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VVertex ReguirementsHior: 1L.C==

e (Geometry
— Coverage |c0S6|<0.96
— Radii 1.5cm ~ 6.0 cm

e Fine pixels
— 20 um x 20 um

e Thin Detector
— 0.1% X, per layer

e Sparsified readouts
— 1 Gpixels
— zero suppression and/or time stamping
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MIMOSA

e On pixel integrated CDS
with discriminator
- CMOS

e Mimosa-22 [ W22 digital S10. Efficiency, Fake rate and Resohufion
— 128 col x 576 pixel, 18.4 um pitch S10 (M-22)

— 10 k/s readout Sof . . L=1"

~ 99.9% det. eff Fob N xds{ed

— S/N: 16 ~ 20 " af IR i -

— ENC: 11e ~ 14e 2F Bs ] 3

— 3.5 um pos. resolution oo RN "“'sg
e Irradiation test oal o Je

— 300kRad ENC: 10e — 15e 5 FOTTOOTTOONOIOTIOND: Wl I
=>» Performance requirements met pieert Threshold (m)

6/\33 oo :_,FE LCWS08 5



MIMOSA =K

e Add zero sup circuit for 2009 EUDET beam tests
— 1152 columns

e A variant will be used for STAR VXD

— Being fabricated
— Physics in 2010

e 3-D in collaboration with INFN and FNAL
— 130 nm 2-Tiered Chartered-Tezzaron process

Ad or
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DEPEET

FET amplifi
gate clea _— plifier

e Charge drifts to FET gate — current flow "= | e |7,
=g
v Prototype System with DEPFETs (450um), CURO and Switcher /==y i—¢
v' many test beams @ CERN and Desy:
v 5/N=140 @ 450 pm €<-> goal S/N = 20-40 @ 50 ym
v' sample-clear-sample 320 ns <- goal 50 ns

depleted
n-Si bulk

P*back contqet

v' s.p. res. with 24 pm pixels: 1.3 pm @ 450 pm
&> goal = 3.4 um @ 50 pym

v Thinning technology established, thickness can be adjusted to the needs
of the experiment (~20 pm ... ~100 pm), design goal 0.11 % X,

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



DEPEET

e New PXD5 DEPFET

standard amays

compatible to
existing hybrids

¢ 20 micron pixel
« smaller gate length -greater gain
« smaller clear voltage

long amays
(256 x 1024, % ILC)

e New quieter readout — DCD2
— 100e- ENC

e |lgm)
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DEPEET

o PXD6 will be first thinned DEPFET
e Work on SuperBelle detector will be beneficial

2008 2009 2010 2011 2012
DEPFET tech. tests PXD6 PXD7
incl. rad. tolerance
Thinning
Mechanics
chips/system DCD2 DCD3 DC sBelle
PXD
ATl S SWITCHERS SWITCHER4 SWITEHERS?
thin A
Me./El. Samples
interconnections
on & off module .
Engineering
ladder support #
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Monolithic Active Pler‘Se\ﬁ:h_'sh_-o;T"S — MAPS

e On-chip sparsification and time stamping

e Deep N-Well MAPS V. Re
— APSEL4D -32x128
— 50 um pitch — move to smaller process J

— Beam test - 90% efficiency _
change layout to improve efficiency ---rw;n»-]qm ,-..m....

— should implement multiple pixel hit

e Mimoroma2
— Analog readout E. Spiriti
— threshold scan works as simulation

e (Going to 3D will help

Ad or
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Continuous AcquisitiGNPIX

SuperBelle application

MAPS with in-pixel signal storage
— after charge to V conv.

o CAP7
— 60k pixels — 5 mm?
— pixel: 35 x 50 pm?
— 0.2 micron OKI on SOI i
— Chip expected this month |

colunmn address

B O OO O O

i
H

EERERERER

o N eW i d ea S fO r H exa g O n a | shifting / time encoding along external transfer line
routing of signals
D000 22000000030
— Reduced fakes, 89002288080808000 90

improved resolution,
faster transfers

3z LCWSO08 !



e Backgate effect
— can be mitigated but not eliminated

‘\E SHieon substee T l.'l.; 0.3 | .l.'l.-l. 0.5 0.6 I;T
e Cross talk
— No Cadence tools to analyze
this

e Lol
Q== LCWS08 2



Chronopixel

e Monolithic CMOS
— In-pixel sparsification
— Single bunch time stamp
— 4 hits/pixel/train

e 80 chips fabricated
— 80x80 pixel, 50 micron pitch

o Status

— Test equipment ready in Jan. 2009
— Simulation of expected performance

— Design deep p-well device (improves eff),
looking for manufacturer

— move to 45 nm process
YRR LCWSO08 .




e |CFI Collaboration —

e Need 50MHz operation

to keep occupancy <1%

— CPC2 works up to 45MHz

25 MHz, noise 78 e

YIYIYLIYIYIVYIVYI]Y

“Classic CCD”
Readout time = NxM

/ fout

e Lower capacitance variant
successfully operating

LCWS08
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Column Parallel CCD
Readout time = N/f,;
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CPCCD Readout —CPR2A

T
o 2
AT

e Voltage and Charge HH HH\
e 5 bit Flash ADC | |
e Cluster finding

 Sparsified readout :
e Performs up to specs B

EEEEEE

S.Thomas

g rAL
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Rezet ranzizior Sowrce foll ower
and Row Selact
Rzgat Gate tranaistor

Ch arﬁ E-;.Diier.linn

High resistivity epitaxial layer (p}

substrate (p+)

e Charge collected in “"photogate”
e Charge transferred to 20 CCDs in the pixel

e Read out during 200ms quiet time
— 1MHz operation

e CMOS and CCD technology

Ad or
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o [SIS2
— Pixels 80 x 10 um?

— Imaging pixels 40 x 20 pm?

— Total area 1 cm?
— p-well
— just delivered

e Future of UK Silicon project

— New proposal SPIDER

(Silicon Pixel DEtector R&D)

— Continue ISIS program

— Develop MAPS based on 4T process

LCWS08
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Fine Pixel CCD (FPCCD)E: |

i

e Integrate for 1 train, readout in the quiet time

e To keep the occupancy below %1 / train reduce pixel
size
— goal: 5 micron pitch
— fully depleted epitaxial layer 15, 24 micron thickness
— moderate clock speed, small power dissipation
— goal: signal level <2000g, noise <50e

n
. HA

il
32ch

i 1 A

A

20000 pix
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— 512 x 512, 12 micron pitch
— 50 micron wafer thickness,

First prototype delivered by HPK

epitaxial layer: 15 and 24 micron

— 10 MHz readout

— 10 mW/channel

— gain 5~6 uV/e

— Detailed testing in progress

e Readout chip

— ENC = 40 e- > 30 e- (target)

e production problem

— not yet in their target 10Mpix/s

e Small prototype in 2010 for beam tests

e construction-ready EDR by 2012 — 2013 I,

¢Sz
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3-D Pixel

e Vertical integration ~

of electronics
— reduces interconnection lengths
— heterogenous device integration

Detector

e Tezzaron 3D process

2nd wafer 2nd wafer
- FLI'LEL . y .
ﬁ
1. lul! 1.” e3P ——

- —— =T

B Aalin! i j'l:l.t

1st wafer

1st wafer
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e Fermilab VIP chip
— 3 —Tiers
— 22 micron thick

e Multiproject run being
organized by Fermilab
— Cost sharing
— Synergy

e Special focus session on
Tuesday

£Jo]e b

Prezelected pattern of pixels for the injection
of szignal to the front-end amplifiers; pattern
shifted inte the matrix, than pesitive veltage
step applied aceross the injection capacitance;
threszhold levels for the dizcriminater adjusted
according to the amplitude of the injected

LCWS08
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Pattern of pixels from the preselected

injection pattern that after injection of tests

charge reperted az hit (grey level represents
number of repetition - B times injection)
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Cable from L itudinal porti f “ladder” Cable from
distributor onhgitudinal portions of ladder distributor
o
Ca ble 23 pm aluminum
75 pm kapton
0.078 X,
23 pm aluminum

e Lorentz Forces: 0.72 N per cable
e Routing of cable has design implications

gy
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H o 0.1 s v ot
e Background in the first layer =
. . ~ 0.06 = o S
— large time hit - S
m aa —
— sensitive vol. thickness 50 um o g o)

e Low angle tracks in simulation
was not adequate
— Option to store in new version

Mokka hit ~ __»

e Tagging studies for optimizations

S = @ o

e LiC Detector Toy i
— allows quick study tracker perf. e

Transverse momentum B [Gevic]

std of projected impact [ m]

—&—LD_00.b-uLD_001
—&—ILD_00-noSIT b-AILD_00.f
Ad F S
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.C TPC Large PrototypEges

LC-TPC facility

Si strip detector Magnet: PCMAG
(EUDET/SILC) (LC TPC/KEK,CERN)
g 4 Endplate
— (LC TPC/Cornell)

Different MPGD Detector
> Modules
.| GEM, MicroMegas, Pixel
N LC-TPC, Saclay, KEK, Bonn,

. NIKHEF, ...
Test beam (DESY)

DAQ & Monitoring
(EUDET) Cosmic frigger
(LC TPC: KEK, Saclay)

Three types of Readout electronics
(EUDET:CERN, Lund & LC TPC (Altro), Saclay (T2K),
Rostock (TDC, HERA-B),

e Strong collaboration among many groups esp. EUDET
— Talk by I. Gregor

6 MBHOjOIR
SUNG KYLIN KWAN UINIVERSITY

Pixel beam telescope
(EUDET)

Field cage &
All Mechanics
(EUDET: DESY)

Gas system
(EUDET:DESY)

Software development
(EUDET & LC TPC)

LCWSO08 25



SilC strip detector
outside to monitor
beam position

Overall beam
infrastructure ready

— Movable stage expected
early 2009

— Beam will be available
for most of 2009, but
DESY cryo upgrade

First cosmics with B
field next week with
micromegas

O = = 4L
+ SUNG KYLIN KW IVERSITY
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diametert 77cm
length: 61cm

y Cathode
1mrad skew

— 103 variation in E-field

o - Radiation Length: 1.31% of X
Honsban Momex HonayComb 0
0 Abrminum
I8 Copper
B Eposy B Kapton
O GRP {Toe30) . MNomex
i Haneycoma
apton:
12.50m = B Copper
& @ Epoxy
Wapton: =
125um - O GRP (70 30)
Kapton: ___ Ta
7Spm T

Material budget per wall

GRP layer:
300 um

Guzzuum LCWS08
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L.C TPC Endplate

e provide framework to evaluate several readout
technologies

— 7 modules common radius
of curvature

— 25 micron tolerance
— made of aluminum

— 10/30/2008 endplate assembled
with one micromegas module

LCWS08
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LCTPC Large Prototypes

e Commissioning = Magnet
— End plate and cathode mounted '
— gas tightness confirmed
— HV test undergoing

e Demonstrate

— full volume tracking in non
uniform B field

— d(1/pt) ~ 10 (GeV1)
— 100 micron r-¢ resolution SILC Support

2-m drift TPC Support
— dE/dx capabilities

Silicon detectors in Feb. 2009

6/\33 i e £ LCWS08 29



GEM R&D
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e small TPC prototype at Cornell in CLEO magnet

[ point resolution] vs [ charge-width (before gas amplification) ]

0.08
S007 T 4 {
3 L
L 1 ¢
£ onoe : i 3
5 005 %
= 004 ’/i_’h,w
g
3 0.032 + 3EEMskigma squarsd
E + buk Mcromegas sigma squared
- 0.0z ——3EEt
= - Micromegas M
= 0.0

ﬂ{]ﬂ T T T T

0.00 005 0.10 015 0.20 025

charge -width squared {mm*2)

g, ("corrected”)
3GEM 158 pm
Micromegas 209 um

— gain of micromegas half of 3GEM in this setup
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Silicon Pixel Readout for:

e Timepix chip with 20 micron
Amorphous silicon protection
— works stably even when discharge
— CERN beam test

e In progress

— Alternative grid structures:
twin grid — separate high-gain
region from anode
— Optimize protection / signal Y
— Scale up

e Studies of Triple GEM with
timepix

256

1 # {column number) 256

175 262.5 350

LCWS08 | 33



GEM Support

e Flatness affects gain variation

— 380 um variation in flatness
+ 6% in gain

e GEM support

— Ceramic material

entries

10000~

5000

L L L L | L L L L |
% 1000 2000

ADC counts
370V over both GEMs

LCWS08



SILC Tracker

e HPK 6" delivered end of 2007

e Short term
— single sided sensor
— edgeless detector from Canberra
— thin detector with HPK
— 3-D planar — started testing TR

Quenching Element

e Longer term - pixel technology
— DEPFET
— Low material, high-gain 106

— 3-D pixels and 3-D Vertical
interconnect

fCuzamyen
ez LCWS08 »



SILC Tracker

e Sensors

— HPK - 1 intermediate strip improves
resolution from 9 — 5 micron

— new 3D pixel — breakdown mode

e Electronics
— FEE: 130nm -> 90 nm

— FE chip direct connection to sensor 10- b o
i o+ FF3EFF i
by bump bonding T il
. . . @ Run 2721
— 3D Vertical integration -
EN -
S 54 — *EFx
% 4 | Run #events
@ 0001 52K
£ 34 2718 100k
2719 100k
2 2720 100k
ol 2721 22K
0 (‘)intlerm‘ str}ps‘ ‘ l‘int?t‘m‘stri}l) | 2|1'nt(|ennls‘[ri‘ps

12 34567 8 92 101112131415 16

g e g Zone
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e Mechanics
— Alignment — using silicon trackers, single layer

— light support structure
— test beam — 3-D table

e Integration

— ILD integration of SiLC tracker

e Driving schedule

— test beam
— LOI

e Driving parameters
— lightness and robustness
— simplicity for construction

6 NI RCHSID
* SUNG KYLUIN KWAN LINIVERSITY
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SiL.C Tracker Alignmen'__:_

e Laser alignment
— Used in AMS and CMS

A laser
pasuda-rack

e Problem is transmittance
— strip width reduction oo e
— new transparent materials

éﬂls.—
e Accuracy currently 4 microns £
— Single layer | ?205 gzthzzp

- 50.0 Om pitch

0.1

005

i} 1
950 975 1000 1025 1050 1075 1100 1125 1150
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Results with the new
Black=beam off, red=beam on; 1 strip S
[t oo - o1 |

| Signal : Chip 1- Strip 3 | [srres 100 Entres 17000

fU T T AT ] e ISP T T

k. LI — e NI - g
Sianal o Signal

o 88 channel fully programmable version in hand
o Next steps

— thin

— 90 nm process

— CLIC

— bump bonding to sensor

AP ROfOID
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Silicon Pixel Tracking &

e 5 layers, 5% X,
— 50 micron pixels
— Occupancy: 10+
e 50 Gpixels

— Integrate signals through 1 train or
— Time slicing — integrate several bunches

— ISIS technology — low power

1E+10 : -
F ] ] LSBT
F ] ] | SNAP (space) !
[ : | PanSTARRS 1S =%
1409 | IFTT T T 5. P . 0 W .
E " CFHT & SAD Megacamy S S "
PR A o)
e b ' | ] i
a - -
Geaop |- -
5 E
k= E
5 [
1E+07 -
¢
1E+06 M U U SR S S S S SR S SR EP
1990 1992 1994 1936 1998 2000 2002 2004 2006 2008 2010 2012 2014

Year
lllustration of focal plane sizes, from Luppino/Burke ‘Moores’ law
A 3| )
6 ﬁr% a:rF" 0 b Focal plane size doubles every 2.5 years 40
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