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Abstract-Non-irradiated and irradiated ATLAS SCT barrel and  a position resolution of 23 um per sensing plane. It comprises
endcap modules have been beamtested with 4 GeV/c pions. Pulse central barrel section of 4 cylinders and two endcap sections
shapes confirmed the peaking time of the amplifier to be 22 ns of 9 disks each. The cylinders or disks have two sensing planes
with slight deterioration in the irradiated modules. Median per layer, with total areas of silicon of 34 and Z2fimthe bar-
charges saturated around 3.8 fC both in the non-irradiated and rel and the endcap sections, respectively. The silicon micros-
irradiated modules. Signal/Noise ratios, using the noise estimates , . . . .

o Lo ) - trip sensors will receive a cumulative fluence of 2£10
from the in-situ calibration, were >16 in the non-irradiated . .
(>150 V), and >10 in the irradiated (>300 V) barrel modules. No MeV-neutron-equivalent particles/ émver 10 years of op-
excess common-mode noise was observed. _eratlon at the inner-most radius of 30 cm from the collision ax-
is.

I. INTRODUCTION The silicon planes are implemented in detector units called

In order to investigate the origin of the mass of elementar{fodules” made of silicon microstrip sensors and fast-shap-
particles and search for new physics, a new accelerator, L, on-off discriminating readout electronics, combined with
(Large Hadron Collider), is being built at CERN which will acelectrical, mechanical, and thermal structures [2]. After inten-
celerate and collide protons at the centre of mass energyStfe development, a number of realistic SCT modules, fully
14 TeV, with a collision luminosity of $6cnm?sec! and a equipped with SCT-specified components, have become avail-
beam crossing interval of 25 ns. In one of the LHC expeﬁ)_ble, of which a significant number have been irradiated to the
ments, ATLAS, the detection and the measurement of momdHl fluence of particles.
tum of charged particles will be made in the inner detector, A humber of beamtests to study individual components
consisting of pixel (PIXEL), silicon microstrip (SCT), anghave previously been carried out at KEK using pion beam of
transition-radiation (TRT) detectors, inside a 2 Tesla solendfdGeV/c at the 12 GeV proton synchrotron [3]. Recently, two
magnet of a diameter of 2 m [1]. beamtests were carried out of fully equipped SCT modules [4].

The SCT provides high-precision tracking information wit[d Nese were the first beamtests of realistic SCT modules.

Il. SCT SILICON MICROSTRIPMODULES
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TABLE |
PARAMETERS OF THE ATLAS SCTP-IN-N SILICON MICROSTRIPSENSORS

Module Barrel Endcap
Sensor type p-in-n, AC-coupled, Single-sided
Thickness 285 + 15um
Shape square wedge
Size (outer) 63.6mm x 64.0mm 71.8/64.7mm x 57.5mm
(widthxlength) 64.6/56.5mm »5.5mm
Bulk n-type, high resistivity (about Llcm)
Strip type p*
Strip pitch 80 um 85.95, 77.45 pm
Strip length 62 mm 55.5, 63.5 mm
Strip width 16 pum, (22 um: Al metal)
Number of strips 768 readout + 2 shaping
Strip AC coupling SiO2 + SiliconNitride, >20 pF/cm
Backside Uniformly doped fi layer

pipeline for the trigger decision delay of 3.3 ps duration, and
an eight-event deep derandomising buffer to permit sustained9: 1- AT-AS SCT barrel module
operation at trigger rates up to5J,®er second without dead-
time. The custom SCT design, the ABCD, is implemented as a
BiCMOS single chip application-specific- integrated-circui
(ASIC) in a radiation-tolerant technology [6]. Each ASIC ha
128 channels with a common threshold for discrimination.
Following testing of the first generation ABCD, the secon
generation, ABCD2T, implemented a 4 bit DAC adjustment
the threshold at each channel to reduce excess threshold sp
(trim DAC), and shielding the input pads for excess noise p
tection [7]. The third generation, ABCD3T, fixed poor match
ing in the circuit which generated the correction voltage for t
discriminator threshold, and added a 2-bit range for the step
the trimDAC to cope with the deterioration in the trimming
offset spread after irradiation [8].

C. Barrel and endcap modules

The SCT modules are made from four silicon microstri
sensors, glued in pairs on each side of a baseboard for to%. 2. ATLAS SCT endcap module, together with a module frame. A
strip lengths of 12 cm. The two over-lapping planes are slightlyslack line in the sensors was a line on a transparent protection plastic
rotated with respect to each other by an angle of 40 mrad. Thf§Ve"
small stereo angle allows measurement of a space-point with ) o
coarse longitudinal resolution while retaining the high tran&ith @ high thermal conductivity is a key element to prevent
verse spatial resolution with two nearly parallel plah the thermal runaway of the sensors. The barrel module is
module is equipped with 12 ABCD chips on a hybrid, 6 on tHepoled at one area.at the wide tab, whergas the endcap module
top and 6 on the bottom side. In the barrel modules, the hybfiaS tWo small cooling areas: one at the junction of the sensor
is placed near the centre of the module in a wrap-around c&fd the hybrid, and the other at the far-end of the sensors.
figuration; in the endcap modules, the hybrid is placed at one W@ modules, one barrel and one endcap, were irradiated
end of the module and is double-sided. The different desigllder to the beamtest to the fluence of ~3X1grotons/crf at
were driven principally by the difference in cylindrical andh® 24 GeV proton synchrotron at CERN, equivalent to the

4 . .
disk geometries. Photographs of the barrel and endcap modx10* 1 Mev neutronglcﬁn The modules were irradiated
ules are shown in Fig. 1 and Fig. 2. cold and then annealed immediately after the irradiation for 7

Thermal management is critical to extract the heat of t&YS at 25 °C to simulate the effects of the warm-up for the
ASICs (5 to 8 W) and of the sensors, especially after the sépaintenance in the real experiment. Additionally, the modules
sors are heavily radiation-damaged(1 to 2 W). The basebo¥fg'® at room temperature for several days during the beamtest



preparation but otherwise kept cold (<-10 °C). was fixed in the more recent ABCD3TA chips.) The ranges
were stuck to 1 and 2 in mod3, and 2 and 3 in mod4, in the 4

lll. BEAMTEST chips illuminated by the beam. The number of channels

A. Setup masked due to this out-of-trimming was, however, small: 1 and

Two beamtests are reported here. In the first, three non-irfaSNannels in the mods and the mod4 modules, respectively.

diated modules were tested: two barrel (k3103, k3104) and apeCharge calibration

endcap (FR-k81), all with ABCD2T chips. In the second, Si)f The relations of the threshold voltages and the charges were
modules were tested: two non-irradiated (011, 022) and onedgiprated, in situ, by injecting charges with the internal cir-
radiated barrel (003), two non-irradiated (VAL-k3-165¢yitry in the ABCD chips. The resulting calibration curves, av-

CG-k3-170), and one irradiated endcap (VAL-k3-166) Modsyaged over the chips in the beam spot, are shown in Fig. 3.
ules, all with ABCD3T chips [9]Since the results of the sec-

ond beamtest supersede and expand on the first, only those of
the second test are presented in this paper. The characteris” 500

of modules in the second test are summarized in Table II. 9 modl
200 r A mod5
N v mod6
TABLE Il | e mod3
NAME, TYPE, ASIC, AND IRRADIATION CHARACTERISTICSOF THE MODULES = - mggf(m)
IN THE SECONDBEAMTEST E 300 [ mod2(fit)
> 3 mod5(fit) o~
Beamtest id Name Type ASIC Irradiation % mgﬂgg;g
r da(fit
mod1 011 barrel ABCD3T non-irrad £ 200 moda®
e
mod2 022 barrel ABCD3T non-irrad
mod3 003 barrel ABCD3T irrad
mod4 VAL-k3-166 endcap ABCD3T irrad
mod5 VAL-k3-165 endcap ABCD3T non-irrad
mod6 CG-k3-170 endcap ABCD3T non-irrad

Threshold [fC]

The modules were attached to aluminium module frame§i9: 3. Calibrations of the threshold in mV and fC
and positioned in a thermo-box in the beamline. Three ana-
logue readout "Si-telescopes” provided independent trackingThe internal calibration circuitry required several correc-
with a position resolution of about 5 um in horizontal and itions: the variation of the values of the charge injection capac-
vertical directions. Pairs of modules, mod2 and mod3, aff@nce (estimated to be ~7% from test structures), and variation
mod4 and mod5, were sandwiched between telescope plamégharge scales due to chip temperatures (0~5%) and radiation
all spaced at 30 mm intervals. The smearing by multiple scaéamage (0~3%). These factors were determined separately for
tering was estimated to be negligible by interpolating the posiach module and applied in the analysis presented below.
tions of the inc_ident particles_ vyith two adjacent teIescopeB.' Data taking and analysis
Readout was triggered by scintillators of 2 cm x 2 cm placed

upstream. The beam size (FWHM) was about 1 cm x 1 cm inTwo parameters were varied during data-taklr?g: the sensor
the modules. bias voltage, between 25 and 275 V for the non-irradiated and

The modules were cooled in two ways: the overall environ20 @nd 500 V for the irradiated modules, and the threshold be-

ment inside the thermo-box was cooled with a circulation 6\fveen 0.7 and.6 fC. In the following ar_1a|yses, Fhe condltlons
cold air of about -20 °C, and, in addition, the irradiated moaz—iken for a typical setting were, otherwise mentioned, (1) bias
ules were cooled with Ei’l quuid cooling o,f about -13 °C Thgoltages of 150 V and 350 V for the non-irradiated and the ir-
temperatures of the barrel hybrid were about 0 °C " radiated modules, and (2) threshold at 1 fC. In the plots, the

The temperatures of the sensors were estimated to be aB/&nges Of_ the irradi_ated modules were cqrrected for_the volt-
-10 °C. Typical leakage currents of the non-irradiated and tRE® drops in the series resistance in the bias supply lines.
irradiated modules were 0.2 pA and 2 mA, respectively. Prob-
lems were encountered in cooling the endcap modules, with
their hybrids running at about 37 °C and 54 °C in the non-irrd&- Pulse shape reconstruction
diated and the irradiated modules, respectively. The ABCD chip has, after amplification and shaping, dis-
criminator circuitry. The output is sampled at a fixed phase of

the 40 MHz clock. Unlike at the LHC where the clock will be

After the irradiation, ABCD3T chips showed a problem iny o onised with collision frequency, in the beamtest the ar-
setting the trim DAC range of the trim circuitry. (This problem

IV. DATA ANALYSIS

B. Trim range setting in the irradiated modules



rival time of the triggering particle is random relative to theorrection was made to the range in other bias voltages since
clock phase. This interval was measured using a TDC whidche move of the peak position was small.

when combined with the threshold scans, allowed the time dis-

tribution of the median pulse heights to be reconstructed.

The resulting time distributions of the median pulse height 50 T T T ]
are shown in Fig. 4 for the non-irradiated (average of mod . ey |
and mod2) and for the irradiated (mod3) modules. In Fig. « s e mede |
the offsets of the peaking were adjusted to be at 40 ns. The i - ok e |

pulse response curves of a first-order differential and third-0 5 .
der integration circuitry, CR-RCwere fitted to the rising part
of the pulses between 20 and 45 ns. The peaking time of t'_% s
non-irradiated module was thus found to be 22 ns and that & sor %%
the irradiated 27 ns. The peaking time of the non-irradiate i f}@:‘é\?&iﬁti&@rl’1\‘";,,,,,,,54 ]
chips is consistent with the ABCD specification. The peakini o8 g ]
time of the irradiated module was longer due to a slowe I S S
charge collection in the radiation-damaged sensors and a slc 0 100 200 300 400 500
er speed of the damaged amplifiers. Bias voltage [V]

Another distinctive feature of the reconstructed pulseFig. 5. Bias voltage dependence of the peaking times
shapes was the shoulders seen after the peaking. This shoulder
could not be reproduced in a simulation of the charge colleﬁj Position resolutions

tion in the damaged sensors. Since this shoulder has not been ) ) ] ] o )
observed in similar chips without the discriminators [10], it Consecutive hit-strips were clusterized within each sensing

could be a physical feedback from the discriminator. plane to define a hit-cluster with the geometrical centre as the
position of the "cluster centre" and the number of strips as the

"cluster width". The trajectories of the incident particles were

g tim

% a 4‘\&/{k g N&

oS

5 S - defined by the two adjacent telescopes in order to minimize the
i o nonirad| | effect of multiple scattering.
al ) o imad |1 The differences of the cluster centres from the projected hit

gave the position resolution of the sensing plane. The deviation
distributions of one module, mod1, is shown in Fig. 6, for all
events (circle) and for the cluster width greater than 1, the
"multi-hits", (diamond). Also shown are the Gaussian func-
tions fitted without error-weighting.

Median Pulse Height [fC]

120 ——————

o all events

F <o multi-strip
_ 100 - T fit(all events)
Time [ns] [ i fit(multi-strip)

Fig. 4. Median pulse height distributions as a function of time between
trigger and clock phase: non-irradiated (open circle) and irradiated (filled
circle) modules, and the impulse responses of CRdR€uitry with the
peaking times of 22 and 27 ns, respectively

Events /2.5 um

The peaking times of the modules as a function of bias vol
ages were shown in Fig. 5. The error bars are statistical on
from the CR-RE fits to the average pulse shapes. In the
non-irradiated modules, the pulses slowed down slightly, k
3 ns, below 150 V to 50 V. The endcap modules were slow Deviation [pm]

Fhan th_e ba,rrel modules, by 5, ns In th,e no,n-lrra,dlated and 7 I’]=S|g. 6. Deviations of the cluster centre from the expected positions of
in the irradiated modules. This deterioration might be causethcident particles of the mod1 module: all events (circles) and the events
by the higher temperature of the chips in the endcap hybridS.With multi-hits (diamonds), with Gaussian fits without weighting

In the following analyses, events have been selected in
which time was in the peak region between 35 and 45 ns. NoThe distribution of all events deviates from Gaussian, is




closer to a uniform (box) distribution as expected for discrim-
inated binary readout with a strip pitch of 80 um but affectec 34— ————————
by the telescope resolution and noise hits. The distribution ¢ '
the multi-hits is much narrower due to the predominance c
two-strip hits where the tracks pass through a small inter-stri€ E i
region (two-strip-hit sensitive region). 28 |

The root-mean-square (RMS) resolution of the dlstrlbutlon S 26
being less affected by the telescope resolution and the noi 8 9

hits, was obtained by dividing the Gaussian sigmas by a facti

32 F

30 F

tion [

24 |

1.24 which is the ratio of the RMS and the Gaussian sigma & 22 f

a uniform distribution. The resulting RMS resolutions were 20

22.5 um and 10 pum for the all events and multi-hits events, re s i . . . . ]

spectively. 0 1 2 3 4 5
In analysing the endcap modules, the variable pitch of fa Threshold [fC]

geometry was corrected to the average strip pitch of 86 um
the beam spot. The RMS resolutions are shown in Fig. 7 an
Fig. 8 as a function of bias voltage and threshold. Those of the
modules outside the telescopes were corrected for the multiple

g. 8. RMS resolutions as a function of threshold.

15

scattering effect. The RMS resolutions of the barrel and tr i o mod1 )]
endcap modules were about 23 um and 26 pm, consistent w I B |
their pitch of 80 um and 86 pm, respectively, although those « tr o measH
the endcap modules were slightly worse than the expecte - aiill |

3 13 | ]
Q [ 4
E
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3 F —r T 1 11 = i e _o o \./.
32f - L St ]
— 30F ]
E : 1 1 1 1 1
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2 r Bias voltage [V]
e 26.‘
4 243 SV Fig. 9. Mean cluster widths as a function of bias voltage
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Fig. 7. RMS resolutions as a function of bias voltage. ; 13 o 7
8 ‘
. © i
C. Mean cluster width § rzr
The fractions of the multi-hits, parameterized as the mea=
cluster width, are shown in Fig. 9 and in Fig. 10 as a functio tir
of bias voltage and threshold, respectively. There seems to

a correlation between the decrease in the RMS resolutions a 1l
the increase in the fraction of multi-hits, e.g., below 2fC in

Fig. 8 and Fig. 10. The better resolution of the multi-hit events
can be seen in Fig. 6. Fig. 10. Mean cluster widths as a function of threshold

Threshold [fC]

D. Efficiency scans and Median charges ficiency at a threshold can be obtained. The pulse height
By counting hits with cluster centres within a window of thgL.andau) distribution is reconstructed as an efficiency curve
incident particles (full width of 500 um in the analysis), the efpy scanning the threshold. An example is shown in Fig. 11 for



the irradiated module, mod3, where with the bias voltage i8g. 12 as a function of the bias voltage. The median charges
also scanned. The threshold of the 50% efficiency is the medf- the non-irradiated modules saturate above 150V to the
an charge of the pulse height (Landau) distribution. charges between 3.8 fC and 4.0 fC. The saturations of the me-
In order to obtain the threshold of 50% efficiency, a moddian charges of the irradiated modules were slower, reaching
fied error function, (1), was fitted to the efficiency scans, around 3.8 fC at 500V. The full depletion voltages of the
non-irradiated and irradiated sensors were about 70V and

eff(a) = ps(1-erf(TLH(T))) @ 300 V, respectively.
where Usually the charge collection of the irradiated silicon sen-
£(T) = 1+ 0.6(tanh(—p, (T) and (2) sors does not reach that of non-irradigteq ones [11]. The cor-
rection of the charge scale due to radiation damage could be
T = (a-p)/ (200, () insufficient. The median charges of the two non-irradiated bar-

The function, erf, was the integral of the Gaussian distributiof! modules do not coincide, nor do those of the barrel and the
The function, f(T), is an empirical function to modify theendcap modules. These differences could be attributed to the
Gaussian to the Gaussian-convoluted Landau distribution. T¢lgp-by-chip variation of the calibration capacitance and insuf-
fitting parameters expressed the media), (the width (), ficient corrections on calibration scales due to temperature.

the saturation (g, and the skew ). E. Noise occupancies and ENC

Hits which were out of time (time < 15 ns) and out of track

1.2 T window (twice the efficiency window) were counted as noise
' o Ly hits due to electronics noise. The resulting number of hit strips
tr SRV | was divided by the number of strips outside the track window
i MEECoA | to obtain the noise occupancy. The noise occupancies of the
o o8 soa | modules are shown in Fig. 13 as a function of thresh-
E sk 7%@% ; old-squared.
% i zrewm ] The noise occupancies at 1 fC of both the non-irradiated

0.4

376V/(fit)
448V/(fit)
a71v(fit) |4

barrel and endcap modules were well below, and the irradiated
barrel module was about satisfying the requirement for the AT-
LAS SCT modules: 5xIh [1]. Those of the endcap modules
%o O } were an order larger than of the barrel modules which could be
0 1 . 3 4 5 6 7 attributed to the difference in chip temperatures.
Threshold [fC] The relation between the noise occupancy and the thresh-

) o ) ) ) old-squared (t?) is a straight line in logarithmic scale of occu-
Fig. 11. Threshold scan of the efficiencies at various bias voltages in the .
irradiated barrel module, mod3. The lines are fits to the empirical formulaP@NCy because the occupancy can be approximated as

in the text > 9
occupancy thd exp(—(1/2)((th)“/a")) (4)

where o is the equivalent-noise-charge (ENC) of the

5 ——T T amplifier [12]. The ENCs (occuENC) were fitted irf thelow
i 3 fC?, in general, at low thresholds. The occuENC had little
4 [ ] bias voltage dependence. The average above 100 V (non-irrad)
5 . .._,,.;,—r—m"‘ and 300 V (irrad) are summarized in Table Ill. The ENCs (ca-
o s L . 1 lIbENC) were obtained separately in the in-situ calibration,
g / / with an average of ENCs at 1, 2, and 3fC, including the correc-
% b ] tions in the section III.C. In comparison, calibENC’s obtained
b at high thresholds were systematically larger than occuENC’s
= o modl obtained at low thresholds.
1r- —a~—mod5 H
g modt F. Signal-to-Noise ratios
I P S One way of cancelling the uncertainty of the calibration ca-
° 100 200 300 400 500 pacitance is to take the ratio of the median charges to the
Bias voltage [V] ENCs, the signal-to-noise ratios (S/N). The S/N ratio is also an
Fig. 12. Bias voltage dependence of the median charges. indicator of the performance since a S/N >9 is required in

practical use from experience. In order to calculate the S/N, the

The median charges of the modules obtained are shown!§Arse ENCs, calibENC, were used to be conservative. The re-
sulting S/N ratios are shown in Fig. 14 as a function of bias
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Threshold ? [fc*] Bias voltage [V]
Fig. 13. Noise occupancies as a function of (threshdTdie lines are fits Fig. 14. Signal-to-noise ratios as a function of bias voltage. The noises
to the function exp(-1/2*(tw)2) were averages of 1, 2, and 3 fC of the in-situ calibration
TABLE Il
CoMPARISONOF ENCs OBTAINED FROM THE OCCUPANCY AND THE IN-SITU L2
CALIBRATION L 1
mod 0CCUENCIfC] calibENCIfC] Ratio ! C é ¢ § ¢ i i ; ? ]
1 0.239 0.245 0.976 s L 1
Sre—=0— 5 5 ]
2 0.222 0.234 0.949 > e, g, ]
3 0.311 0.342 0.910 § 06 [ T ié T ]
4 0.385 0.411 0.937 i i TR - ]
5 0.264 0.291 0.907 0.4 I | —&— 1.07fC(non-irrad) I N
6 0.264 0.290 0.910 [ L0afC(rrad) ]
. : ) 0.2 || —o— 3.21fC(non-irrad) -
[ | —=— 3.121C(irrad) ]
VOltage. ol v v v v e ]
A good match of the S/N was seen between two barrel at 0 01 02 03 0.4 05
two endcap modules, which supported the differences of tt.. Eta

mediar? cha_lrges Wer_e caused by the chip-to-chip variation qjig. 15. Efficiencies between the strips. "Eta" defines the distance from
the calibration capacitance. The S/N > 16 was reached abowee strips: 0 at strip and 0.5 at midway.

150 V in the non-irradiated barrel, and the S/N > 10 above

300V in the irradiated barrel modules. The S/N of endcdp Common-mode noise

modules were considerably lower than those of barrel mod-In the case the electronics system has external noise pick-up

ules, which can be attributed to the higher chip temperatures.an internal oscillation, excess hits appear across many strips

as common-mode noise. The distributions of number of hits in

G. Charge collection in the interstrip regions the non-irradiated (average of _mod_l and mod2) and irradiated

i . i i (mod3) modules are shown in Fig. 16 at the threshold of

Smc_e the charges moving in the m_|dway region betweed_w7 fC. No excess common-mode noise was observed. The dis-

two strips generate currents in both strips, the induced Cha{,ﬂﬁution of the irradiated module is the Poisson distribution

on either strip is halved. This is seen in Fig. 15 where "eta"\mth a mean occupancy consistent with the threshold, 768

the normalized distance from the strip centres. Although de&—rips (per side), and 3 time bins
radation was seen in high thresholds, the efficiencies were still ' '

high at 1 fC, the expected operating threshold. The ratios of the V. SUMMARY

median charges in the strip and the inter-strip region Were .o beamtests were carried out by using 4 GeVi/c pions
about 0.95 and 0.85 in the non-irradiated and j[h'e irradiatﬁgm the 12 GeV proton synchrotron at KEK for the ATLAS
modules. The thresholds Where the loss of efﬁmency {stag%T barrel and endcap modules fully equipped with the SCT
could be estmatgd by applying these factors to the tEﬁ'c'engkﬁecifica\tion components, including modules irradiated to a
curves, e.g., in Fig. 11. fluence of ~3x18* protons/crA.

A pulse shape analysis confirmed the peaking time of the
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Fig. 16. Distribution of the number of strips hit in the non-irradiated
(average of mod1 and mod2) and irradiated (mod3) modules at 0.7fC
thresholds

(12]

amplifier to be 22 ns in the non-irradiated modules with dete-
riorated to 27 ns in the irradiated modules. The RMS position
resolutions were consistent with the uniform distribution of the
pitch of 80 pm in the barrel and of 86 um in the endcap at the
beam spot. The variations of the resolutions were correlated to
the fraction of the multi-hits events.

The median charges of the pulse height (Landau) distribu-
tion were obtained from discriminator threshold scans, and sat-
urated around 3.8 fC in the non-irradiated (>150 V) and
irradiated (500 V) modules. The noise occupancies of the
non-irradiated barrel and endcap and the irradiated barrel mod-
ule satisfied the ATLAS SCT requirement: 5510

By using the median charges and the ENCs of in-situ cali-
bration, the signal-to-noise ratios were obtained to be >16 in
the non-irradiated (>150 V) and >10 in the irradiated (>300 V)
barrel modules. The matching of the S/N of the non-irradiated
modules indicated the spread of the median charges could be
caused by the variation of the chip-by-chip calibration capaci-
tance.

The endcap modules were worse in two respects: rise times
of the pulses, and noises. These could be attributed to higher
temperature of the readout ASICs and improvement is fore-

al., "Evaluation of Radiation Damaged P-in-n and N-in-n Silicon Micro-
strip Detectors”, IEEE Trans. Nucl. Sci., Vol. 46, pp. 1957-1963, 1999
Y. Unno, (1) Testbeam experiment T450, KEK, 10-20 Dec. 1999, (2)
Testbeam experiment T478, KEK, 28 Nov.-10 Dec. 2000

Sensors fabricated by Hamamatsu Photonics, 1126-1, Ichino-cho, Hama-
matsu-shi 435, Japan

DMILL technology, TEMIC Semiconductors, La Chantrerie, F-44306
Nantes, France

F. Anghinolfi, A. Ciocio, A. Clark, W. Dabrowski, Z. Dolezal,
D. Dorfan et al., "Performance of the Electrical Module Prototypes for
the ATLAS Silicon Tracker", Snowmass 1999, Electronics for LHC ex-
periments, pp. 118-122

W. Dabrowski, F. Anghinolfi, C. Buttar, V. Cindro, A.G. Clark,

|. Dawson et al., "Design and Performance of the ABCD Chip for the Bi-
nary Readout of Silicon Strip Detectors in the ATLAS Semiconductor
Tracker", IEEE Trans. Nucl. Sci. Vol. 47, pp. 1843-1850, 2000

The FR-, VAL-, and CG-modules were prepared by Univ. Freiburg,
Univ. Valencia, and CERN-Univ. Geneva, respectively. The rest of the
modules were prepared by KEK

W. Dabrowski, private communication

T. Akimoto, S. Arai, K. Hara, T. Nakayama, Y. Ikegami, Y. lwata et al.,
"Characteristics of irradiated silicon microstrip detectors with <100> and
<111> substrates”, Nucl. Instr. Meth., Vol. A466, pp. 354-358, 2001
T.Dubbs, S.Kashigin, M. Kratzer, ~W. Kroeger, T. Pulliam,
H.F.W. Sadrozinski et al., "Noise Determination in Silicon Micro
Strips”, IEEE Trans. Nucl. Sci. Vol. 43, pp. 1119-1122, 1996

seen. No excess common-mode was observed in the beamtests.
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