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Esa Tuovinen loading MCz-Si wafers into oxidation
furnace at the Microelectronics Center of Helsinki
University of Technoly, Finland.
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Cryogenic Transient Current Technique (C-TCT)
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Properties of Setup

1. IR (1060nm)and RED
(670nm) lasers.

2. Front side illumination only.

3. Temperature min 40K.

|
‘- 4. Fully computer control
(system and DAQ).

‘ 5. Bias up to 600V.

6. High gain preamplifier for
CCE (g#600) and TCT
(9g#35). Optimized for low
injection level (CCE) and
high bandwith (TCT)
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Samples adjustment

- Ceramic sample holders

Cold finger
and coaxial
conhnhector

Heating resistor provides faster
temperature ramping
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Samples and irradiations

- 9MeV proton irradiation at - 24 GeV proton irradiation at
University of Helsinki Accelerator CERN Irradl-facility
laboratory .

- Fluencies up to 3x10'5 n  /cm? *  Fluencies up to 1.6x10'% p/cm?

* Hardness factor ~5 » Hardness factor ~0.6

4143 vacancies
;i',_'ﬁ;_;.';.‘-i-r*’i.f_ N3 Mika Huhtinen, NIMA 491 (2002)
TP
g = 4
ety ]’f?L.-r i |.f:
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x (lim) x (Lm
-Samples processed at MINFAB facility of Helsinki dlni]ver'si‘ry of Technology on Okmetic

MCz-Si wafers.
-"Standard” RD50 diode process and design
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TCT signal [V]

A

MCz-Si 7x10'* n, /em*by 50 MeV protons
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TCT red laser results low energy protons

1

MCz-Si 4x10'* n, /cm*by 9 MeV protons
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TCT signal [V]
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TCT red laser results low energy protons 2

MCz-Si 9MeV 5x10"° pfem? 220K 670nm laser
T

S : o500V
a, 1 378V
' ‘B 275V

R SRR o M| S

Time [s]

No trapping correction

TCT signal [\V]

04

o
(B

&
o
[

S
i

o
-
o1

o
o

0.05

-0.1

MCz-Si 5x10'* n, /cm*by 9 MeV protons

MCz-Si 9MeV 1x10™ plem” 270K 670nm laser

ooe0®0o : :
e : o < 50OV |
i

0 L o 2 2250V |

B Aenoa s
&

- 2

N YTl

g BN |2t s

e

Time [s]

Jaakko Harkonen, 11th RD50 Workshop, 12 November 2007, CERN




M,
,
L

MCz-Si 6x10" n, /cm*by 24 GeV/c protons

A
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TCT red laser results high energy protons 1

MCz-Si 1x10" plem? 24 GeVic 250K

MCz-Si 6x10"° n, /cm* by 24 GeV/c protons

MC2z-Si 110" pfem? 24 GeVife 250K trapping corrected (50ns)
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TCT red laser results high energy protons 2

MCz-Si 3x10'* n, /cm*by 24 GeV/c protons

24 GeVic 5x10' plem’ n-type MCz-Si
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TCT red laser results high energy protons 3
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CCE with infrared laser
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Stability of IR laser over ~30 hours

Comparison of irradiated
sample and non-irradiated
reference

Samples prepared excatly
same manner

High gain (~600) amplifier
Injection level 10-20 MIPs
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IR transients of 24 GeV/c irradiated MCz-Si
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Collected charge [electrons]

Expected Charge Collection Efficiency

CE
)
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Simulation takes into
account linear trapping
and evolution of V.,
p=0.01 cm-!

Linear E-field
distribution is assumed
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Charge Collection Efficiency
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N Summary

*MCz-Si shows different red laser response when irradiated by low energy and high
enhergy protfons.

‘Low energy protons TCT transients reveal Double Junction and SCSI without
Trapping correction.

‘High energy protons TCT transients reveal Double Junction and SCSI when
trapping effects are taken into account.

CCE at 2x10% cm2 is about 30% / 8000e-. Thus, 300um thick MCz-Si is feasible for
strip layers but not for pixel barrel.

*The CCE is limited by tfrapping and
elevated V.

‘Pad detector characterization does
not include possible weighting field
effects > systematic test beam
experiments with segmented detectors
and appropiate RO electronics are
needed
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