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Introduction:

» Scribe - Cleave - Passivate (SCP) slim edge strip detectors
- p-type strip detectors from CiS, pitch 80 um, Vi ~50 V

- SCP(alumina) processed by Santa Cruz

* TCT measurements with focused laser light:
1) IR light beam directed on the surface of strip detectors
- measure charge collection across the detector surface
2) red laser beam directed on the cleaved side of the strip detector
—> probe electric field on the cleaved edge surface

* measure before and after irradiation with neutrons in reactor in Ljubljana
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Scribing Cleaving Passivation (SCP) method to reduce the inactive area of sensors

GRs Pixels/Strips

nactlve)

[V. Fadeyev, 20" RD50 Workshop, Bari, 2012]

Scribing Cleaving Passivation
Laser or tweezers or n-type: oxide
XeF2 etching automated cleaving p-type: Al,O; with ALD
machine
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Detectors:

* measurements with 3 strip detectors

« SCP cut at different distance from the edge

3 guardrings

 ~ Edge: 220 um

guardring cut

~ 180 pm

e = l guardring cut

Det 4 |
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Standard focused laser TCT Setup

detector HV

Peltier controller

al fiber & beam diameter
optical fiber . -
focusing system in the silicon
FWHM < 7 um

1oddns pajoo)d

width of light pulses
~ 100 ps, repetition
rate 500 Hz

cooling pipes

Bias-T |
|

1GHz
fast current oscilloscope

amplifier
QOO0 ©

trigger line
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Connection

« only bias ring bonded

» measure signals induced on bias ring

HV
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IR laser, scan top surface
GR

Y,
direction of scan
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I. Mandi¢, 22nd RD50 Workshop, Albuquerque, NM, USA, 3-5 June 2013



IR laser, scan top surface Bias R

-> the outermostguard ring
also bonded forDet 0 SCP —s
measurement
edge
—->Det 0: scanover area
with wider bias-ring metal

e —

Det O Det 3, Det4
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Det O: edge ~ 220 pm B
Det 3: edge ~ 180 pm 4
Det 4: edge ~ 110 um - Cut

Det 3
Det 4

Det O (guard ring bonded)

50V

. - ||\\\‘\\ll‘\\ll‘\l\\‘l\\\ll\\\|\\||‘\||\‘\||
> same CCE at strips! 300 100 0 100 200 300 400 500 600
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IR laser, scan top surface, irradiated detector

Scan with IR laser over detector on the SCP cut side and on the standard side

bias ring

strips Standard side Cut side
é\ 0 1T T T 1T T T \ T ‘ T T 1 ‘ T K\ ‘ M T w T WI | 1T T T
< y - . | DOV OOTOIO OO OO0 O HLOl0 | T |
g - l i o 5 ‘ IHHMIsill|Iilll||||llllllllllll|llllnl||||||I|1‘||I||I||‘|l|||I|I|||||'1||III|I|I|I|'Il'llllllllllnll|||||ml
8-0.5 \ '
o |
1

1

—
[T T T T[T T T T[T T
S — =

\\I\‘\\\\‘\\\\|\\\\|\\\\|L

-1.5 Standard side
Cut Cut side
_27
- DetO ® =1el4, 50V
- 7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\llllll\\\\‘\
2'50 100 200 300 400 500 600 700 800

X (um)

=» Cut doesn’t change CCE near strips
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IR laser, scan top surface, irradiated detectors

Charge (arb)

Charge (arb)

I
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* negligible difference between cut
and not-cut side after irradiation
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Edge scan with red laser (preliminary!)

Red light enters ~ 3 um into Si

—> probe the E field at the cleaved edge surface

—> similar to STCT measurements with CTS edgeless detectors (TOTEM)
(see e.g. E. Verbitskaya et al., NIMA 604 (2009) p. 246)

1‘I\\I‘\I\\|\\I\I\\I‘\I\\l\\\\ll\\\

o [ |

8 L Bias = 50 V, Det 3, ® = 0 i

_<|—| HV - - B
}—’7 y= 0 O8j 10 um H

A <— - 50 um -

I y '1‘ 065 150 um i

S Laser i 200 um )
=1 L _]
a v 0.4_ B
2 L |
} \ 0.2 R

v SCP edge 0~ —_—
7‘ | | | | ‘ | | | | | | | | | ‘ | | | | ‘ | | | | | | | | | | | | | \4
0 5 10 15 20 25 30 35

t (ns)

=>» electric field higher closer to the top (y = 0)
=>» at larger y carriers enter the field region by diffusion - long pulses
=>» similar pulses in all 3 detectors - no large effects of edge thickness

l. Mandi¢, 22nd RD50 Workshop, Albuquerque, NM, USA, 3-5 June 2013 11



Electric field profile:

1(y,t ~0)~qE, [,(¥) +V,(y)} V.(y)+V,(y) <E

=» induced current at t ~ O proportional to carrier velocity at laser spot location
- electric field profile (only approximatelly because E,, is not constant)

3 0-35 _\7\ T ‘ 1T 171 | T 1T | 1T 17T ‘ 1T 171 ‘ 1T 1T ‘ 1T 1T | 1T T 7T ‘ 1T T 1 ‘ \\7_
o - -
8 0.3 Det0, =0 —
2 L _
~ 0.25 —
~ 150 V n

0.2 100 V —
0.1 =
0.05F | =

0 f— o r\“"“ N e T e —f

; L1 1 ‘ L 111 | I | | L 111 ‘ L 111 ‘ | | ‘ L 111 | | ‘ | ‘ | \:

50 0 50 100 150 200 250 300 350
y (um)

=>» at higher bias stronger field at larger distance from electrode
=» also at 150 V >> V;, weak field near the back side
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Simulation

from: Marc Christophersen, “6th Trento Workshop”, March 2-4, 2011

No surface charge: Negative charge (-1E11cm) :

n-strip n-strip Al,O,

120 120

160 160

Potential (V) Potential (V)
=11 —
200 127 200 =11
127
113
98.5 13
== 544 9835
= 70.3 —— g4.4
& = 56.2 240 =73
= 121 = ab.2
= 274 = &
== 1348 — 212;3
== _0.268 == 13.
a0 280 == 0304
T T T
L L]
10 20 30 . 50 60 70
Microns 10 20 30 40 a0 60 il

Microns

side because of surface charge
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Edge scan with red laser

* measurements at higher voltages (V >> V;y ~ 50 V)

Det O, (220 um edge)

30.8:\\\\\ LI T T 1 \\\\‘.\\\\‘\ L “:l 8018;’ T T I"']"H'T|""' rrT 1{‘{['{{1{1‘{'{xyi
8 0_7:— Bias =450V, Det0, =0 E § 016 (/’_;&4‘:"\ Det0,®=0 -
- E E ! i .
- . _ . 2 = Pl L4 —
06; BlaS - 450 V*: — 0.1 4: ! ‘o\f "Kil_'v',. ‘,‘ 450V 3
05— l 150 um = 0.121 $i7 SNAYY 350 V =
TE . 0.1 f Nk '\ =
0.4; 200 um E 0.08" I '...;;"7.'.'\\ 200V =
0.3 = 0.06" { A ]
= 7 = I "~_ :"a. =
0.2? 7; 0.04; ? \v ) é
- T /ﬁ(\ = U a""“% w =
[ e g E =
07 Lo v by vy by by e e e q -002: | i L [y | PRI | 1| AR L [

0 5 10 15 20 25 30 35 -50 0 50 100 150 200 250 300 350
t (ns) y (um)

* electric field all over the cleaved edge
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Current (u A)

Current before and after irradiation

- Det 3: 1e14, Det 0: 5e14, Det 3: 1.5e15
—>detectors annealed for 80 minutes at 60°C
—> calculation: | = a-®-V; V from depleted depth in pad geometry

2 O T T T ‘ T T T ‘ T T T ‘ T T T

: : ~— — T ‘ T T T T ‘ T T T T T T T T ‘ T T T T ]
1g/~ Before irradiation = f:, 400 T=-20°C =
1 : E ‘qé; B Black: measured =

6 | Deto 1 £ 35? Blue: calculated E
145 | pet3 - O 30— =
125 | pera - 25 Irradiated o 15015 (Dot
10 = 20 / o E

8- = 15— =

6 = 10— =

4 = 5; . —® =5e14 (Det 0) E

- - ’ ® = 1e14 (Det 4) E

2— — 0¥ =

- R T T . C o [ R T T I I |

0O 20 40 60 80 100 120 140 16 0 100 200 300 400 500

Voltage (V) Bias (V)

- higher bias could be applied after irradiation
- no large difference between measured and bulk current after irradiation
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Pulses before and after irradiation

3 1 ‘ T T T T T T T T T T T T T T T T ‘ T T T T ‘ T T T T ‘ T T T T 3 1_4L T T T T T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T
8 i Bias = 50 V, Det 3, & = 0 i S ] 2i Det 3, @ = 1.5e15, Bias = 500 V -
" 08 1 T :
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0.6— : 0.8 e
= 150 um = - 150 um ]
r 200 pm 1 —> 06— 200 um g=
0.4 B 0.4 =
L i 0O— — - — ]
0 o2 %
Ll L L L1 L L1 Ll Coe v e e e e e
0 5 10 15 20 25 30 35 -5 0 5 10 15 20 25
t (ns) t(ns)

=>» after irradiation long pulses not seen because of trapping
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| ~600 ps

Field profiles before and after irradiation
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Double junction

. . ] _ 2‘9‘90\/bias
* depleted depth in planar diode: W, =
eO ‘ gcq)eq

- after irradiation to 1.5e15 E field on the edge extends closer to value of wge,
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Depth of field at the edge

* measurement: max. y at which E > 0 (from field profile measurement)
« calculation: depletion depth in planar geometry

’é‘ 350 1 I I I I I I I I I I I I | | I [ I ‘ I I I I
2
> 300

Circles: measured

Squares: calculated
250 —

200

150 =
100 =
50 / =0  P=>5els B
P =1e14 ®=1.5e15 .
L 1 1 1 | ‘ | 1 ‘ 1 1 | ‘ | | 1 | | 1 | 1 | ‘ | 1 |

% 100 200 300 400 500 600

Bias (V)

* measured and calculated values closer at higher fluences
—> after irradiation to high fluences field at the edge similar as in the bulk
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Summary

« CCE measurements with focused IR laser light

- no influence of cut edge on CCE at strips before or after irradiation

* measurements with focused red laser light
—> nice tool to probe electric field on the edge surface
—> lower electric field on the edge at the back side of the detector
—> in agreement with simulations
—> after irradiation:

—> indication that field on the edge more similar to the field in the bulk

19
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CCE scans at 50 V before and after irradiation

Charge (arb)
o
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_3|\\\
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IR laser, scan top surface
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Edge scan with red laser

Pulses:
—~ 0.3 e _
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8
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Det 3 ~180 um
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—> similar pulses
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?
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Profiles before irradiation
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Pulses before and after irradiation

5\ 0.37} L L L B B B B
© L Bias =50V, Det0,®=0
—0.25— 10 um —
- 50 um -
0.2 =
- 150 pm .
015; 200 um I
0.1 -
0.05[ -
0" ~

* maximum bias for this detector
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Pulses before and after irradiation
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Field profiles before and after irradiation
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