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ADC
ALICE
ASIC

ATLAS

BCB

BTeV
CCD
CDS
CERN
CFRP

CME

Analog-to-Digital Converter
Electronic circuit that converts an analog voltage or current
to a digital value

A Large Ion Collider Experiment

The Large Hadronic Collider detector dedicated to heavy ion
studies

Application Specific Integrated Circuit

Integrated circuit with functionalities customized for a spe-
cific application

A Toroidal Lhe ApparatuS

One of the large multi purpose experiments at the CERN
LHC

Benzocyclobutene

A dielectric polymer with very good film-forming properties

Beauty at TeVatron
The Tevatron detector dedicated to beauty particles studies
Its construction was stopped in 2005

Charged Coupled Device
Pixelated charge integrating device in which the charge is
shifted from one pixel to the next to an output node

Correlated Double Sampling

Readout technique in which double samples are taken and
subtracted from each other

European Organization for Nuclear Research

The world’s largest particle physics laboratory located near
Geneva, Switzerland

Carbon Fiber Reinforced Polymers

A composite made of carbon fiber molded with an epoxy
resin and then cured

Linear Coefficient of Moisture Expansion

The fractional length change per unit mass variation due to
the moisture desorption or absorption
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CMOS

CMS

CTE

CVD

CZ process

DAC

DELPHI

DEPFET

Die
DOF7Z material

DSM

ENC

EoC logic

ESRF

Complementary Metal Oxid Semiconductor
Electronic circuit using both (“complementary”) types of
field effect transistors, NMOS and PMOS

Compact Muon Solenoid

One of the large multi purpose experiments at the CERN
LHC

Linear Coefficient of Thermal Ezpansion

The fractional length change per degree of temperature in-
crease

Chemical wafer deposition

Process of depositing thin layers of dielectrics on a wafer
from the gas phase

Czochralski process
Process of pulling a single crystal out of a melt. Named after
its inventor Jan Czochralski (1885-1953)

Digital-to-Analog Converter
Electronic circuit that converts a digital value to an analog
voltage or current

DFEtector for Lepton, Photon and Hadron Interactions
CERN collider experiment dedicated to the study of the me-
diators of the weak interaction

Depleted Field Effect Transistor

Pixel sensor with an implanted transistor in every pixel cell

Unpackaged electronics chip

Diffusion Ozygenated Float Zone Material

Float zone silicon enriched with oxygen, by growing a thick
oxide layer on the wafer surface and heating the wafer un-
der inert atmosphere above 1000°C for more than 24 h. This
material has shown to be more radiation-hard then standard
float zone silicon

Deep Submicron Technology

Semiconductor technologies with gate lengths < 0.25 um

Equivalent Noise Charge

Root mean square noise at the output of a charge-sensitive
amplifier normalized to the signal of a single electron input
charge, i.e. the noise of an amplifier “in units of electrons”
End of Column Logic

Part of the pixel front-end chip dedicated to data storage
and input/output

European Synchrotron Radiation Facility
Synchrotron Radiation Laboratory in Grenoble, France



Eutectic

eV

FADC

FE

FET

Fluence
FNAL

FZ process

HAPS

IC

LEP

LHC

LSF

LVDS

MAPS
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Mixture of two or more elements which has a lower melting
point than any of its constituents

Electronvolt
Energy gained by an unbound electron falling through an
electrostatic potential difference of 1 volt

Flash Analog to Digital Converter
Fast ADC architecture. The analog input is simultaneously
compared to many reference values

Front End
ASIC that reads out a matrix of pixel sensors

Field Effect Transistor

Electronic component in which the current between two ter-
minals (source and drain) is steered by the potential of a
third terminal (gate)

Integral of a particle flux over a period of time

Fermi National Accelerator Laboratory
Particle physics laboratory near Chicago dedicated to the
memory of the Italian physicist Enrico Fermi (1901-1954)

Float Zone Process
Process of producing a single crystal by partly melting a
polycrystalline rod

Hybrid Active Pizel Sensors

Hybrid pixel technology using interleaved pixels with capac-
itive charge division

Integrated Circuit

Electronics circuit integrated on a chip

Large Electron Positron Collider
Electron—Positron collider at CERN, Switzerland

Large Hadronic Collider
Proton—proton collider at CERN, Switzerland

Line Spread Function
Image of a line source object of unit intensity

Low Voltage Differential Signals

A standard in fast low power data transmission based on
sending a low voltage (=350mV) logic signal over a twisted
pair cable

Monolithic Active Pixel Sensor
CMOS pixel detector



286 Glossary

MCC

MCM-D

MEDIPIX
MEMS
MIMOSA

MIP

MOSFET

MPEC

MTF

Multiple
scattering

NIEL

OmegaD

PILATUS

Module Control Chip
ASIC that controls the input and output of data and per-
forms event building in an ATLAS pixel module

Multichip Module by Deposition

In this context: Module structure with additional conductive
layers deposited on the sensor so that no extra printed circuit
board is required

Medical Pizel Chip
Pixel readout chip for medical imaging

Micro-Electro-Mechanical Systems
Small scale electromechanical technology

Minimum Ionizing Monolithic Sensor Array
CMOS pixel detector, special version of a MAPS detector

Minimum Ionizing Particle

The energy deposited by an ionizing particle when passing
through material depends, among other things, on its veloc-
ity. The energy loss increases for very slow and very fast par-
ticles and has a broad minimum. Particles with energy loss
in this minimum are defined minimum ionizing particles.

Metal-Oxide Semiconductor Field-Effect Transistor

Field effect transistor with isolated metal gate. Today, most
FETs have polysilicon gates, but they are still often called
MOSFET

Multipicture Element Counter

X-ray counting pixel chip

Modulation Transfer Function

Ratio of image contrast to object contrast for a given spatial
frequency

Change in direction of a charged particle track when tra-
versing a medium primarily due to Coulomb scattering from
nuclei

Nonionizing Energy Loss

Part of the absorbed energy which is not used for ionization
but, e.g., for displacing lattice atoms. It was believed that
radiation damage scales with the NIEL independently of the
type of radiation an assumption which has not shown to be
correct

Pizel front-end chip used in experiment WA94 and WA9T
One of the first front-end chip for reading out pixel matrices

PizeL ApparaTUs for the SLS
Counting pixel detector for SLS synchrotron radiation beam
lines at the Paul-Scherrer Institute, Switzerland



Pseudorapidity

PSF

PSI

PUC

RD19

SEU

SLS

SOI

SPICE

SSC

Stoichiometry

TBM

Terabit

Tevatron

Time walk
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Kinematical variable of a relativistic particle defined as n =
—Intan(6/2), where 6 is the particle zenith angle referenced
to the direction of the crossing beams

Point Spread Function
Image of a point source object of unit intensity

Paul Scherrer Institute
Swiss multidisciplinary research center for natural sciences
and technology, Villigen, Switzerland

Pizel Unit Cell

Circuit block on the readout chip that is repeated for every
pixel

CERN R&D experiment dedicated to the development of
pixel detectors to be used at high luminosity colliders

Single Event Upset
The flipping of a stored bit in an integrated circuit due to
charge deposition by an ionizing particle

Swiss Light Source
Swiss Synchrotron Radiation Facility at the Paul-Scherrer
Institute, Switzerland

Silicon on Insulator

Substrate type with a buried oxide layer to separate the “ac-
tive” silicon from the substrate.

Simulation Program with IC' Emphasis

Widely used software for the simulation of analog circuits

Superconducting Super Collider

Particle accelerator planned for very high energy physics
measurements in the United States. Its construction was
stopped in 1994

Study of the proportion of elements that take part in chem-
ical reactions

Token Bit Manager
ASIC that controls the input and output of data of a CMS
pixel module

Unit of information storage corresponding to 102 bits

Proton-Antiproton collider accelerator with the highest en-
ergy available today. It is located at FNAL, Batavia, Illinois,
USA

Time dispersion of a discriminated pulse due to the combined
effect of the pulse heights spread and the single threshold
discrimination
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ToT

Trigger
UBM
USB
VLSI

W boson
WA92
WA94
WA97

Xo

XPAD

Young’s
modulus

Time over Threshold

Method to determine the amplitude of an analog signal. The
signal is compared to a threshold and the duration of the
output pulse is measured. ToT is often nonlinear

Set of conditions that, once satisfied, select the event for
further analysis

Under Bump Metallization

Metal layer sequence under a solder bump

Universal Serial Bus

Popular serial interconnect to PCs

Very Large Scale Integration

Large scale integration technology of electronics circuits on
silicon

Charged mediator of the weak nuclear interaction

CERN fixed target experiment dedicated to the study of par-
ticles containing heavy quarks

CERN fixed target experiment dedicated to the study of
heavy ions collisions

CERN fixed target experiment dedicated to the study of
heavy ions collisions

Radiation length

Mean distance over which a high-energy electron looses all
but 1/e of its energy by bremsstrahlung

X-ray Pizel Advanced Detector

Counting pixel detector for ESRF synchrotron radiation
beam lines, Grenoble, France

Measure of the stiffness of a given material (also called elas-
ticity modulus)
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Index

d-electrons 31
n-function 63

accelerator 3, 13,21
acceptor 28
accumulation 47, 80
counting 261
integration 261
ALICE 221,225,241
aluminum 118
aluminum spikes 118
amorphous silicon 277
annealing

beneficial 74
leakage current 70
reverse 75

short term 74
surface damage 81
ASIC 13,233
ATLAS 15,224,225,228,232
attenuation length 248
autoradiography 246, 280
biomedical 256, 281
tritium 248, 256

Bethe-Bloch formula 29
Bragg

diffraction 267

peak 32

spot 254
breakdown voltage 43
bricked pixel pattern 66
BTeV 225,243,246
built-in voltage 40
bulk damage 68
bump bonding 203, 242, 244
bumping 262

Au stud 210

C4 process 204
indium 206, 207
indium reflow 210
reworking 213
solder(PbSn) 206
UBM 204

capacitance

backplane 57

input 269

interpixel 58, 266
pixel 57
carbon—carbon 235
carriers

majority carriers 28
minority carriers 28
CdTe 11,248,262
CdZnTe 248

CERN 6,21

CFRP 241

channeling 117

charge amplifier

basics 136

cascode 162
optimal collector current
charge sharing 65, 266
charge trapping 77
charmed particles 13
chemical vapor deposition 1
CME 216,220

CMOS 18,270
technology 272
CMS 221,225,237
collection electrode 267,271
collider 261

efe™ 262

hadronic 201, 202, 225
linear 281

185

13



302 Index

Compton camera 281
Compton scattering 34
contrast 249, 252, 261

counting pixels 251, 254, 256

cross talk 59
in sensor 149
on chip 157
crystallography 246, 254
protein 250, 254
CTE 216,220
current
dark 43,51
leakage 70

current-to-voltage characteristic

CV-measurement 54
Czochralski process 111

damage

constant 70
rate 70

stable 74
DELPHI 21,23
DEPFET pixel 12,257,278
depletion 47
deep 48

depth 42

full 272

zone 2,40

dew point 222
diamond 11
diffraction 254
diffusion 9, 37,116
layer 271
oxygenation 116
discriminator 141
differential 168
DOFZ 116
donor 28

donor removal 74
doping 28

by diffusion 116
by implantation 116
effective 72
double junction 77
drift 37,267
distance 267
dynamic range 252

edge electrode 267

electrical breakdown 52
electron accumulation 80
electroplating 264
ENC 147

End of Column logic 229,233

energy
resolution 256
windowing 252
epitaxial layer 273

equivalent noise charge 147

in CR—-R(C-shaper 183
without shaper 175
etching 115

evaporative cooling system 221

fabrication of sensors 110
Fano factor 35
Faraday cage 223
FE, front end 14, 15,233
feedback
capacitor 137,163
circuit 138,163
Fermi
energy 27
function 26
intrinsic level 28
level 28
Fermilab 225,244
flat-panel imager 251
flex hybrid 264
flip-chip 207, 209
float zone process 112

GaAs 11,248,262
generation of charge carriers

Hamburg model 72

Hgl, 248

Hybrid active pixel sensors
hybrid pixel detector 1
hybridization 248, 262, 269

imaging 261

in astronomy 246

in biomedicine 247, 261
in crystallography 250
in radiology 261
X-ray 246

impact parameter 236,241

35

266



implantation 116
inversion 48
space charge sign 72
strong 48
type 72
IV-curve 52

Joule effect 222
junction 6, 8,40

kapton 222

Landau distribution 31

latency 189

latent heat 221

leakage current 133
compensation 163

LEP, Large Electron Positron collider

21
LHC, Large Hadron Collider
223,225,226
lifetime 3
liquid cooling system 220, 221
Lorentz
angle 9,39, 65
boost 18
factor 40
force 9,235,238
LSF, line spread function 248

MAPS 13,272,273
mask alignment 262
MCC, module control chip
234
MCM-D 216, 263, 264
metallization 118
microdischarge 52
microstrip detectors
MIMOSA 273
minimum ionizing particle 31
mobility 38,277
Hall 40
low field 38
module controller chips 143
monolithic pixels 271
MOS structure 46
MOS structure, shift of flat band
voltage 80
MOSFET 17

4,6,14,26

18, 215,

15,233,

Index

MQW, multiquantum well 22
MTF, modulation transfer function

249

multiple scattering 33,241

net doping 72

NIEL 69

n-material 28

noise 279

equivalent noise charge
Fano 257,279

175

in bipolar amplifier 184

in FET amplifier 183
measurement 148
requirement 147

with semi-gaussian shaper

without shaper 171

OmegaD 18-20
open p-stop 105
oxidation

dry 113

wet 113

oxide charge 47,80
oxygen enriched material

pad detector 50
pair production 34
parallax 247
photoelectric effect 34
photolithography 114
p-material 29
pitch 262,265
pixel

geometry 145
pixel chip
geometry 130
photograph 134
table 132
pixel detector
counting 251
hybrid 23,262
pixel unit cell 135
planar

device 269
technology 110
pn-junction 40
polyimide 206

polysilicon resistor 266

75

303

3

178,182



304 Index

power
density 262
duty cycle 282
process sequence 118
PSF, point spread function 248
PSI, Paul Scherrer Institute 240
punch through 48

radiation damage 68
radiation hardness
design for 154
DICE cell 157
single event upset 156
radiation length 242,243, 245
radiography 252
radiology 246
readout architecture 187
BTeV 196
column drain 194
conveyor belt 191
counter 197

DELPHI 188
time stamp 192
timer 190

recombination of charge carriers
residual 63
resistivity 7

resolution
analog 63
binary 61

spatial 61,261
reticle 275
reverse annealing 224

saturation of oxide charge 80
Schockley—Read—Hall process 36
segregation 113
semiconductor

doped 26

intrinsic 26
sensor

equivalent circuit 133
SEU, single event upset 156, 229
shaper 140,178

pulse shapes 178
signal formation 59
small pixel effect 61
SOI, silicon on insulator 270, 276
space charge region 40

sparse CMOS 265

SSC, Superconducting Super Collider
18

stitching 275

surface barrier 44

surface damage 80

TBM, Token Bit Manager 239
Tevatron 215,225, 244, 246
thermal

conductivity 219
runaway 78
conductivity 220
oxidation 113
thinning 214

threshold

trim 141,170
variations 146
threshold dispersion 252
time walk 141,227
timing 261

tracker 236
transconductance 278
trapping 77

trapping time 77

trigger 4,17,1809, 226, 233
Tritium 256

type inversion 218,229,238

VCSEL, vertical cavity surface emitting

lasers 223
vertex detector 262
VLSI 275
voltage

breakdown 43,52
flat band 46, 80
full depletion 53
punch through 49
threshold 48

W boson 21
weighting field 59

X-ray 5,13,265
astronomy 280

yield 264
Young’s modulus 220

zero suppression 188
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