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Abstract

W e rep ort on test b eam results ob tained w ith a 3 2.5 cm2 microstrip detector p rocessed on an n- typ e 3 80 mm thick mag netic C z ochralsk i

(MC Z ) g row n silicon sub strate w ith 1 200Ocm ef f ectiv e resistiv ity. T he f ull dep letion v oltag e of the as- p rocessed detector w as 4 20 V w ith

a leak ag e current of 2mA. T he AC coup led detector had 1 024 p + strip s, 1 0 mm b y w idth and 6.1 54 cm b y leng th w ith a p itch of 50 mm.

T he detector w as irradiated w ith 1 0MeV p rotons to 1 .6� 1 01 4 1 MeV neutron eq uiv alent fl uence and annealed f or 3 4 5 days at room

temp erature. T he p ost- irradiation f ull dep letion v oltag e of the detector w as 225 V . T he leak ag e current at the f ull dep letion measured at

�1 0 1 C w as 261 mA. T he b eam tests w ere carried out at the C E RN H 2 area using a S ilicon B eam T elescop e, w hich consists of p airs of

horiz ontal and v ertical p osition sensitiv e silicon detectors. T his telescop e determines the track s of incoming p articles and hence p rov ides

a ref erence measurement f or the detector characteriz ation. In the b eam test an av erag e sig nal to noise ratio of 3 w ith a sp atial resolution

of 20mm and a p article detection ef fi ciency of 3 6% w ere measured. T hese results show that the MC Z dev ice detected p articles, w hich

encourag es f urther inv estig ations of MC Z silicon as a detector material. T he p oor p erf ormance of the MC Z detector may b e ex p lained b y

the p rob lems ob serv ed in the ref erence telescop e.
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1 . I n tro d u cti o n

In hig h- energ y p hysics (H E P) silicon strip detectors hav e

b een used in p article track ing ap p lications since the 1 9 80s,

b ut the L arg e H adron C ollider (L H C ) ex p eriments are the

fi rst ones, w here these detectors are used on a larg e scale

and under sev ere radiation conditions [ 1 , 2] . S ilicon

strip detectors p rov ide ex cellent sp atial resolution w hile

b eing cost- ef f ectiv e due to w ell- estab lished manuf acturing

technolog y.

Particle radiation causes crystallog rap hic def ects in the

silicon material that deteriorate the detector p erf ormance b y

inducing g eneration- recomb ination centers that result in

increased detector leak ag e current [ 3 ] . Additionally, crystal-

log rap hic def ects comp ensate the initial sp ace charg e of

silicon [ 4 ] , fi nally chang ing the sig n of the sp ace charg e [ 5] .

E x p eriments hav e show n that the radiation tolerance of

p article detectors is imp rov ed if the ox yg en concentration

in the silicon crystal ex ceeds the concentration typ ically

met in silicon w af ers g row n w ith the fl oat z one (F Z )

method [ 6, 7] . Recent dev elop ments in crystal g row th

technolog y of C z ochralsk i silicon (C z –S i) hav e enab led

p roduction of hig h ox yg en concentration C z –S i w af ers

w ith suf fi ciently hig h resistiv ity f or detector ap p lications

[ 8] . S ince the C z –S i is a b asic raw material in the

microelectronics industry, it is ab undantly av ailab le ev en

as larg e w af ers. T hus it is a p romising material candidate

f or f uture larg e- scale H E P ex p eriments.

W e tested the detection p erf ormance of a p roton-

irradiated strip detector p rocessed on a silicon w af er

g row n b y the mag netic C z ochralsk i (MC Z ) method
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[9,10]. T h e M CZ met h o d h a s s ev er a l a d v a n t a ges , e.g.,

ex t en d i n g t h e c o n t r o l l a b l e c o n c en t r a t i o n r a n ge o f o x y gen

d i s s o l v i n g f r o m t h e s i l i c a c r u c i b l e d u r i n g t h e c r y s t a l

gr o w t h . I n t h e M CZ met h o d t h e i n go t i s gr o w n i n a

ma gn et i c fi el d , w h i c h i s u s ed t o d a mp en t h e o s c i l l a t i o n s i n

t h e s i l i c o n mel t [11]. T h e a p p l i ed fi el d c r ea t es a n el ec t r i c

c u r r en t d i s t r i b u t i o n a n d a n i n d u c ed ma gn et i c fi el d i n t h e

el ec t r i c a l l y c o n d u c t i n g s i l i c o n mel t . T h i s p r o d u c es a

L o r en t z f o r c e t h a t i n fl u en c es t h e fl o w a n d r ed u c es t h e

a mp l i t u d e o f t h e mel t fl u c t u a t i o n s [10].

2. Detector processing, irradiation and annealing

T h e d et ec t o r w a s f a b r i c a t ed u s i n g a s i mp l e f o u r ma s k

l ev el p r o c es s a t t h e M i c r o el ec t r o n i c s Cen t r e o f t h e H el s i n k i

U n i v er s i t y o f T ec h n o l o gy . T h e s t a r t i n g ma t er i a l f o r t h e

d et ec t o r w a s a 4 00 s i n gl e- s i d e- p o l i s h ed 3 8 0 mm- t h i c k /1 0 0S

Cz –S i w a f er gr o w n w i t h t h e M CZ met h o d b y O k met i c L t d ,

F i n l a n d . T h e n o mi n a l w a f er r es i s t i v i t y p r i o r t o p r o c es s i n g

w a s 900O c m a n d t h e o x y gen c o n c en t r a t i o n w a s l es s t h a n

10 p p ma . T h e d et ec t o r f a b r i c a t i o n p r o c es s c o n t a i n ed t w o

t h er ma l o x i d a t i o n s , t w o i o n i mp l a n t a t i o n s , a n d t h r ee

s p u t t er d ep o s i t i o n s . A d et a i l ed p r o c es s d es c r i p t i o n i s

p r es en t ed i n R ef . [12].

I n t h e s t r i p d et ec t o r d es i gn , t h e w i d t h o f o n e p + - s t r i p

w a s 10 mm, t h e s t r i p l en gt h w a s 6 .15 9 c m, a n d t h e s t r i p

p i t c h w a s 5 0 mm. T h e n u mb er o f s t r i p s w a s 1024 , r es u l t i n g

i n a t o t a l d et ec t o r a r ea o f 3 2.5 c m2. A 200 n m t h i c k S i O 2

d i el ec t r i c i n s u l a t o r b et w een t h e p + - i mp l a n t a n d t h e s t r i p

met a l l i z a t i o n w a s ma d e b y d r y o x i d a t i o n . I n o r d er t o

r ev er s el y b i a s t h e p + - s t r i p s a n d t o d ep l et e t h e n - t y p e b u l k

f r o m c h a r ge c a r r i er s , a t u n gs t en n i t r i d e ( W N x) t h i n - fi l m

r es i s t o r ( 900 k O7 5 % ) w a s p r o c es s ed b et w een ea c h s t r i p

a n d t h e c o mmo n b i a s l i n e. I n a d d i t i o n , a s t r u c t u r e o f fi v e

gu a r d r i n gs s u r r o u n d ed t h e a c t i v e d et ec t o r a r ea .

F o r r ef er en c e p u r p o s es , t es t d i o d es w er e f a b r i c a t ed w i t h

es s en t i a l l y t h e s a me p r o c es s p a r a met er s . H o w ev er , t h e

p r o c es s s t ep s r eq u i r ed f o r b i a s r es i s t o r s f o r ma t i o n w er e n o t

p er f o r med t o t h e t es t d i o d e w a f er s . T h e p + i mp l a n t ed a r ea

o f t h e d i o d es w a s 6 / 6 mm. T w o gu a r d r i n gs s u r r o u n d ed t h e

a c t i v e a r ea .

Af t er p r o c es s i n g, t h e d et ec t o r a n d t h e t es t d i o d es w er e

c h a r a c t er i z ed b y mea n s o f c u r r en t –v o l t a ge ( I–V) a n d

c a p a c i t a n c e–v o l t a ge ( C–V) mea s u r emen t s . T h e I–V a n d

C– V mea s u r emen t s w er e c a r r i ed o u t u p t o 1000 V w i t h o u t

o b s er v i n g el ec t r i c a l b r ea k d o w n . T h e M CZ d et ec t o r w a s

d ep l et ed a t 4 20 V p r i o r t o i r r a d i a t i o n . T h e l ea k a ge c u r r en t

a t f u l l d ep l et i o n , mea s u r ed a t r o o m t emp er a t u r e

( 22 1C75 % ) , w a s 2.3 mA, w h i c h i s c o mp a t i b l e w i t h t h e

r eq u i r emen t s o f mo s t H E P ex p er i men t s , e.g. CM S [1].

T h e d et ec t o r a n d t h e r ef er en c e d i o d es w er e i r r a d i a t ed

w i t h 10 M eV p r o t o n s a t t h e J y v a ¨ s k y l a ¨ U n i v er s i t y Ac c el -

er a t o r L a b o r a t o r y . T h e t es t d i o d es w er e gl u ed w i t h

p h o t o r es i s t t o c er a mi c s u p p o r t s , a n d f o r t h e d et ec t o r , a

c u s t o mi z ed s a mp l e h o l d er w a s d es i gn ed a n d c o n s t r u c t ed i n

o r d er t o en s u r e h o mo gen o u s i r r a d i a t i o n . T h e s a mp l es w er e

p l a c ed i n s i d e a v a c u u m c h a mb er a t t h e en d o f t h e

R a d i a t i o n E f f ec t s F a c i l i t y ( R AD E F ) b ea m l i n e [13 ], w h er e

t h e t emp er a t u r e w a s ma i n t a i n ed a t �1071 1C d u r i n g t h e

i r r a d i a t i o n .

T h e d et ec t o r w a s i r r a d i a t ed w i t h 3 .8 � 1013 p r o t o n s / c m2

c o r r es p o n d i n g t o a 1.6 � 1014 1 M eV n eu t r o n s / c m2 eq u i v a -

l en t d o s e t h a t w a s c a l c u l a t ed u s i n g a h a r d n es s f a c t o r o f

4 .3 2 f o r 10 M eV p r o t o n s [14 ,15 ]. T h e t es t d i o d es w er e

i r r a d i a t ed t o s ev er a l d i f f er en t d o s es .

T h e I–V a n d C–V mea s u r emen t s o f t h e i r r a d i a t ed s t r i p

d et ec t o r a n d r ef er en c e d i o d es w er e p er f o r med a t t h e

U n i v er s i t y o f K a r l s r u h e, G er ma n y , u s i n g a p r o b e s t a t i o n

eq u i p p ed w i t h a v a c u u m c o l d c h u c k [16 ]. T h e mea s u r emen t

t emp er a t u r e w a s �1071 1C a n d t h e f r eq u en c y o f t h e

c a p a c i t a n c e mea s u r emen t w a s 10 k H z . D u r i n g t h e c h a r -

a c t er i z a t i o n , t h e o u t er mo s t gu a r d r i n g o f t h e s t r i p d et ec t o r

mu l t i - gu a r d r i n g s t r u c t u r e w a s gr o u n d ed , w h i l e t h i s gu a r d

r i n g w a s l ef t fl o a t i n g d u r i n g t h e t es t d i o d e mea s u r emen t s .

T h e d ep l et i o n v o l t a ge w a s mea s u r ed t o b e 225 V w i t h a

l ea k a ge c u r r en t o f 26 1 mA [17 ]. Bec a u s e t h e I V mea s u r e-

men t s w er e p er f o r med a t d i f f er en t t emp er a t u r es , t h e

l ea k a ge c u r r en t v a l u es w er e ma d e c o mp a r a b l e b y u s i n g

t h e t emp er a t u r e c o n v er s i o n eq u a t i o n [6 ,18 ]

IðTÞ ¼ IðTmÞ
T

Tm

� �2

e�Eg=2kB 1=T�1=Tmð Þ, ( 1)

w h er e T i s t h e c o mp a r i s o n t emp er a t u r e, Tm i s t h e

mea s u r emen t t emp er a t u r e, Eg i s t h e b a n d ga p o f s i l i c o n

( 1.12 eV ) a n d kB i s Bo l t z ma n n ’ s c o n s t a n t . U s i n g E q . ( 1) ,

t h e l ea k a ge c u r r en t o f t h e i r r a d i a t ed d et ec t o r a t r o o m

t emp er a t u r e ( 22 1C) w a s c a l c u l a t ed t o b e 4 .8 mA. I t i s

w o r t h o b s er v i n g t h a t t h e d ep l et i o n v o l t a ge o f t h e M CZ

d et ec t o r a f t er t h e i r r a d i a t i o n w a s a p p r o x i ma t el y h a l f o f t h e

p r e- i r r a d i a t i o n v a l u e. T h i s i s c o mp a r a b l e t o t h e r es u l t s

o b t a i n ed i n R ef . [19], w h i c h i n d i c a t e t h a t Cz –S i p i n - d i o d es

a r e l es s s en s i t i v e t o c h a n ges i n d ep l et i o n v o l t a ge t h a n

s t a n d a r d F Z s i l i c o n o r d i f f u s i o n o x y gen a t ed F Z s i l i c o n p i n -

d i o d es . E v en a f t er a 5 � 1014 1- M eV n eu t r o n s / c m2 eq u i v a -

l en t d o s e t h e f u l l d ep l et i o n v o l t a ge d i d n o t ex c eed i t s i n i t i a l

v a l u e.

Af t er t h e C–V - a n d I–V- c h a r a c t er i z a t i o n , t h e M CZ

d et ec t o r w a s s t o r ed 3 4 5 d a y s a t r o o m t emp er a t u r e.

Ac c o r d i n g t o t h e Ar r h en i u s r el a t i o n , t h i s c o r r es p o n d s t o

a p er i o d o f 6 0–7 0mi n a t 8 0 1C [6 ]. T h e s t a n d a r d

p a r a met er i z a t i o n o f t h e f u l l d ep l et i o n v o l t a ge a s a f u n c t i o n

o f i r r a d i a t i o n d o s e, a n n ea l i n g t i me, a n d t emp er a t u r e, mi gh t

n o t b e v a l i d f o r t h e M CZ ma t er i a l . H en c e, a n i r r a d i a t ed

d i o d e ( 1.6 � 1014 1 M eV n eu t r o n s / c m2 eq u i v a l en t d o s e) w a s

u s ed t o v er i f y t h e a n n ea l i n g b eh a v i o r . F i g. 1 s h o w s t h e

ev o l u t i o n o f t h e ef f ec t i v e d o p i n g c o n c en t r a t i o n a s a

f u n c t i o n o f a n n ea l i n g t i me a t 8 0 1C. Ac c o r d i n g t o t h i s

mea s u r emen t , t h e ef f ec t i v e d o p i n g c o n c en t r a t i o n ex h i b i t s a

mi n i mu m a f t er 6 0–8 0mi n o f a n n ea l i n g a t 8 0 1C. Bey o n d

8 0 mi n , t h e b en efi c i a l a n n ea l i n g t u r n s i n t o r ev er s e a n n ea l -

i n g. T h i s mea n s t h a t t h e M CZ d et ec t o r h a d a p p r o x i ma t el y

r ea c h ed t h e l i mi t o f r ev er s e a n n ea l i n g a f t er b ei n g s t o r ed f o r

a y ea r a t r o o m t emp er a t u r e. I t a l s o mea n s t h a t t h e
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depletion voltage and the leakage current of the device

w ere at their m inim um at the tim e of the b eam tes t.

3. Experimental setup and data analysis

T he M C Z detector w as characteriz ed in a tes t b eam

ex perim ent at the C E R N H 2 ex perim ental area us ing

225 G eV m uons . A S ilicon B eam T eles cope [ 20 ] that

determ ines the tracks of the incom ing particles w as us ed

to provide a reference m eas urem ent. T he teles cope

cons is ted of s ix s ingle- s ided F Z s ilicon detectors b onded

to a hy b rid containing eight 1 28 - channel V A 1 readout

chips ( I deas A S A , N orw ay ) [ 21 ] . T he detectors w ere

ins talled as three pairs orthogonal to the b eam ax is . E ach

pair cons is ted of one detector w ith s trips pos itioned

vertically and one w ith s trips pos itioned horiz ontally . T he

m iddle horiz ontal reference plane w as of the s am e des ign as

the M C Z detector. T he other reference planes w ere as

des crib ed in R ef. [ 20 ] w ith a s trip pitch of 5 5 mm and a s trip

w idth of 1 4 m m res ulting in a total detector area of

5 .6 � 5 .6 cm 2. T he s y s tem trigger w as provided b y tw o

s tandard plas tic s cintillators attached to photo- m ultiplier

tub es m ounted b efore the fi rs t and after the las t detector

along the b eam . T he M C Z detector w as ins talled as a

vertical plane after the fi rs t pair of reference detectors and

it had the s am e readout electronics as the reference planes .

T he detector w as kept at �1 7 1C w ith the relative hum idity

b eing les s than 3 0 % . T he b ias voltage of the detector w as

s et to 3 5 0 V to clearly ex ceed the 225 V full depletion

voltage m eas ured prior to annealing. T he readout of all

detectors w as realiz ed w ith a com m ercially availab le 8 -

channel V M E A D C m odule ( S I S 3 3 0 0 , S truck I nnovative

S y s tem e G m b H , G erm any ) [ 22] and a P C L inux - b as ed

D ata A cq uis ition S y s tem ( D A Q ) realiz ed w ith C + + - code

us ing ob j ect- oriented techniq ues [ 23 ] .

T he clus tering w as done in tw o phas es ; fi rs t in the D A Q

s oftw are and then in the offl ine analy s is . T he follow ing

notations are us ed: R ¼ raw data of a s trip, P ¼ pedes tal,

i.e., long- term average of R, N ¼ nois e, i.e., long- term

s tandard deviation of R, S ¼ R�P ¼ s ignal of a s trip. F or

each s trip, the long- term average P w as m odeled online and

the N w as calculated b etw een each particle s pill [ 23 ] . S ince

com m on m ode nois e w as as s um ed to b e s m all, it w as left

out from the N calculation.

I n the online clus tering, the s trip w as declared a ‘ central

s trip’ if it s atis fi ed the central s trip condition:

S4N� cons tant. I f the cons ecutive s trip als o s atis fi ed the

condition, it w as added to the clus ter and this proces s

continued until the central s trip condition no longer w as

s atis fi ed. T hen one s trip adj acent to the clus ter on each s ide

of it w as added to the clus ter. T he cons tant value w as

determ ined ex perim entally for all planes . F or the M C Z

detector it w as 2.1 . T his value w as chos en in order not to

cut any s ignal, w hile s till ens uring proper clus tering. O nly

the clus ter inform ation w as s aved, i.e., the pos ition, the

s ignal, the nois e and the pedes tal for every s trip participat-

ing in the clus ter. I f a nois y or dead s trip [ 23 ] w as part of

the clus ter, the clus ter w as dis carded. I n addition, only

clus ters containing no m ore than 1 0 s trips w ere s aved. I n

the offl ine analy s is the clus ter candidate w as b uilt from the

clus ters in the data fi le and a clus ter s iz e cut w as m ade.

C lus ters w ider than s even s trips w ere rej ected and each

reference detector w as allow ed to have at m os t 20 clus ters

in order to recons truct a track.

T he ex act pos ition of the hit corres ponding to the clus ter

w as calculated b y apply ing the Z - algorithm [ 24 ] to the pair

of adj acent s trips w ith the larges t s um of charge. T he track

recons truction w as carried out as a s um - of- leas t- s q uares fi t

in three dim ens ions , and a hit from all s ix reference

detectors w as req uired. T he applied w
2 cut for tw o degrees

of freedom w as s et to 1 5 in order not to rej ect real tracks .

T he digital res olution value, pitch/ O 1 2 ¼ 5 5 /

O1 2 ¼ 1 6 mm , w as us ed for all reference detectors . T he

s y s tem w as aligned b y introducing corrections m anually

for one trans lational and one rotational degree of freedom

until the res idual plots w ere q ualitatively s im ilar.

F or the M C Z detector, the hit res iduals w ere calculated

w ith tracks interpolated to the front s urface of the detector.

A s um of a cons tant and a G aus s ian w as fi tted to the

res idual dis trib ution to ob tain the s igm a of the res iduals .

T he s patial res olution of the M C Z detector s M C Z w as

ob tained according to the m ethod des crib ed in R ef. [ 25 ] b y

s ub tracting the uncertainty of the im pact point from the

s igm a of the res iduals . T his uncertainty w as calculated to

b e 1 2.9 mm at the ins tallation point of the M C Z detector.

T he detection effi ciency of the M C Z detector w as

calculated as follow s : the num b er of tracks , for w hich a

clus ter w ith a res idual s m aller than 72sM C Z ¼ 4 0 mm w as

ob s erved, w as divided b y the total num b er of tracks .

I noperative chips in the reference detectors caus ed an

inhom ogeneous track profi le. T o correct for this , the

detection effi ciency w as calculated for b ins of the s am e

w idth as the M C Z detector pitch. T hes e b ins w ere averaged

after b ackground s ub traction. T he b ackground w as calcu-

lated for each b in as follow s : in one- track events all the hits
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in each bin were summed and this value was divided by the

to tal number o f events reco rded in this bin. T he result was

the averag e number o f clusters in each bin.

T o defi ne the sig nal- to - no ise ratio (S/N) o f the M C Z

detecto r, clusters with residuals smaller than 72s M C Z ¼

4 0 mm were co nsidered. T he sig nal was o btained by

summing sig nals f ro m all strip s in the cluster, whereas

the no ise was o btained as the q uadratic averag e no ise o f

these strip s.

4. Results and discussion

A sp atial reso lutio n o f 1 9 mm was measured f o r the

ref erence detecto rs, while the sp atial reso lutio n o f the M C Z

detecto r s M C Z was 20 mm. T hese values are wo rse than the

ex p ected reso lutio ns (p itch/O 1 2) 1 4 mm f o r 5 0 mm p itch and

1 6 mm f o r 5 5 mm p itch. T he reso lutio n deg radatio n o f the

M C Z detecto r was p o ssibly due to radiatio n- induced

surf ace and dielectric damag e that increase the charg e

divisio n between neig hbo ring strip s. T he measured no ise

co rrelatio n was 20 . 4 % f o r adj acent strip s and 1 8 . 2% f o r

nex t- to - adj acent strip s. I n additio n, the z - co o rdinate (alo ng

the beam ax is) o f the ref erence detecto rs co ntained an

uncertainty o n the o rder o f o ne mm that mig ht have an

ef f ect o f a f ew micro ns o n the reso lutio n values.

A n averag e p article detectio n ef fi ciency o f 3 6 . 0 % f o r all

reco nstructed track s was measured f o r the M C Z detecto r.

T he detectio n ef fi ciency varied with p o sitio n (F ig . 2) . I n

so me larg e areas in the center o f the detecto r, the p article

detectio n ef fi ciency was 20 – 3 0 % , whereas in the edg e

reg io ns values hig her than 5 0 % were f req uent. T he lo w

ef fi ciency mig ht be p artly ex p lained by the clustering

alg o rithm. I t was req uired that a strip belo ng s to a cluster

o nly if it meets the criteria o f 2. 1 �N . T heref o re, with a S/N

clo se to the cut level, all o f the clusters were rej ected. I n

additio n, all o f the clusters with a no isy o r a dead strip were

rej ected. T he shap e o f the Z - distributio n also sup p o rts the

assump tio n that there was a larg e bias in the cluster

selectio n.

T he numerical ratio o f sig nal clusters to back g ro und

clusters who se residuals were smaller than 72sM C Z was

1 2. 7 . I t was f o und that 9 2. 5 % o f the clusters co nsisted o f

three strip s (the sig nal strip and its two neig hbo ring strip s) ,

4 . 7 % o f f o ur strip s, and 2. 7 % o f fi ve o r mo re strip s. T he

averag e S/N o f the M C Z detecto r was 3 . T he S/N varied as

a f unctio n o f hit p o sitio n being mo stly between 2 and 5

(F ig . 3 ) .

F o r co mp ariso n, the S/N values f o r the ref erence p lanes

are p resented in T able 1 . E sp ecially ref erence p lane number

three is interesting , since its desig n was the same as that o f

the M C Z detecto r.

T he hig h no ise in the telesco p e p artially ex p lains the lo w

S/N values. I n additio n, mo st o f the ref erence track s hit the

M C Z detecto r in reg io ns with lo w ef fi ciency. T he S/N and

reso lutio n values were no t co rrected f o r this inho mo g e-

neo us track p ro fi le. T heref o re the rep o rted values are

p ro bably underestimated. F urthermo re, the shap ing time

o f the reado ut chip V A 1 (1 ms) is co nsiderably lo ng er than

that in the L H C - lik e reado ut A S I C s (25 ns) . A s p resented

in R ef s. [ 26 , 27 ] the shap ing time af f ects the sho t no ise (a

lo ng shap ing time increases the sho t no ise) . E sp ecially f o r

the irradiated detecto rs, this can be detrimental, since the
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reverse current shot noise is much higher than it is in non-

irrad iated d etectors. T heref ore, f uture w ork w il l concen-

trate on investigating the M C Z d etector p arameters w ith

L H C -l ik e f ast shap ing time el ectronics.

5. Conclusions

A 3 2. 5 cm2 l arge-area strip d etector w as p rocessed on n-

ty p e M C Z sil icon material . T he d etector w as characteriz ed

using C–V- and I–V-method s b ef ore and af ter irrad iation

to 1 . 6 � 1 0 1 4 1 M eV neutron eq uival ent fl uence. A f ter the

irrad iation, the d etector w as anneal ed f or 3 4 5 d ay s at room

temp erature and characteriz ed in a testb eam ex p eriment

using 225 G eV muons. I n this b eam test an average S/N of

3 w ith a sp atial resol ution of 20 mm and a p articl e d etection

ef fi ciency of 3 6 % w ere measured . T his p erf ormance is

much d eteriorated comp ared to the resul ts ob tained in a

p revious b eam test w ith a non-irrad iated M C Z sil icon strip

d etector w ith the same d esign [ 28 ] , w here a S/N of 1 0 and

resol ution of 1 0 mm w ere measured . H ow ever, the p re-

sented resul ts show that the M C Z d evice d etected p articl es,

w hich encourages f urther investigations of M C Z sil icon as

a d etector material . T he p oor p erf ormance of the M C Z

d etector may b e ex p l ained b y p rob l ems ob served in the

ref erence tel escop e.
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