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Pixel sensors:
max. cumulated fluence for LHC
1

Silicon Sensors

* Material characterization & defect engineering it (EPD, 150 am [7 8]
inn (EPD), 150 um [7,

H I o |
* Understanding of radiation damage comparison boseme MRG0 prin-n (EPY), 75um [
. . ! for various NS ~~<_ n-in-piFz (800V) n-in-p (FZ), 300um, 500V, 23GeV p [1]
* Macroscopic effects and microscopic defects N N S nin-p (FZ), 300um, 500V, neutrons [1]

* Irradiation with different particles (n. p, )
* Oxygen enrichment \
\ . N p-in-n (FZ), 300um, 500V, 23GeV p [1]
e DOFZ, CZ, |V|CZ, EP|, (SIC & GaN evaluated/abandoned) ' n Y p-in-n (FZ), 300um, 500V, neutrons [1]
. . . . N\ : AN % Double-sided 3D, 250 um, simulation! [5]
| ‘ * Understanding /tuning of influence of processing technology \
o——1} other charged . . . \ A . M Other materials
' ATLAS SCT - barrel hadrons ® _ DeV|Ce eng|neer|ng . . - e SiC, n-type, 55 um, 900V, neutrons [3]

(microstrip detectors) !

20 30 40 50 60 * p-type silicon (n-in-p) -

[M.Moll, simplified, scaled from ATLAS TDR]

« 3D simulation » N-in-p (FZ), 300um, 800V, 23GeV p [1]
N n-in-p (FZ), 300um, 800V, neutrons [1]
n-in-p (FZ), 300um, 800V, 26MeV p [1]
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References:

r [C m] H 1] p/n-FZ, 300um, (-30°C, 25ns), strip [Casse 2008

* thin sensors [ IRZ Stogis. (40°C. 2bnsy, i [Manie 2008]

' [3] n-SiC, 55um, (2us), pad [Moscatelli 2006]
S L H C CO m a re d tO L H C N [4] ,;\)ICtVDFPiamond, scallgd [tjo S%?t;m, 23 Gfe\/t p,fstrig_%Adan(loeég;. 2006, RD42]
ote: Fluenze normalized with damage factor for Silicon (0.
p ° [ J 3 D d ete Cto r‘S [5] 3D, double sided, 250um columns, 3%Opm substrate [Pennicard 2007]
[6] n-EP1,75um, (-30°C, 25ns), pad [Kramberger 2006]

[7] n-EP1,150um, (-30°C, 25ns), pad [Kramberger 2006]
[8] n-EP1,150pum, (-30°C, 25ns), strip [Messineo 2007]

Higher radiation levels = Higher radiation tolerance needed!

=» Proposal/understanding which sensor material and/or sensor Note: Measured partly

configuration can be used at which radius to the beam for the . _ under different conditions!
Strip sensors: Lines to guide the eye

SLHC and beyond max. cumulated fluence for LHC (no modeling)!

Higher multiplicity = Higher granularity needed!

= Need for new detectors & detector technologies
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FZ n-in-p (neutron only) =3 ¢ & * Groton-
MCz n-in-n (mixed) L .

. ' — = - ' | n-strip readout devices have sufficient
FZ n-in-n (mixed) NA &

Collected charge (ke)
Reverse current (MA)

MCz n-in-n (neutron only) 47 x 10%%m* proton - 700.V) | CCE for even innermost SLHC radii
' [G.Casse, RD50 Workshop, June 2008] [Deta: . Casse et ., NIMA 568 (2006) 46 and RDS0 Workshops] * Higher bias voltages, better cooling
800 1000 1200 10 20 30 40 50 60 70 80 90 100 110 120 200 300 400 y 400 600 800 1000 1200 1400 1600 18 & lower threshold electronics are
Comment: NIEL scaling Fluence(10'* n__/cm?) time at 80°C[min] Bias (V) needed!!

very strongly violated !

Introduced by: S.I. Parker et
al., NIMA 395 (1997) 328
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“3D” electrodes: - narrow columns along detector thickness

g positive charge  leakage current positive charge 1. 3D single column type (STC)

- (high concentration in oxygen rich .(high'er.introduction after proton - diameter: 10Mm' diStance: 50 - 100“m  suffer from a low field region between columns
:79\K material) irradiation than after neutron . . .
posive space charge  "0rg irradiation) Lateral depletion: - lower depletion voltage 2. 3D double-sided double type columns (DDTC)
negative space charge . . .
O charged at RT r/- charged at RT Point defects - thicker detectors possible * more complicated
A e e s i - fast signal - full field
—— + i — e =k
10 100 1000 10000 \V/@) -0 P 0/+ E30K 2 . GnBD =2.3-101* cm? low-field region
Annealing time at 80°C (min) — -BD 0/+- |
* N_ follows concentration of acceptor levels —_— * E=E-0545eV
eff E4 -/0 — 0,'=2.3.101 cm?
(negative space charge) H116K, H140K, H152K , -0 0 44 2
. . : 2 0/- [ — op'=2.3-10""cm
which increase with annealing (see TSC plot) — l,

* H116K, H140K, H152K do not form with B —
v radiation =» cluster defects

SiBT Testbeam @ SPS
2008

CMS APV readout
V_Bias= 40V
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5 g0 Reverse diff. Result: Landau

O S .« EBSX=E +0.42eV . MP:33.32 +0.02 ADC
% |
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Very soft “corner
(neg. charge)

Microelectronica, Barcelona

c d d d f y Ei3°K=EC—O.1eV
Point defects extended defects . 030K=23.107 cm?
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l. Pintilie, E. Fretwurst, G. Lindstrom, A. Junkes (e.g. Appl. Phys. Lett. 92, 024101, 2008)

At fluences up to 10*>cm (outer layers of SLHC detector):
The change of the depletion voltage and the large area to be covered by detectors are major

* n-strip readout (n-in-n or n-in-p) looks promising

Radiation Damage in Silicon Detectors problems. .. S :
Change of Depletion Voltage (type inversion, reverse annealing, ...) MCZ silicon detectors could be a solution (some more work needed!) . Trapplng- 15 the. main villain at hlgh fluences _ .
(can be influenced by defect engineering!) n-MCZ : No 'standard' space charge sign inversion under proton irradiation (double * Consider high voltage (800-1000V) operation to achieve adequate CCE
Increase of Leakage Current (same for all silicon materials) junction) , excellent performance in mixed fields due to compensation * High and homogeneous oxygen content (e.g. MCz) is more radiation
Increase of Charge Trapping (same for all silicon materials) of charged hadron/ damageandinedaris i ISR tolerant vs. charged particle radiation (see already RD48)
Signal to Noise ratio is quantity to watch (material + geometry + electronics) b-type silicon microstrip detectors show very encouragingestiissy _ « p-material does not show significant annealing behaviour for CCE
Microscopic e CC.E z 6500 e; cDeq-4><1015.cm'2, \{=500V, 300um, immunity against reverse annealing! .1n all cases. RD50 gives onlv recommendations:
Good understanding of damage after y-irradiation (point defects) This s presently the baseline optia TSRS S . 5 Y '
Damage after hadron damage still to be better understood (cluster defects), At the fluence of 10®cm2 (Innermost layers of SLHC detector) THE SPECIFIC APPLICATION HAS TO BE CHECKED!
however enormous.progress !n last 2 years The active thickness of any silicon material is significantly reduced due to trapping. ® Especially SNR with SpECiﬁC electronics, final geometry and
CERN-RD50 collaboration working on: Collection of electrons at electrodes essential: Use n-in-p or n-in-n detectors! process techno|ogy must be considered
Material Engineering (Silicon: DOFZ, MCZ, EPI, ...) (RD42: Diamond) Tr ; M oi o i . . . .
Device Engineering (3D, thin sensors, n-in-p, n-in-n,..) (RD39: Cryogenic, Cl) Et?ﬁigxsiiltjrzgsx tehpa;:ar:(Ii?;\Tiirlif:lcl;rc\c;z(S:Ietr;lsi(r:r:er:sl,irr]tosg’lliloi:e e . A” S|mulat|on flt parameters need adaptatlons to the
_ e . _ _ _ 3D detectors : looks promising, drawback: technology has to be optimized! SpECiﬁC Case Disclaimer:
To obtain ultra radiation hard sensors a combination of material and device Many collaborations and sensor producers working on this. This poster cannotprecer I

engineering approaches depending on radiation environment, application and
available readout electronics will be the best solution Diamond has become an interesting option for the innermost pixel layers

RD50 collaboration (see http://




