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Abstract 

New arguments for optimising the design of a silicon microstrip detector proposed 

for a high flux experiment [1] and an alternative of a diamond detector are presented . 

The signal/noise ratio and the operation rate are the principal elements discussed, 

considering the high exposure of the detector. The noise and signal analysis confirms 

the advantage of using a silicon microstrip detector with 50 pm pitch, 200 pm readout 

pitch, 300 pm thickness, which could work at room temperature. No improvements 

are expected by the increase of the thickness and the diamond alternative has a worse 

detection efficiency. 
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Ahstract 

l\iew arguments for optimising the dpsiy;n of a silicon ruicrostrip detector propo~ed 

for a high flux eXpl'ritlll'llt [1] and all alternative of a diamond detector are presclIted. 

The signal/noise ratio and the opC'ration rate are the principal elements discussed, 

considering the high exposure of the detector, The noise and signal analysis c:onfiwis 

t,bl' advalltage of lIsing a silicoll Illicrostrip detector with .50 /JnI pitch , 200 flill readout. 

pit.ch, 30U /Jill thickness , which could work at roOIll teillperature. No improvelllent.s 

are expected by the increase of the thickness and the diamond alternative has a worse 

dl'tectiotJ efficiency. 

Paper' P"(;St7lteli (II Iht, 4th Advanced Tminillf) Courst: MIXDES'97, Po::nQIl, Jtl1H: 1997 

1. NOISE ANALYSIS 

TIi(' pl('("\rollirs alld IIII' dp\.l'("\or itself cOlltriblltc tl' tll(' si!!;IIi11 to !luiSI' ratio ill dir

r('[('lIl ways. \\,illioul cOlisidcrill)!; till' associaled t/('I('ctol" I)ias r(,sist()r alld IIII' Il'ak;t)!;(' 

ClIIT!'III, lli(' 1I0is(' is dOllliltal('d b.\' th!' COllipOlll'li1 or tli!' illl)"t t.rallsistor. '1'11(' lIois(' is 

caus('d hy llin'(' difr('I'(' 1iI III('challisllls: lli(' Ilick!'1' I",is(' (I/rlloisc i>"llilvi()llr) , cllallll!,llIois(' 

alld hulk I'('sist.all(,(' 1I0is(' (wiIit!, lIois" h('lia\ 'ioul'). 

lit L(,I"IIIS or slalidard <I('vialioJl ill till' cllilr~(' II I('as II 1"('1111'111. illtil'p!"lId,,"1 or rl'('tjll!'IIt".\' 

r, I h(' al)!),,(' ('Ollq)OIl(,lIts art' giv('11 b,\ [:2J: 

(',e J r:" (I)1'."\('1/ j = ---;;- '211'1 , j j 

1' (/1 + 1)1,-'/
1:';\' ( '.", = ('" (:2)

:~Ynl ');, 

/-.\(. ('II IUbllll/ /,
In - ~ ' (:1) 

IJ '2'f'p 

\\'1i('I'P ('1 is th(' t.oldl illpul capacilallCI' of I hI' pl"('alllplifil'1' ill ;l(ltiit.ioil 10 till' dt·t.ecLor 

cap;-Hitall(,(' alld all stl'a~' ca,pacilalJ{'('s, I is I lit' I>a.s(' or IIat.urallogarilllllls, I/tli!"' !:'kcLroil 

cIIi'q.!;(', Ill / I, j j art' IIt(' illpu\. Irallsislor dilll!'IISioll,-;, I' is lltl' ('X!'l'SS lIois(' ra,clor, III I,,' slop(' 

ra('\.or, !I," I/I!' Ira IIs('olld IIcLalll'l', 'I; , Lh!' IH'aki Ilg Ii 11](' (tlif' i III !')!;ra \.illn Ii J[)(' or I hI' slia p('r), 

UI) II", hulk ['('sist.all(,(' or Lltl' t.ransist.or, T \.1", 1I'IIIPl'l'a,t.lIrt·, I.. Ihp Bollzlllallll cOlisLalll. 

To Illillillliz(' 11)(, lIois!' W(' sltolrl<l c1100s(' tltI' liigltf'sL possiblp .11,,,, t.lt(' lowl'sl possihlp II 

alld I', WI' sltoliid optilllis(' tit!:' dilll!'IISiullS wiLli rl'spf'ct to t\t(' inpllt. capa.('it.(tll(,(' . Ir ('" is 

I It(' <I('II'!'lol' ('apacilallct' alld ('j LIi(' r('pdhack capa,('ila,lIc(' or tlt(· 1H!'alliplifi('r, til!' optilllctl 

ilipllI rapacitalJ(,(' varies IwLwt't'11 ('r! + ('j (ollly I/f 1I0is!') alld ((:,/ + ('j)j:l (olily wliil(' 

1I0is!'). TllP ('orr!'('\ ('hoi('!' will 1)(' a valll(' belw!'('11 (1)(,sl' Iwo, d('p(,lIdillf!; UpOIl IiiI' ralio 

IH'LwP!:'1I the diff('r!'I1t. killels of 1I0is!'. For it Iwakillf!; Lilll!' of abollt I ItS or SIII<lII(')' , 111(' 

r!lalJlJf'] tltl'rilial lJois(' dOlllil1at!'s 01'1'1' LIi(' f1ickN Iloist' . 

[t has b('('11 show II [:3] that t.wo ot.lter IlOis(' sou rcps exist U11(' \.0 I hl' <1('1 ('ctor 11'c! kag!' 

('urrenL Ilk and tht' bias rpsist.alJcP Up . Ta,kilJg inLo a,(,(,OIlUt. also tit!' 1I0is(' dll(' to I II!' 

d!'tertor, an optimulII peaking tim!' will rpsldt: 

'1';:1'1 = {'2I.:TH".C/['2f'(II+ 1)::~Y7IIUhll'}.]}1/2 (.1) 
.IYnl (llkq HI' + '21.: f) 

For a correct !'valuation of Lit!' toLal Jloisl' cliargC', in additioJl to C'!]lIatioJls (1-:1) w(' 

hav!' La add th!' cOJlLribution due to detector hulk leakagt> ClIlTl'lIL anu bias resistor wltich 

ar!' given by [4]: 

FMC t /¥'IIl',: v ' dd= - ~ (.'») 
q 4 
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~- JJ/n~, (Ii)r.':\ ( '/I" 
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111('111"(' t()laIIJOis(' dlarge will 11(': 

F ,\' ( , = (/ ~' :\' ( 'f/J + 1':S ( 'I, + I',-:V ( 'ir + 1',' .\' ( ',if I + I,.' ,\' ( ';1 ,) l/l (i)
1

T"p evaillatioll of 1lit' l('aka!2P ('ltrl'(' l1l d.S a flillci iOIl Oil 11](' radial iOIl dillilagl' "a.s 1)('1'11 

<I('snil)('d ill [IJ. 

\\ 'f' a..S~III1I('d a r('a<iolll pill''' or '200/"11 itll" a sl rip 1(' lIgl" or ·1 CIII alld COIII!>IIit'd 111(' 

leakag(' ('iIIT(,1I1 ror difi'er(,lIt d('t('dor "lickll!'SS('S ')('IW('('II :100/1111 ,1IId 1000,illl. 

Thl' :\00 :\IP\' /e ('i<-ctrolls d('posil ill t.h(· dd,('ctor it dos(' of 10 :\0 k<;y for liOO Ii or 

b(·illlililll('. 'I'll<' sllrl':\( '(' lPitkagl' 1111'1'('111 illdllc('d is I ,' ·' nA /r('adollt pit.ch for a det('('\.ol 

IIia.s('d al XO \' [.'l Th(· Illilk dalll a)!;(' is a fllnctioll of 111(' siliroll t.hicklll'''s <llId vari('s 

il('IWf'('1I I~) Il.\ / n ·adolll pilell ill. :HlO 1"11 alld '21<) IIA/n'adolll pilch <II 1000/1111 . 

l 'si llg tit( ' al)()\(' cOllsidniltiolls il iid III(' folioll'illl!; \'alll('s for (-i<-clrollics [LJ: 1'='2. 

,/=O. l r) . ('j=(Ui pi " , ('d=IO pl" . /(6='2 kO , ,lJ", = :{ IliA / V . 1t,,='2 \ H2 . W(' ol,lililJ('d III(' 

Optilllllill IH·a.kill!2; l.illlf' (1;~'f'l) d."; a fllllt'lioll of I hI' silicoll r.hirkll(·ss (Iig;. I.) f()r 

( 'r :..= ( ',{ + ('r! + C'J 
:\ 

Fi!2;. 'I. giv('s til<' 10lal 110is(' cll<ll'!2,1' (I-:\Je) for 1\\,() Valll('s of IIH' 1<'II'iJ('ra1.ur(' alld 1,\\'0 

l'alllt'S of I I If' ili a!" rt'sistallc(· . 

As il (,,1I1 1)(' ,,('('II, 111(' I".I'/«·sl I()tal ('<llIil'al(,1I1 lJoi,,( ' citMgl' i~ ohlaill('d for 111(' higll('sl 

1.( ' II'i)('ralllr(' <l1J(lllw Sill a II ('s 1. v,JiIl(' of I II<' I,ias r('sis lallr('. ilo\l'('I'('r I hI' dilr('rf'II(,('" a)'(' lI()t 

sigililic <l lli ror 1II<' dei.(·clo)' I'l'rf()l'Il1illln'~. 

[",loJ'('ol'('r 111(' lIois( ' call 1)(' f'l,<IlIc('d h.1' coolill)!, III(' <It'il'clor, ill(TPa....;illg I.hl' hias 1'1'

sistilll( '(' valll('. alld 1,.1' d('(')'('asillg I,ll<' d('l('clor ('<-lpaC ilallct' alld COIIS('qll('lIlly Ih(' illPll1 

capiH'ililllC(" i)iaillolld cOlild 1)(' " solut.ioll i'or 10IVI'r lIois(' , as ils <ii('kdric COllslall1 is 

a!Jolll two lilll("s slllallC'r Ihilll thaI ofsilicoll. 

2. SIGNAL ANALYSIS 

f..lininrlllll iOliisilig partirl(·s dC'posil ill silicon on average :\90 eV /llIlI and (TC'a\(' 101' 

('-h / Ji.nl. The charg(, rreat.rd oeprnds Oil <I("IC'clor thick/l(,ss and vari('s betwe(,11 3:2,)00 e- Ii 

pairs for :300 ILlII and l08;WO pairs for lOOO lilll tllicknC'ss. 

The rharge is rollected by tllf' readout st.rips by capacitive charge division . In [I J we 

colnputed th(' charge roller1.ed for a particle passillg betwe!'n two strips at zero inridence, 

and co nriud('d that. t.hr frartion or rliar)?;(' obtained is higli('r ir thl' readout capacitallcP 

(Cn ) is high , alld t.h e int('rstrip caparitallce (C,,) ha.s an illtermediatt· value so that ('9 < < 
C. « CR. For parlirle tracks inclined at 4,"/' (see fig. 3) we obtained the results prf'senteu 

ill tablf' 1. 

:lOO 11111 

ill('i<l(,II(,(' (21/(Ju (2d(Jt' (J,/(Ju (JI/(JU Q .-./(JO Q(.j(jU QdCd" 
(U:)():\ O.fi"2SI (LOXII O.(H) I.'': 

'2 (J.I!)'!.I O.liliili O. I ~),2 I 

:1 O.OHII O.li'2X I O.:V,ld 0.001,,", 

O.O'lLI O. -)'!.Ol (J.',·20 I o.o·,n\ 
1000 

O.I:,(J:\ o,n()x O.2:\!iX O.L;\(iX O.·.t\(jS ()(JH(j:1 o 
'I. O.OW):\ (U:{:)li o.'ntis O.L:\/i).: (l.'2:\(iH 0.1:) I Ij (l.OO I '2 

:\ (J.()IIL (U'2I!) (U:\(jX O.L;\(jX O.L;\(iS 0.1 D:)li 0.011<) 

O.OI:li 0 . 1 <)·11 O.'2:\ tiX O.'!.:\(iX O.'2:\liX (un I 0 .0121 

Taill(' I : Silllld,t\ inll I ('slilrs of I II(' co ll('c\('" ch"rg;( ' 1( 11' illf'iill(' <1 Iracks al ,I:)" 

TII<' :lOO lilll III ick tkl ('c( or ('0111'('\,'" Oil d readollt sl ri p d 1 1("I.'>t :)'i;{ of I.hl' lolal d('posi tf'd 

dlarg('. i.('. 1.111' dV('l'i lg( ' \,Jill(' 01' lIlt' sig;lIill is I (jqOO ('I('cl roilS . whil(· I h(' 1000 lilll thick 

(jptt'clor ('oll('cts at I('its l 'I. I(/., of III<' chaIW'. i.ll<' si!2,lIal 1)('illP' of '2(iOOO l'\PcI 1'011 .':>. 

'l'h('/'(' is allolher ('11'('(1 II·hiell sholll<l 1)(' lakl'lI illl,o i1C(UliliI, i .('. III(' chMgt' ('oll('clioll 

('f1ici!'II(,Y <111(' I() 111(' lilllil<'d carri('J' li!'!'!illl(' of th(' chMgt'S. '1'11(' disl,lIl( '(' Irilv('J'sl'd h.v 1."(' 

fr('(·cha.rg('s 1)('1()r(' 1'('(,()1I1ililialioll is: d = III '.' T. wh('J'(' II is III<' IlIoi>ilily (,i, =I :~:)(J (,)1I 1-;VS, 

II" = 1.>-:0 ('Jil "/ V,.., ill silicolI) , /-,' tlJ(' ekcI ric li('ld alld T Ih(· carrier lif('Iilll(, (T, .='20 liS , TI,=liO 

"'') . '1'11(' cllarg(' mIlC'('lioll ('lIici(,lIcy is [(i J: 

(' (. = Cd , ,,1/ _ d
(j" " , - W( I - exp (-II'IrI)) (X) 

II'hl'rt, 11 : is III(' d('It'dOl' I hickll('ss. '1'11(' ('oll<-nioll (,lfici(,IJ(',I' iIlCI'( ',IS('S wit.h til(' <ll'pl('lioll 

\'olla!2,(' and il is a ilolll X:\(/{, ror Ilol!'s ill a :{O(J 11111 th ick <1 ('t('e 1.0 I' . For a I (JOO 11111 thick 

(Jill', lli(' rlill d('plt·t.i()11 voltag(, ill(T('as('s lip 10 :)00 V. Tlw cullecl,ioli drici<'I1(,.\' is ill Ihis 

ras(' 7:i'ii',. 

III ('olJclusiol1, I it!' illc rease or the dl'l('l'1or t.hickll(,ss is II Ot. all advilIlIilg(', I)('('alls(' ('V('II 

ir the 1l1l1l1"l'r of pairs (Teat('d is higher, tht' coll('(tioll ('rrici(,lIcy is slllall<>r and 1h(' "ia...; 

vollag(' for dNector o(>prat.ion is IlIlICh high('r. 

3. LANDAU FLUCTUATIONS 

Ou I' previous cOllsideratiolis have bepn based 011 the awrag(' ('II("rgy loss by iOIl j,..;a 1 iOIl 

ill si licoll. III fact the (,lIprgy lost. by tht' plectrolls is dis( ri but.('d 0\'(,1' a la rgl' rang('. 

Fig. ,1 !!;ives t.he Landau distribut.ions of the ell('rgy loss ill silicoll d('t.('clors (:HJO 

and 1000 l i m). We used the mod el of .J.F, Bak et al [7) which "a.s t.he advanlag(' or 

oeillg tC'st.ed ('xperilll(,lItally for silicon . The Landa.u distributioll ha..o.; l)(,l'lI roldpd willi a 
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(;,lIlssiall I'('"olllliull rlillCliul1 r('la ll'rilu 111(' lolaillui .s(' Ihis n'.";lills ill a hroa<i(,llill)!; of lill' 

rii .'i tliilul.ioll Illun' illlpOftrLllt fUI 1.11<' IIiil1 <I!'I!'I ' lor IIi<t11 for til<' thick 0111'. 

\V(' ,..;IIOlild ,;Ire'ss Ihat 111(' 1I0is(' has 1.('1'11 ('va lll<tl('d al the' (,lid of till' (>:>:I)()SlIl'l' ("fl(,1 

liOO h or 1)(';lIIltillW). DlI(' 1.0 til(' 1.<111<1<111 stlaf!,;~liIlR, th!' S/!" I'<ttio IOll id d!'nf·<t~(' frolll 20 

10 10, alit! I hI' d0t('rtioll (,{lici('IIC.I· i,; Ilos(' to IOOr.. 

4, OPERATION RATE 

TIl<' t\('\.1'1"101 fUI' (·II·I ·lroll " i" "1)( ' I;I\I'd al II) ' ('/nll's UII a\,I'I<lf!,;(· . .. \1 Ihi" raIl' . 011(' 

{"(';It\olll pill ' ll is Ilit I'." l'I"clll)IIS al ilil a "I'rit).!;' , lilll( ' illl"lval"f:2I's, Tllis illl"II',lI is 1IIIIdi 

lal)!,l'r Illall 111(' cllarg(' ('oli<-cliull lillll' \1·llidl is ""0111 :.n liS 1'01 ,I :lOO 1'"1 silic()11 <i1'II 'ct()r 

<tlldt:2 liS for a 1000 JlIII 011('. l :,;ill).!; a I'uissull distlibulioll ur Ih(' lilll(' illtl'rlals 1)('11\"('('11 

p"rliC\('" hit till/!, liI(· c/('I('dors, 11(' fU llliri I),II:)'!. for I Ill' cll ',,,1 lillI<' cttr r<,t'lioll I()r :lOO 1"11. 

alit! O.:2I'l..lor IOO() 11111. For " ;,= 0 .'211", III<' dl '.td - tillll· t'()rrl'I ' li()1I .111(' I." III!' 1·1('I ·trollic" i" 

"-' I Ii'!. . 

6, 	STRENGTHS AND WEAKNESSES OF A DIAMOND DETECTOR 

'\ I!;rollp fl'Olil 1\( '('l ~ [>o(jilladl ' a prupo"al 1'01 a diallllJlld Illinosll'ip S('II';or rUI Ili)!;11 fi1l:, 

ril'll"il.'· <'11'('tl'Oli I\PH'di(J11 as all illl('rllalil'(' I(J 111(' .silin)1I Illin()slrip ril·I('t'I()r . 

' III<' lirsl adlillllil).!.I' of sll('h ;, d('I( 'I'I I)1 \\'(JliI<I III' I hI' IOIlI..!; lirl'lilll<' ).!;1;1Ii\1·" bv its 11'lg l l 

puril.'· <llld I.h('/'('r"rl' 1'('1'\ ' Ili gl l radialiull I ()I( ·ralln' . :\0 iller('"sl' ill till' It 'akagl ' ('11,.,,1 ' 111 II 'a" 

oi>,,('rI'0.\ ror ('X POSIII!'" lip 10 IO'1i p/CIII!. Th!' di0jpCt.li(' ('1)11"lalit is IlI'in' Ih<ll (lr t i ll' 

silic()lI. thlls it,; c(lf,>iI('il<lII(,(' is 11<111 ' I)f 1.",,1 or tll( ' ,;ili(,OII. 

The wid!' 1)<llId I!;ap ('IISUI'I'S a 1'I'<lII('('d IIIPrlllalllui,.;(' (.r).c) (.,. cIJlllp<ln·d 10 1. 1 I.II'\' 

ill Silo 

At til!' salll!' tilll!' th(' av('ral!;t' ('II<'r!l:'y for til(' (,-II pair cr('atioll of l;~ ('\' (:Ui (·V ill 

silicoll) Ipads to a low<'r siRlial of (\ hOIl t 7000 ('-Ii pai rs Oil (tvCI'aR(' for il 2,">0 11111 thick 

df't~'('Lo r. Th(' citrri('r lifl'lil11(, ill dialiJOlid i~ oilly 1 II~. <IlId liloll~" t.Ii(· d'<lr)!;(' IIluhilit.v is 

2 . .') Lilill's hi/1;hf'l' . \\'l' hit\'!' 10 <tppl.v :lOO -100 V l)ii1~ volta.~(' to uht.<till <I dlar)!;(' t'Ollf'ctioll 

of OOIy'. H('IIC(' thf' itt/valli a/1;(' or <I low('r lIois(' i:-; ov(-'rrlll(-'d h,1' Ih(' t/isat/I'<lllt a~p 01' a sllIal! 

sig;I111 1. TIiis rl'slIlt.s ill it lowl'r deLed iUII (-'Ifici!'ncy. The high!'r carri('J' IlIuhilil y is Ilot of 

III \lch 11;'1' ill UIIi' (' ;'1H'ri 111<'11 t. \I' h('I'(' I hI' I)p('rrl t iOIl ratp is IIOt. I'l'ry h iRh, 

6. CONCLUSIONS 

Th(' l1ob" alld sigllal allalysis WilfirJIIPU I h(-' a.dv<l.Ilt.a.R(' 01' lIsing a siliroll llIinostrip 

ddt'clor wilh .')0 pili pitcli , :20011111 I'pat/ollt. pitch, :lUO ILIII Lhicklless. which cOllld work at 

roorn tpll1pf'rat.ur(', willi lO<S/l\'<'20 and a dl'tcctioll pfficiency of ahollt 100%. 
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