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 2.1.- Strip modules

• The double-sided module proposed for the tracker upgrade consists in 
two n-on-p silicon micro-strip sensors glued to a Thermo Pyrolitical 
Graphite (TPG) central baseboard, four bridged hybrids (each holding two 
rows of ten front-end ABCN25 ASICs) located in pairs on both sides and 
four AlN facings (two located at each far-end of the baseboard).

 

 
• The ATLAS07 strip sensors are large area (~ 10 x 10 cm2 from a 6-inch 
wafer) single-sided n-on-p detectors with a thickness of 320 μm. The 
detector is divided into four segments, two with axial strips parallel to the 
sensor edges and two with stereo strips inclined at an angle of 40 mrad. 
The strip length in each segment is 2.39 cm and the strip-pitch is 74.5 μm. 
The total number of strips per segment is 1280.
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1.- Introduction
* Presenter

ATLAS Tracker Upgrade Simulation 5 collisions (0.2 x 1034 cm-2s-1)ATLAS Tracker Upgrade Simulation 400 collisions (1035 cm-2s-1)

1.2.- A new ATLAS inner tracker

• The current ATLAS inner tracker will not be able to provide the 
required tracking performance in this so extreme particle environment. 
A new tracker is therefore required for the HL-LHC era, with basic 
requirements being radiation hardness and increased detector 
granularity.
 
• Most probably, the new ATLAS inner tracker will be an all-silicon 
based system. The current design for the central barrel region 
foresees four pixel layers at inner radii up to |R| ~ 20 cm and five strip 
layers, three short (SS) and two long-strip (LS) layers up to |R| ~ 100 
cm. The forward region would be covered by six pixel and five strip 
disks up to |Z| ~ 130 cm and 280 cm respectively. This layout ensures 
9-hit coverage in a pseudo-rapidity range of |η| ≤ 2.5.

1.1.- The High-luminosity LHC

• The Large Hadron Collider (LHC) at CERN is already planning to 
increase the maximum instantaneous peak luminosity by one order of 
magnitude towards ~2022, with a target of ~3000 fb-1 total recorded 
integrated luminosity. In the so-called High-Luminosity LHC (HL-LHC), 
the number of proton-proton interactions per bunch-crossing will increase 
from ~23 (as expected in the current LHC at the designed luminosity of 
1034 cm-2 s-1) to ~200. The HL-LHC will impose severe constrains to the 
detectors, and in particular to the trackers closer to the interaction point.

• The huge particle multiplicities expected in the HL-LHC, mainly coming 
from inelastic collisions, will produce both a higher radiation damage in 
the detectors and a dramatic increase in the channel occupancies. 

 

 
• Simulations of the expected radiation background for 3000 fb-1 predict 
maximum fluences of (including a safety factor of 2) ~1015 neq/cm2 (R~38 
cm) and ~5x1014 neq/cm2 (R~62 cm). For the innermost (pixel) layers, the 
major contribution comes from charged pions. At intermediate and large 
radii (strips), the contribution from neutrons is dominant over charged 
hadrons by a factor ~2.

Radius [cm]
0 20 40 60 80 100

]2
/c

m
eq

Fl
ue

nc
e 

[n

1310

1410

1510

1610

1710

1810

Pixel Short-strip Long-strip

ATLAS straw-man v14 )-1(L=3000 fb

(Z=175 cm)
total

(Z=0 cm)
total
proton
pion
neutron

• The super-module concept is presented as the integration solution for the SS of the future ATLAS tracker. Double-sided silicon 
strip modules are mounted in a light-weight carbon-carbon local support structure that would be end-inserted into the overall 
structure. The heat generated from the front-end electronics is transferred to the cooling pipes located in the lateral sides of the 
support frame. The local support would be able to hold up to 16 modules providing full coverage in φ and Z for the full barrel 
region.
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 2.2.- Hybrids

• A four-layer copper polymide flex circuit has been designed by KEK and 
produced by Taiyo Industrial Co. The size of the flex circuit is 136x28 cm2. 
The first two layers carry the main circuit patterns for the front-end chips, 
while the last two are used for power distribution and grounding 
respectively. A  400 μm thick and 112 mm wide carbon-carbon sheet is 
glued underneath the circuit to bridge the hybrid over the sensor, 
reinforcing the ground and shielding the hybrid from the sensor, avoiding 
any interference with the detector surface.
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3.- The super-module prototype
• An 8-module local support prototype has been developed, aiming to demonstrate the feasibility of the tracker design at the HL-LHC. The detailed study of the thermal and electrical performance of such object will allow to optimize the local support and the module design 
mechanically, thermally and electrically. For this multi-module prototype, a dedicated multi-layer service bus has been fabricated. The different buses drive the signals required to operate the modules: powering (high and low-voltage) and readout (clock, commands and data return 
paths). Four double-sided strip modules have been already mounted on the structure and connected to the service buses. The digital voltage is provided by DC-DC converters (one per hybrid). A Buffer Control Chip (BCC) multiplexes the data coming from the two columns of ten 
chips of a single hybrid into a single data stream at a maximum rate of 160 Mbps.
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Service buses

• Service bus split in three double Cu-layers:
✴ HV-bus
✴ Data-bus (BCO, L1R, COM, data, temp, IO 1-wire)
✴ LV-bus (DC-DC supply line 10-12 V + BCC power)

• The data-bus was simulated before production for the optimization 
of lines impedance.
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4.- First electrical results

BCC-board

• The BCC-board is the final interface to the silicon module. It implements two 
Buffer Control Chip (BCC) ASICs (one per hybrid) packaged in a 7x7 mm2 

LLP48 (Lead-less Lead-frame Package). The address of each BCC chip is set 
via a DIP switch. A DS2408 1-wire chip allows to monitor and control the state 
line (enable / disable) of each DC-DC converter. The clock and command 
signals coming through the data-bus pass through LVDS drivers-repeaters 
before reaching the hybrid for better signal quality.

5.- Conclusions

DC-DC converters

• The SM01C DC-DC power converter is 
being used. This pluggable converter 
operates with an input voltage of 10 V 
and provides a regulated 2.5 V  with a 
maximum current of 5 A, enough to 
power a fully populated hybrid with 20 
ABCN25 readout ASICs.

SMB (Super-Module Board)

• The SMB card drives the external High-
Voltage (HV) and data and control LVDS 
lines (from/to the DAQ) to the HV and data-
buses respectively. It implements M-LVDS 
drivers, ADCs for hybrid temperature 
measurements and a RJ11 interface to 
control the 1-wire network. The latter is 
interfaced to the control PC through an 
iButton DS9490R USB-bridge.
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The SM01C power converter is a pluggable power module 
based on the Linear Technology LTC3605 buck controller. Its 
design is optimized to operate from a 10V input voltage, 
delivering a regulated 2.5V output up to 5A output current. Its 
layout is optimized to achieve very low levels of conducted and 
radiated noise, making it compatible for the powering of highly 
sensitive front-end electronics in physics experiments. The use 
of non ferromagnetic materials makes it suitable for operation in 
presence of strong DC magnetic fields. A cooling thermal pad is 
provided for conductive cooling. The converter is fitted with a 32 
pins high density Samtec connector used as input and output 
power board interface; it integrates also enable and monitoring 
lines. 
 
 
Non isolated DC to DC synchronous buck converter. 
Wide input voltage range: 7V to 15V. 
Fixed 2.5V output voltage. 
High switching frequency: 2 MHz. 
Output current up to 5A. 
High efficiency, typically 85% at 2A output current. 
Very low conducted and radiated noise. 
Compatible for operation in high DC magnetic fields. 
Thermal interface for optimal conduction cooling. 
Enable function input pin. 
Power good monitoring pin. 
Compact design. 
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The power interface is provided at the bottom side of the 
module through a high density 2x16 pins Samtec connector, 
male type FTE-116-03-G-DV-A. The mating connector to be 
mounted on the receiving board is female type CLE-116-03-
G-DV-A from Samtec. 
 

 
Figure 2: Top view and pin numbering of the power interface 
 
 

Pin Number Net 
1,3,4,5,6 VIN 
21,22,23,24,25,26,27, 
28,29,30,31 

VOUT 

7,8,9,10,11,12,13,14, 
15,16,17,18,19,20 

GND 

32 PGOOD 
2 ENABLE 

 
 
The ground pins are common for the input and output power 
ports and they must be directly tied to the ground plane of the 
receiving board. It must be noticed that these pins carry the 
full output current and therefore connections to ground planes 
must be done through via arrays for adequate current sharing. 
The same rules must be followed for the connection of the 
input voltage and output voltage nodes. Full contacting SMD 
pads are preferred over thermal relief contacts. 
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Figure 1: block diagram 

See G. Blanchot et al., “DC-DC converters with reduced mass for trackers at the HL-LHC”. 
This conference, poster Id.38
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 2.2.- Front-end ASIC and single module electrical performance

• The current prototype of the front-end chip is the ATLAS Binary Chip Next (ABCN) produced in 250 nm (ABCN-25) IBM CMOS6 
technology. A new ASIC to be produced in 130 nm is currently under design. The ASIC implements a binary readout architecture for 128 
channels and includes both analogue (preamplification, shaping and differential discrimination) and digital stages. The length of the 
digital pipeline in 256 bits (6.4 μs latency time). The ABCN25 ASIC has an internal calibration circuit that allows the injection of test 
charges of selectable amplitude. By performing threshold scans for different input charges, the gain and noise at the discriminator input 
can be determined. The specification for the chip gain is 100 mV/fC. The noise determined in bare hybrids is ~ 400 ENC. The double-
sided modules have been tested after assembly in individual test-boxes to evaluate the electrical performance. Excellent results have 
been obtained.

<INoise> = 568 ENC <Gain> = 106 mV/fC

• At first it was checked that the readout of four modules was working 
well using the full-chain of the complete setup: modules, BCCs, service 
buses, SMB and external DAQ.
 
• One single side (two hybrids, 40 ABCN25 ASICs) of a module was 
powered using a regulated linear power supply (CFG 1 and 2) and 
then using the SM01C DC-DC power converters (CFG 3 and 4). The 
silicon sensors were biased at 250 V. The measured noise values were 
found to be similar in both cases.

• A  double-sided silicon module is proposed as the detecting unit for the short-strip 
region of the upgraded ATLAS inner tracker for the HL-LHC. Single modules have 
been thoroughly tested after assembly and the electrical performances obtained are 
excellent, with average noise values below 600 ENC.

• The super-module prototype aims to study the electrical performance of 8 double-
sided modules being powered and readout simultaneously. All the components for the 
super-module setup have been designed and fabricated. For each of the two sides of 
the super-module, these include three service-buses, 8 BCC-boards and one SMB-
board. Low-noise DC-DC converters will be used to power the front-end electronics. 
 
• The first electrical results are very promising. Powering a single module either using 
a regulated linear power supply or with the DC-DC converters show very similar noise 
values. Next steps include powering adjacent modules to study the effect of radiated 
and conducted noise for possible optimizations of the setup in terms of ground 
connections.


