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Introduction

| CCE of EPI-ST 75um |

= Charge multiplication observed in §1'2p-type, a-particles S
highly-irradiated diodes (s
= option to overcome trapping 0.8
at SLHC fluences? o FEE T
- D,q = 3x10"*cm?
0.4 Deq = 1x10"°c?
- Doq = 4x10"°cmr
0.2, * @y = 7x10"°cm?
. F L0 @ = 1x10"%em?
Knowledge so far: % 100 200 300 400 500 600 700
UIvl
= EPI diodes: thin CM region at the front side (p*-implantation) after p irradiation
= CM: spatially uniform, stable in time, proportional mode
= No effect of statistical fluctutations in CM process on charge spectra measured with
laser light = no excess noise
This talk:
= Dependence of CM on material, thickness
= Measurements with 29Sr B-setup: signal, noise, SNR, spectrum width
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Overview on Investigated Diodes

= Epitaxial Si pad-detectors on Cz-substrate produced by ITME/CiS

= Size: 5x5mm?2and 2.5 x 2.5 mm?2

= Thickness: 75 pm, 100 pm and 150 pm (n-type)
= Standard (ST) and oxygen enriched (DO, diffusion for 24h at 1100 C) material
= 24 GeV/c proton-irradiation (CERN PS), @, = 101% — 10® cm, no SCSI

= 30 min at 80 C annealing
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Experimental Methods

Charge collection investigated with:

= Transient Current Technique , TCT (Hamburg)
= 670, 830, 1060 nm laser light, 5.8 MeV a-particles
= Front illumination
= Current-sensitive amplifier
= Integral of current pulse = collected charge Q 0

= Charge collection efficiency obtained by normalising Q wrt. unirradiated diode: CCE = :
= Measured at -10 C

= 90Gr-beta setup (Ljubljana)

= Charge-sensitive preamplifier (Ortec 142B) + shaper (25 ns shaping time)

= Scintillator — high purity trigger
— signals with SNR<1 measurable

= Measured at -29 C
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CCE

CCE for Different Materials

670 nm laser
101 —~ 3
- _1016 -2 5 - ..0.00.15 um
9 Peg™ cm T - ..‘:.-l-lll-l-....;fﬁl.um
C I~ |
8 O 2.5 .°.l. JUVYYVY Y YYVVWN bo
= ~  EPI-ST 150 rm o - .0.. AA‘AAA 150 um
C S~ - A
7? 8 2; o.'. AAA
6 + EPI-DO150um o I it
- B ma
®
5 1.5[ Ky
4 B AA:i.
F L A g& ST
3 1 Z79ag e
F e I~ " ®
= At - %¢0®
2; AAAA‘A‘ 0 5;
1; ‘A‘A‘AAAAAA‘ aaaastt r
E. q‘éA.uA‘AAAAA‘AAAAA‘AA$ﬁﬁ‘ﬁﬁz‘zﬂ‘Aﬁ%AA‘AAfﬂA‘A&ﬁ L B | | | |
% 200 400 600 800 | 1000 % 200 400 600 800 1000
U [V] uv]
0,000 ST 150pm ST 100pm ST 75um DO 150umDO 100pm DO 75um

In the CM regime:
= CCE(DO)>CCE(ST)
— higher CM in DO due to larger donor introduction g <
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CCE for Different Thicknesses

670 nm laser
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= Increasing CCE for decreasing thickness

Less influence of trapping on CCE in thin samples (different weighting fields)
extreme case: all charge trapped after 1.4<d = CCE,4,/CCE4,=d,/d,

Higher CM in thin diodes due to higher field?
But attention: in linear model d-dependence of E for U<U,,,; Extrapolation: all Ug,>600V
But modifications (double junction, voltage drop over neutral bulk region) could lead to d-dependence

Higher CM in 75 pm diodes due to larger g as [O] is higher in thin samples
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Charge [e]

Collected Charge with 29Sr 3-Setup

Charge as a Function of Thickness

" Mean
+ MPV
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= At least 2500 single waveforms taken

Most Probable Value (MPV) determined
by Landau-Gauss fit to spectrum:

not possible for highly-irradiated diodes
due to noise

Mean determined by averaging
waveforms: also for low Signal-to-Noise
Ratio (SNR) possible

= Unirradiated diodes:

Collected charge proportional to
thickness

= MPV: 80 e-h/um
= Mean: 97 e-h/um
MPV/Mean ~ 0.75 — 0.85

Noise ~ 2000-3300 e (pad diodes!)
depending on size, thickness
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Collected Charge for Different Fluences

Mean Collected Charge
=16000
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= Higher charge collection than before irradiation at high fluences and voltages
due to CM

UH
P 1 June 2010, 16th RD50 Workshop, Barcelona Jorn Lange — Charge multiplication in EPI Si diodes




Charge for Different Materials
and Thicknesses at Highest Fluence

Mean Collected Charge

= Q(75um)>Q(100pm)>Q(150um)

512000 — even for absolute collected charge!
© Q100 ym) = Q(D0)<Q(ST) below the CM regime
10000 Q(DO)>Q(ST) in the CM regime
. — Same material and thickness
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- dependence as for 670 nm laser
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Current and Noise

= (CM expected to increase signal, current and noise Q=MQ,.,
= Current and noise increase strongly =M,
= Same material and thickness dependence as signal O g =M FO
= Larger for thinner diodes G . =A0h, (M) + 02

= Larger for DO
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Signal-to-Noise Ratio

SNR
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0.6 / %' SMaller
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K. . 0 .
0.4 increases faster than signal
— SNR decreases after maximum
02, at 300 — 500 V
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% 200 400 600 300 1000 1200 * What about pixels:
Voltage [V] = Lower I

= Threshold >> noise (unirr.)
= noise increase tolerable?
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Entries

Entries

Width of Charge Spectrum

EPI-DO 100 um, unirr., 240 V
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Fluctuations due to CM might increase
spectrum width

No significant increase of noise-corrected
relative width with voltage

= no significant impact of CM fluctuations
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Summary

= Properties of charge multiplication investigated with
= TCT (laser light, a-particles)
= 0Sr beta setup with charge-sensitive amplifier, 25 ns shaper
= CM is higher for
= DO material
= Thinner diodes
= Higher signal than before irradiation due to CM also for p-particles
= Strong noise increase = SNR decreases at high voltages

= No significant increase of noise-corrected relative width
= no impact of CM fluctuations

High signals possible at S-LHC fluences!
Can noise increase be controlled or tolerated in segmented detectors?
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BACKUP SLIDES
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Depletion Voltage (from cv at 10 khz)

Stable Damage:
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MTCT Laser-TCT Setup

Laser -TCT Setup

Trigger Line
Laser PC Te;mpe- V-Source Oscilloscope
Controller | [ conor | |7 I-Meter Tektronix DPO7254
; . el
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Diode | }_vL\ Amp
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—L Picosecond
Pulse Lab
|| 5531 Bias T
kL)
= ||
[ ||
Light-Wave Cable_ %

Detector Mounting
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Noise and SNR (TCT with

Laser)

= 50000 —
& - e 670 nm laser, unirradiated & 50— : 670 nm laser, ”"}:’a"_'za‘e"'
] - 16 P’ 7] - 670 nm laser, 10 cm?
K] - A 670 nm laser, 10 °cm - ® 1060 nm laser, unirradiated
S wooo| ° 1060 nm laser, unirradiated ~ |4 1060 nm laser, 10"%cm?
2 -4 1060 nm laser, 10"%cm? 200 —
© B L
o u
@ - i
30000 150
10000 - 50—
07 I T I T T 07\\|\\\\|\|\\\\|\\\\\\|\|\\\\|\\\X106
0 200 400 600 800 1000 0 2 4 6 8 10 12 14 16
Uil Mean Collected Charge Q [e]
1 June 2010, 16th RD50 Workshop, Barcelona Jorn Lange — Charge multiplication in EPI Si diodes 17




20Sr Beta Setup

n-EPI-ST 150 ym, unirr,, 333 V

Single Waveforms

Averaged Waveform

L L I I L
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Signal Spectrum (Landau-Gauss fit)
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—

0.2
Signal [1000.0 mV]

Ljubljana setup for pad diodes:

Charge-sensitive preamplifier (Ortec 142B)
+ shaper (25 ns shaping time)

Scintillator — high purity trigger
= signals with SNR<1 measurable

Measured at -29°C

Calibrated with 24'Am, cross-checked with
300 pym diode

Single waveforms taken with oscilloscope

Averaged waveform:

Peak determination possible even for low
SNR

— for highly-irradiated diodes mean is
considered instead of most probable value
(MPV)

Micro discharges in certain samples at
high voltages (independent of fluence)

1 June 2010, 16th RD50 Workshop, Barcelona

Jorn Lange — Charge multiplication in EPI Si diodes 18



Collected Charge for Different Fluences

Mean Collected Charge Mean Collected Charge
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CCE

Comparison CCE:
1060nm laser and pB-particles
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CCE Dependence on Annealing

CCE as a function of annealing time (Ta=80°C)
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In the CM regime:
= Maximum of CCE at 8 min
= CCE annealing curve shows the same
behaviour as the one of Uy, Neg
higher N+ — higher E, ., — higher CM
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CCE Dependence on Temperature

CCE as a function of temperature
Lu —
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In the CM regime:
= CCE decreasing for decreasing T
= Contrary to expectations as ionisation coefficients o increase for decreasing T

= Absorption length X increases for decreasing T; 670 nm: 3.1 um(0 C) — 3.6um(-40 C)
But: calculation = effect not large enough; effect tendentially the same for 1060 nm, o

= Change of el. field with T (e.g. due to change in current)?
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