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RECENT RESULTS FROM THE 3D
® ATLAS R&D COLLABORATION

Giulio Pellegrini CNM-IMB
on behalf of The 3D ATLAS R&D Collaboration




%Q'pix% ATLAS 3D Silicon Sensors
N E 2D Collaboration

|ELECTROMNIC CHEP|

ATLAS

Mastroberardino; G. Susinno (Caiabna University), C. Gallrapp, B. Di Girolamo; D. Dobos, A. La
Rosa, H. Pernegger, S. Roe (CERN), T. Slavicek, S. Pospisil (Czech Technical University), K.
Jakobs, M. Kohler, U. Parzefall (Freiburg University), N. Darbo, G. Gariano, C. Gemme, A.
Rovani, E. Ruscino (University and INFN of Genova), C. Butter, R. Bates, V. Oshea (Glasgow
University), S. Parker (The University of Hawaii), M. Cavalli-Sforza, S. Grinstein, 1. Korokolov,
C. Padilla (IFAE Barcelona), K. Einsweiler, M. Garcia-Sciveres (Lawrence Berkeley National
Laboratory), M. Borri, C. Da Via, J. Freestone, S. Kolya, C. Li, C. Nellist, J. Pater, R. Thompson,
S.J. Watts (The University of Manchester), M. Hoeferkamp, S. Seidel (The University of New
Mexico), E. Bolle, H. Gjersdal, K-N Sjoebaek, S. Stapnes, O. Rohne, (Oslo University) D. Su, C.
Young, P. Hansson, P. Grenier, J. Hasli, C. Kenney, M. Kocian, P. Jackson, D. Silverstein (SLAC),
H. Davetak, B. DeWilde, D. Tsybychev (Stony Brook University). G-F Dalla Betta, P. Gabos, M.
Povoli (University and INFN of Trento) , M. Cobal, M-P Giordani, Luca Selmi, Andrea Cristofoli,
David Esseni, Andrea Micelli, Pierpaolo Palestri (University of Udine)

Processing Facilities: C. Fleta, M. Lozano G. Pellegrini, (CNM Barcelona, Spain); (M. Boscardin,
A. Bagolini, G. Giacomini, C. Piemonte, S. Ronchin, E. Vianello, N. Zorzi (FBK-Irento, ltaly) , 1-
E. Hansen, T. Hansen, A. Kok, N. Lietaer ( SINTEF Norway), J. Hasi, C. Kenney (Stanford). J.
Kalliopuska, A. Oja (VTT , Finland)”

18 institutions and 5 processing facilities
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3D silicon for Fast-Track I1BL

»Technical specifications for FT-IBL: Common floor plan — same bump-bonding masks

mewsr | : : HFS WAFER
GF Dhlla BettgT] ' ypematom - : PB -
_ ™ L ( atio : (1-0-0) +/- 1,00 Deg
] - Ohm cm : 10.000,00 - 30.000,00
min Pset : 1.000,00
Ma cm-3 : 2.0X10E16
: : 2.0X10E16

mm

.00 - 35,00 (1-10) +/- 1 Deqg.
16,00 - 20,00 90 +/ - 5 Deq.

230 +/~ 10,00

T An-ame-

Standard

*Tile type

sNumber of columns per 250 micron pixel

*Sensor thickness 23020 um
*Columns overlap > 200 um
*Sensor active area 18860 X 20560 (+scribe line)

*Dead region in Z 200um guard fence +~25um cut
Wafer bow after processing <60 microns

*Front back alignment < b microns
sAlignment marks as specified for stave loading
*Bias Voltage Pads as specified

Both p-spray and p-stop techniques with concentrations of 2.0 £ 0.5 x 10'2em? and 4.0 £ 0.5 x 10'?2em™?
respectively will be allowed provided they ensure surface 1solation and the electrical specifications
described in the next paragraph to be met.

Each manufacturer shall provide undiced wafers with the above specifications to allow
photolithography for under-bump metallization deposition.
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200 um guard fences recent tests have shown 100 um safe

G.Giacomini, et al, 6" Trento Workshop, 2-4 March 2011
DESIGN AND SIMULATION ( )
GF DALLA BETTA AND
MARCO POVOLI, TRENTO CUT LINE — PRECISION 20 UM

TOP EDGE ; * r
(200 um) SIMULATION DOMAIN

TE #
¢ (400 um) OHM

JUNCTION COLUMN

ACTIVE AREA
(COBNER PIXEL)
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Top edge side - d= 170um N column current vs. Bias voltage - Top Edge Side - d=170um

e

Leakage currents
For 200um fences
Before and after IBL fluence

Currents [A]
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Signal after IBL fluence
Compilation of Stanford, CNM,FBK

Signal Efficiency [%]
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- FBK-annealed [A Zoboli PhD Thesis, 2009]
A STA [ NIMA 604 (2009) 505-511 :
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Irradiated FBK double side with

non optimal column overlap up to 5x10'necm?

Signal efficiency Current productions
Depends on column Layout:

overlap

n+ holes (DRIE front)
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p+ holes (DRIE back)

e
HV= 80V!

B ( Despite non optimal layout

Environmental

chamber Signal still visible at 80V
Data A. La Rosa




Double Side 3D from CNM irradiated

Before irradiation 2x10%nem 2 2x10%nem 2
total charge 22000e 22000e at 180V 15000e at 380V

T T
T=-50°C
T=-43C
T=-30°C
T =-56"C (Forward Bias)
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250 um column overlap, IES= 56 microns

Detectors irradiated at the proton cyclotron Karlsruhe with 25 MeV protons
Annealing state: ~ 5 days at RT (only p-type detector, 2x10% neq/cm2: ~30 days)
Noise at 2x10%is 1000e- at -45 °C -50 °C




Irradiation results from CNM 3D sensors
Measured in Glasgow using the ALIBAVA system +MIPs
Evidence for charge multiplication

Colleted Charge measured at 150V

25000

20000

15000

10000

Collected Charge (&)

5000

0
0.E+000 1.E+015 2.E+015 3.E015 4.E+015 EE+NE 6.E+015

1MeV neutron equ. fluence per cm2
Collected charge at maximum applicable voltage
= a
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QA for wafer bowing is < 60 microns with an

alignment <5 microns
This is valid for both FBK (this slide) and CNM ()
Wafer bowing

-5¢
left side center right side
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bowing [im]
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x [em] ATLASO07: column misalignment
of a several um

ATLAS09: column misalignment

B from E. Vianello, FBK, ':SIJITI M TLa b

3D processing meeting 19-5-11 =o€ "




Sensor selection criteria FBK

Test after BB
o Temporary metal b pertormed

wafers.

+ Allows to perform electrical tests on the FE-I4 pixel sensors
before bump-bonding

* The temporary metal shorts 336 pixels together in a strip
» The |V characteristics of 80 strips form a FE-I4 pixel sensor
* |Implemented on ATLASO09 batch Single pixel

(2 holes)

336 pixels
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Selection criteria definition ﬁ
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reverse voltage [v]
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reverse voltage [V]

1 column/ 80 pulling current All pixels/columns working
Remind 1 column=336 pixels fine.I . .= 5pA

pixel




Sensor selection criteria CNM

—
—

_'—-"_--._

QA selection before bump-
bonding: IV current from
guard-fence

Measured at 20°C 1n Cascade
probe station with thermal chuck
(-70° to 200°C)

GUARD FENCE Tests on full waters without UBM

This 1s not the total current of the
sensor but gives a good indication
of the presence of defects

Good sensors: VBD = 25V
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NP ergg

selection criteria before BB

oot

“ATLAS

v

+After BB: higher current
(full sensor vs. guard ring
only), higher breakdown
voltage (stress release
after dicing)

*Guard fence IV so far a
good criterion for sensor

GUARD FENCE selection
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3D FE-I4 FBK assemblies

Paparazzi and measurements = Christian Gallrapp, Sebasdtian Grinstein

Cccupancy mod 0 bin O chip 0
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3D FE-14 CNM assemblies

10 20 30

Both devices

Irradiated at
KiT, now/soon
at Bonn.

bon_cn4 3d 36 Sr 90 |

Tl mod i bin 6|

10"
| Bonn with Jens J.

10 12 4

BON_CN4 3D_34
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3D Qualification pre-production and production plan

The numbers in the table correspond to the total number of sensors (#w x 8)

sIn red, qualifications wafers, in black pre-production wafers,, in green and in violet
production wafers (green wafers started in May 2011, violet wafers dates and # to be
confirmed)

Pre-prods =736 sensors by Beginning of December 11 (176 by Septemberl1)

50%yield= 178+192=368 Dec.11
Third run = 400/2= 200 Jan. 2012

} 568 + 200 (March/April) = 768 + 200 (spares)=968




Full3D with active edge from Ju
SINTEF/Stanford

... moreover, qualification run completed - even if not for the FT-IBL — with the same floor-plan

@ SINTEF

%16 wafers 230 um thick with support wafer

Picture completed

of one of

the FE- +STANFORD started an independent run which will
end in May 2011

')
€

<1V curves measured using temporary metal strips
look very encouraging!

<This method is used to select good samples before
Temporary bump-bonding
metal to
test rows
of pixels on
wafer

e FE-11 1
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Summary

The 3D collaboration is testing 3D sensors with FE-14 for the FT-1BL.
Several wafers have been completed and sensors bump-bonded.
Pre-productions (~100 wafers) ongoing

QA test results show that the processing recipes successful so far!!!

3D offers :

ssLarge signal after IBL irradiation.

s+Low operational voltage and low power dissipation after irradiation.
2+ Operational temperature at -15 °C after IBL irradiation.

++200 microns dead border in a conservative design.

Yield on the qualification FE-14 batches looks promising. IV before and after BB being
measured and confirm QA tests. We will have tests on several wafers

by the review time (July 4-5 2011) to get a prediction on sensors yield and bb yield (for
the last one, limited statistical sample alas)

The entire 3D production programme for FT-IBL can be fulfilled with
50% yield. .




