The International Linear Collider Project

: Introduction, General Overview

: MPI Involvements

: Software Developments/Simulation

: Status of the DEPFET VTX Project
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= e-e* collider: two 11 km SC linacs at 31.5 MV/m
= Dual tunnel configuration (safety and accessibility)

= Single IR, crossing angle 14 mrad, two detectors in push-pull operation

Parameters:
= s = 500 GeV, tunable from 200 to 500 GeV, upgradeable to 1 TeV
= [Ldt= 500 fb! in 4 years (peak luminosity 2:1034cm-2s1)
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@ Technically Driven Timeline (GDE) mpi "
ngha/bleiterlabor
o
2006 2010 2014 2018
BCD l Egg;?ge:r Construction - Startup
Begin End
RDR EDR Const Const
Siting Plan being Developed Detector Detector
: Construct Install
Site 1 Site

All regions ~ 5 yrs

R & D -- Industrialization

Cradient S-¥5t$m Cryomodule
- ests Full Production
e-Cloud & XFEL
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® The ILC Detector Concepts

LDC GLD

ILD
Detector Premise Vertex Tracking EM calorimeter Hadron Sole- Muon
Detector calorimeter noid System
PFA 5-layer pixels TPC Silicon- Analog- scintillator | 4 Tesla Instrumented flux
LDC barrel only Gaseous Tungsten return
ILD PFA 6-layer pixels TPC Scintillator- Digital/Analog Pb- 3 Tesla Instrumented flux
GLD 1 discs Gaseous Tungsten scintillator return
- PFA 5-layer pixels Silicon Silicon- Digital Steel - RPC 5 Tesla Instrumented flux
Sl D 4 discs strips Tungsten return
Dual 5-layer pixels TPC 2/3-readouts 2/3-readouts 3.5 Iron free dual
4th Readout Gaseous Crystal Tungsten-fiber Tesla solenoid
. - 3/2
Impact parameter resolution: &, ~0,. * 5®10/(psin™" 9)
Requirements:  Momentum resolution: o(l/ p;)=5x107 (GeV'™)

Jet energy resolution: o,/ E=3-4)%

Call for Letters of Intent October 2007, due October 2008

- first step towards the formation of 2 proto-collaborations! Produce EDRs by ~ 2010
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@ LHC €&- ILC Environment

LHC ILC
Event rates: 1GHz 1kHz
beam structure (BX): 25ns, cont. ~370ns, 0.5% Duty Factor

Triggering:

L1&L2

L3 (software)

Radiation Field:

40MHz - 1kHz
100 Hz

~10..50Mrad/year

no hardware trigger
15kHz - 100Hz

~10..50krad/year

But there is another challenge at the ILC - background due to beamstrahlung!

969 s

~189 ms

969 us

time structure: 5 trains with 2625 bunches per sec

MPP Project Review, December 2007

1 BX 150 BX

e-e* pairs, |. and hadronic events in the SiD Detector
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® MPI Activities within the ILC Project

Development of a DEPFET based VXD - DEPFET Collaboration
= part of the EUDET Program

Development of software tools for
= simulation of the DEPFET VXD
= track reconstruction and their application in detector optimization studies

Coordination of TPC tracking activities within the LCTPC Collaboration

Since summer 2007 member of the CALICE Collaboration (Calorimetry, see Frank's talk tomorrow)
= Participation at the test beam summer 2007
= Development of Geiger-mode APD arrays ("SiPM") suitable for large scale production

CAu@3

Calorimeter for ILC
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® Software Tools: Full tracking for the LDC Cooit
Xgha/bleiterlabor
- D
ciency vs FE ) S
= Tracking extended to forward and e _ A-Respereza j
intermediate silicon detectors | S— A U 0 T 0 H
. U,QE— i _'I"_ T - +—;—+ _:_ + ;
= Linked to TPC tracks asE- ol g .
> Realistic full tracking for LDC detector :;:
New: :::é— s : + |« TPC + Si detectors
osE . TPC only
Implementation of VXD ladders in the reconstruction 02E-.y —«— Sionly
T, | SN SN (SN et Sespermstemstyent pemtemmmeres
oE i - | | | .
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Mariin Reco

Digitization

Tracking

Performance

'-L ¥ A \ i > . . A. Moll
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@ Software Tools: Application to Higgs analysis

e Reconstruct recoil mass for Higgs Z > e+e-, p+p-

e Model independent, Benchmark process for tracking at ILC, m, = 120 GeV assumed
e Goal: Find optimal s for mass and Xsect measurement = Result: 250 GeV

e Am = 120 MeV and Ac/o = 9% for only 50 fb!

A.Raspereza et al, arXiv:0710.2602v1
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To reach the same accuracy at Vs = 350 GeV, 500 fb! are needed
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@ Generic Layout of the ILC Vertex Detector - 5 layer barrel

superb impact parameter resolution:  ©,, = 0,, * 5®10/(psin** J)

- Minimal material budget: < 0.1%X, / layer
(Equivalent to 100 um of Silicon)

-
P
-

- Minimal power consumption (<50W)

Barrel 1 Barrel 2-5
L=100mm L =250mm

- 20-30 um pixel size ?

™ TESLA TDR Design

Stripline

- Tolerant to high machine background

Competition of about 10 Technologies with different philosophies how to cope with background

1. read out during bunch train, accumulation of about 75-150 BX
-: CP-CCD, Mimosa, DEPFET..

2. read out during the 200ms pause, accumulation of about 3000 BX
-: FP-CCD
-: ISIS, CAPS, FAPS (in-pixel storage of ~20 frames)

3. read out during the 200ms pause and time stamping of each hit
-: ChronoPixel, SOI, 3D Integrated Pixel...
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© Why DEPFET?
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CLEAR, ON

CLEAR-Control

mpi

% %halbleiterlabor

. fast signal rise time (~ns), small cluster size
Fabrication at MPI HLL

. Wafer scale devices possible

. no stitching, 100% fill factor

fully depleted sensitive volume

no charge transfer needed (in contrast to CCDs)

=  faster read out
=  better radiation tolerance
internal amplification
. large signal, even for thin devices
. r/o cap. independent of sensor thickness

" charge-to-current conversion:
d, = dIy/dq = 1 nA/electron, scales with gate length

Charge collection in "off" state, read out on demand

. potentially low power device

Ladislav Andricek, MPI fiir Physik, HLL



@ The ILC DEPFET Collaboration
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www.depfet.org

r \
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ILC VXD Baseline Design
5 layer, old TESLA layout
10 and 25 cm long ladders read out at the ends
24 micron pixel
design goal 0.1% X, per layer

. 50 pm thin sensitive region

DEPFET/Ladder Auxiliary ASICs System System Tests and
Sim, and Irrad.  Development  Development Test Beams

Ladislav Andricek, MPI fiir Physik, HLL



@ ILC Prototype System

Gate 5, Sl i S ey DEPFET Matrix
Switcher g I a ; - 64x128 pixels, 33 x 23.75um?

NN

Clear
Switcher

Current Readout
CUROII

PXD4 DEPFET version thoroughly tested:

: Single Pixel Tests

-: Clear Studies and Laser Tests In the following minutes:
-: Beam tests at DESY and CERN -
-: Tuning of the Sim. with beam test results -: DEPFET Radiation Tolerance

-: News on Thinning Technology
-: The new PXD5 Production
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@ Radiation Effects: TID and NIEL

In the ILC VXD we expect in 5 years:

From e’/e* pairs by beamstrahlung: metal I1

-: few 100 krad TID (total ionizing dose)
-1 up to 10! n,/cm? NIEL metal I
1 oxide

Add:
source
10° neq/cm2 backscattered neutrons

muons from collimators, synchrotron radiation,
backscattered photons ...

channel implant

Ionizing Radiation - Total Ionizing Dose (TID

= Fixed oxide positive charge > AV;

» interface trap density >

=  reduced mobility (g,,) Non Ionizing Energy Loss (NIEL)

= higher 1/f noise = leakage current increase > shot noise

= trapping not considered to be critical
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@ Irradiations - Overview

-: Irradiations with ©Co gammas, protons and neutrons

-: Single pixel structures with 6 and 7 pm gate length

-: Look for degradation in:
e Electric characteristics (Vy, shifts, g, and g,)
 Leakage current
e noise spectrum (1/f noise)
e Spectroscopic performance

PXD4-10 MO2 PXD4-5 M05 PXD4-2 J14
Type Protons, 30MeV Neutrons, 1-20MeV Gammas - %°Co
Fluence / Dose 1.2:1012 p/cm?2 1.6°10! n/cm?2 913kRad
1MeV n equivalent 3-1012 neq/cm2 2.4-1011 neq/cm2 n/a

R/_/w_/

LBNL Cyclotron GSF Munich



@ Basic Characteristics: AV;, 9., I eax

Input Chracteristics befcore and after irradiation

2
=
=
= 8 10
c; F —8
S 6
=) i —~
~ | e E
= ~
Gate voltoge (V) F4 =
< L ~
gm for W/L=3 before and after irradiation o 100 200 300 4 B
— 2S0E ! ' ' ' E RT annealing (h) <
v E 3
2 4oF b J 2
- 1
5 30F e e—
é Zoé ___________________________________________ E oL . N Y H R B 1 0 10
5 I it 0 200 400 600 800 1000 1200
UCL% 10;— _‘,’._,-.'-'-'—“".'-'—‘_ _é Dose (krad)
2 ok | , , ,
0 10 20 30 40 50
Drain current [pa]
irradiation TID / NIEL fluence AV, 9 I .. iN int. gate at RT®™)
gamma 6°Co 913 krad / ~ 0 ~-4\V unchanged 156 fA
neutron ~ 0/ 2.4x101 n/cm?2 ~ 0 unchanged 1.4 pA
proton 283krad / 3x1012 n/cm? | ~-5V ~ -15% 26 pA

(*) 5..22 fA non irrad.
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® Spectroscopic Performance - ¢0Co irradiation
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Noise ENC=1.6 e~ (rms)

at T>23 degC

time cont. shaping t=10 s
Noise ENC=3.5 e (rms)

at T>23 degC
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@ Spectroscopic Performance - p and n irradiation
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@ New DEPFET Generation ‘PXD5’ o

Mostly use ‘baseline’ linear DEPFET geometry

= Build larger matrices —
Long matrices (full ILC drain length) Production finished
Wide matrices (full Load for Switcher Gate / Clear chips) June 2007

Try new DEPFET variants:
reduce clear voltages (modified implantations, modified geometry)
Very small pixels (20pm x 20um)

= Increase internal amplification (g )

standard arrays
compatible to wide arrays

existing hybrids o .== (512 x 512, full ILC)
[
= rtosce LiyoutEaling P05 ar s e Jozeseimon: 1] ] o ITHCRONCEDY 3
Tools Design Window Create Edit Verify Connectivity Options Help :! - ’,-. i
&1 R &
Y R 3
N e -
(_)\l . % ~
ol R
i| “ : ¥ long arrays
o R, B (256 x 1024, % ILC)
| 2:: -
O ,;’_’, = hmm m
B e e e s g
@ ey Bl : |
| '_;- E '. = [
le x :I‘_' =ln X I E ,—"'I‘ l
N e Bl NI
| e i e R
[nnzn]l i i T i 1T T i T T x = » e T L. il X i_—“
— OO S S various new sl ! [ F
0 | i O T ey, - Tl
7| * - = standard arrays v
p ;
e8| (64 x 256 pixels, Rainer Richter, MPI HLL

down to 20x20um?2)



@ Internal amplification g,

dl H
g, = dé) S Lg (Vs —=V,) (neglecting short channel effects)
TeSCA—Simulsh - = i({L=ff
2ot o lIE Cr-l imula ||:JnI g_D ( e I] 1400 -
- PXD4: measurement and simulation | PXD5: single pixel measurerrlent ¢
5 ™ F
¥ simulation at I,=50 pA i .
1500 | s p=>" M - . . Clocked Cleargate
- 1 10004 N Cl 20/2.3V
— - ; . . Clg 1/-3.2V
L 1 — 800- a *
<!§_ 1000 - '-' % ™ F|
~ 2 500 - A “
Cg I .\ : o 1 .d < <
. Id=100p4 i
500 |~ - 400 ) ® F10L=4.4pm, W=9
sl I \. | | ™ . F11 L:4.4|.II'I'L : Jm
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) ) 200 - *  F12 L=4 4pm, W=25pm
i T ] ) S.Rummel | < F11L=58um, W=15um
u] L L 1 1 L | L | L 1 L
. 7 N s 8 A 20 30 40 50 60708080 20 300
effective gate length L (um) 10 100
L = L - 2 x under etching of 1.2um 1, [HA]

As long as noise is dominated by r/o chip - S/N linear with g,

PXD4 has L=6um, some matrices in PXD5 have now L=4um - expect factor 2 better S/N
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@ Thinning Technology

mpi '
halbleiterlabor,

a) oxidation and back side implant

of top wafer ivati
P \ c) process = passivation
/ Top Wafer &

s Tttt

N Pal

open backside passivation

Handle <100> Wafer

e — s
==t = =

; etch stop Si02\ / \

~ b) wafer bonding and d) anisotropic deep etching opens "windows"
grlndlng/pOhShlng of Top wafer in handle wafer

Compatibility with the main production line tested

So far:
-: mechanical samples
-: test structures (diodes) on SOI wafers

The technology found its way into other projects:
-: production of thin (75 and 150 pm) ATLAS pixel sensors for sLHC
-: first production of SIMPL Geiger-mode APDs on 70 um top layer



@ Thinning : mechanical samples
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Thinning : mechanical samples

full size 1st layer module:

100x13 mm? sensitive area, 50 ym thin, 400 um frame,
no support bars

- 20 pm deflection due to gravity
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@ In Summary

. 2007 was an eventful year for the ILC
-: Release of the Reference Design Report (RDR)
-: Call for LOISs for the detectors
-: Start of a new optimization studies for all concepts
-: Detector R&D Panel had a series of reviews
-: Tracking, Calorimetry, and Vertexing

. MPI is an active player in this project
-: Design and production of DEPFET sensors for the VXD
-: Involvement in the Calorimeter initiated
-: Software development and detector optimizations

. Highlights 2007
-: New DEPFET production finished, currently under test

-: Software tools (Simulation and Reconstruction) developed at MPI
now widely used within the ILC Community

People involved in this Project:

Allen Caldwell, Xun Chen, Ariane Frey, Christian Kiesling, Andreas Moll, Vassiliy Morgunov, Kolja Prothmann, Alexei
Raspereza, Ron Settles, Frank Simon, Ladislav Andricek, Hans-Guenther Moser, Jelena Ninkovic, Rainer Richter,
Stefan Rummel
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@  Backup slides follow....

mpi

% %halbleiterlabor
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® In Summary: Achievements

— Yo il : DEPFET Matrix
64x128 pixels, 36 x 28.5pm*

%{ = (W : Clear

LS
3

- 2000/ |0 @ Switcher
I I - 0000 6 000
512 X 2048 H — switcher/'L/v Current Readout
pixel 1 i 24um CUROII
1T T — ChIpS | | =
= [

Prototype System with DEPFETs (450um), CURO and Switcher
| | test beam @ CERN:
drains v S/N=110 @ 450 pm €<-> goal S/N = 20-40 @ 50 pm

| o Octivearea v' sample-clear-sample 320 ns €<-> goal 50 ns

aY E E v s.p.res. 1.3 um @ 450 pm €<-> goal ® 4 ym @ 50 pm

cross section

Thinning technology established, thickness can be adjusted to the
needs of the experiment (~20 pm ... ~100 pm)

™~ drain readout
chips

radiation tolerance tested with single pixel structures up to
1 Mrad and ~10*2 n.,/cm?

Simulations show that the present DEPFET concept can meet the
challenging requirements at the ILC VXD.
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@ In Summary: Prospects

Production of 2nd iteration DEPFETs was finished summer 2007,
higher internal amplification demonstrated (g,=0.4nA/e - almost 1 nA/e), better S/N
New Switcher3 chips tested and functional

New r/o chips DCD designed for read-out of large matrices are under test

Power Consumption for the ILC VXD (baseline design) with these new chips
layer 1: 8 ladders, 4096x512 pix./ladder > ~ 12W/ladder -> ~100 W/layer
layer 2-5: 56 ladders, 10496x928 pix./ladder > ~ 21W/ladder - ~1200 W/ 4 layers
- 1300 W = 6.5 ... 13 W with pulsed power operation 1/200 - 1/100
About 90% of the power is dissipated at the ladder ends (r/o chips DCD)

Based on the experience made with the prototype system, we are confident that the DEPFET in
the present baseline design can meet the requirements at the ILC VXD. In this concept,
with the read out at the end of the ladders, the biggest challenge is the required row rate
and the capacitive load at the f/e inputs. There are several ideas how to increase the "head
room" in this respect, one of those being the use of the emerging 3D technologies. This
will be one of the future R&D directions.

MPP Project Review, December 2007 Ladislav Andricek, MPI fiir Physik, HLL



@ ....towards a thin demonstrator (in baseline design)

2006 2007 2008 2009 2010
DEPFET PXD5 PXD6
incl. rad. tolerance

Thinning

Mechanics
chips/system CURO2 DCD1 DCD2 DCD3 1<t layer

. __________________________ ______________ ____| demonstrator
development SWITCHER2 SWITCHER3 SWITCHER4 f
thin

Me./El. Samples

interconnections
on & off module

Engineering
module/barrels/
discs...

v" ASIC production: UMC, AMS, IBM, TSMC.... use the best available process

v" DEPFET prototyping and series production of the sensors at the MPI Halbleiterlabor

MPP Project Review, December 2007
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® One IR, but two Detectors > Push-Pull v i *
§§§g{g;i‘gleiterlabor
r Concept of IR hall with two detectors
Ho |

The concept is evolving

may be and details being

accessible N

worked out
during run e,

| Piatfarm fer slectrenic and
services (~10°8°8m). Shielded
detector {~0.6m of concrete) from five
B sides. Moves with detector. Alac

|

during run L

accessible /,J
e
[

provide vibration isolation.

Task force formed by WWS and GDE: The first quick conclusion is

-: no show stoppers
-: but needs careful design...
-: keep 2 IRs as alternative (1)
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@ Noise vs. shaping time t - %0Co irradiation

ENC vs. shaping time constant
141 L R ]
b Non-irradiated -
r and after 913 krad °Co 1
10 -
— of -
5 o ]
i :
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O: \ \ \ \ \ ]
0 2 4 6 8 10 12
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ENC = |a——* —+27zamet +ql,,.T
3g, T

Therm. noise 1/f I
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@ Subtreshold current > Interface trap density > 1/f noise ' m+p,-+ '
 [fhalbleiterlabor,
107"
10%= _ . roton
e 10
\ 1x10™°
g 1x10%
g 1x10%" neutron
5 1072 g 102 non-irrad
@ 1x10%
104k 1x10%
! \ ! ! ‘ 10%
B - 7(§..ote voltage (\/7)2 ’ ? 10-26 I - —rrrr e S e
C 1 10 100 1k 10k 100k
AN =—2% . (s..—g§ Frequency
it kT . ln(l 0) ( D2 Dl)
irradiation TID / NIEL fluence As (mV/dec) AN, (cm2:eV-1)
gamma %Co 913 krad / ~ 0 88 1.6-1011
neutron ~ 0/ 2.4x10'1 n/cm? ~ 0 ~ 0
proton 283krad / 3x1012 n/cm?2 230 4.2-1011
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Lit: ~ 1012-1013 cm2-eV-! for 200nm gate oxide
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@ Bandwidth and Noise

High readout speed - high bandwidth - short shaping times

ENC = \/HBkTgm 1 + ZWHIGEut + qILEﬂFﬂT
qu T

Measurements of a single pixel with an external high bandwidth amplifier
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1.6 e ENC at t=10 ps 40 e ENC at t=20ns (50MHz)

Intrinsic DEPFET noise sufficiently low for high speed operation at ILC
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® Simulation: LDC Geometry description g

% %halbleiterlabor

B Sensitive layer thickness = 50 pm
PP “~ “‘H Pixel size = 25%25 um?

Ladders
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/_“' A J semsor - LDC ladders with support frames
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Material up to first layer : beam pipe (500 pum beryllium)
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@ MC Studies

Spatial resolution for 50 mm thick 25 x 25 mm? pixels:
[ ZPoini Resolution |

| r-4 Point Resolution |

MPP Project Review, December 2007
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® Concepts

Detector Concepts

e SiD, LD & GLD driven by pflow, differ by size and B field
- SID/LDC/GLD : R =3.3/3.8/4.4 m, B=5/4/3 T

* high granularity sandwich calorimeters (few cm? cell size)
efficient shower separation & individual particle
reconstruction in multi-jet events

* Pixelized VXD (5 layers, innermost layer at 1.5cm from IP)

e (Central tracking : gaseous detector (TPC) : LDC & GLD;
double-sided silicon strip layers : SiD

* Instrumented return yoke as muon detector

e 4" Concept : emphasis on calorimetry

e reconstruction of jet as a whole object with dual readout
calorimeters; projective copper towers with embedded
quartz and scintillating fibers enable to measure
separately EM energy fraction within showers and thus
improve energy resolution

e The same concept of tracking system as in LDC & GLD

MPP Project Review, December 2007 Ladislav Andricek, MPI fiir Physik, HLL



@ PiN Diodes on thin Silicon
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