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The Layer 1 / Layer 2 readout  upgrade 
for the ATLAS Pixel Detector  

Geoffrey Mullier AEC-LHEP University of Bern, on behalf of the ATLAS collaboration 
  

Pixel detector : 

the cluster. After the autumn 2010 alignment of the Pixel Detector
a resolution in local x and y of 9 μm and 84 μm is achieved.

The overall tracking performance can be described by a
transverse impact parameter d0 resolution as shown in Fig. 10,
where the ATLAS Inner Detector achieves a sðd0Þ of the order
of 10 μm over the complete pseudo-rapidity range. This high

precision vertexing is crucial for successful, and highly ef ! cient,
b-tagging. The high purity b-tagging algorithms have achieved an
ef! ciency of 50%, while only having a fake rate of 0.05% [7] .
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Fig. 5. Measured ToT response in bunch crossings for varying injected charge [3] .

1

10

210

310

410

510

 q p (GeV)

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

)2
 c

m
-1

dE
/d

x 
(M

eV
 g

0

1

2

3

4

5

6

7

8

9

10
ATLASPreliminary
Good Clusters = 3
Data 2010

Fig. 6. dE=dx in dependence of qp. Bands indicate different types of particles [4] .
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Fig. 8. RMS of local x residual with and without charge sharing algorithm [3] .

Fig. 9. RMS of local y residual with and without charge sharing algorithm [3] .
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the cluster. After the autumn 2010 alignment of the Pixel Detector
a resolution in local x and y of 9 μm and 84 μm is achieved.

The overall tracking performance can be described by a
transverse impact parameter d0 resolution as shown in Fig. 10,
where the ATLAS Inner Detector achieves a s!d0" of the order
of 10 μm over the complete pseudo-rapidity range. This high

precision vertexing is crucial for successful, and highly efficient,
b-tagging. The high purity b-tagging algorithms have achieved an
efficiency of 50%, while only having a fake rate of 0.05% [7].
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Fig. 7. Efficiency of tracks having hits associated with the different pixel layers. The
B-Layer efficiency is 100% due to the track requirement. Lower outer disk
efficiencies arise from a higher percentage of dead pixels.

Fig. 8. RMS of local x residual with and without charge sharing algorithm [3].

Fig. 9. RMS of local y residual with and without charge sharing algorithm [3].
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Figure 1. Left : Comparison of the resolution of the impact parameter for 2011 data taking and simulations.
Right : Efficiency of tracks having hits associated with the different pixel layers. The B-Layer efficiency is
100% due to the fact that the track requirement demands a hit in the B-Layer to be considered. Lower outer
disk efficiencies arise from a higher percentage of dead pixels [3].
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Pixel Disk

Pixel Disk

Pixel B-Layer

Pixel Layer-2

Pixel Layer-1

IBL

r = 42.5 mm : IBL Support Tube (IST)
r = 33 mm : IBL Stave

r = 29.3 mm : Inner Positioning Tube (IPT)

r = 24.3 mm : New Beam Pipe

r = 50.5 mm : B-Layer

r = 88.5 mm : Layer-1

r = 122.5 mm : Layer-2

Figure 1. (Left) Overview of the Run 2 Pixel Detector with the IBL inserted. (Right) Cross section view of
sensor layout of the Run 2 Pixel Detector (seen from �z to + z direction).

Figure 2. (Left) Illustration of the new service quarter panel and the Optobox/Optoboards on the ID End-
plate. (Right) Number of modules of the Pixel Detector to be disabled after refurbishment and re- installation
in the pit in LS1 classified by failure mode (HV / LV / Data In / Data Out) and the time period in which
the problem occurred problems (Run1 / Surface / after re-installation). Modules having issues but being
operable are not included [6].

2. Refurbishment of the Pixel Detector

Motivation to replace the Pixel Detector service During Run 1 operation, some of the laser
signal transmission plugins on the off-detector readout board were observed to be dead and they
were replaced. These transmitters serve the optical communication with the modules for the
clock/command with the modules. The same laser transmitters were mounted on the on-detector
side for the data output at the so-called Optoboard mounted on the service quarter panel (SQP).
As the optoboards are inaccessible unless the Pixel Detector is extracted from the ATLAS detector,
failures of the optoboards are a major concern for the operation of the Pixel Detector throughout
its lifetime. Therefore the decision was made to build new service panels (nSQP) with relocation
of the Optoboards from the service panel to the Optobox at the Inner Detector end-plate1 so that
intervention is possible without extracting the Pixel package (Figure 2 left) [5].

1The Inner Detector end-plate is the gap between the barrel calorimeters and the end-cap calorimeters for leading
Inner Detector’s service lines.
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Figure 1. Schematic view of the ATLAS 4-Layer Pixel Detector for Run-2
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1. Introduction

The ATLAS Pixel Detector [1] is the inner-most part of the ATLAS tracking system [2]. The
ATLAS Pixel Detector for LHC Run-2 consists of 4 layers of barrel pixel detector and two end caps
of three pixel disks each. The outer 3 barrel layers and the disks are the 3-Layer Pixel Detector
system, which was installed originally in 2007 in ATLAS and maintained during 2013/2014. The
innermost pixel layer is a newly constructed high-resolution pixel detector, called Insertable B-
Layer (IBL). Figure 1 shows the 4-Layer ATLAS Pixel Detector for LHC Run-2 (left) and the
radial placement of concentric pixel barrels, beam pipe and support carbon-fibre cylinders (IPT,
IST) (right). The Pixel Detector sits inside the 2T solenoidal magnetic field and contributes to the
charged particle tracking of the ATLAS Inner Detector in the pseudo rapidity range of |h | < 2.5.

Due to its high spatial resolution and 3-dimensional space-point measurement the Pixel Detec-
tor has a key-role in reconstruction of charged particle tracks. The 4-Layer Pixel Detector will be
crucial in the reconstruction of primary and secondary vertices which is essential for the detection
of long-lived particles, e.g. containing b-quarks, and in searches for new physics at LHC.

– 1 –

Figure 2. Schematic view of the full 4 Layer ATLAS Pixel detector for the Run-II.

fibres. Sensible components, the Optoboards, could be removed from the detector volume to allow24

future maintenance. The number of optical links for the outermost Layers have been increased, to25

avoid saturation, even in case of luminosities up to 3⇥1034 cm�2s�1.26

Thanks to the refurbishing and the installation of the nSQP, the number of disabled modules27

for the original 3 Layer pixel detector was brought down to 2%. Counting IBL, the ATLAS Pixel28

detector is now a full 4 layers, 92M channel pixel vertex detector with 99.0% operational fraction.29

3. Insertable B-Layer30

The IBL [6] designed to withstand high luminosity environment had to overcome technologic chal-31

lenges set by the high granularity and the required bandwidth of the read-out chips.32

The IBL consists of 14 pixel supporting structures, called staves, each one containing 20 mod-33

ules with 32 FE-I4 chips, in the centre 24 planar sensors and at each edge 4 3D sensors with single34

chip modules. Each pixel has a size of 50 µm ⇥250 µm. The staves are all mounted on the IPT35

supporting their extremities and holding services at |z| = 3.5m. The new beam pipe is located in-36

side the IPT and was inserted into the IPT before the IBL integration. The IBL is supported by37
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Readout bandwidth saturation is 
foreseen for Layer 2 in 2016 and 
Layer 1 from 2017 onwards 
given the expected luminosity. 
• Replaced Pixel ROD/BOC by 
IBL cards while doubling the 
bandwidth. 
• Profit from IBL operational 
experience from 2015 using 
same core !rmware and 
so"ware. 
• Same IBL hardware, except the 
new receiver plugins (Rx) that 
had to be re-designed. 
• IBL software features offer 
more #exibility for operation 
and recovery. 

4 Layer precision tracking 
detector with a resolution of  
~10 μm in r–φ coordinates and 
~115 μm in z. 
Total of 2024 Modules for a 
grand total of 92 Million pixels. 

Upgrade actions 
& motivation : 

• Run Controller coordinate all 
concurrent processes. 
• Actions are started by the host 
and handled by Action Servers 
on the Single Board Computer 
(SBC). 
• Processes threated in parallel 
via Inter Process 
Communication(IPC). 
• The coordination via VME is 
handled by the Crate Broker. 
• Adjustments needed to 
accommodate the differences 
between the different readout 
procedures for the different 
Front-Ends of the Pixel 
Detector. 

Pixel So"ware: 

Fig.1 Operation range of the Rx module. In 
function of threshold from 0 to 2.5V by 
190mV step and delay from 0 to 24.5ns by 
step of 350 ps. The good operating range is 
shown in white. The reduced range of 
operation in the 80MHz operation comes 
from the sampling. 
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The pixel modules ship back data 
optically via “optoboards”. 
The Back-Of-Crate (BOC) 
receive and convert signals for 
the Read-Out-Driver (ROD). 
The ROD is the main board, 
taking care of: data formatting 
and monitoring, issuing host 
command and create and send 
Front-Ends commands. 
The Fit Server takes care of 
calibration data processing. 
A Single Board Computer (SBC) 
controls the ROD-BOC cards. 
The Time, trigger and control 
(TTC) provides through TTC 
Interface Module (TIM) triggers 
to ship data back to the higher 
level read-out (ROS). 

Pixel DAQ : 

• Re-placement of new hardware 
was completed in January. 
• Total of two crates, 32 couples 
BOC/ROD 
• Commissioning the new 
hardware with the detector was 
completed and satisfactory. 
• All testing performed showed 
no errors in the recabling 
procedure. 
• New FTK Fibers routing 
allowing for more flexibility in 
case of intervention. 
• Layer 1 upgrade should take 
place at the end of 2016. 

Installation done: 
• Working with non return to 
zero signals up to 160 MHz.  
• Operation for L2 and L1 
possible at 40 or 80MHz. 
• SNAP 12 based plugin. 
• Threshold adjustment on per 
channel basis. 
• Excellent operating range as 
can be seen on Figure 1. 
• Aging test at 80°C 80% relative 
humidity showed a life 
expectancy of more than 10 
years under normal condition 
of 25°C and 20% relative 
humidity. 

Rx Plugins : 


