
 
 
Address: CERN, PH Department 
 CH-1211 GENEVΑ 23 
 Switzerland 
 
Telephone : +41 (22)  767 6111  
 
E-mail :  Paschalis.Vichoudis@cern.ch 
 

The “ESDCC Tester” project proposal 

A. Introduction 

HE CMS Preshower is a fine grain detector located in front of the endcap Electromagnetic calorimeter. Its 
primary function is to detect photons with good spatial resolution in order to perform π0 rejection. The detector 
comprises 4288 63mm x 63mm silicon sensors, each of which is divided into 32 strips. Fig.1 shows the location 

of the Preshower in the CMS experiment. 

 
Fig.1: The location of the Preshower sub-detector in CMS. 

 
The micromodule (see Fig.2), building unit of the CMS Preshower sub-detector, comprises a silicon sensor DC-
coupled to a PCB hybrid containing the PACE3 front-end electronics, all mounted on ceramic and aluminium 
support structures. The signals from the 32 strips of the micromodule are amplified, shaped and sampled 
continuously every ~25ns (the exact LHC clock frequency is 40.08MHz) and temporarily stored in an analogue 
memory by the PACE3. Fig.3 illustrates a signal at the output of the preamplifier/shaper. 
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Fig.2: The micromodule. 

 

 
 

Fig.3: The signal at the output of the preamplifier/shaper and the three samples taken (on the baseline, near the peak and after the peak).  
 
On reception of a level-1 trigger, three consecutive time samples (on the baseline, near the peak and after the peak) 
per strip are multiplexed, driven out of the micromodule and digitized by a 12-bit AD41240 ADC on the Preshower 
‘system mother-board’ (SMB). The digitized data from up to 4 micromodules plus some extra information (error 
flags, timestamps, checksum etc) are formatted in 598-byte packets by a K-chip and transmitted through an optical 
link via the GOL serializer ASIC to the Counting Room. The K-chip and GOL are also located on the SMB. Fig.4 
illustrates the on-detector data readout chain.  

 
Fig.4: The on-detector readout chain. 

 
The data transport from the 4288 micromodules of the on-detector system is achieved by 1208 optical channels. 
Since each channel carries a 598-byte data packet per event to VME-based electronics in the counting room and the 
maximum average event rate is 100kHz, this results in a total data flow of ~72GB/s. For the readout of the 



Preshower, 56 links to the CMS DAQ have been reserved, each having a bandwidth of ~200MB/s (~2kB/event). 
setting the absolute minimum number of channels per readout board to 22. The total available downstream 
bandwidth of ~11GB/s (56links x 200MB/s) necessitates a reduction in the data volume by a factor of at least 7. This 
level of data reduction is feasible since the occupancy is relatively low in the Preshower - an average of about 2%.  
 
For the readout of the detector, a VME-based system (namely ‘Endcap Preshower Data Concentrator Card’ or 
ESDCC) has been developed. The ESDCC acquires on-detector data from up to 36 optical links per board, perform 
on-line data reduction (zero suppression) and pass the concentrated data to the CMS DAQ. The relatively small 
number of channels per board was selected in order to maximize flexibility, including the necessity to handle higher 
than expected average occupancies. The three principle modules that the ESDCC is based on are the following: 
 

 The OptoRx-12 mezzanine card. 
 The VME ‘host board’. 
 The ‘S-Link’ transmitter mezzanine card. 

 
The OptoRx-12 is used to receive on-detector data from up to 12 optical fibres and perform the data reduction 
algorithms. The VME ‘host board’ is a 9U VME card that hosts up to 3 OptoRx-12s. This card is mainly used for: 
 

 Receiving the clock and trigger signals and forwarding them to the OptoRx-12s. 
 Communicating with the OptoRx-12s in order to configure their working parameters. 
 Forward their zero-suppressed data from the OptoRx-12s to the ‘S-Link’ transmitter mezzanine card which 
transfers them to the zero-suppressed data to the CMS DAQ.  

 Monitoring the data traffic by using on-board Altera STRATIX FPGAs and associated memories. 
 
Fig.6 shows a 3D model of the way the three modules form the ESDCC. 
 

 
Fig.6: A 3D model of the ES-DCC, illustrating (a) the OptoRx-12, (b) the modules comprising the ES-DCC: the VME ‘host board’, three 
OptoRx-12s and the S-Link interface to CMS DAQ and (c) the ES-DCC assembled. 



B. The ES-DCC tester overview 
 

HE testing of the functionality of a complicated system as the ESDCC is very challenging. In order to verify its 
functionality, data need to be provided to the 36 optical inputs of the ESDCC. To do so, instead of using a part 
of the Preshower detector, a pattern generator system could be used (namely “ESDCC tester”). The advantage 

of using an ESDCC tester is the ability of producing several error conditions that cannot be easily produced when 
using the real detector. The ESDCC tester consists of the following: 
 

 OptoTx-8 mezzanine cards. 
 A VME ‘host board’. 

 
 The OptoTx-8 is a module pin-to-pin compatible with the OptoRx-12 already available. It is based on an Altera 
StratixGX FPGA incorporating embedded Gbit transceivers and an 8-channel optical transmitter. Since it is 
compatible with the OptoRx-12, it could take its place in a VME ‘host board’. In this way, the VME ‘host board’ 
can communicate with the OptoTx-8s in order to configure their working parameters as well as forward to them the 
clock and trigger signals received in exactly the same way as to the OptoRx-12s in the ESDCC. The difference 
between the two optical modules is that the OptoTx-8 will have to send packets instead of receiving them. It is 
important to note that since the OptoTx-8 cannot drive 12 fibres, optical splitters must be used to drive from one 
optical output multiple optical inputs. In order to drive the 36 optical inputs, the optimum setup is 2 OptoTx-8 
driving 6 fibres each and 12 “1-to-3” optical splitters. Fig.7 shows a simplified diagram of a VME host board 
equipped with 3 OptoRx12s (left) and 2 OptoTx-8 (right) and Fig.8 shows the interconnection between ESDCC and 
ESDCC tester.  The functionality that needs to be implemented in the FPGAs is discussed in the next section. 
 

                       
Fig.7: A simplified diagram of a VME host board equipped with 3 OptoRx12s (left) and 2 OptoTx-8 (right). 

 

 
 

Fig.8: An ESDCC connected to an ESDCC tester. 
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C. ESDCC tester functionality 

HE functionality of the ESDCC tester that need to implemented can be divided in three major parts, the 
following:  
 

 The generation of the strip values of three consecutive samples taken from 4 32-channel silicon sensors.  
 The packet reformatting, that adds the timestamp and the checksum to the strip values information. 
 The packet transmission. 

 
In order to provide the higher possible flexibility to the system, the memories available in the VME host board can 
be used to load already formatted packets generated by software according to the user needs. The off-line loading of 
the memories will be done through the VME interface bus. This also simplifies the requirements of the ESDCC 
tester, since there is no need to generate the strip information inside the FPGAs. Therefore, when a trigger arrives to 
the ESDCC and the ESDCC tester, the ESDCC tester will have to recall a packet from the memories and transmit it 
to ESDCC.  But since the arrival time of the trigger is unknown to the software that generated the packets in 
advance, almost all the packets will be out of sync and therefore will be discarded by the ESDCC. For this reason, 
when a trigger arrives the ESDCC tester has to calculate the expected timestamp, recall the packet from the memory, 
overwrite the timestamp field and recalculate the checksum before transmitting the packet. The ESDCC tester 
should also be able to generate errors in the timestamps and/or the checksums on demand. In this way, the behavior 
of the ESDCC tester under certain error conditions could be tested. 
 
Therefore, this implementation of the ESDCC tester functionality will require the development of two different 
FPGA designs:  
 

 The Stratix FPGAs of the VME host board should recall the packets from the memories, reformat them 
generating (or not) errors and forward them to the OptoTx-8. 

 
 The StratixGX FPGA of the OptoTx-8 should receive the packets forwarded by the previous stage and convert 
them into serial streams that can be transmitted optically. 

 
It is important to note that several logic components needed for the operation of the ESDCC tester, e.g. the off-line 
loading of the memories, the extraction of the triggering information etc are already available since these 
mechanisms also exist in the ESDCC. 
 
D. Conclusion 

HE ES-DCC tester is a very challenging project to implement, that in its current phase involves activities in the 
following domains: 
 

 FPGA design. 
 Optical links systems. 
 High-speed serial communications. 
 Pipeline architecture design. 
 VME systems. 

 
Therefore, this few-month project is ideal for young graduates from Electrical/Electronic Engineering schools that 
would like to get experience in the above mentioned domains. 
 

E. Appendix: Availability of the ES-DCC tester components 

 1 OptoTx-8 is available. A second OptoTx-8 will be available for the ES-DCC tester at the end of August (it is 
currently used at the OptoRxTester setup. 

 47 VME ‘host board’ have been delivered at CERN the 30th of July. Therefore, in the beginning of August one 
card will be available for the ESDCC tester. 

 The necessary optical components, including 12 “1-to-3” splitters, must be ordered. The selection of the 
appropriate optical components is considered as a part of the project. 
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