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Hadron Calorimeter (Hcal) 
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Hadron Calorimeter is a part of 
Compact Muon Solenoid(CMS) inside the 
Large Hadron Collider(LHC).  

During experiments, a particle collision will produce many jets 
whose energy will be measured by detector and digitized by a 
QIE (Charge Integration and Encoder) 



HCal Electronics Upgrade 
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Detector electronics set up. Back-end allows constant monitoring of QIE and 
stores control data such as temperature, voltage input, etc. 

U70 Incident: Anatoli Bugorski 
was struck by a particle 
beam. Particle accelerators 
are dangerous. 

Hcal requires a detector upgrade during the next phase of LHC shutdown. Back 
End electronics system will upgrade from VMA to microTCA for faster and 
simpler data buffering. 



Project Goals 
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FPGA, 
ngFEC logic 

DDR3 
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KC 7 front KC 7 back 

DDR3: 
4Gb storage space 
Dual Port 
240 MHz system clock 
Stores control data from 
ngCCM via GigaBit 
Transceiver(GBT) 
 
 
 



DDR3- Double Data Rate Type 3 

�SDRAM  
� Synchronous  
� Dynamic  
� Random Access Memory 
� Double Rate 
� Found in your laptop! 
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VHDL vs Computer Programming 
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Writing Interface 
7 

Hui Qing Li, University of British Columbia 

- Writes control data from front-end to DDR3 
- Within VHDL:  

- Connects ngCCM_GBT to DDR3_external_interface_wrapper 
- ngCCM_GBT: fibres connected to front end detectors 
- Continuous writing of front_end control data 



Writing Interface 
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Reading Interface 
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- Software access to stored DDR3 data 
- Within VHDL:  Connects IP Bus read and write bus structures to DDR3_external_interface_wrapper 
- IP Bus: Communication protocol with software connected through ethernet 



Reading Interface 
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Simulation Test: Writing Interface 
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Simulation Test: Reading Interface 
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Further Work 

� Testing DDR3 
incorporated firmware 
on physical hardware 

� Requirements: 
� Change test station to use test 

board 

� Check clock registers for 
correct frequencies 

� Read DDR3 memory via 
software 
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