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Progress report – 2-3 pages :  
 

1. Review of the past reference period: 
 
After having analyzed different options for the system architecture design, based on the detector signal 
digitalization placement and digital data treatment, the project efforts have been mainly focused on 
electronic prototype developments to perform initial testing. As highlighted on previous reports, our 
system will consist on a front-end board installed near the sensor location to digitalize the pCVD diamond 
detector signal, avoiding the inherent signal integrity problems of long cabling for signal transmission. The 
digital data will be sent through an optical link using the GBT protocol to the surface, where a back-end 
system, the VFC board, will process this information and store the bunch by bunch beam profile data.  
 
The front-end design approach for this project consist on a modular system, by using the Igloo2 UMD 
mezzanine board (designed by CMS for the HCAL upgrade) to drive the optical link, and a couple of 
independent mezzanine boards to evaluate our two readout ASIC candidates, ICECAL and QIE10. 
 
During these last six months, different tasks have been carried out to evaluate the different parts of the 
front-end prototype and also preparations on the back-end side to receive and store data for posterior 
analysis, the detailed performed tasks are as follow: 
 

1. Igloo2 UMd Mezzanine Board: 
- The board was received on January thanks to the collaboration with CMS. Initial tests 

were performed to check that the board was working properly. Current measurements, 
programming tests and initial optical link implementation leaded to satisfactory results. 

- The official firmware, based on GBT-On-Igloo2 developed for this project, was 
implemented on this board and re-distributed for CMS users, as a base-line for their 
developments. 

- Some extra firmware modifications needed for our specific project were implemented 
to ensure proper front-end synchronization with the LHC/SPS clocks. 
 

2. QIE10 Mezzanine board: 
- The design of this board was finished and sent to fabrication and assembly; finally it was 

received in January as well.  As with the Igloo2 board, initial testing was necessary to 
verify that the needed power was within the specifications, the control lines working 
correctly and that the QIE10 ASICS were working. These first testing provided 
satisfactory results, the QIE10 Mezzanines are completely operational. 
 

3. Back-End system preparation: 
- To check that the front-end (QIE10 Version) was working correctly it was needed to 

collect the data on the other side of the optical link and sent it to a computer were it 
could be analyzed. For a first Back-End version, an Igloo2 Development kit is being used 
for faster tests, later the firmware will be migrated to an Arria V (the FPGA included on 
the VFC board). 

- This back-end board is able to store temporally up to 512 Mbits of data on a LPDDR 
memory by using 32 bit words (this corresponds to 400ms @ 40Mhz). The board is 
connected through USB, using UART emulation, to a PC that receives the post-mortem 
acquired data. The firmware implemented on the back-end is also responsible for the 
start-up of the link, remote front-end initialization and general control. On the PC 
application some feedback about the complete system status is provided to the user 
and allows performing manual control actions on the optical link and on the front-end 
board, which helps in debugging tasks.  
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- To make such a “Master” work correctly a high effort on firmware implementation was 
invested. The LPDDR and UART controllers were programmed and evaluated 
independently before being integrated with the optical link. 
 

4. First measurements with the complete readout chain prototype: 
- Once the two systems were operational, the first tests measurements could be done on 

a laboratory set-up. A function generator was used to emulate the pCVD diamond 
detector and an external clock source that, representing the LHC clock, has to be 
propagated to the front-end. The following figure shows the set-up and the QIE10 
response to a ramp signal. The pseudo-logarithmic ADC scheme of the QIE10 is visible 
on its response.  
 

- Further investigations will characterize in detail the QIE10 response in terms of noise, 
linearity and accuracy. 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. First complete system test set-up with the QIE10 Mezzanine (left) and QIE10 
response to a ramp measured with the test set-up (right). 

 
5. ICECAL_V3 Mezzanine: 

- The design of this mezzanine has finished, the different components have been carefully 
selected to cope with the radiation levels and perform low noise measurements. The 
ADC AD41240, ADC drivers AD8138 and FEASTPM modules for the power supplies have 
been selected for this board. 

- The schematics and pcb layout are about to be finished and sent do fabrication, some 
ICECAL_V3 samples will be soon kindly provided by the University of Barcelona. 
 

6. Analog Front-End: 

- In order to perform some beam wire scanner generated particle shower measurements 
with the pCVD diamond detector, an analog front-end with two signal lines (high gain 
and low gain) has been prepared to be installed on the SPS tunnel as soon as access is 
possible. This front-end will be used later to test the complete readout chain with a real 
signal coming from a diamond detector.  
 

2. Objectives for the next reference period: 
 
The Estimated objectives for the next reference period are as follow: 
1. ICECAL_V3 Mezzanine layout finalization, board fabrication and assembly. 
2. Finish Front-End / Back-End firmware implementation for complete system operation (Igloo2 

Based). 
3. Deep study and characterization on QIE10 Mezzanine, linearity, noise, dynamic range, 

synchronization… 
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4. Deep study and characterization on ICECAL_V3 Mezzanine, linearity, noise, dynamic range, 
synchronization… 

5. Strategic decision about readout ASIC for final system. 
6. PhD. Thesis Writing 

 
Depending SPS Technical Stops and access availability: 
1. Analogue Front-End (AFE) Installation on SPS Tunnel (near BWSD51731) 
2. Perform initial profile measurements on surface with AFE and scope. 
3. Tests on surface with AFE and mezzanines. 
4. Installation on tunnel of one of the Front-End systems and first scan acquisitions. 

 

3. List of scientific publications: 
 

Published: 

 J.L.Sirvent, B.Dehning, J.Emery, A.Dieguez. “Secondary Particle Acquisition System for 

the CERN Beam Wire Scanners Upgrade”. Topical Workshop on Electronics for Particle 

Physics 2014 (TWEPP 2014). 22-26 September 2014. Aix-en-Provence (France). 

To be submitted*: 

 J.L.Sirvent, B.Dehning, J.Emery, A.Dieguez. “In-Tunnel Radiation Tolerant Diamond 

Detector readout system for the CERN’s Beam Wire Scanners Upgrade”.  International 

Beam Instrumentation Conference 2015 (IBIC 2015). 13-17 September 2015. Melbourne 

(Australia). 

 J.L.Sirvent, B.Dehning, J.Emery, A.Dieguez. “Optical Link based high dynamic range 

Diamond Detector acquisition System for beam wire scanner applications” .Topical 

Workshop on Electronics for Particle 2015 Physics (TWEPP 2015). 28 Sep – 2 Oct 2015. 

Lisbon (Portugal).   
*
 Titles may change at the time of the contribution submission/publication 

 

4. Report on the performance of the student (for the CERN supervisor) 
Jose Luis Sirvent Blasco PhD. Project is progressing as planned. He is almost ready for the 
characterization of the first ADC ASICS, QIE10, using the complete acquisition chain. The second 
ADC ASIC (ICECAL) PCB board is under construction and it is planned to test it when the 
characterization of the QIE10 has been finished. In conclusion it is expected that the thesis 
project could be finished as planned in the remaining time. 
 

5. Report on the performance of the student (for the University supervisor) 
The progression of Jose’s project is being done in a natural way, starting from the basic studies, 
first tests and developments following an organized schedule. On the first year, he did a deep 
study about the possible constraints of such system in order to provide a low noise measurement 
system, explaining clearly the drawbacks of long cabling and justifying the decision of a front-end 
approach, based on simulations. At this point of the project the optical link for the back-
end/front-end communication is completely developed and characterized for the Igloo2 FPGA, 
soon the two readout ASIC candidates will be evaluated with the complete readout chain, and 
this will lead to the final definition of the readout scheme. To sum-up, the project that Jose Luis is 
carrying out is advancing according to the initial plans and I am very confident that the outcome 
of the PhD. will be a reliable low-noise and high dynamic range readout system easy to operate. 
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