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Overview on investigated diodes

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

- Thickness: 75 ym, 100 um and 150 pym, Size: 5 x 5 mm? and 2.5 x 2.5 mm?
- Standard (ST) and oxygen enriched (DO, diffusion for 24h at 1100°C) material

- 24 GeV/c-proton-irradiation (CERN PS), @, = 1 x 101% -1 x 10%¢ cm™

Material d Wafer Orientation Nesr o [P] [O]
[um] [10%2 cm-9] [10%6 cm-9]

EPI-ST 75 74 8364-03 <111> 26 9.3
EPI-DO 75 72 8364-07 <111> 26 60.0
EPI-ST 100 102 261636-05 <100> 15 5.4
EPI-DO 100 99 261636-01 <100> 15 28.0
EPI-ST 150 147 261636-13 <100> 8.8 4.5
EPI-DO 150 152 261636-09 <100> 8 14.0
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TCT with 670 nm laser light

Problem so far: determination of 1 via

Charge Correction Method requires time- g o0
resolved signal S 042
BUT: t. = rise time of the signal (few ns) Y :

Example: OLD SETUP
= |aser pulse = 1 ns

= 500 MHz oscilloscope — 680 ps rise time

= only 5 x 5 mm? diodes mountable
— Tre = 880 ps for 150 pm

= no time-resolved signal

Solution: NEW SETUP
= 70 ps laser pulse

= 2.5 x 2.5 mm?2 diodes mountable
— Tpe = 225 ps for 150 pm

= new 2.5 GHz oscilloscope — 136 p
— time-resolved signal for 150 pym
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Old Laser-TCT Sétup: EPI-ST 1 5ﬂ|jm, unirr.

Big Diode, Phillips 100x
| U=399V
= U=349 V
Rise Time =Eh
~1.3ns =249 v

New Laser-TCT Sétup: EPI-ST ;Iﬁhum, unirr.

Rise Time U=400v

i i =

\ 206 ns 9-349v
U=300 V

u=250v
U=200V

t[ns]
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TCT electron current signal examples

as measured : corrected:
‘ EPI-DO 150um, ¢eg=3x10“cm'2, u e 90V ‘ EPI-DO 150um, &, = 3x10'cm?, corrected with ¢ = 10.7ns
3 U=449 V S - — * a(t-t0)/ U=449 V
EPI-DO 150 pm 2 ooz usssov || Boozs)  LowTlmess €T Ty
- - U=174 v - U=174 V
30 min at 80°C e U=134 V ' AN U=134V
meas. at room temp. g4 U=s4V OReR A | u=sav
x I = B " lE?A- v
0.01
No type inversion §.005
(confirms conclusions from
annealing curve) ) FE Y e =it
2 3 4 et[ |
ns
| EPI-DO 150um, ®_ = 1x10'°cm?, corrected with t = 2.0ns
J | eq
EPI-DO 150 pm g 003 I, =l .. et T r |
A _4,4Nn15 ~n) = I U=444V
(Peq—.J.XlU cm ;,0.025:_ U=344 V
30 min at 80°C - ot
meas. at room temp. -
 \ U=264 V
0015_ = =244 V
0.01
ion! :
Double Junction! — \
L Ll 0_| ] i | | I |
2 3 4 5 6 7 8 2 3 4 5 6
t[ns] t[ns]
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Trapping time constant

; 2.0 _— S
Charge Correctlo_n Method I & EPIST 150um
after deconvolution and cutoff 181 4o EPIDO 150um 1.
Resulti ti 1.6 ----- EPI-ST 150um Fit
cutoff level, integration g | EPI 150um combined |
window, fitting range R -
— quite large uncertainty = g

- (o) o "7
(15 - 40%) £ 06l
Result: Trapping probability 0.4 -
1/1 fluence-proportional 0.2-

- 0.0 it

Damage parameter (3, in the 0 10’ 10" 310"

same range as value for FZ*

_ ® [ecm7]
25% difference between €
ST and DO, but due to large B, [1016 cm2ns ]
errors not significant EPI-ST 5.4 %05
EPI-DO 4.0+0.7
EPI comb. 49+04
*see G.Kramberger's Doctoral Thesis, for T=294K cf. FZ* 51
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TCT with 5.8 MeV o-particles

2¥Cm a-source: 5.8 MeV, 26pm penetration depth (SRIM)

CCE obtained by normalising integrated charge to the one of
unirradiated diode

Measurements usually EPI-DO 100um, 3x10"*cm™, 30min at 80°C

at RT, but for highly 100 T
irradiated diodes at - e ot
-10°C because of high 0.95 ,;#;E;:r s ol Sl &

currents | ;ﬁ": aa

Good reproducibility, W 0-90-,':

no difference for CCE © s - RT1 |
between RT and -10°C 085 % e RT2|.
— mobility rise and le w Rl |
1. decrease at low T ¥ e
ObVIOusly Compensate 50 100 150 200 250 300 350 400 450

U V]
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CCE as a function of bias

| CCE of EPI-ST 150um |

| CCE of EPI-ST 100um |

| CCE of EPI-ST 75um |

w 1 w 1 =1 w 1t ®
08 mnm“‘“ e 0.8- W ‘:“ J o.siﬂ', “,.,»*"w .
0'72_ ““A T e 0.72 . - ¥ D.TE‘: i ;‘.__‘--"5"?":"":
0.6 ‘a‘{\ Udep o . " 0.6: 0-5?: Y
0-5: A .’_,p“‘“".._‘ 0.55 [)_5?—
03- ::;3210:5:1-.-2 03t s onsadovemt 03 s St
0% D on-saroms 020 v 2332121':,’;';:; 0.2, . i:::li:gﬁiﬁi
i e s ot 1
% 400 200 300 400 500 600 700  %ioo 300 300 400 500" 600 700 % 400 200 300 400 500" 600 700
um Ui uivi
- CCE(U) almost saturating for low fluences
- CCE(U) rises strongly for high fluences (exceeds even 1 at
high U for thin diodes) — avalanche effects?
- CCE degrades with fluence
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CCE as a function of fluence (at 350V)

A EPI-ST 150um
—A— EPI-DO 150pm

1.0 : : : ] : ; i : & EPI-ST 100pm
‘“\“OO —€—EPI-DO 100pm
0.9 \‘\ O EPI-ST 75pm
; ® —&— EPI-DO 75pm
0.8 e R —
O ® ]
0.7 & o
064,00 ' \ _
: ~@__ Close-up]| ]
O 0.4 o A\' A ]
- _-_'_‘_‘—-ﬂ—________________ -
Pt 0.90 1 2
0.2 ]
0.1 Joss A :
0.0 5.0x10"  1.0x10"° 1
0.0 T ? T T T " T ' T
0.0 2.0x10"°  4.0x10”°  6.0x10"°  8.0x10"”  1.0x10"

-2
@, [em™]

- CCE degrades with fluence, but deceleration at high fluences due
to avalance effects?

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

- No significant difference between ST and DO
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Simulation of CCE

- T found to be linear with fluence, same values as in FZ
— everything as expected and understood?
— check with simulation!

- Simulation of CCE with o-particles taking 7 obtained by
CCM

- Input:
= Vg4 parameterisation including saturation

= linear electric-field approximation (reasonable for U>>U,,)

= e-h pair distribution after penetration of o-particles as calculated
by SRIM

= B.= 5.1x10°® cm?ns, B,= 6.5x10°® cm?ns! used for calculating
Teff (G. Kramberger)
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CCE measured vs. simulated

CCE(U): CCE(®,,) at 350V:
CCE of EPI-ST 150um (measured vs. simulated) ‘ EPI-ST 150pm 4 meas. —— simulation |
w 1F 1.0 | EPI-ST 100pm <© meas. —— simulation [
O 0.9 1 EPI-ST 75um © meas. —— simulation | 1
©0.9 D 5
0 85 0.8 3
“E 0.7 01
0.7 0.6
0.6; 0.5-210' . :
T I a ’,_‘j:'j—pjujj: 0'3"2 | i '
0.4 [ Dyq = x10™cm? . Sl o8 3
* ¢eq=3x10“cm'2 L¥*¥“,T‘ ﬂ—\jjjjj_‘ 02 EO 8 :
0.3 &  ®q=%10%m? ‘jj:\:mj:dj:djj:‘_H + 0.1, ;] Close-up \ | ;
¢'eq=4><10::‘:m'2 0.0 o 1x10" :
0_2 ¥ dﬂeqihmwcn'f + . 0.0 T T % y T p T T e L T - T T e
0 @ =110%cm : 2.0x10" 4.0x10" 6.0x10" 8.0x10 1.0x10
simulation K
01 ... error margin of simulation ) [Cm 2]
¥ simulated CCE maximum (\d'dr=wsat T €q

% 100 200 300 400 500 600 700
U V]
- No good agreement: simulation systematically underestimate measurements

- Avalanche effects? But should not be the case for lowest fluences

- Plasma effect? But same problem seen before for laser- and B-TCT (see e.g.
G.Kramberger, 8t" RD50 Workshop Prague; L.Beattie NIM A 421 (1999), 502)

- Model assumptions (e.g. v4(E), E(x)) wrong?
But even calculated maximum CCE in case of assuming v4= Vv, everywhere is too low!

— Discrepancy must be related to trapping model



Possible solutions (speculative!)

Fast detrapping?

Exponential decay exp(-t/t.+) with constant 1+ does not provide

accurate description of trapping?

= assumption v <<vy,
not valid if vy, = v,?

= Cross section

CCE of EPI-ST 150um (measured vs. simulated)

dependent on v, ? ”SJ 1t
= inhomogeneous trap 0.95
density? 0.9
= trap filling at high currents? 0.85 4t
0.8 *
_ 0.75[ fits with
First try: : / u,
voltage-dependent tq* / S| T =1(U,,,) * Trig0v.
— fits CCE(U) well! 0.65) ‘ « o, = A0 om?
— modified CCM can 0.6 . ®,,=3x10"cm?
also produce flat slope 0.55 . s b= 110" %cm?
OfQ(U)! 0:\\I\l\\\I‘\I\I‘I\I\‘II\\l\I\I‘I\\I‘
*cf. L.Beattie NIM A 421 (1999), 502 0 100 200 300 400 500 600 [\7,?0
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Summary

- New Laser-TCT setup with improved rise time
— Time-resolved signal even for 150 um EPI diodes
— No type inversion in p-irradiated n-type EPI diodes
— Double Junction at high fluences
— CCM possible: 1/t linear with fluence with B, similar
to FZ

- CCE with o-particles:
= CCE increases for decreasing thickness
= No difference between ST and DO
= Degradation with fluence decelerated due to avalanche effects

- Simulated CCE underestimates measurements
= Modified trapping description needed?
= E.g. voltage-dependent t fits data well
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BACKUP SLIDES
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Depletion Voltage (from cv at 10 khz)

CV/IV measurable up to 4x10!>cm
at room temperature

Annealing curve at 80°C (isothermal)
— no type inversion

Stable Damage (8 min at 80°C): first

donor removal, then donor introduction “

with g(D0)>g(ST)

Stable Damage:

Close-up

0.6 1

450 J150 %{3
- // a yé./
1100 » i W - i =
1 e — prae
b A e e =)
350 - SR
: I ..'.\..%9_-' I
0.0 5.0x10"

Annealing curve:

S 250

'::::jiijj'ﬁf,é

B.

o ]
m— 150ST, 1x10"em™ © ] ]
1801 ® 150ST, 1x10'°cm” o &  AP———
| : -ST 150um (big
160 4 e A EPI-DO 150pm (big)
| ; 150 <> EPI-ST 100pm (big)
140 - o 4 EPI-DO 100pm (big)
O EPI-ST 75um (big)
- @® EPI-DO 75pm (big)
120 4 100 [> EPI-ST 150pm (small) ]
| P EPI-DO 150pm (small)
= 4004 ¢ EPI-ST 100pm (small)
I % EPI-DO 100pm (small) |
© EPI-ST 75pm (small) A
- 80 50 @ EPI-DO 75pm (small)
1 o gl ; o 57 EPI-ST 150pm (big 2)
60 /-. - . Bmin ai 80°C W EPI-DO 150pm (big 2)
e 0+ T T T T T
= 0 1x10"® 2x10" 3x10" 4x10"
1 10 100 b [Cm-2]
t [min] eq
anneal
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New Laser-TCT Setup

Laser -TCT Setup

Trigger Line
Laser PC TeEmDE- \V-Source Oscilloscope
rature
Controller Control <o I-Meter Tektronix DPO7254
Picoquant Sepia || :cr;c:li[;i‘?itjn 2700 Kei B517A 2.5GHz, 40GS/s
670nm Filter ] 2k
Laser Box | 100nF optional
Diode L Amp
[ ] Phillips Scientifc
| 2xa Model 6954, 10x
Ficosecond
Pulse Lab
5531 Bias-T
3kQ
—HFiio0] 2.2Irl1l=
[ il
Light-Wave Gable_ %

Detector Mounting
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CCM

‘ Comparison: Measured and Corrected Current Signal

g : as measured
-ma-.. 0.02} corrected with T = 2.0ns
0.015
0.01
0.005
0,
| Corrected Charge | | Slope vs. correction time |
-;:-0.085_. T '5'0.005 ~
2007 = f
2 2. 0.004—
2 g o -
® 0.06 » -
5 E 0 002_—
0.05 .."..'...‘.... ssssssanss : -
0.04+* ol
003 a1 i
<3 -0.002)
0.02, unn"="" [Corrected with: -
E 1, = 1.5ns 0.004-
« 1,_=20ns -0. —
0.0 U s t:=4.0ns [ . .
i dop 0

" as measured

C o ! | | | ! 1
500 250 300 350 400 450 500
U[v]
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Alpha-TCT Setup

Detector Mounting

Contact
Needle

Metal
Bars

Diode

o -TCT Setup

................................................................................
h ]

PC

Control
and Data
Acquisition

Tempe-
rature

Kei
2001

V-Source
I-Meter

Kei 487 or 6517A

Oscilloscope

Tektronix TDS 540 or 754C
500MHz, 1GS/s or 2GS/s

Filter Dmm
Box 680NF
L
D 4.4kQ

Picoseccnd
Pulse Lao
5531 Bias-T

1

3ke2
2.2nF

Amp

Phillips Scientific
Model 6954, 100x

Y

i optional cooling

viounting 1 system -> -10°C
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Simulation details

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

oz [/'d ( tx) ) fD ( tir) ) ] : . ¥ 1 ‘
= exp | ——— | dxr — exp | ———— ) dr with tx) =f —dxr
Qo d T : Teff.e o P Tef f.h ) vy Vdr (E(27))

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

F _ Hoe = 1.51x 10°.7-242gm2 = 1605495 at 204K
Vdr = 75 WIth v, = 153x 10 77087 = 109 x 107
(1 n (iru_E) 3. = 2.57x 1072.7066 = 1.00
zat
pop = 1.31x 10%.7 2292 =  486.39%
Usath = 1.62x 10% .77 052an = 0.84x 107
G = 0.46-7%17 = 1.21

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

Linear electric-fieid approximation:

900003  ——5.8MeV u-particles (SRIM)
; 80000 ] — — mips/f-particles (_x‘!“(::q),au
Ba) = X [{ i (3_1‘ - 1) - g} U U e | L R
d ~ 60000 |
5 50000 4 Bragg peak
.. E 400004
Integration over all positions d ‘ g o]\
where e-h pairs were created:  Qrwrat = | @mdzo ® 20000
10000/ = e = = i e e S e e
E \.‘.h"'-o‘.- -
i 0 é 1b 1,5 Eb 2I5 30
Charge deposition as a fun t| of detector depth Qq Depth x [um]

calculated by SRIM for 5.8 MeV o-particles
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Results from U-dependent 1 fit of CCE(U)

o (07— Udep)
Teffe = Tol Udep ) + TlTﬁ
ol Ugep) = 22.5ms, 1 = 2.0ns for 1 % 10Mem—2
To(Ugep) =  B.9ns, T1 = 4.0ms for 3 x 10Mem 2
To(Udep) =  2.4ns, 71 = l.0ms for 1 % 101%em 2
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