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Different Cameras
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Different Cameras
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Different Cameras

Silicon Tracking Telescope ,Camera’

9. August 2012

Polarization buildup with filter time
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Different Cameras
ATLAS ,Camera’

: Detector characteristics
Muon Detectors Electromagnetic Calorimeters ol Width:  44m
A - Diameter: 22m
' < Weight: 7000t
Solenoid CERN AC - ATLAS V199

Forward Calorimeters

Hadronic Calorimeters

CMS ,Camera’
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Total Weight  : 14,5001, 7
Overall diameter: 14.60 m
Overal iongth"": 2160 m
Magnetic field : 4 Tesla
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What do all these cameras have in common’?

150MV N C

95% CL limit on o/,

W e 0 oo 500 d0o
Higgs boson mass (GeV/c?)

» They are expensive or the photographer.
* The photographer is proud to have them. * noris
* The intuition which picture to take is not |mplemented

and seriously
» They all have silicon sensors to take the pictures.
» They all have the same underlying principle
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The Principle

INCIDENT DETECTOR AMPLIFIER
RADIATION
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A Brief History of ,Silicon Cameras"

1951 First detectors with germanium pn-diodes (McKay)
1959 Gold Surface Barrier Si-Diode
J.M. McKenzie and D.A. Bromley, Bull. Am. Phys. Soc. 4 (1959) 422
1960 Working samples of p-i-n detectors (E.M. Pell)
1961 Lithium drifted thick detectors (J.H. Elliot, NIM 12 (1961) 60)
1964 Use of semiconductor detectors in nuclear physics (G.T. Ewan, A.J. Tavendale)

1980 Planar technology (J. Kemmer, NIM 169 (1980) and NIM 226 (1984) 89)
1980-86 CERN NA11 and NA32 measure charm meson lifetimes with planar Si-detectors

>1990 Europe: CERN: ALEPH, DELPHI, L3, OPAL
DESY: H1, HERMES, HERA-B, ZEUS.
USA: FermiLab: CDF and DO
> 2000 Europe: CERN ATLAS, ALICE, CMS, LHC-b.
USA: SLAC Babar

Japan: KEK BELLE
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Silicon Strip Detectors: The Birth

Fixed target experiment at CERN with a planar diode.
First of planar process developed for chip industry.

NUCLEAR INSTRUMENTS AND METHODS 169 (1980) 499-502, © NORTH HOLLAND PUBLISHING CO

FABRICATION OF LOW NOISE SILICON RADIATION DETECTORS BY
THE PLANAR PROCESS

J KEMMER
Fachbereich Physik der Techmschen Unwersitat Munchen, 8046 Garching, Germany

Received 30 July 1979 and in revised form 22 October 1979
Dedicared 10 Prof Dr H -J Bormn on the occasion of his 70th birthday

By applying the well known techmiques of the planar process oxide passivation. photo engraving and on implantation, Si
pn-junction detectors were fabnicated with leakage currents of less than | nA cm ~2/100 um at room temperature Best values
for the energy resolution were 10 0 keV for the 5 486 MeV alphas of Miam at 22°C using 5 x5 mm? detector chips
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The birth: NA11 at CERN

The aim: Measure lifetime of charm quarks (decay length 30um)

1981: first detectors in beam: 7 g
K
- 24 x 36 mm, 1200 strips Ug—H>- UD’ H>— Ausleseslektronik
- 20 pm strip pitch .
_20um ’. Teilchen -

spur

- 60 pm readout pitch |
-area Si telescope: 0.01 m?

- 5.4 pm accuracy

_Tpum Aluminium
y 0.2 um SiD;
~ '~ Implantation (Bor

0/ o 2 ;
= 100 % efficiency . - _ T
= -
o | of | (n-typ)
. . 22 s 4
- build at the MPI-workshop a high | ot -;
resolution vertex detector (6 beam + | e mm—————————s 1 ~ Implantation (Arsen)
+ T~ 1 um Aluminium

6 vertex detectors) with a total of 2000
channels running in early 1982

SD
|
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= non e " n
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Yy
25mm ‘100 -
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SIDE VIEW TARGET REGION
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Silicon Strip Detectors: The Fabrication

From sand ...

...to silicon detectors.

9. August 2012 GGSWBS*12 (August 6-10), Thilisi, Georgia Ralf Schleichert
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The Fabrication: Polycristals

» sand (SiO,) is heated in a furnace to 1650°C and deoxidated to gaseous SiO.

» SiO reacts to 99 % pure raw silicon.
* raw silicon is treated chemically to get 100 % pure polycristalline silicon

9. August 2012 GGSWBS'12 (August 6-10), Thilisi, Georgia Ralf Schleichert
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The Fabrication: Monocrystals

pull and turn
: (2-200 mm/h)
single

crystal _ L

seed [ inert
— gas out
single _
crystal +— _Si-melt
ingot (Wlth dopantS)
. ~|quarz
nert | ® crucible
gas— [ \\
neating graphite
crucible
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The Fabrication: Planar Process

Polishing and cleaning | n - Si | o a.si wafer
- Si0?

Oxidation at 1300 K | ] OXIDE PASSIVATION
Deposition of photosensitive B .
polymer, UV illumination OPENING OF WINDOWS

: e boBYy
Creation of p-n junction via DOPING BY ION IMPLATATION
implantation/dif fusion B : 15keV §x m:: em’?

B e SR As : 30keV 5x 10" em
+

Annealing: implanted ions S »
occupy lattice sites ANNEALING AT 600°C, 30 MIN

Deposition of Al and
AL METALLIZATION

patterning for electric AL PATTERNING AT THE FRONT

contacts

AL - REAR CONTACT
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Silicon Detectors: Fabrication

- Use very pure material
= High resistivity
= Low bias to deplete device

— Easy of operation, away from breakdown, charge spreading for
better position resolution

= | ow defect concentration
= No extra current sources
= No trapping of charge carriers

- Planar fabrication techniques
= Make p-i-n diode
= pattern of implants define type of detector (pixel/strip)
= extra guard rings used to control surface leakage currents
= metallisation structure effects E-field mag = limits max bias

9. August 2012 GGSWBS'12 (August 6-10), Thilisi, Georgia Ralf Schleichert
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Silicon Strip Detector

alignment
marker

passivation
SiO, oxide

coupling capacity oxide
SiO,

n++ layer

aluminium backplane

6 inch wafer
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Silicon Detectors: LEP@CERN and SLAC

Experiments:

[ ]

DELPHI

LEP Detectors at CERN

SLAC Linear Collider (Mark Il
experiment)

Minimize the mass inside
tracking volume

Readout chips at end of
ladders

Minimize the mass between
interaction point and detectors

Minimize the distance between

interaction point and the
detectors
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Silicon Detectors: DELPHI@LEP (CERN)

T

— 2 silicon layers, 40cm long,
inner radius 7.8 cm,
outer radius 12cm

— 300um DSSDs with double
metal readout

9. August 2012 GGSWBS*12 (August 6-10), Thilisi, Georgia Ralf Schleichert
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Silicon Detectors: CDF@Tevatron (FermilLab)

Collider Detector at Fermilab (CDF) is
one of the two Experiments at the
2x1TeV Tevatron

« Discovery of top-quark (1995)

Tracker:

« Barrel only (no endcaps)

« Different Silicon Layers:
— LOO0 (SSSD, r~ 1.5 cm, 1=94cm)
— SVX (r=5-10cm)
— ISL (DSSD, r = 20-29cm)

« Total active area: approx. 10 m?

9. August 2012 GGSWBS*12 (August 6-10), Thilisi, Georgia Ralf Schleichert
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Silicon Detectors: CMS Tracker@LHC (CERN)
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CMS Tracker: Silicon Sensors

* Two producers:

Complex logistics
— Hamamatsu Photonics (Japan)

— ST Micr@ebctronics (|ta|y) Sensor Fabrica;ion Sensor Fabficatinn
Center HPK Center STM
*«  Four main Test centers Control &
— Supported by smaller tests in D & ™"
different locations Production Commitiee

— Irradiation

— Bonding tests 25% 25% 25% 25%
— Process Qualification &
Longterm stability

I 5% sensors

1% sensﬁrs
5 :w i
Irradiaﬁuu
Qualification
Centers
Louvain, Karlsruhe

~5%sl
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CMS Tracker: Logistics
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pitch adapter (PA)
tory = Brussels

carbon fiber plates Kapton frontend chips: APY control ASICS Sensors
factory = Brussels | factory =» Aachen, Bari | factory = IC, RAL factory =» Company (QA) factory
CF cutting Kapton cutting Hybrid assembly Industry production

factory factory factory =¥ Strasbourg & institute QA :

module frames:
Brussels, Pisa, Islamabad

1 v
sensor QA process control
- radiation control .
Firenze
Louvain Strasbourg
i ta Barbi ERN
Rochester Perugia Karlsruhe Vienna ISan ara ] I C l

module

assembly Santa Barbara
e ———

module

& testing

sacren

petal integration

Aachen, Brussels, CERN, Karlsruhe,
Louvain, Lyon, Hamburg, Strasbourg
|

TEC+ assembly TEG assembly
Aachen Lyon / CERN

Tracker Assembly Tracker Installation
CERN into CMS 12.2007

Padova | Torino @

TOB assembly
CERN

TIB / TID assembly
Pisa

GGSWBS*'12 (August 6-10), Thilisi, Georgia
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CMS Tracker

Services Service Channel

/ \ Optical ribbons
= Y S __ J"f o L .
A

Bulk head
Back Disk

o ;‘:ﬁr" ’
R

-_.1

i

1y

1560 mm
i mert®

2270 mm
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... and the picture:

ATLAS ,Camera’

Muon Detectors

CMS

Total Weight  :
Overall diameter: 14.60 m
Overall length  : 21.60m
Magnetic fieki : 4 Tesla

9. August 2012

Hadronic Caloy

.Camera'’

ol

Electromagnetic Calorimeters

characteristics

L] Detector

N | width:  44m
| =1 Diameter: 22m
-« Weight: 7000t

Forward Calorimeters

rimeters

GGSWBS*'12 (August 6-10), Thilisi, Georgia

RN AC - ATLAS V1993

95% CL limit on c/oy,,
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Silicon Detectors: Development in Size

Silicon detector area [m?] in different experiments: 1981 - now

- 214 m?
E | w ver -
100 ¢ 81 .

20
111
10 T 553 5.58
163202 21 24 24627 2
12
17 onnssu““‘souuu“
039,
012014 '
0.1 1 08
0.02002
"l IIIIIII IIIII II II I II
).001
- E = - - g o g € 0 = 3 "‘ EI =
45 cm? 3; S §§m§ i'; ..; Eg ._,
JEMRTRETEH LU HERR R AL
= NS i
2 [T

- ~5 orders of magnitude since 1981
- Si detectors are used in (practically) all hep- and in many space-experiments

9. August 2012 GGSWBS*12 (August 6-10), Thilisi, Georgia Ralf Schleichert



A JULICH

FORSCHUNGSZENTRUM

The Principle

INCIDENT DETECTOR AMPLIFIER
RADIATION
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How to take a picture in particle physics?

processing of |

radiation/ d interaction “\/ charge collection
particle _energy deposit/]\ |_signal formation ' | electrical signal
_'—-'
data detector detector science
recording calibration analysis result

"detector” = (interaction) ® (sensor) ® (readout) ® (calibration) ® (analysis)
- complete chain has to be understood + controlled !

Ralf Schleichert
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Interaction

o
N

50 MeV proton beam
on a
deuterium target
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Interaction of Particles with Matter

I I | | ]
1  from dE/dx(MIP):
+ —
= uon Cu )
;‘l@lﬂ'ﬂ Si: ~100 (e-h)/um
= il = E - —h)-pai
:‘_j m Bethe-Bloch ——» Radiative I (c =3.6eV/(e-h)-pair)
& |4 Anderson- 5 Ge: ~250 (e-h)/pm
2 L%, Ziegler ] (e =2.9eV/(e-h)-pair)
g 85 .
o b f
10 =5 & ) a
o Eg “MIP? '/ |Radiative e
2 Minimum log-rise ‘,-"‘.v"’"F losses . for d>10-100 u.m
2 [Nuckar ionization eSS 1 |(103-10* e-h-pairs)
@ | losses B 0N | 000 |- .""""'""_"T ——~=] |2 "healthy signal”
1 ' | | : A I i which can be well
0.001 001 0.1 1 10 B 100 1000 104 105 106 | processed by low
| | | 1 | ' | 1 | | | | noise electronics
| 0.1 I 10 100, 1 10 100 (1 10 100 |
[MeVid [GeVid [TeVid]

Muon momentum
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Silicon Tracking Telescopes

Range telescopes with 3 layers of x,y silicon detectors provide
1. AE/E particle identification and tracking

2. Energy determination of stopped particles
3. Self-triggering

4. < 1ns time-resolution
5100 um thick Si(Li) detector

69 um Si Detektor

300 um Si detector (is missing in this picture)

9. August 2012 GGSWBS*12 (August 6-10), Thilisi, Georgia Ralf Schleichert
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Charge Collection and Signal Formation

+ Ve BIAS
VOLTAGE

@

gn

particle track

P-TYPE
‘_‘S!L ICON

.

— \
SIGNAL ~4————a——r(] ‘.i
|
DEPLETION e e
LAYER™~~__ __j I
i / 3 n' type bulk
I
ATICLE . i bias lines
INCIDENT PRo e | J
o : \ + electrons
i
| METAL OR
I THIN p*LAVER
THIN n-t__..:_ |‘ ; ' _.“-;.-.J. i ) _: i .::: L .’
REGION ] :
/ T
/
4
e -
depletion limit

“/
HIGH ELECTRIC -~
FIELD

isolation implants
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Processing of Electrical Signals

VDD
A
" +HV h—{
preamplifiers BIAS M
© |
I—"—C{
Wy vés
= 1 OutM

Capacitive connection of preamplifiers
(Bias 250 V - 2 kV)

FVDD

FXDD
A{igg +F o
preamplifiers :

AN

FVSS N
FGND ] Fv&rGhD
" ZS VDD\‘ — FVSS VSs
iy iy N+ *
position-sensitive detector Ogias ‘ utfer [ outp
M _stlzs with BLR
o i outM
Floating power supply connection of
preamplifiers (Bias 0-100 V)
9. August 2012
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VA32TA2 self-triggering front-end electronics:

uffer

Lewvel-
sensitive
[Mscrininator

aal]
>
1]

Charge  Semigaussian
Integrator  “slow™ shaper

{preamp.

VA

9. August 2012

Hold  Analog §

Semigaussian

“fast™ shaper | (fixed widih)

Threshold

Cut =
1

Monostable L vss }

|

GGSWBS*'12 (August 6-10), Thilisi, Georgia

Number of channels 32
Technology 0.8 um CMOS
Power supply 2V

3 mW/channel
11 MeV (£500fC)
2 us
80 ns
40 keV (1.8fC)
4 keV (0.2fC)

Power dissipation

Linear range

Slow shaper (Peaking Time)
Fast shaper (Peaking Time)
Minimum Threshold
Threshold homogenity

Time walk (0.05-11MeV) ~100 ns

Time resolution c<1ns
Energy resolution (C,=60pF) 890 e (sigma)
Readout frequency 10 Mhz

SR

Ralf Schleichert
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Before threshold DAC-tuning
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MATES self-triggering front-end electronics:

64 (128) channel MATE 3 board Parameters of the MATE 3 front-end chip

SWE  Number of channels 16

Technology 0.8 um BICMOS
Power supply 2.5V
Power dissipation 30 mW/channel
Linear energy range 50 MeV (£ 2220fC)
~ W= Slow shaper (Peaking Time) 1 usand 3 us
s = Fast shaper (Peaking Time) 22 ns
S B S Minimum trigger threshold 0.4 MeV (8fC)
LS I S e Time resolution (E>1.5MeV) 6<0.3ns
I Energy resolution (C4,=60pF) o =1530 e
< 90mm » Readout frequency 2 MHz (energy & time)
Common stop reset needed

9. August 2012 GGSWBS*12 (August 6-10), Thilisi, Georgia Ralf Schleichert
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3D-Modeling for Design and Engineering
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Bond Technology
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_-— b |

Mass spectrometer to check
vacuum compatibility

" i
Test stations for checking
electronics

Test station for Vacuum chamber for test

temperature training and storage
9. August 2012 GGSWBS*12 (August 6-10), Thilisi, Georgia Ralf Schleichert



Key components to build the detection system:

Detectors with front-end electronics.

Cooling system for detectors, pre-amplifiers, and
front-end electronics in vacuum.

DAQ system to provide control and read-out of front-
end electronics.

Trigger system

HV Bias and Low Voltage power supply system
Independent monitoring systems

Monitoring and control software

Interlock protection systems

Data analysis

v AL N W TR
0 10000 20000 30000 40000
nergy loss in 5100 um [keV]

9. August 2012 GGSWBS'12 (August 6-10), Thilisi, Georgia
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Silicon Tracking Telescope & el

Cooled vacuum electronics
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Silicon Tracking Telescope
in the ANKE target chamber

Cluster Target Beam

COSY Beam

9. August 2012 GGSWBS'12 (August 6-10), Thilisi, Georgia Ralf Schleichert
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Detector Calibration: Energy
Left Telescope Right Telescope

| E...STT 1vs.E_STT1 2 :ut| E..STT2 1vs.E__STI2 2 :ut|
=10 = : = 10r = >
2o 2 o
él [T O él T
AE,(300um) vs. 3 :q’:‘ ----- 10
& (s - TR T U S S
AE,(300um) :
AR T "?’ """ 10
3 gfrei L e
2 & 2 .........................
1 ; 1 l. ......... I.-\ .......
] 5 & 7 B © 10 °u12.3;455'?h9|n1
E,.... STT1_2[MeV] E,...STT2 2[MeV]
[E...STT1 2vs. E__STT1 3cut [E..STT2 2vs. E_ STT2 3eut
=10 — - ! =10 - — !
Bl Skl ..
"o i g A
E, 7k ' E .....................................................
AEZ(SOOum) VS, o o TR g T
.‘.:: ........... e O - - S
AE,(5000pm) Tl M
3' .....
B e s e R R
R e e R L e e e e I e S e e e e R

= 5 10 15 20 25 a0
E.... STT2 3[MeV]
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Detector Calibration: Tracking

TargetZ (@ X =1.5 mm) |
350001
; B
=8 300001
250001
200001 6.4 mm FWHM
F 15000
e - g :
- ) I 100001
EE s 5 E
i Qi = 5000
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Science Result, a picture in particle physics

Physics case, experience, infrastructure, and the right team.
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