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Outline
| _ -

e Diamond as sensor material
e Radiation hardness: RD-42
* Diamond sensor applications

— Radiation detection — beam monitors
 ATLAS BCM/BLM
 CMS BCM

— Particle tracking
* CMS PLT
 ATLAS DBM

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors



Diamond as sensor material

-

i
IProperty Diamond Silicon

Band gap [eV] 55 112

Breakdown field [V/cm] 107 3x10°

Intrinsic resistivity @ R.T. [ cm] > 101 2.3x10° © Low leakage
Intrinsic carrier density [cm—3] <103 1.5x1010

Electron mobility [cm2/Vs] 1900 1350 © Fast signal

Hole mobility [cm?2/Vs] 2300 480

Saturation velocity [cm/s] 1.3(e)-1.7(h)x 107 | 1.1(e)-0.8(h)x 107

Density [g/cm3] 3.52 2.33

Atomic number - Z 6 14

Dielectric constant - ¢ 5.7 11.9 © Low capacitance
Displacement energy [eV/atom] 43 13-20 © Radiation hard
Thermal conductivity [W/m.K] ~2000 150 © Heat spreader
Energy to create e-h pair [eV] 13 3.61

Radiation length [cm] 12.2 9.36

Spec. Tonization Loss [MeV/cm] 6.07 3.21

Aver. Signal Created / 100 um [eg] 3602 8892 ® Low signal

Aver. Signal Created / 0.1 X, [e,] 4401 8323

TIPP, Chicago, June 11, 2011
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Sensor types - pCVD

L—

* Polycrystalline Chemical Vapour Deposition (pCVD)
— Grown in p-wave reactors on non-diamond substrate
—  Existin ® = 12 cm wafers, >2 mm thick
— Small grains merging with growth
— Grind off substrate side to improve quality
— ~500-700 pm thick detectors

Cireweth
direction

Test dots on 1 cm grid

Photograph courtesy of E6
TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 4



Sensor types - scCVD @
%_ -

» Single Crystal Chemical Vapour Deposition (scCVD)

— Grown on HTHP diamond substrate
— Existin~ 1 cm? pieces, max 1.4 cm x 1.4 cm, thickness > 1 mm

— Atrue single crystal T

ijig: SEEDS MOSAIC

© Fall-forward for sSLHC pixel upgrade (single chips, wafers ?)

» Needs significant improvement in size & price, ideas are around

» After heavy irradiations properties similar to pCVD, headroom ~3x10% p/cm?
@ Recent commercial developments in adverse direction

» Concentrate on max. ~5x5 mm? pieces & packaging, main target market:
dosimetry

» Used on large scale in CMS PLT project

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 5



Signal from CVD diamonds

* No processing: put electrodes on, apply electric field -
[ $31645_3 HV Curve |

— Surface preparation and metallization non-trivial ! z s

% 450; Blue Data;: wafer data
* Trapping on grain boundaries (pCVD) and in bulk 5«
— Much like in heavily irradiated silicon § w0 ey v
 Parameterized with Charge Collection Distance, = *..°
defined by <0 > T
CCD=—%"| ¢ meannot 1 A A A
e 0 200 400 600 800 1000
36— most probable BTN
pum CCD measured on recent 1.4 mm thick pCVD

] ) wafer from E6, and after thinning to 0.8 mm
e (CCD = average distance e-h pairs move apart

e Coincides with mean free path in infinite Q5 Ew -
(t > CCD) detector, CCD ~ t for scCVD 25" VD 305
d S84 .
d =d, +d, —distance e-h move apart é § o ,- /
t - detector thickness © ° I 'é’.fc.',iclﬁémiv.-;mi

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 6



ERadiationdamage in diamond @
. 5 .

Radiation . Operational .1e Operational
induced effect Diamond consequence Silicon consequence
Leakage small & none I/V=ad Heaﬁng
0
current decreases a~4x107 A/cm | Thermal rungway
N~ 7

Space charge ~ none none ANet ~ P2 HIFPEA_S% of >

p~015cmt el yota
Chapqe Ves Char'g.;e Ic?ss 1/7¢ = P2 S C\l)\é&e lo
Trapping Polarization | p ~ 4-7x10-16 cm2/né

= At extreme fluences charge trapping the paramount radiation damage effect

¢ Difference O(10) in x-section between charged/neutral traps
» Filled (neutral) traps trap less (of the opposite carrier)

» Basics of “pumping” 1
¢ E,indiamond 5 times larger than in Si
p — = —
$ Many processes freeze out Z Nt (1 B )O-tvth
» Typical emission times order of months Teff t
=  Works also in Si at 300/5 = — “Lazarus effect”

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 7



Radiation damage studies: RD-42
e | = |

M. Artuso?®, D. Asner??, L. Bdni??, M. Barbero!, V. Bellini2, V.
Belyaev®, E. Berdermann®, P. Bergonzo', S. Blusk®, A.
Borgia®, J-M. Brom®, M. Bruzzi®, 6. Chiodini*?, D. Chren®, V.
Cindro’2, G. Claus’®, M. Cristinziani!, S. Costa?, J. Cumalat?*, A.
Dabrowski?, R. D'Alessandro®, W. de Boer!?, M. Dinardo?*, D.
Dobos3?, W. Dulinski©, J. Duris®, V. Eremin®, R. Eusebi3?, H.
Frais-Kolbl®, A. Furgeri3, C. Gallrapp?, K.K. Gan'6, J.
Garofoliz®, M. Goffel©, J. Goldstein?, A. Golubev!, A.
Gorisek?, E. Grigoriev!, J. Grosse-Knetter?®, M. GuthoffL,
D. Hits?, M. Hoeferkamp?¢, F. Huegging!, H. Kagan'®* , R.
Kass'®, 6. Kramberger!?, S. Kuleshov!, S. Kwan’, S.
Lagomarsino®, A. La Rosa?, A. Lo Giudice!®, I. Mandic!?, C.
Manfredotti®, C. Manfredotti®®, A. Martemyanov!!, H.
Merritt®, M. Mikuz!?, M. Mishina’, M. Moench?®, J. Moss'®, R.
Mountain®®, S. Mueller’®, 6. Oakham??, A. Oh?’, P. Olivero®®, G.
Parrini®, H. Pernegger?, R. Perrino32, M. Pomorski4, R.
Potenza?, A. Quadt?®, K. Randrianarivony??, A. Robichaud??, S.
Roe3, S. Schnetzer, T. Schreiner*, S. Sciortino®, S. Seidel?,
S. Smith’®, B. Sopko®, S. Spagnolo®?, S. Spanier?, K.

W. Trischuk®®, J-W. Tsung?, C. Tuve?, P. Urquijo?, J.
Velthuis®, E. Vittone®®, S. Wagner#*, R. Wallny*, J.C. Wang?>,
R. Wang?®¢, P. Weilhammer3*, J. Weingarten®, N. Wermes!

RD42 Collaboration 2011

¢ Spokespersons

1 Universitaet Bonn, Bonn, Germany
2 INFN/University of Catania, Catania, Italy
3 CERN, Geneva, Switzerland
4 FWT Wiener Neustadt, Austria
5 INFN/University of Florence, Florence, Italy
6 Department of Energetics/INFN, Florence, Ttaly
7 FNAL, Batavia, USA
8 GSI, Darmstadt, Germany
9 Ioffe Institute, St. Petersburg, Russia
10 IPHC, Strasbourg, France
11 ITEP, Moscow, Russia
12 Jozef Stefan Institute, Ljubljana, Slovenia
13 Universitaet Karlsruhe, Karlsruhe, Germany
14 CEA-LIST, Saclay, France
15 MEPHT Institute, Moscow, Russia
16 Ohio State University, Columbus, OH, USA
17 Rutgers University, Piscataway, NJ, USA
18 University of Torino, Torino, Ltaly
19 University of Toronto, Toronto, ON, Canada
20 UCLA, Los Angeles, CA, USA
21 University of Bristol, Bristol, UK
22 Carleten University, Ottawa, Canada
23 Czech Technical Univ., Prague, Czech Republic
24 University of Colorado, Boulder, CO, USA
25 Syracuse University, Syracuse, NY, USA

STenson24 R' S-rone].? C' Su'rertaz M' Trtaegerig D' Tromsonl4 26 Uni\f‘er‘si‘l’y O‘F New Mexico, A|buqu€l“que, NM, USA

27 University of Manchester, Manchester, UK
28 Universitaet Goettingen, Goettingen, Germany

100 participants from 32 institutes

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors

29 ETH Zurich, Zurich, Switzerland
30 Texas A&M, Collage Park Station, TX USA
31 University of Ten see. Knoxville TN USA
32 INFN-Lecce, Lecce, Italy
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Irradiation: 24 GeV protons (PS)
' .

» For mean free path in infinite
detector expect

1 1
= +kxD

CCD CCD,

» With CCD, initial trapping,
k a damage constant

= Larger CCD, performs better
(larger collected charge) at any
fluence

»= Canturn 1/ CCD, into effective
“initial” fluence

= expect CCD, ~ o= for scCVD

= pCVD and scCVD diamond
follow the same damage curve

=k ~ 0.7x1028 pum1cm2 for PS
(24 GeV) protons

TIPP, Chicago, June 11, 2011

| Preliminary Summary of Proton Irradiations |
= 500

450

400 § .................. .............................. ...... Red Data Strlp S.CCVD (x ShlﬂlEd by 3 a)

350 ...Open. Red pixel. scCVD (x- shlfted by -3.2)!

% Blue Data strip pCVD

300
250
200

charge collection distance (um

150
100

50

_IIII|IIII|IIII|IIII|IIII|IIII|IIII!IIII|II-J-IM.

1 1 1 1 1 1 1 1 1 . 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 0 5 10 15 20 25
Irradiation (x10*15 p/em*2)

Test beam results

Marko Mikuz: Diamond Sensors 9



e Recentirradiations with

Irradiation: 800 MeV protons (LANL)
e N | =

Preliminary Summary of 800MeV Proton Irradiations - Not Public

800 MeV protons at |

o — 500
LANSCE Facility in Los S S T Y N SO
Alamos, US g 4““5‘ .................................................................................................. S —
~ . %‘ a50 f_ .......................... ..........................

* ~2xmore damaging than 8 b Blue Data: strip pCVD strip detector |
PS protons 8 E Blue data: +HV(lower) and -HV(upper)

E 25“ :_ ................. % ........................ 'B]uecun}a;ccd:ggdﬂj’“q-k*phi*ﬂcdﬂ] .............
k ~ 1.3x10'® pm-*cm2 B 200 S— —— RS S——
Consistent With NIEL [} ::Eé_ .................................. ‘Pi'. ........................... ...........................
T sl e R e

p rEd ICt I O n 50 i_ ............................................. '-Hﬂi._ﬂ_ ....................................................
Workinprogress,one 0= '.']""é""ﬂ,'"'115'."'25""25
more data p0|nt belng Irradiation (x10%15 p/cm*~2)
analyzed Test beam results

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 10



e

Irradiation: 70 MeV protons (Sendai)
VIEV. |

e Recentirradiations with

70 Mev protons at CyriC |_Preliminary Summary of Proton Irradiations

—

Facility in Sendai, Japan £

tance

 3x more damaging than
PS protons
k ~ 2x1018 umicm2

* NIEL prediction
— factor of 6
— NIEL violation ?!

charge collection dis

* One more sample being
analyzed

500
450

B
)
=

S U SNNUIN USSR USSR USRNSSR SRS S —————————————

1 . 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 | I--:---I---I---
0 5 10 15 20 25
Irradiation {x10"15 p/em"2)

Test beam results

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 11



Irradiation: 25 MeV protons (KIT)
— = | .

 Recentirradiations with
25 MeV protons at
Karlsruhe, Germany

 5x more damaging than
PS protons
k ~ 3.3x10'8 um-tcm-2

* NIEL prediction
— factor of 15
— NIEL violation !

 Work in progress

| Preliminary Summary of 25MeV Proton Irradiations - Not Public

—

um

S

nce

charge collection dist

500
450

'S
o
o

350
300
250
200
150
100

...................... Blue::urveccd=ccd0.-’[1+k*ph|*ccd0]
...................... ‘1’
...................... %:'

50 “"'...h. .................................................................................. ..............................

| i A o

...................................................................................................................................................................................
NN SNSRI . SRS USRS RTINS IS SRS————

 Blue data: +HV(upper) and -HV({lower)

1 | 1 1 1 1 1 1 1 1 | 1 1 I‘“l 1 I"-I"hl- I"-T""I"-I"Il
0 5 10 15 20 25
Irradiation (x10415 p/cm*2)

Source/test beam results

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 12



NIEL/DPA calculations

N ' n

* NIEL calculations published by KIT 5 [T —sm | 7 [T —or
group in PhyS- Stat. SOl. Eﬂz _EEEE};‘E:S“C Eﬂ,;—- Tg_ncf&i%i:gﬁc

— Protons
e Ratio800 MeV /24 GeV:~2 VvV
« Ratio 70 MeV /24 GeV: ~ 6 | :
* Ratio 25 MeV / 24 GeV: ~ 15 ! [ T —n

1 \ = RD42 Data
2 \

=
=
1

a
=
wad® eyl o

— Neutrons - | |
e 10MeVn~24GeVp! 1 R A 1 | )
* Recent calculation by S. Mueller iz Emsryy e kinetic Enorgy [Mov]

' W. de Boer et al.
based on displacement per atom e Boereta

(DPA) Value given by FLU KA ‘E 1000 ' D'PAI_)iamondp'roton ——i
(development version, preliminary) E \ "Eri o roon L
— Proton ratios: 1.2, 5, 10 (800, 70, 5w ! -
25MeV) 5 &
— n(10 MeV)/p(24 GeV) ratio: 6 v é o0
@ NIEL not fully applicable to diamond ks
v 0.01 0.1 1 10 100
TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Se =ereviGev]



Démage constant from scCVD data @
- 110 |

 The radiation induced introduction of traps decrease 1 1
the mean free path mfp - +hkxD
* We measure CCD mfp  mjp,
* CCD~ mfp+mfp, in thick detectors t >> mfp, CCD <Q >
 CCD degradation formula not applicable to scCVD ton= e,
since CCD, = t; mfp, > 36
e Relation CCD <> mfp for homogeneous material —
i mfp ¢ i
CCD = mepe,h 1— e (1—exp(— )
S 0.8 1 ; |
« Comparison: ot /A R
— 24GeV p k, =0.9x10"8umtem? ~ k ,¢p = 0.7x108um e o AT |
— 25MeV p k, = 3.0x108um em? ~ k ¢ = 3.3x10Bum i 03F /1 mfp. = mfp,
*  Workiin progress, but looks quite good! A mfp=mfp.+mip,

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 14



scCVD irradiation at PSI @

—— T
* Single scCVD, d =500 um,

irradiated with 200 MeV pions 1

at PSI, Villigen, CH =kxD
 Measured (source) CCD = 260 mfp

um after 6.52x10%% t/cm? I
* Turns into mfp of 420 um o DDmic:foi;': T
+ k=3.6x10"8 pmlcm? s S
 Appears high, but DPA 2 O T

peaks at 200 MeV (A) | N
e Again, work in progress 0 .' T

— Test-beam under way T :0' —
Energy [GeV]

Steffen Mueller — priv. comm.

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 15



Diamond sensor applications in HEP @
— |

e All LHC exp’s use diamonds for beam monitoring & accident
protection

— Current and counting mode operation, TOF capability
— 0(100) diamond sensors employed
* CMS is building Pixel Luminosity Telescope
— 48 scCVD pixel modules (5 mm x5 mm)
e ATLAS is proposing Diamond Beam Monitor
— 24 pCVD pixel modules (21 mm x 18 mm)

 Upgrade plans include diamond as candidate for innermost
pixel tracker layer(s)

* Elaborate on four projects
— Radiation monitoring: ATLAS BCM/BLM, CMS BCM/BCM-F
— Particle detection: CMS PLT, ATLAS DBM

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 16



=

BCM TOF concept
e Collisions: intime
* Background: out of time

1 I oL | o

= * """ ‘Illllllllllllllll*‘lllllllh----’

Measured TOF with beam

2 X dules

Hits vs A t High Gain |
£ C run 142193
5 39— Beam2 Mean: e o COllisions  Beam1
BCM BLM 25i CtoA S;gma: . AtoC
~ 0.972 + 0.060 ns
module - .
) Time
F resolution:
i
)
pCVD diamona ~ATLAS
e 5
Mini Circuits GALI-52 4,reh"q""m"y
GHz (20 dB) =
0 15 20
At[ns]

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 17



BCM performance

N

e Dual threshold readout NINO  Beam conditions monitoring
* BA condition: 3/4,+3/4,, on both sides i run 142193 q”:g
e Beam dump fired by BCM during LHC T L i
aperture scan BA is fired Moot oo woms - AtoC ot
03122009_215404: Total number of All BCM hits in High gain channels vs time integrathd over 40us OE : Collisi SPY g
— E I Collisions °
123— -5; BCID 101 BCID 1315  BCID 1880 BCID 2774 —6 ;o;
hm;_ \l -15;— i - Beam2 ¢
O - ATLAS Preliminary Cto A M2
v F 2 - BCM At versus BCID
"lss__ ‘ ‘ III F‘ l 1 (]7 500 - 1000 - 1500 ‘ ‘20‘00 = 25‘00I = IEDI(]d I 55|UD 0
o F |1 %H“ BCID + L1A
s iy [ ||| l\ W H‘ . .
= | IWFH * Luminosity monitoring
1177 LHC orbits — ~100 mg™"™ "’"""g’ — 3564 hit maps for OR, AND,, XOR,
<€ "

atter BA Is Tired the butter Is recorded

for additional 100 LHC orbits (~10 ms)
* Too sensitive at current conditions

— Measures taken in 2011 to restore abort
functionality, still passive T — o
MOR 0

inl AT} M 111 H I"IIII AT

* BLM - 12 diamonds read by machine BLM v % s s s sir o o0 i e i oo o Son e

system (40 us) provide beam protection ) ) )
Y A .( . us) p P e Main ATLAS lumi monitor in 2011
— Active in beam abort system

— Threshold set at conservative ID damage level — Insensitive to pile-up at high bunch lumi

upancy

T
1E by-bun heuenlu CC!

107 BCM AND algorithm
B N D

10

107
10*
10°
10°
107

o
i
4

# of events / LHC turn
# of events / LHC turn

ATLAS Preliminary

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 18



T

o2 CMS Beam Condltlon Monitori

32 diamond detectors with standard LHC BLM
readout.

Main purpose: Protection of Pixel and Tracker.

Can assert beam dump if conditions are too bad.

Four positions for measurement:
e BCMIL (Z=%1.8m), BCM2 (Z=114.4m)
Different sensitivities of BCM2 and BCM1L to

collision signal and background allow extraction
of background from raw signal.

Collision 5|gnal and Background Fill 1440 ” 10—7
15000
CMS prellmmary 2010 BaCKground
: i [—Collision || 3
12500F | —Vacuum

10000

7500

counts [arb. units]

5000}

2500

0
0.11
06:30 u

0303 0355 0446 0538

Time [HH:MM]

09:20 02:11

So far ...
triggered a beam dump
No failures of the system

mN‘E

BCM1L and BCM2, with Vacuum, Fill 1440

T\eP

x‘IO

r}g‘“o CARS

CMs prellr'r'un.ar)||r 2010

@
T

—Vacuum

—Average BCM1L
——Average BCM2 ||

W

w B o
T T T

counts [arb. units]

]
T

-y
T

S~

N
o (8.}
pressure [mbar]

-

o
w

03:03  03:55 05:38

Time [HH:MM]

02:11 04:46

to bad vacuum shows the
calculation of background.

time structure
no conditions that would have

= No false beam aborts.

TIPP, Chicago, June 11, 2011
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06:80

e This fill with high background due

» Detectors follow well the vacuum

19

o
US..



Description: BCM1F is a diamond based detector that is installed inside the CMS tracker,
around the beam pipe, and that monitors the flux of particles from beam halo and collision
products with nanosecond time resolution.

. Charged T, 3 Q
Readout chain of BCM1F pm‘:}:\ > Y (I8 3 V S <
. P \ = @ Y G
The front-end consists of sensor, radiation T ow g |8 B £ 8
&—hale s - sl 2
s . . g | Optical o 2 S8
hard pre-amplifier, and optical driver. = TN diamond driver — %’
The back-end contains the DAQ devices: Metallisation °y F"?"r'f““er 5 Uls
and shaper o X L
scalers, ADC, and TDC. |]|—|‘| EONEES SRS 2“_'5 _____________ P_

BCMIF performance_ It has been successfully recording data since November 2009. The different DAQ
systems offer beam conditions information, among them the beam flux,

that is forwarded to LHC operators. Bunch identification with TDCs
o =R ML WL R L LT O LT B L T T
. . Count rates during E o7 | — s Toc CMS preliminary 2010
Signal amplitude spectrum from ADC a proton fill 2 4g¢ LColliding bunches Colliding bunches
7000 U =i Bkl 0 A A AR M) Lt M) L Ut Ll L B ML) La L s s s
8 E ¢ £ 10°
D = MIP correspondence - H
5 10°E / 3 'ﬁ 10* Non-calliding
3 = 1 - I bunches
'E oL CMS preliminary 2010 ‘ﬂ-; I No beam. Noise+cosmics 10° !
2 i 3 1 ‘I'E [ Injection H
C Saturation of Ik — Acceleration 10 '
100 the front-end = i — Lumingslty i
F : E [ No beam 10 ! ]
- i bbb
10% = 500 1000 1500 2000 2500 3000 3500
8 bunch number
10 Threshold for discriminator -
J : Albedo effect
1 b tails 2,12 us (from simulations

T POUTOPPE FOVUL PO FYOY FOPOY PR PEPTL FEVOY PYPPL FEVR POV PYPPRITYIT VP (FPPPL VTP
0 5 10 1520 25 30 35 40 45 50 55 60 65 70 75 80 85 9
Voltage [ADC counts]

100 200 300 400 500 600 cfueton, e- p+andy)
time (min)
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CMS Pixel Luminosity Telescope @
o el A5 .
* Dedicated, stand—alone luminosity monitor
— Eight 3-plane telescopes each end of CMS
— 1.60° pointing angle r=4.8cm, z=175cm
 Diamond pixel sensors active area:
— 3.9 mMm x 3.9 mm, scCVD diamond
* Count 3-fold coincidences fast-or signals (40 MHz)
e Full pixel readout pixel address, pulse height (1 kHz)

» Stable 1% precision on bunch-by-bunch relative luminosity

PLT plane
Cassette for 12 planes
Full cassette in test-beam

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 21



PLT Production Status @

* 48 planes needed for PLT W s B G B recycled
 will produce 60 planes

Characterization

» 32% rejected 23/73

* replaced by vendor

* 11 remain to be characterized
Plane assemblies

o 0

77 A) paSS 37/48 ordered delivered  characterized assembled tested good planes
 double column loss after bump _ PLT Telescooe Planes
* currently 37 good planes

System and schedule
« all components being delivered

« final system test in July
* plan to install during technical
stop at beginning of 2012

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 22



Diamond pixel modules

e Full modules built with I3 pixel
chips @ OSU, IZM and Bonn

ATLAS Diamond Pixel Module

_ guard ring Type0 connector

barre

pigtai

decoupling _~
capacitors

~~_ diamond

sensor

"ihl'-Bfump bonds

----------------------------------------

glue \ F\E/s \

™T diamond sensor bump bonds %{lgﬁsmns ~2%6.3cm?

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 23




ner«-<s

R oiamon
_{BETECTORS

) LIMITER

* 1*module to be built in industry

* All steps from polished sensor to
Igunljp-bonding performed at IZM
erlin

Embedding in a ceramic wafer

Wafer scale metallization & UBM process
Removal from the ceramics

Backside metallization & cleaning

Flip chip

TIPP, Chicago, June 11, 2011 Marko Mikuz: Diamond Sensors 24




e Spin-off from diamond bid for IBL * Proposed during last

+ 24 diamond pixel modules arranged in ~ Months as add-on to IBL
8 telescopes around interaction point ATLAS decision expected

. o soon
— Bunch by bunch luminosity monitoring Contingent on pixel

— Bunch by bunch beam spot monitoring services replacement in
—_a Il _a°*_ _ °_ ANnAaAa~N
* In 2013 ;.o plate “35‘2
_ Cryostat f]
Solenoid coil MJ,""D |r|| 1.5 /
\ e
R1150- ST ",f'/ J,..-» | t/PPH
R1066- gag o1 7 e 2710
- - — R1004 e =20
g L] —~ e
z (] TRT nd”é’a b
@ TRT (barrel) | || (lepdrcap - B Gryostat
%‘ s 1z 11 2 213 |als | 8- 571 8 R644 .
pas T T T T e e 1“560_ .......... Pl){el nl=2.5
|1 {Qﬁ cap) nioa R438.8  support tube
L W75 “RSTS [I Pixel PP1
| N B L T
|
i 'S-f# 400. 5| 580 | '?49 | 934 T ; 2505 2720.2
I 496 sachl 853.8 1091.5  1399.7 Z(mm)



* Four DBM modules built at IZM
— 21x18 mm? pCVD from DDL
— FE-14 ATLAS IBL pixel chip
— 336x80 = 26880 channels, 50x250 pum?

* Largest ASIC/diamond flip chip assembly

e X-ray perfect
* Noise map uniform
— Indication of success

— Need source/test-
beam to confirm

Noise mod 0 chip 0 |

Diamond + 14
5300
250
200
150
100 8 - ':
50 Noise map of a DBM module:

0

;o= o= R R
S =2 8 2 g8 =

0 10 20
Column
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ﬁAppllcatlonsm HEP: wrap-upJ @

10000 -

€ 1000+

o

o

9 BM

o 100 =

@ Radiation

— .

% 10 - C /trackers
]— | | | | | | | | | | | | | | | |
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Year
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Summary <

* Recent progress.in the diamond world
— Improved understanding of radiation damage
— Application in all LHC experiments
— Building of pixel modules in industry
— Diamond trackers under way !

Very interesting times for.diamond“in HEP
ahead of us |
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