 
.. defects. (v~cancy _voids) . .. • · 

It, is known,thats_tructural microdefects serve as sinks 
for,contaminations. The,fast diffusing impui:-ity precipitation· . 

~~-:_ ', ':; . "~ .-,,-~."'·. I'".~.·· ✓ . , ·. --·- - -· • . ,, ·,· . 

at. the microdefects: .increases .the size · of ·the.· both 

microde:f~cts a~d :et~h· ~it.S. .At th~sui-iace (111)<of th~ 

Wacker crystal~-~ the··. etch :pi.ts can .be detected only by·' 
,< • -- -- •• -- ' , ._: •- - • ' 

Nomarsky .. •interference, cpl)trast,.•:·while· in ,the ·zTMF• crystals_ . 

the etch, pits ~re ~isib1.e\hnder. th~::optical I?etallographic / 

microscope. It shoul·d be .n~ted that:· th~ -concentration Jof n=:, 

/ 

-.· 

l ... 

1· 
j 

- 1 

J 
l 

: I ·, ·1 

\ . , , , , • ~, I 

defects •can be_ estimated by ;transmission electron· :microscopy 
. . ,... . . 13· 14 -3·' /6/ ,.. 'I ... 

an~ is :&ound to be 10 +10 cm 1 • 
/ . 

The Hall 
... 
effect measurements ·provide an. ,addition1:11 

I " 

information' on the ~rystal' performance. The concentration '.n 
of, :r'ree . charge ·. carriers ··• 'a~d. its t·~mp~rat.ure d~pende'nces 

ar~ pres~nted .in Fig;3. The ·curve fo; Wacker silicon•is w~ll. 

fitted ;y tlie linear depe~denc~ ;,ith single activat.io~. ener,gy 

. ! 

'· 

, ' ' I ~ ',', , ' , • • • 

E • = E · - 45,6 meV. corresponding to phosphorus .impurity,' the 1 
a ' C ' "• ' ., • . .'. 11 . ·, ,_;;3 ' · ''; . -· , . ·• • · · 

concentration is 9x10. · cm. · 1 • The concentration of 
~ • ,· .-- <' - ,\ ~ '; , • : • ' - : -,,, • :• 1 ; , 'f. I • 

compensating acceptor centres is, much lower, and' equ,als , to·. 
10 -3 1 

•• --:-~·'.: .• :-•" . .1.,;·:· .... ~ ..• , -._ 
4X10 cm, . For ZTMF silicon·, the .. curve' is' approximated· by. 

:t;,he,,energy level E/ - 36 mev,;with' the concentration~ of 
3X10 13 cm- 3 which. is-.c:lose to 1 the···concentration.·of these 

c~m~ensating centres . .' It implies t~at .the E. - _36~mev, level 
,'". r . , ., . , • .- ' \ ,- , . ., '.'. ' ., , ' , , ·. .. • C ~. .. ·, ., . - \ ,, 

can.·· be attributed. to. some. accep:t.or centre• in .. the upper: half 
or·'. the '.rorbidd;n. gap providing l ~ompensation ·only >:.at 'iow 

\ .. . . , . .·\ '·.' > ' ' _,. '.__,, 
temperatures:.·· The origin •of - the ·.centre is; probably, 

, i ' ·,, ' ,. . . ) : ' " J ~ ' , ~ : . 

-·connected with the microdefect decoration phenomenon.' 
. , ' ' ' ' . . , .. , '. i. . 

,,, .. 

,;'4~: current-:Voltage Characteri.stic·s ~alysis 
'The' both- technologies of' deteclor ~nuf~c~uring provide; 

t·· si~ilar, values·of the ,rev~;$: ~~rrent~· Ir_\T~e didtdbution o,f· 
:,, 'reverse currents for the:set. of.detectors from Wacker' silicon 
' J •, ~ '-~"" I ' ' ' ' • ' ' '\_, ', .,·•: '' •.·, • '\' • • 

_ .is shown;iin Fig.4. ;The 1 chosen ,bi.as voltage_ exceeds. the· 

,'.;:___ depl~tion . voltage .:. of . 50 . v: ::. for . the,-; typical irnpu~ity 
:._.,·- :, ~l-~·-· /'' ,·:·: I'." 1.1;,' :·:.:.3~, ,', -·~·~/·• ,·: .-... - ~.: ' · " 
concentration about 4X10 .' • ,,cm· ·determined from the detectors. 
• - ,• r • ' •• • ' _... ', / ' • • • ~ \ ·~·•' '. ' • • •' ,, •' • • 

capaci tance:...voltage characteristics as well as. the /possible 
'..Jari~t.io~s; of'.V' 'in\·uie\;a~ge,-'o:r 5~+,80 Volts., The_j.ypical 

,· . ' . . . ' • :, d. '.: '· .. .' I' . : . . ' . . . ·.· .. 
current-voltage · and capaci tance...:vol tage characteristics of • 

detectors~are shown in Fig\. . . , 
The 'reverse, current...:voltage characteristics.· of 'the 

,; -· ! ' . ': .• _,· '·.. •· ./·, ,- \'. ! \ ,• ·-. • ..• ' · .. " 
: planar _diode are describ~d, by the' equ~tion , including three 

components: 'the . diffusion .. current, . 'bulk. genel".ation, ·. and 

;~urface ge~eration at the Si-SiO . i.nt~rface under. •'the 
. · , .. : : • i ·• \. , . . 2 

aluminium overlapping ei'ectrode: ,· 
.... J, ;, -

!,.,~, 

. '. 
\ 
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, ___ !_.:._.:.~ •1 = ---- ' W) • 1.+ ( 1) r' , 
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where: 
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pno. 
n 
·, ~ ;: 
't: 

eff 
s· 

q 

.,d 

w 
A' 

·, 
electron charge; -. , .. • 

hol'e concerit~at:i.on in the 'nemt~ai base region; 
- :intrinsic. carri~~ conc~~tration;· . . 

- effecti v~ ge~erat:i.on lifeti~e·: 

-· generation' ra:te ~t:
1

the Si:..SiO interf~ce'; ''' 
'·.. .· .· •· • . ' .. ·· ' • ·" I . • ' 2· . . I. 

:.. sample thickness;•. , ,,,: . , 
,·. < .-· • ' ·... .. • • J . 
-:,:· thickness of.' the ,space' charge .region (SCR);' 
... :·+·· '• . ·.... ',·: .. ,. ' .. 
-' p .-n, JUnctio_n area; 

,. 

. A ·. ·., - a;e~ u~d~r the:.al~mlnium:,overlapping electrode~. 
ox . ' .. : . ' .· .. <·.·•.• ·. ' .... :, >''. . ; ' . •· \ . ,· .. , \ . J ... 

' The current""'.vol tage characteristics of: the. detectors. and 

the .· t~Jriperature' •-•· dependence . iof , the · c~~rent ·. ar'e shown in 
, ' : - ~' -, , ··.- : ,. :_ . ~ . , : l '· ·' · -, . · , . . ., ~ . 

· f'ig. 6_, 7; To ' analyze the dependences and . estimate '. the 
, I,. . ,. . I . . . ' . · · · 

1 lifetimes, th~ additional experiments, have been .carried out;a 
\ •. 1 ,. j, . ! .' ', >- I•·; '• ,," ' ' ' - , ' . ···, . . . • : ·.::,. ~ . ' ,·. 2 ,·\ 

..... 

- manufacturing of the detectors with small area ( O. 25 cm ) ; 
- {nvestig~tion,of .the 

1 d~~~ levels by, DLTS,-meth~d; 

t.he \ me~suremeilts · \,f the·' forward cur:rent..'..volt~ge · 
, ', . • . . . , ·. , ., - ~ r· ~ , . • - - . ,, ' ·- , " • , 

~haracteristics. . _1 ·.· .•.• ' , 1 .· . > 
1 

... ,: . 
. . . . ' , ' . . . . ' \ . ·, . ' . '•' ; . . . ' 
·. The reverse. current,-vol tage · characteristic of · the · 

• . . ' ' _, ·,' • . ..· . ' \ '• : •' ; ·, ·.. , : ·: ., ,t\ 1, '. ' 'I' 

detector: with .. -a small area ,.(Fig. 6) represents . _the 

-contribution. of th~ surface ,g~rrerat.ion current ,at th~ i:li:..sio/:,' \ 
' ' . • : : ' ;, ·- • " ·•. . ;¼ -:. .'..' . i ·• -.,., . ', > ·,, ' '' ··,_.· '._·,: ·,. : ,f 

inter!ace a.~·•~-~hc1rpi1:_,cre __ ~ .... se of·t.he .. 1~urJ'.~p~. at.;_vb_l~.s-.·~-.2.--ff·, 
V; The ·estimation· of . the., surface 'generation velocity SJ · 
yields 60 ~m/s~C:. s"nia~~ ' enough .. to, influen~e :: the reve;~e· 

.r . . ; , ~ : - : ·~ . '. · .- , -', _ ·, - •' 1 
. ·,,_ . :.. ... , • •• - • ' ··'2· : . . : - ' ·. : 

current of the,;large a~ea detE;~tors with'A =,4 cm.,. >For'.the .. ; . . ' ., . . .. , . . . ' . ·, ,' .. ' . . .. \ 
maJority ,of. the 'detectors with Ir <, 50 .. nA .the current is 

. ' ~.- . j . .·· . . " -• . ,\ : ·. : . : ' . . . . . . - , ' . ' ' ' ' ' . ' ' ·, 
·, det.ermined · by ___ the bulk .generation'component, ·Ir is 

', \ ' .. '. ' .. '·- - ··,·, .·; .... _ .·, -... ' \•'· . . '; . 
., prop~rtional to·. ✓, .Vb las in the 'range .. below .the depletion 

voltage.. 'The,' ~iop~ '6f . th~ re~e;se :cui-rent temperature 
, t ·,., ' ' • ' . ·- ' . ' ', 

dependence , (Fig:7) is defined by:. the, activation, energy oi 
. '' \ " .. ' - .. ' ,. - ·.' . ·.. .:·_ ,- - .. '' ,.·· - ·'·., ' , '' . 

O.'('eV_for. the bias below ·and,oyer the/fulldepleUon:voltage, 
the r~as~n's . a~enot ~ui te clear: up, to. TlOW~· -. ,, . . , '· I . 

DLTS spect~a: (Fig; 8) <h~ve : sho~-:.1:,~at two ; cieep ~eve ls 
' \ . ,"' .. • ·,• ., . .'' ·. -

{' 
',. 

\,',•· 

' j 
' ; , 

j 
] 

>l-
11. 

:t 
i 

J 
1 

I .l 
'/ ' 

' l:i 

. '\ 

' \ 

with the following para~et'.ers are \~duced 
treatment ~hi.le detector manufacturing,: ' • . 

' ,, \ • • • t -·· • 

,. DL1: i:;- ·= E - 0.56 eV, <1 = 3X10-is· cm2
; 

•a :.. , . c -~ :... _ -.,,, n ..::. 
1 8 

·1 
2 DL2: 'E .=.E. - 0.26 eV, <1 ='-7X10 cm; 

a ,, c ' n - -_. , 

: ,where ,<f is the electron, capture 'cross-section. The deep 
. n . . . . . . . ./ . . . . . , • . 

.:_levels. are typical:thermal. defects :n_, 81
, .induced .. in silicon 

.. ' . ' ' · . .-, • . o · I .· ' -,. .... 
· if.• the-'·ten,rperature exceeds 10op.c. The deep .level DL1 is .an 

< "' • I• • 

effectivegeneration·centre with.the concentrationN in the 
··,· .. ·.,;,.: .· 8 ·:: 10···· '-3 ·.· .:.: '.' •. · .. t ·: .. '' ·. 

r,mge of. (3X"10 +.~X10 . ) c~ .. In. the assump·po~ that_ the- hole 
capture cross-section <1 » <1 . (it follows from> the<'negligible / 

P n . .·. . . .. . .. ,,- ' , 

value of ·DLTS. peaks .for .the lower half' of; the. forbi.dden gap)',· 
,. : , . . . . .. ·' . . .. : . ' . .; .' . . . . , 1 
orie can· estimate 'the, generation lffetime ·,-c , = (v · N ci )''.' , 

··:·. ,,,." .. ·•• .,·,· .. • ·.. . , ... '· _,g_. :.·.;_th t·n. 
where v .is.·.the thermal electron velocity. The.: obtained 
·.: . j , th ·' -'·. . ..·: · · . · . \ . . · , . 
values · · ., are .'. , compared in Table · 1, . where , the. current 

. .'-· . l' .: :, . . '/ ,,;. • .. , \ ... , . ·. . . . . .· . ;; , '- ./, 
densities \J ... and.· effective generation lifetimes" -c , 
'""i. , ~ . ,- ... . :·: ,-_;;.._ !- ': ·.,· ·, , ~·· .. _.,._'" /: ; (-, .· :. '. eff 
been calculated from current-voltage dependences. 

have 

< . , • • ' . •·" • • •• • . • ,: • -\,, • . < • . • 

·:· The presented .data.· have. shown, a: good correlation of the 
·, '.\ . ' . . - .· . ,' . ' - ' . / \ .. 

reverse current and·> deep. level.. concentration. We suppose 
• .. , •• •.,,, . · .. 1 •·.. . ' .. • . .. • 

-c· = · foo ms 
'. e .r-r ,; ' "' ','. -to· be the. upper,'limit of·the··generation 

. ,. <' ~ - • 

lifetime. 
As for' dete<:tors with •Ir > 50, nA, ·, there are, deep levels 

'induced o~casionaUy "in the low~r:h~lf :of .. th~ for~i~den gap.' 
··•\ - • '..-,,- ' I • • •• ••.• .' • • .• • < .. ( • • : -~ i 2 ' ,' -2 .. 

. One. of,,them has th~.'enlarged val,ue of·,<1
0 

"'J10,,, • cm.,·, :ttence, 
the 'gener.;:ti6n vi~ this. c:entre :may· iricr~ase, the'._ reverse . 

cur're11~ ess~n.t~any: · .. ; ; ; . • ·.·. . , :, k .· 
. Recombination'.,· lifetime.~ -i; · (equivalent '·to 't: ) . 'is 

.··.· .. <_;.i,_.'- ·. :_,_ :., .·.:,· :·· 
1 
• • -~:---r~~-' -> , ,-' .. .•. : .' .. P ,,,._, , 

determined from the _forward current-.vol tage; characteristics. 
.. · . . . . . .... : .. ·. : , . •. . . , . I .. : . . .. . . . 

·. The ·main advantage of it · is that the forward current ( I ) as . 
- ~. -,,: .· , -. •. ::. ·,·· .,.._ ·. . • .· : ,. . : - ' , / . \·. . • . . ,· . . . : _ .r .- . 
/the exponential function of the voltage .· is . more·.· stable . and 
~----.,. -- . r._, :· '. ,, ".·'· . > · .. < '; --_ ', . '. ··, ·'. '. ':-·•' < / .·, 

· 'has a: small sensitivity to the leakages. .The forward current 

'd~nsity_ J£':'.at'. a, low injection level ,is found ,as \ 
' ' ',· ',<_.''" • ! ' 

[., 

J 
f 

eV , 
-! ~- [ exp,( . f3k'J:'. ') ] ,: 

\ 
. i' 

": . ' 

(2_) ' 

'. \ 



,\ 

. i 

with \ .. 

J = , s 

and 

where:. 

en2 D · 
l P I_ 

NL 
D p 

I I I 

\ ~ . . ' ' ' . 
S ch(d/L ) + (D /L ) sh(d/L ) 

r ,,P, ,p,,p p 

X 

'(D/L )ch(d/L.) + S sh(d/L) 
P P . P I ·, r '· , p , 

J \ -.the sat.u~~tl.on current density; 
S 

1
'• • \

1 
, .~ I ' 

(3 - the , numerical facfor; r . I 
' ! t • '. 

k ""'. the.Boltzmann constant; 

. T ~ the absolute temperature; 

( 3) 

t , , ,·, , '· , , , ', ,'. ,, , 
\ L - and D - the diffusi~n 1 length and, the :diffusio~ ·coefficient 

p_ ,, , , ,p , i. , . i ' ·~ .• ', , •• I ,,•, , 

of,,,holes, , respectively;· .\ . ,, ,: , , . ' :· '' ' , . ', ,:, , -,. , + ', , , ·' 
surface. re.combination· velocity .for ~-n .· 'boundary; s -r 
the effective impurity, concentration in• n.c.~i. 

• ' • • • ' ' ~ I •: ' ' • 

It is possible.to estimate only _,either 't' -.(S ➔ -0) 
ND 

· ',., ,, ., "•.: · 1 • · ,.. r,; max • 1_ r 
·or S·_. ·_ ('t''r-+ 00): 1 

· 
~ ·r··max·. r- · 

J (L /d, 0) . -,, s p' (en2/N 
1

)x(D /L )t.h(d/L) 
l D · p p :- , P 

(3a) 

J(oo,S) 
s ,,r = 

' 2, '>. . ··, ,\ • 

( en /N ) xs D / ( S . d. + , D ) 
l · D r p • r, · p 

(3b) 

' ' ' ,' 

·:· '·• "I '1, y • , . , .· , ,, ., -, 

,1The typical· experimental, de~endences of :· r . =, J xA versus 
'. .. -., . ,, . : . ' ·. • ' ' '", • . \ \. . ··. ' .'~ '.' . ,r r '" ., f .: . '.', • . 

V ',-for detectors with different 't' , · are presented in Fig. 9. 
·, f' ' ,' l ·,, ·,-•• ,., • _, • , ;; • r, · . >, ·- ,,

1 
:·-,: ','. .'• ' , , \' J , , • ,, 

The exponential· .fac:tor. f3 is equal to, 1, so the'. current is 
dominated by the 'diff~sio~ of the .minority• charge -~~rriers.· 

Accordi~~ to equatiori (3b) th~ valu~ of s' ,does'n~t~~ceed 
' · • · : 1 • rmax · - . 

10 _cm/sec. 1 . . •. ··~ · . 
' , ,, , , ·,, , ' , , ' ' , . , ', .'-.,. 

The' correlation 'plot between the reverse current and ., .. ,, . . . , c·• "' . . . . . . .· /· . 
recombination, lifetime; for ,the,set_or' detect~rs, with area 

' .. .· 2, .- . . ,• . ,. ; ; :_,· .. ' ', ' - ., :., , ' ' j 

. A-,= '4 cm , presented in Fig. 10, ., reveals a tendency of ·the 
'reverse , current ·, to ,grow, with , the , ~ec~mbination lifetime 
,decreasing. . . , 

. The comparison of: the_ ?alcu~~\~d ~n~ _exp
1

e~i~ental ra~ios 
Ir/Ir allows one to define .the origin·, of,, the currents. . . . , ( . . '•', ', ·" ,. ' ' ' . \ 

_The experiment'al values ,of the reverse and forward <;:urr,ents 

l 

1 
I 
J 
J 
l 

·-r·-'_-_ 

'f ·.' 
,1 , 
' . 

( ; 

l 

L· r 
l 
,j 
I 
1 

' 
,i 
) ,; 

/ 
.,-.r l 

. ,; - ·. _// \ - ' 

have been measured. at·_. the, reverse bias ,.vol fitge . of. 3. 0 V · and 

at ,the~-forward bias ·voltage of o.·1-v,- respectivei';:·· The 
r - ' 11 • ; - .,_."'- ' ' • ". • ' ' •' •- • ' •' • < 

experimental ratio equals· to'.' 0. 1 i+o·.17'. while the. calculated, 

~ne·is 0;2x(-r /'t' )'with 't' == .'Ci and 't': ='t' exp[(E - E )/kTL; 
: . , . ·: _r , g . /1 , • ;r .. p5, , . . . g . po .• - ., a 1 · 

-,, +, 't'noexp[(E
1

'--. E~)/kT],' where E
1 

is. ;the ·.middle' ·of' the· 
• ', - , ., , - • " _' .'.. '. • I : •' \ 

forbidden gap. The estimation ,_reveals that. the recombination· 

~nd ge~~ratio~ of· the ~harge '6a~riers ·take ·place 'via the 
. . ' - . ' ' - '. . . ,, ' ~ 

centres. in the middle 9f the ;forbidden g~p;;· .. 
\ 

5~ Transport Phenomena ,Investigation 1 . 

Th~ det~ctor~ manufact~red'.'at ELMA ~ith'sma11· values· of 

the rever~e, , c~rrent 'and-, capacitance (about ·100 . pF 't'.or_ 
' ' ', . ' .. , .. ' " -
1~the .t~t~l

1

ly -depleted·. structures) are perspectiv·e : ones, for. 
/ ,'- - ' . ; . . . .. . . . . , ; ",• ''. ' - ~ '- ' ,......, . 

the· high precision spectroscopy of the accelerated' ions ca:nd . 
,,. ;•, ' . ,· . ~ ! I '-;. 

... charged particles.· / 

The me~sui-em~nts of the detector ch&r~cteristic~such.as 

'the noise'.levet~nergy 're'soiution and ampiitude'.de;ici~ncy, 

have : been. c~rried' ,out usi~g. the :ORTEC spe~tromet,ry facility 

, (the' intrinsi~ noise, le~el.'about i'.i', keV):.· 1 The .,method' of 
' • , ' • ~ . f" " - ' , • ' . ,.' • ; '' . ' ' -. _, - \ 

precise, measurements 'of .the ,.amplitude· defici1focy with. the 
'referen~e ~detector, has,·b~en appli~d' in b~( tests and_, ~as , 

. · ' • · / 91 '; . · '. ,, · ; ',· , , . · · · -4, • . . ' 
described_ . ,The obtained accuracy was •10 .. · 

, The measurement; · .of. the amplitude de,ficiei'lcy · as a 
' ' , ; , . ', ·:· " , , . ' •' , . ,' -/ . ,' . . . 

-_ function_ ·of t,he rev~rse bias_ .. voltage an,d de~ector, tilting•-. 
:.angle; have shown ... the 'deficiency

1 
to be' mainly ~ffected by .the 

t:tii~kness, of. the detector eritr~nce windo~ and i~ equal' to 
' - ' . .. ' 

·2.5+3.0%;i>rhe-vaiuecorresponds to the thickness of· 1.0+t.2'• 

µm including the.alumi~ium contact fil~ and dead'layer d .. ._, .. · , _ . , .' _ .· • _ , . . ,,, +·'" .. · . · + . ,dead 

~t~e pre-surface 1.part of high doped p -layer or, n -:layer if 
'~• ~ • ,/ ' ,, c- . t ,, . • ; • ) ., \ \ 

'the back surface is'-irradiated with ex-particles) .. 
......... ~_ . ' •. · ~ ·. .- ., ·, ': ." ._.1'· ·, < 

'The measured dead layer, of 2000A is· by ,.two ,times more· 
•,,•. • • ,, / I •' • • •• •.• •, • ', • / ' '\'( •• • • 

than' the, average .dead . layer· _thickness· of -the· spt;?ctrollletry 

detectors , 'manufactured with. , the I ion implantation 
· : :-,.. .- '· ' ;, 10/ , . 

_. technology . 

The amplitu_de deficiency 'determined 
·::':\.~' 

by the, cha-r:ge 

~ \ 

,!_. 

7 



, . I:. . . . . ·. . . , . . 
collection of . the non-equilibrium charge carriers .equals. to 

10--'3 :, ;in the ··bias ~olt~~e range ,of: V .';', 50;200. V for \the. 

electrons and. "V > vd for _the h~les,.' Then~gligibie. val_u~ ) 
of the amplitude defi'ciency· indicates ... that; there are no ·,: 

! trapping' phenomena 'fo~ ·the no~~eqtiili,brium carriers in . the 

s'pace charge .region. 
I :· 

The_ signal kfoetics' of _the detecto;rs fa repre~ented by. 
'• I . l ,,. 

the current response, curves for. different · ~ype,s •of 

exci tat-ion: 

..:. ~-parti~les, (Fig.1:t) ;. , . . , i 

inten'sively absorbed light pulse.ofg~lUum.,-ar~eriidelaser 

with O. 83 'µm w~ve length and light i,i:r1s~ durat,ion - 0. 7 ris 
t'. _'· '., l: ·" ;, • . -

(Fig.12); . '.· , : . 

. ~ini~um ionizi.~~'j ilartfoles (m. i. p. ;• Fig. 13) .' ' 

It s~o~ld be emphasized that the . puls~ : duration , is , 
' ' • ' ; ; -· .• ' . • ,1 .,.- . ' ' ' ' ,, ,. i '·," . • . ' " 

connected. with the. dr1:ft time, of. the, proper charge carriers 

i.e.~· their. mobility 0 and ·. th~ average ele~tric ·fie{d.'. Fo~ 
• , -\. : · •. .' 1 :- • : ' , • ', ,,. • , , , .. _., :) " : ' ' , • ~ ', , I . 

o:-;-particles. _there ,1s -, an , addi tiorial , ·contribution,• to , the 
" . . • , . I . .. . . , . . . , , . '.,'•,, 

· r_esponse 'pulse duration. dependent on the :,electric f,i'el'd .·and 
,' , I • • •. , ' ~ - ~- 'j' ' ·. - ,: \ . ' ; ' " .' ' • . . ,• • • -,. 0

\ •• • ' 

plasma , stage. Thus, some features ,of the electric field, 
,,' ,. \" ' .• . .,, ' • ' ' ,If', , .. 

,distribution are hidden especially for the: fast , process, of, 
·~ ':. ,· ,·, ., ·, ··: :.- ·. . . . '- . ',i i' . '', :' '; ; ·.','•,' ' '. + .... ·- ( ' 

the electrons· drift. (a-particle, irradiation of p ""'.'layer,_, 
;Fig. 11, a). < ' ' ' ' ' ' ' r ·, :I ' " ' . '. : ,· ' . 

One, cari\ estimate the drift time· a:3 -t:: "'d/v (v .•' is, the, 
. , .,, , . - , d _ , : d .' d ,, ;. 1, : 

drift·velocity) -:. for detector thickness d. = 400.>µm;. the: 
:,"·•,,:.~• _I•, .•. \·,••,:i,.,•' ._, .,... ~..__::·_I __ ',,•,: 1'·.•,\,:-•,' , ;'

1
l_; ":,:·.::,-:• 

drift .time for. electrons t , et 4 ns, , whereas .. the plasma time 
, . , , , '· .. , . " . d ." ·_ " •. ; :- . , , .. ,", \'.' . • . , , , , ,' ,, , 

equals "'. ,5 ns at .the det,ector. biased by 160 Volts and the 
avei.a:ge elect~ic field about 4 kV /c~ ·, 11 ~'. , 

'!·' 1 
: In ou~ 'e~peri~e~ts _the .best ,iime r"esoluti~n \~nci. plasma 

~f:fect elimination have. been provided ~i th:, th'e '1as'er light 

pulse e:it~itation oi the ~on-~quilibriuni ch·a;ge
1

:carri~rs .• The 
'' ' ',' "'' ' . \ ' . ', ' • .. , ' '. " ' . ' ' ", 

:other . advantage of -this ·experimental, .. version is the 

\ pos~ibi"li ty '.to'. obtain: the ~urrent pulse 'response. wi'thou~ 
any . s1g~a1' p~eamlificatirin. '. Some ' .. p~r~meters .,of '', the 
employed, facili ~y '·are: . . •. , .. . . . 

i. 

"\• 

i 
l 
' ,, 

, ;. 

f 
r , 
j 
\ 
'~ ( 

L 
'.fi' .,, 
~j ::, 

J. 
,.1,1. 

' 

1 r 
I 
t 
I·.·_,· 

·' I • 
'i r 

/ / 

light pulse·duration of GaAs laser 

·eff~ctivepulse .~ner~t'. 

area·of•Iight spot 

"',0;7 ns; 

s, 100 Mey; .. , 
2 

2:· 400 x:4oOµm ; 

200 ps., · c -- tim~ resolution ,of osci,~loscope 

',,For,' partially depleted detectors the 
' ' . 

·electron component . 

of the ~puls'efre.spons~ has an exponential dec~~asing(Fig.12, ;) 
, . ' - .. -· -,, \ 

while the hole component is small, and:· has. ·a large.• duration 
! . . ' ,~ .~ ' .., , • I - ' • • , . • ) 

(Fig.12:·b) due to ~the hole diffusion in 'the, neutral base 
,·:,,.',J ·.'' ' ' ' ., -. '• .. \ •. - ... ·.; ' :' . - • ', 

region .. When the detectors ,are 'fully.· depleted the pulse, 
, \_ • ,,. ' 1·. . - .'' ,' • 

curves do not ·show any .. slow 'component (Fig.12,c,d).•which 
: , ... .·. '•. ,, ' .. . . ·' .... I:, , . .. . . , , ... 
arises _if the charge .carriers trapping-detrapping takes place. · 

. If the r~lati vistic parti~~es, ar~ d:etected; 't~e , both . 

types of . charge ca'rrie'rs are generated. homogeneously:' along-
• · l , . . .• -:, " . ' ...• , ., , . :. . .. _ . . . , , • :. • . , , ,, .. 

·the< pal".ticle · tr.acks in •the. ,space;,,.charge ';region of the 

de'te~t;rs. ; It i1ead~''.'>ei ther to th~ ',deficiency· and ~ulse , 

. durat:i~n 
1
d.ecr'easing ; in c~mparison with the, . su;face Jight 

pulse ' a:b'sor:ption,_\ or (o:-p~rti.cle generation of the non
~'e4~ilibri~m· cha~ge{';, 'c~1ders. \ ·,· Inde~d; · . for ,· th~ i: m. Lp.' . 

• '. ""'1 , ,• ; • '• • - C O :• C •, ,'•, r ,, ,. '• .' • / ,\ ✓ •,: ;_• :. - .. • • • •• •, • "i .. '. ':.• ', ; , ; ,• '\ ~ •,: , • 
excitation _the pulse· duration. 'is 'approximately 20 ns Jor the. ,/· ,< I . , ·,- . . :- . , ' ·,, • ';,r ~· .· .: . __ , ·;,--, ,.' . - . -, . ', 

'ful~y _d~pleted qete~to::_(Fig: 13) .· , .. · 1 _ •• ,. . , ._. < ._, 

· To analyze the alternativ_e possibilities:of the d,etector 

'application, the· measur~merits\of: the eneigy resoluti~n o-
: '' ·:; .• ,:.::.· '21'0'·· ,:,, ",,' ::,.;.-:; · ',; ,, , •,·,:. ,i · 0: 

(o:-particles_'·of., .. Po),,'and ,the-noise. level:;o · ... of .the .fully 
, . : . , , . , . , '.. ,,.. • ,, .\" .'.: . .. ·, .-,.:, ., _'.: ' N ·.' , . 

depleted detectors have Jjeen carried out .(Table· 2) .· 
" , , The •. noise. iev~l : ~~ems'. to> be a6ceptable: · ~s for th~~-

- \ ( - . : ' ' /, t - . ; . ,_ ,. . .. . ,- · .. · ',, . ' -· - ' . 
.energy'. resolution .aiming ·the high precision spectroscopy, ,it,. 
is nec:~ss~ry ~o ~~cre:,;_~e :o; ,delet1/ ent.irely 'th~ alumini'um • 

' ' f ·:, ,, •• ~ ' • , ' • ' ' ' : , , • ,~. ·+,-' . ', ": 1 - • • ' 

·: film .. and\ diminish the thickness of ·P ..:.layer : by means ,of · -~ - ' ,_ , . '· ' \• , ' '._ ;·.- ·, . ..:· . - . . ;.: \ . /' 

lowering •the ion imlaritation energy ; , . . ._ . . 
~ .' • ·,,} • '.- ' • ' , • , p \ ' -- ' •• ·, .; • './ ; •• '. /': -~. , 

? The detectors modi-f,ied ,in such a way are. promising to be. 
., • . , ~ . I . t . ' - , · , ' " 

applied i:ri' the ion beam·· diagnos'tics of. materials ~s well as 

ih the 
0

analysi~' of the .r_adioactive isotope
0

mixttires:· 

'\ 
./ 

,, 
'. 
\, 

. ~.,.,. 

{ 

·' 
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',1 Table 1 

Comparisori 'or' 
1

tl:ie reverse current densi~y and' deep 

level concentration 

. ·\ '·'· ·., 
' 2 ' ,J; nA(cm /100 µm 
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/ . Table· 2 
' , , , '.- , '. .: . ' - I • ' 

The no.ise level and energy resolution ~f the detectors ' · 

A, ·.cm2 

0.25 

4.0 
( .' 

\ 

Distributi~n of , 

oo:,:. ·keV, 

16.5 

. 30+33' -.,,_ 

.J 

- ·, • \ •. i, - ' , - ',• 

Wacker ,silicon crystal after: 

\'' '., 

oN, keV 

,6.5 ; 
' I 

9+12 ',' I 
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detectors'madeof·Wac:ker:silic6n;·.The· area,is 4 cm 
, . . . - r ,. , .- \ . 

U. · = 12() Volts. 
bias· . \ 
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Detector· 
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a;b_-:- theUght pulse is absorbed near'the 
-~ ' - ' '. 

+·. . 
p-:-layer;1 

. --- . .·. +·· - . 
the light pulse is-absorbed near the. ,n .:..1ayer; 

., Bias ·- voltages: . a, c 
1 

c,d 
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' . . 
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Scale for light excitatfon respons·e -'- 0. 4 mA/di v; 
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1 

Summary I 
'"t,. ' C ' > I 

The .·- investigation results 'have shown that the 
I... . . . -· "• / ,. . • 

technological process -of · the silico·n planar detectors 

developed ;at ELMA, .: 'prov.ides an effec~ive getteiririg of the 

. gene~ation / centres in high resistivity silico~ .. Indeed, the 
. ; .· ' ' ' · ' ".. • - .. _ . -.· . . . . , -· 9 -3-
:concentration of the deep · levels is less than.' 10 _ cm and 

, , • : •.•• • • : , 'r- • I, . ' .. , .·· • ·•, • . .. ·,, 1.,: . , 
the generation . lifetime exceeds the: initial value•. for as-, 

' , ' : ; . . , ' ~ I - . I , , ~ . . . , ! ~ -, I : . . ·' ',< ·, ./ ·.·. . 
grown silicon,crystals. It al,l?ws ,to 9b~ain the small reverse 

, __ , 

current and 'high.,lifetihie· of_ the charge·:carriers;. The 
! ' . . ' ., ',' .:. I '' • •. • • ' \'. •• ' '_ .•·. ;° • •• ,';,. , . ': '. '• . .. , • ', ., • ·.• 

detect;o~s;can be~:uccessf:UllY applied i~.high,energy physic~.-
'-__ as ,well· as_ in the tradi tiohal spectrosco.py: . 

, ' • • • • • \ 1 ' - ~ • • ' • '. ' ' ·' ' ' 

. In . conclusion' we .. would ., 'iike to 
acknoledgement ,· to F. Lemeilleu'r' 

• ,, : , .• ·\-.:' i 

(CERN) , for . ( 
·,·measurements/· 

,.-

·a) -

i;J u bias·= 100 v /2a -dA 1 2a 0 c .·-- ., . : 
Fnc E'. _rise '15.47ns .t15;79 ns .. · 
File E.' fall, 5AO ns· 6.32.ns 
Fnc.F, pkpk263.2 pVs 260~4 pVs 
Fnc F • ,fall 20.34 ns 31.98 ns 

\ Ffg,1.3Curves of the current pulse response'to:m .. i:p . 
• I . . ex~'.i t~tion. Bia~ ✓ volt.ages t . 

\a :- 150 -Volts: b :- 10CL V6lts. 
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