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Introduction: 
ǘƘŜ άǳǎǳŀƭ ǎƭƛŘŜέ

DISADVANTAGES:

Å Non uniform spatial response

(electrodes and low field regions)

Å Higher capacitance with respect 

to planar (~3x for ~ 150 mm thickness) 

Å Complicated technology (cost, yield)

ADVANTAGES:

Å Low depletion voltage (low power diss.)

Å Short charge collection distance: 

Å Fast response

Å Less trapping probability after irr. 

Å Lateral drift ĄŎŜƭƭ άǎƘƛŜƭŘƛƴƎέ ŜŦŦŜŎǘΥ 

Å Lower charge sharing

Å Low sensitivity to magnetic field

Å Active edges
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The first paper



43rd RD50 meeting 27.XI.2023 4

C
. K

e
n

n
e
y e

t a
l., IE

E
E

 T
N

S
, vo

l. 4
6

, n
. 4

 (1
9

9
9

) 1
2

2
4

T
.E

. H
a

n
se

n
 e

t a
l., JIN

S
T

 4
 (2

0
0

9
) P

0
3

0
1

0

1. wafer bonding

support wafer

detector wafer

2. n+ hole definition

and etching

resist

oxide

3. hole doping and

filling

n+ polysilicon

4. p+ hole definition

and etching

resist

5. hole doping and

filling

p+ polysilicon

6. Metal dep. 

and definition

metal

Process scheme
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RD50 proposal
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1st RD50 workshop
28-30 November 2001
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1st RD50 workshop
28-30 November 2001
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1st RD50 workshop
28-30 November 2001



43rd RD50 meeting 27.XI.2023 9

4th RD50 workshop
5-7 May 2004

Ø 15um
Depth 200um

Talk on :
Status of ITC-irst activities in RD50
M. Boscardin

 

Ç Mask from Glasgow
Ç DEEP RieBarcellona
Ç ITC ςIrst process
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7th RD50 workshop
14-16 November 2005

NIM A 541 (2005) 441ςппу ά5ŜǾŜƭƻǇƳŜƴǘ 
ƻŦ о5 ŘŜǘŜŎǘƻǊǎ ΦΦέ tƛŜƳƻƴǘŜ Ŝǘ ŀƭ

n+ n+n+ n+n+ n+

electrons are swept away by 

the transversal field

holes drift in the central region 

and diffuse towards p+ contact

Main feature of proposed 3D-STC:
ωcolumn etching and doping performed only once
ωholes not etched all through the wafer
ωbulk contact is provided by a backside uniform  p+ implant

n+ diffusion

contact

metal

oxide

hole

hole

hole metal strip

Single-Type-Column3D detectors  - concept
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7th RD50 workshop
14-16 November 2005

metal p-stop

colunmContact 

n plus

Single-Type-Column
3D detectors

4 inch wafers
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7th RD50 workshop
14-16 November 2005

On goingactivity

V University of Glasgow (UK): CCE measurements with a, b, 

gon 3D diodes and short strips

V SCIPP (USA): CCE measurements on large strips

V INFN Florence (Italy): CCE meas with b,on 3D diodes;

V University of Freiburg (D); measurements on short strips

V Ljubljana: TCT and neutron irradiation

High level of involvementsof all the collaboration
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From single type columns to p&n columns

p-high Wcm waferp-high Wcm wafer

Double side process
High CE efficiency BUT only in central region
(overlap between p & n columns)

single side process
Low CE efficiency



43rd RD50 meeting 27.XI.2023 14

13th RD50 workshop
10-12 November 2008



43rd RD50 meeting 27.XI.2023 15

Double Type Columns @ FBK

DΦ CΦ 5ŀƭƭŀ .ŜǘǘŀΣ Ŝǘ ŀƭΦ άbŜǿ ŘŜǾŜƭƻǇƳŜƴǘǎ ƻƴ о5 ŘŜǘŜŎǘƻǊǎ ŀǘ Lw{¢έΣ 
IEEE Nuclear Science Symposium and Medical Imaging Conference (NSS 
- MIC'07), Conference Record, paper N18-3, Honolulu (U.S.A.), Oct. 28 -
Nov. 3, 2007
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What does it mean to transition from a research phase to 
production?

Wafer-level
electricaltests

On modules
after irradiation
at 5x1015 neq cm-2

Parameter Value

Operation temperature - 15oC

Operationvoltage <180V

Powerdissipation < 60mW/cm2

Hit efficiency at 15o tilt angle > 97%

Main design
specifications

Å Two n+ (read-out) columns per 250 mm pixel (2E)
Å Inactive edge width along beam direction (Z) < 225 mm
Å Sensor thickness = 230±20 mm

Device dimension:
from FE-I3 to FE-I4specification to be fulfill
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18th RD50 workshop
23 - 25 May 2011

ÅApproved in 2007with the goalof ¬Development, Testing 
and Industrialization of Full-3D Active-Edge and Modified-
3D Silicon Radiation Pixel Sensors with Extreme Radiation 
Hardnessº.

ÅThe Collaboration includes 18 Institutions and 4(+1)  
processing facilities: SNF, SINTEF, CNM, and FBK 

(VTT joined later).

ÅSystematic studies on existing 3D samples from different 
foundries

ÅFocus on the ATLAS IBLsince 2009

The ATLAS 3D Sensor Collaboration



43rd RD50 meeting 27.XI.2023 18

ATLAS IBL: a common flor plan

FBK (Trento, Italy) CNM (Barcelona, Spain)

DΦ CΦ 5ŀƭƭŀ .ŜǘǘŀΣ Ŝǘ ŀƭΦ ά¢ƘŜ ŎƻƳƳƻƴ ŦƭƻƻǊ-plan of 
ǘƘŜ !¢[!{ L.[ о5 ǎŜƴǎƻǊ ǇǊƻǘƻǘȅǇŜǎέΣ рth Trento 
Workshop, Manchester, Feb. 2010
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p - high Wcm wafer

p - high Wcm wafer

p - high Wcm wafer

toward the ATLAS IBL 

Main difference is the columns depth 
FBK = wafers thickness
ÅCNM < wafers thickness
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FBK (Trento, Italy) CNM (Barcelona, Spain)

G. Pellegriniet. al. NIMA 592(2008), 38

G. Pellegriniet. al. NIMA 699(2013), 27
A. Zoboliet. al.,  IEEE TNS 55(5) (2008), 2775

G. Giacomini, et al., IEEE TNS 60(3) (2013) 2357  

ATLAS IBL: a compatible process
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FBK SEM pictures

n+ columns

Bottom

2
0

8
 µ

m

p+ columns

~11 µm

~5 µm

~50 µm

Top
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FBK process: full passthroughcolumns

Junctionsside
OhmicSide

Ohmic
columns

Junction 
columns

Metal «grid»
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20th RD50 workshop
30 may ς1 June 2012
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Lessonslearnedfrom ATLAS IBL: Temporary Metal

FBK

Temporary 
Metal

SINTEF CNM
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State of the art:  ATLAS IBL 3D pixels
- Double-sided 3D (230 mm thick)
- Produced by CNM and FBK
- Excellent performance up to 5x1015 neq cm-2,

also pushed to ~1x1016 neq cm-2 in AFP tests 

High radiation hardness at relatively low voltage

G. Darbo 2015JINST10C05001

The ATLAS IBL collaboration 2012JINST7 P11010ATLAS IBL: a successful story
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Pixel Roadmap LHC ­HL-LHC

2003

2010

2017-18

ATLAS roadmap : Pixel Size

Increased luminosity requires

ω ƘƛƎƘŜǊ Ƙƛǘ-rate capability

ω ƛƴŎǊŜŀǎŜŘ ƎǊŀƴǳƭŀǊƛǘȅ

ω ƘƛƎƘŜǊ ǊŀŘƛŀǘƛƻƴ ǘƻƭŜǊŀƴŎŜ

ω ƭƛƎƘǘŜǊ ŘŜǘŜŎǘƻǊǎ

N. Wermes, 9th TN Workshop (Genova, 2014)

100

26

Next ROC generation (RD53 65 nm) 

50x50 µm2 and 25x100 µm2 pixels

CDETҖ млл fF

IleakҖ мл nA/pixel (no amp. comp.)

Threshold: ~1000 electrons

Å HL-LHC ATLAS and CMS Pixel TDR: 2017

Å 3D pixels are an option for the innermost layers

Modified technology/design for: 

Å thinner sensors

Å narrower electrodes

Å reduced electrode spacing

Å very slim (or active) edges

Implications for 3D sensors
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CNM single-side process on SOI wafers

RD53A

Å Single-side process on thin SOI wafers developed 

at CNM since 2008 for different applications, here 

modified for back-side bias

27th RD50 workshop
2 ς4 Dec. 2015
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32th RD50 workshop
20 ς22 Dec. 2017

p++ low Wcm wafer

P- high Wcm wafer

Handle wafer to be thinned down

SiSi

Metal to be deposited after thinning
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32th RD50 workshop
20 ς22 Dec. 2017
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32th RD50 workshop
20 ς22 Dec. 2017
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Almost completely 
filled with poly-Si

32th RD50 workshop
20 ς22 Dec. 2017
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Mask Aligner Stepper

M. Boscardinet al., Frontiers in 
Physics 8:625275

Small pitch 3D pixel layout
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Production phase for ATLAS Itk

Å Barrel (25 x 100 mm2 - 1E)

Å CNM, 4-inch wafers (~500 sensors)

Å Endcap(50 x 50 mm2)

Å FBK and SINTEF, 6-inch wafers (800 sensorseach)

Preproduction Phase  for CMS

Å Fbk, 6-inch wafers (~50 sensors)

Now: on going production
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Not only silicon : SiC
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Not only RD50 : RD42
Si3D on diamonds


