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@ Outlook

- DEPFET: Fundamentals

- New generation of sensors
> Test Beam 2009

- Thermal and mechanical studies
> Belle-II

- Conclusions
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@ Vertexing in future colliders

> The vertex detectors (VXD) of the
future colliders are designed for
efficient flavour tagging and vertex
reconstruction

DEPFET

S requirements impose
unprecedented
detector:
« Very low material budget
» Fast read-out (low occupancy)
 Good resolution (fine granularity)
» Low power (no active cooling)

constraints on the

» Altough this combination of resolution, mass and
power is a substantial challenge... Measurements made
on realistic DEPFET prototypes have demonstrated that
the concept is one of the principal candidates to meet

these requirements
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@ From Belle-II to ILC ©
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* Belle-II is an “intermediate point” in our way to the ILC...
- ... but it is more challenging in some points

ILC Belle-ll
Occupancy 0.13 hits/mm?/s 0.4 hits/mm?/s
Radiation < 100 krad/year > 1Mrad/year
Duty cycle 1/200 1

Frame time

Momentum range All momenta Low momentum (< 1 GeV)
Acceptance 6°-174° 17°-150°

« ILC
> Excellent single point resolution (3-5 um) - Small pixel size 25um?
» Low material budget (0.12%X,/layer)

 Belle II

> Modest spatial resolution (10um) - Moderate pixel size (50 x 75 pm?2)
» Few 100 MeV momenta - Lowest possible material budget (0.15% X,/layer)

C. Marinas, IFIC, CSIC-UVEG, Valncia




/>Each pixel is a p-channel FET\
integrated on a completely depleted
bulk.

> A deep n-implant creates a potential
minimum for electrons under the gate

K(internal gate) /

/> Signal electrons created in the\
substrate are accumulated in the
internal gate and modulate the
transistor current (g,~600pA/e’)

» Accumulated charge can be removed

by a clear contact placed in the
\periphery of each pixel /
\

> Internal amplification

> Low power consumption: Readout on
demand (Sensitive all the time, even in

OFF state
N ) Y

DEPFET — DEpleted P-channel Field Effect Transistor

GOAL a.o

Cleqp 9
ate
p+ SOUr"Ce

n+cleqr

amplifier g’

p+drqin

P2

deep n-doping

N

'in‘l'er‘nql gate’

deep p-well

o Small pixel size ~25um

o r/o per row ~50ns (20MHz)
(drain) - Fully depleted bulk

o Noisex40e- at high bandwith - Small
capacitance and first in-pixel amplification

o Thin Detectors=50um
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® ILC S3b prototype system

o e R ia

* DEPFET 64x256 matrix
« Readout chip (CURO)

5

« Steering chips (Switchers)

<

/N

/-S3b Readout Board

» ADCs - Digitization

» FPGA -, Chip config. and
synchronization during DAQ

* RAM -, Data storage
* USB 2.0 board - PC comm.
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Hybrid board

em——

 DEPFET Matrix
» 64x256 pixels

« Several pixel sizes,
implants, geometries

» 128 channels

e . e CUrrent Read Out
e Switchers:
* Subtraction of I,

« Steering chips [ . | from Lpeq+Lgq
=

O

« Gate: Select row o oy liwvdm"‘lé o O

* Clear: Clear signal
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@ The latest DEPFET Generation ‘PXD5’

O Longer matrices (256x64 pixels) > Test Beam 2009 at CERN
(Coordinator: M. Vos)

O New DEPFET variants:
v Very small pixels (20pm x 20um)
v" Capacitively Coupled Clear Gate (C3G) - New step forward in gain
v’ Shorter Gate lengths - Increased internal amplification g,, (6pm in PXD4; 5
Mm in PXD5 - Factor 2 better expected)

VNIVERSITAT
B VALENCIA
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@ Test Beam setup

'? 5
E'foei U"""@

BEAM
Telescope
» 5 DEPFET planes DUT: / \
e 32x24um?2 « 1 DEPFET modules Scintillators:
* CCG « Various pixel sizes, . 1 Big “Beam finder”
. 450 thick gate lengths, Clear _
Hm thic mechanisms » 1 Finger "Beam
/ _ allignment”
* 450 um thick _ _
Trigger Synchronization * Triggering
via TLU (Trigger Logic Unit) /

All the modules electrically precharacterized using gamma sources and lasers
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@ Test Beam set-up 2009

and 2009 campaigns.
v EUDET DUT

11 C. Marinas, IFIC, CSIC-UVEG, Valencia




gFFEr

@ Test Beam set-up 2009 )
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Simpler design!

LY 1 wAl] .
- (
782008 [ E A

il

 Dedicated DEPFET Power
Supplies, one per module

» The complex powering scheme is
software controlled

- Plug-and-play telescope
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@ TB 2008 and 2009 results

0.018

« 64x128, 24x24 pm2 Common Cleargate (T82008) 0.016]-
MPV=1715 ADC counts 0.014F .
gq=363pA/e' ' cluster signal
0'012__ H. Bichsel
* 64x256, 32x24 um?2 Capacitative Coupled Cleargate (T82009) *'¢ (PDG)
MPV~2400 ADC counts 0.008] | TB2008, 120 GeV
gqNSOOPA/ € 0.006/- Perp[:rc\)giscular

incidence

0.004-

« 64x256, 20x20 um?2 Common Cleargate, Lengthg,e=5pm (182008,
MPV~3100 ADC counts 0.0021
g,~650pA/e (2x previous g, as expected)

o1z e e
X Resiual ()
¥ Resicual ()

Ll L
2 25 3 35 4
signal (10° ADC counts)

\Y[eYo IVI=E:=

120 GeV pions, perpendicular incidence, 32x24 um? telescope + 24x24 um? DUT (3)

X Resolution (um

Y Resolution (um
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@ TB 2008 and 2009 results

« 64x128, 24x24 pm2 Common Cleargate (T82008)

MPV=1715 ADC counts
g,=363pA/e

« 64x256, 32x24 pm? Capacitative Coupled Cleargate (T82009) %'

MPV~2400 ADC counts
d,~500pA/e”

 64x256, 20x20 pm? Common Cleargate, Length,.=5um (7B200¢

MPV~3100 ADC counts

d,~650pA/e" (2x previous g, as expected)

Module # 0 1

X Residual (pm) 2.9 2.2
Y Residual (um) 2.3 1.7

X Resolution (um) 2.1 1.6

0.018

0.016

0.014

cluster signal

H. Bichsel
(PDG)

0.012

0.008
- pions
Perpendicular
incidence

0.006[—
0.004}

0.002[

i uli'll!'lliilll'
% 25 3 35 4
signal (10° ADC counts)

2 3 4 5
2.3 2.0 3.1
1.7 2.2
1.9 1.3 2.6
1.2 1.2 1.8

Y Resolution (um) 1.5 1.3

Extremely high resolution
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@ Thermal studies

AN

NOV 18 2049
17:15:29

VOLUMES
TYPE NUM

Ladder Belle-II PXD

Active area->1W total
clear[n+1]
W= gate[n+1]
8 DHPs->0.5W each
] clear[n]
T gate[n]
8 Switchers—>1W total 0
drain lines
D‘\ Switcher chips (line driver)
CVD-Diamond
DEPFET Module M. E cross section
= (height not to scale)
* Full Belle-II ladder implemented in FE software Tl e actve pixel aves
 Development of cooling options imposing limits on the v
tem peratu res: OEOEAE~—— DCD chips (analog)
Tmax (Sensor)<309C IIIIII‘\ DHP chips (digital)

Tax (Chips)<60°C

flex cable
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@ Cooling block’s temperature

NODAL SOLUTION DEPFET Module AN
htc=19.45 / air speed 1 ocT 19 20do

STEP=1 Module thk. 450 um -

SUB =1 Tenv 288 K 18:08:52

TIME=1 Tcool 258 K

TEMP  (AVG) Kbumps 6 W/mK | K contact 20 W/mK

RSYS=0

SMN =258

SMX=309.946

¢ v=0m/s. T-shape 90 -

Bv=1m/s. T-shape

80 -
v=0m/s. i
Extended 70
— Xv=1lm/s.
TCooIingBIock_ 15°C / 60 -
- Extended
V,,=1m/s 5 X
T =37°C 2
max }E y = 0,42x + 65,6
—— 1 o E
298 263.682 269363 275.045 280.726 286.408 292089 297.771 303452 309.946 y = 0,26x + 50,8

30 -

DEPFET Module

y = 0,59x + 44,6

20 A
The idea is to fix the many mutually dependant y = 0,49 + 38,6
- parameters using the simulation (validated with lab. 10
C . measurements) , , 0 | |
f » Cooling block’s temperature -40 -20 0 20 40
» Speed and temperature of air T cooling block (°C)

« Diamond bridge length
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@ Solder bumps

40 - The heat produced in the chips will be
removed (partially) through the bumps
35 - y = 0,9995x + 4,7513
y = 0,9995x + 3,1713
y = 0,9995x + 1,5913
30 -
¢ P=0.5W
25 - mP=1W
AP=1.5W

%)
<
a 20 -
£
(8}
=

15 -

10 -

5 7 The array of bumps is not a bottleneck for the heat!

v'Cross-check with measurements over dummy chips
0 T T T T T T 1
0 5 10 15 20 25 30 35

Tsubstrate (°C)
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@ Effect of forced convection

312
310
1 . 308
NODAL SOLUTION AN;SYS
35521 OCTzzjzggg? 306
TIME=1
TEMP (AVG
RS5Y5=0 304
SMN =273
SMX =318,547
g302
a
g 300 B
|_
P
<298
0 5 10 15 20 25 30 35

Air speed (m/s)

31, . Effect of Environment Temperature

310
308
273 283,122 293,243 303,365 313.486 306
278.061 288,182 298.304 308.426 318.547
DEPFET Module 304
- - - - 302
» We just need to "move” the air... no high speed is 300 A 0
required! 2 508 oA 1
» Behaviour reproduced in lab. measurements. S o
()
:. 270 275 280 285 290
> Env. Temp. (K)
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@ Contacts

1 N
NODAL SOLUTION ANSYS

0CT 5 2009
STEP=1

SUB =1 23:41:01
TIME=1

TEMP v

RS5Y5=0

SMN =273

SMX =287,781

1
NODAL SOLUTION

A
5

STEP=1 OCT23?4%?33

SUB =1 A

TIME=1

TEMP (Av

RSYS=0

SMN =273

SMX =307.321

Ideal bumps, Kcont. = 20 W/mK

- I —
273 276.285 279.57 282.854 286.139

274,642 277,927 281,212 284,497 287,781 R EEE——
DEPFET Module
o 276.813 280.627 284.44 288,254 292,067 295.88 299.694 303.501 307.321
316 DEPFET Module
315
314 We have discovered that the contacts are not a minor
313 issue...

312 \

311\ « Two contacts to be optimized:

T30 N » Diamond-sensor
2 — » Diamond-cooling block
o
x 308
= 0 50 100 150
Kcont (W/mK)
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Diamond bridge length

90 -
80 -
NODAL SOLUTION DEPFET Module AN 70
STEP=1 Module 0k, 450 um OCT 20 2009
oUB o1 JorSag i 2o um 06:55:28 ~ 60 y = 0,7886x + 44,286
TIME=1 Tcool 273 K o
TEMP  (AVG) K bumps 6 W/mK | K contact 20 W/mK o, 50
RSYS=0 x
sz_323783772 g 40 T
= 30
20 A
10 -
O T T T T T 1
0 10 20 30 40 50 60
Distance=0mm Diamond length (mm)
T =660
max 66 C NODAL SOLUTION DEPFET Module AN
htc=10.45 / air speed 0 oCT 20 20d9
STEP=1 Module thk. 450 um 072420
SUB =1 Tenv 288 K
_ — o TIME=1 Tcool 273 K
273 287.388 301.775 316.163 330551 TEMP  (AVO) K bumps 6 W/mK | K contact 20 W/mK
280194 294,582 308.969 323.357 338.772 RSYS=0
DEPFET Module o 2T s
» The shorter, the better (as expected!)
. . . ’
« Key issue on designing the ladder’s supports
Distance=50mm
= 0
T ax=900C
- - |
273 292.684 312.369 332.053 351.737
282.842 302.526 322.211 341.895 362.985
P DEPFET Module




@ Belle-II PXD Mechanics

Create a structure to support the ladders, cool down the modules and bring
air inside the detector
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- A "conical” structure split in two shells
> Holes (rectangular shape) to pass diamond and cables through
- Holes (circular shape) for air flow
> Cooling: 2 circuits (one per clam-shell) as a pipe half buried and welded to
the structure

Holes for air flow

""l
l Fixation holes =~

- -,
Y

"

VALENCIA
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Inner layer

Inner+OQOuter layer
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@ Summary

- General remarks
> Vertexing in future colliders imposes a combination of good resolution, low
material budget and low power consumption — A substantial challenge!
> DEPFET is one the most promising candidates to meet this requirements
> Belle-II is not an easy task!
- Test Beam 2009 at CERN
> New sensors were tested: size x2, higher g,
> Improved dedicated power supplies
> Extremely high resolution (~1um)
- Thermal and mechanical measurements and simulation
> Development of a simulation tool to fix the cooling parameters
> Conduction
> Convection
> Cooling options
> Mechanical design of the supports
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® Belle II TDR (PXD)

 Physics motivation for the PXD and Overview
 Layout of the PXD Detector (General Description)
*DEPFET Sensor, Principles and Production

e Electronics (ASICS)

» Module Assembly and Interconnections

e Figures for the Module Section

» Mechanical Support and Cooling

» Power and Services, Interface to Belle-II

e Test Procedures

« Data Acquisition and Data Reduction

 Test beam results 0\‘0
» Expected Performance (Optimization Studies) ’0“?'
» Project Organization . \k
S
®
“6
<0
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Thank you very much!
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