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Possible 20 Year LHC Schedule

2009 LHC startup, Vs 900 GeV

2010

2011 Vs=7 TeV (8 TeV?), L=2x10%cm?3s", bunch spacing 50/25ns

2012 ~10 b

2m3 Go to design energy, nominal luminosity

2014
2015
Vs=13~14 TeV, L=1x10*cm?s"

2016

2017 ~50 fb!

2018 ~ Injector and LHC Phase-1 upgrade to full design luminosity

LS1
Ls2

2019

2020 Vs=14 TeV, L=2x10*cm3s"
LS3

2021 ~300 fb!

2022

HL-LHC Phase-2 upgrade, crab cavities
2023
20307

Vs=14 TeV, L=5x10*cm?s", luminosity levelling -
Comments:

* Remember the Tevatron at Fermilab started operating at 3.5x the SPS (CERN)
collider energy in October 1985 and is only finally shutting down this September
after 25 years at the energy frontier

* The initial design luminosity of the Tevatron was 10°°cm2s~!, however the
accelerator has been continually upgraded over the years and is now be able to
deliver luminosities up to 4 x 1032¢m ?s™!




HL-LHC Performance Goals

Bl Lcveled peak luminosity: L =5 x10°* cm~?sec’!
Bl Virtual peak luminosity: L =10 x10** cm~sec™!
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Bl Integrated luminosity: 200 fb!to 300 fb! per year
B Total integrated luminosity: ca. 3000 fb-!

LHCC meeting, CERN, 14 June 2011 Oliver Briining BE-ABP



HL-LHC Performance Goals

Bl Lcveled peak luminosity: L =5 x10°* cm~?sec’!
Bl Virtual peak luminosity: L =10 x10°** cm~2sec™!
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Bl Integrated luminosity: 200 fb!to 300 fb! per year
B Total integrated luminosity: ca. 3000 fb-!

B Finally look to double the energy (HE-LHC)

16.5+16.5 TeV proton collider in the LHC tunnel
LHCC meeting, CERN, 14 June 2011 Oliver Briining BE-ABP



Delivered integrated luminosity (fb™")

LLHC Performance this Year
3 tb'! Down, 2997 tb! To Go

30 LHC 2011 RUN (3.5 TeV/beam)

—o— ATLAS 2.685 fb~!
—A— CMS 2.600 fb!
[|—o— LHCb 0.763 fb!

—o— ALICE 3.702 pb™'
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Upgrading the General Purpose Detectors

To keep ATLAS and CMS running beyond ~10 years requires tracker replacement
Current trackers designed to survive up to 10Mrad 1n strip detectors ( < 700 tb!)

For the luminosity-upgrade the new trackers will have to cope with:

2000-3000

 much higher integrated doses oo
(need to plan for 30001{b1)

PHASE 0

g

* much higher occupancy levels (up
to 200 collisions per beam crossing)

Integrated luminosity [fb11]
8

 Installation inside an existing I LHC shutdown

4 coverage experiment

2010 2015 2020 2025 2030 2035

Year

« Budgets are likely to be such that replacement trackers, while needing higher
performance to cope with the extreme environment, cannot cost more than the ones
they replace

To complete a new tracker for ~2020, require Technical Design Reports by 2014/15
(Note the ATLAS Tracker TDR: April 1997; CMS Tracker TDR: April 1998)



Radiation Background Simulation

1 MeV neutron eq fluence

At inner pixel radii - target survival to 1-2x10'°n, /cm*

MNumbers obtained 9/10/09 (comesponding o new layout) assuming 3000fb-1 and 84.5mb

Strip barrel 1 (35) (r=38cm; z=0cm)
(r=3%cm; z=117cm)

(r=74 3cm; z=117cm)

Strip Disc 1 (2=137.1, Rinner=33.8)
Strip Disc 2 {#=147.6, Rinner=33.46)
Strip Disc 3 [7=174.4, Rinner=33.6)
Strip Disc 4 (z=214.1, Rinner=33.06)
Strip Disc 5 [(z=279.1, Rinner=44.4)
Strip Disc 5 (z=279.1, Rinner=54.1)
Strip Disc 5 (z=279.1, Rinner=01.7)
new

Strip Disc 5 (z=279.1, Rinner=73.6)
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Geometry Choices

* p-in-n
— Least expensive
— Single-sided processing
— Available from all foundries

— Most experience in production

» All strips at CMS/ATLAS/ALICE,
Tevatron, b-factories, LEP ...

Bias Ring p_in_n
Guard Ring = |
SiO, 0"
n-bulk
Al I

A. Affolder - PSDO08, 1st-5th September 2008, Glasgow, Scotland



Geometry Choices

. ' Bias Ring inw
-In-N | N-IN-N
2 : Guard Ring 18
— Least expensive _
i - so, i I il NN~
— Single-sided processing T/ t
— Available from all foundries PeShilieySI0p

— Most experience in production n-bulk

» All strips at CMS/ATLAS/ALICE,
Tevatron, b-factories, LEP ... Al p*

: ‘ /L Bias Ring
* n=n-n Guard Ring

— Most expensive
— Double-sided processing
— Limited suppliers

— Some experience with “large” scale
production
« CMS/ATLAS pixels, LHCb VELO

— Guard rings both sides (edge voltage)
— Much more radiation hard than p-in-n

A. Affolder - PSDO08, 1st-5th September 2008, Glasgow, Scotland 9]



Geometry Choices

* n-in-p

P-iN-n

— Least expensive

— Single-sided processing

— Available from all foundries

— Most experience in production

» All strips at CMS/ATLAS/ALICE,
Tevatron, b-factories, LEP ...

n-in-n Bias Ring
— Most expensive Guard Ring
— Double-sided processing SiO,

Limited suppliers

Some experience with “large” scale
production

« CMS/ATLAS pixels, LHCb VELO
Guard rings both sides (edge voltage) Al
Much more radiation hard than p-in-n

~50% less expensive than n-in-n
Single-sided processing
More suppliers (including Hamamatsu)

Limited operation experience

1 VELO module installed, replacement
VELO system constructed in p-type

Edge expected to be at bias voltage

As radiation hard as n-in-n

n-in-p

TR

p-spray/stop
P bulk

A. Affolder - PSDO08, 1st-5th September 2008, Glasgow, Scotland 10



P-strip vs. N-strip Readout

Effect of trapping on the Charge th = Qoexp(—tc/ ’Ctr), 1/ 1Rt BCD.

Collection Efficiency (CCE) tc 1s collection “time”, 7, is effective trapping time
“‘New” n-in-p geometry
“Standard” p-in-n geometry (after “New” n-in-n geometry

type inversion) ( after type inversion =
] I - T - - I p* - [— - - - _— - n

Un-depleted m‘h e
= p'
h* 1
Un-depleted
n* p*

1 ”

Type inversion turns lightly doped material to “p” type

 Holes collected « Electron collected
» Deposited charge cannot — Higher mobility and ~33%
reach electrode smaller trapping constant
— Charge spread over many * Deposited charge can reach
strips electrode
— Lower signal

A. Affolder - PSDO08, 1st-5th September 2008, Glasgow, Scotland 11
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All n-strip readout substrates studied become more and more similar
with 1rradiation. This 1s true after neutron, proton and pion
irradiations and with Hamamatsu and Micron devices.

peemeerf- MIICRON SEMICONDUCTOR Ied

HAMAMATSU

Micron Neutrons: A. Affolder, et. al., Nucl. Instr. Meth. A, Vol. 612 (2010), 470-473.
Micron 26 MeV Protons: A. Affolder, et. al., Nucl. Instr. Meth. A, Vol.623 (2010), 177-179.
HPK Neutrons: K. Hara, et. at., Nucl. Inst. Meth. A, Vol. 636 (2011) S83-S8&9.
HPK 26 MeV Protons: New and unpublished

A. Affolder — VERTEX 2011, 19-24 June 2011, Rust, Austria
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n-in-p Planar FZ Sensor Irradlatlons
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n-in-p Planar FZ Sensor Irradlatlons
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Micron n-in-p Irradiated FE-I3 Pixel Package

pixel board

Measurements pre-

4x10" n,, cm™ and

9x1015 11 em- all show  Readout chip

eq
4o eVIdence Of edge Hybrid #0 @50 deg. C
breakdown at 500V.

200

Bump bond
irradiation and at doses of connection

FE-I3 ASIC surprisingly AN

robust but number of dead \\__? ————

channels does increase at ————ay
doses Well above deSIgn 3 - bi;:avoltage.sa\a.- ot s

target.

159-

150 - —

After irradiation to
1.5 %10 p/cm?

At CERN PS
(9%10'° n,, cm?)
peak charge at |\
500V is ~4000¢ || R R E P T
(Threshold 3500e
-26°C, I, 44uA)

I. Tsurin — ATLAS UK Planar Pixel Sensor R&D Meeting, 16 Sept 10



RDS5S0 Charge I\/Iultlpllcatlon Studies
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3 j‘ EPEST TS B XT0 o - | More than 100% charge collection seen at high bias
3 ;| voltages after irradiation for both n-in-p strips and
S s S g | EP
Ll e S « Multiplication is consistent with high fields at implants
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s * Current also correlated with charge as expected

800 1000 O€€ also M. Backhaus, P. Dervan, A. Dierlamm, J. Olzem, A. Rummler,
"M E Verbitskaya, P. Weigell, J. Weingarten, T. Wittig et al.

G. Kramberger — 5th Trento Workshop, 24 - 26 February 2010, Manchester, UK
A. Affolder — VERTEX 2011, 19-24 June 2011, Rust, Austria 16



Active p-type Foundries for HEP
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Active p-type Foundries for HEP
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e2v:. New to Deep Depletion HEP Devices

STFC funded joint proposal between e2v Technologies plc
and Liverpool Particle Physics to adapt high yield CCD
processing technologies to HEP applications

e2v offer production capability better suited than many other
European suppliers to the (>20,000 6" wafer) requirements for
full tracker replacement at HL-LHC I—

Both RDS50 capacitively-coupled,
polysilicon biased miniature
micro-strip detectors and FE-I3

ATLAS pixel ASIC compatible
arrays manufactured and tested

Full-size (10cmx10cm) ATLAS
HL-LHC module compatible sensor
designed and in production

B R9RICL72UA3B60-HE



e2v: Miniature Microstrip Prototyping

* A number of processing and design variations have been
explored (SiO, Si;N, insulation, implant energy and high
temperature diffusion, isolation doses and technology,...)

» (Good results from the start, with main emphasis to
Improve pre-irradiation high-voltage leakage currents

» Post-irradiation results compatible with other suppliers
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n- |n -P Planar FZ Sensor Irradlatlons
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n- |n -P Planar FZ Sensor Irradlatlons
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n-in-p Planar FZ Sensor Irradiations
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n-in-p Planar FZ Sensor Irradiations
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Current [uA]

Current [pA]

e2v: Device Design and Processing

An example of studies looking at the impact of the capacitive
dielectric is varying from a “standard” 300nm SiO, and150nm
Si;N, to either all oxide or 125nm SiO, and150nm Si;N, (“thin
film™). These results for first iteration of devices.
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Pre-irradiation 1cm? miniature microstrip detectors
and FE-I3 compatible single chip pixel sensors
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Current [uA]

e2v: Device Design and Processing

“Std” (300nm SiO, and150nm Si;N,) or “SiO, only” (300nm) or
“thin film” (125nm SiO, and150nm Si;N,). (V) after highest
dose (4x 10"n,,cm2). .
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Conclusions

» The future programme at the energy frontier requires
a further factor of 10 in radiation tolerance compared
with the already extreme requirements of the LHC

» Detectors have been fabricated and tested after
irradiation to doses compatible with HL-LHC
operation and sufficient signal for efficient operation

Is found for detectors with n-implant read-out
— Noise for strips after irradiation ~650e- (ABCN250 measured)

See presentation by Paul Dervan (this conference)

— FE-14 ASIC operated with irradiated sensors at thresholds ~1600e-

See presentation by Malte Backhaus (this conference)

* A further potential supplier for large area arrays has
been identified and first results look very promising
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Reverse current (uA)

Collected Charge (ke)

n-in-p Planar Sensors at Extreme Doses
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Heavily Irradiated Micron n-in-p Pixel Sensor IV

1,000 - 200 A
’ 16 '2 (& 16 '2
s00 . 2.5x10*° n,, cm 150 2.5x10"® n,, cm
L 8% 1 oMeasuredat-15C ~© 160 1
— 700 A 140
= *Measured at-30C g
@ 600 - 5 120 A
5 Measured at-50 C 200 4
© 400 - = 80 -
c; 300 A § 60 - =Measured at-15 C
g 200 A 5 40 ~ Measured at-30 C
100 - o 20 4 ><Measured at-50 C
8
0 1 v v o T T T T 1
0 200 400 600 800 1000 1200 0 200 400 600 800 1000
Voltage (V) Voltage (V)
Thermistor glued to surface of detector and covered to °0 7 2.5x10%6 n,, cm™
reduce the coupling to air 9 500 -
— #Measured at-15 C
Found a 7 degree increase in sensor temperature during ® 400 | Measured at -30 C
t 15 C NE ~Measured at -50 C
run at - S 500
After correcting the current point-by-point with standard = E
temperature correction, all curves are consistent and g
. [o]
straight o 100
z . 0 1
Previous planar p-type power over-estimated at 900 V by . 200 100 <00 500 1000
a factor of 2 Voltage (V)

A. Affolder — ATLAS UK Planar Pixel Sensor R&D Meeting, 16 Sept 10 30



RD50 Edge-TCT Measurements
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G. Kramberger — 5th Trento Workshop, 24 - 26 February 2010, Manchester, UK
A. Affolder — VERTEX 2011, 19-24 June 2011, Rust, Austria
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Sensor sensitive over entire depth at all bias

voltages after high fluences (>5x10" n,, cm)

Fields are larger than expected from assumption of intrinsic
carrier concentration in “non-active” region.

At 5x10'° n,, cm can be as high as 1 V/mm at 1000 V.
At higher fluences and bias voltages charge

multiplication seen

The relative importance of the active base vs. charge
multiplication depends on fluence/bias voltage
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Strip current at -10°C (A)

Alternative Technologies to Planar Silicon

3D Sensors with Doped Through Silicon Columns
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Hamburg/EVO, April 21, 2010
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« FBK/IRST:completed a FE-I3 run. Full 3D in the

« CNM: being completed and bump bonded to

FE-13 (March 2010).

| Preliminary Summary of Proton Irradiations
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Marko Mikuz: Small radius pixel sensors

Irradiation (x10*15 pfcm*2)



Strip current at -10°C (A)

Alternative Technologies to Planar Silicon

3D Sensors with Doped Through Silicon Columns
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Hamburg/EVO, April 21, 2010 Marko Mikuz: Small radius pixel sensors



Strip current at -10°C (A)

Alternative Technologies to Planar Silicon

3D Sensors with Doped Through Silicon Columns
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