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Overview of the
ATLAS Insertable B-Layer (IBL) Project

Large Hadron Collider
• 27 km circular accelerator, 

~100m underground

• 4 big experiments

• 2 general purpose detectors, 
ATLAS and CMS

• Reached 8 TeV centre of mass 
energy with ~
luminosity

• Design energy and bunch 
crossing rate to be reached 
after its first long shutdown

ATLAS

CMS

LHCb

ALICE
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The ATLAS Experiment
• General purpose detector

• Two magnet field systems: inner 
Solenoid and outer Torroid

• Two silicon and one straw tube 
tracker system, transistion radiation 
identification

• Electromagnetic and Hadronic 
calorimeter systems with a very 
Forward calorimeter

• 4 different muon detector systems, 
allowing fast trigger and high 
precision

• 3 stage trigger system
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Present Pixel Detector
• 3 Barrel layers at radii 5, 8 and 12 cm

• 3 disks per side

• >= 3 spacepoints per track

• Pixel size 50 x 400 (um), giving ~14 µm 
resolution in R×φ, ~115 µm in z

• Modules tilted to compensate for Lorentz 
angle and create overlap

• 1744 modules total, 1645 working without 
problems

• Shutdown intervention currently 
estimates 90% of the inoperable 
modules to be restored to function

• ~80 million channels, 80% of the full ATLAS 
channel count
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Insertable B-Layer (IBL)
• First upgrade of the ATLAS tracker

• New Pixel Layer on a new, smaller 
radius, beampipe: mean radius 3.3cm

• Insertion of the support tube 
separating the IBL from the remaining 
Pixel Detector happens on the 
surface

• 14 support structures (staves) to 
hold 32 new front-end chips each

• CO2 based cooling system

• New readout system, planned to also 
upgrade the Pixel Detector readout 
rate

Figure 5. IBL layout: rf view.

suspension/alignment system. There are two main critical issues to extract the beam pipe: the
remote position of the collars that must be disconnected from the supporting wires and the cutting,
at one extremity, of the beam pipe for removing one of the flanges; this is needed to pass through
the Pixel disks. Wires have to be kept in place, because they will be used for the support of the new
detectors and beam pipe. The collars need to be dismounted with remotely operated tools from
outside the pixel package and the suspension wires have to be engaged and recuperated to be used
for supporting the IBL. The position where the beam pipe is cut to remove the flange on C-side is
made of aluminium, avoiding the toxic issue of cutting beryllium. Additional issues that have to be
considered in the extraction are the control the bow of the beam pipe when it is disconnected from
its supports, and the radiation issues due to activated material. Fig. 6 shows the beam pipe with its
supports.

Extraction of the beam pipe and the insertion of the new detector (described in Chapter 7)
are the most risky operations of the entire project and are being carefully planned. A full scale
mock-up of the present inner detector is in construction to test, step by step, all the phases with
final components and tooling.

1.3.3 New beam pipe concept

To make possible an IBL layout, the beam pipe needs to be reduced by 4 mm in radius (from inner
radius of 29 mm to 25 mm). In the definition of the inner diameter of the existing beam pipe there

– 18 –
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IBL in Numbers

• 2 sensor types

• Planar silicon sensor, oxygenated n in n 
sensor, slim edge design

• 3D silicon sensor with vertical electrodes, 
reduced collection time and depletion 
voltage

• Separation in eta (|η| ≈ 2.7)

• 26880 pixels per front-end i4 (FE-I4) chip

• ~12 million pixels for the total IBL
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Figure 3: Stave layout for the mixed sensor scenario. 3D sensor modules populate the two stave extremities. The gaps 

betweenneighbouring  modules is fixed at 0.205 mm. 

 
 
 

          

              
Figure 4: Stave cross sections at the position of a planar module (top) and a 3D module (bottom).  

 
The planar and 3D modules differ slightly in sensor thickness: from 200 µm to 230 µm; and in rφ where the 3D 
modules are 700 µm wider. The 3D design is compliant for the double and single sided design (active edge), having 
the second one the high voltage connection being made on the same side as the bump-bonding. For this compliant 
reason the sensor extends beyond the FE-I4. Figure 4 shows a cross-section of the stave, (top) at the position of a 
planar double-chip module and (bottom) at the position of a 3D single-chip module. 
 

2.3 Module Loading on Stave 
The module loading integrates the stave and stave-flex together with the planar and 3D detector modules while 
targeting for the highest quality in term of working pixel and modules and the long term reliability. The 15 
procedural steps, followed by the module loading and QA sites are:  

1. The reception of the completed stave with the stave-flex. This is part of the QA to validate that the stave 
with the glued stave-flex has a conformal geometry after it has been thermally cycled 10 times from -40°C 
to +40°C. 

2. The reception tests of modules. Detector modules qualified at the assembly sites pass visual inspection and 
basic electrical readout tests at loading site, before the module-flex test pigtail is cut to load them on the 
stave. 

3. A “Guillotine tool” cuts the module pigtail. The next operation consists in the removing the wire bonds 
from the pads that will be re-used to connect the stave-flex wings. These same pads were previously used 
to electrically connect the module test pigtail before loading the module to the stave (see Figure 2).  

Figure 48. Double sided process (a) and full 3D with active edges (b). An un-etched distance d of order
20 µm is needed in (a) for mechanical integrity.

while keeping the electrode diameter smaller with consequent smaller capacitance and noise. The
reported measurements are therefore worst cases and are expected to improve in the near future.

An important difference between full3D and double sided 3D is the presence of active edges.
Active edges are difficult to incorporate in the double sided 3D processing. However, simula-
tions and data have shown that the edge current can be completely controlled by the insertion of
“guard fence” columns [54]. The perimeter occupied by guard fences has a width of approximately
200 µm. The bias voltage, in the case of full 3D with active edges, is currently applied on the same
side of the readout electrodes. This is possible by using a bias tab placed along the column width
on the opposite edge of the readout. The alternative would be opening a via from the front to the
back side of the sensor.

The signal efficiency was measured independently for full3D and double sided 3D sensors
with infra-red photons and minimum ionizing particles. A compilation of the results is presented in
Fig. 49 (a), while (b) shows the expected most probable signal for a substrate thickness of 230 µm.
After 5⇥1015 n/cm2 the most probable signal is ⇡ 12000 electrons.

The charge collection distance in 3D sensors is relatively short, and this has important system

Configuration Bare threshold (e�) In-time threshold (e�) Required signal (e�)
2E-400 2500 4300 8600
3E-400 3200 6000 12000
4E-400 3200 6540 13800

Table 8. Threshold, in-time threshold and required signal (double the in-time threshold to take into account
charge sharing among two adjacent pixels) of full3D sensors with different configurations and electrode
diameter of ⇡ 14 µm. In bold, the 3E FE-I3 measurement which geometrically corresponds to 2E FE-I4.
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(a) (b)

Figure 46. (a) Conservative n-in-n sensor design. The number of guard rings is reduced from 16 (current
ATLAS Pixel sensor) to 13 to obey the limit of 450 µm inactive edge. (b) Slim-edge n-in-n sensor design. To
keep a fixed length of the sensor tile of 41.3 mm, the outermost pixel implants on the front side are extended
to a length of 500 µm.

Sensors made on p-bulk are an interesting alternative to the more complex double-sided n-
bulk sensors. n-in-p Sensors are the technology choice for future strip upgrades replacing
the hole-collecting p-in-n technology which performs poorly after high fluences. Therefore,
significant R&D is taking place within the ATLAS Upgrade environment in collaboration
with leading semiconductor manufacturers from which an n-in-p IBL design would benefit.
Performance before irradiation measured with the FE-I3 chip is equal to n-in-n sensors. The
main drawback, HV discharges into the FE-chip, is addressed by an additional BCB (Ben-
zocyclobutene) polymer layer on top of the standard oxide and nitride passivation layers.
While tests before irradiation showed sufficient protection, the behavior after irradiation is
still being investigated.

n-in-p sensors offer, in addition to the larger number of vendors capable of producing them,

(a) (b)

Figure 47. (a) n-in-p Sensor design. The number of guard rings is chosen to obey the limit of 450 µm
inactive edge. (b) n-in-p sensor design. As in present strip sensor productions, only one guard ring is
applied. The necessary safety margin around it has been verified to be compatible with the limit of a 450
µm inactive edge.

– 59 –
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Front-end I4 (FE-I4)
• New 130nm front-end chip to cope with higher 

radiation levels and larger occupancies

• 87 million transistors

• Smaller feature size with respect to previous FE-I3 
allowed to:

• Shrink pixel size to 50 x 250 (um)

• Use local hit storage supporting higher 
occupancies without saturating

• More efficient space usage, active area is 89 %

• Balanced output allows for higher data transmission 
rates

• Total chip size 19x20 (mm)

3 LAYOUT AND ORGANIZATION

3. Layout and Organization

Figure 3: FE-I4 chip layout looking down onto the bump pads. The coordinate origin is at the
bottom left corner, with x increasing to the right and y increasing upwards.

The FE-I4 layout is shown in Figure 3. References to the “top”, “bottom”, “left”, “right” of455

the chip are relative to this figure. The FE-I4A has no special identifying feature (logo). The pixel
array has bump bond pads with 12 µm width octagonal openings on a 50 µm vertical pitch. In the
horizontal direction there is one single column of bump pads along the left and right edges, with 39
pairs of columns in between, spaced 500 µm pair-to-pair, and 50 µm within each pair. The pads are
aluminum. There are wire bonding pads along the bottom and top of FE-I4A. The pads at the top460

are specific to FE-I4A characterization and will not be present in a production version. The pads at
the bottom come in three sizes, wide (250 µm wide bonding area), normal (100 µm wide bonding
area), and narrow (75 µm wide bonding area). Wide pads are exclusively for high current inputs
and outputs and are intended for multiple wire bonds. Normal pads are for all other I/O that may be
required for normal operation or that must be contacted during wafer probing. Narrow pads are for465

diagnostic only: they do not need to be contacted in wafer probing and will only be wire bonded

v2.3 18

4 CIRCUIT CORE DESCRIPTION

4. Circuit Core Description

Figure 5: FE-I4 chip diagram, not to scale. The coordinate origin is at the bottom left corner,
with x increasing to the right and y increasing upwards.

v2.3 21
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Testbeam results
• IBL Testbeams happened at 

DESY and CERN

• Results from running with 
EUDET telescope show high 
efficiency for both sensor 
types

• Results for cluster size, 
Landau shape and resolution 
as expected

• Simulation model is refined 
based upon testbeam results
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IBL Readout Structure

• New Readout Driver (ROD), 
new Back-of-Crate Card 
(BOC)

• Higher data flow density, ~ 
6Gbit/s per card

• Off-the-shelve transceiver 
components for detector 
communication

• Network base-layer for control 
and calibration, overcoming the 
VME bottleneck

IBL Optical transceiver
IBL

Modules

VME Crate

ROD

BOC

ETHERNET

TX RX

Event 
Processing

Command

SLink
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System Test
• Full component installation with a 

production quality stave at CERN, 
to allow for:

• Component testing

• Full system operation

• Procedure evaluation, i.e. 
tuning, error search, shutdown 
behaviour

• Software development

• Installation to later be used for 
debugging the system without 
interfering with operation
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Stave Quality Assurance
• Extensive QA procedures in place, in module and 

stave production sites, as well as in assembly and 
final integration site

• All staves subject of several tuning procedures, to 
scope out operation range

• Source scans with 241Am and 90SR to show pixel 
functionality and allow for charge calibration

• Cosmics are taken
with all staves during
weekends

• All final acceptance
tests are run warm
and cold (-20C)
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Construction Status
• 3 pre-production Staves 

delivered, allowing to set up the 
test stand

• 4 production staves delivered, 5th 
and 6th to arrive within the 
coming week

• All have been operated warm and 
cold and ran source scans

• Software still needs fine-
tuning for individual behaviour

• Module production more than 
half way done
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Final Integration
• Final Integration to happen at 

CERN

• All tools are fabricated and 
currently being mounted

• IBL will be integrated with the 
beampipe on the surface

• Full assembly integration into 
ATLAS in the cavern in early 
2014

• The support tube for IBL is 
installed as part of the Pixel 
Detector package

IBL integratio
n stan

d is being prepared

IBL multi purpose
container ready
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Conclusions
• Early long shutdown has drastically shrunk the IBL 

schedule, but Project is well underway

• IBL will turn the ATLAS Pixel Detector into a 4-Layer pixel 
detector

• New FE-I4 shows very good results in testing and testbeam 
operation

• First large scale application of 3D sensor technology

• 4 out of 14 total staves delivered at CERN so far

• 3 have already gone through the full acceptance test and 
are qualified for installation into the IBL package
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