Beamtests of the N-on-n Silicon Microstrip Detector with Various P-stop Structures
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Abstract or holes liberated by the passing charged particles [3].

A Silicon microstrip detector with n-strip readout on the n- The second category is also called as “type-inversion”. Be-
bulk Silicon has been fabricated by implementing 4 different gause of this type-inversion, the p-n junction moves from the p-
stop structures in 6 zones in the detector’s n-side. The detedats to the n-side in the initially n-bulk Silicon. The depleted re-
were assembled into the units of detector-electronics modutgen when the reverse bias voltage is applied is developing from
The response difference in the p-stop structures and effect oftde-p-n junction. The detector initially reading out the n-side
tector strip length were characterized in the laboratory and strips on the n-bulk silicon is becoming the detector reading out

der the beamtests with charged pions. from the p-n junction after the type-inversion and has potential
to operate the detector with partially depleted mode when de-
. INTRODUCTION pleting the bulk fully is becoming difficult.

Silicon microstrip detectors are successfully used in the highA subtlety of the n-strip readout on the n-bulk Silicon detec-
energy physics experiments []_] In the future experiments, s@@lh(n-on-n detector) is the isolation of the n-strips in the Silicon
as in the Large Hadron Collider (LHC) at CERN, the Silico#!rface. The Silicon surface is fabricated to be covered with Sil-
microstrip detectors is planned to be a central device for trai§len dioxide for protection, called as “passivation”. The inter-
ing the charged particles in the flash of interactions. The erf@ce of the Silicon and the Silicon dioxide is known to be
ronment for the detector is incomparable to the pres€hfrged up positively after the processing (called “built-in
experiments: the number of charged and neutral particles geflegrge-up”). This positive charges attract the conduction elec-
ated in the interactions is so large, e.g., a few timé$ddti- trons near the Silicon surface (forming the “accumulation lay-
cles per cribeing accumulated over the lifetime of the devic!”) and shorts the n-strips. In order to cut this conductive layer,
that the radiation damage to the detector is becoming an critic#npurity is implanted in the surface, e.g., with lithographed
issue in the development of the Silicon microstrip detectors Rgtterns. This p-implant pattern, called “p-stop structure” in this
the experiments in the LHC [2]. paper, is not only required in the initial detector but also in the

The Silicon microstrip detectors are reversely biased in or{]‘c(?ravny damaged detector because of the surface charge-up due

to deplete the Silicon bulk to be sensitive to the passing chargeg1e radiation damage (category (3)).

particles. The radiation damage to the Silicon microstrip detec-Since the p-stop structure has a finite conductivity, it intro-

tors are widely studied and the major effects are summarize@lyges a coupling between the n-strips. In addition, the p-stop
three Categories: (1) Increase of the |eakage current, (2) Bikcture is eIeCtricaIIy ﬂoating and its voltage-potential is de-

type mutation, in which the acceptor-like states are generatetelinined by the electric field. If there is a defect in the edge of
the Silicon bulk, and the bulk type is mutating from the initi&te n-strips or the p-stop structure, the electric field is deformed
n-type to the p-type. The reverse bias voltage to deplete the @iH, if the p-stop structure is continuous, the potential of the p-
icon bulk is increasing along the accumulation of the passkigp structure is determined by the potential of the defect loca-
particles, and (3) Charge-up of the Silicon surface, which #gn which might be undesirable in cases. A variety of p-stop

fects the electric field near the strips which are providing thuctures are proposed and fabricated in the Silicon microstrip
electric field to deplete the detector and to collect the electréi@$ectors for studies presented in this paper.
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Another interesting aspect associated with the readout of the Table 2.
Silicon microstrip detectors is the effect of the resistance of the N-implant and p-stop widths in the various p-stop structures
metal electrode which is capacitively coupled to the n-strips iMz e P-stop structure  Metalfy] P-stop im]  No.

planted [4]. A resistance connected to the input of amplifier strips
generates electronic noise due to the thermal agitation. In this; Slit-common 141 2 x 184 128
study, two Silicon microstrip detectors are electrically connect- 2 Individual 160 2 x 184 128
ed.m two conflgurat_mns: .(1) Reading oyt from the Qnd of the Combined 16 2x11p+6p 128
strips (End-tap configuration); the effective strip resistance be- 4 Full-common 161 a4 128
comes twice, and (2) Reading out from the centre of the strips H

(Centre-tap configuration); the effective strip resistance be- Full-common 24 44 128
comes half, thus the ratio of the two resistances is 4. 6 Full-common 1 44 128

Il. DETECTOR o
The detector, p-stop structures, and strip widths are abstract-

A. N-on-n detector, nn80AC ed schematically in Figure 1. The p-stop structures were named
- , . . as Zone 1 (Slit-common), 2 (Individual), 3 (Combined), and 4,
Large area n-on-n Silicon microstrip detectors were fabricgt-g (ry|-.common). The major variation was the Full-common
ed out of 4-inch silicon wafers. The outer dimension of the dgyq the Individual p-stop structures. The secondary variation
tector was 63.6 mm (width) and 64.0 mm (length). The silicQQme from the point of view that in the Individual p-stop struc-
f’t”p det?ctpr was a single-sided readout one and nameq,AShere still was a continuously conductive accumulation lay-
nn8OAC” since the detector had n-strips on n-bulk, a strip pitgh g,rrounding the p-stop structure. In order to interrupt this
of 80um, and an AC coupling readout configuration. The Sp&Gsntinuous layer, the Individual p-stop structures were sec-
ification of the detector is summarized in Table 1. The detectaied into bays with an additional p-stop frame, forming the
had 768 readout strips divided_into 6 zones with 128 strips BSfbination of the Full-common and the Individual p-stop
zone. The zones had combinations of p-stop structure and wigl|ctyres (the Combined p-stop structure). The last was the
of readout metal as listed in Table 2. Zones from 1 to 4 had &} common where the short p-lines are connecting the Individ-

same strip and metal width but different p-stop structures, p-stop structures to the surrounding p-frame.
Zones from 4 to 6 had the same p-stop structure but different

metal widths.
Table 1.
Specification of n-on-n single-sided silicon strip detector (nn80AC) ' 63.6mm ;
Detector type: N-bulk, n-strip, AC-coupled, Single-sided ‘ ¥ ‘ ‘ ‘ -
Bulk: N-bulk, 300um thick Polysilicon bias resistors
Resistivity: 4~8 cm c
Size (Outer): 6.36 cm 6.4cm (widthx length) Zone | 1|2)3)4)5]6 §
N-sensitive area: Width: 772080um =61.6 mm
Length: 62 mm
P-side structure: DC-coupled pad —
Junction breakdowr300V vy
Surface protection  Sigpassivation
Number of N-strips: (128 6 zones=768 readouts)+2 dummies
E-strip isolation: Various p-stop structures (Table 2) zone 12 3 aso6
-strip parameters:
Polysilicon bias resistor: 145.5 MQ %jﬂ* %
Strip pltch:_ 80um — *g% —
Readout pitch: 8(m Jone 1234 1?5“ 3
Implant width: 16um o
Width of Al metal: 16um, and others (Table 2) Figure 1: Schematic diagram of the n-side of the detector. Top:
P-stop width: 431m, and others (Table 2) Detector and Zone numbers, Middle: Concept of the p-stop struc-
Al thickness: 1.5m tures, Bottom: Widths of the n-implant strips and of the AC-cou-
Resistance of Al metal: <20 Q/cm pling metal electrodes.
Resistance of implant:  <100kQ/cm
AC-coupling: SiQ 0.25um+SiN 0.0%m B. Detector-Electronics module:-- End-tap

In order to measure the response of the detector, such as



noise, efficiency, charge collection, etc., two “modules” were
constructed using the detectors and a set of Application Specific
Integrated Circuits (ASIC’s), LBIC for the preamplification,
shaping, and on-off discrimination, and CDP for buffering the
on-off binary bits [5]. The LBIC had an unipolar shaping with a
peaking time of order of 20 ns which was matching the bunch
crossing of 25 ns in the LHC.

One type of module, End-tap, was made by placing the read-
out hybrids made of Copper-Kapton at the end of the detectors ,
as shown in Figure 2. The hybrids were glued on an extensior
of the baseboard discussed in the following. A pitch-adapting
“Fan-in” was used to match the strip pitch ofi88 and the pad
pitch of 43um of LBIC’s.

The module was fabricated out of four nn80AC detectors to
form double-side readout configuration. Two pairs of two de-
tectors were glued on top and bottom of a heat conducting base
board. Two detectors on one side were daisy-chained to make
strip length of 12 cm. The bottom detectors were rotated by 40
mrad relative to the top ones to make stereo measurement of th
positions of passing charged particles; the top side was callec
the “axial” and the bottom the “stereo” side.

134

Figure 2:Overall view of“Ehd-tap” modulesupported on a PC

The heat conducting baseboard is critical in designing thigsoard The strips of the front detectors run vertically (axial side)
module for the LHC since the leakage current is so large that thed theback detectors (stereo-side) were rotated 40 mrad to the
detector will fall into the thermal runawayless they arprop- ~ frontletectors.
erly cooled. The baseboard of the module was prototyped with
a pyrolytic graphite (PG700) which had a high thermal conduc-
tivity, about 300 W/m/K [6]. The module was attached to an e
ternal PC board which also carried electronics to transmit ai
receive the signals over 20 m distance between the modules i
the backend electronics.

Cooling plate(Aluminum plate)

PG00 baskboard

C. Detector-Electronics module:-- Centre-tap | | |— :

The other type of module, Centre-tap, was made by placir u
the readout hybrids near the middle of the detectors as showr
Figure 3. In this module, the Copper-Kapton hybrids wer
glued on a bridge, made of BeO ceramics, which was crossi ¢ | @
over the detector with a clearance between the detector and
bridge of several hundred microns. The ends of the bridge we
glued on the extended edges of the baseboard. This bridgi
was made to avoid any damage to the detector by gluingthet | ||
brid. ¢
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[Il. L ABORATORY MEASUREMENTS

Evaluation of the detectors was done in the laboratory and frigure 3:0veral l_ view of ‘@entre-tap” modulesupported ona
the accelerator, using negatively charged pions produced froff¢ boardThe strips of the front detectors run vertically (axial
the 12 GeV proton synchrotron at KEK. Laboratory measureside) and théack detectors (stereo-side) were rotated 40 mrad to
ments were suited for evaluating the basic characteristics, su frontetectors.
as the capacitance and the electronic noise, but only the charged

particles from accelerators gave the controlled response initfle 24 strips in total, in a stand-alone detector. The strip length

detector. was 6.2 cm. The results for Zones, from 1 to 4, are shown in
_ _ Figure 4. The measurement was done at the frequency of
A. Interstrip capacitance of n(n80AC detector 1 MHz and estimated at most to have an systematic error of

In order to characterize and compare the zones, capacit%éé)':'
between the strips, so-called “interstrip capacitance”, wasA strong change of the interstrip capacitance was observed
measured for one strip against neighbouring 12 strips per slaow the bias voltage of 60 V. This was an indication that the



n-side was shorted because of the undepleted region near tiéhe major contribution to the noise was the input capacitanc-
surface. Above this bias voltage, although the interstrip capas-connected to the input of the amplifier to which the largest
tances were flattened, they did not show saturation even at @tribution was the interstrip capacitance. The RMS noises
volts. Two sources were thought responsible for the slow ded the occupancies were consistent with the interstrip capaci-
crease: (1) one was the p-stop structure, and (2) the remaitamges shown in Figure 4, although the difference of the inter-
electron-accumulation layer between the n-strips. An excefi#p capacitances of the Individual and the Combined p-stop
electric field was required to deplete the p-stop structures andttactures were not as large as the difference of the noise occu-
repel the electrons in the accumulation layer. Apart from thancies. The fractional increase in the RMS noise, of order of
global behaviour, the Individual and the Combined p-stop stré& for most of the zones, were observed in the End-tap config-
tures had the least interstrip capacitance. uration over the Centre-tap one, which was consistent with the
expectation presented in the reference [4].
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Figure 4: Inter-strip capacitances in Zones 1 (Slit-common), 2
(Individual), 3 (Combined), and 4 (Full-common), measured at 1 N
MHz and 1 strip against neighbouring 24 strips. The slow decreas 1
of the capacitance above 60 volts is a reflection of conductive laye 107 -
between the n-strips. I
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B. Noise occupancy Threshold 2 (fC?)

W'th the fabricated 'modules, two results Were extracted: (]a,igure 5: Average noise occupancy for the zones of the Centre-tap
the noise occupancy in Zones, and (2) the noise occupancyjiyqyle as a function of the threshold squared. Inset in the figure is

the End-tap and the Centre-tap configurations. Noise occupangy RMS noises extracted from the slopes of the fitted curves.
was the hit rate in a strip due to the electronic noise of the am-

plifier. For high enough thresholds of the discriminator the oc- Table 3.
cupancy,/1, was the measure of the noise in the tail of noise-  RwMs noises for Zones in End- and Centre-tap modules
Gaussian distribution integrated over the threshold, approxi

mated as Zone P-stop Metal RMS noise [e] . Fractional
2 structure  [Um]  End-tap Centre-tagncrease [%]
M= exp((threshold)’/(207)) - @D "1 Sitcommon 161 1908 1792 6
When the occupancy was plotted in semi-log graph with the2 Individual 16 1895 1786 6
horizontal axis in (threshola) the occupancy followed the 3 Combined 161 1740 1689 3
straight line with the slope expressing the root-mean-square  Fyll-common 16 1982
(RMS) noise. 5 Full-common 221 2026 2024 0
The occupancy as the function of the threshold squared wasé Full-common 1Qu 1988 1865 7
obtained at the bias voltage of 200 V as shown in Figure 5 for
the Centre-tap module. A similar result was obtained for the IV. BEAMTESTSUSING PION BEAMS

End-tap module, and the extracted RMS noises were summa- : .
rized in Table 3. There was no data in Zone 4 of the Centre-t [Two beamtests were carried out at KEK attiebeamline

. : oflhe 12 GeV proton synchrotron. Negatively charged pions
module because of the Qead _ch|p. The .d|ff(.arence .Of the 200t a momenturr)n of 4 G):eV/c were swegt overythe zognes Fc))f the
and of the readout configuration was highlighted in Figure hd-tap and the Centre-tap modules [7]. The beam profile at the
where the occupancy at 1 fC threshold was shown. modules was about 1 cm in the full-width-half-maximum
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Figure 6: Noise occupancy at 1 fC threshold for Zones of both the e == Si telescope: 19.2 x 19.2
End-tap and the Centre-tap modules.
(FWHM) horizontally and vertically, and an intensity of 1k Beam direction

pions per cri The data-taking (DAQ) rate was about 150
events over the beam spill of 2 sec in the beam cycle of 4 sddgure 7: Setup of the DUT's, the Si-telescopes, and the scintilla-
limited by the DAQ capability. tion counters for triggering.

A. Setup strips (all region), (2) efficiencies for the tracks near the strip re-
The setup in the beamtests is displayed in Figure 7. The gi@n (strip region), and (3) efficiencies in the midway between
modules, often called “device-under-test (DUT)”, were saridie strips (midway region). The efficiency curve is the integral
wiched between high precision silicon-strip detector “telef pulse height distribution, called “Landau distribution”, above
scopes” (Si-telescope). The distance between the telescdpeghresholds. The threshold of 50% efficiency is correspond-
was about 60 mm and the two modules were placed at nedgyto the median pulse height of the collected charges in one
equal spacing. Incident particles were triggered by coinciderségp.
of three scintillation counters, each of which had an area of 20

mm x 20 mm.

Each Si-telescope module was made of two single-sided strip 100
detectors with their strips in orthogonal directions: one was in
the horizontal direction, X, and the other in the vertical direc- 90

tion, Y. The silicon-strip detector was made of an implant strip

pitch of 25um and a readout pitch of %0n. The sensitive re- E 80 S o

gion was 19.2 mm x 19.2 mm with a number of readout chan- ¢ End t%lllt:gxieelzggisl

nels being 384. The spatial resolution was abquih%ising the £ 70

pulse height information from the strips [8]. —o—al t
The pion beams were set to hit the DUT’s in the normal inci- 00 P I

dence. The full 6 zones were covered by 3 positions of the Si-

telescopes by moving the DUT'’s relative to the Si-telescopes. O T T T T,
Data were collected at bias voltages of 80, 120, 160, and 200 Threshold [fC]

volts. The threshold voltage of the discriminator was varied to
have a setof 0.6,0.8,1.0,1.1,1.2,1.3,1.4,1.5, 1.6, 1.8, 2.0, fg;ure 8: An example of the efficiency variation as a function of
3.0, and 3.5 fC in threshold when expressed in the unit of char{¥ threshold in the all (circle), the strip (cross) and the midway
. . . square) regions. The curves drawn in the figures are simple con-
according to a common calibration curve. . .
nections of data points.
B. Results
) ) ) ) . The charge collection near the strip region is expected to be

1) Responses in the strip and in the midway regions similar to the planar diode case, while in the midway region the

An example of efficiency variations as a function of threshharge is expected to split into two adjacent strips. In order to
old is shown in Figure 8. The figure included three cases: (1)@gfine the strip region, the efficiency for detecting particles was
ficiencies without specifying the beam hit positions between thi@pped out between adjacent two readout strips. The detection



efficiency was defined by counting the existence of hit-strips

within £250 um from the position of a track interpolated from 1
the Si-telescope hits. An example of the plot is shown ir
Figure 9. The horizontal axis, Eta, was the distance from on . 0.9

strip to the adjacent strip normalized with the pitch of the strips

0.8

0.7

Threshold ratio of 90% eff

e
i %% B 06
0s ASRY Rggacy " keken
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& | Strip region Midway region Strip region Zone
E 40 ym 20 pm 40 ym
"“ 04r Figure 10: Ratios of the thresholds at 90% efficiency of the midway
i region over that of the strip region. The ratio corresponds to the ratio
02 Zone. 2. (Individual) of collected charges in the regions.
L 3.5 fC threshold
200 V bias: . . . .
. 2) Multi-strip hit fraction
0
0 02 0.4 0.6 08 ! If the charge collection is different in the midway region, the
Eta difference would also be reflected in the fraction of the clusters

Figure 9: Efficiency as a function of “Eta”, the normalized distanceWith two or more strip hit_s. The fraction of the multi-hit clusters

between adjacent two strips. The minimum was obtained by fittingVE"€ @nalysed and obtained to be around 14.5% at 1 fC thresh-

Gaussian. The midway region was defined around the minimum ©ld, independent of Zones. This would be understood as that the

with a full width of 20um. The strip region was defined around the fraction was a convolution of the real fraction and the detection

complementary point to the minimum with a full width of |4@. efficiency, and in the first order the gain in the real fraction was
cancelled out with the loss in the efficiency.

The loss of efficiency in the midway region was evident 5) Spatial resolutions

the high threshold as in the figure. By fitting a Gaussian, the ) ) . o
“midway” region was defined with a full-width of 2pm It was interesting to analyse the spatial resolution in different

around the minimum. The “strip” region was defined with zpnes. A fundamental spatial resolution out of the on-off read-

full-width of 40 um around the complementary point to the mirUt Of strips is the (pitch/sqri(12)), which gives 2l for the

imum, which left 1qum gap between the strip and the midwa§/0 pm pitch strips. Two external contributions smeared the res-

regions. The definition was made for one high threshold at éﬂBtion: (1) the multiple scattering contribution in this setup was

volts and applied to other thresholds and bias voltages uniquéout 3um, and (2) the Si-telescope spatial resolution was
o about 5um, thus the convoluted spatial resolution becomes 23.6
The charge generated by a charged particle in theu800 |, ,

thick Silicon detector is about 3.5 fC. Even applying the charge ' ) . .
calibration chip-by-chip, the collected charges in the strip re-On-off readout of the strips had a built-in feature to improve

gion in Zones at very high bias voltage were not satisfactorily!fIf_"esolution; only the particles passing through the midway
coincidence in these beamtests. In order to calibrate the chig/@8ion induced double-strip hits, thus splitting the pitch into two
pendence, the thresholds of 90% efficiency were scaled to tR&ffOWer regions with single-strip hits and with double-strip

average, obtaining the threshold by fitting the Error functiolﬂ',ts'

i.e., the integral of Gaussian function as an approximation of theDistances between the nearest cluster centres and the inter-
integral of Landau distribution, to the efficiency curves in thmlated hit positions of particles from the Si-telescope were
strip region. Although the 90% efficiency threshold is not theotted for the hits in Zone 2 of the End-tap module at the bias
median, it is a parameter correlated to the median of the collgcitage of 200 V in Figure 11. The cluster was defined as a
ed charges. block of contiguous hit-strips. When the hit-strip was isolated,

In order to quantify the loss of the collected charges in dhconsisted one cluster. The cluster centre was defined as the
midway region, the threshold of 90% efficiency of the midweg}eometrical mean of the hit-strip positions. Gaussian function
region was divided by that of the strip region. The ratios Hvas fitted to the distributions and the spatial resolutions were
shown in Figure 10 for the End-tap module and at the bias vffined with the sigma of the Gaussian.
age of 200 V. Since we took ratio, the chip dependence was bdn the figure, the top showed the spatial resolution of the sin-
ing cancelled out. The statistical errors were as small as the gleestrip hit clusters, the middle the multi-strip hit clusters, and
of the circles. the bottom the all clusters. The single-strip clusters gave the

spatial resolution of 231®.2 um, the multi-strip clusters



10.3t0.5 um in the narrow peak region and#30um in the ing tracks. A veto-window af500 um was opened around the
broad tail region, and the all clusters 202 um. The narrow interpolated track position in the DUT'’s. The occupancy was
peak region in the multi-strip clusters was the hits in the midwagduced by dividing the hits in the strips outside the veto-win-
regions while the broad tail distribution was thought to lmw by the number of accepted events.

caused by the electronic noise and associated particles with the,o giscriminator thresholds of different chips were re-

incident ones, e.g., delta-rays. Although there was an indicatiefeq as mentioned earlier, using the thresholds of 90% effi-
ofa be.tter spatial lresolutlc.)n in the double-strip hit clusters, @f@ncy at the bias voltage of 200 V. The occupancies obtained
rgsoluuon of the single-strip hit clusters_ was not bgtter than W@re plotted against the re-scaled threshold squared, as in
pitch/sqrt(12), and the overall resolution was slightly worggq, e 5. straight lines were fitted, and the occupancies at 1 fC
than the calculated 23@m. There was little variation of they, eshold were interpolated. The resulting noise occupancy at 1
spatial resolutions in the different zones. fC is shown in Figure 11 for the same zones and chips shown in

Figure 5.
1000 — e This evaluation of the occupancy with the calibration using
I ; the beam was well in coincidence with the result obtained in the
I — 1 laboratory. The closeness of the occupancy in Zone 2 and 3 was
800 Sigma=23.9+0:2 um ] . . . .
I ] reflecting the interstrip capacitance measurement more ade-
soo | quately. The occupancy difference in the End-tap and the Cen-
Ifj% NG 1 tre-tap modules was also reproduced in Zones.
ORI, ]
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I G- 1 beamtest.
[ P® Ty : V. SUMMARY
400 P O - . . . .
I / ( The Silicon microstrip detector with the n-strip readout on
200 | o o the n-bulk Silicon appears to be a prime candidate detector in
' f N 1 the next generation high energy experiments, such as in the
o e L Pmse o] LHC, where the particle fluence is exceeding a few timé€ 10
100 -50 0 50 100 particles per crh Subtlety of the n-strip readout is the involve-
X [um] ment of the n-strip isolation with p-implantation between the n-

_ _ _ _ o strips. One way of this p-implantation implementation is done
Figure 11: Spatial resolutions of the single-strip hit (top), the  with a lithographed p-pattern called the p-stop structure. A Sil-
multi-strip hit (middle), and the all events (bottom) in Zone 2 of jcon microstrip detector with n-strip readout on the n-bulk Sili-
the End-tap module at the bias voltage of 200 V. The sigma's of thg, , nn80AC, was fabricated with variety of p-stop structures in
Gaussian fit are inset. A double Gaussian function was fitted to thfhe n-side in 6 zones: Slit-common. Individual. Combined. and

Iti-strip hits. RO ) ' - ’
mutti-stnp nits Full-commons with 3 widths in the AC coupling electrode met-

al.
4) Noise occupancy The detectors were characterized individually and in the

The noise occupancy in the beamtests was defined with §hts of detectors and electronics, the modules. Two types of the
random hits in the strips not associated with the hits of the paggdules were prepared: End-tap, reading out two daisy-chained



detectors at the end of the strips, and Centre-tap, reading o{&]at.BIC: E. Spencer et al., “A Fast Shaping Low Power Am-
the middle of the two detectors, in order to assess the noise perplifier-Comparator Integrated Circuit for Silicon Strip De-
formance of the 4 times difference in the strip resistance, in ad- tectors”, IEEE Trans. Nucl. Scie, Vol. 42, pp. 796-802,
dition. Aug. 1995; CDP: J. DeWitt, “A Pipeline and Bus Interface
Characterization was made in the laboratory and, subse_Ch_ipforSiIicon Strip Det.ector Read-out”, Proc.IEEE Nucl.
quently, in the beamtests using charged pions generated in the>Cl€- Symp., San Francisco, CA., Nov. 1993
12 GeV proton synchrotron at KEK. The interstirp capacitandé$ Pyrolytic graphite data sheet, Advanced Ceramics Corpora-
were measured in different zones. The Individual and the Com- tion, P.O.Box 94924, Cleveland, Ohio 44101, U.S.A; In Ja-
bined p-stop structures showed the least inter-strip capacitancepan: Tomoe Engineering Co. Ltd., Daini Maruzen
The noise occupancies were measured in the two modules. TheBuilding, 9-2 Nihonbashi 3-Chome, Chuo-Ku, Tokyo 103,
derived RMS noises and the occupancies at 1 fC threshold wereJapan
consistent_ with the interstrip capacitance; thg noise was Iea&fg'nmoa Participating institutions: Univ. Cambridge, Hiroshi-
the Combined p-stop structure. The RMS noise was of order 6% .o Univ., KEK, LBNL, Univ. Liverpool, Univ. Mel-
higher in the End-tap to the Centre-tap module, which was con- bourne, Okayama Univ., RAL, Univ. California Santa

sistent with an prediction. Cruz, Univ. Sheffield: T417, Participating institutions: Hi-
The response to the charged particle is a direct measure of theoshima Univ., KEK, LBNL, Univ. Melbourne, Univ.
detector performance in experiment. Charged particle detection Okayama

efficiencies were obtained as a function of the threshold of tgf O. Toker, S. Masciocchi, E. Nygard, A. Rudge, P. Weil-
electronics system, in the strip region and in the midway region pammer. “viking: A CMOS low noise monolithic 128-
between the n-strips. A loss of charge collection was observed .pannel ’frontend for Si strip detector readout”, Nucl.In-

in the midway region, and the In_dividual p-stop structure was ¢ Meth. A340, pp. 572-579, 1994
observed to loose the most. This loss was understood to be

caused by the existence of continuous electron accumulation

layer connecting all the individual p-stop structures. The noise

occupancy was measured in the beamtests and the thresholds

were calibrated using the beams. The noise occupancies were

basically in coincidence with those obtained in the laboratory

measurement and were reinforcing the conclusion obtained.
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