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RD50 The epitaxial silicon ‘@:Aﬂ

e Produced by I TME (Institute of Electronic Materials Technology, War zawa, Poland)
e 100 mm wafer

e n-typesilicon
o Epi-layer: 150um, <111>, P-doped, ~500 Q2cm
e Substrate: 525um, <111>, Sh-doped, 0.015 Qcm
e p-typesilicon
e Epi-layer: 150um, <111>, P-doped, ~1000 Qcm
e Substrate: 525um, <111>, B-doped, 0.015 Q2cm

Spreading Resistance Measurement (ITME)
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RD50 The detectors @

e Detectors produced from epi-wafer s of same batch by:
e CNM (Centro National de Microelectronics, Barcelona, Spain)
e |ITC-IRST (Microsystems Division, Povo, Trento, Italy)
e HIP (Helsinki Institute of Physics, Helsinki, Finland)

producer series name processing type size
CNM CNM-22 pad detector p-type 5 x 5 mm>
CNM CNM-11 pad detector n-type 5 x 5 mm?
CNM RD50-23 strip detector n-type 5 x 5 mm?
CNM RD50-16 strip detector p-type 5 x 5 mm?

I'TC-IRST I'TC-W-11 strip detector n-type 3.7 x 3.7 mm?
HIP HIP-004-B pad detector n-type 5 x 5 mm?

!

different masks used
(some containing also strip detectors)
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RD50 Detectorsfrom CNM Barcelona

e Detectorsfrom pure pad mask (CERN -RADMON project)
e CNM-11 & CNM-22
e Size0.5x 0.5cm?
e Qguardrings
e p-type: p-stop ring

e Detectorsfrom strip mask (RD50 proj ect)
e RD50-16 & RD50-23
e Size(0.5x 0.5cm?
e X guard rings
® X-type: X-spray
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RD50 Detectorsfrom IRST and HIP

e HIP detectors - pure pad mask (CERN-RADMON proj ect)
e HIP-004

e Size0.5x 0.5cm?
e 17 guard rings
e only n-type used

e Detectorsfrom strip mask (SMART-RD50 proj ect)
e ITC-W11

e Size0.37 x 0.37 cm?
e 11 guard rings
e only n-type used

llllllll
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RD50 Beforeirradiation

Detector series Depletion Voltage (CV)
Ve [V]
HI1P-004 (n-type) 147.4+ 3.6
| TC-W11 (n-type) 150.0+4.9
CNM-11 (n-type) 154.6+ 7.5
RD50-23 (n-type) 155.0+ 3.8
CNM-22 (p-type) 213.7+12.7
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RDS0 Experimental procedure @

e C/V and |I/V measurements
e measured at room temperature (and at -10°C); parallel mode 10K Hz (and at 120H2)

e CCE measurements
e NIKHEF setup (detailsin presentation of H.Hoedlmoser - last RD50 Wor kshop)
o NS —source; 2.5 us shaping time; noise 567¢ + 4.26e/pF
e measured mainly at -22+1°C

e TCT measurements

e RD39 setup at CERN used (details given in Jaakko' stalk)

o 2lasersused:
 infrared laser — ssimulation of mips
* redlaser —front illumination only

e Irradiation
o 24 GeV/cprotonsat the CERN PS

e Annealing
e 4min at 80°C
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RD350 l|eakage current after irradiation
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e CNM detectors. Increase of leakage current around 300V
caused noise problemsfor CCE measurements

Michael Moll — 10t RD50 Workshop, June 2007  -8-



RD50 L eakage current @

4 min 80°C
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RD50

-3
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Depletion Voltage
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RD50

TCT measurements (red laser)
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e p-typeepi silicon after 2.3x10* p/cm?
e datanot corrected for trapping
e demonstratingthat p-type hasbeen inverted to n-type
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RD50

collected charge [e]
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RD50 CCE measur ements @
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RD50 TCT —Infrared laser @
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e Sharpdrop in CCE at low fluences observed also with infrared
laser (RD39 TCT setup)
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RD50

-3
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Depletion Voltage (CV)

Neutrons (Ljubljana)
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RD50 Summary ‘@:Aj

24 GeV/c proton irradiated n- and p-type 150 um thick epitaxial detectors
manufactured by 3 different producers have been investigated:

e |eakage current increase as expected (samefor all detectors)

e increase of V4, (donor generation) depending on processing — different for
different manufacturers

e net space chargeremains positive for n-type epi (no type inversion)
e net space char ge becomes positive for p-type epi (inversion to n-type)
e unusual drop in CCE observed in low fluencerange

ongoing work:

e neutron irradiated samplesunder investigation
preliminary data presented (less pronounced increase in depletion voltage!)
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RD50 lV —1TC samples
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RD50 IV —CNM samples @
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