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Overview

= the LHC at CERN is the largest
particle accelerator

* length of 27km
“ energy up to 7+7 TeV

= the ATLAS detector is one of the four
large experiments

= its pixel detector is the innermost
part of the tracking system

= three layers surrounding the
interaction point

= 3 +3 endcap discs
- consists of 1744 modules

Muon Detectors

Toroid Magnets  Solenoid Magnall SCT Tracker Pixel Detector TRT Tracker
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present ATLAS pixel module

planar n-in-n silicon sensor
n+ pixel
n bulk, 250um thick, diffusion oxygenated float zone (DOFZ)

p+ implantation

guard rings to reduce HV stepwise
46,080 pixel cells, 400um x 50um
FE-I3 read out chip

grounded

read out chip $

10-20 um §

0oV

2

2

ri-implant at the edge region

guard rings

n'-pixel
n-substrate p-spray
pr-implantation

|

controlled

potential drop

scribe line

L SHt=g

bias voltage (>200V)

centre of the sensor T
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time schedule of ATLAS upgrades

ATLAS upgrades are divided into several phases
phase 0: insertable b-layer (IBL)
phase |: new pixel detector (under evaluation)
phase Il: new inner detector

increasing luminosity
increasing number of bunch crossings per event

Existing B-Layer

Luminosity 10to 30 fb! up to 100 fb"! up to 300 fb’! up to 100 fbl/a
by 2013 by 2017 by 2021 up to ~3000 fb!
Prepare ; 7 SRR 7 A (|
Upto2.2x 10" cm™s™ Upto 5Sx 107 em™s
w¢e arc kT
LHC b 4 Ll ILL:M.,T_. N and ~35 collisions and ~140 collisions
cre desigh nuu per bunch crossing per bunch crossing
—\ (14 TeV) /
2010 2013 2017 2021 & New ~2030
ATLAS Phase 0 IBL Phasel Phase II Inner see also talk
Shutdown Shutdown Shutdown Detector of P.Weigell *
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ye! .§ B Pixel shifted stepwise (DO13), 5E15 neutron irradiated
radiation hardness % [100
T A«

. . — /
required collected charges & hit 95~ g
efficiencies can be obtained by - /
increasing the sensor bias voltage e Ve
IBL fluence (5E15neq/cm2) B

hit efficiency of 99.6% was 8oL
measured R R R RV AU B
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more than 10ke at 1kV are | Voltage [-V]
collected CiS sensors  5g15n_/cm?
7 200 :
S [ 250um pixel electron data
= ~ = 250um pixel pion data
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radiation hardness

required collected
charges & hit
efficiencies can be
obtained by
Increasing the sensor
bias voltage

phase Il fluence
(2E16n /cm’)

hit efficiency

>97%

collected charge
well above
threshold

Hitefficiency

Collected charge [kilo electrons]

100
o8l ~ 7\
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: N
92 :
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C = 1.4x10%n_ /cm? proton irrad
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L [ |
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— ; (]
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4F ; —
— Threshold FE-I3.32009' g "
3
2
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Fanout measurements

= passive fanout is an alternative to
contact an FE-I3 sensor in lab

* to exclude radiation effects of
readout chip

* no option for detector operation but
for basic sensor radiation studies

= contacted via wire bond pads
= readout via pre-amplifier
= setup in an EM shielded box

= signal of single pixels possible as well
as of a 'pad structure', i.e. several
pixels shortened together

- source
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Peak Value Distribution
Fanout measurements o
s F 2 gl
USOOE— Am réﬁivgma D,DDiSTI
initial source scans done e
“AM & ST
60 pixel shortened 3
400
| proof of prlnc!ple IS showr] -
signal of single pixel contacting
shows too much noise o
only self trigger mode ] Ll

(=]
R

\Illilillll\|||||I|I[FIiII | N S O T T |
8. 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

expect better results with Peak Height / V

PM trigger, shaper to

Optlmlze Slgnal Peak Value Distribution

other pad sizes available ¢ - o
several fanout structures are Sr leam  owe
currently sent to neutron 2ol
irradiation (Ljubljana)

fluences beyond HL-LHC

up to 5E16n, /cm’

. E— pe ooy - i

1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I i £
0.1 0.2 0.3 0.4 0.5 0.6 0.7
Peak Height / V
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collected charge (MPV) [ke]

20

I

The medium layers of ATLAS
upgrade phase Il will be exposed
to a mixed radiation of ionising
and non-ionising particles

MCz material is expected to have
a better performance for this

scenario than standard DOFZ
[G.Kramberger et al. NIMA 609 (2009) p.142—148]
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IBL sensor production

“ planar n-in-n sensors are
designated sensors for the IBL

= 2x1 DoubleChipSensor (DCS):
one sensor, two FE-14 chips

* reduced bulk thickness (200um)
= sensor production is finished

= nine batches with 150 4" wafers
(CiS, Erfurt)

= 4 DCS per wafer o
= operation voltage 80V 0.4
= 536 of 600 good DCS, 89% yield s

IBL batch 8, 313432-18, comparison ClS before UBM |
-6
0><10

T

current (A)

- /W Bis- 313432/313432-18-01_CiS.root
Zis- 313432/313432-18-02_CiS.root

Zis- 313432/313432-18-03_CiS.root

- <is- 313432/313432-18-04_CiS.root

S
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1.2 - cis- 313432/313432-18-05_CiS.root
B gis- 313432/313432-18-06_CiS.root
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T ~ ———=—— i_vor_UBM/b8-313432/313432-18-04_2012-5-4_n 1.r00
(0 1.8 ————&5——— _vor_UBM/b8-313432/313432-18-06_2012-5-4_ mrrad 1.ro0t
e g - 4_vor_UBM/b8-313432/313432-18-07_2012-5-4_noirrad_1.root
o ;Z ———+——— i_vor_UBM/b8-313432/313432-18-08_2012-5-4_noirrad_1.root
m _2 | | | | L. | | ‘ 1 f f | | |
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\ IBL production, batch 1-6p, V at 2uA after SE dicing, max 300V

IBL sensor production

most wafers already got

UnderBumpMetal post-processing

and were diced (I1ZM, Berlin)
'‘breakdown voltage': V @ 2uA
most sensors have higher

voltages than V  after all process

steps, O(88%)

comparison of cross-check

measurements before UBM and

after dicing

most sensors are consistent after

dicing
overall UBM+dicing yield for
MultiChipSensors: 95%

Ezoo: Vatl
4 r Entries 324
180— Mean -232.8
C RMS 85.48
160 —
- 300V
140 —
- and
120—
- mpre _
o operation
o voltage
80 B -
_— wf
20; l
: | | | | | | | | | | | | | | | | | ‘ | | | | |
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FE-14 Assemblies were £ 9o

g investigated 90

7 before irradiation no problems 88 —m- 1500e TH
Z after proton irradiation to IBL 86 | & 1800e TH
£ fluence (5E15n /cm’, CERN-PS) 84- ~¥ 20008 TH
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systematic measurements
in test beam (DESY)
depending on threshold and 1,
bias voltage © B o]
higher hit efficiency (e o) @]
with increasing voltage 100

with decreasing
threshold

up to ~98%
main efficiency loss under

500 600 700 800 900 1000 1100
bias voltage [V]

50

Subpixel

) ) hit efficienc
bias rail 0, o !

matching criteria:

real hit if distance of track < 1.5 x pixel length/width
12
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Pixels (0V)

201

IBL sensor edge design

reduced inactive edge by extended pixel
area

less guard rings
less safety margin
pixel opposite guard rings

Pixels (0OV)
oV n-bulk
HV

el -l ATLAS el sensors | BRUEL

G

C
i cuttin _ thigh voltage pad -
> g guard rings i
o edge < i
=) { I
7 ( [© @]
= current —p- { = %
; ATI_'AS pixel [ -
4 design i S
E < 1100um o < edge pixel >
£ cutting : i
g ~ guardrings |
= edge N \ \ 1) 1 J L I
= IBL =—p ( [© @] J ( I
2 design [ [ @l ) I
2 ( [© @] J ( I
j\é [ I~ | 1 q I
= ~<200um>= ' edge pixel
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edge efficiency of IBL
sensors

FE-14 Assemblies were
investigated in test
beam to study edge
efficiency performance

before and after
irradiation (4E15n /cm’)
clear dependency on
bias voltage visible

reduction of inactive
edge down to ~200um
is possible
limit is basically
reached

a different approach

has to be

investigated to cope

with HL-LHC
constraints
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7 Scribe, Cleave and Passivate (SCP)

treatment

= post processing
= applicable for all sensor types

= scribing and cleaving afterwards next to
the active area

* <100> bulk orientation necessary to
enable parallel and orthogonal cuts

= post treatment to passivate the edge

400 800 1200 1600 2000 2400 2800
Micrans

Cleaving

Scribing

finished die

Passivation ~ inactive region

finished die
with slim edge
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Z% - Laser

5 - XeF. etching - Tweezers - PECVD Oxide

g DRIIZE tch - automated cleaving - PECVD Nitride

T ) etehing or ALD oxide, nanostack 15
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SCP - scribing outside guard rings
comparison of laser & etch scribe

= Laser scribing induces large o 5 100 150 200
defect density through silicon e e
recast layer and can thus cause ‘ om—
an increase of the leakage
current =

= repair damage with a XeF, & ,

] 216-07* etch-scribed L 1e-07
sidewall etch afterwards E e |

= Dbetter results by replacing laser
completely by XeF, scribe

1e-08 / L s o L s o e L Ee e s 1e-08
0 50 100 150 200

Bias [V]

laser
scribing

1o\l Reeleulen halehess & slliln ceee stueies eoif planal ni-ln-i ATLAS el sensers | BRUEL 20
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7 SCP - results of passivation

> . . 1e-07 - 1le-07

= with n-type diodes - -

<

diodes with slim edge of ~50-  E1cos- | p1eos

g 100um 5

5 Si Oxide PECVD -

z performance dependent on 17 :

the temperature

= . le-10 T T T T T T T T T T [ T T T T [ T T T le-10

: temperature range still ; i e o B

e safe for the devices

= . L 0 1(I)0 2(IJO 3(130 4(I)0 5(I)0 6(I)O 7(|)0 800

Si Nitride PECVD 1€-06 b b 1e-06

= ) 4 depositions done at 300 °C L

E much improved leakage ”

current and break down | -

g voltage ] -

o Ele 08 -1e-08

E v

% 1le-09 ) -1le-09

_;,:j A= -
le-10 1g-10

T T 1 1 | T 1T 1.1 | T 1 171 ] T 1T 1771 | T 1 T 71 | T 1 1771 | T 1T 171 | T T 1771
0 100 200 300 400 500 600 700 800
Bias [V]
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SCP - results of passivation
with n-type diodes

diodes with slim edge of ~50-
100um

PECVD process only possible
for small size samples due to
limited height in chamber

for larger samples need
alternative: Atomic Layer
Deposition (ALD)

SiO, ALD is worse than Si)N,
PECVD

a 'nanostack’ of SiO, and AlQ,
ALD works well

see poster of
V. Fadeyev

Current [A]

0 200 400 600 800 1,000
1e—06_'"""""""l"'_le—()ﬁ
ALD 5i0;
le-07 -1e-07

<
e
S 1e-08 - 1e-08
= i
3
&)
1e-09 + -1le-09
PECVD Si:zN, i
1e_10 T T | T T T | T T T | T T | T T T le_lo
0 200 400 600 800 1,000
Bias [V]
Si02/AL203 N-Type Diodes IV
2.0E-07
X
1.56-07 X
X
X X O

1.0E-07

5.0E-08

 Diode 6
X Diode 5
X Diode 2
X Diode 1
X Diode 3

X Diode 4

0.0E+00

100

200 300 400 500 600 700
Bias [V]

800

900

1000




2012

studles ot plenal nt-ln-n ATLAS pheel sensors | BREL

eletlen hereness & el cee e

G

giiR

1 \Wiutle

Dortmund
Physik E IV

Conclusions & Outlook

planar n*-in-n silicon pixel sensors are considered sensors for all
upgrade phases of ATLAS

have been selected as IBL sensors
promising candidates for high-lumi-LHC scenarios
radiation hardness is demonstrated
good signal-threshold ratio up to phase Il conditions
investigations of MCz bulk sensors are currently ongoing
progress of slim edge investigations
IBL sensors show good behaviour
quality control
edge efficiency in test beam
initial SCP tests done, process optimisation ongoing



Dortmund

Physik E IV

ZT0T 14 | 3103195 |

N7
<) K

Backup

17l YLy U1, 11 12U R1 10 S910NS 98D 1S ) 33910181 ToRa]w

DA

1SR e



U Dortmund
¢ Physik E IV

2Q

Nn-in-n IBL sensors

= proton irradiated at Los Alamos
= 3.6E15 neq/cm2

Deel sensaots | BPREL

N

= even despite severe mechanical | scome e s s

damages the sensors still can be ' eshomeascipo | e
tuned to standard threshold } sl e s :

nel nb-lh-l ATLAS |

G

Los Alamos

stueies eff ol

3.6E15p
350V ,, |

) E
9 E wndf 1063 /91
:IJ 3500 = Constant 3895+ 31.8
4 3000 - Mean 1609+ 0.2
=1 E Sigma 37.9+ 0.2
= 2500 —
o 2000 =

v 1500 =

H 1000 =

:ﬁ 500 =

= E L i 1 | i L i
_5 1000 1200 1400 1600 1800 2000 2200 2400

70000 15000 20000 75000
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Slim Edge post processing, second device

el -l ATLAS el sensors | BRUEL

Device B Biaa b
S 2.50E-09
Si diode
L2
19
= 2.00E-09 *
5 E‘ &
o -, Processed device . 5
= = Z : # CutB, T
3 o 150609 - with alumina fayer —*
) 5 ® Uncut
9 2 O "
_g] oh *
5 o0 1.00E-09 " U
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5 g g g o reference
- 5.00E-10 -
; ! K
g g
s | oA
i 2 | 0.00E+00 - : .
= i i 0 200 400 =00 BOO 1000 3
g UCSC Slin .
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e
(0
o
o
2
=
i 23
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Slim Edge post processing, N-bulk sensors

Processing of n-bulk sensors is easier, since formation of
SiO,passivates the sidewall. Prototyped with p-on-n HPK sensors

from GLAST/Fermi production

el -l ATLAS el sensors | BRUEL

G

Cleaved Sensors Performance

1 DE-O5
P ® @ Back Sariba, Laser Pownr 0.75%

stueies eff ol

BOE-0G R - & Front Scribe, Lasar Power 0.75%

& p ¥ + Fronl Scrie, Lasss Povwear 0.5%

"
-
]
.
[
"
"
& 0E-06 =
: # ® Front Scribe, Laser Power 0.2%
"
[ ]
[
[

4 0E-06 & Front Scrie, Laser Power 0, 1%

Current [A]

2 0E-06

eletlen hereness & el cee e

0.0E+00
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200 400 &00 800 1000 1200
Voltage [V]
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Laser Scribing and Cleaving

Deel sensaots | BPREL

Blade dicing Stealth Dicing

N

Opticalmicrograph, top-view

Chipping

nel nb-lh-l ATLAS |

G

Laser-cut

helrehess & el cle e studies off ol

tweezers

i Wittig R Radiation

Internal
processing

L=} FM3Ee .."' 123K [ i I=ve
. — vy WClean > :
[ & = = . vl | I n | | L |

After cleaning 50um before cleaning Eﬂi

HAMAMATSU
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