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1 Introduction to the CMS silicon sensor study

1 Measurements afterfirst irradiations
9 Dark current

1 Signal collection

9 Effective doping €éencentration
f Conclusions
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Themaingoalsfor the trackerat the HL-:LHC wilbe:
A Copewith higheroccupancy
A Addlevell trigger capability

A Withstand higherradiation (up to afluenceof v eq = 10°cm?)

Thecurrenttrackerwould not withstand the radiation andalsodevelopoccupancyproblems

M C beastBuitablesiliconmaterial a future trackingdetector

Toachievethat we investigatea largevariety of siliconmaterials,

A Different bulk doping (n and p)
A Different fabrication procedures
A Different oxygencontent

A Different thicknesses
Testsensorgeometriesandlayouts

Irradiationswith neutronsor/andprotonsto simulateHL-LHCradiationdose
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structure to study

‘ diodes material
: . baby strip sensor reference design /
| material
baby with integrated study new design ideas
pitch adapter
N . .
pixel sensor reference design /
material
~ multigeometrypixel layout parameters
multigeometrystrips layout parameters
babystrixel study new design ideas
teststructures process parameters
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material thinning activethickness nger oxygenconcentration
method [>m] thicknesg>m] [10% cnrd]

FZ deep diffusion 120200,300 320 53,1

FZ 200 200 1

FZ handling wafer 120 320 expectedsmall

MCz 200 200 4

Epi 50,100 320 11

Of each material there are 2 different types:
- N-type (N)
- P_type (P) - aluminum
active S

inactive

aluminum
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radius protonsu ., [cm?]  neutronsy o, [cm?]  total U, [cM?]  activethickness

40 cm o ™ wmn n 4 mn T ™ Mn X HmMA |>
20 cm M > mn p % mn M®Pp T MK HMA |>
15 cm Mmdp T wmn c ™ wmn H®PM®T MK HMAO |>
10 cm o 1 wmn T " wmn odbT BT MK HmMA |>
5cm Mm®Pdo 81T wmn M 1S M modn T M HMA |>
i i ; . — -1
Neutrons: 1MeV(TRIGAReactorLjubljana)  HL-LHC: L, =30001b
. ST r r r r r E=0:m (barrel):
Protons:  23MeV (Karlsruhecyclotron) 10 Tﬁoow ~ = Charged hadrons
[ = Total
800 MeV(LOSAIam03 & 10°E Z=250cm (end-cap):
o - = = Charged hadrons
o . « « + Neutral hadrons
23 GeV(CERN PS) SR L e
A R
=2 10"} R
10" )
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Radius (Cm) courtesy of S. Miiller, KIT
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e Volumecurrent versusfluence
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Measurements scaled to 10 min at 60°C annealing 30 K
Hl FZ200N W
& Fz200P
B FZ320N
& Fz320P
0,14 m wmczzo0n
& ] © mczaooP
E {4 M FZTH200N
FZTH200P -
G | & St ™ more annealing
i | © Epito0P
st expectation
o
§ less annealing
® :
= Volume current scales with fluence
= 0,01+ as expected, independent of
= silicon material (oxygen content).
L) l L) L) L) T L) L) L) L) l L) L)
1,0x10" 1,0x10™

currents are measured after annealing of 10 min@ 60°C

-2
J. Erfle, UHH CDeq [Cm ] at -20°C and scaled to 20°C, guard ring grounded
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o ChargeCollectionEfficiency(Signal)
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Charge Collection Efficiency at 1000V

( )

23 MeV protons
1 MeV neutrons

23 MeV protons

MCZ 200 N,
FZ 200 N,P

I FZ 300 N
Ll | FZ 30(P

AEThick material is not beneficial
anymore: High depletion voltage
and more effected by trapping
AEMCz shows highest CCE

I -U
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