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e Introduction to the CMS silicon sensor study
e Measurements after first irradiations

e Dark current

e Signal collection

e Effective’doping coneentration
e Conclusions
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The main goals for the tracker at the HL-LHC will be:
e Cope with higher occupancy
e Add level 1 trigger capability
* Withstand higher radiation (up to a fluence of @, = 10'® cm™?)

The current tracker would not withstand the radiation and also develop occupancy problems

— Find best suitable silicon material a future tracking detector

To achieve that we investigate a large variety of silicon materials:

 Different bulk doping (n and p)
» Different fabrication procedures
» Different oxygen content

» Different thicknesses

Test sensor geometries and layouts

Irradiations with neutrons or/and protons to simulate HL-LHC radiation dose
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material thinning active thickness wafer oxygen concentration
method [um] thickness [um] [10'7 cm™3]

FZ deep diffusion 120,200,300 320 53,1

FZ --- 200 200 1

FZ handling wafer 120 320 expected small

MCz 200 200 4

Epi 50,100 320 1,1

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

inactive

aluminum
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radius protons @, [cm?] neutrons @, [cm™?]

total @, [cm?] active thickness

40 cm 3-10%1 4 -10% 7 -10%4 > 200 um
20 cm 1-10%3 5-101 1.5-10% > 200 um
15 cm 1.5 - 10%3 61014 2.1-10% > 200 um
10 cm 3-10% 7 -10%4 3.7 -10% <200 um
5cm 1.3 -10%° 1-10% 1.4 - 1016 <200 um
LHC: L = 1
Neutrons: 1 MeV (TRIGA Reactor Ljubljana) HL-LHC: L;,=3000 fb
. ! M e e i E=0:m (t::r::”:a rons
Protons: 23 MeV (Karlsruhe cyclotron) 10 Tﬁoooqu =7 Charged hadror
I = Total
800 |V|eV (LOS AlamOS) & 10°E Z=250cm (end-cap):
g - = = Charged hadrons
23 GeV (CERN PS) = B L T rcters
031015?'.--.‘ =
5 I
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Measurements scaled to 10 min at 60°C annealing Al oD
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J. Erfle, UHH (Deq [Cm ] at -20°C and scaled to 20°C, guard ring grounded
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Charge Collection Efficiency at 1000V
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effectiv

In the following plots Neff is

[1/ns]

MCZ200N, irradiated with 3E14, 23MeV protons

used with a sign. The sign is 0.3
deduced from the TCT puls. g

70.25
If the later peak of a double
junction is higher than the 0.2
earlier peak, we call it ,type
inverted®. 0-15
The Neff itself is deduced from o
the kink in the 1/C2 plot of the 0.05
C/V curves.
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1 MeV neutrons, ¢, = 4 - 104 cm~2 P-type
m FZ200N N t
& FZ200P - e
®m FZ320N yp
& FZ320P .
m  MCZ200N Acceptor removal (short term annealing)
1,6x10" 4 & MCZ200P
23 MeV Protons, ¢, = 2.9 - 10™* cm™2
P'Pg' m FZ200N Oxygen
q © FZ200P
2 1,2x10" - ~1E17
= 1x10"- 5 Frizop
% ] m  MCZ200N ~3E17
- 8X1012- © MCZ200P ~AE17
£8,0x10"- — ] 0
g s 6x10"
LIJ_ MR | N ! L L | ! ! AL | %
10 100 1000 2% 4x10™4
annealing time at 60°C [min] <
« Neutrons: No real difference in the 2x10™+
curves of N and P-type material 0.
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oxygen N-type silicon, no difference of . Efle, UhHannealing time at 60°C [min]
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23 MeV protons, ¢.q = 2.9 - 10 cm™? P-type
m FZ200N N-type
: ® FZ200P
3 m FZ320N .
1107+ o Fz320 acceptor removal (short term annealing)
. ®  MCZ200N
12 & MCZ200P
81077 23 GeV Protons, ¢, = 3.1 - 10'* cm™2
& 6x10"A
2, ] annealingtime at 60°C [min]
E PO et e e | 3
= - —&— MCZ200P
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5 | X
%) 0 T T T N L T T N L <'>\
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annealing time at 60°C [min] 5 ] \
=z 4x10" 4 <>\ ,.<> )
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« TCT tends to type inversion il U UL B i .
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J. Erfle, UHH

annealing time at 80°C [min]

capacitances are measured after annealing of 10 min@
60°C at 0°C, 1kHz, guard ring grounded
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23 MeV protons, ¢.q = 2.9 - 10 cm™? P-type
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* Dark current (= noise) independent of silicon material (as expected)

e Signal at a proton fluence of 1E15 reduced to 90% for MCz and to 70 % for
thick float zone

* Typeinversion threshold for 23 GeV protons seems to be at an oxygen
concentration of 3-4E17

 Type inversion threshold for 23 MeV protons seems to be at an oxygen
concentration above 5E17

» Different proton energy irradiations (PS and Los Alamos) done,
measurements running

e Still more irradiations to come

* Further studies ongoing
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Space charge sign determined via TCT.
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N versus fluence
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Space charge sign determined via TCT.
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T Current annealing of irradiated samples
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U_ _— Radiation damage in silicon
L2 ¥ Universitdit Hamburg
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Two different kinds of radiation damage:
« Surface damage

« Bulk damage - Main damage from hadronic radiation
* Three different effects on silicon sensors:

(@) 5 (b) (€)

conduction band

energy + - electrons
levels Donor : :
e e e e e e e e e e e e e e e, TN e e e e e e band gap
-_— — i i holes

Acceptor :

valence band EV

donor & acceptor generation &

_ trapping L
generation recombination
Change of effective doping Reduction of charge collection Increase of dark current
- Change of full depletion voltage - Reduction of signal - Increase of noise
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