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Outline univers'tétbonnl

= DEPFET for future colliders
* SuperKEKB and ILC

= DEPFET system
* Sensor
* ASICs

= | atest results
e Lab and beam tests

cmarinas@uni-bonn.de 3



Future Vertex Detectors umversitétb.onnl

The Belle Il Collaboration decided on DEPFET as baseline for the pixel detector

Belle Il PXD ILD 5-layer VXD
e o e e
Radii 14, 22 15, 26, 38, 49, 60 mm
Ladder length 90 (L1), 122 (L2) 123 (L1), 250 (L2-L5) mm

Sensitive width 12.5 (L1-L2) 13 (L1), 22 (L2-L5) mm The Belle 1l PXD

Number of ladders 8,12 8,8,12,16, 20 DEPFET ladders:
Pixel size 50x50 (L1), 50x75 (L2) 25x25 (L1-L5) um? almost prototypes
Frame rate 50 20 (L1), 4 (L2-L5) kHz forLland L2 of ILD

cmarinas@uni-bonn.de N Positive impact on DEPFETSs for ILC 4



Belle Il Vertex Detector Requirements umversitétb.onJ

Belle Il
0.4 hits/pum?/s
2 Mrad/year

Occupancy

D0 Impact Parameler Resolution
—m— Balle Il - PXD+3VD tracking (MC)
s Balla ll - VD only tracking (MC] |
eeemsne: Belle - 5VD2 cosmic (Data)

Radiation

L=

(=]
H w
Frrd
I

2-102 1 MeV ng, per year

=
[

Duty cycle

& [mm]
=
@

Frame time 20 ps .
Low momentum (< 1 GeV) AN
17°-155° of

0.21% X, per layer

15 pum (50x75 um?2)

Momentum range

Acceptance

i

25
P i sin(®) 2[lSvEﬂ.l']

Material budget

Resolution

e Modest resolution (15 um), dominated by multiple scattering > Pixel size (50 x 75 pm?)

e Lowest possible material budget (0.2% X,/layer)
— Ultra-transparent detectors
— Lightweight mechanics and minimal services
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ILC Detector Concepts and Belle Il umversitétﬂ

210t iMevngperes  10%IMeVnperver

e Excellent resolution (5 um) - Pixel size (20 x 20 pm?)

e Lowest possible material budget (0.1% X,/layer)
— Ultra-transparent detectors
— Lightweight mechanics and minimal services

— Both detectors have very similar requirements
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Vertexing Requirements HEP umversitétm

- rio?+r2o2 r | T
Displaced tracks Jd[} ~ fT l_r 1)2.2 @ _§13-6AIEV X_
2—"1 psin2 6 0
Qo met:;‘/ //%'econda_ry vertex
Primary vertex _ = /’ G‘dU = (1 EB bs
9:0- . The combination of resolution, psin2 0

Prompt tracks mass and power is a
substantial challenge

= Common vertex detector requirements _m b (um GeV)

LHC 12 70

* First layer close to the IP
* Low material budget STAR 12 19
e Reduced services Belle Il 8.5 10
e Low power dissipation ILC 5 10

* High granularity
e Good spatial resolution
e Fast readout a: Governs high momentum

.. b: Dominates at low momentum
e Radiation hardness
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DEPFET — DEpleted P-channel FET umversitétﬂ

e Each pixel is a p-channel FET on a b* source gate  p-channel

completely depleted bulk.

p* drain

e A deep n-implant creates a potential ee € ot
minimum for electrons under the gate Cbulk / internal gate
(internal gate) “hh

E p* backside

e Signal electrons in the internal gate

modulate the transistor current source clear gate
1/2 ’
ol ( I, ) _ .
= 5= X | V57— ~ 500 Ale external internal
9q dq LW Cog p / gate | gate : clear
: bl

O B
| L

* Detection and internal amplification @@

e Small intrinsic noise
* Low power consumption

drain
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DEPFET Pixel Array umvers-tgtm

~
~

e ? .

p ;'|L_||._l T_:,:"._l E.‘E"‘ o oo e Pixels are arranged in a matrix

A JJGJ'G_,'
/ clear )Y ~oU¢ \ “clearfn] y —‘l AN ) .
| | I__L | l.giue | ﬁ — \ L. Row wise readout (4 rows at a time)
| }
\ I | oatelny g E /
T~ P~ o g N : : :
) Yol v e QGate, clear lines need Switcher steering

chip

AT B B
“h ﬁ:@/ -

e Long drain readout lines to keep
material out of the acceptance region

e Only ‘activated’ rows consume power
— The others are still sensitive to charge
— Low power consumption
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The DEPFET Ladder

unive rsitétbonnl

drain

SwitcherB
Row control

source

n' clear implant
: drain

MR R i P TR ey e =L
SEIEEE
L o

AMS/IBM HVCMOS 180 nm
Size 3.6 x 1.5 mm?

Gate and Clear signal

Fast HV ramp for Clear

Rad. Hard proved (36 Mrad)

DHP (Data Handling Processor)
First data compression

' &

miraEnang

A 3
= @
=
= TR
=
Th
-t
=
=
=
= n
=
=3
=
-

;

§ EnETHIAG
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cleargate

DCDB (Drain Current Digitizer)
Analog frontend

p* drift
implant

e A e A Fow JH T |
.= e i R B b e e v RO S A s

UMC 180 nm

Size 5.0 x 3.2 mm?

TIA and ADC

Pedestal compensation
Rad. Hard proved (20 Mrad)

TSMC 65 nm

Size 4.0 x 3.2 mm?

Stores raw data and pedestals
Common mode and pedestal correction
Data reduction (zero suppression)
Timing signal generation

Rad. Hard proved (100 Mrad) 10



Off-module Data Flow universitgtb.onnl

L2 Half Ladder

e DHH (Data Handling Hybrid)
Electrical - optical interface
Slow control master (JTAG)
I Clustering
::):)DCDcham:I:i \‘- L 9 e ONSEN
192 Gate and Clear | \
: Data buffer
H I R Reduction via ROl selection (DATCON, HLT)
raimns
l : activearea _.
W Cross section ﬁ
DAQ, data reduction,
~DCD Chips Q ROI selection
. DHP Chips \QQ‘3§ .,
6\ & roler,
R Trigger/Timing
Patch Panel Slow Control
Data
Patch Panel
o) P — Power Supply System
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Thin DEPFET Sensors univers]tétm

Use anisotropic etching on bonded wafers to create a thin, self-supporting sensor
e One material: uniform and small thermal expansion
e The DEPFET thickness is a free adjustable parameter

sermr wafer I N .
.| | | I . |
handle wafer
Process Wafer bonding Thinning of top Process Etching of handle
backplane SOl process wafer wafer

wbonded chips | | Thinned sensor (50 um) | Support frame
Etched grooves - ' R — e —

BiA
1iimarnior
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PXD6 Prototype Production umversitétm

8 SOI wafers with 50 um thin sensors (450 um handle)
e Small test matrices with design variations
e Full size sensors for prototyping

90 steps fabrication process:
9 Implantations

19 Lithographies

2 Poly-layers

2 Alu-layers

1 Copper layer

Back side processing

cmarinas@uni-bonn.de 13



Hybrid 5.0 - Full System Test umversitétm

TMWMW@T

e Zero suppressed readout with the
minimum necessary amount of
components:

— One Switcher-B

— One DCDBv2

— One DHP 0.2

— Small thin matrix: Belle 11 SD PXD6 type,
16x128 pixels, 50x75 pm?2 pitch

DEPFET |

Serial link Gigabit Ethernet

DCD DHP
matrix chip | chip

O —

cmarinas@uni-bonn.de 14



DEPFET Sensor Characterization umvers-tétm

Laser scan Cluster3x3

e Biasing optimization (HV, ClearGate, Drift € 2000 e —— T s
g op ( ) 2 T T - ST -!90
$ e = w— e omweowm SRS 1. M
@ 1 e — y—— -t* . - -
e Laserscan g "k 7o
. . L =G0
Charge collection homogeneity e = — —sen—
In pixel studies : M
B »
. . S00F L~ - R T | ;
e Radioactive source - - o
. . B 10
System calibration K- ot s, TSN e vy i i B
ks ’ " i 0 40)?%5[[100 in u:\OD
x 107 t Y
35 Homogeneous charge collection
al 241Am spectrum with full . ' ; 1 —
- g0 L Energy calibration o
system (zS with DHP) )
25 = O _
2 eof y .
o 2 59.6 keV l-'; so L |
1.5' =1 -
a0 -
“ g,~500pA/e
1} 26.34 keV 20 - _ _
[33.2 kev ok 7 4
0.5 0= f. -
-0 ] ] | 1 1
0 0 0 20 30 40 50 B0
0 20 40 G0 a0 100 120
e ADU Energy [keV]
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Beam Tests

e DEPFET PXD6 extensively tested over the last campaigns
120 GeV pions at CERN-SPS
1-5 GeV electrons at DESY
Magnetic field

e Sensor properties
Charge collection homogeneity, operating points, efficiency, angular scans
Various pixel sizes, gate lengths, clear structures, drift regions and pixel designs

e System related aspects

Power supply prototypes
DHH and ONSEN readout

Here, just an appetizer



X/X0 Map Using Tracks umversitétm

telescope arm || |DEPFET| |telescope arm Il

: 23 " 27mm i L1[Lnfirm ' &7 L 28rnim : 27mm : -.’ } area Of the rnap i

L5 -

sensmve area

slninein

SW|tcher =

Mirmosa Pizel Sensoren x.r"x(] Mirnosa Pixel Sensoren
Pixel Pikch 18.4 pum Pixel Pitch 18.4 pm

Use tracks from the telescope to reconstruct
angle distributions from multiple Coulomb
scattering on a central plane

cmarinas@uni-bonn.de 17



X/X0 Map Using Tracks umversitétm

vimml]
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Material Budget Measurement umversitétb.onnl

[%]

XIXO[ %]

Silicon Chip+aAl

** Including (2x) Al windows ) ’ v[mm]
cmarinas@uni-bonn.de 19



Summary Test Beam Campaigns

unive rsitétbonnl

PXD6 Belle Il design
Thin 50 um sensor
Pitch 50x75 pum?
Targeted speed readout

BOOOD

Ili fll |:III=I+

i

ronon

g

]
w

.

BO00D

50000
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! : IIJH 1=|"|
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1.004—

1.002—

0,996 -

m:: '*+ﬂ£%*+ﬂw-]_ +

+++~}~+“F{"
€ >S;9.5%

i

30000 o

Landau distribution

S 4 GeVe
Perpendicular incidence
: g,~500 pA/e

-
20000 ppikesn

10000 s

| |

n-ll.ll e
]

&0 100 120 140
[ADC valua]

Prove of principle demonstrated in many
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test beam campaigns over the past years

15 20 25 30 5
007—
- ~10 pm |
0.06— . '
“resolution : |
006 [ ‘
0.04- RN
E AN
0.03 :( B
[ AT L &
002 ’J'J :: 9 :;f
1 &y 1
0.01- N N
r i 1k
- ‘u !
050 40 200 R 40 60
dx|pm]
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PXDS5 ILC Type DEPFET unwersitgtﬂ

Gain map: Deviation from average seed signal 0.018
e 0.0161 .'I I. -seed pixel
0'014;_ | cluster signal
0.012 .
C H. Bichsel
0.01;— (PDG)
0.008 I TB2008, 120 GeV pions
r Perpendicular incidence
0.006 24 x 24 ym? DUT
0.004f
0.002 _
colum . 5 728 ;‘é' 353
e 64x128, 24x24x450 um3 CCG, 6 um (TB2008) signal (10" ADC counts)
YResidual d3 Rusidualy d3
g,=363 pA/e’ 5 _ o 4239
e 64x256, 20x20x450 um?3 CCG, 5 um (TB2009) ) |
g8,~650 pA/e’ o |
* Resolution o~1 um, 20x20x450 um?3, analog readout " "
with charge interpolation 10 |
ILC Design % |

- Extensively tested & a0 v w
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Latest Test Beam Campaignh —Jan2014 umvers-tétm

e PXD+SVD common test beam in January 2014

e Small sector of the close to final prototype detectors and ASICs
PXD half ladder + 4 SVD single module layers

e Readout using the complete DAQ chain
* CO, cooling, slow control, environmental sensors

e Alignment, tracking algorithms, ROl with B=1 Tesla

=  @Goal: System integration test

cmarinas@uni-bonn.de 22



The Belle Il Vertex Detector umvers—tétb.onnl
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Test Beam Setup universitétbonnl
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Test Beam DAQ Structure umvers—tétm

POCKET DAQ |

SVD Belle2link

1

1

1

N

I FADC— FTB COPPER —
W% m

- i

1

I FADC— FTB —> e{e]al=l=lx SWi
. 7 A
I tch
1
1
1
1
1
1

el i R I R el e e e e ]

DHP —DHH —DHHC>fIE= N o - /----

DATCON Rol

Telescope

25
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Test Beam DAQ Structure umversitétm

SvD Belle2link POCKET DAQ

LN
FADC— FTB COPPER —
1

1

1

1

1

1

1

1

1 [
1 FADC— FTB —>efe]a)a)==
. 7
1

1

1

1

1

1

1

SWi
tch

-

“Pocket TTD”

ExpReco

Telescope
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From this... universitétbonnl
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... to this

universitétbonn

L R o)
2R La8E

# T =21

/
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3 mhr
] s
oy

AT . . . .
N 1925J First time that a large (480x192 pixels), 50 um thin, multi-

.
AT
g2y Cb2

0¢
624

chip module has been produced and operated

g

09) 52
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Test Beam Setup univers'tétbonn
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PXD DAQ universitétm

60 Million events recorded

30
cmarinas@uni-bonn.de



PXD Data Reduction umvers-tgtm

N

Expected maximum occupancy 3%
Total data rate >20 GB/s after zero suppression
Data reduction (factor >10) needed for data

storage
Solution: region of interest (ROI) by track

extrapolation from the outer detectors

cmarinas@uni-bonn.de



PXD Data Reduction umvers-tgtm

N

TB data reduction scheme

Expected maximum occupancy 3%
Total data rate >20 GB/s after zero suppression

Data reduction (factor >10) needed for data

storage -'

Solution: region of interest (ROI) by track Rol
extrapolation from the outer detectors | , }\

cmarinas@uni-bonn.de 4-|EIYEI' SV




Region of Interest Universititbonn

e Tracking using SVD and PXD ROl e tion
N\ Hit found inside the PXD ROI

e Factor 6 data reduction = Further investigations ongoing

cmarinas@uni-bonn.de 33



Event Display universitétbonn

Telescope

Telescope
P SVD

PXD

e 5 GeV electron under 1 Tesla field
e SVD real data

e Track reconstruction

e PXD and telescope extrapolation

cmarinas@uni-bonn.de 34




DESY News

universitatbonn

ACCELERATORS | PHOTON SCIENCE | PARTICLE PHY SICS
Deutsches Elektronen-Synchrotron
A Ressarch Centre of the Helmholtz Association

Custom Search

DESY HOME | RESEARCH | NEWS | ABOUT DESY | CONTACT 0o == =
DESY INFORM Home / News
DESY IN THE PRESS 03.02.2014
MEWS
S— Milestone for Belle Il: Test beam measurements at the vertex detector successfully

completed

Last Friday, a sophisticated test beam campaign has been completed at DESY, which provided
important data for the operation of the vertex detector in the Belle Il experiment. Over a period of
four weeks, an international group of more than 30 scientists for the first time submitted
prototypes of all components of the detector simultaneously to an integrated system test and
checked the functions of the detector together with its entire intricate infrastructure. “The result is
more than encouraging.” said DESY project leader Carsten Miebuhr. "WWe were able to thoroughly
test all aspects. including cooling with carbon dioxide, complex data taking and even the
alignment of the detector layers — all this in a strang magnetic field, just as it will 1ater take place
in the real experiment.” As the test is extremely important for the Belle || Collaboration,
spokesman Tom Browder (University of Hawali) came to Europe to observe the experiments first-
hand. He too was very pleased with the result: “This ‘'mother of all beam tests’ was really a big
success. The conditions, support and infrastructure here at DESY perfectly matched aur
requirements for such a complex test.”™

LECTURE SERIES

The Belle Il experiment at the SuperkEKB accelerator in

Japan. which will start operating in 2016, aims to solve one

of the great mysteries of particle physics; that is, why the

universe today is filled almost only with matter,although in

the big bang, matter and antimatter should have been

created in egual amounts. 35
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Summary univers'tétbonnl

e The DEPFET Collaboration is developing utra-transparent pixel sensors with
integrated amplification

e The good performance of the DEPFET detector system in terms of SNR, spatial
resolution, readout speed is demonstrated

e The Belle Il PXD boosted the development of DEPFET detectors
— Direct benefit towards the ILC-VXD project (ILD-VXD layer concept ‘engineered’)

e Building a real system: Every detail (although not covered here) is being
considered

— Cooling, mechanics, DAQ, ...

cmarinas@uni-bonn.de 36
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PXD Power Supply

universitatbonn

J.B Powersupply Disconnecte

P03 Overview Disconnecte:

) [+| ENABLED J CONMECTED INITIAL Fl ovP Emergency
J THERMAL Shutdown
# upPs
Reguilator Voltage at Valtage at

S&t Cument et Voltage Stabus Regulator Load Current
NOT_USED 1 | 0 maAl 0 mv 1 o my 0 mv 0 ma
NOT_USED 2 | 0 mal 0 my 1 O v 0 mv 0 mA
NOT_USED 3 0 m 0 mv 1 o mv 0 m 0 ma
NOT_USED 4 0 miA 0 my 1 o my o my 0 ma
NOT_USED 7 0 maAl 0 mv /] 3 miv 16 mv 1 ma
NOT_LISED_B 0 maAl 0 mv ] @ miv 1 mv 6 rma
buffer 20 ma| 2200 mv 1 2215 mv 2206 mv B maA
bulk 10 17000 my 1 17027 mv 16993 mv 0 ma
ccg 10 miAl 5000 my 1 5234 mV 5000 mV 0 A
clearoff 20 ma 10000 mv 1 10225 mv 9990 mV 10 s
clearon 50 md| 19000 miv 1 19304 my 19029 mv 12 ma
dcd-amplow 400 ma AS0 My 1 414 mvy 348 mv -122 mA
ded-awdd 900 ma 1900 my 1 2768 mV 1907 mV B74 mib
ded-dwdd 600 mal 1800 mv 1 2516 mV 1803 mV 500 mb
dod-refin 100 | 1050 miv 1 1447 mv 1052 mv 72 mé
dhp-core 200 ma 1200 1 1622 mv 1196 mv 92 ma
dhp-io 150 ma) 1800 my 1 2199 mV 1795 mv 57 b
drift 20 ma 4068 mv 1 4003 mV 4029 mv 0 maA
gate-off 20 ma| 10000 miv [+] 003 my 9003 mv 13 ma
gate-on 20 mA 2550 mv 1 2782 mv 2552 mv B maA
hw 10 maAl  -12000 my 1 12046 my 54 my 0 ma
polycover 20 méa 4500 my 1 4902 mV 4919 mv -2 ma
SOURCE 70 maA| 7000 miv 1 TI6L mv 7000 mv 40 ma
sw-chv dd 100 M 1800 ny 1 2042 my 1804 mv 12 ma

* EPICS interface
* Interlock to CO, cooling plant
* Similar performance as with bench PS

38
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COZ COOImg Plant universitétbonnl

oI~
MARCO CO2 cooling unit
= [+ [l amans w0 zeee [cou_suwe Tn e

* Connected (only) to the SVD
e Additional close loops with
heaters for tuning

39
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Global Slow Control Integration universititbonn

—

10— 30— 02 =
s - 254 o184 SVD+Env. Monitors+ CO, plant
g - 20— 0'16_. - - e e \-
7 - 15 0.4
&6 — 10— 0.12-
-
£e =
5 5 5 —gn 1 —ILH"‘I""I' i
- s M y
- =
4 - 0O — 008
3 - 5 - 008 II P.
2 - -lo— 004 1 b
—
1 « -15— 0.02-
o— 20— 0 T T T T T T T T T T T |
2014401-289 o1-28 01-29 01-30 01-30 01-30 01-30 01-30 01-30 01-31 01-31 2014-01-31
09:.57:04 16:00 20:00 QQ:00 0400 08:00 12:00 1&:00 20:00 0000 0400 09:57:04
Time
— WD Ibias
—Temp SWD cooling pipe —Temp dry box MARCO Temp before detector
—rel|, Humidity dry box
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Radiation Damage in DEPFETSs

universitétbonnl

 Surface damage

20
18—
16
S 145 o
£ 12 . .
= ¢ /t—"//_fl_'l-.,mk Oxide
o 10 —
E ﬂ: ’__,//
% - /
:::. -
= S/
2 4;/ Thin Oxide
- R
iy e M
= Q_L -
_I i Ll I i i I I I i Ll I il i Ll i I i i
0 1 2 3 4 g 9 10
Dose [MRad]
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* Bulk damage

> 1{ip=400Qem \
15 S— l
1 e=100x 10" em "
104 b=644x 107 cm’ i
5]/| ® Measured \ /
L ]
1ID” o I”'I]I[I]W o "--]-613 S -..-.].DH S

@ . [1MeVneq/ cm’]
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Sensor Deformation N "
universitatbonn

Stress due to CTE mismatch PCB-Silicon
N No cooling (room T)

e Pattern in the pedestal distribution

* Not an issue for the final production

p e B B % B A

o :
€32 .
W ~R29 . Jy
it & 2
""" : {28 P A C
' b L/ i s :I§§Z -y
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68 L CoeC 9%,” CooB | et VY
0y ﬁgf C54 RBO SW_STRC __-‘mN‘_co
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SVD Layer 3 universitétﬂ
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Closed box N, flow
Environmental monitors
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Temperature Stability univers]tétm

13 unicosHMI_1: unicosHMI

=10l x|
I @O feew S x[e[&] a[a] ] .m—@
@ MARCO CO2 cooling unit IEREERE [izso0eru tmozors
iN = |‘If-2014f01f20 11:37:56.686 |CSM_EH105_TS_FS |EH105TSAIarn’| |Alarn'| |FALSE |!!! |S M1 j 4 Unack
Time Range ~| ¥Axes v| Save | Other ~[1:1|7 1og [T auto

* MARCO performed extremely well
» Several temperatures explored (-10° C, 0° C ,+10° C)

* Due to safety margin (dew point -18° C), lowest
temperature was -10° C

o ' " g e
140118 140118 140118 140118 140120 140120
00:00 12:00 00:00 12:00 00:00 12:00
V2002014 12:50:04 PM.538 I [T dist_1:CSM_AICOS.PosSt 45 bar
[l [ dist_1:CSM_PT118_T=at PosSt 0.09 [
[~ dist_1:CSM_EH105.PosSt 400.0 W - L] cs I7EIC P——RE] A4 PosSt 1.1
[~ dist_1:CSM_FT103.PosSt 5.8z als - ce_' CSM_CO2_SPARE18_AA. PosSt 0.2
Remaining time [ Device | dist_1:CSM_APSparel1 Select
_'I: 2014.01.20 11:42:25.121 INFO CSM_EH105 increase value request sent. =
1 |2014.01.20 11:44:24 763 INFO automatic deselect CSM_EH105 52|

47
cmarinas@uni-bonn.de



Environmental Monitors

universitétbonnl

—] I =
K: | ! |2 DESY Lnar - Dsutachas Bsktronen-5 i (03] weboer = |HM-h-l,_nt.'u=-n-I:.m|a-m -Jihdm:mu-i E |[m]m_'ne_pl|-mb=m—nr-l:, “ | 4
S FRTE R ] * || ] - 2 B 4 W
B & %, 150%:
. . . Te02=0°C
e btop.opi w1 Mmarco m e GUL.opi g
IDN Micron Optics sm130, 2.0h-50-105-14 online @
S/N SIABNM fan1 @
fan 2 [ ]
Channel 1 Channel 2 Channel 3 Channel 4 calibration -
Peak 1 1550.44 nn 1529.93 nn 1569.52nm | 0 nm | fault
Hb 1 (°  20.8 degC 20.5 (1.05 ) Toutiet
C)
Peak 2 1535.06 nm | 0 nm |
ﬁ-rélﬁ:q: 2 (0 l -1.24 ] Tinlet
C)
Peak 3 1540.06 nm 0 Temp
famp 3 (o 18.05 Dis
) 0.01 p
Peak 4 154989 nn ¢ FOS forT and %RH
@mp 4 (° 20.3 * Inlet/outlet SVD CO, lines
<) * Temperature of the chamber
Peak 5 1559.97 nm o
fmb s (o 20.88 * Integration into SlowControl
C) * Web interfaces to the Slow-Control GUIs and
archived data
* Additional commercial sensors for calibration and
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Environmental Monitors
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Having Fun with Tracks univers'tétblonnl

reconstructed momentum at first TrackPoint

hidomentum
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Momentum spectra from three runs with different momenta (SVD only)
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Resolution ILC DEPFETs un]versitétﬂ

Detector PXD/SVD Track :
: : : . . Analysis
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Spatial Resolution universitétb.onnl

Digitizer predictions for a Linear Collider type DEPFET
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Further details:
‘Physical limitations to the spatial resolution of solid-state detectors’
arXiv:1404.3545
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Micro-channel Cooling univers]tétb.on;l
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