Status of MAPS activities at DESY
Devis Contarato — DESY/Hamburg University

University of Durham, 1-4 September 2004
On behalf of the DESY MAPS Group:

V. Adler, D. Contarato, E. Fretwurst, T. Haas, J. Hauschildt, U. Kotz,
G. Kramberger, B. Lohr, P. Luzniak, C. Muhl, A. Polini, W. Zeuner ‘ﬁ




DESY activities on MAPS

e Chip tests: test-beam with 6 GeV electrons at DESY
e Power consumption and cooling: simulations, tests
e Mechanical layout and support

e Power switching

e Physics simulations: optimization of VXD design

2nd ECFA Study Workshop

D. Contarato, Stat f MAPS Activitii t DESY
ONArato, Status o fvities a Durham, 1-4 September 2004




MIMOSA V (B)

\ 4

~8.7or12.1cm

A

....... A - ey
T A B PR

' total
1TOP 5 or 7 modules
4 arrays

1020x1024 pixels
510x512

e 3
HH (-]
aamant I =] H I
N !
- :
17350 pm> each module :
i ' one reticle S
[ P2BOT | P1BOT size T
sEedEEdiin 17x17 E£19400x17350 ym? |+
um pitch
O

analogue signal bus
fast ADC's (readout clock frequency 40 MHz)

VME based readout system

and hardware data processing units

e real-size prototype: 3.5 cm?, 1M pixels

e 2003 batch; improved fabrication process

e standard 0.6 um CMOS of AMS with 14 um epilayer
e pixel pitch 17x17 um?

* 4 independent matrices of 512x512 pixels

e serial analogue readout @ 10 MHz

e back-thinned down to 120 um
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Calibration with >°Fe

| T02@10 C, Seed-pixel signal distribution | | T02@10 C, Signal from single-pixel clusters |
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e 5.9 keV peak used to calibrate noise
= e conversion factor ~20 electrons/ADC
e average pixel noise ~3 ADC counts
EDRIBAp R e ENC ~40 electrons
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MAPS Beam-tests at DESY

e electrons from 1 to 6 GeV

e event rate ~5 Hz for 1 cm?

e 3 x-y planes silicon telescope (~10 um)

e VME readout (Motorola PowerPC CPU)

e support for 2 Mimosa V chips available,
cooling to —15°C possible

e Stand-alone readout software for detector
and telescope

First tests: middle August 2004
e 2 matrices at 10°C and 0°C, ~13000 events
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Typical event

High hit-occupancy for every event

integrates during VME

DAQ and data transfer/storage need
to be improved to reduce hits/event
Clustering software being developed
from the one used for source runs
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Noise and Pedestals

| Pedestal distribution, 10C |
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Signal and S/N
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Simulation of temperature distribution
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e simulation of cooling conditions in our experimental set-up

e Mimosa 5 chip in a brass box cooled down to -16°C, nitrogen flow

e Chip thickness 120 pm, PCB board modelled with a 0.035 mm copper layer

e Convective heat transfer coefficient a~10 W/m2-K

e Temperature distribution simulated with I-DEAS®-TMG®

e Chip temperature varies from +26°C in the readout area to +6°C in the pixel area
(from Carsten Muhl, DESY)
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NCCE TEMPERATURES
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e 3 mm long portion of 10 mm wide ladder, 30 um thick

e Thermal coupling: 2500 W/mZK to a —16°C fluid, via two 0.5 mm wide strips
on both sides of the bottom (a better coupling is feasible)

e No convective coupling to environment gas

e Under these conditions cooling is much better than for a single chip

(from Carsten Muhl, DESY)
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CaIcuIatlon for outer VXD MAPS ladder

MNCCE TEMPERATURES

RESULTS: 1- NODE TEMWP .
TEMPERATURE - MAG M M 4. 85E+00 MAOXC 1. 65E+01 VALLUE CPTI Ohk ACTUAL Graph of Current Function

1. 650001 1. 0E+02 T """

00000
140901 8. 0E+01
1. 340401
1. 290001
1. 24Dv01H
1. 190w01]

1. 10D+011]
1. 05D+011
1. 010+014H
9. 70000 4., 0OE+01

e 1 | max [T ~16.5°C

D00

450 pixels ' / g
450 pixels '/ 7 eoo DD_ H\//____—‘-ﬁ‘\/f

7 290‘-00-

EMPERATURE

6. 200+00)

5, 95000 -1.868E+01 ° . . et

5. 710400 1. 1TE+01 -5. 0E+00O0 0. 0OE+0O0 5. DE+00 1. 1E+01
x

cooling to —16°C : B Y

TEMPERATURE

4. 85000l

+AS o= 4| FAS o= o

e 3 mm long portion of 22 mm wide ladder, 30 um thick

e Thermal coupling: 2500 W/m2K to a —16°C fluid, via two 0.5 mm wide strips
on both sides of the bottom (a better coupling is feasible)

e No convective coupling to environment gas

e Higher maximum temperature than for central ladder

e Additional convection (not shown) would need additional cooling power

(from Carsten Muhl, DESY)
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Cooling tests

C;F, Coolant
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ing plant

B Test vessel Cool

e evaporative cooling (like ATLAS) using octafluoropropane
C,Fg: cooling plant available

e vessel with 30 pym glass ladders (SiC foam support) and
aluminum strips to simulate power dissipation, 300 pm
capillaries for cooling liquid

e tests under way! | | _
(from Jan Hauschildt, DESY) =~
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“Use of display glass for cooling tests
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e Simulation of display glass test-ladder (25,4 mm x 102,4 mm x 0.03 mm),
with two aluminum strips on both sides to represent readout area

e Conductivity of display glass worse than silicon (factor 6)

e Thermal coupling: 2500 W/m2K to a —16°C fluid

e A temperature of ~2°C should be achieved in the pixel area

(from Carsten Muhl, DESY)
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Power switching

Coupling
& Impedance

power switch
digital power line

analog power line

Mimosa 5 output

e T g e P AT

M2.00ms A & settling time within 4 ms

TELHRIDES 1M 50

. ; . : Fine Scale s = Probe
Coupling Invert Bandwidth I ‘_._”.';c. Position Offsel c"__'r'u'l.)
LA H

DC Off Full 2.96 div 0.000V g
foiv 10 X

e principle has been proved (G. Claus, IReS-LEPSI, Strasbourg)

o facilities present on new version of control board

e tests under preparation
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Outlook

e Test-beam schedule:
Fall 2004
- extensive studies as a function of T (single matrix)
- multiple matrices readout (2/4)
- test of irradiated chip (900 MeV electrons, Trieste)
2005

- test of two Mimosa chips together (Maps telescope)
- tests with || magnetic field (2 T) possible

e Cooling tests: hardware available (vessel with dummy ladders and
cooling plant), tests under way

in preparation for next year
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Temperature simulation (2)
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Power consumption on central ladder (2)

Power Consumpfion Cenfral Ladder Of MAPS Defector

M a
nwlfﬁ“’/;;::ﬂizmrmg——r—
1000 “'i |
0.0 Const.
Const. 0 LOOe-6W = s
LU{]e—ﬁwx il LPer Row E| =
Per Row o=
Read Out
Area H\_/‘”//(
Mo | duppose
| Thickness l
0.03mm )
1 mm L mm | L mm 1 mm
=200 Pixels =200 Pixels
- 0 mm .

Power Calculation For Inner Ladders
Size 10mm x 100mm (5 Chips)
Active Time {1 msec)
(2%(1%300e-6W + T1990.3e-6W))«5000=3.597W
Read Out (400e-6W Per Row)
2¢5000«400e-6W=4W
Total Power: 7.6 W
Dead Time (199msec):
2¢200+50000. 3e-6W=0.6W
Read Qut Canstant & W
Total Power: 4.6W

Avarage Power:
{(199msec*0.6W+Tmsec«I. EW) /200msec) +AW=4 6 15W
{0.615 W For Pixel Area)

Or ¢ (01 msecw(2eh00e-6We20300e-9W+ 20 199+0, Je-6W) +199msece (204002 -6+ 220040, 3e-6W) ) /200msec ) +3000=4 , 6150

Simplified Model For
| -DEAS TMG Calculafions

Scale 10:1

Material: Silicon

m
=
Thermal Conductivity = 83 W/m*2 K

- L
0,06 W

Read Qut Areas

0,06 W
0,0185 W

\ Pixelarea
|

SRR
prbetee

] ER

SRR

|
|
|

Convecting Areas
To -16°C Fluid
With 2500 W/m"2 K

0,5
10 L

D. Contarato, Status of MAPS Activities at DESY

2nd ECFA Study Workshop
Durham, 1-4 September 2004

(from Carsten Muhl, DESY)




Power consumption on outer ladder (2)

Power Consumption Outer Ladder Of MAPS Detector
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