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ATLAS 3D Silicon Sensors
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18 institutions and 5 processing facilities



3D designs This for IBL because
More compatible with planar

3DConsortium

p p
For loading and HV supply
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Double Column DesignFull 3D with active edges

P i ti1um
UBM  25-05-11
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3D silicon for Fast-Track IBL
T h i l ifi ti  f  FT IBL Common floor plan – same bump-bonding masks

GF Dalla Betta

Technical specifications for FT-IBL:
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FE-I4

eting Liverpool 

•Tile type single
•Number of columns per 250 micron pixel 2
•Sensor thickness 230±20 um
•Columns overlap ≥ 200 um  25-05-11

•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 < 5 microns
•Alignment marks as specified for stave loadingg p g
•Bias Voltage Pads as specified

Both p-spray and p-stop techniques with concentrations of 2.0 ± 0.5 x 1012 cm-2 and 4.0 ± 0.5 x 1012cm-2

respectively will be allowed provided they ensure surface isolation and the electrical specifications
described in the next paragraph to be metdescribed 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.



200 um guard fences 
Design and simulation

G.Giacomini, et al, 6th Trento Workshop, 2-4 March 2011 
(http://tredi.fbk.eu)

recent tests have shown 100 um safe

e l
GF Dalla Betta and 
Marco Povoli, Trento Cut line – precision 20 um
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(corner pixel)

Leakage currents
For 200μm fences
Before and after IBL fluence



Signal after IBL fluence
Fluence
[ncm-2]

MPS [e-]

0 17250Signal after IBL fluence
Compilation of Stanford, CNM,FBK

0 17250

1x1015 16380

5x1015 12075
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MPS=230μm x 75e- = 17 250
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Irradiated FBK  double side with 
non optimal column overlap up to 5x1015ncm-2

Signal efficiency
Depends on column 

Current productions
Layout:
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90S  90Sr source
HV= 80V! 
T= -20oC
Environmental
h b

Despite non optimal layout
Signal still visible at 80Vchamber

Data A. La Rosa
Signal still visible at 80V



Double Side 3D from CNM irradiated
Uni Freibugh with Alibava system (Th k   M  K hl  F ib  )Uni-Freibugh with Alibava system (Thanks to M. Kohler, Freiburg )

Before irradiation
total charge 22000e

2x1015ncm-2

22000e- at 180V
2x1016ncm-2

15000e- at 380V
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total charge 22000e 22000e at 180V 15000e at 380V
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p-typep type

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, 2x1016 neq/cm2: ~30 days)
Noise at 2x1016is 1000e- at -45 oC -50 oC



Irradiation results from CNM 3D sensors
Measured in Glasgow using the ALIBAVA system +MIPs
E id  f  h  lti li tiEvidence for charge multiplication
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62%
at 150V

eting Liverpool  25-05-11Aspect ratio
25:1

Observed multiplication at ~250V

22000 e-

98% at 250V10 μm 
electrode
diameter



QA for wafer bowing is < 60 microns with an 
alignment <5 microns
This is valid for both FBK (this slide) and CNM ()This is valid for both FBK (this slide) and CNM ()
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from E. Vianello,  FBK, 
3D processing meeting 19-5-11



Sensor selection criteria FBK from E. Vianello,  FBK, 
3D processing meeting 19-5-11

Test after BB 
Will be performed
On dedicated 

f
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wafers.

LA
S, R

D
50 m

eeeting Liverpool  25-05-11



Selection criteria definition
from E. Vianello,  FBK, 
3D processing meeting 19-5-11

BAD sensor GOOD sensor

Selection criteria definition
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GOOD sensor
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55V

 25-05-11

1 column / 80 pulling current
Remind 1 column=336 pixels

All pixels/columns working 
fine . Ipixel= 5pA

Vbd>25VVbd>25V
Ivop< 2uA



Sensor selection criteria CNM from C. Fleta, G. Pellegrini CNM, 
3D processing meeting 19-5-11
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QA selection criteria before BB 

•After BB: higher current
(full sensor vs. guard ring
only) higher breakdown
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only), higher breakdown
voltage (stress release
after dicing)
•Guard fence IV so far a
good c ite io fo se so
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GUARD FENCE
good criterion for sensor
selection
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3D FE-I4  FBK assemblies
Paparazzi and measurements = Christian Gallrapp, Sebasdtian GrinsteinPaparazzi and measurements  Christian Gallrapp, Sebasdtian Grinstein
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Sample 2-5
Hitmao Am source eting Liverpool 

Hitmao Am source
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N iNoise
-15V

Thomas Fritzsch



3D FE-I4 CNM assemblies
Measurements fron S. Grinstein IFAE, 3D meeting 19-5-11
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The numbers in the table correspond to the total number of sensors (#w x 8)

3D Qualification pre-production and production plan

In 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 September11)
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2011/12 March April May June July august Sept Octob Nov Dec Janua March Sune

50%yield=  178+192=368 Dec.11
Third run = 400/2= 200 Jan.  2012 568 + 200 (March/April) = 768 + 200 (spares)=968
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2011/12 March April May June July august Sept Octob
er

Nov Dec Janua
ry

March
/April

Sune
/Sept

FBK 
A07-A09

64

FBK 
A10

176 eting Liverpool 

A10

FBK
A11

176

FBK 
A12

200

 25-05-11

FBK 
A13

200

FBK 
A14

200

CNM Q1 24CNM Q1 24
CNM P1 192
CNM P2 192
CNM P3 200CNM P3 200
CNM P4 200
CNM P5 200



Full3D with active edge from 
SINTEF/StanfordSINTEF/Stanford
... moreover, qualification run completed - even if not for the FT-IBL – with the same floor-plan

16 wafers 230 um thick with support wafer 
l d

Test structures
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completed

STANFORD started an independent run which will 
end in May 2011

Picture 
of one of 
the FE-
I4 
wafers LA

S, R
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IV curves measured using temporary metal strips 
look very encouraging! 

This method is used to select good samples before 
bump-bondingTemporary eting Liverpool 

bump-bondingTemporary 
metal to 
test rows
of pixels on 
wafer  25-05-11

Same region 
of above
after final 
metal 
de o itio Wafer C25deposition

A. Kok, T-E Hansen, J. Hasi, C. Kenney 

Wafer C25



Summary
The 3D collaboration is testing 3D sensors with FE-I4 for the FT-IBL
Several wafers have been completed and sensors bump-bonded.
Pre-productions (~100 wafers) ongoing
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Pre productions ( 100 wafers) ongoing

QA test results show that the processing recipes successful so far!!!
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3D offers :

Large signal after IBL irradiation. eting Liverpool 

Low operational voltage and low power dissipation after irradiation.
Operational temperature at -15 oC after IBL irradiation.
200 microns dead border in a conservative design.

 25-05-11

Yield on the qualification FE-I4 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 y ( y ) g p y y (
the last one, limited statistical sample alas)

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


