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The present (LHC siliCORRES

The majority of the silicon detectors for t
devices are “standard” p-in-n device
high resistivity FZ silicon, and they &
characteristic (low V ., extremely
CCE)

The failure mode after irradiation Is us
concept of full depletion (V. p). Ve
IS considered adequate for detect
value matches the maximum bias
system, the detector starts to falil.
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Future upgrades (Supers

trackers):
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Future upgrades (Superss
trackers): how to procees

Ilgnore V;;,, maximise CCE
fluence
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More realistic electric field after
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How to better exploit the'pro
E after irradiation? With n=St
out.

On n-type substrate
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Annealing of n-strip read out sen
does actually change the relevant
(CCE) with time?
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Charged Trapping |

Efficiency of Charge Collection in 280 um thick p-type SSD
After 7.5 *10% p/cm?, charge collected is > 6,500 e
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No adverse effects of
anti- annealing observed!
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In the present LHC, the sub-detect
the higher radiation levels are the
pixels and the LHCb-VELO micros

They are all n-in-n design.

We proposed and prototyped with
Semiconductor, the n-in-p version
microstrip detectors, to prove the f




A tough test for large area p-type
the LHCb-VELO detecto

2048 strips each, routed
with double metal




LHCDb Velo - CV data for 2433-01D

Data trom file 2433-01D Lypool CW. 504

24335010 Zengor OV Measurements. 20 8C 28 8%
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LHCDb Velo - IV data for 2433-01D

Diata from file 2435-01D Lypool TV 203

2433-01D IV measurements after CV 20.8C 38.8%

Current at 350V not measured

Tnitial current at 0V = 0.02 p&
Final current at 0V = 107.54 p &

whovs W 0=x=300 001622436 <y = 1075416 v scale factor 1
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2433-104 TV measurements after cw 20.3C 45 3%

Current at 350V not measured
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LHCDb Velo - 1V data for 2433-05D

Data from file 2433-05D Lypool IV . 1129

243233050 IV measurements after current scan 20 5C 40 9%

Current at 150 =047 b
Current at 280V =062 uh
Current at 250V =072 na
Initial current at 250V =072 wh
Final current at 220W =071 b
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Individual strip
test of modules.
16 Beetle chips
are reading out
the 2048 strips of .
each side. s
Narrow focus s N ]
laser is moved




Example of laser scan
on a n-in-n VE

Laser pos -2 Laser pos -2 Laser pos -1
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Example of laser scan
on a n-in-p VE

Laser pos -3 Laser pos -2 Laser pos -1
230 230 230 ]

g 12 g 1z g 1z 16

Laser posz +1 Laser pos +2

Laser pos 0
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Example of laser scan
on a n-in-n VEL

Lazerpos -2 Laser pos -2 Laser pos -1

0 4 g 12 16 20 0 4 g 12 16 20 ] 4 g 12 16 20

Laser pos 0 Laser pos +1 Laser pos +2




Example of laser scan
on a n-in-p VEL

Laser pos -3 Lazer pos -2 Laser pos -1
21z 21z 21z ]
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Lazerpos 0 Lazer pos +1 Laser pos +2




Strip inefficiency after full
and tests (2048 cha

J LHCb Yelo - Problem Channels - Mozilla Firefox

File Edit Wiew Go Bookmarks Tools  Help

@ - |:> - % @ @ @ |D http: fiveladb. ph.liv. ac.ukflhcbi ShowProbChan, php?label=602modID=49&type=pihybID=25

D Delete , Getking Started m Latest Headlines D DataBase D elog ’j MMM - Cern Mail Service D LHCE velo Module Prao...

|| LHCb ¥elo - Problem Channels | [ MMM - Cern Mail Service

|| [ LHCh velo - Laser Test Hybrid 70 Phi strip 10

Module 26 Hybrid 60 - Problem Channels

P side problem chanmels

R side problem chanmels

Strip chip chan Spad FEB SEB Laser Noise Verified Lstiip
w3e 4 151521 0 -2 Sl -4 Open 1039
1477 5 581351 0o -2 -3 -2 Open 1477

Stuap clap chan Spad FEB SEB Laser Noise Venfied Lstrip

82 14 8 248 0 -2 -1 -2 Open 22
054 zZ01s1e 000 0 -1 Moeisy 505
SEF 2 2% 1vez 00 -2 -1 -2 Open 387
634 1 161804 0 O 0 -2 Dead 634
€58 0 721876 0 0 0 -1 Shert 658

1684 4 171518 0 0 -3 0 Dead 1654
1857 1 71813 0 0 -1 -2 Dead 15857
1588 0 731874 0 1 0 -1 Shert 1998

Total problem F channels 2 (2 dead / 0 problematic)

|Total problem P channels 8 (7 dead / 1 problematic)




Confirmation tests, after
hybrids are glued on the
paddle (module) are

performed in real conditions of ’

cooling and vacuum in the
vacuum tank. Read out of the
Beetle chips is performed by
the Tell1-DAQ system
developed by LHCD.




Noise of p-type VEL
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Noise of p-type VELO

[

(e
i

[

e

M4 Il + +

O A
N
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
i

U AR T
|||||||||ﬂ|||“|||||||||||||||mlﬂl[ﬂ'ﬂ|fﬂ|ﬂ|||| S

R R
R R

T
AT



Noise of n-type VELQC

R-sensor
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Noise of VELO Phi

3 different ‘flavour
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Inner strip length(cm) 0.9952
Outer strip length(cm) | 2.2108
Routing line(cm) 2.1981

2048 strips
read out
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T r=0.8cm pitch  pitch pitch
r=1.8cm 24um &5 pm 124pm

stereo angle 9 -

Inner Section Outer Section
Smallest Radius Strip 4.00pt/cm 2 74pticin
_ _ ’ Routing Line - -
Cinner 6.7+0.4 Pf Largest Radiug Strip 3.48ptiem 3. 41ptiem
Couter =76+ U4pf Routing Line 1.54pt/cm 1.51pt/cm

Capacitance (pfian) calenlated



CONCLUSIONS:

The concept of using the S/N ratio to e
of silicon sensors to be used in high ra
well in place. This has substituted the

the differences in the performances of
and lead to the conclusion that only n-
operate silicon sensors after high fluen

In this optic, p-type substrates offer a v
for their easier litography and reduced




The LHC scenario always incl
evolution of V5 with mainten
above operation temperature
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3ED RD48 STATUS REPORT

CERIN/LHC C 2000-009
LEB Status Report D48
31 December 1999
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Signal / Threshold SIT :

EX

(T. Rohe, RESM DD04)
After radiation dam
afluence of 6* 104
Inefficiency vs. the
threshold ratio S/T:

Efficiency in CM S Pixels

age from
n_eq/cm'z,
signal-to-

Fraction of lost tracks

S/T | Inefficiency
[%0]

Concentrated along pixel edge

Efficiency in Pixels
(depends on B-field, pixel size etc,

but serves as aguide

1
2
3
9

even for larger fluences):
Need SIT > 4-5




The n-side read-out segmente
the state-of-the-art rad hard d
In hep experiments. How to es
maximum survival dose?

Signal-to-noise ratio S/N is essential
system.

RMS noise o [electrons]
depends mainly on shapin




