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3.3 Inner tracker

The inner tracker is placed at the center of the ATLAS detector, thus inside the magnetic field
by the solenoid magnet. The inner tracker is 6.2 m long in the z-direction and 2.1 m in diameter.
The primary purpose of the inner tracker is to detect the position where the charged particles go
through. This information is essential to reconstruct charged particle tracks and to determine
pp interaction points and secondary vertices. The inner tracker consists of three detectors, Pixel
detector, SemiConductor Tracker (SCT) and Transition Radiation Tracker (TRT). The layout
of these three detectors is shown in Figure 3.6.

Figure 3.6: The cut-away image of the inner tracker [40].

3.3.1 Pixel detector

The pixel detector is located just outside of the beam pipe. It is equipped with a very small
detection unit of 50 × 400 µm2 sensitive area to detect particles from pp collisions without
overlaps, where typically 500-1000 charged particles hit the pixel detector per bunch crossing.
It is made from silicon sensors to achieve such a high granularity. The smallest units of the pixel
detector are modules as shown in Figure 3.7. One pixel module consists of the silicon sensor
sandwiched with a front-end chip (FE in the figure) to read out the signal, and a flex circuit to
send the signal to the outside of the ATLAS detector. One pixel module covers 16 × 57.6 mm2

area with 320 × 144 pixels. Pixel support structure in Figure 3.8 contains 1456 modules on
three barrel layers, and 288 modules on three disk layers (end-cap) on each side, resulting in
1744 modules in total. The distance between the beam pipe center and each barrel layer is 50.5,
88.5 and 122.5 mm, respectively. The innermost layer is attached to the beam pipe, called the
B-layer. The three layers on each side are placed at z = ±495,±580 and±650 mm, respectively.
This layout provides three hits per track up to |η| = 2.5.

The pixel detector can measure the time that the electric signal exceeds a given threshold,
called time-over-threshold, which represents the size of energy deposit in the sensor. Using
this charge information, when there are two or more neighboring hit pixels, the hit position is

Introduction
• Inner detector in ATLAS

➡Purpose : 
- Particle tracking
- Vertexing

➡Provides very important
 information for “every”
 reconstructed objects.

• ATLAS-Japan group is
involved in the silicon tracker.
➡Pixel detector
➡SemiConductor Tracker (SCT)
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Chapter 3

The ATLAS experiment

The ATLAS1) detector is one of the general purpose detectors at LHC. The detector surrounds
the interaction point and the beam pipe hermetically. It consists of cylindrical layers and two
end-caps. The detector is 44 m in length and 25 m in height, and has a weight of approximately
7000 tons. Figure 3.1 shows the full ATLAS detector. The detector components, called as
subsystems, are categorized into the inner tracker, the electromagnetic and hadron calorimeter,
and the muon spectrometer, from inside to outside. Besides, the ATLAS detector is equipped
with the magnets and the forward detectors.

Figure 3.1: The full ATLAS detector [37].

In this chapter, sections are organized as follows. The ATLAS coordinate system is explained
in Section 3.1. The details of each subsystem are described in Section 3.2 to 3.6. After describing
the ATLAS detector, the trigger system and the data acquisition (DAQ) system is outlined in
Section 3.7. The ATLAS computing system is explained in Section 3.8.

1)
The ATLAS stands for ‘A Toroidal LHC ApparatuS’

ATLAS Detector

ATLAS Inner Detector



Inner detector in HL-LHC

• Many problems to use the current design.
➡Intolerable radiation damage

- Fluence of ~1016 neq/cm2

➡Unacceptable occupancy
- 23 → 140 pp collisions in one bunch crossing.

• Completely new design is under study for the upgrade.
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Intro: Pixel Detector in HL-LHC
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per 25ns bunch crossing

100kHz (L1)→ 500kHz (L0), 
                         200kHz (L1)

Max fluence of ~1016 neq/cm-2 
for the innermost pixel layer.

Increased radiation damage

LHC: L=1x1034 cm-2 s-1 HL-LHC: L = 5x1034 cm-2 s-1

ATLAS Pixel Detector

~year 2015 ~year 2024

hit rate/DC

L=3x1034 cm-2s-1

L=1034 cm-2s-1

L=5x1034 cm-2s-1HL-LHCIn
ef

fic
ie

nc
y 

(%
)

Simulated FE-I3 
inefficiency at 

R=5cm

FE-I3
IC

3Wednesday, September 18, 2013



Overview of the upgraded detector
• Full silicon tracker.

➡To have high granularity/fast responding detector.
• Wide coverage of the detector acceptance.

➡Extend up to η<4.0.
• Many studies are ongoing.

➡Detector R&D, layout, support structure, cooling etc...
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Concept ring+IBL layouts 
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In proton equivalent units, the fluence is B3!
1014 protons=cm2: The SCT has been specified to
be able to withstand these fluences.

3. SCT barrel modules

The barrel cylinders of SCT all carry detector
units of an identical design, the barrel modules. A
3D view of the module is shown in Fig. 2. The
module components include four silicon micro-
strip sensors, a baseboard, and an electronic
hybrid wrapped around near the centre of the
module [6]. The major design parameters are listed
in Table 2.

The sensors were designed for the ATLAS SCT
specification [7]. The baseboard is made of thermal
pyrolytic graphite (TPG), providing a mechanical
structure, a high thermal conductivity heat path,
and an electrical connection to the backside of the
sensors [8]. The hybrid is made of four layers of
Cu/Polyimide flexible printed circuit, reinforced
mechanically, thermally, and electrically with
Carbon–Carbon substrate [9], and carrying 12
readout ASICs [10]. Electrical connections are
made by Al wire-bonds between the sensor pairs,
between the sensors and the hybrids, and between
the ASICs and the hybrids. There are about 5400
wire-bonds in a module. The endcap modules are
described elsewhere [11].

4. Silicon microstrip sensors

4.1. Series production

The SCT requires 15,552 silicon microstrip
sensors for the experiment, and is producing with
spares B19; 000: Japan, UK, and Norway share
the responsibility for the B10; 600 barrel sensors
produced by Hamamatsu Photonics; the UK,

ARTICLE IN PRESS

Table 1

SCT parameters in the barrel and in the endcap regions

Barrel cylinder r (mm) Tilt angle (deg) Modules

B3 299 11 384
B4 371 11 480
B5 443 11.25 576
B6 514 11.25 672

total 2112

Endcap disk Inner r (mm) Outer r (mm) Modules

1,7 337 560 92
2,3,4,5,6 270 560 132
8 408 560 92
9 439 560 52

total 1976

Fig. 2. ATLAS SCT barrel module.

Table 2

Barrel module parameters

Detection planes Two with small stereo angle
crossing

Sensors 63:56! 63:96 mm2=sensor
single-sided p-in-n Si wafer
pair of sensors top and
bottom side

Strips 80 mm pitch
126 mm length (2 mm dead in
middle)

Strip directions þ=# 20 mrad
Operating temperature #7$C
Total chip power 6:0 W nominal

8:1 W max.
Thermal runaway heat flux > 240 mW=mm2 at 0$C
Mechanical precisions
back-to-back o5 mm (in-plane lateral)

o10 mm (in-plane
longitudinal)
o50 mm (out-of-plane)

Fixation point o30 mm (in-plane)
Radiation length 1:2% X0

Y. Unno / Nuclear Instruments and Methods in Physics Research A 511 (2003) 58–6360

Figure 3.10: The ATLAS SCT module [44]

installed into the inner detector complex in early
2005 and the ATLAS detector to be completed at
the end of 2006 with the first beam collision in
February 2007.

2. Central Tracking System

2.1. Central solenoid

The superconducting solenoid has been fabri-
cated under the supervision of KEK and the
ATLAS-Japan group [5]. In order to reduce
the amount of material and space in front of the
Liquid Argon electromagnetic calorimeter, the
superconducting coil and the calorimeter share a
common vacuum vessel. The solenoid was com-
pleted and tested in Japan in January 2001,
transported to CERN in October 2001, and is
being integrated into the vessel.

2.2. Inner detector (ID)

A quadrant view of the ID is shown in Fig. 1. A
major change since the ID TDR has been to
incorporate an insertion tube to facilitate installa-
tion of the PIXEL subsystem. This tube required
an increase to the inner radius of the SCT endcap

regions, the inner edge of the endcap silicon
sensors rising to 270 mm from 259 mm in the
TDR. To cope with the reduction of radial
coverage, the location of the endcap disks was
rearranged and the inner modules of disk 1 moved
to disk 2 to optimise the average number of hits.

2.3. Semiconductor tracker (SCT)

The SCT system consists of a barrel made of
four cylinders and two endcaps each of nine disks.
The cylinders together carry 2112 detector units,
the barrel modules described in Section 3. The
disks carry in total 1976 endcap modules. The
major geometrical parameters of the barrel and
endcap regions are summarised in Table 1. A total
of 8448 barrel and 7104 endcap microstrip sensors
are required, all being fabricated from 4-in. silicon
wafers.

2.4. Radiation level

The ID volume will be subject to a fluence of
charged and neutral particles from the collision
point and from back-scattered neutrons from the
calorimeters. An estimated fluence at the inner-
most of the SCT, in neutron equivalent units, is
B2! 1014 neutrons=cm2 in 10 years of operation.

ARTICLE IN PRESS

Fig. 1. A quadrant view of the inner detector consisted of PIXEL, SCT, and TRT detector systems. The detector boxes indicate the
envelopes of active elements. The figure is based on the engineering drawing of TB-0049-177-01-P.

Y. Unno / Nuclear Instruments and Methods in Physics Research A 511 (2003) 58–63 59

Figure 3.11: The layout of the ATLAS inner tracker [44]. The distances are given in mm.

New design (Not final) Current design

Center of the detector

pixelpixel

SCT

SCT

TRT

proton beam proton beam



Overview of the upgraded detector
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In proton equivalent units, the fluence is B3!
1014 protons=cm2: The SCT has been specified to
be able to withstand these fluences.

3. SCT barrel modules

The barrel cylinders of SCT all carry detector
units of an identical design, the barrel modules. A
3D view of the module is shown in Fig. 2. The
module components include four silicon micro-
strip sensors, a baseboard, and an electronic
hybrid wrapped around near the centre of the
module [6]. The major design parameters are listed
in Table 2.

The sensors were designed for the ATLAS SCT
specification [7]. The baseboard is made of thermal
pyrolytic graphite (TPG), providing a mechanical
structure, a high thermal conductivity heat path,
and an electrical connection to the backside of the
sensors [8]. The hybrid is made of four layers of
Cu/Polyimide flexible printed circuit, reinforced
mechanically, thermally, and electrically with
Carbon–Carbon substrate [9], and carrying 12
readout ASICs [10]. Electrical connections are
made by Al wire-bonds between the sensor pairs,
between the sensors and the hybrids, and between
the ASICs and the hybrids. There are about 5400
wire-bonds in a module. The endcap modules are
described elsewhere [11].

4. Silicon microstrip sensors

4.1. Series production

The SCT requires 15,552 silicon microstrip
sensors for the experiment, and is producing with
spares B19; 000: Japan, UK, and Norway share
the responsibility for the B10; 600 barrel sensors
produced by Hamamatsu Photonics; the UK,

ARTICLE IN PRESS

Table 1

SCT parameters in the barrel and in the endcap regions

Barrel cylinder r (mm) Tilt angle (deg) Modules

B3 299 11 384
B4 371 11 480
B5 443 11.25 576
B6 514 11.25 672

total 2112

Endcap disk Inner r (mm) Outer r (mm) Modules

1,7 337 560 92
2,3,4,5,6 270 560 132
8 408 560 92
9 439 560 52

total 1976

Fig. 2. ATLAS SCT barrel module.

Table 2

Barrel module parameters

Detection planes Two with small stereo angle
crossing

Sensors 63:56! 63:96 mm2=sensor
single-sided p-in-n Si wafer
pair of sensors top and
bottom side

Strips 80 mm pitch
126 mm length (2 mm dead in
middle)

Strip directions þ=# 20 mrad
Operating temperature #7$C
Total chip power 6:0 W nominal

8:1 W max.
Thermal runaway heat flux > 240 mW=mm2 at 0$C
Mechanical precisions
back-to-back o5 mm (in-plane lateral)

o10 mm (in-plane
longitudinal)
o50 mm (out-of-plane)

Fixation point o30 mm (in-plane)
Radiation length 1:2% X0

Y. Unno / Nuclear Instruments and Methods in Physics Research A 511 (2003) 58–6360

Figure 3.10: The ATLAS SCT module [44]

installed into the inner detector complex in early
2005 and the ATLAS detector to be completed at
the end of 2006 with the first beam collision in
February 2007.

2. Central Tracking System

2.1. Central solenoid

The superconducting solenoid has been fabri-
cated under the supervision of KEK and the
ATLAS-Japan group [5]. In order to reduce
the amount of material and space in front of the
Liquid Argon electromagnetic calorimeter, the
superconducting coil and the calorimeter share a
common vacuum vessel. The solenoid was com-
pleted and tested in Japan in January 2001,
transported to CERN in October 2001, and is
being integrated into the vessel.

2.2. Inner detector (ID)

A quadrant view of the ID is shown in Fig. 1. A
major change since the ID TDR has been to
incorporate an insertion tube to facilitate installa-
tion of the PIXEL subsystem. This tube required
an increase to the inner radius of the SCT endcap

regions, the inner edge of the endcap silicon
sensors rising to 270 mm from 259 mm in the
TDR. To cope with the reduction of radial
coverage, the location of the endcap disks was
rearranged and the inner modules of disk 1 moved
to disk 2 to optimise the average number of hits.

2.3. Semiconductor tracker (SCT)

The SCT system consists of a barrel made of
four cylinders and two endcaps each of nine disks.
The cylinders together carry 2112 detector units,
the barrel modules described in Section 3. The
disks carry in total 1976 endcap modules. The
major geometrical parameters of the barrel and
endcap regions are summarised in Table 1. A total
of 8448 barrel and 7104 endcap microstrip sensors
are required, all being fabricated from 4-in. silicon
wafers.

2.4. Radiation level

The ID volume will be subject to a fluence of
charged and neutral particles from the collision
point and from back-scattered neutrons from the
calorimeters. An estimated fluence at the inner-
most of the SCT, in neutron equivalent units, is
B2! 1014 neutrons=cm2 in 10 years of operation.

ARTICLE IN PRESS

Fig. 1. A quadrant view of the inner detector consisted of PIXEL, SCT, and TRT detector systems. The detector boxes indicate the
envelopes of active elements. The figure is based on the engineering drawing of TB-0049-177-01-P.

Y. Unno / Nuclear Instruments and Methods in Physics Research A 511 (2003) 58–63 59

Figure 3.11: The layout of the ATLAS inner tracker [44]. The distances are given in mm.

New design (Not final) Current design

|η|<2.5 (~9°)
|η|<4.0 (~2°)

Center of the detector

• Full silicon tracker.
➡To have high granularity/fast responding detector.

• Wide coverage of the detector acceptance.
➡Extend up to η<4.0.

• Many studies are ongoing.
➡Detector R&D, layout, support structure, cooling etc...

proton beam proton beam



Overview of the upgraded detector
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In proton equivalent units, the fluence is B3!
1014 protons=cm2: The SCT has been specified to
be able to withstand these fluences.

3. SCT barrel modules

The barrel cylinders of SCT all carry detector
units of an identical design, the barrel modules. A
3D view of the module is shown in Fig. 2. The
module components include four silicon micro-
strip sensors, a baseboard, and an electronic
hybrid wrapped around near the centre of the
module [6]. The major design parameters are listed
in Table 2.

The sensors were designed for the ATLAS SCT
specification [7]. The baseboard is made of thermal
pyrolytic graphite (TPG), providing a mechanical
structure, a high thermal conductivity heat path,
and an electrical connection to the backside of the
sensors [8]. The hybrid is made of four layers of
Cu/Polyimide flexible printed circuit, reinforced
mechanically, thermally, and electrically with
Carbon–Carbon substrate [9], and carrying 12
readout ASICs [10]. Electrical connections are
made by Al wire-bonds between the sensor pairs,
between the sensors and the hybrids, and between
the ASICs and the hybrids. There are about 5400
wire-bonds in a module. The endcap modules are
described elsewhere [11].

4. Silicon microstrip sensors

4.1. Series production

The SCT requires 15,552 silicon microstrip
sensors for the experiment, and is producing with
spares B19; 000: Japan, UK, and Norway share
the responsibility for the B10; 600 barrel sensors
produced by Hamamatsu Photonics; the UK,

ARTICLE IN PRESS

Table 1

SCT parameters in the barrel and in the endcap regions

Barrel cylinder r (mm) Tilt angle (deg) Modules

B3 299 11 384
B4 371 11 480
B5 443 11.25 576
B6 514 11.25 672

total 2112

Endcap disk Inner r (mm) Outer r (mm) Modules

1,7 337 560 92
2,3,4,5,6 270 560 132
8 408 560 92
9 439 560 52

total 1976

Fig. 2. ATLAS SCT barrel module.

Table 2

Barrel module parameters

Detection planes Two with small stereo angle
crossing

Sensors 63:56! 63:96 mm2=sensor
single-sided p-in-n Si wafer
pair of sensors top and
bottom side

Strips 80 mm pitch
126 mm length (2 mm dead in
middle)

Strip directions þ=# 20 mrad
Operating temperature #7$C
Total chip power 6:0 W nominal

8:1 W max.
Thermal runaway heat flux > 240 mW=mm2 at 0$C
Mechanical precisions
back-to-back o5 mm (in-plane lateral)

o10 mm (in-plane
longitudinal)
o50 mm (out-of-plane)

Fixation point o30 mm (in-plane)
Radiation length 1:2% X0

Y. Unno / Nuclear Instruments and Methods in Physics Research A 511 (2003) 58–6360

Figure 3.10: The ATLAS SCT module [44]

installed into the inner detector complex in early
2005 and the ATLAS detector to be completed at
the end of 2006 with the first beam collision in
February 2007.

2. Central Tracking System

2.1. Central solenoid

The superconducting solenoid has been fabri-
cated under the supervision of KEK and the
ATLAS-Japan group [5]. In order to reduce
the amount of material and space in front of the
Liquid Argon electromagnetic calorimeter, the
superconducting coil and the calorimeter share a
common vacuum vessel. The solenoid was com-
pleted and tested in Japan in January 2001,
transported to CERN in October 2001, and is
being integrated into the vessel.

2.2. Inner detector (ID)

A quadrant view of the ID is shown in Fig. 1. A
major change since the ID TDR has been to
incorporate an insertion tube to facilitate installa-
tion of the PIXEL subsystem. This tube required
an increase to the inner radius of the SCT endcap

regions, the inner edge of the endcap silicon
sensors rising to 270 mm from 259 mm in the
TDR. To cope with the reduction of radial
coverage, the location of the endcap disks was
rearranged and the inner modules of disk 1 moved
to disk 2 to optimise the average number of hits.

2.3. Semiconductor tracker (SCT)

The SCT system consists of a barrel made of
four cylinders and two endcaps each of nine disks.
The cylinders together carry 2112 detector units,
the barrel modules described in Section 3. The
disks carry in total 1976 endcap modules. The
major geometrical parameters of the barrel and
endcap regions are summarised in Table 1. A total
of 8448 barrel and 7104 endcap microstrip sensors
are required, all being fabricated from 4-in. silicon
wafers.

2.4. Radiation level

The ID volume will be subject to a fluence of
charged and neutral particles from the collision
point and from back-scattered neutrons from the
calorimeters. An estimated fluence at the inner-
most of the SCT, in neutron equivalent units, is
B2! 1014 neutrons=cm2 in 10 years of operation.

ARTICLE IN PRESS

Fig. 1. A quadrant view of the inner detector consisted of PIXEL, SCT, and TRT detector systems. The detector boxes indicate the
envelopes of active elements. The figure is based on the engineering drawing of TB-0049-177-01-P.

Y. Unno / Nuclear Instruments and Methods in Physics Research A 511 (2003) 58–63 59

Figure 3.11: The layout of the ATLAS inner tracker [44]. The distances are given in mm.

New design (Not final) Current design

|η|<2.5 (~9°)
|η|<4.0 (~2°)

Center of the detector

• Full silicon tracker.
➡To have high granularity/fast responding detector.

• Wide coverage of the detector acceptance.
➡Extend up to η<4.0.

• Many studies are ongoing.
➡Detector R&D, layout, support structure, cooling etc...

Japanese group is working
 mainly on this part.

proton beam proton beam



Work field relating to DAQ
• Pixel : 

➡DAQ development for testing new module design.
• SCT : 

➡DAQ development for testing new module design.
• Telescope to test the detectors above :

➡DAQ development to readout telescopes.
- Telescope : reference detector to provide hit position.

➡Software to operate the telescope+DUT system.

7※DUT : Device Under Test



Work field relating to DAQ
• Pixel : 

➡DAQ development for testing new module design.
• SCT : 

➡DAQ development for testing new module design.
• Telescope to test the detectors above :

➡DAQ development to readout telescopes.
- Telescope : reference detector to provide hit position.

➡Software to operate the telescope+DUT system.
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All these DAQ systems are developed 
based on the “SEABAS” board.

※DUT : Device Under Test



Introduction of the SEABAS board
• SEABAS(2) : general purpose DAQ board with SiTCP.

➡SiTCP : network processor to communicate with PC.
              Maximum data rate : 100 (1000) Mbps.

➡FPGA for each user application.
➡2(4)×NIM_IN, 2×NIM_OUT (trigger, busy etc...).
➡1(16)ch×ADC and 4ch×DAC

9

Connectors for 
each application
(120 signal lines 
from UserFPGA)

UserFPGA

SiTCP
Ethernet

(via TCP/UDP)

NIM I/O

~ 20 cm



Advantage to use SEABAS
• “Compact” and “versatile” DAQ system.

➡Compact :
- Don’t need large crates just for testing prototypes...
✓E.g. NIM, CAMAC, VME, ATCA etc...

- Portable system is preferable.
✓We have to transport the system for the testbeam.

➡Versatile : 
- Have to test new features of the prototype quickly.

10

SEABAS is one of the good solution !!
- enough data transfer speed.

-enough I/O ports.



Pixel module readout
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Upgrade of the pixel detector
• Readout ASIC : FE-I3 → FE-I4.

➡Smaller pixel size, faster readout speed.
- To cope with higher hit rate.

12

20mm

19
m

m

FE-I3 FE-I4 FE-I5

Pixel size 
(µm2) 50 X 400 50 x 250 25x150

Pixel array 
(total #)

18 X 160 
(2880)

80 x 336 
(26880)

136x336
(45696)

Data Rate 
(Mb/s) 40 160 360(?)

CMOS
process (nm) 250 130 65

10
.8

m
m

7.6mm

FE-I3

  FE-I4

Intro: New Front End IC 

!Largest IC in HEP to date.
!Higher radiation tolerance.
!Smaller pixel size:
 !improved spatial resolution
    !cope with higher hit rate

4Wednesday, September 18, 2013

FE-I3 FE-I4

Pixel array 18×160 80×336

Pixel size (um2) 50×400 50×250

Data rate
(Mb/s) 40 160

CMOS
process (nm) 250 130



Expected module design
• Final design for the pixel module uses an multiplexer (MUX).

➡Since module mount have only two data line for one module.

13

Module mount

Data line B

Data line A



• Final design for the pixel module uses an multiplexer (MUX).
➡Since module mount have only two data line for one module.
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FEI4① FEI4②

FEI4③ FEI4④

Data line B

Module mount

Expected module design

Data line A



• Final design for the pixel module uses an multiplexer (MUX).
➡Since module mount have only two data line for one module.

15

Data③+④

FEI4① FEI4②

FEI4③ FEI4④

MUX

MUX

Data①+②
Module mount

Expected module design



FEI4-SEABAS2 DAQ system
• Can readout up to four FEI4s

➡MUX can be used to readout two FEI4s.

16

FEI4×4

Control,
 analysis ...

4-chip
adapter card

SEABAS2 LAN

SCC × 4



FEI4-SEABAS2 DAQ system
• Can readout up to four FEI4s

➡MUX can be used to readout two FEI4s.
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MUX

optional

FEI4×4

Control,
 analysis ...

4-chip
adapter card

SEABAS2 LAN

SCC × 4



Firmware design
• To make flexible DAQ system

➡Only provide the interface for ten FEI4 commands.
- e.g. LV1Trigger, CalibrationPulse, WrRegister etc...

➡All meaningful data from FEI4s is sent to PC.
• All operation can be done by software coding.

➡Relatively easy for non-DAQ expert to test new things.
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PC

Control
Analysis

SEABAS2FEI4×4
FIFO0

SiTCP
(TCP)

FEI4

FEI4

FEI4

FEI4

FIFO1

FIFO2

FIFO3

SiTCP
(RBCP)

Com. 
decoder

Command

Data

10b→8b

10b→8b

10b→8b

10b→8b



Threshold tuning
• To set same threshold among pixels.

➡Good example of the operation
- Needs global configuration.
- Needs pixel local configuration.
- Charge injection
- etc...
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Strip module readout
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Current/new design of the SCT module
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• Shorter strips to cope with high density of the particle.
• Radiation hard ASIC and sensor.

2012 JINST 7 C03019

Figure 3. A stave module in its test PCB. The silicon sensor (9.75 cm by 9.75 cm) sits in the middle of the
PCB and the two hybrids can be seen running horizontally across the silicon.

Figure 4. Serial powered short stave (stavelet). The stavelet consists of 4 single sided modules glued down
onto the bus cable, that provides the data I/O to and from the modules.

modules per side. In order to evaluate the different powering options, one edge of the bus tapes
has been widened to provide space to attach small PCBs which hold discrete powering components
or custom powering ASICs, when available. The other edge is also widened to provide space for
the Buffer Control Control (BCC) ASIC. It provides AC-coupled LVDS clock and command and
generates a 80 MHz data clock from a 40 MHz common LVDS clock.

Figure 4 shows the first stavelet produced, which utilises serial powering. A power protection
board (PPB) [19] is used to provide automated over-voltage protection and slow-control hybrid
bypassing of the serial power chain. The first results [18] are really promising with the noise of all
modules within 20 e of their tests prior to mounting onto the stavelet. A stavelet utilizing DC-DC
converters on a parallel power bus is under construction.

5 Alternative concept: super-module

This is a slightly different concept, in that individual double sided modules [20] are produced and
then inserted into a super-module. Each module consists of two silicon sensors attached to ether
side of a central core of thermal pyrolytic graphite (TPG) and four hybrids, each with 20 ASICs.
The kapton hybrids are laminated onto a carbon-carbon base board which provides stiffness and

– 5 –

120 mm
24 mm

768 strips
1280 strips

strip direction

strip direction

New designCurrent design

ACBD R/O ASIC
(12 ASICs/module)

ABC250 R/O ASIC
(80 ASICs/module)

Hybrid (Unit of data structure)



DAQ setup
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• Relatively large system : readout data from 16 modules.

Hybrid

SEABAS
Daughter board

Data from top/bottom side

Detector ladder
- 16 hybrids on top/bottom
- (Total 32 hybrids)

16 16

Control,
 analysis ...



• SEABAS is purely used as an interface to pass...
➡“Command bit stream” from PC to each detector.
➡“Hit data” with corresponding ID from detector to PC.

• Advantage : 
➡No firmware development is needed for future prototypes.
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DAQシステムの特徴
 PCからのコマンドビット列列をそのままプロトタイプ検出器へ送る
 プロトタイプ検出器からの出⼒力力ビット列列をIDのタグ付けのみしてPCへ送る
 未加⼯工の出⼒力力ビット列列を直接PCで確認可能なため、デバッグが容易易

 システム内でビット列列の変換をしないため
読み出し対象の仕様変更更に容易易に対応可能

日本物理学会 秋期大会@佐賀大学

5

2014年年9⽉月21⽇日

プロトタイプ検出器 SEABAS

…

コマンド

データ

… …

PC

User FPGA

SiTCP

…

2. セットアップ

DAQ design

Picture written by K. Todome



• Measuring the size of noise.
• Procedure :

➡Injecting a certain amount of charge.
➡Repeat injection by changing the threshold setting.
➡Fitting the efficiency curve by the error function.
➡Extract parameter σ as the size of noise.
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Example of the operation
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Result of the noise measurement
• Tried two ways to measure the noise.

➡Measuring hybrid by hybrid.
➡Measuring whole hybrids at the same time.
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Telescope development
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Telescope system for testbeam
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• Testbeam is important to check the detector performance.
➡Needed a precise reference detector → silicon telescope.

• Telescope specification :
➡Four layers of the strip sensor pair with 90° stereo angle.
➡256 strips with 50 um pitch (active region ~ 13×13 mm2)
➡R/O ADC data from each strip by SVX4 ASIC.
➡Expected position resolution of ~3 um.Our$Telescope$system$

Beamtest@CERN$Oct2014$

Telescopes$+$DUT$

SEABAS$

Power$supplies$
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DAQ software
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• Web based GUI interface called SCTJDAC.
➡Independent software modules sharing memory.

- Fast : thanks to multi-processing.
- Flexible : composed of software modules.

ͯ͸҆ྗڠʹࢯΛ௖͍ͨɻGUIʹ͍ͭͯ͸ٱอాࢯɺࢁຊࢯͱڞಉͰ։ൃΛߦͳͬͨ΋ͷͰ

͋Δɻਤ 1.1ʹ SCTJDAQ Softwareͷಈ࡞ΠϝʔδΛࣔ͢ɻ

1.1 SCTJDAQ Software֓ཁ

ਤ 1.2: SCTJDAQ SoftwareϞδϡʔϧؒσʔλɾίϚϯυύε֓ཁ (࣌ύϧεςετࣅٙ)

ਤ1.2ʹຊDAQιϑτ΢ΣΞͷߏ੒ྫͱͯ͠ABCn250͔ΒσʔλΛऔಘ͢Δࡍͷσʔλɾ

ίϚϯυύεΛࣔ͢ɻ࣮ ໨తʹԠͯ͡มԽ͢Δ͜ͱʹͳΔɻਤʹࣔ͢ABCn250༺࢖੒͸ߏͷࡍ

ReaderɺDispatcherɺLoggerɺAnalyzer͸ͦ Εͧ Εಠཱ ͯ͠ ಈ͢࡞ Διϑτ΢ΣΞϞδϡʔ

ϧͰ͋Δɻ͜ΕΒͷιϑτ΢ΣΞϞδϡʔϧ͸C++ʹΑͬͯهड़͞ΕɺҰ෦ͷϞδϡʔϧ
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ͨΊͷ૭ޱʹ͋ͨΔϞδϡʔϧͰ͋Δɻ֤Ϟδϡʔϧͷϓϩηεؒ͸Message QueueʹΑͬ

ͯ݁͹Ε͓ͯΓɺGUI͔Β֤ϞδϡʔϧΛ੍͢ޚΔͨΊͷίϚϯυ༻ɺσʔλૹड৴༻ͷ 2

ΔͨΊͷύϥϝʔλ͸͢ޚΛ੍ثػ࿏͕༻ҙ͞Ε͍ͯΔɻ֤ଌఆܦ౷ͷܥ JSONϑΝΠϧʹ

֨ೲ͞Ε͓ͯΓɺGUI͕DAQ։࢝લʹMemcached(ޙड़)ʹΑΔڞ༗ϝϞϦ্ʹల։͠ɺ

2CERNʹΑͬͯ։ൃ͕ߦΘΕ͍ͯΔɺσʔλղੳ͓ڥ؀Αͼؔ࿈ϥΠϒϥϦ܈
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ୈ1ষ SCTJDAQ Softwareͷ֓ཁ

ਤ 1.1: SCTJDAQ Software ಈ࡞Πϝʔδ

SCTJDAQ Software͸ɺ֤ثػΛ੍͠ޚɺσʔλΛॲཧ͢ΔͨΊͷDAQ༻ιϑτ΢Σ

Ξ (SCTJDAQ Software)Ͱ͋ΔɻຊDAQ༻ιϑτ΢ΣΞͷ։ൃʹ౰ͨͬͯɺABCn250

ಡग़͠༻DAQγεςϜͷ੍ޚʹ͸ɺ੍ޚ༻ιϑτ΢ΣΞʹ͍ͭͯ΋ԕ౻ࢯଞͷ։ൃͨ͠ιϑ

τ΢ΣΞͷιʔείʔυΛҰ෦ྲྀ༻͍ͯ͠Δ 1ɻDAQιϑτ΢ΣΞͷϑϨʔϜϫʔΫʹ͍ͭ

1ϑΝʔϜ΢ΣΞʹ͍ͭͯԕ౻ࢯଞͷ։ൃͨ͠ϑΝʔϜ΢ΣΞΛػʹݩೳ௥Ճͨ͠΋ͷΛ࠾༻ͨͨ͠ΊɺίϚ
ϯυॲཧମ͕ܥ΄΅ಉҰͰ͋Δ͜ͱ͔Β

5

Interface

Online plots



How to synchronize multi-SEABAS
• Trigger logic unit (TLU).

➡Based on Xilinx Spartan 3AN startarkit.
➡Handling external trigger, busy, veto ...
➡Supplying reference clock to two SEABASs.

- SEABAS sends data with “TimeStamp” bases on this CLK.
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1.2.3 TLU༻ϑΝʔϜ΢ΣΞ

ਤ 1.5: TLU༻ϑΝʔϜ΢ΣΞ ϒϩοΫμΠϠάϥϜ

ਤ 1.5͸TLU༻ʹ࡞੒ͨ͠ϑΝʔϜ΢ΣΞͷϒϩοΫμΠϠάϥϜͰ͋ΔɻҎԼɺਤத

ͷ֤Ϟδϡʔϧʹ͍ͭͯઆ໌͢Δɻ

Trigger Edge Detect
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ਤ 1.1: Spartan 3AN Starterkit

1.2.1 Spartan 3AN Starterkit

Spartan 3AN Starterkit͸ Xilinx͔ࣾΒൃച͞Ε͍ͯΔ FPGAධՁ༻ϘʔυͰ͋Δɻ

VGAσΟεϓϨΠ΍γϦΞϧϙʔτͳͲͷଟ༷ͳ I/OσόΠεΛ౥͠ࡌɺFPGAΞϓϦ
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Spartan-3AN FPGAΛ౥͠ࡌɺEthernetίϯτϩʔϥΛඋ͍͑ͯΔ͜ͱ͔ΒɺSiTCP

Λॻ͖ࠐΜͰ༻͍Δ͜ͱ͕ՄೳͰ͋Δɻ·ͨɺFX2֦ுίωΫλΛػͯ͠༺࢖ೳ֦ு͕Մೳ

Ͱ͋Δɻ

ਤ 1.1ʹ Spartan 3AN StarterkitͷࣸਅΛࣔ͢ɻ

1.2.2 ֦ுϘʔυ

ຊڀݚͰ࡞੒͢ΔTLUʹ͸NIMೖग़ྗ͕ඞཁͰ͋Δ͕ɺSpartan 3AN Starterkitʹ͸

NIMೖग़ྗ͕ଘͣͤࡏɺ·ͨ Spartan 3AN FPGA͸NIM৴߸ͷ֨نʹରԠ͠ͳ͍ɻͦ
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Testbeam @ CERN (Oct. 2014)
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•Beam time : 26 Oct. - 3 Nov
•120 GeV pion beam from SPS.
•Acquired ~10 M events

➡Trigger supplied by a fiber tracker.
➡Analysis is ongoing.

Our$Telescope$system$
Beamtest@CERN$Oct2014$

Telescopes$+$DUT$

SEABAS$

Power$supplies$

NIM$modules$
(For$trigger$logic)$

HUB$ DAQ$PC$

SEABAS$SEABAS$x2$

Telescopes$
DUT$

Beam$

Ethernet$

Telescope’s$features$
$
•  256ch$50um$pitch$

silicon$strip$sensor$
•  8bit$ADCs$

for$each$channels$
•  2um$resoluTon$

by$charge$division$
method$(expected)$

•  Compact$and$portable$

10cm$

Telescopes$

SEABAS$

·ͨɺABCn250ɾSVX4ʹΑΔ֎෦τϦΨʔΛ༻͍ͨσʔλಡग़͠ݧࢼʹ͍ͭͯ͸ɺSVX4

΋߹ΘͤͯηοτΞοϓ͢Δඞཁ͕͋ΔɻSVX4ͷηοτΞοϓํ๏ʹ͍ͭͯ͸ʮSVX4ͷ

ಡग़͠ʯΛࢀরͱ͢Δ͕ɺSVX4ΛؚΊͨߏ੒͸ਤ 4.2ͷΑ͏ʹͳΔɻ

PC (SCT JDAQ)

SVX4 
(テレスコープ)

SEABAS

SEABAS

ABCN

トリガー 1kHz

クロック 100kHz

Trigger Logic Unit 

データ送信可能フラグ

読み出し 
プロセス

イベント再構成 
プロセス読み出し 

プロセス

ਤ 4.2: ABCn250ɾSVX4ߏ੒֓ཁਤ

4.1.2 ιϑτ΢ΣΞʹؔͯ͠

ຊDAQϑϨʔϜϫʔΫ͸Linux্Ͱಈ͢࡞Δɻಈ֬࡞ೝΛߦͳ͍ͬͯΔڥ؀͸ Scientific

Linux 6 x64ͱͳΔͨΊɺͦͷଞͷڥ؀ʹ͓͍ͯͷಈ࡞ʹ͍ͭͯ͸ະ֬ೝͰ͋Δ͕ɺRed Hat

ΒΕΔ͑ߟͱ͍ߴՄೳੑ͸࡞σΟετϦϏϡʔγϣϯͰ͋Ε͹ൺֱతಈܥ (อূ͸͠ͳ͍)ɻ

4.1.2.1 ඞཁͱ͞ΕΔιϑτ΢ΣΞύοέʔδɾϥΠϒϥϦ

ຊDAQϑϨʔϜϫʔΫ͕ಈ࡞ʹ͋ͨͬͯཁ͢ٻΔιϑτ΢ΣΞύοέʔδɾϥΠϒϥϦ

͸ҎԼͷ௨ΓͰ͋ΔɻROOTɺPOSIX IPCɺCherryPyҎ֎͸ yum installͰಋೖՄೳͰ

͋Δɻ

• ROOT 5.32(·ͨ͸ͦΕҎ߱ɻXMLαϙʔτ͕ͳ͞Ε͍ͯΔ΋ͷ)

• POSIX IPC

• CherryPy

• memcached

• lilbmemcached
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Preliminary result
• Successfully see the correlation between telescope layers.
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of trigger rate 

svx1_ch
0 50 100 150 200 250

sv
x4

_c
h

0

50

100

150

200

250 correlation_svx_Rear_1_4
Entries  29094
Mean x   148.9
Mean y   138.6
RMS x   60.41
RMS y   64.91

0

20

40

60

80

100

120

140
correlation_svx_Rear_1_4
Entries  29094
Mean x   148.9
Mean y   138.6
RMS x   60.41
RMS y   64.91

correlation_svx_Rear_1_4

Seabas Telescope (results) 

2014/11/17 XXX meeting 15 

• 26/10 ~ 3/11 
 120GeV pion beam 

• Results 
 we could: 
– observe correlations 

between each telescope 
– acquire at most 10M event 

in the same configuration 
 

• Future tasks 
– To analyze the data and 

evaluate position resolution of 
telescopes 

– To  increase  telescope’s  capacity  
of trigger rate 

svx1_ch
0 50 100 150 200 250

sv
x4

_c
h

0

50

100

150

200

250 correlation_svx_Rear_1_4
Entries  29094
Mean x   148.9
Mean y   138.6
RMS x   60.41
RMS y   64.91

0

20

40

60

80

100

120

140
correlation_svx_Rear_1_4
Entries  29094
Mean x   148.9
Mean y   138.6
RMS x   60.41
RMS y   64.91

correlation_svx_Rear_1_4

Layer0 Layer1 Layer2 Layer3

Clear correlation observed !!

H
it 

ch
. o

n 
la

ye
r3

Hit ch. on layer0



Conclusions
• Development of the DAQ system for testing future silicon 

detectors in ATLAS.
➡For pixel, strip detector.
➡Telescope system to test detectors above.

• Aiming to develop a compact and versatile system.
➡All DAQ system is based on the SEABAS board.
➡Benefitted from these features.

- Easily migrated to the new design of modules.
- Potable for testbeams.

• Little word about our future plan :
➡Keep using SEABAS.
➡Limitation would be caused by the FIFO size/IO speed(?).
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External trigger
• NIM standard input can be used as an external trigger.

➡Maximum DAQ rate : ~400 Hz
• Example of the data taking with β-source.

➡Scintillator + PMT was used for the trigger signal.
➡Hits by collimated β-ray can be seen as expected.
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Operation with MUX
• Developed things

➡Firmware : de-multiplexer, data extractor
➡Software : decoder

• Result of charge injection.
➡Two FEI4s are operated successfully.
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