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Abstract sensing planes per layer, with total areas of silicon of 34 and 27

Non-irradiated and irradiated ATLAS SCT barrel and enle in the barrel and the endcap sections, respectively. The sili-

cap modules have been beamtested with 4 GeV/c pions. PERE microstrip sensors will receive a cumulative fluence of
. 4 . .

shapes confirmed the peaking time of the amplifier to be 2224 0" 1 MeV-neutron-equivalent particles/€raver 10 years
with slight deterioration in the irradiated modules. Medid¥ OPeration atthe inner-most radius of 30 cm from the collision
charges saturated around 3.8 fC both in the non-irradiated 2K3-
irradiated modules. Signal/Noise ratios, using the noise esti-The silicon planes are implemented in detector units called
mates from the in-situ calibration, were >16 in the non-irradi&tnodules” made of silicon microstrip sensors and fast-shaping,
ed (>150 V), and >10 in the irradiated (>300 V) barrel moduleliscriminating readout electronics, combined with electrical,

No excess common-mode noise was observed. mechanical, and thermal structures. After intensive develop-
ment following the Technical Design Report [2], a humber of
|. INTRODUCTION realistic SCT modules, fully equipped with SCT-specified com-

In order to investigate the origin of the mass of element
particles and search for new physics, a new accelerator, L
(Large Hadron Collider), is being built at CERN which will ac- Two beamtests [3] were carried out at KEK using pion beams
celerate and collide protons at the centre of mass energpfof GeV/c at the 12 GeV proton synchrotron, measuring the
14 TeV, with a collision luminosity of f&cmZsec! and a Performance of the fully equipped SCT modules. These were
beam crossing interval of 25 ns. Two major experiments, Athe first beamtests of the SCT modules, prior beamtests having
LAS and CMS, are under construction for the LHC, both aimikgen at the component level [4]. Since the results of the second
to detect all possible charged and neutral particles emerdiggmtest supersede and expand on the first, only those of the
from the fundamental interactions. second test are presented in this paper.

ronents, have become available, of which a significant number
{é/e been irradiated to the full fluence of particles.

In the ATLAS experiment, the detection and the measure-
ment of momentum of charged particles will be made in the in- IIl. SCT SILICON MICROSTRIPMODULES
ner detector, consisting of pixel (PIXEL), silicon microstri e : ;
(SCT) 1], and transitio%-rad?ation((TRT) )detectors, inside a%' ATLAS SCT silicon microstrip sensor
Tesla solenoid magnet of a diameter of 2 m at the centre of théfter intensive studies of the radiation damage in semicon-
ATLAS detector. The SCT provides high-precision tracking ifiuctors and following the development of radiation-tolerant de-
formation with a position resolution of 23 um per sensing plarfédns, ATLAS SCT has chosen a type of silicon microstrip
It comprises a central barrel section of 4 cylinders and two efgnsors with p-implant strips in n-bulk silicon wafers, so-called
cap sections of 9 disks each. The cylinders or disks have fwi-n sensors. Several geometries of otherwise similar detector
technology have been implemented; one, essentially square, is
used for the barrel modules, and five different wedge shapes
‘Manuscript draft Nov. 14, 2001. This work was supported in partised for the endcap modules. The sensors are designed to have
by the Grant-in-aid for Scientific Research of Japan Ministry of Eduygy mean strip pitch of 80 pm at the centre of a module. The pa-

cation, Science, and Technology, Australian Research Council andrameters of the barrel and the endcap sensors used in the
Department of Industry, Science and Resources, German Ministry amtest are summarized in Table 1 [5]

Education and Research (BMBF), and Valencia University and the
Spanish research council CSIC.




Table 1
Parameters of the ATLAS SCT p-in-n silicon microstrip sensors

Module Barrel endcap

Sensor type p-in-n, AC-coupled, Single-sided

Thickness 285 + 15um

Shape square wedge

Size (outer) 63.6mmx64.0mm | 71.8/64.7mr57.5mm

(widthxlength) 64.6/56.5mm65.5mm

Bulk n-type, high resistivity (about 4Alcm)

Strip type p*

Strip pitch 80 um 85.95, 77.45 um

Strip length 62 mm 55.5, 63.5 mm

Strip width 22 ym

Number of strips 768 readout + 2 shaping

Strip AC coupling SiO2 + SiN, >20 pF/cm )
X Figure 1: ATLAS SCT barrel module

Backside Uniformly doped fi layer

B. Frontend readout ASIC

The signals from the strips are read out by frontend circu
with high gain (50mV/fC), unipolar fast shaping (20 ns peakir
time), on-chip discrimination (binary readout), a digital pipelin
for the trigger decision delay of 3.3 ps duration, and an eig
event deep derandomising buffer to permit sustained operal
at trigger rates up to ¥@er second without deadtime. The cus
tom SCT design, the ABCD, is implemented as a BICMOS si
gle chip application-specific-integrated-circuit (ASIC) in ¢
radiation-tolerant technology [6]. Each ASIC has 128 chann
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 sg
(trim DAC), and shielding the input pads for excess noise pi
tection [7]. The third generation, ABCD3T, fixed poor match-
ing in the circuit which generated the correction voltage for thEigure 2: ATLAS SCT endcap module, together with a module
discriminator threshold, and added a 2-bit range for the step BfMe and a readout card at the beamtest
the trimDAC to cope with the deterioration in the trimming off-

set spread after irradiation [8]. ASICs (5 to 8 W) and of the sensors, especially after the sensors
are heavily radiation-damaged(1 to 2 W). The baseboard with a
C. Barrel and endcap modules high thermal conductivity is a key element to prevent the ther-

The SCT modules are made from four silicon sensors, gIlEEﬁI runaway _of the sensors. The barrel module is cooled at one
in pairs on each side of a baseboard for total strip lengths of {22 at the wide tab, whereas the endcap module has two small
cm. The two over-lapping planes are slightly rotated with I%C_)Ohng areas: one at the junction of the sensor and the hybrid,
spect to each other by an angle of 40 mrad such that a sifigfé the other at the far-end of the sensors.
space-point is provided for each track at appropriate spatial resfwo modules, one barrel and one endcap, were irradiated
olutions while retaining nearly parallel strips. Each module psior to the beamtest to the fluence of 3¥tfrotons/crf at the
equipped with 12 ABCD chips on a hybrid, 6 on the top anc28 GeV proton synchrotron at CERN, equivalent to the %10
on the bottom side. In the barrel modules, the hybrid is pladeifleV neutrons/cf The modules were annealed for 7 days at
near the centre of the module in a wrap-around configuration2f °C to simulate the effects of the warm-up for the mainte-
the endcap modules, the hybrid is placed at one end of the nmadice in the real experiment, and apart from several days at
ule and is double-sided. The different designs were driven pripem temperature during preparation were otherwise kept cold
cipally by the difference in cylindrical and disk geometrieg<-10 °C).

Photographs of the barrel and endcap modules are shown in
Figure 1 and Figure 2.

Thermal management is critical to extract the heat of the



A. Setup

modules with ABCD2T chips were tested in the first, and thr,
barrel and three endcap modules with ABCD3T chips, incl

I1l. BEAMTEST

were stuck to 1 and 2 in mod3, and 2 and 3 in mod4, in the 4
chips illuminated by the beam. The number of channels masked
due to this out-of-trimming was, however, small: 1 and 4 chan-

Two beamtests were carried out. Two barrel and one endBg|$ in the mod3 and the mod4 modules, respectively.

u? Charge calibration

ing two irrradited modules, were tested in the second beamtest he relations of the threshold voltages and the charges were
calibrated, in situ, by injecting charges with the internal circuit-

The modules are summarized in Table 2 [9].

two beamtests

Table 2

ry in the ABCD chips. The resulting calibration curves, aver-

aged over the chips in the beam spot, are shown in Figure 3.
Name, type, ASIC, and irradiation characteristics of the modules in

Beamtest Name Type ASIC Irradiation 500 prr —
o] mo
< d2
1 k3103 barrel | ABCD2T| non-irrad PR mods
o Meds
FR-k81 endcap| ABCD2T| non-irrad S B et
£, 300 I modz2(fit)
k3104 barrel | ABCD2T| non-irrad 5 i mocad
o mod3(fit)
. < r moda(fit)
2 | modl 011 barrel ABCD3T| non-irrad 3 200 :
e
mod2 022 barrel | ABCD3T| non-irrad = 100 L
mod3 003 barrel |  ABCD3T] irrad
o L i S ‘
mod4 | VAL-k3-166 | endcap| ABCD3T] irrad 0 1 2 3 4 5 7
- Threshold [fC]
mod5 | VAL-k3-165 | endcap| ABCD3T  non-irrad
Fi 3: Calibrati f the threshold in mV and fC
mod6 | CG-k3-170 endcag ABCD3T  non-irrad gure alibrations o the threshold in mv-an

nJhe internal calibration circuitry required several correc-

0;2‘3r:ggo:lrjllzsﬂ\:veerrrﬁ;%iiﬁiiﬁz atl)lg;nnlwrllilﬁgq .Irphorgzlea:lr;rgeje%r%r_ls: deviation of the capacitance values of the charge injection
P s N S ' ) "0g capacitors, and deviation of charge scales due to the chip tem-
adout “Si-telescopes” provide independent tracking with a po-

.. . . . . . peratur nd radiation damage. These factors were m r
sition resolution of about 5 um in horizontal and in vertlcgle atures and radiation damage ese factors were measured

directions. Pairs of modules, mod2 and mod3, and mod4
mod>5, were sandwiched between telescope planes. The
ules or telescopes were spaced at 30 mm intervals. The smear-

Table 3

gr%i/or estimated as in Table 3. The charge scales were multi-
n[})(l)lgd by the “Total” factors.

?ng by myltiple ScatFering was QSti.mated to. be r1e.9]"9ibIe by Charge correction factors due to calibration capacitance (Cap),
interpolating the positions of the incident particles with two ad-temperature (Temp), irradiation(lrrad), and combined total(Total)

jacent telescopes. Readout was triggered by scintillators—of

2 cm x 2 cm placed upstream. mod Name Cap Temp Irrad Total

The modules were cooled in two ways: the overall environ- 1 011 1.07 1 1 1.07
ment inside the thermo-box was cooled with a circulation of
cold air of about -20 °C, and, in addition, the irradiated modules 2 022 1.07 1 1 1.07
were cooled with a liquid cooling of about -13 °C. The temper- 3 003 1.07 1 0.97 1.04
atures of the barrel hybrid were about 0 °C.

The temperatures of the sensors were estimated to be aboutA—' 166 1.07 0.95 0.97 0.99
10 °C. Typical leakage currents of the non-irradiated and the ir- 5 165 1.07 0.97 1 1.04
radiated modules were 0.2 HA and 2 mA, respectively. Prob-=
lems were encountered in cooling the endcap modules, with® 170 1.07 0.97 1 1.04

their hybrids running at about 37 °C and 54 °C in the non-irra-

diated and the irradiated modules, respectively. D. Data taking and analysis

Two parameters were varied during data-taking: the sensor
) o ) bias voltage, between 25 and 275 V for the non-irradiated and
After the irradiation, ABCD3T chips showed a problem if5g and 500 V for the irradiated modules, and the threshold be-

setting the trim DAC range of the trim circuitry. (This problefyeen 0.7 and 6 fC. In the following analyses, the conditions
was fixed in the more recent ABCD3TA chips.) The ranges

B. Trim range setting in the irradiated modules



taken for a typical setting were, otherwise mentioned, (1) bias

voltages of 150 V and 350 V for the non-irradiated and the irre 6 ‘
diated modules, and (2) threshold at 1 fC. In the plots, the vo } o non-irrad
ages of the irradiated modules were corrected for the volta 5[
drops in the series resistance in the bias supply lines.

IV. DATA ANALYSIS

A. Pulse shape reconstruction

The ABCD chip has, after amplification and shaping, dis ,
criminator circuitry. The output is sampled at a fixed phase (g 1
the 40 MHz clock. Unlike at the LHC where the clock will be = i
synchronised with collision frequency, in the beamtest the a 0
rival time of the triggering particlés random relative to the
clock phase. This interval was measured using a TDC whicn,
when combined withhe threshold scans, allowed the time dis Figure 4: Median pulse height distributions as a function of time
tribution of the median pulse heights to be reconstructed. between trigger and clock phase: non-irradiated (open circle) and

The resulting time distributions of the median pulse heightgradiated (filled circle) modules, and the impulse responses of CR-
are shown in Figure 4 for the non-irradiated (average of modi@ circuitry (solid line being the fitted region) with the peaking
and mod2) and for the irradiated (mod3) modules. In this figurdMes of 22 and 27 ns, respectively
the offsets of the peaking were adjusted to be at 40 ns. The im-
pulse response curves of a first-order differential and third-or-

an Pulse Height [fC

100
Time [ns]

der integration circuitry, CR-RCwere fitted to the rising part 50

of the pulses between 20 and 45 ns. The peaking time of t o mods

non-irradiated module was thus found to be 22 ns and that of t —Z—modd

irradiated 27 ns. The peaking time of the non-irradiated chips & o mod3

consistent with the ABCD specification. The peaking time 0= B S B ]

the irradiated module was longer due to a slower charge colle £ + : s

tion in the radiation-damaged sensors and a slower speed of o R . ).

damaged amplifiers. = 30 el S SR USROS R -
Another distinctive feature of the reconstructed pulses wid. ;;§ A == % SRR

the shoulders seen after the peaking. This shoulder could not ’ f R

reproduced in the simulation of the charge collection in th . M A b

damaged sensors. Since this shoulder has not been observe 0 200 300 400 500

similar chips without the discriminators [10], we surmise i Bias voltage [V]

could be a physical feedback from the discriminator. Larger ex-, . | q q tth King t
cess shoulders were observed in the endcap modules than in e °: Bias voltage dependence of the peaking times

barrel modules. ] ) ) o
efined by the two adjacent telescopes in order to minimize the

The peaking times of the modules as a function of bias Vgﬁg“ of multiple scattering.

ages were shown in Figure 5. In the non-irradiated modules, t ] ) .
pulses slowed down slightly, by 3 ns, below 150 V to 50 V. The The differences of the cluster centres from the projected hit
endcap modules were slower than the barrel modules, by 5 r#@y¢ the position resolution of the sensing plane. The deviation
the non-irradiated and 7 ns in the irradiated modules. This dé#gtributions of one module, mod1, is shown in Figure 6, for all

rioration might be caused by the higher temperature of the ci§¥§NtS (circle) and for the cluster width greater than 1, the “mul-
in the endcap hybrids. ti-hits”, (diamond). The distribution of all events is close to the

In the followi | tsh b lected i uniform distribution expected for the pitch of 80 um. That of the
n the foflowing analyses, events nave been Selected In Wil hits is much narrower due to the fact that the predomi-

time was in the peak region between 35 and 45 ns. No COMEiice of multi-hits from tracks passing midway between the

tion was made t_o_the range in other bias voltages since the nl‘%ﬁs, effectively reducing the width of the sensitive region.
of the peak position was small.

In order to derive the root-mean-square (RMS) resolution of
B. Position resolutions the deviations, the Gaussian functions were fitted without
ighting, and the Gaussian sigmas were reduced by a factor
4 to transform the Gaussian standard deviations to the RMS
he uniform distribution. The resulting RMS resolutions were
.5 um and 10 pm for the all and multi-hits events, respective-

Consecutive hit-strips were clusterized within each sensi
plane to define a hit-cluster with the geometrical centre as
position of the “cluster centre” and the number of strips as
“cluster width”. The trajectories of the incident particles we



There was very little dependence on bias voltage in the non-

ly.
irradiated modules, while those of irradiated modules showed
an improvement at reduced bias voltage. The dependence on the
120 [ ——— o threshold was a bit complicated: the resolutions were better
— ol cvents | both below and above 1.5 fC. This can be understood as the
I mu I-stri il . . . . . .
100 |- | fit all eveﬁt;) 1 combined effect of fraction of multi-hits and the loss of efficien-
E fittmutti-strie) | cy where the former increases events in narrow distributions
" while the latter reduces the sensitive widths.
N
?
<
(]
>
L

-200 -100 0 100 200
Deviation [um]

Figure 6: Deviations of the cluster centre from the expected posi-
tions of incident particles of the mod1 module: all events (circles)
and the events with multi-hits (diamonds), with Gaussian fits with-
out weighting

RMS resolution [ ]

0 100 200 300 400 500

In analysing the endcap modules, a correction to the fan ¢ Bias volta ge [V]

ometry was taken into account to project the hit at t=(x, y) to the
x axis defined at a pitch, p, approximated as Figure 8: RMS resolutions as a function of bias voltage.

Xp = x+ ((d)/(dx)) Ok Oy. Q)

The pitch evaluated was 86 um at the beam spot.

RMS resolution [ ]

18 L

(de/dx)ex

Threshold [fC]

Figure 9: RMS resolutions as a function of threshold.

— X
0]
C. Mean cluster width
Figure 7: Correction of the fan geometry. A hit at t=(x,y) is pro- The multi-hits events had better resolution due to the effec-
jec_ted at the hit x1 at the x-axis of the pitch p, approximated as  tjyely narrow sensitive width. The fractions of the multi-hits,
Xp=x+(cB/dx)=xey parameterized as the mean cluster width, are shown in

Figure 10 and in Figure 11 as a function of bias voltage and

The RMS resolutions are shown in Figure 8 and Figure 9thseshold. The trends seen in the RMS resolutions can be con-
a function of bias voltage and threshold. Those of the moduiesied.
outside the telescopes were corrected for the multiple scattering ]
effect. The RMS resolutions of the barrel and the endcap mBY-Efficiency scans and Median charges
ules were about 23 um and 26 um, consistent with their pitch ofgy counting hits with cluster centres within a window of the
80 pm and 86 pm, respectively, although those of the endgg@ident particles (full width of 500 um in the analysis), the ef-
modules were slightly worse than the expected. ficiency at a threshold can be obtained. The pulse height (Land-
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Figure 10: Mean cluster widths as a function of bias voltage Figure 12: Threshold scan of the efficiencies at various bias volt-
ages in the irradiated barrel module, mod3. The lines are fits to the
empirical formula in the text
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Figure 11: Mean cluster widths as a function of threshold Bias voltage [V]

au) distribution is reconstructed as an efficiency curve b¥igure 13: Bias voltage dependence of the median charges.
scanning the threshold. An example is shown in Figure 12 for

the irradiated module, mod3, where with the bias voltage is aigppetween 3.8 fC and 4.0 fC. The saturations of the median
scanned. The threshold of the 50% efficiency is the medigiarges of the irradiated modules were slower, reaching around

charge of the pulse height (Landau) distribution. 3.8 fC at 500V. The full depletion voltages of the non-irradiated
In order to obtain the threshold of 50% efficiency, a modifigéd irradiated sensors were about 70 V and 300 V, respectively.
error function, eq. (2), was fitted to the efficiency scans, The median charges of the two non-irradiated barrel modules
eff(q) = py(L—erf(TOf(T)) ) do not c0|nC|d_e, nor do those of the bgrrel and the en(_jcap mo_d-

ules. These differences could be attributed to the chip-by-chip

where variation of the calibration capacitance and insufficient correc-
f(T) = 1+ 0.6tanh(~ p, (T) and 3) tions on calibration scales due to temperature and radiation

damage.
T = (a-p)/(J20py). 4)

. : . E.Noise occupancies and ENC
The functiongerf, was the integral of the Gaussian distribution. P

The function f(T), is an empirical function to modify the Gaus- Hits which were out of time (time < 15 ns) and out of track
sian to the Gaussian-convoluted Landau distribution. The fittit§ndow (2*efficinecy window) were counted as noise hits due
parameters expressed the media, the width p,), the satu- 0 electronics noise. The resulting number of hit strips was di-
ration @), and the skewpp). vided by the number of strips outside the track window to obtain
the noise occupancy. The noise occupancies of the modules are

The median charges of the modules obtained are shown,Ih o .
. > . . shown in Figure 14 as a function of threshold-squared. The
Figure 13 as a function of the bias voltage. The median char Side occupancies at 1 fC of the non-irradiated modules were
of the non-irradiated modules saturate above 150V to the charg- P



below 1x10* and that of the irradiated barrel module was beldwe signal-to-noise ratios (S/N). The S/N ratio is also an indica-
1x10°3. Those of the endcap modules were an order larger thamof the performance since a S/N > 9 is required in practical
of the barrel modules which could be attributed to the differentge from experience. In order to calculate the S/N, the worse
in chip temperatures. ENCs, calibENC, were used to be conservative. The resulting S/

The relation between the noise occupancy and the threshbid@tios are shown in Figure 15 as a function of bias voltage.

squared is a straight line in logarithmic scale of occupancy beA good match of the S/N was seen between two barrel and
cause the occupancy can be approximated as two endcap modules, which supported the differences of the
occupancy y0 exp(—(1/ 2)(q/0)2) (5) me_dian_charges were caused by the chip-to-chip variation of the
calibration capacitance. The S/N > 16 was reached above 150 V
wherecois the equivalent-noise-charge (ENC) of the amplifien the non-irradiated barrel, and the S/N > 10 above 300 V in
The resulting ENCs of the modules had little bias voltage d@e irradiated barrel modules. The S/N of endcap modules were
pendence. The averaged ENCs above 100 V (non-irrad) &fgsiderably lower than those of barrel modules, which can be
300 V (irrad), occuENC, are summarized in Table 4. The EN&@#ibuted to the higher chip temperatures.
were obtained separately in the in-situ calibration, calibENC,
with an average of ENCs at 1, 2, and 3fC, including the correc-
tions in the section III.C. In comparison, calibENCs were sys
tematically larger than occuENCs, which is yet to be
understood.

E
mod1 2
mod2
mod5 E
mod6 E
mod3
mod4 |
> mod1(fit) I
Q mod2(fit) | 7
% mod5(fit) | 4
o modé6(fit) | EL ) ) ) ) ) ) ) )
=) mod3(fit) | 3 0
8 mod4(fit) 0 100 200 300 400 500
O 10° e R e AN e S b . Bias voltage [V]
......... 7 Figure 15: Signal-to-noise ratios as a function of bias voltage. The
? 3 noises were averages of 1, 2, and 3 fC of the in-situ calibration
0 1 2 3 4 5 . ) ; . B
Threshold [fiC G. Charge collection in the interstrip regions
. - ) ) & Since the charges moving in the region between two strips
Figure 14: Noise occupancies as a function of (thresholtp generate currents in both strips, the charges induced are halved,
lines are fits to the function, exp(-1/2*(h?) and thus the efficiency is reduced. This is seen in Figure 16
where “eta” is the normalized distance from the strip centres.
_ Table 4 ~ Degradations were seen in high thresholds, however, the effi-
Comparison of ENCs obtained from the occupancy and the in-sitgiencies were still high at 1 fC, the expected operating thresh-
calibration old. The ratios of the median charges in the strip and the inter-
. . strip region were about 0.95 and 0.85 in the non-irradiated and
mod occuENCJfC calibENC[fC Ratio . . )
(el el the irradiated modules. The thresholds where the loss of effi-
1 0.239 0.245 0.976  ciency starts could be estimated by applying these factors to the
efficiency curves, e.g., in Figure 12.
2 0.222 0.234 0.949
3 0311 0.342 0910 H- Common-mode noises
If the electronics system has an external noise pick-up or an
4 0.385 0411 0937 internal oscillation, noise appears as a multiple hits across many
5 0.264 0.291 0.907 Strips, a common-mode noise. The distributions of number of
hits in the non-irradiated (average of modl and mod2) and irra-
6 0.264 0.290 0.910  diated (mod3) modules are shown in Figure 17 at the threshold
of 0.7 fC. No excess tail of a common-mode noise was ob-
F. Signal-to-Noise ratios served.

One way of cancelling the uncertainty of the calibration ca-
pacitance is to take the ratio of the median charges to the ENCs,



were obtained from discriminator threshold scans, and saturated

D o around 3.8 fC in the non-irradiated (>150 V) and irradiated
[ (500 V) modules. The noise occupancies at 1 fC were below
L@ Gt 1x10% in the non-irradiated and below 1x3@ the irradiated
barrel modules. The ENCs obtained from the noise occupancies
- 08 oo R s A ] were systematically lower than those obtained from the in-situ
e - S i . L - — calibration, an observation requiring further investigation. Us-
3 08 prommmm e LSS ] ing the median charges and the ENCs of in-situ calibration, the
i os L prewry. o mers WO SO ] signal-to-noise ratios were >16 in the non-irradiated (>150 V)
El e 1 oscinan) and >10 in the irradiated (>300 V) barrel modules. The match-
0.2 L —o— 3.201cmonsirrad) | b ] ing of the S/N of the non-irradiated modules indicated the
[ | —=— 3.12fC(irrad) spread of the median charges were caused by the variation of the
ol I I . chip-by-chip calibration capacitance.
0 0.1 0.2 0.3 0.4 0.5
Eta The endcap modules were worse in two respects: (1) rise

times of the pulses and larger excess shoulders, and (2) ENCs.
Figure 16: Efficiencies between the strips. “Eta” defines the dis- These are attributed to much higher temperatures of the readout
tance from the strips: 0 at strip and 0.5 at midway. ASICs.

No excess common-mode was observed in the beamtests.
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