Pixel 2010 Grindelwald, September 2010

Pixel 2010

An attempt of a summary ...

Norbert Wermes
Bonn University

... and apologies to those whose results
| forgot or had to decide to drop in this “summary*




20 years of pixels ... where are we now ? ... my view

the first spin-offs = imag. DESY/SLAC

beginnings Xray, counting/integr. XFELs

@ LHC exp. @ ILC build @ LHC det
R&D R&D LHC det's ready

! b I
IR B B

hybrid
pixels new large Xray CMOS real det's
(semi) monolithic detectors  poss  with monol.
ST approaches PILATUS SOI, 3D pixels
DEPFETs STAR
CMOS APS Belle2
CCDs

time
for

2010
new
dev*
mnts
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The new challenges

4 Very high rates (i.e. sSLHC)
- need hybrid technology = 3D integration ?

- issues
= radiation hardness and badwidth
= material

= sijze (area) 2 comp. materials

d Somewnhat lower rates (RHIC, SuperKEKB)
- MAPS, DEPFET, etc.
—> issues
= complicated (but smaller) detectors
= very low material budget

d  Imaging (Xray, synchr. light)
- from light sources = XFELs
- issues
= |arge photon flux = dyn. range
= |arge frame rates
= homogeneous response
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Rate and radiation challenges at the innermost pixel layer

Hybrid Pixels
. |BXtime] ParticleRate | Flience
ns kHz/mm? m?2 per kGy per
' lifetime*
LHC (1034 cm3s?) 25 790
SLHC (103> cm=s) 25 5000
perKEKB (103 cm—2st 2 50
ILC (10%* cm=s1) 350 4
HIC (8x10%7 cm~s1) 110 8
: : : lower rates assumed lifetimes:
Monolithic Pixels 5 smaller pixels LHC, SLHC: 7 years
less material ILC: 10 years
others: 5 years
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The variety of pixel technologies

Planar

HYBRID

Hybrid-3D
i I

chronopixels |5

T

N-well MAPS

from Anna Arbat
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First impression from PIXEL 2010 on Monday ...

The big LHC detectors are marvelously working

Lowring of BPIX into cavern
x p23 July.08, ~1th and ~13h
WY (viewfrom cavern)

el

>
/é/-

Gino Bolla
Ben Kreis
Urs Langenegger

Joshua Moss
Markus Keil
Lidia Dell‘Asta

Petra Riedler
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. the big LHC detectors

» essentially noiseless 8 0 Eatiasproimnary |+ o ]
< 0.2 noise hits per event (after masking) :> ; ::i$::-_-:a: - L
- high trigger rate cap. (to 80 kHz) ;" =— ~ _,.. E
@ modest thresholds (=3000e7) "/ Zaimda™

high overall efficiencies (~99%)
(Ben Kreis, Markus Keil)

 excellent charge resolution ——>
* bad: material in ATLAS & CMS

>3% x/X, per layer

— operation<Q0°C

— hybrid technology

— first of their kind (parallel powering, copper, ...)

- Good Pixels>=3 '~ ;38

dE/dx (MeV g ' cm?)

o

S e | N L ieiidd
D52 451050 05 1 15 2 25
p (GeV)
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except ALICE ...

1.1 % x/XO but also ...
not counted !

1.75 cm? chip with bumps - 150 pm !
sensor 200 pm !
advanced Al flex !

e Aluminium

because heavy ion collisions can afford E= Polyimide 12
* to not have homogeneous coverage

« to operate at room temperature (L~10%2cm? s'1)

« to repair (have a bit easier access)

Petra Riedler
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.and ... something to think about ... spatial resolution

ATLAS | | CMS
* need decide ... little (more signal after rad.) or more charge sharing (better interpolation)

tune by Lorentz angle and module tilt

« ATLAS: 25 um (quoted incl. tracking error) will become < 10 um with 50 pum pitch

CMS: 12.7 ym with 100 um pitch !!
Urs Langenegger

100 um/V12 ~ 30 pm 100 um/V12 ~ 45 pm
E "F cmsas average: ] E "F cmszo09 average: ]
2 wf (12.7+£2.3)um 4 = =f (28.1 £ 1.9)pm =
E wf MC: (14.1 £ 0.5) um E E wf MC: (24.1 £ 0.5) pm + E
% 3”;: 100 um pitch : 3°F : i : | E
e + | + — ¢ E : E
o I % 7 oE 150 um pitch E

1 2

Na 4 5 4 5
umber of overlapping site Pfumber of overlapping site

CMS will pay when radiation damage requires more V.. (also demonstrated
by Tilman Rohe): higher field, less mobility, less Lorentz angle - less charge sharing

Pixel 2010, Sept 10, 2010 — NW, Bonn 8



... and the data are beautiful

Primary Vertex <

L1

ATLAS: Florian Hirsch

0.4
s =7 TeV

beam tilt visible

0.024 mm
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... get ready for upgrades and sLHC

Alice Bean
abian Hugging

 must be hybrid pixels again (rate and radiation)
« work on material budget !

End disk volume Barrel volume C
3 disks per side 4 layers

rs, 3 new disks
e buffers)
nd structure

o’

ATLAS

iInsert new innermost layer
FE-14 chip ready (> 2 cm?)

\ light weight structure

| new sensor types

| extreme |C thinning

1> 1.5 % x/X,

Pixel 2010, Sept 10, 2010 — NW, Bonn 10




. which sensor to take best?

= CMS: use the same type (planar nin n) as used so far
but take care of resolution degradation (Tilman Rohe)
.. perhaps consider 3D (Enver Alagoz)
= ATLAS: study

= Theissues:

thin planar nin n CiS (Daniel MUunstermann)

thinned planar n in p (SOI process) (Anna Macchiolo)
thin planar n in p Hamamatsu (Nobu Unno)

planar n in p Micron (llya Tsurin)

various (slim) guard ring schemes
“RD-50” “MPI”

3D sensors (Andrea Micelli)
diamond sensors (Matt Hollingsworth = telescope)

planar: best understood, cheaper (specially n in p), needs very high voltage
after high irradiation

3D: lower drift distance, low V4, large active area, efficiency in column,
capacitance/noise, production yield
diamond: low C, no i,..,, exc. therm. prop., ... can one make them in
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... planar or 3D silicon

CCE, normalized to Qmax of unirradiated sensors

m F
O LIf
Q -
P
0.9§
O.Sf §
E §\§mun fem?
0.7: §/ %ﬁu el5n fem
r HWHmp 6n_jom
0.6E -E
0.5 "0 200 300 400 500 600 700 800
voltage [V]
FBK/CNM Stanford/SINTEF

~h=

[d
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Anna Macchiolo

thin (75 um) planar Si sensors seem to stand
10® n,/cm2with little loss of CCE at not too

prohivitive voltages probably due to charge

multiplication

... but is 6000 e-enough?

Andrea Micelli

columns through or not through ?

v \

inefficiency leaves depleted part
for straight under column,
tracks but region of

inhomogenous fields

note: tracks are inclined
still: have to establish reliable production
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... hew tricks ... to cope with high luminosity

20.2 mm

FE-14 Chip for ATLAS pixels Marlon Barbero
(large design effort, several groups)

many gadgets:

local hit storage until trigger
better clustering info

use against time walk ...

40 double-columns
20 mm

16.8 mm
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CMS: new chip in planning, more buffers

less vulnerable for losses in column drain
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. aggressive addressing of the material budget

exploit: 3D integration for hybrid pixels, through silicon vias, wafer to wafer connection

Cu-

— — “lnterdiffuslon
/l / z) NN r} // e

813’ R

1 ;,u, ,u:\ sn,
“ liquid

SLID
(IZM Munich) Anna Macchiolo

Contact under Pressure Formation of

and Heat Eutectic Alloy;
~ 5 bar, 260 - 300 °C (Sn-melt) Tmen > 600 °C

Laura Gonella

gain ~ 1% x/X, in ATLAS with $ 90 pum

A XX N EENENNRENNN]

- 90 um bumped FE-14 chip
- thin Al flex

- serial powering

- TSV and backside metal routing
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... and low budget for large trackers, e.g. @ sLHC

Thomas Fritzsch

sacerpeste [RAiial SOlder pasting (rather than electroplating)

Solder paste in via seen with
optical microscope

Dry film resist surface ,T‘

chip to wafer FLIP-Chip assembly
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. good experience in hybrid pixels ... now used elsewhere

Tobias PANDA
Stockmanns @ HESR
@ FAIR COBRA @ Grqn Sasso

@ GSI-Darmstadt

CZT

search
mee )
i 400
- D-meson 116
use 1°Cd
tagging & T "'f‘ v 200
<2% x/X, J
no trigger T e e 0
- ATLAS-like modules : Timepix
dedicated chip 5 read(fut
epi-Si : _

. . s . 0 3 e e e
2660 2688 2760 2728 2748 2 60 2780 2800 2828 2840
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New generation semi-monolithic pixel detectors have become reality ...

... as Vertex Detectors in big experiments (both ready ~2013)

MAPS - STAR @ RHIC DEPFET - Belle 2 @ superKEKB
/ionizing particle
/ passivation p*sourc:ET gate clear gate amm;:;/:{/
n+cleqr P+ drain
b

':¢=\\
::ieep "‘doping
m?er‘nal gate’

P*back contact

Q coll. in epi layer - small sig.

MOQOS circuitry in active area (low noise) amplif. MOSFET in every pixel

tot. area + no bump bonding tot. area
0.16 m? + very thin (50 pm resp. 75 pm) = ~0.2% x/X, 0.014 m?
i 2
Leo Greiner + small pixels (20x20 resp. 50x50 pm?)
Andrei Dorokhov + low power = less cooling
— radiation hardness Carlos Marinas
Pixel 2010, Sept 10, 2010 — NW___ speed 17




MAPS @ STAR Leo Greiner, Andrei Dorokhov

Pointing resolution (12 ® 19GeV/p-c) um

Layers Layer 1 at 2.5 cm radius
Layer 2 at 8 cm radius

Pixel size 20.7 pm X 20.7 um

Hit resolution 6 um

" ‘, Wl W 20 um envelope)
H Wm el BN (Radiation length per layer | X/X, = 0.37%
L ] pmeme grnp Y
w3 M

Integration time (affects
pileup) 185.6 us
' 20 to 90 kRad

MOR 1MeV nh eq/cm?

Rapid detector < 8 Hours
replacement

TB with thinned 50 um sensors
Is ready for testing

Radiation
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DEPFET PXD @ Belle 2 Carlos Marinas

2-layer pixel vertex detector (PXD)

thinned by backside etching, leaving a frame

| Bump bonded chips | | Thinned sensor (75 pm) ] Support frame
‘_-_-é/l_-'_-'-_l —————\L————-—

.. on their way to the final module
sensor + switcher + DCD + DHP

are bump
bonded
only

R/O ICs
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... and SuperB ...

Kevlar/carbon-fiber support rib Slde!ectq*a . Gl u I | ana R| ZZ0
xrbon-fiber encpiece ‘ ~ | N options

CMOS MAPS

or

' 12=0

support cone ~ R 3D MAPS (2 tiers)
:::I'Eheam e P q: = = pipe or
= | Layer0 = 3D hybrid pix (2 tiers)

2nd
wafer

3D-2tier-stack — = Fepply] 0 ====-= g
------ = =--
\ 1 _'U"I“t‘ ‘-n-'
qa ier ¢
na nalog section Deep N-well ! 1% wafer
sensing electrode o —
Filippo Bosi HTC ~ (hydraulic diameter)!

<«— Micro tubing
micro channels

Section of assembled support first experience \m

encouraging
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. and for ILC ... Marco Battaglia

.. the best possible is just good enough to meet the goals

111 N i

;‘m-mmu-

TN i
ﬂlltﬁ

ILC g;)alﬂ‘ ;‘i.\\“ ~50 pm Si thickness

5@10Y p)

0.1% x/X, per layer

~2UMm space res.

. . . 9%X/Xo fatar T B
plume ladder (ultra light) (Andrei Nomerotski) A Voterial budget distribution
(weighted in sensor sensitive area)
. over Z axis
: 50 pm sgurliors to servicing board ~ 1m___ D654 —_— O 65%
' S foam e . |
| sensors |
3 -— = : r 035 Tr===r-r— — L
g ‘ support ! Low mass flex cable | 0,194 I‘ i flex i I }
A LW ' 12.0m ' 0:15 + _i f | l —
Transversal view Longitudinal view [ |, foam !. P‘ -
ab ¢ d e Zlcm)
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Imaging
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... a big step in Synchroton Light Imaging expts. ....

known
distance

primary
X-ray beam
source

el

diffracted
bears

delector
(a)

Bragg pattern
derive the atomic e- density

from Clemens Schulze - Briese
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What they need ... from SL-sources to XFELs

(simplified)

count rates per pixel > MHz

* high frame rates (100 Hz — 10 kHZ - 5 MHz)
« huge dynamic range (1 photon to 10° photons)
« pixel size <50 um

seamless detectors

“no” dead time

-> hybrid pixels with counting R/O chips (as compared to Imaging Plates, CCDs, et al.)
have improved the imaging possibilities enormously.
> pn frame CCDs (first images at XFELs) = DEPFET arrays

Clemens Schulze - Briese
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PILATUS oM

from 15-16 bit (CCD)
to 20 bit dynamic range

a number of important
new possibilities

= Continuous shutter-free data acquisition

= Fine -slicing in continuous mode
= Possibility to take high redundancy, low exposure data
= Simultaneous collection of low and high resolution data

= Diffuse scattering experiments
T.Weber et al., ). Appl. Cryst. (2008), 41, |
A.Bosak et al., PRL 103,076403, (2009)

= Room temperature data collection with less radiation damage

max. count rate ~ several MHz/pix
frame rate 12.5 Hz, 3ms dead time Clemens Schulze - Briese
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PAUL SCHERRER INSTITUT

-TJ=» Human femoral head: area with thick cartilage

colour codes

orientation
~

" - ligament

Wl
. -

A
-

.

\ . %35
ot St e
- e
,' i B
‘ ) ' RO N 3 : ‘;, 4
.

9/ — 78nm
structures

scale bar 1 mm

cartilage
O. Bunk, A. Menzel (SLS), D. Bradley (U. of Surrey), M. Farquharson (McMaster)




The next generation .... EIGER

Roberto Dinapoli

- smaller pixels (75x75 um?) — larger frame rate — less dead time
Analog Part Digital Part | S]JORE %D
Ca || comm 6 Threshold Trimbits Coﬁqter 1
Gainand | | -r=-F{1-- Thresholg = I 7]:7- R
Shaping — L) setting < ’
timep:::-r'trc-l [\ e 1 ‘ \ 6 12 hit counter L
I\ I\ — = (with buffered storage) d bl
w l/ lJ_/ ] Ou e v
cs Discriminator - buffer
Defector | Preamp Overflow
- Shaper Enable —_ @
. Overflow
Test )/a. Test ﬁ ‘ e cont R/O
(x.y) (%] Counter Mod Reset | | | | ' OT
Calibrate Analog ountet . ode Trimbit ins/Counter Outs ZET10
output {4:8:12 b|t5} Store
fi rSt . rototype Chip count state

EIGER Single Chip Detector

ittiassasdany a9
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Total counts

Spring-8 ... from PILATUS to CdTe ... E-selective ...

(5]} PAuL SCHERRER INSTITUT

O region A: 29.97 keV
% ® region B: 2991 keV
‘.\ A region C: 3071 keV

Threshold energy (keV)

Hidenori Toyokawa

energy resolved
Xray imaging
by threshold
scanning
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Toko Hirono

CdTe (for high absoption in >15 keV range)

+ window comparator
(low and high thersholds)

5x5 mm?
N, -

ohmic CdTe

devices

— T T
Output of Shaper I|I |l,-'l \ ,f'/ I / I".
\/ | |. .Ill \
Low energy th. III i .
\

High energy th.\ Y i

Counter H H

select an energy range
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... hext ... pixels for XFEL imaging

what is different ?

Synchrotron source XFEL

Photon counting E
readcn.m -

nnnnnn
"

up to 10000 photons per pixel per bunch (200ns’
- need 5 MHz frame rate and
huge dynamic range

Aldo Mozzanica
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..how to cope ?

ssz i Aldo Mozzanica
Cf3 E

i CDS+storage P p——
Cfli : J ag E> channel OUT

input

atches+ _'|S—D>
-

delays —

Switch gain logic

B channel with high flux AGIPD (pixels)
. Channel with low flux

Vout

P

PEX —-
RS AGIPDO2 §
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... another approach ... non-linear DEPFET

Matteo Porro gate
Electrons
00x10°  56x10°  1.1x10°  1.7x10°  2.2x10° _‘_,_:—"
100 . 2 8x10"
Noise Curves '
———— Photon generation Poisson Noise | | | |
—————— Fanc+DepFET+PreAmp Noise ~
——— 8bit ADC Quantization Noise / 4
80 | — — Total Noise T 2.2x10
I | I -""..I
& ____l_______J.___.__’,.,-"'____ ______ —
: >
E : : A : % time
> o0 : i : 1.7%10" g
Q —
- // __________ -
=) I ‘.-" I I o
Interna @ : : : ; §
gate S 40 . . . 1.1x10° £ b ready
| I
Lot EEEE R T B . 2015
I | I
20 | | ; 5.6x10°
/,,ﬁf———"*‘*‘*"“" ]
I " I
| |
0 : : : : 0x10°
0 2000 4000 6000 8000

Photons @ 1keV
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... towards free electron laser ... addressing 10° dyn. range

. . . : Takaki Hatsui
multi via approach with different gains

using SOI technology

] goal: 5.1 kpix x 5.1 kpix array
different —D | high gain \
charge coll. .
+ ._u_
different ~al | \\
amplification _/._1> middle gain .
W - -—1 > low gain \q\

— [ A

UL s

T F-> S

oxide 25.6 X 25.6 cm?
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Xray — FELs ... a world wide effort

* FLASH: 2005

+ SCSS: 2008-10
+ LCLS: 2009

* FERMI: 2009

« XFEL: 2013
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Xray — FELs ... a world wide effort

CFEL: 350 people
UHH + DESY + MPG

Pixel 2010, Sept 10, 2010 — NW, Bonn
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First measurements at FLASH. LCLS ....

Janos Haidu

| ~‘.\._.
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Some fancy new chips for dedicated applications ....

NA62 Mag2 Mag3

ili K= vy

Giulio Dellacasa

GTK1

GTK3

GTK2 » /gm avery rare decay

Ty Py experiment (1011)

Mag1 Mag4 @

intense beam
measure very cleanly
Digital pads - excell. space resol.
Clk drivers - excell. time resaol.

Digital test pads

1. dyn. range requires time walk compensation
2. time information via ,coarse” (count) - ,fine"
(TAC) measurement

=>» goal 6. = 200 ps (so far on track)
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some fancy new chips for dedicated applications ....

Qpix: x,y,time,Q Fei Li

Reatliout Tlme
= P--c- pixels :
E field _-'—-.-'-‘- " \:\//
Cathode e “é“ . gOT
/f ______ =
a - W Q
lonized R
electrons
Wi ==

similar function as
TIMEPIX

but for > 10 fC
and 10 Msps ADC
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Applications of the universal Timepix chip

Timepix study for ely discrimination

e.g. for dosimetry Cécile Teyssier

Timepix Metal Detector
(no Si but mesch in front of electrodes)
ions grate electron plasmons external field pulls them Valery Pugatch

out leaving induced charge on amplifier input _ _
9 J P P use for ion beam tuning

256 e | 100
@“ ¥ ' 1 ‘ ‘ Isoo

192} | .
Io|vy M o o HL
128 B ‘9} L B 96‘

g C WY Nb . ’ Zr 1400
64f

(‘)‘ _‘ QT. ‘ | oo

0 64 128 192 256 °
Pixel Number
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What's new
on
Monolithic Pixel Sensors ?




Monolithic active pixels (MAPS) ... ,all in one device"®

* in principle ... ,the dream of a detector physicist*

A. Dorokhov G. Rizzo

« developed since 1998 ... matured as devices for detectors (e.g. STAR ... SuperB)

NWELL SUB NMOS
DIODE CONN  TRAMSISTOR

. w W ww,/

F
y Dreep n-well

INCIDEMNT
PARTICLE

Z[pm]

)
o bl o wn o

auoz uonajdag

PMOS WELL
TRANSISTOR CONM

P-substrate

SUBSTRATE

INMAPS

some problems/challenges addressed:

(1) only nMOST in active area, no pMOST
> triple well process = large deep nwell
for Q-collection, pMOST outside
(Luigi Gaioni = 65nm, Giuliana Rizzo)
» shield PMOS-nwell by a pwell
(quadruple well process)
(Marcel Stanitzki)

(2) radiation hardness -> don‘t use for LHC

(3) small signal and Q-collection by diffusion
» larger coll. diode
> higher resistance = higher Q-coll. eff.
(Andrei Dorokhov, Marcel Stanizki)
this also improves rad. tolerance x100
—> good progress, e.g. S/IN ~90 (M.S.)

Pixel 2010, Sept 10, 2010 — NW, Bonn
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... new MAPS in HV technology (0.35 AMS)

P-substrate Pixel electronics in the deep n-well Ivan PerIC
Deep n-well NMOS transistor R . .
" | in ts p-vel % el - all electronics in same deep n-well
ey ' « Q-coll.in depl. volume by driftin E

E-field

Particle

>Fe
| | after 10%n,./cm?

» full CMOS

» ~full charge collection efficiency
:> > high S/N (~100)

» small pixels (21x21 um?)

» fast

» radiation hard to 10* n,, / cm? or 300 Mrad

~number of signals

> (3 + 8) HW/ plxel . 0.00 0.02 004 006 0.08 0.10 0.12 0.14 0.16

signal amplitude [V]
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... the other important monolithic appoach ... SOI pixels

thick burried oxide (BOX)

Electronics _I_) _—
BOX—>
“much progress with
Substrate___ OKI technology (200 nm)*
- Sensor
Yasujo Arai, Piero Giubilato

R&D on e.g. ... POST-irr

. back side effect PRE-irr VSUV \Vsub"?’v

* thin wafers - 110 ym TT—

* resistivity
* rad. hardness (c.f. BOX) —

— Test pulse timing

hole trapping in BOX| [

Yutaro Sato e
Yasuo Arai (Vup = -1.65 V)
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. the other important monolithic appoach ... SOI pixels

buried p-well

J nested

Y. Arali

-

wells
G. Deptuch, R. Yarema, Y. Arai

ids[A]
O e e
[=] (-] (=) o
&
T I I I I I ] I I

T T

backside
effect
gone

(b)

Vback=
e i
—m— 5V
—i— 10V

no threshold
v shifts
teieitvio..] Observed

0.5 0.0 0.5 1.0 1.5
Vgs[V]

| | 1 | | | ! | |

Q-coll. vial p-well
back gate and x-talk shielded by n-well

shield sensor area
from circuitry
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... the other important monolithic appoach ... SOI pixels

‘ n | ‘ |

T e R

Depleted region, E=0

50 pum| Depleted region, E= 0

Undepleted n-region, E= 0 e
[} , A
n* back-contact n* back-contact I l
vV =57V,D~17um1l y 2,158 Vo =15V, D ~56um
‘i"—%&m 1 laser (~10 pm in Si) Vitep<Vsu [V TERE. D= 831) nm laser_ Viep2Viui

half depletion full depletion

Piero Giubilato

particularly impressive [>

tracing of the transistor
resonsible for SEU

A"

different buried p-well shapes

study full depletion and back gate effect

’ (25k ions s2 cm? J

E | o
13.8 (+ 0.3) um J:@

15.0 (+ 0.5) um

% 20 40 60 80 100 120 140 160 180 200
X [um]

® This toy-test

22.4um

® SEUs occurs when an ions hit a

node of the latch flip-flop.

® Other elements of the shift-

register are not relevant for SEU
sensitivity.
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... 3D integration .

.. heeds a long staying power

Ray Yarema
Diode connection ]
Mambo3 (44x44 pix) (OKI 200 nm)
) _ _
finally 3D assembled (vias ,,last®)
Dummy .
*ontacts  Trom two chips on same wafer
by T-micro (talk Makoto Motoyoshi) |prototypes
with
3D assembly for MAMBO3
 OKI
« MITLL
- -  Tezzaron/
3tiersin 1 block (MIT LL) Chartered
- VIP1 ... many problems
- VIP2a ... so far encouraging
45
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Apologies to those whose work was not mentioned here ...

Mats Hollingsworth Diamond Telecope

Anna Arbat Geiger Mode APDs
Christian Bronnimann DECTRIS

Gerhard Holst sCMOS Chips (PCO AG)
Ralf Roder CiS

Enver Alagoz 3D CMS

Makoto Motoyoshi T-micron

Regina Moles-Valls  ATLAS ID Alignment
Frank Meler CMS Tracker Alignment

Stefano Meroli Grazing Angle Method
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The Pixel Conference Series

WS on Semicond. pixel detectors (org. by E. Heijne)
- 1988, Leuven, 64 participants
- 1990, Leuven, 86 participants
- 1996 Bari, 100 participants

no. of
groups

Pixel 2000, Genova, 84 participants
Pixel 2002, Camel, 55 participants

Pixel 2005, Bonn, 107 participants 1994 2000
Pixel 2008, Fermilab, 83 participants
Pixel 2010, Grindelwald, 93 participants

Pixel 2012, very likely in Japan, = 2xx participants

2010

>
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...and ...

(esp Anﬁrey, Panek,.Roland)

for the splendld organization

of this PIXEL 2010 conference
at Grindelwald
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. and

d’

PO A e ‘d'
,.,,/"' i o W

>

for the splendid organization
of this PIXEL 2010 conference
at Grindelwald

foto stolen from Nobu Unno
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R&D for new detector types ...

B) Doping profile

X C) Charge profile

" D) Energy

-

E) Electric field

S
l
b
1

Anna Arbat

pixellated Avalanche Photo Diodes
in Geiger mode

- what to do with dark current
and afterpulses ?

H

ISOmV

1us

Afterpulsing

designed 0.35 AMS-HV CMOS structure

with different quenching schemes

promising prototypes !
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Monolithic active pixels (MAPS) ... ,all in one device"®
A. Dorokhov G. Rizzo

* in principle ... ,the dream of a detector physicist*
« developed since 1998 ... matured as devices for detectors (e.g. STAR ... SuperB)

some problems/challenges addressed:

PMOS WELL
TRANSISTOR  CONN (1) only nMOST in active area, no pMOST

L- v ww . | > triple well process - large deep nwell
for Q-collection, pMOST outside
(Luigi Gaioni = 65nm, Giuliana Rizzo)
» shield PMOS-nwell by a pwell
(quadruple well process)
(Marcel Stanitzki)

NWELL SUB MMOS
DIODE CONMN  TRANSISTOR

EPITAXIAL LAYER

SUBSTRATE
INCIDENT
PARTICLE

Z [pm]
o ‘ wn = ‘ w

(2) radiation hardness -> don‘t use for LHC

(V14

INMAPS (3) small signal and Q-collection by diffusion
» larger coll. diode
> higher resistance = higher Q-coll. eff.
(Andrei Dorokhov, Marcel Stanizki)
this also improves rad. tolerance x100

o
0]
1ol
2!
=]
3
8
3
)

Pixel 2010, Sept 10, 2010 — NW, Bonn 52



