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HL-LHC Upgrade in a Nutshell ﬂ(".

® What do we want?

More interesting data

More significant
statistics /
decrease uncertainties

Decrease amount of time
we need for that to happen

Expand physics
potential

%
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® How do we achieve that?

Accelerator upgrades

2

Higher luminosity

&

Detector upgrades

X



CMS Phase-2 Upgrade &(IT

® New frame-conditions ® Solutions

Higher pile-up Increase of sensor granularity

Higher data output Transition from analog to binary

ﬁ read-out of channels
[ - r— -

Higher radiation levels
A A Introduction of low-level data filter
a

Efficient and reliable

performance for at least Production of radiation-harder
10 years sensors and electronics

X %
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Phase-2 Outer Tracker Modules

® New module concept with 2 sensors on top of each other
® 2 module types:

B 2S (2 strip sensors) Check-out

® PS (macro pixel + strip sensor) pgets?nta&or_l by
eran valer

for more information
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Phase-2 Outer Tracker Modules

® New module concept with 2 sensors on top of each other

® 2 module types:
W 2S (2 strip sensors)
® PS (macro pixel + strip sensor)
® Sensor granularity decreases from center outwards
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The Phase-2 QOuter Tracker Sensors

m 2S:
® A=10x10cm?
B Strips: 2 x 1016 = 2032
® Pitch: 90 ym
W PS-s:
® A=5x10cm?
B Strips: 2 x 960 = 1920
® Pitch: 100 ym
o PS-p:
® A=5x10cm?
® Macro pixel: 32 x 960 = 30208

B Pixel size: 100 x 1500 pm?
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2S Sensor

PS-p Sensor
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Silicon Strip Sensor - Basics ﬂ(".

passivation layer

ring for E-field adjustment
(guard ring)

SiO,insulation layer

ground contact

(bias ring) implant connector

(via)

0

. : bias resistor
aluminum strip

™~ HV contact

n+ strip implant (backplane)

p-doped silicon bulk

interstrip insulation implant
(p-stop)
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Silicon Strip Sensor - Basics Q(IT

1) Operation under reverse bias at full depletion
B I\Ifree charge carriers = 0(1 08) >> S = 0(1 05)
— full depletion is mandatory
® Leakage current I, of sensor is a significant quantity

particle

® licak ™ Vbias
W o~ T — operation temperature in tracker T <0
- — -
bulk (p-doped) bulk (p-doped)
— —
| | !
V=0 0<|V|<|Vyl V] > | Vil
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Silicon Strip Sensor - Basics ﬂ(".

2) Particle detection
® Traversing charged particles generate eh-pairs — eh-pairs are
separated by E-filed — charge is collected by strips
| S IS dependent on sensor thickness (~ 75 eh/um)

Aam a4
particle
*'l [ L ] [ L ]
strip ’;

particle
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Silicon Strip Sensor - Basics

3) Signal
® Signal = most probable value (MPV) of signal distribution
B Sensor’'s MPV has to be well-above the noise of read-out electronics to

make its operation efficient (rule of thumb: MPV/3 > 40, .4.out)
_ MPV Entries 14210
30— ! : Mean 1.657e+04 + 51.16
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on 00— %2 | ndf 672.8 / 180
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Silicon Strip Sensor - Basics

4) Radiation damage
® Introduces defects in silicon lattice — additional states within the

band gap — reduction of signal and increase of leakage current
® Expected maximum fluences after 10 years:
® ¢,5 =3x10™" n,cm=
® Oy =1x10"n,,cm=
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Silicon Strip Sensor - Basics

5) Annealing
® Irradiated sensors anneal at room temperature (RT) — reduces
leakage current and affects signal

26.02.19

® Annealing period during year-end technical stop possible
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Relation of Sensor Parameters

Cooling power

Heat dissipation Temperature

\ 4
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Full depletion voltage Operation voltage Leakage current
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Signal Sensor noise
\ ‘L
Efficiency

\ 4

Thickness
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Relation of Sensor Parameters

Bulk resistivity

Y
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Cooling power

Heat dissipation

Temperature
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Relation of Sensor Parameters

Cooling power
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Relation of Sensor Parameters ﬂ(".
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Material Studies at ETP — Recent Results Q(IT

Seed Signal vs. Annealing (® = 3e14 n..cm~2, V,,. = 600 V, T = -20°C) ™ Comparison of 200, 240 and

led

1.50 300 um material for

1.45 a CDZS ~ 3e14 neqcm'z

1.40 - e S B Vpias = 600 V
OO o — 7| m Ssignal of 200 ym material too
E J low
% 1.30
3 L ® 240/300 ym provide similar

1.25 1w
@ . signal and annealing

- K characteristic at 600 V

1151 ¢,
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0 100 200 300 400
Annealing time (days)
=¥ FZ300, p —dl= FZ240,n =@ FZ200,n

FZ£300, p FZ240, p FZ200, n

26.02.19 KSETA Workshop 2019 - Marius Metzler



Material Studies at ETP = Irradiation Studies ﬂ(".

® ETP is leading institute in terms of irradiation studies due to powerful
self-built setups and infrastructure
® Material decision will be made almost exclusively based on our studies
® More than 10 years of
® Irradiation studies
® Sensor qualification
® Vendor qualification
® Final irradiation campaign on-going (material decision this summer)
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Back Up
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