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Introduction

= Trapping: most limiting factor at S-LHC fluences

t
= Usually described by an effective trapping time constant t: N(t) =N, exp(-—)
eff
=  Previous measurements* for FZ/Cz material at low fluences: 1 =B O,
Teff

*cf. G.Kramberger‘s PhD thesis
=  What happens in epitaxial material, at high fluences and high voltages?

= Last RD50 workshop (Nov 08): Results for n-type EPI diodes presented
= Time-resolved TCT signals (670nm laser) for 150pum EPI
= CCM — B, in EPI similar to FZ/Cz material
= CCE (o) >1 — avalanche effects
= CCE simulation underestimates measurements — modified trapping description needed

= Here:
= Update for further fluence points
= p-type investigated (t. CCE (a))
=  Comparison of CCE for different charge injection distributions (670nm, 1060nm, o)
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Overview on investigated diodes

= Epitaxial Si pad-detectors on Cz-substrate produced by ITME/CiS
= Sjze: 5x 5 mm?and 2.5 x 2.5 mm?

= n-type: 75 um, 100 pm and 150 pm thickness;
Standard (ST) and oxygen enriched (DO, diffusion for 24h at 1100°C) material

= p-type: only 75 ym ST material
= 24 GeV/c-proton-irradiation (CERN PS), ®,, = 1 x 101 -1 x 10% cm=
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TCT electron signals (n-type)

a) measured I ...

b) trapping-corrected I, =1I,,..s"€XP((t-t5)/t.1)
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Measurements:
= 30min at 80°C anneal.
- performed at 20°C

= 670nm laser (front)
— e-signal in n-type

No type inversion

(confirms conclusions from
annealing curve)

Double Junction!
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TCT hole signals (p-type)

a) measured I ... b) trapping-corrected I, =1, ..s"eXP((t-ty)/t.5)
~ p-EPI-ST 150I-ll1'l- cbaq = 1.3x1014cm'z, Uuan = 42V ‘ i 005| p-EPI-ST 150um, qb.q =1.3x10"cm2, forrected witht=11.7ns | Measu rements:
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Determination of 1

Results from
Charge Correction Method:

= Also in Epi:
If assumed to be constant
at each fluence, trapping
probability found to be

fluence-proportional
1

= Be/hq)eq
Teff.e/h

= Damage parameter f3:
similar values as in FZ*

*cf. G.Kramberger's PhD thesis

2.0
1.84 A n-EPI-ST 150um (e)
1 A n-EPI-DO 150um (e)
1.6 O p-EPI-ST 150um (h)
1 ----n-EPI-ST 150um Fit
1.4 - n-EPI-DO 150pm Fit
12 1 - n-EPI 150um combined
s 47 ——pEPI-ST 150um Fit
%) ]
C 1.0 _
% 0-8 ol "Ir o o
= 06- A A E
04 i o - e 7 ';
024 , (&~ _
0.0 +¥—¥————+—+—r L T A CR A R N T L E T
0 1%10" 2x10" 3x10"°
2
® [cm7]
eq
n-type p-type
B. [10-16 cm2nst] By, [10-16 cm2ns1]
EPI-ST 53+0.4 7.4+0.9
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EPI comb. 50+0.3 7.4+0.9
cf. FZ* 5.1 6.5
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CCE as a function of bias voltage
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= Almost saturation for low fluences at high voltages
= n-type: Stronger increase for high fluences (avalanche effects)
p-type: approximately linear increase for ®,,>2.7x10*> cm
UH
P 3 June 2009, 14th RD50 Workshop, Freiburg Jorn Lange — Charge Collection in Si detectors 7




CCE as a function of fluence
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= CCE degrades with fluence,
but deceleration at high fluences (due to avalanche effects?)

= CCE improves for decreasing thickness as t. decreases
(smaller distance, higher field)

= No significant difference between ST and DO material
= CCE of p-type lower than CCE of n-type (v, and 1.+ smaller for holes)
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Comparison CCE (670nm, 1060nm laser, o)

1 Comparison of CCE (670nm, 1060nm, o) = Different charge injection distributions:
E)" - = 5.8MeV a: range 26um;
009 well-defined charge deposition — small
0 85* normalisation error (~3%)
TE = 670nm: Aaps=3HM;
0.7c laser intensity variations — larger
- normalisation error (up to 10%)
0.6
. s = 1060nm: A =1mm;
0.5 ‘e e laser intensity variations — larger
0 45_ 2 . CCE (670nm laser) normalisation error (up to 10%)
T % - el = Simulation with tg=const
0.3 CCEl underestimates measured data in all
0.2.m D T cases; voltage-dependent behaviour not
- X simulated CCE maximum (v _ =v,) with t_,=const We” reproduced
01! ---------------------- simulation with U-dependent t_ . ..
- | | | | = But relative position between CCE of
00 — 200 | | 400 — 600 | | 800 — I1 000 different distributions well repr0duced
UIVI = U-dependent 1 fits better:
U Uy
et e = T0(Udep) + 71~ 1|:||:|Ltj =
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Comparison CCE (670nm, 1060nm laser, o)

Comparison of | and CCE (670nm, 1060nm, o) Comparison of | and CCE (670nm, 1060nm, )
1; n-EPI-ST 150um, (I)ml=1x1o"icm'2 ,v{ ';' 7 } n-EPI-ST 75um, CDeq=1 x10"°cm2 :
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= Smaller penetration depth — stronger charge multiplication
(more charge deposited in high-field region; more e instead of h)
= CCE(670nm)- and IV-curves almost identical at high voltages
(for 75um, 106cm2)
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Summary

= 670nm laser: time-resolved TCT signals in Epi 150um

= n-type: no type inversion; p-type: type inversion for ®,,23.7x10% cm-

= Double Junction already at low fluences in p-type

= CCM -> trapping probability similar to FZ
= CCE determination:

= CCE -type™>CCE}, p-type

= Avalanche effect strongest for small penetration depth (CCE>7 for 75um!)
= Comparison CCE measurements - simulation

= Simulation underestimates measurements for all charge injection
distributions

= Relative position between different charge injection distributions well
reproduced

= Better agreement if U-dependent 1 assumed
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BACKUP SLIDES
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Depletion Voltage (from cv at 10 kHz)

Stable Damage:

15 -2 — T
CV/IV measurable up to 4x10'>cm Closaiip, & ]
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New Laser-TCT Setup

Trigger Line
Laser PC Te;mpe- V-Source Oscilloscope
Controller Control e :r.e I-Meter Tektronix DPO7254
. . ei
Picoquant Sepia I :cr:;dui[s)i?ifn 2700 Kei 6517A 2.5GHz, 40GS/s
670nm Filter |[]2kQ
Laser Box I 100nF optional
Diode -y Amp
[ ] Phillips Scientifc
|| 2kQ Model 6954, 10x
—L Picosecond
Pulse Lab
|| 5631 Bias-T
3kQ
HFiioo) 2.2II;1F
[}l
Light-Wave Cable- iz
™
Detector Mounting
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Alpha-TCT Setup

Detector Mounting o -TCT Setup

pc | |Tempe- V-Source Oscilloscope
rature I-Meter
Cgfgm: Kel Tektronix TDS 540 or 754C
:cr:]uis:i:n 2001 Kei 487 or 6517A 500MHz, 1GS/s or 2GS/s
gilter [ ]4.4kQ
OX
Contact 680nF Amp
Needle }' ‘_VI“
Phillips Scientific
|| 4.4k0 Model 6954, 100x
Metal
Bars L Picosecond
Puise Lab
|| 5531 Bias T
3kQ
Diode e 2-2nF
Sz il
e . :
DetectoriMounting } ';5;’:;’;:'_2":‘-:‘31%
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Simulation details

Integrated induced charge for e-h pair deposited at x, (e + h contribution):

o QC',I.;.
- d

tiar)
Teff.e

tix)
Tef f.h

Lo () e Lo (0

Qg

. . T 1 .
)da,] with zgx;:L —_UMEL,I,”@

Drift velocity parameterisation (C.Jacobini, Sol.State El., Vol. 20, 1977):

= — 2
ok : poe = 151x10%. 7 242cm .
Vdp = B 1;.,5 Wlth EJSGE__Q = 1.53 % IDQ _-T—G.ET% -
1+ (%) ) Be = 2.57x 1072.7066 =
pop = 1.31x10%.7-220m2 N
Vsat,h = 1.62 X% 10% -T_':"SE% —
By = 0467017 N

1605452 at 204K
1.09 x 107

1.09

2
486357
0.84 x 107em
1.21

Creation of e-h Pairs as a Function of Detector Depth

Linear electric-field approximation:

80000

i 80000

E(z) = é [{:’dﬂ. (3—; - 1) - U} L UzUs, e
T% 50000:

. - ‘& 40000
Integration over all positions d £ ap000]
where e-h pairs were created:  @rotat = fn Qoo ® 20000

10000 5

\

—— 5.8MeV u-particles (SRIM)

— = mips/p-particles (x100),
1060nm laser (x=1mm, a.u.)

—eo—B70nm laser (»=3um, a.u.)

Bragg peak

Charge deposition as a function of detector depth Q
calculated by SRIM for 5.8 MeV a-particles ’

T T
15 20

Depth x [um]

a0
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Comparison: Simulation «~ Measured data

n-type, a
CCE of EPI-ST 150um (measured vs. simulated) CCE of EPI-ST 150pum
w IF
O I 3
©0.9 -
0.8 g
0.7 -
0.6§ - fits with
0.5 ; A w’l"“*‘ Id:PJI"IFF 0.7 = T =SV, )+ 11%
B oq = 1x10™cm?2 > o A °*
0-4 : zeq = 3)(1?]“6“1‘2 w_;*“**‘ ;r‘jjjjj_‘ 0'65 E - q)eq = 11 01ﬁcm-2
0.3 . z:: ::i:l:]”?:nn: + 0'6; N ¢ D, =31 0"*cm
x* eq = TX Scm2 - " = 15 -
0.2 o Zeq = :x‘:l(l]ﬁcm-? +“ 0.55 S D, = 10 cm?
simulation R R B [ R | [ | [T |
0.1 . e T 0% 100 200 300 400 500 600 700
» simulated CCEmaximum (v =v} | | | | | ||, U [V]
% 100 200 300 400 500 600 700
U [V]

= Simulation with const. 1 underestimates measured data (even if vy=v,, assumed everywhere
= V4(E)- and E(x) model uncertainties are not the reason)

= Possible Reasons: avalanche effects (only at high U, @), detrapping,
non-const. T (variable cross section? non-const. occupation, e.g. due to trap filling at high I.,?)

= First try: voltage-dependent t* = good fits possible « of. L Beattie
NIM A 421 (1999), 502
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Results from U-dependent 1 fit of CCE(U)

. \ f'!—-' - E'rdgp]

T = 1ol + 1

ef fe 0l Udep) 1 100V

Tol Ugep) = 22.5ms, T = 2.0ns for 1 x 10 em =2

To(Udep) =  B.9ns, m = 4.0ns for 3 x 10Mem 2

TolUdep) = 2.4ns, 1 = l.Ons for 1 x 1019em 2
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