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Abst r act
The desi gn and const r uct i on of t he si l i con st r i p mi cr over t ex det ect or ( SMD) of t he L3 exper i ment at LEP ar e descr i bed .

We pr esent t he sensor s, r eadout el ect r oni cs, dat a acqui si t i on syst em, mechani cal assembl y and suppor t , di spl acement
moni t or i ng syst ems and r adi at i on moni t or i ng syst em of t he r ecent l y i nst al l ed doubl e- si ded, doubl e- l ayer ed SMD. Thi s
det ect or ut i l i zes novel and sophi st i cat ed t echni ques f or i t s r eadout .

At t he begi nni ng of 1991, t he r adi us of t he LEP beam
pi pe at i t s f our i nt er act i on poi nt s was r educed f r om 8. 0 cm
t o 5. 5 cm. L3 deci ded t o t ake advant age of t hi s newl y
acqui r ed space by i nst al l i ng a si l i con mi cr ost r i p det ect or
( SMD) t o upgr ade i t s cent r al t r acki ng capabi l i t y . The
i nt ent i on was t o desi gn, bui l d and i nst al l t he SMD i n a
per i od of j ust t wo year s so t hat t hi s new det ect or woul d be
t aki ng dat a by 1993 . Consequent l y, our gener al desi gn
phi l osophy was t o use exi st i ng t echnol ogy as much as
possi bl e t o gui de our choi ces f or such key i t ems as sensor

desi gn, r eadout el ect r oni cs, dat a acqui si t i on syst em, cool -
i ng t echni ques and di spl acement moni t or i ng syst ems .

The advant ages of pl aci ng a t r acki ng syst em wi t h a
coor di nat e r esol ut i on of - 10 l am cl ose t o t he beam pi pe
ar e wel l known [ 1] . For L3, t he SMD wi l l si gni f i cant l y
i mpr ove t r ansver se moment um and i mpact par amet er r eso-
l ut i on f or st udyi ng W- pai r pr oduct i on physi cs at LEP200
( r s - 200 GeV) , and t o pr ovi de enhanced b- quar k t ag-
gi ng capabi l i t y t o ai d a pot ent i al Hi ggs det ect i on i n t hi s
ener gy r egi me . I nst al l at i on dur i ng LEP100 ( ~s_	 - mz)
f aci l i t at es det ect or debuggi ng due t o t he l ar ge r eact i on
cr oss sect i on at t he Z r esonance .

29° SMD t wo- l ayer cover age

' ~220 SMDone- l ayer cover age

Fi g . 1 . The t op vi ew shows t he SMD posi t i oned i nsi de t he L3 cent r al t r acki ng syst em. The bot t om vi ew shows a t r ansver se vi ew of t he
SMD' s t wo r adi al pl anes.
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The SMDi s bui l t f r om t wo r adi al l ayer s of doubl e- si ded
si l i con st r i p det ect or s and i s capabl e of pr ovi di ng r - O and
r - z coor di nat e measur ement s over t he pol ar angl e r ange

I cos 0 1 < 0. 93 and over t he f ul l azi mut h. I t s pr i nci pal
component s ar e 0. 25 m2 of doubl e- si ded si l i con st r i p
sensor s, f r ont end r eadout el ect r oni cs ut i l i zi ng an appl i ca-
t i on speci f i c i nt egr at ed ci r cui t ( ASI C) , a novel cabl i ng
scheme f or hal f of i t s - 73 000 r eadout channel s, a l ow-
mass mechani cal suppor t st r uct ur e, cust om f i ber opt i c
communi cat i on wi t h a cust om VME- based dat a acqui si t i on
syst em, dual di spl acement moni t or i ng syst ems and a r adi a-
t i on moni t or i ng syst em f or det ect or saf et y .

The SMDi s desi gned t o be i nst al l ed i nsi de t he exi st i ng
cent r al t r acker of L3, whi ch consi st s of a cyl i ndr i cal t i me

expansi on chamber wi r e chamber pr ovi di ng 62 r adi al mea-

sur ement s, a l ayer of pl ast i c sci nt i l l at i ng f i ber s and a

" Z- chamber " pr ovi di ng f our z- coor di nat e measur ement s

[ 2] . The t op of Fi g . 1 shows a si de vi ew of t he SMDi nsi de

t he cent r al t r acker and t he bot t om shows an or t hogonal

vi ew of t he t wo r adi al pl anes of t he SMD.

2. SMDl adder

The basi c det ect or el ement of t he SMD i s a " l adder " .

Ther e ar e i n t ot al 24 l adder s, each of whi ch i s bui l t f r om

t wo separ at e " hal f - l adder s" . Each hal f - l adder i s, i n t ur n,

bui l t f r om t wo el ect r i cal l y and mechani cal l y j oi ned dou-

bl e- si ded si l i con sensor s, a speci al l ow- mass Kapt on cabl e
at t ached t o one si de of a sensor pai r and a f r ont end

r eadout el ect r oni cs packet . Fi g . 2 shows an i nner SMD

l adder .

2. 1 . Si l i con sensor s
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Our si l i con st r i p sensor desi gn i s a modi f i cat i on of t he

I NFN- Pi sa desi gn [ 3] . Each SMD sensor i s 70 mml ong

and 40 mmwi de and made f r om 300 l . Lm t hi ck hi gh pur i t y

( p >_ 8 k11cm) n- t ype si l i con . The j unct i on si de of each
sensor has i mpl ant at i on st r i ps ever y 25 l . Lm and a r eadout

pi t ch of 50 wm. The st r i ps r un par al l el t o t he l ong si de of a

sensor and ar e i nt ended t o measur e an r - i ~ coor di nat e .

On t he sensor ' s ohmi c si de and per pendi cul ar t o t he

j unct i on si de st r i ps, ar e n + i mpl ant at i on st r i ps ever y 50
Rm wi t h i nt er sper si ng p + bl ocki ng st r i ps desi gned t o
i nt er r upt t he accumul at ed sur f ace char ge bet ween t he n +

st r i ps . The r eadout pi t ch i s 200 l. Lm over t he pol ar angl e 0

r ange I cos 0 1 =0. 93 - 0. 53 and 150 t i mover t he r ange

I cos 0 1 = 0. 53 - > 0, wher e 0 i s measur ed wi t h r espect t o

t he beam l i ne . These st r i ps ar e i nt ended t o measur e an r - z

coor di nat e .
Guar d r i ngs sur r ound t he st r i ps on bot h t he j unct i on

and ohmi c si de. The act i ve ar ea of t he st r i ps i s 70 X 38 . 3
mm2 . The t ot al i nt er st r i p capaci t ance i s appr oxi mat el y 1 . 3
pF/ cm.

Bef or e i ncor por at i on i nt o a l adder , al l si l i con sensor s

ar e t est ed f or l eakage cur r ent and i nt er st r i p r esi st ance . A

sensor i s accept ed i f i t sat i sf i es t he t hr ee f ol l owi ng cr i t er i a :

- The t ot al l eakage cur r ent measur ed at t he j unct i on si de

guar d r i ng i s l ess t han 2 WA;
- No mor e t han t wo j unct i on si de st r i ps have an i ndi vi d-

ual l eakage cur r ent exceedi ng 50 nA;
- The i nt er st r i p r esi st ance on t he ohmi c si de exceeds 2

Mn .
The accept ance yi el d f or 187 sensor s i s 75%. Typi cal

sensor l eakage cur r ent i s 5 nA/ cm2 . These sensor s ar e
f abr i cat ed by CSEM [ 4] .

2 . 2. Readout el ect r oni cs

The f r ont end r eadout chi p f or t he SMDi s t he SVX- H3 .

Thi s CMOS VLSI ci r cui t [ 5] i s an ASI C or i gi nal l y devel -
oped f or t he CDF si l i con st r i p t r acker [ 6] at Fer mi l ab and

chosen f or t he SMD because of i t s over al l f unct i onal i t y

0. 280 mmt hi ck kapt on cabl e

Fi g . 2. An i nner SMDl adder . The r - O si de wi t h i t s car bon f i ber st i f f eni ng r i b i s t he t op sur f ace .
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and t he l ow power consumpt i on of CMOS ci r cui t r y . Each

of t he chi p' s 128 channel s compr i ses a hi gh- gai n ( 19

mV/ f C) char ge sensi t i ve pr eampl i f i er , f ol l owed by a sam-

pl e- and- hol d ci r cui t , compar at or and l at ch . Common t o t he

ent i r e chi p i s a di gi t al sect i on whi ch cont r ol s t he mul t i -

pl exed ser i al r eadout of al l channel s t hr ough a si ngl e

anal og out put l i ne . Up t o 128 such chi ps can be dai sy-

chai ned t oget her wi t hout per i pher al ci r cui t r y .

The SVX chi ps ar e manuf act ur ed [ 7] i n a 1. 25 wm

f eat ur e si ze CMOS t echnol ogy . Af t er manuf act ur i ng, t he

chi ps ar e t est ed f or gener al f unct i onal i t y, gai n, r esponse

l i near i t y and noi se . Onl y chi ps passi ng t hese t est s ar e

accept ed f or det ect or const r uct i on . A t ot al of 596 SVX

chi ps ar e r equi r ed f or t he ent i r e SMD and our accept ance

yi el d f or 1248 manuf act ur ed chi ps was 63%.

Each SVX chi p i s capaci t i vel y coupl ed t o t he si l i con

sensor s by a cust om 128 channel capaci t or chi p bui l t on a

quar t z subst r at e . Each channel compr i ses a 150 pF capaci -

t or and pr ot ect i on di odes desi gned t o shor t ci r cui t t he

capaci t or i n case of a 20 V over vol t age whi ch may, f or

exampl e, be pr oduced by an acci dent al beam l oss i nt o t he

si l i con . The capaci t or chi ps ar e pr oduced at CSEM.

The SVXchi ps ar e gl ued and ul t r asoni cal l y bonded t o

an al umi num ni t r i de ( AI N) subst r at e. Thi s subst r at e ser ves

as a mechani cal suppor t , a l ow t her mal i mpedance conduc-

t i on pat h and as t he base f or st andar d t hi ck f i l m hybr i d

pr ocessi ng . The pr ocessed subst r at e cont ai ns sur f ace mount

r esi st or s and capaci t or s f or di st r i but i ng chi p power and

sensor bi as vol t ages and f or f i l t er i ng . Al l hybr i ds ar e

subj ect ed t o ext ensi ve el ect r i cal cont i nui t y t est i ng wi t h t he

r esul t t hat 114 out of 125 or i gi nal l y manuf act ur ed hybr i d

subst r at es [ 8] wer e consi der ed accept abl e f or det ect or con-

st r uct i on.

An i nt er medi at e el ect r oni cs " conver t er " boar d i s posi -

t i oned cl ose t o each set of 12 hybr i ds and i s el ect r i cal l y

connect ed t o t hem by t hi n Kapt on cabl es . The conver t er

cont ai ns l i ne dr i ver s and r ecei ver s f or t r ansmi t t i ng di gi t al

and anal og si gnal s bet ween t he hybr i ds and t he ext er nal

wor l d . I t conver t s TTL si gnal s on t he hybr i d si de t o

di f f er ent i al si gnal s on t he ext er nal wor l d si de and vi ce

ver sa . The conver t er s al so pass t he sensor bi as vol t age,

hybr i d power and pr ovi de vol t age f i l t er i ng. Ther e ar e t wo

conver t er boar ds f or each pai r of adj acent hal f - l adder s,

wi t h one boar d f or t he sensor j unct i on si de and anot her f or

i t s ohmi c si de . A bl ock di agr amof t he conver t er i s shown

i n Fi g. 3.

Anal og and di gi t al si gnal s ar e sent t o and f r om t he

SVXt hr ough t he use of a cust om opt i cal t r anscei ver boar d

[ 9] . Thi s " opt oboar d" el ect r i cal l y i sol at es t he SMD f r ont

end el ect r oni cs f r om t he dat a acqui si t i on syst em ( DAQ)

el ect r oni cs, dr amat i cal l y r educi ng gr ound l oop pr obl ems

and accommodat i ng t he di f f er ent el ect r i c pot ent i al s of t he

t wo sensor si des . The opt oboar d cont ai ns an 8- bi t f l ash

anal og t o di gi t al conver t er ( FADC) t o di gi t i ze t he anal og

dat a f r om t he SVX, a di gi t al - t o- anal og conver t er ( DAC) t o

set t he t hr eshol d f or t he ADC and anot her 8- bi t DAC t o

SVX

SVX

2. 3. Low- mass cabl e

SVX Cont r ol

SVX Dat a

SVX Anal og Dat a

SVX Cal i br at i on Li ne

Fi g . 3 . Bl ock di agr am of t he SMDconver t er .

SVX

Opt i cal Li nk t o DRP

Fi g . 4 . Bl ock di agr am of t he SMDopt oboar d .

SVX
Cont r ol

SVX
Cal i br at i on
Vol t age
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SVX
Di gi t al Dat a

Anal og Dat a

pr ovi de an i nput cal i br at i on si gnal f or t he SVX. The

di gi t i zed si gnal s ar e t hen sent by Fi ber Di st r i but ed Dat a

I nt er f ace ( FDDI ) pr ot ocol t hr ough a 120 ml ong opt i cal

f i ber t o t he opt i cal r ecei ver at t he DAQf r ont end. Thi s

opt i cal r ecei ver cont ai ns an FDDI r ecei ver chi p whi ch

conver t s t he l i ght si gnal s back i nt o el ect r i cal ones bef or e

passi ng t hem t o t he r emai nder of t he DAQ. The essent i al

el ement s of t he opt oboar d ar e shown i n Fi g . 4 .

The si gnal s f r om a sensor ' s ohmi c ( z- coor di nat e) si de

ar e r er out ed f r om t he sensor ' s l ong edge t o t he r eadout

el ect r oni cs by a f l exi bl e l ow- mass cabl e of novel desi gn

[ 10] et ched f r om copper - pl at ed Kapt on f oi l . Thi s cabl e

al l ows t he ohmi c si de f r ont end r eadout el ect r oni cs t o be

r emoved f r om t he sensor ' s act i ve r egi on and t her eby mi ni -

mi zes mul t i pl e scat t er i ng i n t hi s r egi on, f aci l i t at es heat

r emoval f r om t he det ect or and si mpl i f i es cabl e r out i ng t o

t he ext er nal wor l d .

Each f i ni shed cabl e has pl anar di mensi ons 39 mmX143

mm. The cabl e subst r at e i s commer ci al l y avai l abl e [ 11] 50

Rmt hi ck t ype E Kapt on f oi l , pl at ed on bot h si des wi t h a

2. 5 Rmt hi ck copper l ayer . Kapt on was sel ect ed because of

Fr om
Sequencer
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Si l i con

	

Çapaci t or

Kapt on
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Quar t z AI N

SVX

- Hybr i d
OmEmp

RAMMANN

Quar t z

Fi g. 5 . The SMD hal f - l adder assembl y sequence. The sequence

f l ows f r om t op t o bot t om.

i t s l ow di el ect r i c const ant ( E ^- 3) whi ch mi ni mi zes capaci -

t i ve coupl i ng bet ween adj acent channel s compar ed t o, say,

a gl ass subst r at e . Type E Kapt on i s desi r abl e due t o i t s

r el at i vel y l ow coef f i ci ent s of t her mal and hygr oscopi c

expansi on. The 2. 5 wmCu t hi ckness i s a pr act i cal compr o-

mi se, consi st ent wi t h cur r ent et chi ng pr ocedur es, bet ween

t oo t hi n a pl at i ng whi ch l eads t o br oken t r aces and t oo

t hi ck a pl at i ng whi ch l eads t o shor t ci r cui t s . Doubl e- si ded

copper pl at ed f oi l i s not st r i ct l y necessar y but was sel ect ed

as t he cabl e subst r at e due t o i t s r eady avai l abi l i t y .

Af t er et chi ng of t he f oi l , L- shaped t r aces r un t he ent i r e

143 mml engt h of t he cabl e and ar e t ypi cal l y 11 Rmwi de .

Gol d- pl at ed bondi ng pads f or bondi ng bet ween t he cabl e

and t he si l i con and bet ween t he cabl e and t he f r ont end

el ect r oni cs ar e di st r i but ed al ong t he cabl e edges . Mi r r or

bondi ng pads ar e al so on t he cabl e f or conduct i ng t est

bonds . Each cabl e r er out es a t ot al of 744 si l i con st r i p

si gnal s t o t he f r ont end r eadout el ect r oni cs. The aver age

r adi at i on t hi ckness of t he cabl e i s 0. 02% Xo .

Acabl e i s consi der ed el ect r i cal l y vi abl e i f no mor e t han

1. 5% of i t t r aces have ei t her a shor t or open ci r cui t . I n

addi t i on, t he t est bonds on t he cabl e must pass cer t ai n

st r engt h t est s. Appl yi ng pl at i ng and bond qual i t y cr i t er i a,

t he aver age pr oduct i on yi el d f or 48 cabl es was 50%. ( The

yi el d f r om pl at i ng al one was 90%. ) Of t he appr oxi mat el y

72000 t ot al bonds made on t he 48 l ow- mass cabl es, 0. 7%

wer e f aul t y .

3. Ladder assembl y sequence

The basi c f unct i onal uni t of t he SMDf or bot h det ect or

oper at i on and assembl y i s t he hal f - l adder . Each hal f - l adder

i s f abr i cat ed f r om f our subuni t s : a si l i con sensor pai r ,

i ncl udi ng i t s l ow- mass Kapt on z si de cabl e; t wo hybr i d-

capaci t or el ect r oni c uni t s ; and t he st r uct ur al suppor t of t he

hal f - l adder composed of AI N and quar t z pl at es.

Fi g . 5 det ai l s t he assembl y st eps f r om t he subuni t l evel

t o t he compl et ed hal f - l adder . The pr eci si on pl acement and

gl ui ng of t he var i ous el ement s i s done under a mi cr oscope

Fi g . 6. Ji g used f or edge gl ui ng t wo si l i con sensor s t oget her .
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wi t h cust om made vacuum j i gs and mechani cal di spl ace-

ment t abl es . The posi t i onal accur acy of t he var i ous el e-

ment s of t he hal f - l adder i s t ypi cal l y bet t er t han 10 [ Lm

when pr eci si on i s r equi r ed f or ei t her det ect or assembl y or

i nst al l at i on, and i n no case i s wor se t han 25 g. m.

Fi g . 6 shows t he j i g used t o edge gl ue t he t wo si l i con

sensor s of a hal f - l adder . Fi g. 7 shows t he j i gs needed t o

gl ue t oget her t he hal f - l adder sensor pai r wi t h t he AI N

suppor t pi ece and t he z si de hybr i d uni t . The j i gs pi ct ur ed

i n Fi g . 7 i ncl ude a posi t i oni ng j i g f or t he hybr i d ( f or e-

gr ound l ef t ) , a hybr i d t r ansf er j i g ( f or egr ound r i ght ) and

t he hal f - l adder gl ui ng j i g ( backgr ound cent er ) whi ch al -

l ows al i gnment of t he sensor pai r wi t h t he AI N suppor t

pi ece . The f i r st j i g posi t i ons t he hybr i d wi t h r espect t o t he

t r ansf er j i g . Af t er appl i cat i on of t he gl ue, t he hybr i d i s t hen

pl aced wi t h t he t r ansf er j i g on t he hal f - l adder gl ui ng j i g,

t hus j oi ni ng t oget her t he sensor pai r , t he hybr i d, and t he

AI Nsuppor t pi ece .

Two gl ues ar e used t o cont r uct t he SMD l adder s .

Àr al di t e AW106 ( har dener HV953U) i s used f or most of

t he st r uct ur al j oi nt s and f or al l appl i cat i ons i nvol ved wi t h

t he mi cr obondi ng, i . e . , t he Kapt on z si de cabl e and capaci -

t or chi ps . Agood t her mal conduct i ng gl ue, St ycast 2850FT

( har dener 24LV) [ 12] , i s used t o j oi n t he pi eces of t he AI N

suppor t subuni t and t o gl ue t hi s subuni t t o t he hybr i ds .

Thi s gl ue ensur es a good t her mal pat h bet ween r eadout

el ect r oni cs and t he cool i ng pr ovi ded on t he suppor t st r uc-

t ur e . The quar t z composi ng t he capaci t or chi ps and t hei r

pr emount i ng pl at e and t he quar t z pi ece bet ween t he AI N

suppor t and t he si l i con sensor t her mal l y i sol at e t he l at t er

f r om t he r eadout el ect r oni cs .

Par t i cul ar car e was t aken dur i ng t he gl ui ng t o cont r ol

t hi ckness and uni f or mi t y, bot h of whi ch ar e vi t al f or t he

mi cr obondi ng and f or achi evi ng t he f i nal pr eci si on of t he

hal f - l adder di mensi ons . Thi s was accompl i shed due t o t he

hi gh pr eci si on of t he assembl y j i gs ( a pl anar i t y t ol er ance

<5 p. m) and t he use of a pr essur i zed aut omat i c gl ue

di spensi ng syst em.

A t ot al of 4564 mi cr obonds ar e needed t o make t he

el ect r i cal connect i ons on each hal f - l adder . Fi g . 5 shows t he

l ocat i on of t he mi cr obonds bet ween capaci t or chi ps and

SVX, bet ween t he si l i con waf er out put pads ( z si de) and

t he z si de cabl e, bet ween t he z si de cabl e and capaci t or

chi ps, bet ween si l i con out put pads ( 0 si de) and capaci t or

chi ps, and bet ween t he t wo si l i con waf er s ( 4P si de) . A

second ser i es of vacuum j i gs was const r uct ed t o suppor t

t he hal f - l adder and t he di f f er ent subuni t s on t he bondi ng

machi ne [ 13] .

Ful l SMD l adder s ar e f or med by j oi ni ng t wo hal f -

l adder s wi t h a mol ded car bon f i ber / epoxy suppor t r i b of

300 wm t hi ckness and an over al l l engt h of 314 mm. The

r i b i s gl ued t o t he 0 sur f ace of t he f our si l i con sensor s of

t he l adder as wel l as t o t he sur f ace of t he quar t z capaci t or

chi ps . I t i s i sol at ed f r om t he l adder component s by a 0. 50

mm t hi ck kapt on sheet and gr ounded t o t he r - ( P si de

r eadout of t he det ect or . The over al l l engt h of t he com-

pl et ed l adder s i s 400 mm.

4. Sensor bi asi ng and det ect or power suppl y syst em

Fi g . 7 . Ji gs used f or gl ui ng hybr i ds, AI N suppor t pi ece and sensor s t oget her . See t ext f or an expl anat i on .
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The sensor st r i ps ar e bi ased by appl yi ng vol t ages t o t he

guar d r i ngs on bot h t he j unct i on and ohmi c si des, t hr ough

t he puncht hr ough and el ect r on accumul at i on l ayer channel -

i ng mechani sms, r espect i vel y . The pot ent i al di f f er ence be-

t ween sensor si des var i es f r om 30 t o 50 V. The r - O

measur i ng st r i ps, par al l el t o t he beam and t he l ongi t udi nal

magnet i c f i el d of L3, ar e bi ased t o col l ect t he hol es,

mi ni mi zi ng t he ef f ect s of Lor ent z dr i f t on spat i al r esol u-

t i on .
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Fi g. 8 . Equi val ent ci r cui t f or bi ased SMDsensor s .

The power and bi as vol t ages suppl i ed t o t he sensor s,

SVX chi ps, conver t er s and opt oboar ds ar e pr ovi ded by a

cust om comput er cont r ol l ed modul ar power suppl y syst em

[ 14] . I n t hi s syst em, t he pot ent i al s appl i ed t o t he z si de and

r - ¢ si de el ect r oni cs f l oat i ndependent l y of one anot her .

Fl oat i ng t he z si de el ect r oni cs, r ef er enced t o t he si l i con

bi as pot ent i al , decoupl es i t f r om t he wor ki ng pot ent i al of

t he dat a acqui si t i on syst em. Fl oat i ng t he r - ( P si de el ec-

t r oni cs, al t hough not st r i ct l y necessar y, i s done t o r educe

pot ent i al gr ound l oop pr obl ems . The sensor s and f r ont end

el ect r oni cs of each pai r of adj acent hal f - l adder s r equi r e 19

di st i nct vol t age channel s . Each channel has i t s vol t age

magni t ude, pol ar i t y, r amp r at e and per mi ssi bl e over cur r ent

separ at el y adj ust abl e and al l par amet er s can be cont i nu-

ousl y moni t or ed by a dedi cat ed per sonal comput er . A t ot al

of si x power suppl y cr at es bi as and power t he SMD.

Fi g. 8 shows t he equi val ent el ect r i cal ci r cui t of a bi ased

sensor , i ncl udi ng pr ot ect i on di odes, ef f ect i ve capaci t ances

and t he f r ont end of t he r eadout el ect r oni cs .

Readout of t he SMD si l i con st r i ps i s done i n a semi -

par al l el f ashi on . The 48 pai r s of hybr i ds ar e r ead out

si mul t aneousl y whi l e t he st r i ps i n t he 12 SVX chi ps of

each hybr i d pai r ar e r ead out ser i al l y by a t oken passi ng

scheme at an adj ust abl e r at e of - 0. 5- 1 . 5 MHz . Al l SMD

st r i ps ar e r ead out and no zer o suppr essi on i s done at t he

l evel of t he SVX chi p . For each of t he 128 channel s of an

SVX chi p, t he anal og val ue of t he col l ect ed char ge f or t hat

channel , al ong wi t h t he st r i p I D and t he chi p I D of t he

st r i p ar e f i r st t r ansf er r ed as TTL si gnal s t o t he conver t er ,

conver t ed t o di f f er ent i al si gnal s and dr i ven t o t he opt o-

boar d wher e al l dat a ar e conver t ed t o di gi t al l i ght si gnal s .

The si gnal s ar e t hen sent t o t he opt i cal r ecei ver at t he

DAQsyst em f r ont end wher e t hey ar e event ual l y r ecei ved

by a cust om VME- based dat a r educt i on pr ocessor ( DRP) .

Fi g . 9 shows a bl ock di agr amof t he DRP. Thi s modul e

i s a har dwar e f i l t er whi ch uses one of t wo user sel ect abl e

al gor i t hms t o suppr ess si gnal s unl i kel y t o be due t o char ged

par t i cl e passage t hr ough t he si l i con . Onl y si gnal s f r om

candi dat e hi t st r i ps ar e t r ansf er r ed t o t he gener al L3 dat a

st r eam. The t ot al set of t he 48 si ngl e- wi dt h DRPs r equi r ed

f or t he SMD ar e gr ouped t oget her i nt o t hr ee cr at es of 16

DRPs each . Each VME cr at e i s cont r ol l ed by a cust om

cr at e mast er whi ch t r ansf er s t he sensor dat a f r om t he DRPs

t o t he L3 dat a st r eam and downl oads pr ogr ams t o t he

DRPs .

The DRP ver si on used f or t he SMD i s a modi f i cat i on

of t he desi gn used el sewher e i n t he DAQof L3' s cent r al

t r acker [ 2] and i s bui l t ar ound a Texas I nst r ument mi cr o-

pr ocessor TMS 99105. I t has a 32 ki l owor d r andom access

memor y ( RAM) f or pr ogr ams, dat a and mul t i - event buf f er -

i ng, and t wo bus syst ems f or i nt er nal dat a handl i ng and

connect i on t o t he out si de wor l d . One i s t he st andar d VME

dat a and access bus syst em and t he ot her i s a speci al bus

syst em whi ch di st r i but es var i ous cont r ol si gnal s ( cl ock,

sampl e, f ast cl ear and t r i gger l evel 1 dat a) . Dur i ng r un

t i me, a dual por t memor y of 4 ki l owor ds i s used f or

communi cat i on and dat a t r ansf er bet ween t he DRP and i t s

cr at e mast er .

A DRP' s f r ont end i s a f ast di r ect memor y access

( DMA) por t speci al l y desi gned f or t he SMDr eadout . Two

di f f er ent DMA t r ansf er modes can be used . Fi r st , one can

r un t he por t i n f ul l r eadout mode so t hat t wo wor ds per

sensor st r i p ar e wr i t t en i nt o t he DRP mai n memor y . The

hi gh byt e of t he f i r st wor d cont ai ns t he SVX chi p i dent i f i er

DMABus Addr ess Regi st er

DMARecor d Lengt h Cont r ol

Dat a Bus

Tr i gger Level 1
Regi st er

Wor d 1 Lat ch

DMACont r ol

Handshake
Regi st er

Dat a f r om SMDDet ect or

RS422 Recei ver

Wor d 2 Lat ch

I nput Mode
Cont r ol

Mi cr opr ocessor
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TSM99105

LOMemor y

VMEBus Connect i on

Tr i gger Bus
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Fi g . 9 . Bl ock di agr am of t he SMDdat a r educt i on pr ocessor .
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whi l e t he l ow byt e i s not used . The hi gh byt e of t he second

wor d i s t he st r i p addr ess and t he l ow byt e cont ai ns t he

ADC ampl i t ude of t he cor r espondi ng st r i p . I n t he second

or " r educed i nput mode" , t he chi p i dent i f i er and t he st r i p

addr ess ar e ski pped by t he DMA har dwar e and t wo con-

secut i ve st r i p ADC ampl i t udes ar e assembl ed i nt o one 16

bi t wor d and wr i t t en i nt o t he DRP memor y . Thi s mode

al l ows a buf f er i ng of up t o 18 t r i gger s and saves consi der -

abl e memor y . The DMAmode i s set dur i ng DRP i ni t i al i za-

t i on .

Pr i or t o dat a t aki ng, a r un of sever al hundr ed i nt er nal l y

gener at ed t r i gger s i s done t o det er mi ne common mode

noi se ( CMN) f or each SVX chi p, al ong wi t h pedest al

val ues ( Ped) and t hei r var i ance f or each SVX st r i p . I n

addi t i on, mul t i pl e pedest al t aki ng wi t h di f f er ent i nj ect ed

t est char ges t o each st r i p i s done t o det er mi ne a l i near gai n

f i t f or each st r i p . These par amet er s ar e st or ed i n t he DRP

f or use by i t s dat a r educt i on al gor i t hms and ar e al so

wr i t t en t o ext er nal dat a base memor i es .

Each DRP uses one of t wo al gor i t hms t o f i l t er t he r aw

dat a bef or e passi ng i t t hr ough i t s cr at e mast er t o t he

gener al L3 dat a st r eam. The al gor i t hm i s set dur i ng modul e

i ni t i al i zat i on and can be set on an i ndi vi dual DRP basi s :

Nei ghbor mode . I n a f i r st pass t hr ough t he r aw dat a, t he

DRP comput es a common mode noi se f or each SVX. I n

t he second pass, onl y st r i ps wi t h an ADC ampl i t ude >

( Ped + CMN+ Thr ) ar e i nser t ed wi t h t hei r nei ghbor s i nt o

t he out put r ecor d . Her e Thr i s an exper i ment al l y ad-

j ust abl e t hr eshol d whi ch var i es f r om DRP t o DRP and

t ypi cal l y cor r esponds t o about 1/ 10 t he si ze of a si gnal

f r om a mi ni mum i oni zi ng par t i cl e . Azer o r ecor d i s gener -

at ed i f no hi t i s pr esent . A t ypi cal dat a r educt i on f act or of

8- 10 i s achi eved .

Di f f er ent i al mode. A l ocal backgr ound ( / 3) i s cal cu-

l at ed f or each SVX st r i p usi ng 2 s st r i ps, wher e S( 1 _< S <

5) i s t he number of st r i ps on each si de of t he st r i p i n

consi der at i on . Al l st r i ps wi t h an ADC ampl i t ude > ( Ped
+ Thr + 6) , al ong wi t h t hei r nei ghbor s, ar e i nser t ed i nt o

t he out put r ecor d. A zer o r ecor d i s gener at ed i f no hi t i s

pr esent . A t ypi cal dat a r educt i on f act or of 8- 10 i s achi eved .

Al l dat a r educt i on al gor i t hms t ake car e t o appr opr i at el y

handl e def ect i ve st r i ps . For t est pur poses, any DRP can be

used i n a mode wi t h no f i l t er i ng al gor i t hm appl i ed t o t he

r aw dat a bef or e i t i s passed unchanged t o t he gener al L3

dat a st r eam.

The synchr oni zat i on bet ween t he r eadout of t he SMD

and t he ext er nal L3 t r i gger s i s cont r ol l ed by a speci al l y

desi gned VME compat i bl e " sequencer " modul e whi ch

pr oduces t he appr opr i at e si gnal s t o cont r ol t he t r ansf er of

t he SVX dat a t o t he DRPs and communi cat es t o a st andar d

VME bus and t he opt oboar ds . The sequencer has a one

l evel pi pel i ne st r uct ur e and i s bui l t ar ound a mi cr opr ogr am

cont r ol l er and a 32- ki l obi t X 64 bi t f ast RAM. The l ower

32 bi t s of t he RAMcont ai n t he mi cr ocode t hat cont r ol s t he

i nt er nal oper at i ons of t he sequencer . An 8- t o- 1 mul t i pl exer

al l ows sequencer addr ess br anchi ng based on t he condi t i on

of up t o ei ght ext er nal si gnal s. The upper 32 RAMbi t s

cont ai n t he bi t pat t er ns sent t o t he out si de wor l d and t he

32- kbi t RAMdept h al l ows up t o ei ght mi cr opr ogr ams t o

be st or ed . These mi cr opr ogr ams cont ai n t he pat t er ns neces-

sar y f or pedest al t aki ng, cal i br at i on and dat a t aki ng. A

bl ock di agr am of t he sequencer i s shown i n Fi g . 10.
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Fi g . 11 . Si mpl i f i ed t i mi ng di agr am f or t he SVX sampl i ng phase.
See t ext f or an expl anat i on.
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Fi g . 12. Bl ock di agr am of t he SMDr eadout chai n.

A si mpl i f i ed t i mi ng di agr am of t he SVX sampl i ng

phase as super vi sed by t he sequencer i s shown i n Fi g. 11 .

Each cycl e st ar t s wi t h a f ast cl ear si gnal whi ch ar r i ves

f r om t he L3 t r i gger syst em at t he sequencer 1. 7 Ws bef or e

t he LEP bunch cr ossi ng of 11 . 1 ws per i od ( case 1) . The

sequencer r esponds and di spat ches i t s appr opr i at e bi t pat -

t er ns over a l ong cabl e t o t he SVX, a pr ocess t aki ng 1. 1

Ni , s . An addi t i onal 410 ns i s r equi r ed t o r eset t he sampl e

and hol d ( S&H) ci r cui t r y of t he SVX. Next , t he 1 Ws l ong

i nt egr at i on cycl e of t he SVX begi ns . The syst em t hen

pauses f or 6. 5 Hhs dur i ng t he TEC conver si on phase t o

CDMS sensor

avoi d gener at i ng noi se i n t he r emai nder of t he cent r al

t r acki ng syst em. Af t er war ds, one of t he t wo possi bi l i t i es

l abel ed as 2 or 3 i n t he f i gur e wi l l occur . I n case 2, a f ast

cl ear di spat ched f r om t he L3 t r i gger syst em ar r i ves at t he

sequencer bef or e t he next bunch cr ossi ng and t he SVX

sampl i ng phase begi ns al l over agai n . I n case 3, no f ast

cl ear ar r i ves so t he sampl i ng phase f i ni shes wi t hout i nt er -

r upt i on and t he sequencer t hen awai t s a " t r i gger l evel 1

accept " si gnal . When t he sequencer r ecei ves t he t r i gger

l evel 1 accept , i t begi ns t o r ead out , one st r i p at a t i me, t he

anal og sensor dat a vi a t he conver t er t o t he FADC st or ed i n

t he opt oboar d. Dur i ng t hi s t i me, a " hol d acknowl edge"

si gnal i s sent t o t he sequencer by t he DRPs f or t he

dur at i on of t i me t he DRPs ar e pr ocessi ng r aw dat a . Fi g . 12

summar i zes t he over al l SMD r eadout chai n .

6. Mechani cal suppor t

The mechani cal suppor t st r uct ur e f or t he l adder s and

t he conver t er s i s a 1 ml ong cyl i ndr i cal t ube spl i t l engt h-

wi se i nt o t wo symmet r i c hal ves . The t ube i s made f r om a

l ami nat e of 3 mm t hi ck NOMEX honeycomb cor e gl ued

bet ween 315 [ Lm t hi ck al umi ni zed car bon f i ber ski ns . The

ski ns ar e l ayed up f r om i ndi vi dual sheet s i n a manner t o

mi ni mi ze t he suppor t st r uct ur e' s coef f i ci ent of t her mal

expansi on .

The spl i t t ube const r uct i on per mi t s easy mount i ng of

t he i nner l ayer l adder s and t he i nst al l at i on of t he SMD

ar ound t he beam pi pe at t he i nt er act i on poi nt . Each hal f -

t ube i s made f r om t hr ee separ at e car bon f i ber sect i ons

j oi ned by t wo al umi ni umal l oy hal f - r i ngs . Si mi l ar hal f - r i ngs

ar e at t he f ar ends of t he spl i t t ube . The i nt er i or hal f - r i ngs

pr ovi de t he l adder mechani cal f i xat i on and cont ai n cool i ng

channel s . The out er t wo hal f - r i ngs ar e used f or at t achi ng

t he SMD t o t he i nner wal l of t he TEC.

Conver t er

Suppor t hal f - t ube

Fi g . 13 . Par t i al l y expl oded vi ew of an SMDi nst r ument ed hal f - t ube .
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A t hi n hemi - cyl i ndr i cal l ami nat e bui l t f r om a 0. 5 mm
t hi ck car dboar d cor e gl ued bet ween 30 p, m sheet s of
al umi ni zed myl ar ser ves as an el ect r omagnet i c and t her mal
scr een . One such scr een i s at t ached t o t he out si de of each
hal f - t ube pr i or t o i nst al l at i on of t he SMDi nsi de t he TEC.

Af t er i nst al l at i on ar ound t he beam pi pe, t he hal f - r i ngs
of t he spl i t t ube ar e pi nned t oget her so t hat t he suppor t
st r uct ur e r ecover s al most compl et el y t he f ul l mechani cal
pr oper t i es of an unspl i t t ube . A f i ni t e el ement cal cul at i on
pr edi ct s t hat t he maxi mum def l ect i on of t he suppor t t ube
under l oad i s 20 wm. The t ube i s posi t i oned i nsi de t he
i nner f l ange of t he TEC by el ect r i cal l y i nsul at i ng r uby

Fi g . 14. The SMDposi t i oned ver t i cal l y pr i or t o i nst al l at i on .
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spher es pl aced at t hr ee equi di st ant poi nt s ar ound each of
t he t ube' s end r i ngs .

The r adi at i on t hi ckness of t he t ube f or nor mal l y i nci -
dent par t i cl es i s 0. 3% Xo . By compar i son, t he 1 . 5 mm
t hi ck ber yl l i um beam pi pe i s 0. 4%Xo t hi ck.

The l adder s ar e at t ached t o t he spl i t t ube at t wo mean
r adi i , r = 60. 7 mmand r = 77. 5 mm, wi t h t he car bon f i ber
mat er i al posi t i oned bet ween t he t wo l adder l ayer s . The
i nner l adder s ar e mount ed wi t h t hei r axes par al l el t o t he
beamdi r ect i on but ar e cr enel l at ed wi t h a 5% over l ap as an
al i gnment ai d . The out er l adder s ar e mount ed so t hat t hei r
hal f - l adder s ar e t i l t ed wi t h a st er eo angl e of 2° wi t h r espect
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t o t he beam di r ect i on t o f aci l i t at e pat t er n r ecogni t i on .

These l adder s ar e not cr enel l at ed.

Fi g . 13 shows a par t i al l y expl oded vi ew of one- hal f of

t he suppor t t ube . Thr ee ext er i or l adder s wi t h t hei r associ -

at ed r eadout el ect r oni cs ar e vi si bl e . Fi g. 14 shows t he

SMDposi t i oned ver t i cal l y on a met r ol ogy t abl e . The ext e-

r i or l adder s ar e vi si bl e whi l e a pr ot ect i ve f oi l cover s t he

conver t er s .

7 . Det ect or cool i ng

To opt i mi ze t r ack posi t i on r esol ut i on, t her mal l y i n-

duced di st ur bances t o t he mechani cal st abi l i t y of t he si l i -

con sensor s and t o t he t emper at ur e st abi l i t y of t he TEC

dr i f t gas must be mi ni mi zed by ef f i ci ent l y exhaust i ng t he

200 Wof heat di ssi pat ed by t hose SMD component s i nsi de

t he TECenvel ope . Thi s heat i s gener at ed equal l y bet ween

t he hybr i d ci r cui t s and t he conver t er s and i s appr oxi mat el y

uni f or ml y i n azi mut h .

The hybr i ds ar e cool ed by a speci al , chi l l ed wat er - based

cool ant [ 15] f l owi ng t hr ough a channel machi ned i nt o t he

al umi num al l oy l adder suppor t r i ngs . The r i ngs ar e i n good

t her mal cont act wi t h t he AI Nhybr i ds, di r ect l y at t he l adder

f i xat i on poi nt s and t hr ough heat si nk compound [ 16] ap-

pl i ed cl oser t o t he SVX chi ps. The conver t er s ar e cool ed

by chi l l ed t hi n al umi num al l oy sheet s posi t i oned about 1

mmabove t hem. Each sheet i s chi l l ed by f l owi ng cool ant

t hr ough 2. 5 mm di amet er al umi num al l oy pi pes at t ached

al ong i t s ci r cumf er ence . The cool ant f or t he sheet s i s t he

same as f or t he hybr i ds and a t ot al f l ow of about 300

1/ hour cool s t he ent i r e SMD. Common suppl y mani f ol ds

mount ed on t he suppor t t ube si mpl i f y t he pl umbi ng and

equal i ze t he cool ant f l ow t o t he f our par al l el f l ange and 24

par al l el conver t er cool i ng ci r cui t s . Al l ci r cui t s ar e under

par t i al vacuumt o pr event f l ui d l oss i f a l eak devel ops.

The SMD cool i ng syst em i s desi gned t o mai nt ai n t he

TEC i nner wal l t emper at ur e at a st abl e wor ki ng poi nt

( 18 ± 0. 1 ° C) and t he r eadout el ect r oni cs t emper at ur e at

some const ant ar bi t r ar y t emper at ur e l ess t han about 45°C.

The SMD t emper at ur e i s moni t or ed by 26 pl at i num wi r e

r esi st ance t her momet er s [ 17] di st r i but ed over t he suppor t

st r uct ur e . These t her momet er r eadi ngs ar e di gi t i zed by an

ADCand moni t or ed . The t emper at ur e st abi l i t y of t he SMD

dur i ng dat a t aki ng i s bet t er t han 0. 2°C. Temper at ur e sen-

sor s on t he i nner wal l of t he TECi ndi cat e a TECt emper a-

t ur e st abi l i t y of 0. 1° C dur i ng dat a t aki ng per i ods .

S. Di spl acement moni t or i ng syst ems

Si nce a r econst r uct ed t r ack i n t he cent r al t r acker wi l l be

f or med f r om i nf or mat i on der i ved f r om bot h t he SMD and

t he TEC, accur at e and ef f i ci ent r econst r uct i on r equi r es a

knowl edge of t he t i me- dependent r el at i ve di spl acement s

bet ween t hese t wo t r acki ng det ect or s . Hence, we have bui l t

t wo i ndependent syst ems t o measur e t he r el at i ve angul ar

and t r ansl at i onal di spl acement s of t he SMDwi t h r espect t o

t he TEC. One syst em i s a l aser di spl acement moni t or i ng

syst em ( LDMS) and t he ot her i s a capaci t i ve di spl acement

moni t or i ng syst em ( CDMS) . These t wo measur i ng syst ems

pr ovi de a degr ee of compl ement ar i t y and r edundancy i n

bot h measur ement t echnol ogy and coor di nat e sensi t i vi t y .

Syst ems based on t he same pr i nci pl es of oper at i on as t he

CDMS and LDMS have been desi gned and i mpl ement ed

i n ot her exper i ment s [ 18] .

The LDMS i s bui l t f r om a l aser di ode whi ch pr oduces

50 ns l ong pul ses of i nf r ar ed ( A = 905 nm) l i ght and a

l i ght t r ansmi ssi on syst em whi ch i ncl udes an opt i cal f i ber

of cor e di amet er 400 p mt hat t r ansmi t s t he l aser l i ght t o a

set of 50 p, m cor e di amet er f i ber s . These f i ber s t r ansmi t

t he l i ght t o opt i cal heads, gl ued r i gi dl y t o t he i nner wal l of

t he TEC. Each opt i cal head r edi r ect s t he l i ght t hr ough

hol es i n t he SMD' s ext er nal shi el d ont o t he si l i con sensor s,

st r i ki ng t he sensor s at bot h nor mal and 45 ° i nci dence,

i l l umi nat i ng sever al nei ghbor i ng r eadout st r i ps . The r esul t -

i ng si gnal i s r ead out by t he nor mal f r ont end el ect r oni cs .

At ot al of 44 l i ght spot s st r i ke t he out er sensor l ayer .

Test beam r esul t s [ 19] show t hat t hi s scheme al l ows

r econst r uct i on of t he l i ght spot cent r oi d t o an accur acy of a

f ew mi cr ons . A change i n t he cent r oi d of t he l i ght spot

i ndi cat es r el at i ve t r ansver se mot i on bet ween t he SMD

si l i con sensor s and t he TEC.

The CDMS i s an al t er nat i ve t echnol ogy t o t he LDMS

and i s mor e sensi t i ve t o r adi al t han t o t r ansver se di spl ace-

ment s . A si ngl e channel of t he CDMS ut i l i zes a sensor

mount ed on t he SMDf aci ng a gr ounded el ect r ode ( " gr ound

t ar get " ) mount ed on t he TEC i nner wal l . The sensor i s

exci t ed by an AC cur r ent of const ant magni t ude and a 15

kHz f r equency and t he vol t age dr op bet ween t he sensor

and gr ound t ar get i s ampl i f i ed, r ect i f i ed and f i l t er ed t o

pr oduce a near l y DC vol t age whi ch var i es i nver sel y wi t h

t he capaci t ance of t he sensor and t he gr ound t ar get . The

ampl i f i er gai n i s set and t he gr ound t ar get cont our ed i n

such a way as t o achi eve a t ypi cal sensi t i vi t y t o r adi al

di spl acement s of 2. 5 mV/ Rmand of 0. 7 mV/ p. m f or

t r ansver se di spl acement s. The det ai l ed dependence of out -

put vol t age on di spl acement s bet ween t he sensor and

gr ound t ar get i s det er mi ned by cal i br at i on pr i or t o i nst al l a-

t i on . The sensor s and associ at ed el ect r oni cs ar e obt ai ned

commer ci al l y [ 20] .

For t he ent i r e SMD, si x t r i pl et s of sensor s ar e used.

These t r i pl et s ar e mount ed on t he SMD suppor t t ube and

ar e l ocat ed i n z bet ween t he end of t he SMD l adder s and

t he conver t er boar ds . Two t r i pl et s ar e sensi t i ve t o di spl ace-

ment s Ar and Az and f our t r i pl et s ar e sensi t i ve t o di s-

pl acement s i n 0r and r Aq5 . Usi ng t hr ee sensor s t o mea-

sur e di spl acement s i n t wo di mensi ons pr ovi des r edundancy

f or r educi ng t he ef f ect s of el ect r oni cs noi se and dr i f t . I n

addi t i on, t wo channel s, f or whi ch t he sensor - gr ound t ar get

geomet r y i s f i xed, ar e used t o moni t or and cor r ect f or

el ect r oni cs dr i f t . The DC vol t age out put f r om each CDMS
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Fi g . 15 . Schemat i c di agr am of t he SMD r adi at i on moni t or i ng
syst em sur r oundi ng t he L3 i nt er act i on poi nt OP) .

channel i s di gi t i zed usi ng a CAMAC ADC/ MUX syst em
[ 21] and r ead out once per mi nut e . The l ong- t er m r esol u-
t i on of a t ypi cal t r i pl et , as achi eved i n pr ot ot ype bench
t est s and under act ual exper i ment al condi t i ons, i s 1- 2 Wi n
i n t he r adi al di r ect i on and 5- 10 wi n i n t he t r ansver se
di r ect i on .

To hel p pr ot ect t he SMD agai nst a pot ent i al l y cat as-
t r ophi c beam l oss i nt o t he si l i con sensor s, we have i n-
st al l ed a set of r adi at i on moni t or i ng si l i con di odes [ 22] i n
t he vi ci ni t y of t he SMD desi gned t o send a beam dump

si gnal t o LEP cont r ol i f t he r adi at i on dose r at e i n t he
di odes exceeds a pr e- def i ned t hr eshol d . Thi s syst em al so
al l ows an onl i ne moni t or i ng of t he dose r at e .

At 86 cm on each si de of t he i nt er act i on poi nt ar e 12
l cm X l cmX 600 p, mt hi ck si l i con di odes di st r i but ed i n a
ci r cl e of r adi us 85 mmcoaxi al wi t h t he beam di r ect i on
( see Fi g . 15) . The r adi at i on dose f or each sensor i s r ecor ded
cont i nuousl y at var i ous gai ns such t hat t he dynami c r ange
f or t he f ul l set of sensor s i s 3 mr ad/ hour t o 20 Mr ad/ hour .
A beam dump si gnal i s gener at ed i f t he dose r at e f r om
sensor s on bot h si des of t he i nt er act i on poi nt exceeds 0. 6
t ad/ s f or at l east 300 I Ls .

10. Concl usi on

We have descr i bed t he desi gn and const r uct i on of t he
L3 si l i con mi cr over t ex det ect or i nst al l ed at t he begi nni ng
of t he 1993 LEP dat a t aki ng year . A summar y of t he
pr i nci pal desi gn par amet er s of t hi s det ect or ar e l i st ed i n
Tabl e 1 . The SMDwi l l be debugged dur i ng r unni ng at t he
Z r esonance i n 1994 and wi l l si gni f i cant l y i mpr ove L3' s
t r acki ng capabi l i t y f or W- pai r physi cs at LEP200 .
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