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For the upcoming high-luminosity phase of the LHC, the tracking detector of the 
CMS experiment has to be upgraded. Two types of detector modules are foreseen 
to be used for the outer tracker regions: so-called 2S (red lines) and PS (blue 
lines) modules. Each module type consists of two semiconductor sensors with 
corresponding front-end electronics for the read-out.

For the future module production at DESY, testing infrastructure is being 
developed, based on the FC7[1] board. The FC7 is a MicroTCA-compatible 
Advanced Mezzanine Card for generic data acquisition and control applications. 
Built around the Xilinx Kintex 7 FPGA, the FC7 provides a large array of 
configurable I/O ports, primarily delivered by on-board FPGA Mezzanine Card 
(FMC) headers, which give the opportunity to establish an optical or electrical 
interface between the FC7 and the front-end electronics of the CMS tracker 
modules.
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* An individual FC7 card can be used to simultaneously control multiple modules of only one type (2S or PS).

    - Several FC7 boards can be placed in the MicroTCA Crate

Introduction 2S and PS Modules

The 2S (“Two-Strip”) pT module assembly is a sandwich of 
two strip sensors read out at the edges by the same set of 
front-end ASICs that implement the correlation logic.

Sensor strips are wire-bonded to the FE Hybrid. Each FE 
Hybrid hosts eight CMS Binary Chips (CBC), which perform 
correlation between hits to identify high−pT stubs. A CIC 
(Concentrator Integrated Circuit) chip collects the digital data 
coming from the FE chips and transmits them to the GBT 
(Gigabit Transceiver), a radiation tolerant chip that is used to 
implement the bidirectional optical link.
  

The PS ("Pixel-Strip") module closely follows the concept of 
the 2S module, but one of the two sensors is in this case 
segmented into long pixels, hence providing also z coordinate 
information. 

The PS module uses a Short Strip ASIC (SSA) to process 
the strip sensor signals. These are sent to the Macro Pixel 
ASIC (MPA). The MPA correlates the bottom pixel sensor hits 
with the data received from the SSA and builds clusters and 
stubs, then sends them to the CIC.
   

The first level trigger of the CMS experiment (L1) is based on the 
hit information from different detector layers and helps to select 
the most interesting physics events. In order to reduce the 
bandwidth of the L1 data stream, the L1 will also receive trigger 
information from the Outer Tracker’s so-called pT modules.

The modules are composed of two closely-spaced silicon 
sensors read out by a common front-end. The front-end ASICs 
correlate the signals collected in the two sensors, and select pairs 
that form “stubs” compatible with particles above the chosen pT 
threshold. The magnetic field of CMS provides sufficient 
sensitivity to measure pT locally. Stub data are sent out at every 
bunch crossing at 40 MHz, while all other signals are stored in the 
front-end pipelines for reading out when a trigger is received. The 
full data rate will be < 750 KHz.
  

Micro Telecommunications Computing Architecture (MicroTCA) is an 
embedded, scalable architecture which offers flexibility to build complex systems. 
MicroTCA was designed as a complimentary system to the ATCA standard.

It inherited the modular capability and processing power of the ATCA system – 
the factors that made this architecture widely applicable in different fields. Its 
features include:

✔ Low startup cost
✔    Small physical size (comparing to ATCA)
✔    Intelligent platform management
✔    Hot swapping functionality 
✔    Usage of the Advanced Mezzanine Card (AMC) form factor

The MCH is a MicroTCA Carrier Hub (MCH) for any standard MicroTCA system. It 
provides the central management and data switching entity for a MicroTCA system

The AMC13[2] board is designed to provide TTC and DAQ services to modules in 
a MicroTCA crate for CMS. It occupies the redundant MCH slot in a dual-star 
MicroTCA crate, and requires a MCH unit to be also installed in the crate.

The Timing Trigger Control (TTC) system is responsible for the central LHC 
clock and fast control delivery to the AMC13 board.
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FMC Carrier – Xilinx Series 7 (FC7) is a MicroTCA compatible Advanced 
Mezzanine Card for generic data acquisition and control applications. It is based 
on the Xilinx Kintex 7 FPGA and provides an interface to two Low Pin Count (LPC) 
FMC connectors. Basic features are:

✔ AMC connector
✔ DDR3 Memory interface
✔ A firmware can be programmed from a microSD card
✔ Basic system firmware is distributed along with a board, the user part can    
    be extended to satisfy user-specific requirements.

The functionality gives an opportunity to use the FC7 as the Control/DAQ system 
for different types of detectors. The Quad SFP/SFP+ FMC cards can be used to 
establish an optical link between the FC7 and detector modules. 

Firmware Development

System Part
• IPBus interface
• MicroTCA standard  
  requirements
• I2C Masters

User Part
• Command Processor Block
• Fast Command Block
• Clock Generation Block
• Physical Interface Block
• Hybrid Blocks
• Event Builder (BE Data Buffer) 

FC7 Firmware

The generic system part of the firmware is responsible for the basic features. The 
‘golden’ firmware is available through SVN repository. The user part has to be 
implemented, containing blocks responsible for the module control and data 
acquisition:

Command Processor Block – is responsible for IPBus command interpretation, 
slow command generation and error collection from the other blocks. It contains 
also an I2C command manager, which creates a stack of I2C commands and 
sends them to the Physical Interface Block.

Fast Command Block -  recovers fast control and LHC clock from the backplane, 
transfers them to the Physical Interface Block. Also responsible for trigger source 
selection, being able to produce triggers with a user-defined frequency. 

Clock Generation Block – recovers clocks of different frequencies from the 
backplane, and distributes them to the other blocks.

Physical Interface Block – can be implemented in two different ways. The 
electrical implementation assumes that all the control signals will be transferred to 
the CBC chips (and the responses along with data will be transferred back), using 
a specially designed  FMC card. This card will be able to interface two CBC chips. 
This implementation is the temporary solution on the way to the optical 
implementation.

The optical implementation will establish an optical link using Quad SFP/SFP+ 
FMC Cards. The GBT-FPGA soft core will be used in the Physical Interface Block 
to perform data transactions between the FC7 and the detector modules.

Hybrid Blocks – are responsible for data unpacking and transfer to the event 
builder.

Event Builder – composes selected events, takes the data from all hybrids, and 
sends these events to the back-end computing infrastructure. 

Applications and Outlook

The DAQ infrastructure will be used in the module production at DESY an other 
production sites: as each individual module will be tested prior to its installation in 
the CMS Detector. 

The firmware for the FC7 board is under development now. To verify the DAQ 
system‘s functionality and the module assembly process, test beam 
measurements with the DESY-II accelerator are foreseen.

In a burn-in test, all modules will be tested for several days, operating in 
different temperature regimes. The long duration of the burn-in tests requires the 
possibility to test a large amount of modules (~ 50) simultaneously. This makes a 
MicroTCA based system perfectly suitable. A first sketch of a possible cold-box is 
shown below.

Module Test Bench

The MicroTCA Crate is placed in a 19 inch shelf, which can be filled with several crates along with supporting 
infrastructure. An Ethernet Gigabit Switch is used to organize the internal network. There is a desktop computer in 
the shelf, which is connected to the external network to provide access to the crate from outside. 

The computer gives opportunity to perform a multithreaded synthesis and implementation of the FC7 firmware 
source code. Programming of the FC7 is performed remotely from the computer using the IPBus protocol. 
  

Module Production @ DESY
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After each module‘s burn-in testing, it is mounted onto the discs of the Tracker 
Endcap. To verify the performance of the Endcap cooling loops, the FC7-based 
system also will be used.
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