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® DEPFET Collaboration

s DEPFET is not only a technology but also a Collaboration

 University of Barcelona
 MPI Munich
 Ramon LIull University
» Charles University, Prague
* Bonn University
* TU Munich
» Heidelberg University
 IFIC, CSIC-UVEG, Valencia
» Goettingen University
» University of Giessen
 Karlsruhe University
* LMU Munich
* IFJ PAN, Krakow

www.depfet.org
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@ Outline

DEPFET
-Basics
-System elements

Belle-I1 PXD
-Detector overview
-Ladder design
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©® DEPFET — DEpleted P-channel Field Effect Transistor

/> Each pixel is a p-channel FET on a\
completely depleted bulk (sideward
depletion). Charge is collected by drift

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

\(internal gate) /
‘s O

Signal electrons accumulate in the
internal gate and modulate the
transistor current (g,~600pA/e’)

» Accumulated charge can be removed

by a clear contact
! /
\

> Internal amplification

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

KOFF state) y

VCI2010- Vienna
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o Small pixel size

“‘\g:_\
deep n—doping

deep p-wel)

p+ back cOn-ch_‘_

p"‘di""qin

amplifier
clear gate %
n+clear

o Intrinsic Noisex40e" at high
bandwith - Small capacitance and first

in-pixel amplification

o Thin Detectors=50um
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@ Operation mode: Row wise readout

DEPFET-matrix

/ Row wise r/o (Rolling Shutter) \

= Select row with external gate, read
current, clear DEPFET, read current again
- The difference is the signal

Low power consumption: Only one row
active at a time; Readout on demand
(Sensitive all the time, even in OFF state)

Two different auxiliary chips needed
(Switchers)

Limited frame rate /
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@ Prototype system: Hybrid board

 Switchers:
» Steering chips

» Gate: Select row

* Clear: Clear signal

» 64x256 pixels

« Several pixel sizes,
implants, geometries

 CURO:

» 128 channels
* CUrrent Read Out
« Subtraction of I [ b

fromI_ .+ : o"ln Hive N'.".,. . -
ped T 4sig y- 3 Y o' V) o

The latest DEPFET Generation ‘PXD5’ -> Test Beam 2009 at CERN
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LGRS EICECERAEIN - Super-B Factory at KEK

« Asymmetric energy ete- collider at E~,,=m(Y(4S)) to be realized by
upgrading the existing KEKB collider.

« | nitialtarget:| 10 x higher luminosity = 2x103%/cm?2/sec
— 2x10° BB and t*t~ per yr.
. LEJD&]QQ&&' L=8x10%/cm?/sec and /L dt =50 ab™"

Luminosity 50 times larger than Belle -
’

Current 2 times larger
s

Crab cavities 7GeV e-

New beam pipe
& bellows

Superconducting | "g1e yromagnetic
solenmd_ | calorimeter (ECL
AN

PID (barrel & forward):
i ation counter (TOP)
Aerogel RICH counter (ARICH)

More RF sources

K and p
detector (

kﬁt--‘Ma.- -

Energy exchange

: d n \ C-hand .4 "\ Damping ring
=——— detedtor (SVD) I/‘ —
s

f"“"-»:::_“_‘"*""::-u_:"'-'—:.

= and pixels!!

Belle-Il PXD group has decided on DEPFET as baselin e
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@ Belle-II

Belle-ll
Occupancy 0.4 hits/pum?/s **

Radiation > 1Mrad/year
Frame time 20 S (continuous r.0. mode)
Momentum range Low momentum (< 1 GeV)
Acceptance 17°-153°

* Belle II
> Required spatial resolution (~10um) - Moderate pixel size (50 x 50 pm?)
» Few 100 MeV momenta - Lowest possible material budget (0.15%

Xo/layer)

- The DEPFET technology can cope with this challenging requirements

' ** Occupancy for the obsolete High-current option. Chosen Nano-beam is under study!
VCI2010- Vienna 8 Carlos Marinas, IFIC, CSIC-UVEG




©® Belle-1I PXD and DEPFET

« 2 thin pixel layers at 1.4 cm and 2.2 cm (subject to optimization)
* 4 layers with double sided Si-strip detectors
 Angular coverage 17°<6 < 155°, slanted at the end

VCI2010- Vienna 9 Carlos Marinas, IFIC, CSIC-UVEG



The material budget... a crucial
issue!

- Try to reduce the m.s.
contribution

» Sensor: Thinned down to 50um
» Balconies: Etched grooves

VCI2010- Vienna 10 Carlos Marinas, IFIC, CSIC-UVEG




@ The Belle-II half ladder

i
i

—‘_

o \* I I

Belle-1I baseline
Pixel Size: 50x50 pm?2

Uol}2as SS0Ud
eale aAllde

1600x250 pixels/ladder
20pm per frame Y

A

1
U/ 1 Switcher
5 A
A T
> A
g

iea|d
a1eb

Chips connection via bump
bonding

Thinned sensor (50 um) in
active area

Support frame

'—-—.—-—'7‘—-—-—-—' _____\l_______
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Q
@ Data flow
250 ﬂi
"m0 Half ladder (readout channel) ® Beal
I 5 g
I ||| S = 20 ladders
- o = 0.4 Mill. Pixel per ladder
S I i 10 = 8 Million pixels (px) total
% h gate
o3 I JEN W _ = assumed accupancy 1%
S «r  Number of pixels per  8:104 pixels fired/each frame
S T ladder: = if trigger rate 30 kHz
I \"“m,\ [lll"% "% = 2.4 x 10° px/s
M _ = 4 bytes per px (pos + ADC)
— 250 x 800 x 2=4"10> .96 GB/s total
drains px/ladder 40 optical links
— 240 MB/s per 1 optical link
B Y e VN 1.92 Gb/s per 1 optical link
HDCD Chips Power Supplies / DAQ )
S
L. DHP Chips \\\(\\&
Module Controller Card *, Ofb
XX
o°

a COMPUTE
Data Handling Hybrid N O D E

Power Interface

-:RAM Pipeline Power Supplies

-:Trigger Handling

-:Cluster Logic, sparsification
-:Module Controller
-:Optical Interface
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® Data path

PEI —P _ .
- 5 g Data handling

hybrid (DHH)

SVD

_ - Ntk Optical
9. .
SVD/Copper 0% link
¥ we
Switch >
- SVD data ATCA

System
SVD data Advanced Telecommunications
Computing Architecture standard

PXD data -

(reduced) Sl Eaecgﬂ’g:t o8
Event Builder Farm
remove
background

VCI2010- Vienna 13 Carlos Marinas, IFIC, CSIC-UVEG



@ Optimization: Full simulation chain

Detector PXD/SVD Track .
: : : : . Analysis
simulation Simulation reconstruction
Particle gun (single event) Ionization points Marlin tracking Physics channels
EvtGen (physics event) Signal points PXD+SVD+CDC
Mokka geometry Electronic noise

Digitizacion and clustering

* Digitizer (Geant4) tuned with TestBeam

- Electric noise
- Electric field in Si (charge collection time)
- Lorentz angle in magnetic fields

hclusterChargeCut
Entries 41952
Mean 4.014e+04
ll RMS 8827

—— digi cluster charge

——— cut tb cluster charge

AEBEFLEEL SRS NEEL R ER S R R R R
I [ I I [ I

“80000
ine

e i B e S o e ey
30000 40000 50000 60000 70000

n
(=]
o
(=]
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@ Detector optimization

Optimization studies:
 Sensor thickness

* Pixel size
e Inner layer radius

QﬁpFEr

RamiLG o INner lyer: r_= 13mim (v, 1&mm|
I ) |

J/Psi z-Vertex
resolution

prent — Varkation

-— EBacsline

Zencor thiloenscs: d = TEum [vE. S0um)

—  ‘'Waratlon

——  Excsline

T T T C I T T TR T B0 1w 18 2ma
21 [Rec-<Genjlam] =i (Fac-Garim]
rowe: H = Cptimicho Dwcign we. Bacesiine Decgin
| B =
-2 —  variation E el — variation
(3= b Sl
:uuf— -— EBacsline - -— Excaline
et = FLT] =
zomf- v
15 Rt =
1000 nwa -
= 1 L 1 1 1 il 1
03 a8 w0 #0 0 R 200 S0 00 A0 4 R

=¥ [Hec-Gen|lam]

d, #px;,, #PXouwrTin 0.5 GeV [pm] 1 GeV [pm]

VNIVERSITAT
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50 um, 800x800, 14 53.43 36.04
50 um, 800x1600, 14 50.28 31.90
50 um, 1600x1600, 14, Split 42.41 23.93
50 pm, 1600x1600, 14 41.26 23.59 4a Base
75 pm, 1600x1600, 14 40.71 22.97 e
50 um, 1600x1600, 13 40.92 23.59
50 um, 2000x2000, 13 38.96 21.57

15

it oec-Ganjjm]

Impact parameter
resolution z0

Angle: 55 degree

Single muon
tracks
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@ The Belle-II PXD ladder: The all silicon module

A fully equipped ladder, with electronics
and bonded Kapton cable, leaving
through the end.

Pre-bent
Kapton
cables

With this geometry in mind... let's design the support...

VCI2010- Vienna 16 Carlos Marinas, IFIC, CSIC-UVEG



QﬁPFE}_

® Integrated Support and Cooling Structure (ISCS)

by
3 $
Epfxei Ddﬁ
Subject to
optimization for
Coolant inlet connector evapOIjative
N\ cooling

N

Air cooling channels
between ladders

» Copper ‘half’ support structure
* Integrated cooling channel
* Airflow channels

O Idea: Put the cooling block directly under the sensor and the electronics
; VCI2010- Vienna 17 Carlos Marinas, IFIC, CSIC-UVEG
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® End of stave layout

5

Spring pressing to k3.
%B"“fxeio'gg

the cooling block

=~y

Hole for position
fixation

23 mm
4.5mm , 4.5mm
4P

11 mrm

Carlos Marinas, IFIC, CSIC-UVEG
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@ Design components

Beampipe

Beampipe cooling

'VNIVERSITAT
B VALENCIA
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@ Design components

Beampipe support

Air cooling

Stress relief

Fixation on the
beampipe

oLyt

'VNIVERSITAT
B VALENCIA
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@ Design components

PXD Module support/cooling

Cooling/support
structure

VNIVERSITAT
B VALENCIA
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@ Design components

PXD Inner layer

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG



@ Design components

3-D view of the fully assembled PXD-detector

PXD Outer layer
12 layers

VNIVERSITAT
B VALENCIA
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@ Thermal studies

Ladder Belle-II

8 Switchers->1W total

- 18W one ladder

| 1 i
4.998 8.393 11.788 15.184 18.579
6.695 10.091 13.486 16.881 20.519

DEPFET thermal for Belle-ll, C. Marinas (IFIC-Valen cia)

e Full Belle-II ladder implemented in FE software
« Development of cooling options imposing upper
limits on the temperatures:

Tax (Sensor)<300C
Trmax (Chips)<600C

Carlos Marinas, IFIC, CSIC-UVEG
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® Frame perforation

Simulations cross-checked with lab.
measurements

T_e=-10"C, 2mm

e III.I_J_.IIII'IIII'IIII|IIII|IIII|IIII|IIII|IIII

The f.e.-simulation recreates faithfully the |
final ladder geometry!

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG



© Dummy support ring

@10x1

Dummy of half ]

support/cooling
structure

51

Power Resistor
max. 20 Watt

Tambient =18°C
E 30: = T{:nuling = 0°C
& 25f T _1{“:
o Y
E -
e 15F i - L
1[]; f#/.t"/ - a
5F = - 1
- — _______..l'"" |
o i |"'Ezlf;."zu"'4n"'an'"au"'mu
A temperature drop of ~20°C is expected! o

VNIVERSITAT
B VALENCIA

VCI2010- Vienna 26 Carlos Marinas, IFIC, CSIC-UVEG



@ Evaporative cooling without cold-dry volume

Teny=15°C (Without cold-dry volume)

T . =-50C (-25 9C = CO, cooling inlet) htc=27.52 wim"2-K | Air speed=1 m/s
coolingblock ( 2 g ) Sensor thk =50 um
Tenv=15 °C|Tch=-5 °C

k bumps=6 W/m-K | k contacts=3 W/m-K
Without TPG

| . I
-5 5.197 15.394 25.59 35.787
.098386 10.295 20.492 30.689 41.614
DEPFET thermal for Belle-ll, C. Marinas (IFIC-Valen cia)

- From lab measurements with mockups, the center of the sensor is a forced air issue...

VCI2010- Vienna 27 Carlos Marinas, IFIC, CSIC-UVEG
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@ Evaporative cooling with cold-dry volume

% S
; (]
E"'“fxei U"""@

Ten=-8°C (With cold-dry volume)

T =-50C (-25 °C > CO2 coolmg inlet) htc=27.52 Wim"2-K | Air speed=1 m/s
Sensor thk.=50 um

Tenv=-8 °C|Tch=5 °C

k bumps=6 W/m-K | k contacts=3 W/m-K

Without TPG

coolingblock ™

=40 =7200C Il
AT =24°C T =200C !l
| . I
-5.003 396745 5.796 11.196 16.595
-2.303 3.097 8.496 13.896 19.681
DEPFET thermal for Belle-ll, C. Marinas (IFIC-Valen cia)

-> Even with CO.... the cold-dry volume with forced air is mandatory!!!

VCI2010- Vienna 28 Carlos Marinas, IFIC, CSIC-UVEG
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@ Conclusions

% S
; (]
E"'“fxei U"""@

« DEPFET is the baseline technology chosen by the Belle-II PXD commitee
 High gain, low material budget, good spatial resolution technology
— Ready to cope with the Belle-II challenging requirements!
 Simulation chain is almost ready
— Best detector configuration is under study

A 'two in one’ cooling/mechanical support structure was presented
» First design to work with water cooling
 Could be modified to work with evaporative cooling if needed (CO, and
C;Fg are under evaluation)

« Thermal studies
» FE simulations were presented
e Reasonably low temperature on the cooling blocks is needed to cool
down the readout chips
» The center of the ladder must be cooled by forced convection with very
cold air!

VCI2010- Vienna 29 Carlos Marinas, IFIC, CSIC-UVEG
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Backup slides
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- DEPFET: From a pixel to a matrix

GATE SWITCHER
row selection for readout

== =1 ==
] } ]

o=t L, == 1, = |
] ]

1
N
i

T
1
i

CLEAR SWITCHER
row selection for reset

VCI2010- Vienna

|

amplifier / multiplexer

Low power consumption
Fast random access to
specific array regions

Carlos Marinas, IFIC, CSIC-UVEG



® ILC S3b prototype system

. .

*Hybrid Board B
« DEPFET 64x256 matrix

e Readout chip (CURO)

e Steering chips (Switchers) j

A

/-SBb Readout Board X

» ADCs - Digitization

* FPGA - Chip config. and
synchronization during DAQ

* RAM - Data storage

\ « USB 2.0 board - PC comm. /

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG




® The latest DEPFET Generation ‘PXD5’ )/

% $

E"“fxei

O Longer matrices (256x64 pixels)

4 New DEPFET variants: - Test Beam 2009 at CERN
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, (6um in PXD4; 5 um
in PXD5 - Factor 2 better expected) standard arrays

compatible to
existing hybrids

long arrays
(256 x 1024, %2 ILC)

various new
standard arrays

(64 x 256 pixels, Rainer Richter, MPI HLL
down to 20x20pum?) )

‘A system for characterisation of DEPFET
silicon pixel matrices and test beam
results’. Dr. FURLETOV, Sergey

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG




@ TB 2008 and 2009 results

Gain map: Deviation from average seed signal

1 TB2008, 120 GeV pions
Perpendicular incidence
24 X 24 ym? DUT

0.008

0.006

0.018F

0.0165- - seed pixel

0.014F % cluster signa

0012~ . H. Bichsel
0.01F (PDG)

0.004
* 64x128, 24x24 um2 Common Cleargate (TB2008)

MPV=1715 ADC counts
gq=363pAle

0.002

\Ji'll!'lliillli i
25 3 3. 4
signal (10° ADC counts)

* 64x256, 32x24 ym? Capacitative Coupled Cleargate (TB2009)
MPV~2400 ADC counts
gq~S00pA/e

* 64x256, 20x20 ym? Common Cleargate, Lengthg,.=5um (TB2009)
MPV~3100 ADC counts
d,~650pA/e (2x previous g,, as expected)

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG



@ TB 2008: Resolution

We cannot ignore multiple scattering (even at 120 GeV) or telescope resolution.
DUT resolution measurement obtained by plugging in a theoretical expectation for
the Multiple Scattering (either by simulating the setup in GEANT4) and error from
tracking fit (P. Kvasnicka).

Wedier 012 s a5

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

© Energy scan is a useful cross-check to disentangle intrinsic resolution-MS correctly.

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG



@ Thinning technology

a) Oxidation and back side implant on
sensor wafer \

‘ 4 Top Wafer Y ‘

Handle Wafer X . I ”
open backside passivation

/ elch stop S102\ / \

b) Wafer bonding and . d) Anisotropic deep etching opens
grinding/polishing of top wafer. Thin "windows" in handle wafer. Structure

sensor side to desired thickness resist, etch backside up to oxide/implant

c) Process DEPFET on fop side =
pGSSiVGTiOﬂocoss > Passivation

Implants like DEPFET config.
" Alignment marks
- to find the

P/ | \ partial p-implant

after bonding

unstructured n+ on top
structured p+ in bond region

=Sensor wafer: high resistivity d=150mm wafer.
=Bonded on low resistivity “handle” wafer”.

*50 um thickness produced

*Rigid frame for handling and mechanical stiffness

NCIA

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG
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@ Internal Amplification

% S

h b

L*]
v The internal amplification measures the change in drain current in the presence of charge ® Pixa pe®
in the internal gate:
dl ds I ds

Y9 4Qm W LE

v Increasing 9y increases SNR
v Playing with channel length we can achieve up to g, ~ 1 nA/e’
v PXD4 has L=6um, some matrices in PXD5 have now L=4um - Expect factor 2 better S/N

PXD5: single pixel measurement

PXD4: measurement and simulation
1000 = |L=7um ) 00— . ' ' )
] e L=6um /// -
900 - 4 L=5m o
L=4um a . . .
800 - 4 7 . = .
_ Linear Fit // ool P simulation at I,=50 pA ]
700 ~ » -
. //
600 4 g - N
® ] /'/ ,x*/ ) L
e A ~.
%_ 500 | /,/ e <‘§_ 1000 |- |
£ 400 ] < /‘///‘ e - ~ j \
P - // P '.. o ]
0] | s & ..,,04 o i i
300 4 e = - - \Q =100p4 .
A - P _ .
200 S o S )
| A// ./"/r»r"' i Id =5Dle .
00 T e : T
0 . —_—— , ———r . q . . . 1 . L . 1 3 . . | . .
1 10 100 a 2 4 5 B
I, in pA Gate Length L (um)

drain
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@ Ladder dimensions

- Monolithic inner layer ‘F
| 12,50
- Broken outer layer Jisua=usassnssnann
L u'ti\'/e'pxél are 200 |
R < > —
N |

A
A 4
Layer 1 Layer 2 °
Rpmin (€cm) 1.3 2.2
Sensitive Width (cm) 1.25 1.25

Balcony (cm) 0.2 0.2 155
Geometrical Width (cm) 15 1.5 )
Sensitive Length (cm) 7.5 11.7 §
Geometrical Length (cm) 8.06 12.26

mechanical/thermal $upport landing area

- Sensitive Length, ..,=1000 lines - 75 microns=7.5cm
- Sensitive Length,,,=1000 lines - 117microns=11.7cm
- Sensitive Width=250 columns - 50 microns=1.25cm

17,82
FPC connector (FH29B-80S, Hirose)

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG
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® Anew r/o chip — DCD (Drain Current Digitizer)

b4 S
3 (e}
%ﬂ "“fxe'. Dﬁg

Test Chlp DCD2 6X12 channels

» Improved input cascode (regulated) and current memory cells
» Integrated 8bit current based ADC per channel

» Designed for 40 pF load at the input (5cm Drain line)

» Layout for bump bonding, radiation hard design
» Power consumption per channel 2.0 mW (Analog) + 0.8 mW (Digital)

» Digital hit processing done with second digital chip (DHP)

VNIVERSITAT
B VALENCIA
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@ Signal rates and data flow

1024 r/o lines from DEPFET matrix
N

: N
256 inputs per DCD <—12.5 MHz row frequency
(80 ns ADC conversion time)

per DCD_<— 102.4 Gbps
400 Mbps output data x 256 lines

receiver

de-serializer ||
. memory
common mode & pedesta
correction pedestal
memory

zero suppression

de-randomizing buffer

data link

<— 5 Gbps (1.25 Gbps link per DHP)
JTAG clock, sync  one data out per DHP  trigger

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG



DHP functionality

. timing signal generation
- PLL controlled DCD clock
- Switcher sequencer

. signal processing
- raw data correction: common mode offset and pedestal fluctuations
- latency buffer
- data reduction: 0-suppression, triggered r/o

. module interface
- module slow control interface (JTAG chain including DCD and Switcher chips)
- Gigabit data link

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG



©® Components irradiations

Component | Process max Dose Result comment
DCD | UMC 180nm | 10MRad | 7.5MRad | ok DSM CMOS
Switcher3 | AMS 0.35 10MRad | 5.7MRad | ok DSM CMOS
Switcher4 | AMS 0.35 HV | 10MRad | 36MRad | ok
DHP | IBM 90nm 10MRad DSM CMOS
Optolink 7MRad
DHH ASIC TMRad
Regulator ?MRad

The ASICS will work well for the Belle-Il doses

irradiation TID / NIEL fluence AV, A I ... inint. gate at RT(
gamma “Co 913 krad / ~ 0 ~-4V unchanged 156 fA
neutron ~ 0/ 2.4x101 n/em? ~ 0 unchanged 1.4 pA
proton 283krad / 3x1012 n/cm? ~-5Y ~ -15% 26 pA

(*) 5..22 fA non irrad.

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG



@ Irradiations

v" Non ionizing Energy Loss (NIEL)
 Leakage current increase -> shot noise
* Trapping not critical
v" lonizing radiation — Total lonizing dose (TID)
» 2 MOS gates (Gate, Clear Gate) susceptible to be

damaged
» Fixed oxide positive charge -> AV, _ | 8kTg, 1 >
* Interface trap density ENC = |a 352 ; + 2mfctot + q[LeakT
> Reduced mobility (g_) &y
> Higher 1/f noise — T
Therm. noise  1/f I,
Unirradiated: *f ;| | N 4 MRad X-Ray
1=10us T=RT | " w200 | wl  § 1=10ps T=RT
ENC, = 2.1e=} = ENC, .= 4.6e

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG



® Data Handling Hybrid (DHH)

T All communication from and to the
Il o ladders goes through the DHH !
i : * 1 DHH per half-ladder (total 40)
s i + Connection between DHP and
: ' e ATCA DAQ system
;I___+ *—,:,E—*E e T - Impedance matching
I\?Umm o . Electrical <> optical

v | + Power filtering

« Local power
P S regulation (?)

« Slow control (JTAG)

Data Handiing Hybrid | Gl
PowerInterface

- AN Preshig
~Thgge Hanjlng —
“Cster Loges spndfeation, |l
N Cyscalisteiace

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG



Common cold dry volume
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Golden Channel

> Tag side

> CP side

~200 pum

B VALENCIA

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG



® Belle-II PXD schematic support

O Idea: Put the cooling block directly under the sensor and
the electronics

-> This way, the cooling structure and support are the same unit

Wire-bonded

__— capton ____— DCD, DHP

/

=z Spring to hold Cooling/support
Sensor (shaped to avoid

Cooling liquid  material in acceptance
flowing in the region)
support's
channel
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@ Design components

Integrated Support and Cooling Structure (ISCS)
assembled on the beampipe

Beampipe

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG




Thermal studies

T

C

b:'SOC
T, —=-10°C
V..=1m/s

air

8 Switchers>1W total Active area>1W total

- 18W one ladder

Ry 8 DHPs0.5W each
- 360W the full detector = . = =

L
L
i

Support and cooling

|- 1
oC 5005 -021704 4.961 9.944 14.927
-2.513 2.47 7.453 12.436 17.775
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©@ Water cooling (Ideal world)

T =-8°C (Cold-dry volume) htc=27.52 W/m~2-K | Air speed=1 m/s
Teoolingblock=5°C (Water-alcohol cooling) — Fon2e ™6 7ehts o

— k bumps=6 W/m-K | k contacts=3 W/m-K
I:)sensor_ 1Watt Without TPG

=700
Tx=20°C
[ 1
4.987 8.305 11.622 14.939 18.256
6.646 9.963 13.28 16.597 20.151
DEPFET thermal for Belle-ll, C. Marinas (IFIC-Valen cia)

The center of the ladder is always cooled down by the air blowing
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@ Thermal studies: Up to date power consumption

_ Passumed (W) I"’udated (W)

SW 1 0.7
Sensor 1 0.8 (1600 pixels) T.,=-5°C
DCD 12 10.08 T =-10°C
DHP 4(?) 4(?) Vair=1m/s
Ladder 18 15.58
Full detector 360 311.6

-5.005 -.021704 4.961 9.944 14.927
-2.513 2.47 7.453 12.436 17.775

DEPFET thermal for Belle-ll, C. Marinas (IFIC-Valen cia)

\/1 X

75H 152 S P e TPERNEIT v I e i PR e G - 2 PR 1 LTS e LTS
n
;

I
-5.005 -1.521 1.962 5.446 8.93
-3.263 22058 3.704 7.188 10.92
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QgFFEr

@ Evaporative cooling without cold-dry volume (Ideal)

% S

] 4]
E"'“fxei U"""@

Tenv= 150C (WIthOUt cold-dry volume) htc=27.52 W/m~2-K | Air speed=1 m/s

— ; Sensor thk.=50 um
Teoolingblock=-22°C (CO, cooling) I%nvzls g%\}/chKzl-% oC S
— umps=6 W/m- contacts=3 W/m-
I:)sensor_ 1Watt WithonE)t TPG

= o — oC 111
ATgenso,=60°C T, .. =41°C 11
| I
-25 -10.509 3.982 18.472 32.963
-17.755 -3.264 11.227 25.718 41.244
DEPFET thermal for Belle-ll, C. Marinas (IFIC-Valen cia)

-> Even with CO.... the cold-dry volume with forced air is mandatory!!!
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@ Evaporative cooling (CO, or C5Fg)

» Cooling loops (radius of 5mm) with

very small pipes (outter radius CMS Material distribution
~1.3mm, wall thickness ~50pm) . budget for 37barrel Iayers
e The material budget is reduced e
i hoi
(CO,) _ 014 [\ CysF; 4coolmg A B—
+ LHCb, AMS, CMS, ATLAS, industry - ) Bl f\[,
- Growing interest in this coolant 012 - /1\5/! 1
(CO,) T S - -
« C;F5 - Big experience - hu'. M\ Lh 5 iy léLU
e Low mass flow needed 0.08 |-t |‘\\fr IREW
« No corrosion ooe LW A \ | T'u
| o | - \ﬂy f
» Bigger engineering studies are ! CO coohng
required O IO S S AN
 High pressures | w
0_1-- e e e e
-3 -2 -1 0 1 2 Ehi!

material budged vs. Eta
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® Easiest CO, blow circuit (assuming post-heat exch.)

1,000

100
23 \F
2
N i

5 : ; #:ﬂ,ﬁ 115 Ko/
10 g e

1-2 — Precooling quuid CO, R
2-3 — Expansion
3-4 — Heat exchange in the detector 5
4-5 — Hear exchange with liquid CO, in the pre-heat exc
5-6,— After heating in the post-heat exchanger .

350 400 450 500 550 600 650 700 750 800 850
Enthalpy, kd/kg
Carlos Marinas, IFIC, CSIC-UVEG
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@ Easiest CO, blow circuit (assuming post-heat exch.)

1,000

100

.
230 kil oC

~~Melting Line——t L

AP= |43

AH 14”(,)% 1;) ki/kg T :

7

¥=08 -7 x=0.9

Triple Point (5.18 bar, - d

Pressure, Bar
--Em‘ro;:}y-=-

10

Cooling power P=410Watts
Change in entalphy AH(-25°C)= 180 kJ/kg
- Mass flow=2.28 g/s (assuming pre-cooling)

550 600
Enthalpy, kd/kg

650 700 750 800

Carlos Marinas, IFIC, CSIC-UVEG
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® Common cold dry volume

E: K

Very short distance! We need very nice insulation between detectors ﬂpfxemﬁu
[ Super KEKE VTX (r—z view)

1':' = N '?::;;T::;;;:_ _-.-.::::-'-';- a
- cm o

D .

10 e =
- cm
n L L L L I [l L 1 1 I 1 [ ] '] 1 I [ ] I I [ ] I I L I Il I L 1 L 1 I '] 1 1 [ ]
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® Common cold dry volume

10

I N

C\.

~ o

0 - g

i o

10 F —

- cm

-l l I I I I I ['] ['] I ['] [ 1 [ ['] I [ 1 [l [l [ 1 I [l I [l I I I ['] I ['] I [ ['] ['] [ 1

&
(-
1
N
(-
1
—
(-
o
—
o
iJ
(-
0l
(-
.
(-

VCI2010- Vienna Carlos Marinas, IFIC, CSIC-UVEG




® Common cold dry volume

Assuming a sufficient margin for operation:

_150C=_40°
Tdewpoint<TcooIant 15°C=-40°C
40 -
-» Moisture~160ppm |
°
.
N 30 -
—_ .
£ * 25 -
2 o
: s
[ ]
5 $ ?
2 .0
o s 15 -
10 -
5 u
: e . . ; . 0
-100 -90 -80 -70 -60 -50 -40 -30

Dew point (°C)
@8 Comparison:
'—4 * ATLAS = Tgeupoin=-30°C; Moisture=390ppm

@ < ATLAS upgrade - Tgeupoini=-20°C; Moisture=39ppm
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® Double pixel structure

%

® Pixa
| Merging two pixels (common source) for
reduce the size
I I
- 9 —-| gate
— |—.
- = |source
g
L_ 1' - ¢ —| clear
} Actual size of | |
fwo pixels drain 1 drain 2
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