Presented on the 4 th Meeting on oxygenated Silicon at CERN, 15.6.2000

Charge trapping in oxygenated and control irradiated silicon detectors

G. Casse (ATLAS, LHCb), S. Martì yGarcia (ATLAS)

Universityof Liverpool - Department of Physics, O. Lodge Laboratory

Outline:

� Irradiation details

� Questions left open in previous works

� Para meterisation of CCE curves

� Co mparison of CCE between oxygenated and control detectors

Four miniature microstrip detectors (1x1 cm 2 , 128 strips) produced by

SINTEF were irradiated at roomtemperature and unbiased in the CERN-PS

beamwith 24 GeV/c protons. Two pairs of non-oxygenated and oxygenated

devices were irradiated to 3

¨ 10 14 cm -2 and 4 ¨ 10 14 cm -2 . A non irradiated non-

oxygenated detector with identical characteristics have been used for

reference.

Detector conventional

name:

Oxygenation Irradiation dose

[p cm -2 ]

S1 No Non irradiated

S2 No 3 ¨ 10 14

S3 Yes 3 ¨ 10 14

S4 No 4 ¨ 10 14

S5 Yes 4 ¨ 10 14

Their 128 strips were bonded to a wide bandwidth current

amplifier for the CCE studies. The CC E was obtained by the

integral of the averaged signal (fro ma 106 Ru source) on the

oscilloscope.

A co mparison between the CC E of oxygenated and control diodes

was carried out using light spot fro ma 1060 nmlaser. The results

gave a figure of ~50V shift of the CCE curve to lower biases whit

oxygenated substrates.

The normalisation of the CCE curve of irradiated devices was

obtained using the maximu mcharge collected with strong over-

depletion (~2 V

FD

) biases. Is this normalisation reliable enough?

Using this normalisation would imply no relevant difference

between the different substrates in term of permanent trapping .

An absolute normalisation can be obtained using m.i.p.´s.

We analysed the CC E curves using a parameterisation that allows

the extraction of the V

FD and of the trapping . The fraction

’ ’ q q

dx

E

�

-

®

¯

½

¾

>

@

v E

E

E v

e h e h S

( )

( )

,

,

/

�

P

P

J

J

1

1

We can define a mean free path, O , p roportional to the velocity and

finally to the electric field as follows:

O O ( ) E E �

0

/ is expressed in μ m 2 V -1 .

The saturation velocity is practically never reached at the voltages we biased the detectors , so no correction have been introduced to the linear dependence of / on the electric field. The electric field distribution through the detector depth is assu med to be linear, like in non irradiated devices.

The total charge collected b y the detector is given by the integral over the whole detector thickness of the first expression and the maximu mcollected charge b y an irradiated detector is the total injected charge decreased by the fraction of charge trapped when the velocity is saturated in the detector, na mely q q

w

M w

E

o E

� �

�

ª

¬

«

º

¼

»

-

®

¯

½

¾

¿

O O

O O

We fit the CC E data with the function (1) co mputed on 300 points

(with dx = 1μ m).

CCE of non-irradiated device (fitting using the linear dependence of the CCE on the square root of the applied bias)

CCE of s tandard and oxygenated detectors irradiated

to 3*10 14 p cm -2 .

Oxygenated

Standard

CCE of oxygenated and s tandard detectors irradiated

to 4*10 14 p cm -2 .

Oxygenated

Standard

Para meters fro m the fit:

Det.

name q

o

( arb. units)

V

FD

(V)

O

0

(μ m) /

(μ m 2 V -1 ) q

M

/ q

o

(%)

S2 19.9

r 0.9 136.2 r 2 188 r 6 1000 r 250 91 r 4

S3 18.5 r 0.7 138 r 5 206 r 10 1250 r 90 87 r 5

S4 19.9 r 0.8 213 r 5 184 r 10 320 r 90 76 r 3

S5 18.7 r 0.4 175 r 11 204 r 15 440 r 50 77 r 4

Conclusions

The oxygen enriched material gives a certain i mprove ment in ter m of bias required for co mplete charge collection of heavily irradiated silicon detectors (as we and other docu mented in previous works). For this run with this producer the i mp rovement can be quoted in ~40 volts for the detectors irradiated to 4 ¨ 10 14 24

GeV/c protons c m -2 , while no difference has been observed for the detectors irradiated to 3 ¨ 10 14 cm -2 . The level of the plateau of the charge collection is the sa me for the oxygenated and nonoxygenated detectors after the two different doses of irradiation, implying no relevant differences in the per manent charge trapping between these substrates. The i mprovement of the charge collection in heavily irradiated oxygenated detecto rs is probably mainly due to the reduction of the space charge concentration (and therefore of V

FD

) in respect of non-oxygenated devices.

We could estimate the effect of the trapping by the ratio of the charge collection at V

FD

to the maximu mcharge. We found that only ~72% of the charge is collected at full depletion in heavily irradiated detector.

The charge deficit after irradiation is evaluated for the two given doses by co mparison to the pre-irradiation value and is ~10% after

3 ¨ 10 14 cm -2 and ~23% after 4 ¨ 10 14 cm -2 .