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Acceptor removal

Usually described as:
Nepf(®) = Neproe + go®

The acceptor removal coefficient (c) is
poorly studied, i.e. only few results as
function of acceptor concentration
exist

G. Kramberger, 23" RD50 Workshop
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24 GeV p

Micron (NIMA 612,p288)
HIP (K. Kaska,13th RD50)
Micron/pion irr. (NIMA 612,p288)
CNM (NIMA 599,p60)
IRST (NIMA 583,p64)

1 I 1 1 1 I

1 1 1 1 1 1 1 1 1 I 1 1 1
2 4 6 8 10 12
D, [10™ ecm?)

Pedro Dias de Almeida - 31st RD50 Workshop



Acceptor removal

Ranjeet Dalal et al, 25" RD50 Workshop
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Simulation can qualitatively reproduce
this behaviour without Boron removal
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Motivation

Example: Low Gain Avalanche Detectors (LGADs)

* LGADs have a highly doped layer to achieve gain

* Interesting for their timing capabilities

* However, the gain decreases when exposed to radiation due to ‘acceptor removal’

Field Plate + JTE =t Callandla G. Kramberger et al, JINST (2015)
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Motivation

No systematic study, hard to compare results from literature:

«
£ 107 . .
% e Different devices
e Different oxygen content
e Different material types
107 . )
e Different measurement techniques
Red marker = neutrons -
: LA G. Kramberger, VERTEX (2016)
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Motivation

No systematic study, hard to compare results from literature:

Q‘E 10-13
% e Different devices
e Different oxygen content
e Different material types
107 e Different measurement techniques
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2ed marker = neutron

LGAD. |

G. Kramberger, VERTEX (2016)
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Solution: dedicated characterization experiment
A large number of sensors with the same structure with varying thicknesses, resistivities and material types
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Materials and Devices

Simple p-type pad dlode”s‘--\,
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Materials and Devices

: 50 pm
' 100 pym

Simple p-type pad dIOdW
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Epitaxial (50 um)
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Float zone (>10 000 Q-cm)
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Irradiation

Proton and neutron irradiation

From ~ 7x10'3 to 7x10"° neqcm'2

o0 Instltut ’Jozef Stefan

826 e AKTRAT




Acceptor Removal by proton Irradiation

Epitaxial Floatzone
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P. Almeida et al, 30th RD50 (2017)
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Acceptor Removal by proton Irradiation

Epitaxial Floatzone
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P. Almeida et al, 30th RD50 (2017)

e Annealing study with a subset of 8 sensors irradiated to 7.32x10' neqc:m'2
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Annealing Study measured |Neff|
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Up to 20480 min or ~14 days of accumulated annealing
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Annealing Study Interpretation of Neff

Epitaxial
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Up to 20480 min or ~14 days of accumulated annealing
Neff calculated from CV measurements
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Annealing Study Interpretation of Neff

Epitaxial Floatzone
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Sensor type inverted by Irradiation

Sensors type inverted by Irradiation
and inverted back by the annealing!
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Anneali Ng Study TCT confirmation
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Example of a TCT voltage scan

%.025 (60.2500,59.7500,12.4000) fom, V- 10V
E} (60.2500,59.7500, 12 4000 rim, Ve 20V
[ {60.2500,58.7500, 124000 rim, Ve 30V
0.02 {B0.2500,58.7500,12.4000) mim, Ve 4DV

: (60.2500,59.7500,12.4000) Fim, Ve SOV
{60.2500,58.7500, 12 4000) mim, Ve 80V

e {B0.2500,59.7500,12.4000) mm, V= 70V
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oor— oS yimiioo | {60.2500,50.7500,12.4000) mim, Y= 120V
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------- {60.2500,58-7500, 12 4000) mim, V=140V

0.005 -- - {60.2500,58.7500,12.4000) mm, V= 150 ¥
s

18 20 22 24 26 28
Time [ns]

Since the Epitaxial sensors are so
thin (50 um), the TCT pulse shape
is hard to analyse
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Anneali Ng Study TCT confirmation

Epitaxial
—
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However, a comparison between the charge collection of red top, red bottom and
infra-red TCT can be used to confirm the type inversions
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Anneali Ng Study TCT confirmation

Epitaxial
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The 50 QQ.cm sensor is depleting
from the back before annealing
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=  Red Top Before Annealing
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Red Top After Annealing
Infra Rad After Annealing
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Anneali Ng Study TCT confirmation

Epitaxial I

—
3]

—a— CIS16-EPI-01-50-DS-103-AS (100cm) ||’
—e— CIS16-EPI-08-50-DS-98-AS (2500¢cm)
—a&— CIS16-EPI-12-50-DS-98-AS (10000cm)

—i

&
5
=
200840131 v % v | v CIS16.EPL0550.05-99-A5 (S00cm) ||
- " @
1.506+013 ]
2 0.8
1.00E+013 - M
1o e E
53054»01213% —, 208
0.00E+000 0
-5.00E+012 - 0.4
-1.00E+013

1.50E+013 m\‘ e

-2.00E+013 =+
10

20/11/2017

T T T
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The 50 QQ.cm sensor is depleting
from the back before annealing
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Anneali Ng Study TCT confirmation

Epitaxial I
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T T T
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The 50 QQ.cm sensor is depleting
from the back before annealing
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Anneali Ng Study TCT confirmation
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The 50 QQ.cm sensor is depleting
from the back before annealing
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Anneali Ng Study TCT confirmation

Epitaxial
—
50 Q.cm
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After annealing the behaviour is still similar, so
the annealing didn't cause type inversion
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Anneali ng StUdy TCT confirmation

Epitaxial
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Anneali Ng Study TCT confirmation

Epitaxial
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Normalized Charge Collection
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Anneali ng StUdy TCT confirmation

Epitaxial J—
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Acceptor Removal

=& 10 ohm.cm

~8- 50 ohm.cm How does the acceptor removal

== 250 chm.cm . . .

—a- 1000 ohm.cm parametrization change if we take
type inversion into account?
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Acceptor Removal

—&— 10 ohm.cm
—&- 50 ohm.cm
== 250 chm.cm
~#@- 1000 ohm.cm

12

—_

(=]
8
-

-
e,
-

Neff [cm-3]

[=]
=t
w

1012

I1I0113 L Il 1 Ll ll1i0|14 1 1 1 11 II1IUI15 L 1 1 Ll 1000 Q.cm

r Proton Irradiation - 7.8e+12 n g cm? Proton Irradiation - 3.86e+13 n,, cm? Proton Irradiation - 7.8e+13 n,, cm? j
- = 1.1
3 L = i " =
Y S e RN e o I A I\ S
5L v 4 - : : = ” . — N X = O L PO
LY AVl s AR I IS ERXRBTL SR N s o M350
5 osl= = AN malt XY E ,/ SR
2 H[: = A\- J e s / o
oG as l oAt 07 P
L > £ i e
! E rl Y 05 ool /
o4l —  Red Top ‘sgl ~ — Red Top 1 /’ — Red Top
5 E o i o4 < /
é: — Infra Red = l ~ — Infra Red ¥ — Infra Red
4 By ] 03— :
2L ---- Red Bottom 47, ---- Red Bottom g / ---- Red Bottom
iy T T T T 2 0.2 T T
0 5 10 15 20 25 30 35 40 45 0 2 4 6 8 10 12 14 16 0 5 10 15 20 25 30
\ Bias Voltage [V] Bias Voltage [V] Bias Voltage [V] ‘

20/11/2017 Pedro Dias de Almeida - 31st RD50 Workshop



Acceptor Removal

oo A Depletes from the top
S V Depletes from the bottom
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Acceptor Removal

oo A Depletes from the top
S V Depletes from the bottom
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Acceptor Removal

oo A Depletes from the top
S V Depletes from the bottom
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Acceptor Removal
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Acceptor Removal
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Acceptor Removal

=& 10 ohm.cm

~8~ 50 ohm.cm How does the acceptor removal

LN == 250 ohm.cm

3 —a- 1000 ohm.cm parametrization change if we take
type inversion into account?
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Acceptor Removal

—&— 10 ohm.cm
—&- 50 ohm.cm
‘. == 250 chm.cm
~#@- 1000 ohm.cm
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Acceptor Removal
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Acceptor Removal
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Summary and Outlook

e Work in progress to study acceptor removal

® Annealing study of one fluence with very interesting results:
o  One fully type inverted detector (50 Q.cm)
o  Two type inverted detectors returned to normal after annealing
(250 and 1000 Q.cm)
o  One stayed with negative space charge (10 Q.cm)

® Using charge collection vs bias of different TCT illuminations it was possible

to confirm type inversion
® The same method was used in rest of samples to determine the space charge
and throughout the acceptor removal process

Upcoming
® Annealing study with neutron irradiated samples
® New c parameters from fitting
e What is the microscopic origin of positive space charge?
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