6 th WORKSHOP ON ELECTRONICS FOR LHC EXPERIMENTS, Cracow, 11-15 September, 2000

Developments for Radiation Hard Silicon Detectors by Defect Engineering

-Results of the CERN RD48(ROSE) Collaboration-

G. Lindstroem, University of Hamburg, Germany (email: Gunnar.Lindstroem@desy.de )

SUMMARY

The RD48(ROSE) collaboration has succeeded to develop radiation hard silicon detectors, capable to withstand the harsh hadron fluences in the tracking areas of LHC experiments. In order to reach this objective, a defect engineering approach was employed resulting in the development of Oxygen e n - riched FZ silicon (DOFZ). Systematic measurements have been carried out with various standard and oxygenated material in fluence ranges between 5

u 10 10 and 5 u 10 14 cm -2 (1MeV-n-equivalent). The d e -

fect generation on a microscopic scale was also studied, gaining invaluable insight in the underlying

physics. Only macroscopic effects of the O-enrichment with direct relevance for LHC detector appl i -

cation are summarized in the following:

� Leakage current : the damage parameter

: cm instead of the standard 5 k : cmsilicon decreases the change in N eff

after 2 u 10 14 n/ cm² by a factor of | 2).

� Charge collection efficiency : while the measurements for N eff

have mostly been performed on test pad diodes using C/V methods, these results have been checked both with test and silicon strip detectors measuring the charge collection efficiency as function of bias voltage. The results show a good agreement between both techniques also revealing that the systematic analysis done with test diodes can reliably be used for strip detectors.

� Model description for macroscopic damage effects and projection to LHC : For the above d e - scribed effects the ^Hamburg-model~ had been applied for the O-enriched silicon detectors and relevant parameters were extracted. The application of the model to LHC operational scenarios i n - dicates that by using oxygenated instead of standard silicon the lifetime of e.g . the sensors in the

B-layer of the ATLAS pixel detector would be extended to almost 10 years. In fact, the ATLAS pixel group had meanwhile decided to use the RD48 deve l oped technique.

� Optimization of the DOFZ technique : So far feasibility studies with various companies have shown that the oxygenation of the silicon bulk by prolonged tempering after normal oxidation

(diffusion of O from the SiO

2

-Si interface) does not result in any problem. Optimization exper i - ments are presently carried out with O-diffusion in the range between 6 days at 1200 0 C and 8 hours at 1150 0 C.

503 words, allowed: 500