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Abstract

Vaious types of large area silicon microstrip detectors were
faboricated for devdopment of radaion-tolerant detectors
operationd in the LHC ATLAS SCT. The detectors were
irrad ated with 12-GeV protons & KEK to fluences of 1.7x10™
and 4.2x10* protons/cm?. Irradaed samples indude n-on-n
dtectors with 4 kQcm bulk resistivity and p-on-n detectors
with 1 kQcm and 4 kQ cm bulk resistivities. Four patterns of
p-stop structures are configured in the n-on-n detectors.
Although Hamamatsu fabricated most of the detectors, induded
ae p-on-n detectors by SINTEF, and those fabricaed in
modfied process by Hamamatsu. The peformances after
irrad aion are compared through the probability of creation of
faulty ocoupling capecitors, C-V characteristics, chage
collection curves, and totd leskage current. The p-on-n
detectors are similar to n-on-n detectors in these peformances,
and are operational in the ATLAS radiation environment.

|. INTRODUCTION

The silicon microstrip detectors are extensively used in
recent high-energy physics experiments for compactness and
capability of high predision tracking. Intensive studes are
beng caried out in order to make it possible to operae the
detectors in future hadron collider experiments such as a LHC.
The rada@ion environment of e.g. ATLAS bard SCT (semi-
conauctor tracker), which will be located in the region 30-52
cm from the beamline, will receive gpproximatdy 3x10™ cm™
multi-GeV protons equivdent in 10 years of operaion [1].
Such a heavy radation produces defects within the silicon,
which manifest themsdves through an incresse in leskage
current, in a changeto the effective resistivity andin adop in
the collectable charge. A notable change occurs in the bulk
type transition from n to p, as rad aion-induced defects tend to
act as acceptors.

In a program of developing rad ation-tolerant detectors for
the ATLAS SCT, we have fabricated various types of detectors
and irrad aed them with 12-GeV protons a the KEK PS. All
the detectors are full-sized prototypes of single side readout,
incdudng p-strip readout (p-on-n) and n-strip readout (n-on-n).
Previous studes [2,3] have shown tha irradaed n-strip
readout detectors perform better than p-strip readout in some

respects. The detection efficiency is not much degraded a bias
voltages lower than the full depletion voltage, since the
readout is the junction side after type inversion. New types of
p-stop structures are configured in the n-on-n samples, which
are to be compared for radiation hardness.

The SCT group has chosen p-on-n detectors as the basdine
despite the above benefit. Through the development of edge
structures which can sustain high bias voltages, p-on-n
detectors are shown to work a voltages exceedng ~350 V. An
effident cooling system is, though, required to transmit the
heet generated by leskage current in the detectors operated a
such a high bias voltage. Since temperature has dso a very
strong effect on the reverse anneding of the full depletion
voltage [4,5,6], operaion a lower temperatures makes the
detector lifetime longer. Other important issues in choosing p-
on-n cetectors are that the dectric fidd aound the strips
reduces with irradaion because the junction side moves to the
backplane and that they require only one type implantation and
are febricated in simpler true singlesided process. The latter
fact can increase the production yidd and reduce the production
cost, which is crucid for alarge-scde production as for the
ATLAS SCT.

Irradaion was peformed in two peiods on sepaae
samples to fluences of 1.7x10™ protons/cm? and  4.2x10™
protons/cm?. The leskage current characteristics and  body
cgpecitances were messured as a function of bies voltage The
charge collection was evduated from the pulse height
dstribution for penetrating 3 rays. For the samples irradaed
to 1.7x10" protons/cm?, we probed the coupling capacitors to
measure the number of faulty cgpacitors created by radaion.
We d'so measured the resistivity a the detector edge in order to
study the possibility of biasing from the front side.

One of the subjects in this study is to compare the
peformances between n-on-n and p-on-n detectors, and between
new p-stop structures employed for the n-on-n detectors. The
p-strip detectors induded two initid bulk resistivities, 1
kQcm and 4 kQcm. The second subject is to compare these
two a the two proton fluences. If the effective acceptors
cregted by rad aion are cancdled patidly by theinitid donors,
we expect the detectors made using low resistive bulks become
raddion harder. On the other hand, there are studes tha the



initid donors are removed a |ow fluences and therefore detector
performance after heavy irradiation becomes similar [7,3].

Most of the irradded samples were fabricaed by
Hamamasu Photonics (HPK). Some p-on-n samples by
SINTEF [10] were dso irradated to see possible dfference
between the manufacturers. In the tested samples induded are
Hamamatsu p-on-n detectors of which n-side processing was
modfied Since the legkage current &ter irradiation is amost
proportiond to the detector volume and thinner detectors of
~285 um arethus prefeared for the ATLAS SCT, Hamamatsu
fabricated such detectors stating from 325 um thick wafers.
Performance comparison of these modfied p-on-n detectors
with the conventiond ones is another subject in this study.
Details of the modified process are described bel ow.

II. DETECTOR IRRADIATION

A. Detector Samples

All the detectors have the same dmensions of 64.0 mm
(dong strips) x 63.6 mm, processed with a 4" technology
using n-type wafers. The detector thickness ranged from 285 to
328 um. The detectors are AC coupled and single sided with a
readout strip width of 16 pm and astrip pitch of 80 um. There
ae 768 readout strips in a ddtector. The detector bias is
provided through 1.5 MQ poly-silicon resistors.

Table 1 summarizes the proton fluences and types of
oetectors used in this study. Typicdly two detectors were
irradiated at each condition.

Figure 1 shows the four p-stop configurations of the
Hamamatsu n-on-n detectors irrad ated to 1.7x10™ protons/cm?.
In the full common configuraion (HN4kFC), the p-stop is
implanted between the strips kegping a gap of 10 um between
the p-stop and n* implants. The p-stop implants are floating
and connected together beyond the ends of the n-strips. In the
other three, Hn4kID, Hn4klA and Hn4kiB, the p-stop
configurétion is identica where each n-strip is surrounded by
the p-stop individually.

Table 1
Tested silicon microstrip detectors. Hndk* denotes four variants
in p-stop configurations. Hn4kID (individual), Hn4kFC (full
common), Hn4klA (individual A) and Hn4klIB (individua B). See
text for details of the structure.

Fluence Bulk
[p/cm?] Maker resistivity p-on-n n-on-n
0 HPK 4 kQcm Hp4k-0 Hn4k*-0
Hp4k-17 Hn4k*-17
4 kQcm
HPK Hp4km-17
1.7x10%
1kQem# | Hplk-17
SINTEF | 4 kQcm# Sp4ak-17
4 kQcm Hn4kl|D-42
HPK
4.2x10" 1 kQcm# Hplk-42
SINTEF | 4 kQcm# Sp4dk-42

The wafer plane direction is <111> except for those denoted by #,
which are <100>.

In HN4kIA a poly-silicon plate is in addtion developed on
the surface covering esch p-stop, andin Hn4klIB single poly-
silicon strip is made covering the two p-stop implants at
neghbor. The poly-silicon plaes, which are extended in widh
over the p-stop, ae DC connected to the p-stop implants
through the SiO, layer. With this configuration the potentid
underneath the extended region is stabilized and the charge
accumuletion is therefore suppressed Without such a plae,
negative chage accumulated by irradaion constructs a
strong dectric fidd in the vicinity of the edges of p-stop
implants, which tendsto cause micro-discharge [8].

Al Al

. 09 I

T T [T o0 T 1 I
nt p-stop nt ot p-stop n*
Individual Full common

poly-Si EOIX'Si

N T T

0 T C T o 0 T[T o
nt p-stop n"t ot p-stop n*
Individual A Individual B

Figure 1: Four p-stop configurations of HPK n-on-n detectors.

In the conventiond Hamamatsu p-on-n detector process, n*
layer on the backplane is deposited first and then p-strip side
structures are processed More careful handing is required for
processing on thinner wafers. The sample Hpdkm is a p-on-n
Oetector modfied in the n side processing. These detectors were
processed first on p-strip side using 325 um thick wafers.
After the p-strip side processing is completed, the backplane
was etched down to 285 um. Then the n*layer was deve oped
on the backplane by ion implantaion where lower
temperatures can minimize the damage to the pre-processed p-
strip side structures.

B. Proton Irradiation

The detectors were irradaed with 12-GeV protons a the
KEK PS. Theirradation setup is described e sewhere [11]. The
irradaion to 4.2x10% protons/em® was peformed in
January1998 for two p-on-n and one n-on-n detectors (see
Teble 1). Reference [9] destribes the condtions of the
irradaion to 4.2x10* protons/cm?, and [3] describes the
results indudng the deection efficiency in the interstrip
region studed in a T testbeam. The irradaion to 1.7x10%
protons/cm? was performedin June 1998 for 16 detectors. The
Oetectors were placed in a thermo-box. The temperature in the
thermo-box was —=5°C (—7°C) during the January (June) proton
irradiation period. The detector temperature at storage was 0°C.

The proton beam spread was monitored with PIN
photododes atached in front of the detectors. With this
information we moved the thermo-box periodicdly in order to
iradae the deectors uniformly. The actud fluence and
uniformity was measured through the process p+Al — "BetX
by attivating 1x1 cm? duminum foils aranged covering the
entire detector surface The neutron contaminaion in the



beamline was evduaed by compaing the reactions
n+All ‘BetX and n+All ?Na+X. The contamindion
amounted to ~20%, and was added to the proton fluence. The
fluence over the detector plane was uniform to 14% and 5% in
the first and second irradiations, respectively.

IIl. PERFORMANCE RESULTS

A. Damage t@ouplingcapacitors

The coupling cgpacitors could potentidly be damaged by
intense radaion during the ATLAS expeiment. Although the
readout strips are held a ground in the ATLAS SCT design,
large leskage current after radaion damage will be routed to
the preamplifier if the damaged capacitor turns to be shorted.

The coupling capacitors of the detectors irradated to
1.7x10* protons/cm? were messured a 1 kHz with gpplying 5
V across the duminum strip and the implant strip undernegth.
No reverse bias voltage was gpplied to the bulk. We defined
faulty cagpacitors if the capacitance is off by more than 25%
from the average Table 2 lists the numbers of faulty
cgpacitors and the average capacitances before and  after
irradaion. Most of the faulty cgpacitors after irradaion were
faulty a preirradaion messurement, and quite a few faulty
cgpecitors were creged by irraddion (see numbes in
parentheses in the table). Except for some cgpacitors of Spdk-
17 and Hn4klID-17, which became nearly shorted, most of the
damaged capacitors are still usable.

The average capaditances are found to increase for p-strip
and decrease for n-strip detectors. Negative charge induced
nearby the implant dectrodes effectively widens the dectrocde,
so it can influence the capacitance measurement, which
explans the increase observed for p-strip detectors. For n-strip
ctectors on the other hand, negative charge around the implant
strips is swept away after the ohmic n*™-n contact side changed
to n"-p junction side.

Table 2
Summary of numbers of faulty coupling capacitors measured before
and after irradiation. The numbers of faulty capacitors created by
irradiation are shown in parentheses. The errors of pre-irradiated
detectors are rms spreads.

#bad strips Capacitance (pF)

Detector
Before After Before After

0 4 (4) 131+3 +10
Hp4k-17

0 0(0) 13242 +10

0 0 (0) 117+4 +17
Hpik-17

2 2 (0) 12146 +26

5 4(2 151+14 +18
Spak-17

0 8 (8) 148+16 +19

6 6 (0) 144+21 -6
Hn4kFC-17

5 5(0) 129+20 -5

18 21 (6) 148+26 -8
Hn4kID-17

11 10 () 145+20 -6

1 1(0) 1435 -5
Hn4klIA-17

1 1(0) 133+7 -3

2 2(0) 142+6 -4
Hn4kIB-17

1 1(0) 137+5 -6

We note that |arge rms spreads of n-on-n detectors are due to
some of the faulty cgpacitors and the spreads of genuine
cgpacitors are quite similar among the Hamamatsu detectors.
The coupling capacitances of thetwo SINTEF detectors turned
to be smdler near the end strips by & maximum 40%. The
faulty cgpacitances for SINTEF were defined by 25% deviaion
from the locd average taking into account of the structure over
the strips.

B. |-V and C-V characteristics

Thel-V and C-V characteistics of the samples irradated to
4.2 (1.7) x10* protons/cm?® were measured 16 (10) months
dter the irradation was completed The detectors were kept at
0°C in arefrigerator but taken out for typicdly a few hours in
prepardion & room temperature for charge collection
measurement described in the next section. The detectors
irradated to 4.2x10™ protons/cm?were in addtion kept for 5
days at room temperature and 7 days at 28°C [3].

The full depletion voltage of irradated samples show
anneding at first and then anti-anneding because of dfferent
time scdes involved in these processes [5]. A cdculaion
results that the both sets of samples have experienced the first
anneding and the samples irradaed to 4.2x10* protons/cm?
have increased the full depletion voltage by about 25%.
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Figure 2: C-V characteristics of Hamamatsu Hp4k, Hn4kID and
Hpilk detectors, measured at pre-irradiation and after 1.7x10%
and 4.2x10" protons/cm?’.

The body capacitance was messured & a frequency of 1 kHz.
The post-irradaion measurements were made a -30°C in
order to keep the totd leskage current smdl while the pre-
irrad aion messurements were a room temperature. Figures 2
and 3 show the C-V and |-V curves of samples Hpdk, H4nk
and Hplk. For ided planer dodes the body capacitance is
expected to decrease with bias voltage as V™ until the bulk is
fully depleted, as can be seen in the deta beforeirradietion. The
C-V curves of irradaed detectors, however, show dfferent
chaateristics: C decresses as V™ a low voltages and then
steeper before the capacitance becomes constant. Similar
tendency was observed for other dgectors. The C-V



characteristics @ 1.7x10* om™ dearly shows that detectors
with 1 kQ cm reech the plateau a voltage lower than Hp4k and
Hndk. However, since the full depletion voltage can not be
extracted reiably from such curves, other standard is setup in
the next chapter to evaluate the relevant voltage to compare.
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Figure 3: 1-V characteristics of Hamamatsu Hp4k, Hn4kID and
Hplk detectors (post-irradiation measurement). The leakage
current is expressed at —10°C.

The leskage current a —10°C is typicdly 300-400 pA a
200 V dfter 1.7x10™ protons/cm? and 800-900 pA a 300 V
after 4.2x10* protons/cm?® It is not dear a this stage a
which voltages the leskage currents should be compared The
above voltages are those determined from the charge collection
curves, as dscussedin the next chapter. The leskage current is
proportiond to the proton fluence after taking into account the
anti-anneding effects in the depletion voltage for the samples
irradiated to 4.2x10™ protons/cm?

C. Charge Collection

The bias voltage rdevant a operation should be evauated
from the charge collection efficiency. We have caried out the
messurement using a *Sr B source Signas out of three
neighboring strips were fed separatdy into CAMAC ADCs
through low-noise presmplifiers HIC-1576 [12] and shagpers
with 200 ns shgping time. A pair of 300 um wide and 10 mm
long slits were machinedin 5 mm thick duminum plates and
were digned dong the center strip with placing the detector in
between. The ADC gate was genereted by a scintillaing
counter set undernesth the bottom dglit. Severd duminum
dectrodes besides the three readout strips were wire-bonded to
ground.

The detector and preamplifier were placed in a thermostat
chamber and cooled to —30°C. Figure 4 shows typicd pulse
height dstributions of the three channds. The dstributions
before sdection are evident for pedestds (around 100 counts)
andsignds (around 450). In order to ensuretha (3 rays passed
through the center strip, we required that the signd out of the
center strip was maximd in an event. With this sdection,
only the center strip shows a pesk whilethe strip & ne ghbor
shows a pedesta and tail which corresponds to the case where
the track was shared between the two. The three ADC counts
were then summed with the sdection gpplied, and the pesk was
deived by fitting a Gaussian function with asymmetric
variances around the pesk. The pesk positions as afunction of
bias voltage are plotted in Figure 5 for some detectors. The
voltage and chage vaues ae corrected for the detector
thickness and expressed for 300 pm thickness. The ordnate is
then normdized by the plateau in the charge collection curve

of Hpdk-0 detector. Among the above samples, Hn4klD-42
showed large noise and the pesk was not reiably determined at
above 400 V. Spak-42 showed the pesk incressing up to 500
V, which was the maximum our equipment was able to supply.
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Figure 4: Charge distributions out of three neighboring strips
(a) without any selection and (b) with selection describedin the
text. Inb), pedestals are subtracted.

We evduated the absolute charge scde by compaing the
pulse height to B rays with the 60 keV photodectric pesk of
2IAm y's. We assumed the energy of 3.6 eV to creste an
dectron-hole pair in silicon. The cdibraed pulse height for 3
rays was 3.2 fC pa 300 um after correcting for detector
thickness and the 3 ray angle.

After 1.7x10" cm™, there is smdl dfference between
initid p-on-n (Hp4k-17) and n-on-n (Hn4k-17) detectorsin the
shapes of the charge collection curves though the maximum
collected charge is smaler by ~10% for initid p-on-n detectors.
The preirraddion detectors show tha the collected charge
dops quickly for n-on-n detectors a low voltage, which is
explaned by the fact that the readout strips are not wel
isolaed dectricdly. Despite the fact that reading out is on the
ohmic sice for irrad aed p-strip detectors, the charge collection
a low voltages is not much degraded Negative chage
accumulated between the p-strips functions as to isolate them
and the regions around the strips may be preferentidly depleted
a lower voltage. At higher voltages the region between strips
is gradudly depleted As we have seen, C-V curves of irradated
p-strip detectors show two slopes to be fully depleted The two
structures in the C-V curves may correspond to the two
depletion processes mentioned here.

The dfference between Hplk-17 and Hp4dk-17 is evident,
while the dfferencein shape becomes smal between Hplk-42
and Hn4k-42. Although we have no sample of 4 kQcm p-on-n
detectors irrad aed to 4.2x10% protons/om?, the dfference due
to bulk resistivity is probably smdl a this fluence for the
similarity in shgpe between p-on-n and n-on-n detectors at
1.7x10" protons/cm?. In the fluence range below ~2x10
protons/cm?, the higher initid donor impurity can compensate
the radaion crested acceptors and use of low resistivity wafer



may have the possibility to enlarge the safety margin in the Figure 6 showRq as a function oW for irradiated p-strip
detectoroperation. detectors. The resistance increases with the fluence and reaches
The charge collection curve of Hp4km-17, manufactured 700 K2cm. The resistance is even larger for the detectors
the modified process, is shifted to lower voltage than thatVgth 4 kQ cm resistivity.
Hp4k-17. The maximum collected charges of these two The detector current will increase to ~0.5 mA after 10 years
samplesagree \ith eachother within~10% of operation. The voltage drop across the above resistance is
Comparing to Hamamatsu Hp4k detectors, SINTERen ~50 V, which has to be over biased. Comparing the
detectors showed consistently larger voltages by ~20% to tégfigned maximum operation voltage of 350 V, ~50 V is at a
to the plateau. The maximum collected charges ax1D'? marginal level, provided th& is not much different fronRp.
cmi?is somewhat smaller bareconsistent at 4210* cnmi?, If we intend to operate the detectors further longer, ttimate
detector lifetime is determined by the thermal runaway which
happens at leakage current of ~2 mA [13]. The voltage drop
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Figure 6: Edge resistance of irradiated detectors as a function of

D. Front-biasing sourcevoltage. Themeasurement configuration is shoahove.
In Hamamatsu detectors a wideis implanted in the edge IV. DISCUSSIONS

region surrounding the entire sdnge area. Aluminum ' _

electrodes are DC connected to theimplant through the We compare th(_a performance of various detector samples

SiO, layer. This design minimizes the effects on leakaffgough the maximum collected charg®max and the

current increase from the scribed edges and from environmenttelation between C-V and charge collection curves. The
The same aluminum electrode can be biased to fully depletestt@pe of the charge collection curve is characterized by the
detectotthrough r-n- n* ohmic contact to thbackplane. voltage, Vo(95%), where 95% 0fQmax is accumulated.

If such an electrode is usable also for irradiated detect§ydnilarly the C-V curve is characterized by the voltage,
the biasing scheme can be simplified: conductive epoxy Varc(95%), at 95% of the plateau in 1/C, which is supposed to
wire-bonding to the backplane can be avoided. The resistdpegroportional to the depletion thickness and hence the charge
between the front electrode and backplane is, though, expegesgration. We corrected for the detector thickness and the data
to increase after bulk inversion since reverse biasing is requitedexpressed corresponding to 300 thickness. The results
across hp junction. We have measured the bulk resistar@f@ summarized in Table 3. The leakage current in the table is
near the edge in a configuration shown in Figure 6. WiahVq(95%)and expressed atl(0’C.
applying positive voltage (source voltayk) on the edge
electrode with respect to the bias-ring, the voltage across
edge electrode to the backplan® (vas measured. The curren
lo generated by is collected through*finverted p)-n and
partially through the swate. Therefore, the edge resistafite
is equal to or greatéhanR defined aghe ratio ofvV andlg.

The voltagesV1,(95%) are systematically larger than
\9%?95%). The correlation between the two is plotted in Figure
. As can be seerV1,(95%) is substantially lower than
Vq(95%) for p-strip detectors, whereas the deviations are
moderate for n-strip detectors. C-V curves are often used to



estimate the operation voltage. It is, however, obvious fromThe maximum collected chardgnaxis plotted in Figure 8

the plot that irradiated p-strip (n-strip) detectors require mughia function of proton fluence. The charge decreases with the
higher voltage by roughly 70% (20%) to achieve sufficientfience at a rate of ~2% per‘4@rotons/cr for Hn4k, and of

high charge collection. At 140" protons/crf, there is -89 for Hplk and Sp4k detectors. Although the Hp4k data at
small difference in terms oW (95%) between the two 4 2x10" protons/cr is not available and the two data points
Hamamatsu p-on-n detectors with @ ém and 4 Rcm bulk scatter at 1.710™, Hp4k is consistent with Hplk and Sp4k.
(H4pk and H1pk), and p-on-n detector fabricated in modifi€tere is small difference in the bulk resistivity and in the
process (Hp4km). For SINTEF detectors (Sp4k-17 and Sp#tanufacturers as far as the drop in the charge collection is
42), Vg(95%) is ~20% larger than that of Hamamatszoncerned.

detectors (lg4k-17and Hh4k-42).

Table 3 2} 5 :
Summary of detector performance. The detector thicknessis g 1.0 @~ e e
corrected and the values are for 300. The 95% voltages in & C B~ S R &
charge collection of Sp4k-42 and Hn4k-42 were not reliably 3 0.9 - L
determined as described in the text. g j AT
Qmax | 2o%Voltage (V) | ljgay 5 08 Flona oy
Detector Charge O 07 | © Hpak .
1=3.21C | collection /€ (WA bl v spak R SN SO O
I T P P T R
Hp4k-0 1 47 62 | 0.004 06 -, 1 5 3 4 5
HNn4kID-0 1.03 65 51 0.02 Fluence (x10 ** /cm?)
Hp4k-17 0.87 195 119 460 Figure 8: Maximum collected charge as a function of proton
Hplk-17 0.85 168 77 570 fluence.
Hp4km-17 0.80 222 77 500
Sp4k-17 0.77 231 140 510 We note that the leakage current \g$(95%), lieak, IS
Hn4kID-17 1.00 218 158 700 systematically larger for n-strip detectors. This can be
Hn4kEC-17|  0.99 261 197 630 attributed to thg effeqts of micro-discharge. Among the two
new p-stop configurations, Hn4klA draws a large current and
Hn4kIA-17 0.93 269 189 950 Hn4kIB shows the smallest current. In the design of Hn4kIA,
Hn4kIB-17 0.99 256 243 610 the region between the p-stop implants can accumulate the
charge becaugmly-silicon plates do not exist dop.
Hplk-42 0.70 402 215 860
Hn4kiD-42 |  0.93 ~300 309 | ~820 V. SUMMARY
Sp4k-42 0.71 ~500 290 | ~1020 We have fabricated various types of silicon microstrip
detectors and irradiated them with 12-GeV protons to fluences
of 1.7x10" or 4.210" protons/cm. We evaluated the detector
performances through |-V and C-V curves, and charge
600 ; : - X
> s collection, and by probing the coupling capacitors. The results
$E> P o e obtained in the present studm be summarized &sllows:
500 + - . _ L
“E i : :g‘l‘tm ® The coupling capacitors are barely broken by irradiation.
2 [ v spak g At 1.7x10" protons/cmi, at most 1.5% of strips became
S 400 | 4.2aA0.....c faulty whereas most of the detectors showed 0 or 1 strip to
S be damagedut of 768strips.
0 L .
@ 300 | L7l d;‘" A ®* The leakage current of n-strip detectors is in general larger
i X Pe than of p-strip detectors. A new p-stop configuration of
200 | 5 Ay Hn4kIB is promising inreducingthe leakage current.
‘O v ® There is small difference in initial p-on-n and n-on-n
100 | '_ detectors in view of the shape in the charge collection
e At curves. The charge collection of irradiated p-strip detectors
re-irrad remains as high as that of n-strip detectors at voltages lower
00 "I00 200 300 400 500 600 than the full depletion voltage.

95% Voltage from charge collection . L L .
9 9 ® The difference in initial resistivity 1&cm or 4 KQcm is

Figure 7: Correlation between 95% voltage in charge collectionsma” at the voltage where 95% of charge is collected.
andthat in 1/C. However at lower voltages, more charge can be collected for



1 kQcm detectors at 1xA0" protons/cmi This difference [5] H. J. Ziock et al., “Temperature dependence of the
becomes smaller at 4¢20" protons/crh radiation induced charge of depletion voltage in silicon

. . PIN detectors§ Nucl. Instrum. And Methods A342 (1994
® The maximum collected charge decreases with the proton pp. 96_104.3 ( )

fluence at a rate 2% per tOprotons/crh for n-strip L
detectors and ~8% for p-strip detectors. There is smdff] G- N. Tayloret a (RD2 Collab.), “Radiation induced
difference in bulk resistivity and in the manufacturers in the bulk damage in silicon detectdrsNucl. Instrum. and
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®* Hamamatsu detectors made with modified n-side procegé %Sfrﬁf,:]e;na‘g"wl;mﬁsmxgrlsllo(riégzs)'“pcr? nggc?tle(;:‘tldrsNucl.

showed performance equivalent to those made with _ )
conventional process. [8] Y. Unno et a., “Novel P-stop Structure in the N-side
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Symposium on Semiconductor Deviteat Melbourne
1997.
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