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The Semi Conductor Tracker (SCT)
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* 61 m?2 of silicon with 6.3 million readout channels
* 4088 silicon modules in 4 Barrels and 18 EC Disks
» C;F4 Cooling (-7°C to +6°C silicon)



Sensors

* Single sided p-on-n
« 285um thick
« 768+2 AC-coupled strips

Barrel
» 8448 barrel sensors
» 8081 sensors with <111>
« 367 (4.4%) sensors with <100>
mounted on B3, B5 and B6
* 64.0 X 63.6mm
« 80um strip pitch
* 100% Hamamatsu Photonics

Endcap
* 6944 wedge sensors
* 56.9-90.4um strip pitch
« 5 flavours
» 82.8% Hamamatsu Photonics f =———
17.2% CIS (some oxygenated) Endcap sensors




Barrel Modules and Layout

« 2112 barrel modules, 4 sensors/module

* back-to-back with 40 mrad stereo angle
12 chips (6 each side) with binary readout
* bridge-shape hybrids of flex circuit

« 5.6W/module (rising up to ~9W)

(AT

* e+ 4 Dbarrel layers
g « 12 eta modules |Z|<80.5cm
H 29.9 cm -2°C
= B4 37.1cm 480 ~ -20C
B5 44.3 cm 576 ~-1.3°C
B6 51.4 cm 672 ~ +6°C
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SCT performance

« 99.9 % efficiency for charged

particles in Barrel

SCT Hit Efficiency

« Keeping low percentage of defect

chips/modules
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Table 2: Numbers of Disabled SCT Detector Elements.

mainly thanks to the built-in redundancy.
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LinkO Data «—
Link1l Data «—

TTC —»

VCS
VCS
P-I-

Dead chip bypassed

All fibres

ok

Component | Endcaps | Barrel | SCT | Fraction (%)
Modules 20 10 30 0.73
Strips 6992 3681 | 10673 0.07
 Chips 40 16 56 0.17 T>



Radiation level by the end of 2011 @ Point-1
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I—eakag e current Status of Layer B5 as of Dec. 7, 2011

SCT : HV, Temperature and Leakage current of Barrel Layer BS ATLAS Preliminary
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Note (1) two hybrid temperatures agree well.
(2) no difference between <111> and <100> modules. 7



Leakage current and Sensor temperature

All the current measured in the HV power supply at 150V are
assumed to be due to generation current in the silicon bulk.

They are converted to the value at the temperature of 0°C using the
temperature scaling formula [1]

2
1Tye) _[ Toe ) exp I
I (Tsensor) Tsensor 2kB T0°C Tsensor

with E ., = 1.21 eV following the RD50 recommendation [2].

Sensor temperature _ _
* \When cooled: T ~ Thyoria (HINK - 0) + Ty (link - 1)

sensor
2

-3.7°C

where 3.7°C is a difference estimated via FEA for barrel modules.
* When the cooling is off, T the environmental temperature (17.5°C
during 2010-2011 winter shutdown) is used.

[1] S. Sze, Physics of semiconductor devices, 1981.
[2] RD50 Note: A.Chilingarov, RD50-2011-01. 8
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0 Leakage current distribution Atlas Preliminary
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» All layers (except B3) showed quite uniform leakage
current distributions. No phi dependences are seen.



Prediction of the SCT leakage current

Two models of bulk leakage currents are used for comparison:
1. Hamburg/Dortmund model [1][2]
Summary of small sample tests mostly at or above room temperature.
2. Harper model [3]

The damage constants were obtained from four 24 GeV proton
beam tests using ATLAS SCT sensors cooled at -10°C ~ -8°C.

Radiation fluences at sensors are estimated using the results of
FLUKA simulation of 7 TeV pp collision by lan Dawson et al.

Integrated Luminosity is the total “delivered” 7TeV collisions at
Point-1 including non-Stable beam collisions.

Uncertainties of predictions are estimated assuming the errors of
model parameters and measurements are independent. Errors of
the FLUKA simulation are not included (not known).

[1] M. Moll, DESY-THESIS-1999-040 (Dec 1999).
[2] Oraf Krasel, Dortmund Dissertation, July 2004.
[3] R. Harper, Thesis of University of Sheffield, Oct. 2001. 10
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Good agreements between data and model predictions.
The Harper model predicts ~10% less but within uncertainties.
Note that there are no parameter re-adjustments.
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Noise
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Systematic decrease of <ENC> was observed in fall 2010.

The amount of decrease depends on the chip location !!
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“Eye-glass” plots for July 2010 to Jan. 2011
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Note: initial bow-shape may be due to chip temperature profile along

the hybrid length. Chips 0, 5, 6 and 11 are close to cooling anchors.
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Time dependence of chip-averaged noises (ENC)

ATLAS Preliminary
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(1)

(2)
(3)

(4)
(5)

(6)

(7)
(8)
9)

Some points of the “SCT noise mystery”

~ 7% decrease in <ENC> was observed in Sep-Oct. 2010 runs at
the fluence level of 101%cm-2 (a few Gy).

Its time profile indicates a radiation induced phenomenon.

It occurred systematically on all chips of the Barrel and EC modules.
More complex in EC case (not mentioned here).

It depends strongly on the chip location on the flex hybrid.

The <ENC> of <100> modules, however, stayed constant. They are
~10% lower from the beginning.

No further decrease was observed in 2011. Some increase. Most of
<ENC>s are now back closed to original values.

Noise Occupancy (NO) exibited similar drops.
Disconnected strip channels showed no such drops.

A PS beam test with low rate done in 2011 fall reproduced the

effects at similar dose level.
16



Gain

Time dependence of chip-averaged gains ATLAS Preliminary
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The gain has been very stable till mid 2011. Then gradually
decreased. All chips simultaneously changed. Checked no
effects on performance such as hit efficiency for tracks.
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Summary

The Barrel layer B3 received ~101%/cm? 1MeV n-eq fluence by the
end of 2011.

Leakage current at 150V steadily increased. Barrel layers show very
flat distribution in eta (except B3).

Model predictions with annealing effects reproduce the Barrel
leakage current within 1c (~20%) with no parameter re-adjustments.

The noise(ENC) and gain have been monitored frequently. The
noises initially decreased by up to 7% with strong dependence on
chip location and crystal orientation. Their behaviors in 2011 are
different and rather complex.
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Backup slides
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Barrel hybrid

\ thermister (10K)

BeO facing ABCD chip

Air gap (0.4mm) Cu/polyimide flex
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HEpeEs ____RURNN B lli--‘ll‘\ll_lill._flllll__\
\ Link-1
3 Cooling -\ carpon-carbon bridge TPG Si sensor
Connetor block
1T mm t
10 mm
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Hamburg/Dortmund Model

Based on Moll’s thesis [1], the leakage current coefficient a is given by Krasel [2] is

at) = o, -exp(-—) +a - f-INOTIL) G =G+ G

7

= (1.23£0.06) 10 Alem G = Z(Deq, a,0p(-t' /7,(20°C))
1 E . '
— =k, -exp(———), t,=1min. o
. ol p( kBTa) 0 ZAt 20 C)
k., =1.2"3.10%s*, E, =(1.11+0.05)eV J
o E 1 | 1( ) (G"’Q—Zcb ( — B-In(t/t ))\
o(T,) =exp| - - (=——) ;

kB Ta Tref

o, =7.07-107 Alem 6y = ZAt 0T
£ =3.29-10" Alcm - r\ /

=(1.30+0.14) eV These two equations in [2]
T =21°C are corrected here.

[1] M. Moll, DESY-THESIS-1999-040 (Dec 1999)

[2] Oraf Krasel, Dortmund Dissertation, July 2004 21



Harper Model

Leak current formula by R. Haper [1] is used for prediction.
F: ng fluence, V2 volume

| = g(O(TL)t,, ®(TA)t') - DV

g(@(TA)tir,@)(rA)t'):i{A e {1—exp(—®”’*)t"ﬂexp(—m]}

i=1 ®(TA)t|r T T
~7°C) £(7.00£0.20)]x10** A-cm™
@(TA):exp(aF_iD 2 (-7°C) £ )~
Ko [T Ta (min)
Te =20 (12+02)x10° A:0.4240.11

E, =109+0.14eV ¥ /2'2 (4.1+0.6)x10° A :0.10+0.01

e r, (3.7+0.3)x10° A, :0.23+0.02
ange rom original value .

0f6.90+-0.20dueto E=1.12 |+ 1#4¥2> A:02120.02

->1.21eV change. Ts 8+5 A;:0.04+0.03

[1] R. Harper, Thesis of University of Sheffield, Oct. 2001, p.35
[2] A Chilingarov et al., NIM A360 (1995) 432-437, Table 2.



Estimate of uncertainties of Hamburg/Dortmund model prediction

alt) = o -exp(=) +  — - INOTIL), ==k -exp(—+)

T 2 Bla

0 centervalue 5.177 uA/cm3 (for B3 at 2011.12.31)
1 Q, 1.23x10"7A/cm 0.06x10’A/cm 5.166 (-0.21%) 5.188(+0.21%)
2 Ko, 1.2x103s1  (+5.3,-1.0)x103s?  6.108(-17.98%) 4.951(-4.37%)
3 E, 1.11eV 0.05 eV 4.951 (-4.37%) 6.188 (+19.53%)
4 o,* 7.07x10Y7A/cm Set to 5% error 4.708 (-9.06%) 5.646 (+9.06%)
5 B 3.29x1018A/cm Set to 5% error 5.398 (+4.28%) 4.956 (-4.28%)
6 E* 1.30 eV 0.14 eV 5.134 (-0.84%) 5.216 (+0.75%)
7 E, 1.21 eV +0.04, -0.09 eV 5.934(14.62%) 4.872 (-5.89%)
8 Teencor Thyoria — 3:7°C 1°C or 2°C 5.469 (+5.63%) 4.921 (-4.94%)
9 fluence  Lum*Fluka simul. 3.7% 4.986 (-3.70%) 5.369 (+3.70%)
Adding percent deviations quadraticaly 25.27 % (for B3 at 2011.12.31)

Note: Uncertainties of parameters 4, 5, 7 and 8 are unknown. These
values are set by hand here.
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Temperature scaling issue
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Factor—(Tﬂ' ) exp{ E f’EIk "{“IIT 11"T f:I}

scaling factor

14 % difference
at 0°C
with T, = 20°C.

107"

20 15 10 -5 0 5 10 15 20 25 30
Normalization point T [°C]

Harper model is based on Hamburg/Dortmund model
experiments at -10°C ~ -8°C. is given with T = 21°C A
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leak current ratio (data/prediction)

Comparison of data and models: ratios

Hamburg/Dortmund model
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Chip dependence of ENC distribution : ATLAS Preliminary
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