Changes to the paper TN-2000-03

"Radiation Hard Silicon Detectors - Develop ments by the RD48 (ROSE)

Collaboration -"

========================

11.9.2000 Changes to last version

========================

New: (Fig. 11) - included a legendfor the CV-measurements

Changed (Authors list):

I.Wilhelm Nuclear Center of Charles University, Prague, Czech Republic

Æ I.Wilhelm Institute of Particle and Nuclear Physics, Facultyof Mathematics

and Physics, Charles University, Prague, Czech Republic

G.Grigoriev Æ E.Grigoriev

I.Wegrzecki Æ I.Wegrzecka

M.Mikuz Æ

0�0LNXå

D.Zontar Æ

’�äRQWDU

J. Stefan Institute, Ljubljana, Slovenia Æ

-RåHI�6WHIDQ�,QVWLWXWH�DQG�’HSDUWPHQW�RI�3K\VLFV�8QLYHUVLW\�RI

Ljubljana, Ljubljana, Slovenia

Added (Authors list):

L.Andricek - MPI Munich

========================

7.9.2000 Changes to last version

========================

1. Comments

Michael Moll

-- Why did I not include all the references collaborators suggested to me?

x From some of you I received verylong lists of articles to be cited in the paper. Sorry,

but I am not able to include them all, since this would lead to a list of references

longer than the article itself. If I include e.g. a reference to a certain kind of material

investigated byone person, I should also give references to papers dealing with all the

other materials investigated byother persons!

x In the introduction of the paper it is explicitlystated that notall publications can be

cited and that a complete list can be found on the ROSE WWW-page!

x I do not like to cite the proceedings of the ROSE Workshop for several reasons:

1. Theyare noteasilyaccessible for the "outside"world.

2. Theyare noteasyto understand since theycontain onlytransparencies and often no

written explanation for the given graphs

3. Theyare not refereed and therefore maybe notaccepted as a reference in a journal

4. The "authors" of the transparencies are listed as authors on this publication!

2. Changes to the authors list:

P lease check the address of your institute in the list, I tried to give the addresses in a

consistence way( University ,City,Country).

Added:

x B. Sundby Avset -- SINTEF, Oslo, Norwa y

x Z.Kohout -- Czech Technical University, Prague, Czech Republic

x M.Huhtinen -- CERN, Switzerland

x T.Budzynski, P.Grabiec --- ITE, Warsaw, Poland

x A.Kaminsky -- Padova, Universityand INFN

x K.Stolze -- CiS Institut für Mikrosensorik gGmbH, Erfurt, Germany

x C.Wilburn -- Micron Semiconductor Ltd., Lancing, England

x G.Valvo, G.Fallica -- STMicroelectronics, Catania, Italy

x P.Burger, O. Evrard -- Canberra Semiconductor N.V., Belgium

x A.I. Ryazanov -- Kurchatov Institute,Moscow, Russia

x T.Ligonzo -- Bari University, Bari, Italy

Changed:

x Old: E.Weber New: E.R.Weber - Universityof California, Berkeley, Department of Materials

Science and Engineering

x Old: T. Brodbeck, P. Ratoff New: T.J. Brodbeck, P.N. Ratoff

x Old: M.Angarano -- Bari University; New: M.M. Angarano -- Perugia University

x Old: Padova University, Italy New: Padova, Universityand INFN, Italy

3. Changes to text and references

(names indicate who has suggested this change/spotted the error/s):

(I included onlysuggestions that in the end lead to some changes)

Britta Dezillie, Zheng Li, Elena Verbitskaya

t 1500 Mrad, which is morethan 6 times higher than that for standard detectors.

Figure 1: The collected charge measured by TChT for the 1.2-3 k

: cm standard and HTLT oxygen

diffused silicon detectors after a gamma dose of 575 Mrad.

0

50

100

150

200

250

300

0 50 100 150 200 250 300 350 400

Fluence (Mrad)

Vfd (V) normalised to 300

Pm

1.1 kOhm cm , Oxygenated

1.1 kOhm cm , Standard

1.2-3 kOhm cm,Oxygenated

1.1-3 kOhm cm, Standard

Referenties:

1) B. Dezillie et al., ^Theeffect of Oxygen Impurities on Radiation Hardness of FZ Silicon Detectors for

HEP after n, p and gamma Irradiation~, accepted for publication in IEEE TNS (2000).

2) Z. Li et al, ^HTLT Oxygenated Silicon Detectors: Radiation-Hardness and Long Term Stability~, 3rd

International Conference on Radiation Effects on Semiconductor Materials, Detectors and Devices,

Florence June 28-30-2000, conference proceedings.

New text:

3.4. Gamma irradiation

Although thispaper dealsmainlywith theeffects of hadron irradiation it hasto be mentioned that oxygen enriched silicon detectors offer a strong improvement of radiation hardness after gamma irradiation. Here onlyone example will be given and further details can be found in [3 rd ROSE StatusReport //

B.C.MacEvoyand G.Hall, Presented at the 1st ENDEASDWorkshop, Santorini, April 21-22 1999.

Accepted for publication in Materials Science in Semiconductor Processing // Ref IEEE Britta]. Fig.xx displays a comparison between a 60 Co gamma irradiation of oxygenated and standard silicon [Ref IEEE

Britta]. The samples were irradiated in separatesteps up to 400 Mrad at BNL. A significant difference in the change of V fd values after gamma irradiation between oxygenated and standard detectors isobserved.

For the standard detectors V fd reduces graduallytill thespace charge sign inversion fluence of about 250

Mrad. Theoxygenated detectorsshowonlyverylittle changes in V fd up to 400 Mrad and donot change the

N eff sign.

0

50

100

150

200

250

300

0 50 100 150 200 250 300 350 400

Dose (Mrad)

Vfd (V) normalised to 300

Pm

1.1 kOhm cm, Oxygenated

1.1 kOhm cm, Standard

2.2 kOhm cm, Oxygenated

2.2 kOhm cm, Standard

Fig 13: Depletion voltage normalised to 300

P m detector thickness asa function of gamma dose for

1.1 k : cm and 2.2 k : cm oxygenated and standard silicon detectors.

Alexander Chilingarov:

x Section 3.3; Charge Collection Measurements: writing error

Old: Such a laser pulse produces a mip, like ionization in the diode, but thiswa yonlyrelative results

can be obtained.

New: Such a laser pulse produces a mip-like ionization in thediode, but in this wayonlyrelative

resultscan be obtained.

x Acknowledgements, one sentence takenout since now all are listedas authors

Old: The authors wish to thank all members of the ROSE collaboration. These results could not have

been achieved in a comparativel yshort time, without their continuous effort. At thispoint we would

also liketo express our sincere thanks to Francois Lemeilleur, co-spokesman of the collaboration since

its founding in 1995 until retirement last year. His contribution has been most important for the

organization and coordination of this research project.

New: At this point we would also like to express our sincere thanksto Francois Lemeilleur, co-

spokesman of the collaboration since its founding in 1995 until retirement last year. His contribution

has been most important for the organization and coordination of this research project.

Marko Mikuz:

x Section 3.3 .; Charge Collection Measurements; added the following reference:

New: G.Kramberger, V.Cindro, I.Mandic, M.Mikuz, M.Zavrtanik, "Determination of effe c ti ve

trapping times for electrons andholes in irradiated silicon", ATLAS Note ATL-INDET-2000-017 to be

pu b lished in NIMA.

Ioana Pintilie

x Section 5 ; Examples for TSC-measurements; reference added:

New: I.Pintilie, C.Tivarus, L.Pintilie, M.Moll, E.Fretwurst and G.Lindstroem; "Comparison Between

Microscopic Damage Induced byNeutron and Proton Irradiation in Silicon Detectors"; Proceedings of

the Second ENDEASD Workshop, Kista-Stockholm, Sw e den, June 27-29,2000.

Renate Wunstorf - - thanks forcareful reading and

spottingmany misunderstandable/wrong phrases in the text

x Authors list: Write theinstitutes in a formal correct wa y: Institute, University, city, country

x Old: Migrating silicon interstitials and vaca n cies escape from a region of silicon, where a high

concentration of Frenkel pairsis produced bya PrimaryKnock-On Atom (PKA). The PKA is

produced byan incident hadron.

New: Migrating silicon interstitials and vaca n cies escape from a region of silicon, where a high

concentration of Frenkel pairsis produced bya PrimaryKnock-On Atom (PKA), which isproduced by

an incident hadron.

x Old: Companies, having meanwhile adopted theRD48 process for detector fabr i cation, are SINTEF,

CiS, Micron and ST Microelectronics. Oxygenation has also been pe r formed byCNM-CSIC and the

Instrumentation D i vision of BNL.

New: Companies, havingmeanwhile adopted the RD48 process for detector fabr i cation, are SINTEF

(Oslo, Norwa y), CiS( Erfurt, Germany), Micron (Lancing, England) and ST Microelectronics ( Catania,

Italy). Oxygenation has also been performed byCNM-CSIC (Barcelona, Spain) and the

Instr u mentation Division of BNL.

x Thislimitation is predominantlyset bythe diode ( New: quality) ( Old: processing), but note that a

large operating voltage together with the increased reverse current leads also to an increase of

dissipation power which mayaffect the cooling system, and, if distributed non-homogeneousl y, could

also lead to thermal run awa yeffects.

x 3.1 Scaling of bulk damagewith NIEL - Mention thehardness factor for 24 GeV/c protons !

New: For 23 GeV protons a hardness factor of 0.62 was used.

x Leakage Current: Data measured on oxygenated material donot give any sizeable difference to those

measured on standard material.

x While the improvement in

E isabout a factor of 3 ( New: for oxygen enriched material) an adverse

effect is found for Carbon e n richment, see Fig. 4b.

x Old: In fact the operation voltage of 600V would limit the usabilityof standard detectors to only3

years, while DOFZ detectors would survive almost the full 10 years period.

New: In fact the operation voltage of 600V would allowto operatestandard detectors fullydepleted

for only3 years, whileDOFZ detectors could be operated fullydepleted for almost thefull 10 years

period.

x New reference: In fact, the ATLAS pixel group hadmeanwhile decided to use this RD48 devel oped

tec h nique [Renate Wunstorf et al., "Radiation Tolerant Sensors for the ATLAS Pixel Detector", paper

presented on the4th International Symposium on Development and Application of Semiconductor

Tracking Detectors, Hiroshima, March 22-25, 2000 (these proceedings).].

========================

11.8.2000 Changes to last version

========================

Added all members of ROSE as authors