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@ Introduction

Motivation: Tracking Devices Close to Interaction Region of Expatsne

Scaleis 10 cm 2

Look for a Material with Certain Properties:

Radiation hardness (no frequent replacements)

Low dielectric constant low capacitance

Low leakage current low readout noise

Good insulating properties large active area
Room temperature operation, Fast signal collec-
tion time ! no cooling

MM T T T

Presented Here:
F Radiation hardness tests of the highest quality pCVD and scCVD diath

Pixel module development

Beam tests results

Manufacturing and Module Developments

m T T T

Referencd http://rd42.web.cern.ch/RD42
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@ 2008 LHCC Milestones

(_

Priorities of Research in 2008 (LHCC 2008-005)

F Test the radiation hardness of the highest quality pCVD and scCVD
diamond.

F Develop diamond pixel modules useful at the LHC. Industrialization ¢f
the process.

F Beam tests with diamond pixel trackers and pixel detectors.

F Continue the development of pCVD and scCVD diamond material.
Develop additional suppliers.

F Continue the development of systems for beam monitoring for the LHC.

These points will be addressed in this talk.
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Radiation Hardness

- binding energy
- displacement energy
- elastic, inelastic, total cross section
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@ Radiation Hardness Studies with pCVD and scCVD Tracker

PCVD Diamond Trackers:

F Patterning the diamond pads, strips, pixels!
F Successfully made double-sided devices; edgeless ok.
F Use trackers (strip or pixel) in radiation studies - charge and position
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@ PCVD Diamond After Irradiation
Polycrystalline CVD (pCVD) Diamond irradiated to 1.4%10

pCVD after Irradiation 1.4x10"15p/cm”2 __h3a
Entries 5000
— T AT Mean 7296
g 20 | RMS 3543
£ :
>
Z

200

150

100

50

| | | | | | | | | | | | | ._-I-"'—ul o ¥ — | ———

0 5000 10000 15000 20000 25000 30000
Signal Size (Electrons)

o

F Application Is pixel detectors
F At the LHC, thresholds are Noise (1408) plus overdrive (8(f)

F PH distributions look good after irradiation of 1.4%XI@cm?.
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@ scCVD Diamond After Irradiation 2
Single Crystal CVD (scCVD) Diamond irradiated to 1.8X10
| Clustered Landau Distribution minus Multiple Cluster Events bs 23849 [ Clustered Landau Distribution minus Multiple Cluster Events bs 15611
e Mean 1393 = Mean 837.3
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F PH distributions look narrow before and after irradiation
F PH distributions after 1.5x20p/cm? ! > 99%
F Calibration: 750ADC = 10,000
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@ Radiation Hardness Studies with pCVD and scCVD Tracker

Proton lrradiation Summary - This Year:
New results from pixel modules - diamamd electronics irradiated!

| Preliminary Summary of Proton Irradiations
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Irradiation results up td:8 10 p/cm? ( 500Mrad).

PCVD and scCVD diamond follow the same damage curve:
1/ccd=1/ccdy +k
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CVD Diamond Material Status

- collection distance
- polycrystalline, single crystal
- new manufacturers
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@ Material Status - Polycrystalline CVD Diamond

pCVD Material: pCVD Diamond Measured witf°sr Source

F Contacts on both sides - structures frorm to cm
F Usually operate at E=1-2V/m
F Test Procedure: dot! strip! pixel on same diamond!

[ Wafer3 0V - Ped, Gain Corrected | S —
o
1000; F QMP - 8500'900@
w0l F Mean Charge = 11308
T I R F Source data well separated from 0
[Viers Charge - Ped, Gal Coveced ] e =m0 F Collection Distance now 300 m
P oL F Most Probable Charge now 9000e
s F 99% of PH distribution above 40@0
i F FWHM/MP  0.95|Sihas 0.5
i F Six wafers grown with this quality
o= %1‘ 5300 7000015000 20000 25000 30000 35900

Signal Size (Electrons)
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Material Status - Polycrystalline CVD Diamond

3
—

Recent Polycrystalline CVD Diamond

Recent pCVD wafers ready for test - Cr/Au dots are 1 cm apart

F New wafers continually being produced.
F Wafer collection distance now typically 259 (edge) to310 m (center).
F Contract for material with ccéd 275 m.
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Material Status - Single Crystal CVD Diamond

3
/_

Recent Single Crystal CVD (scCVD) Diamond

RD42 continues to develop and test this material.

scCVD diamond can be grown10 mm 10mm,>1 mm thickness.
Largest scCVD diamond grown14 mm 14 mm.
First results from irradiated scCVD pixel module.
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@ New Manufacturers Developing Detector Grade Diamgnd N

Status:

RD42 has begun working with two companies (Germany, US) to develo
detector grade diamond material

F First samples from companies show charge collection distab@@ m
F RD42is working with these manufacturers
F Work in progress on both pCVD and scCVD.
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PCVD and scCVD Pixel Detecto

- signal
- noise, threshold, overdrive
- charge sharing, signal over threshold
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ATLAS Diamond Pixel Detectors N

3
—

Recall: Full 1 Chip and 16 chip ATLAS diamond pixel modules

F Single-chip and 16-chip modules bump-bonded at IZM (Berlin),
constructed and tested in Bonn

F Operating parameters (FE-I3): Peaking Time 22ns, Noise,Théeshold
1450-15586, Threshold Spread 250verdrive 80
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@ ATLAS Diamond Pixel Detectors
The ATLAS pixel module - Threshold, Noise

Bare Chips

Without sensor
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@ ATLAS Diamond Pixel Detectors
The ATLAS pixel module - Threshold, Overdrive vs Noise
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ATLAS Diamond Pixel Detectors
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ATLAS Diamond Pixel Detectors

3
—

New: First Full Diamond Pixel Module Made in Industry

F Begin with a raw diamond wafér characterize

F Cut out detector! characterize

F Clean! 1ZM in Berlin

F Receive nished, metalised, bump-bonded module!
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KQQATLAS Diamond Pixel Detectors
New: First Full Diamond Pixel Module Made in Industry

Diamond sensor pixel metallisation
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Status after elelctroplating of pad metallisation and
lithography for pixel metallisation patterning

result after pixel metallisation patterning
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(QQATLAS Diamond Pixel Detectors
The First scCVD ATLAS diamond pixel detector

F The hitmap plotted for all scintillation triggers with trigger indscope.
F The raw hitmap looks goods - 1 dead pixel
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/QQATLAS Diamond Pixel Detectors -
Last Year: The First scCVD ATLAS diamond pixel detector - Charge Sharing
/g Sseed/ Zscluster
Nt
g Cluster size X (mm)
!
X (mm)

F 25 m pixel is located at Y = 0.0125 mm
F Charge sharing as expected
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/QQATLAS Diamond Pixel Detectors
New This Year: Cluster Signal

F As voltage Is raised more 1-hit clusters
F Cluster signal as expected
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@ ATLAS Diamond Pixel Detectors
New This Year: Spatial Resolution (1-pixel and 2-pixel

F Plot contains all scintillator triggers with \track" trigger in gdcope
F Diamond pixel resolution 8.&n for normal incidence

F Lower threshold more charge sharing observedbetter spatial
resolution.
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@ ATLAS Diamond Pixel Detectors
/_

New This Year: Irradiated scCVD Diamond Pixel Module

F Full scCVD module irradiated - electronics and diamond.
F Tested in CERN test beams
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@ ATLAS Diamond Pixel Detectors

New This Year: Irradiated scCVD Diamond Pixel Module

F Full scCVD module irradiated - electronics and diamond.
F Data falls on expected damage curve!
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@ Next Steps

On the basis of these results ATLAS o cially approved Upgrade R&D o
Diamond Pixel Detectors

Proposing Institutes:

Carleton University (Canada)
University of Toronto (Canada)
University of Bonn (Germany)
Jazef Stefan Institute (Slovenia)
CERN

Ohio State University (US)

m T T T T T

T

Submitted May 2007
ApprovedFeb 2008
Technical Decisior2010

-

F

Referencé ATU-RD-MN-0012, EDMS ID: 903424
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@ From Last Year: Next Steps Checklist

F Re-Test ATLAS Pixel Module at CERN - Done
Done - data being looked at Thesis

F Irradiate scCVD and pCVD diamonds - Done
pCVD to 2 10'% and scCVD to2 10*®p/cm?

F Irradiate scCVD pixel modules (chip and detector) - Done
Upto 10

F Move Metalization to Industry - Done
Cleaner facilties
Metalization and bumping done at one facility
This should be easy ... IZM is interested

F Produce 3-10 Modules - ongoing
Evaluate production process
Full measure of e ciency, noise, etc.

F Test of Modules - beginning
Beam test of production modules
Radiation hardness test of production modules

' Much progress made!!!
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Beam Condition Monitoring

- current measurement
- single particle counting
- monitoring, protection
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Beam Conditions Monitors

3
/_

All LHC experiments have diamond Beam Condition Monitors

All saw First Beams

RD42 helped make this happen!!! This work is a huge success for RD4}!
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@ Proposed Research for RD42

F Radiation Hardness of Diamond Trackers and Pixel Detectors
Continue tracker and pixel irradiations in the next year,
Use pCVD and scCVD

F Pixel Detector Modules
Test Industrial Modules (1ZM).
Construct two additional modules - funded by ATLAS R&D?
F Beam Tests with Diamond Trackers and Pixel Detectors
Complete test of ATLAS diamond pixel modules
Irradiation of one ATLAS diamond pixel module

F Diamond Characterization
Continue research program to improve material in progress:
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@ RD42 Request
Why Support RD42

F Lots of generic work to be done - n-,-irradiations, development of new
manufacturers, sample procurement, test beams

F Central facilities for all experiments this worked for BCM's
F CERN People in RD42 - D. Dobos, A. la Rosa, H. Pernegger, S. Roe

RD42 Request to CERN/LHCC

F RDA42 is supported by many national agencies:
I continuation of o cial recognition by CERN critical
I 50kCHF from CERN/ 150kCHF from outside CERN

F RDA42 requires access to CERN facilities:
I maintain the present 20 mof lab space (test setups, detector prep, ...)
I maintain present o ce space
I test beam time

RD42 and CERN play a critical role in diamond detector
development
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