CATLAS

1 EXPERIMENT

Charge carrier properties in diamonds at low
temperature

TCT measurements down to 60K

H. Jansen, D. Dobos, H. Pernegger / CERN PH-ADE-ID, N.
Wermes /Bonn, V. Eremin /St. Petersburg
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L ATLAS

Why Diamonds 13 EXPERIMENT

[
Microwave CVD

* High band-gap (5.5 eV) Plasma Reactor
— Low leakage current after irradiation

— High breakdown field (operate at large
fields for fast signals)

magnetron

- Low dielectric constant (5.7) plasma
— Low detector capacitance
—. Low. noise < gas
« High displacement energy (43 eV) Inlet
— Radiation hard vacuum
pump
« Cons: high ionization energy per e- water cooling

h-pair (13.6 eV) Metallization

— Lower S|gna.1I than silicon @ No doping needed
— ~36 e-h / micrometer path length @ Metal contacts (pads, strips, pixels)

sputtered or evaporated
@  Can be stripped off and redone
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CATLAS

Types of CVD diamonds _iEXPERIMENT
[
polycrystalline (pCVD): single crystal (scCVD):
Fast and short signal (~2ns Fast S|_gnal with full charge
FWHM) : collection:
Use for optimal double-pulse ~ (~7ns FWHM) |
resolution Use for best signal-to-noise on
MIP muons
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CATLAS

Radiation hardness 11 EXPERIMENT
I

| Preliminary Summary of Proton Irradiations |

_ . £ 500% ~
- Studied with pCVD and Seol 24 GeV protons
1 § 400; i Red-Data: strip-scCVD(x-shifted by-3.8) |
scCVD _dlamonc?S as g0 % Open Red: pixel seGVD. (x-shifted by -3.2)!
pad, strip and pixel § ookt Blue Data: strip pCVD
detectors 3 2502 +! Biack curve: ced=cedoi[1+k*phi*ccdo]
-« E.g. Signal on scCVD - T
. . © 150 P tfccd=1/ccds+kd
pixel with FEI3 before & ook w o
after irradiation (0.7x10"° s s S — R
plcmz) O "% 10 15 20 25
Irradiation (x10215 p/cm*2)
Oct. 06 - 30 TOT @ 10ke (run# 3294) | — dlis 53| July 08-30 TOT @ 10ke (run# 8717) | 1 hit =
% 52 ¥ Before irradiation
AR | (S g | €  Threshold ~ 1700e-
' £  Signal MPV ~ 11540e-
“ @400V
5 £  After irradiation
T e a ‘ B & Threshold ~ 1470 e Signal

TOT

MPV ~ 9025e- @800V
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CATLAS

Diamonds in PH-ADE Group & ATLAS _iEXPERw\ENT

 PH-ADE has been active in the development of diamonds as
tracking detectors since > 15 years

« Key-driver of developments in the context of LHC experiments has
been the CERN RD42 collaboration

Better quality diamonds — high charge collection distance
Radiation hardness

Development of CVD strip and pixel detectors
Development of CVD pad detector for beam monitoring

« Example of applications of CVD diamonds in our group
— ATLAS Beam Conditions Monitor and BLM
— ATLAS Diamond Pixel Detector (DBM)

MERIT : high flux application
LHC loss monitors: See Erich’s talk
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CATLAS

Development 11 EXPERIMENT
I

* Developed in research collaboration between academic
collaborations and specialized industry

e RD42 collaboration
« ATLAS Diamond Pixel Collaboration

DETECTORS

LIMITED

Diamond Detectors Ltd, UK
[I-VI Incorporated, USA
CIVIDEC, Austria

N [ ted A Worldwide Leader In
) nCOTporate Engineered Materials And Components

EAV H. Pernegger/CERN PH-ADE_ID Cryo-BLM mini-workshop 18/10/2011




ATLAS Beam Conditions Monitor ,&i&/ﬁé

* Monitor collisions and beam background simultaneously near
ATLAS IP through TOF measurements

» Fast time resolution and bunch-by-bunch analysis

Y |

§ 4 detectors each
side (C & A)

§ Positions: X+, Y+,
X-, Y-

ATLAS Experiment BCM Stations
Background Collision .~ z=+1.84m

TAS \ TAS
Collimator . ‘ Collimator
X

-12.5 ns 0 ns 12.5 ns A’t
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S
Fast beam monitoring with BCM LATLAS

Optimized for fast signal
response for single MIPS to
response details of bunch
structure

— 2 pCVD diamonds
(8x8mm?2 active)

— Rise time ~ 1ns, FWHM
~3ns

— Time resolution ~500ps

2 EXPERIMENT

1st stage: Agilent

B
2nd stage: Mini Cirg
GALI-52, 1. GHz /

diamon
ds




Resolve and analyze LHC bunch stru

* ATLAS

JLEXPERIMENT

* Bunch-by-bunch analysis of LHC collisions and background
. _ Hits vs At = t. - t, High Gain | 5753 At=t.-t,vs BCID High Gain | e
= L E - Neoms run T E run 142193 2
S E Beam2| MeanAt: Collisions  Beam1 < 20— s
- 0.218 £ 0.078 ns < = S
25 Cto A sigma: AtoC 155. 2 - i E:
= 0.972+0.060ns |f/ | t0r" : I : Beam1 12 :
20— Single side 5FBCID 1 BCID 424 BCID 2209 ~ AtoC| —10g
: time T : .
15 resolution: - . 1 Collisions 3
- 687 + 42 ps ~ BCID 101 BCID 1315  BCID 1880 BCID 2774 6 =
10— 10— . -
“ATLAS :‘5’* i : - b s B
s—Preliminary "F ATLAS Preliminary Cto AlIN:
-BCM At HHJP N bl *°= BCM At versus BCID | | | |
"2 a5 40 5 0o 5 10 15 20 0 500 1000 1500 2000 2500 3000 3500  °
At[ns] BCID + L1A
& llisions = AT ~ -~ :
p /C;C;OSC‘/’CStO e Ole bunch £  Colliding bunches in BCID 1, 101 & 2774
backaround ~ ATg— /- 12ns £ Single bunches 424, 1315, 1880 & 2209
9 collide in ALICE & LHCb
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CATLAS

High-flux example: MERIT 14 EXPERIMENT
I

« MERIT — design of mercury jet target for neutrino factories or muon
colliders

« High intensity (0.2 to 30x1012 proton/pulse) on free mercury jet
target in 15T solenoid

« Use pCVD diamonds to measure resulting flux of particles/pulse

« 5 pCVD diamonds around
target region to measure flux
of secondaries and their
relative distribution

 Enormous signals:
« ~up to 5x107 part/cm2/pulse

« Diamond current signal up to
1.6 A (use attenuators, not
amplifiers ... 1)
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Diamonds in MERIT ?EQPL!TAﬁé

« Diamond response to pulse trains of PS pulses on mercury target
— Tested different target conditions (jet velocity, magnetic field,...)
— Tested how target gets disrupted by sudden impact of beam

pCVD Diamond, beam-right 20deg, PS in h=16

3 Run 170045 28,4010 pae, 10T, 30m/u pCVD Diamond, beam-right 20deg, PS in h=16
2 & R R 1 12
S % R s i sy o8 -
g 0.7 Run 8045 15.2x10" pot, B=7T, V= 15m/s,
g : \90 .6 Dtgump/probe = 40us
0.8 00.5
-
,00.4
. 0.3
0.2 —
\ 0.1 —
0.4 | o
" "‘ 2000 4000 6000 8000 10000
; | . 10
eal | A\ PR ‘ Pump brope Time (4007ps)
.E‘% ,' "\-,‘_ i 0.8 | 0.8 :
N AP . w 0.7 — target—in S0.7 —— target—in
¢ = 108 P T T R T 00 eac 20 \0/0.6 - \' torget-out \D,O.G F target—out
Time (400 ps) 0.5 — I | " (0 0.5 |
go 4 - Ll ‘ 50.4 E
* Result: no reduction of particle flux for ©e-2 Do.3
0.2 0.2 |
| ° A
bunch train operation up to 350us JJUUM U W H| o f A
0 uw M“ 0 E J ‘

suitable for operation of a 4MW proton 1000 2000 3000 4000 oo 000
. . Time (400 ps) Time (400 ps)
driver at a neutrino factory
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CCATLAS

Diamond Pixel Module 11 EXPERIMENT

ATLAS Diamond Pixel Module

=B 1V guard
NN glardring Type0 connector

HV hole

decoupling
capacitors

~~__ diamond

sensor

barre

LR VR ¥ 800 pm pCVD diamond

................. — ) £  50x400(600) um pixels
55 Al ¥ 16 ATLAS FE-I3 chips

bump \.\_‘7%’?’/ £ active area: 61x16.5 mm?

77 dimensions: ~ 2 X 6.3 cm2 mini-workshop 18/10/2011 12
o weight:~2.2 ¢

Y
glue \ FEs
diamond sensor



CCATLAS

pCVD Diamond Pixel Module 1% EXPERIMENT
I

| module row vscol |

[ AtIPix0 Residuals Y Local [ AtIPix0 Residuals X Local

stbeam

350

2500
300
2000 .

250(

wflong

o
o
=
~
.
X
O

1500 pixe
-direction
sosof- “lresidual
£ residuals show expected behavior: ¢ Excellent threshold ~
18 um — unfold telescope resolution — 1450 e- threshold
14 ym as expected from 50 pm/V12 £  Pixel noise ~ 136 e-)

£ 97.5% efficiency in DESY TB lower limit
due to scattered tracks (4 GeV
electrons)

AV H. Pernegger/CERN PH-ADE_ID Cryo-BLM mini-workshop 18/10/2011 13



CATLAS

2 EXPERIMENT

« Spin-off from diamond bid for IBL * Proposed during last
. . . months as add-on to IBL
« 24 diamond pixel modules arranged in 8 o
telescopes around interaction point * ATLAS decision expected
— Bunch by bunch luminosity monitoring soon
— Bunch by bunch beam spot monitoring « Contingent on pixel
. Installation in 2013 services replacement in
7RI —
Solenoid coil |']fl=1.0 mE=1.5 . ‘ py
o - _~ - _4;_57/ 7
- I - - Fj PPF1
:11(1);2 1% s PR e e 2710 .
— - — R1004 i =2
E //f’ // o L |n|
2 |TRT(barrel) | Lf¢ ( “‘r'c"m o cryostat
g | o 1 ]213 j4a|s518 1 2 3 2 5 y"r’ 8 RE44 o
g = BT L I e T me2s
:;‘;3 . > ‘H/:|V ‘[ }%I (enrﬁcap gy T Re3.8 support tube
1“-86%/ — 337.6 - - .
A299 v — = u_ - 2575 -.,,TVF;xe- PP
[ - e —
’,tqu: Qf— DBM 3. 2<n® 322;:1u—
200.5] s60] ks | 934 128.8]  17i1.2  2115.2 2505 2720.2 —
495 650, 853.8 1091 5 1399 7 Z(mm)
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& L DBM first modules 1 XPERIMENT

: g_
DBAA
 Four DBM modules built at IZM
— 21x18 mm? pCVD from DDL
— FE-I14 ATLAS IBL pixel chip
— 336x80 = 26880 channels, 50x250 pm?

« Largest ASIC/diamond flip chip assembly!

pe: ‘T:-. e after fI|p- e

i “ I'”i'

[ Threshold mod 0 chip 0 |

. 100
ﬁo -f s Column
= = P Constant 5322
e e : = 80 Mean 1613
250 = : = == e 5000;_ Sigma 59.78
200 e e = 1 & 3
150 ;==;-* =5 3 500 7000 1500 7000 7500 3000
T 40
100:=S5 = 2 :
e 20 i JCTTY
50 SRme T Module on test board
o et Srosasina B pe D Cryo-BLM mini-workshop 18/10/2011 15
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CATLAS

Transient current technique 1 EXPERIMENT
[

* In parallel to developing,  The following slides are the
constructing and operating research topic & results of
detector systems we focus on Hendrik Jansen for his PhD
RD on diamonds Thesis

 Understand basic signal
collection & trapping > E
mechanisms in diamonds m—

* Measure the drift of charges
through diamond bulk

- Allows to characterize charge ~10pm Shpar| 2
carrier properties relevant for
detector operation E
_ _ - charge
— Drift velocity, mobility ~500pm separation|| 3
. . YvYy + + drift
— Charge trapping, de-trapping and \v

lifetime
— Field configuration

-HV
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O ATLAS

Setup — Many thanks to RD39 ! 13 EXPERIMENT

= CRYOSTAT ™ |
vacuum _{.,../
- e,
S| detector
10 nF to
H scope
1MQ
" 2e5 mbar He-Gas-S:irling @
Down to - 67K o - —=
+ FACTS: Collimator:
@ =2mm
- TCTin
- Temp: 65 K - 300 K, bias <600V
- Read-out from HV-side %[ Ceramic plate
-~ Use collimator (avoid edge-effects) with gold
contacts
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Energy deposition and Plasma

CCATLAS

1 EXPERIMENT

1 + E

Yy

From Ramo-Theorem:

Creation
of cloud of Co_lle_ct electrons 2
eh-pairs within < 200 ps

i(t)=Q(t)E,v(t)
=%ZiQV(t—t?wn),’

f+ + \ R
~3um |' +++ + i I V(t)=0 for t<0
| + -+
.\ + \ /.
Relaxation 4 S
High density of plasma
plasma - drift + Collection at
3 - screening! diffusion electrode
» FACTS: 4-10° pairs
¥ Pcloud™ (3 )2 20
- as produce high density charge cloud HM) T OHm
— Outer charges screen inner ones ~10"cm

-~ E-Field drops inside the plasma
- Increased E-Field decreases lifetime of plasma

AV H. Pernegger/CERN PH-ADE_ID
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T ATLAS

Different phase of charge drift (@295K) 1 EXPERIMENT

startof plasma pure drift collection
drift phase phase phase -400v
]
0-05 __ 4 1 '350‘/
- Clear evidence -300v
0.04/ leereren.. | fOF plaSma effect | _sov
- at room temp.
0.03— o 200v
o {.'LI R “"‘u’ -1 50v
0.02— T -100v
0.01]
B I >
0 ;mw.:f -—- . | ] ™ -
- | I [T - : i T‘ T:& o qu;ﬁ
10 15 20 25 30 35
'l'plm;ma time in ns
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Temperature dependance

CATLAS

2 EXPERIMENT
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CCATLAS

Analysis of TCT pulses 11 EXPERIMENT
I

* Four phases: * Fit Erfc(t) to rising/falling edge:
- 50% levels mark start/end time
1) start of drift - derive drift mobility and velocity
2) current saturation T
3) collection at electrode > Fit 1-exp(-Ur) to saturation:
4) tai - rp IS plasma lifetime
E
FLATTOP' o Fit exp(-t/1) to tail:
- const. B! _ - tail formed by cable effects,
_— X amplmer_bandeth limits, diffusion
| ': __f,:t\""’gu%w l-.. .....;;z,:; E
E T T T .;-‘f‘ = ‘.‘-}’i'tc‘ -
ooa_— - = - ':f - - -y - T - - = = =
0.02 |" | E
0.01 . ' E
_ [150% | 50%; *
I : | : i, s e

10 ' 19 ' 20 5 30
@ time in ns
\J
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C ATLAS

Mobility and Drift velocity 11 EXPERIMENT

Vel

P |—67k

i |—80k

i |~ 100K
E|—110k
Cl 125k
Eo|— 140k
ol 150k
: | 200k
P |— 250k
i | 295k

Vel in cmi's

e ' ] ] 1 ] ] 1 1 1 I ' ' i ! ' ' i 1 ' i L} ] |} 1 ' ] 1 ! l ) 1
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
E in Viem

295K 2 67K 2
. . . Hon = + cm’/Vs py =7300+1850cm/ Vs
Fits yield: v2X=11.8-10°+0.8-10°cm/s v %=13.4-10°+1.4-10 cm/s
+ Mobility and velocity at RT as expected

@ M, increases down to 67 K
- no onset of impurity scattering

» V_ ~ constant with temperature
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CCATLAS

Integrated Charge 11 EXPERIMENT

o —-100v
5 fppee———————e—————i=—— 4 | 150v
) >
£ -200v
O
—-250v
Sanity check: -300v
corr. charge = 50 fC
4.6 MeV alpha (coating of source!) ~350v
- Pair creation energy = 14.9 eV 400V
- Literature: 13.5 eV
- OK
| 1 1 1 1 ! 1 1 1 1 1 1 l
150 200 250 300
Temp in K

* Charge constant in range 140 K to 300 K

* Steep drop from 140K down to 67 K
- trapping and recombination

D)
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What can explain signal reduction and tail?

‘seeculation!z

~ 005 400v oosf - -400v
’m - . i :/v ) B
oos| | 205K | v sl [280K [ -350v

- v -300v : dr -300v
0.03 ”:“”“M:M —-250v  0.04f 7 —-250v
. RER -200v 0.03 TR — =200V

: M‘M\\ B Y 7! -150v

- 2 SRR —-100v s — =100
0.0 "-\. 0.01 .
O i A X, 0 j Wl
B " A i i I i lw‘_b ﬂ\\'xl‘—- Thi‘ ‘—L - - :I i L) 1 1 1 1 I 1 l\\\- I -] l i 1 1
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
time in ns time in ns
>
-400v
0.05[

- | 110 K -350v
0.04| A0y
0.03|- —-250y
0.02F — -200v

—-1
oo 0
n -

:l 1 Ll 1 1 1 1 1 l 1 l l L l 1 l‘ “‘.

0 5 10 10 15~_207 25 30 35 40 45

time in ng timein ns
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13 EXPERIMENT
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C ATLAS

Plasma behaviour at low temperatures 11 EXPERIMENT

« Trapping and De-trapping at low temperatures

+ £ -
= Iz‘c\mwins Trapping e
P - /fﬁ\. i . Yde : Jt—“’ . Et
[ o > N,(® AE<E, -E,
L }% l'\ ++++_[-:+.'!—' ﬁ b t Ey
4 Detrapping Trapping
Below ~150 K: from Ramo-Theorem:

» field-free region within plasma cloud £ = Enon— rapped (£)F reteasea(t)
- immediate trapping and increased =y not—rapped , (¢ _ gtart)
recombination - d '

. . Qreleased detrap
» Detrapping if E,,, / KT large enough +D );
» Distinguish 2 types of trapping! Q. (t)=
released -
g lasma << dnft Qtrapped(l_exp (_t/ Tdetrap));
ap
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CCATLAS

Detrapping at 80K 11 EXPERIMENT
> —
0.025 | Detrapping time -400v
. ~10 ns s .
0.02 i I| 350v
- £ -300v
0.015— N/
- N — 250v
0.01— o -200v
- — 150V
0.005— %\\M

_llll.llI.IIIlIlI. lIlIIlIll S . - |

0 5 10 15 20 25 30 35 40 45

timeinns
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CATLAS

Is this relevant for Cryo-BLM — what next ? __?_EXPER”V\ENT
I

« For beam monitoring energy deposition is significantly lower than
alpha’s ionization density, therefore only the trapping/detrapping
during drift is relevant (no plasma).

* This is consistent with the fact that we see nice testbeam pulses at
2K (see Christoph’s talk)

* Investigate charge trap levels: have carried out TSC
measurements in Florence (Many thanks to Mara Bruzzi, R. Mori.
M. Scaringella!) — Analysis of data is on-going

* Next step: measure signal with MIP equivalent + Integrator
electronics as function of temperature
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CATLAS

Cosmics in diamonds at low temperatures 14 EXPERIMENT
I

* Very preliminary !
 Measurements at 295K,150K,67K with Cosmics (MIP) and integrator
* No sign of charge loss at low temperatures

/\

-
L0810
Q20
3308
Q204
e

Q209

Q022 Py b
v ne 1% 1 = 1463 i ) "o
tirre [oa)
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CATLAS

Summary _1 EXPERIMENT
I

 Diamonds have a good track record as beam monitors in
applications from single —particles to very high flux

 They are compact enough for a Cryo-BLM

« Diamonds are (relatively) easy to operate and reliable in operation
(“>10 years locked away)

 The possible application of diamonds as beam loss monitors at 2K
at LHC sparked our interest to investigate their behaviour at low
temperatures in collaboration with Bernd & Erich & Christoph
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