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Front end electronics and FPGA developments 

Overview  

Á Front end electronics 

Č Overview of typical Detector-Data-Acquisition Chains 

Č Usual tasks and pitfalls depending on detector and detection principle 

Á Introduction into MicroTCA as data acquisition platform 

Č Motivation 

Č Overview 

Á FPGA developments 

Č Brief introduction into FPGAs 

Č Main tasks and required features 

Č Programming principles followed 

Č High-Level Algorithm Programming Framework with Simulink 

Č High-Speed and Low-Latency Serial Interfaces 

Č High resolution trigger 

Č Pulse energy detection 

Á Conclusion 
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Front end electronics and FPGA developments 

Overview of typical Detector -Data-Acquisition Chains  3 
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VETO 
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Typical chain for a 0D type detector (e.g. APD, MCP, Photo Diode, etc) 

Experiment or 

Diagnostic Setup 

(Particle Generation) 
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Typical chain for a 2D CCD type detector 

Sequencing Sequencing 

VETO 

Timing 

Control 

ASIC 

Analog 

Digital 



Front end electronics and FPGA developments 

Front end electronics:  

Typical tasks depending on detector and detection principle  

ÂConvert collected charge into voltage or current 

 

 

 

ÁThe bandwidth of the amplifier could be lower than the 

one of the sensor (like in the example) 

ÁCharges are collected and formed in a current 

ÁThe amplifier produces a proportional output voltage 
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Front end electronics and FPGA developments 

Front end electronics:  

Typical tasks depending on detector and detection principle  

Â Pulse stretching 

ÁTo sample all important properties with limited sampling speed 

ÁTo reduce noise by oversampling and later averaging 

ÁTo reduce jitter based effects (sampling time fluctuations) 

 

 

 

 

ÁNegative: 

Č Fast signal properties are lost 

Č Time between pulses has to be longer 
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Front end electronics and FPGA developments 

Front end electronics:  

Typical tasks depending on detector and detection principle  

Â Constant Fraction Discrimination (e.g. for ToF experiments) 

ÁUsing a threshold for time determination provides an error 

 

 

 

 

ÁAmplitude independent time detection by constant fraction 

 

 

 

 

 

ÁDivider and time delay are usually user parameters! 
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Pictures from wikipedia 



Front end electronics and FPGA developments 

Front end electronics:  

Typical tasks depending on detector and detection principle  

Â Low pass filtering 

ÁDef.: All frequency components UP TO the cut-off frequency will pass 

ÁThe cut-off is the 3dB line Ą this means higher frequencies are only 

attenuated! 

ÁThe order of the filter defines the ñsharpnessò of the cut-off 

ÁApplications 

Č Reduce high frequency noise 

Č Match signal bandwidth to ADC sampling rate or input bandwidth 

ÁTo avoid signal reflections and imaging effects in the data 
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Front end electronics and FPGA developments 

Front end electronics:  

Typical tasks depending on detector and detection principle  

Â High pass filtering 

ÁDef.: All frequency components ABOVE the cut-off frequency will 

pass 

ÁThe cut-off is the 3dB line Ą this means lower frequencies are only 

attenuated! 

ÁThe order of the filter defines the ñsharpnessò of the cut-off 

ÁApplications 

Č Reduce low frequency noise 

Č Block DC voltages (remove constant offset) 

Č Allow edge detection 

Â Band pass filtering 

ÁCombines low and high pass and provide two cut-off frequencies 

Â Notch filter 

ÁIs the inverse of the band pass filter 
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Time 

Amplitude 



Front end electronics and FPGA developments 

Front end electronics:  

Typical tasks depending on detector and detection principle  

Â AC and DC input coupling to ADCs 

ÁAC: Alternating Current 

Č Used for alternating (usually periodic) signals 

Č Includes  high-pass filter to block DC voltages! 

Č Be aware of high-pass filter effects like fluctuating base line 

Č Positive: Usually only passive connection (capacitor) 

ÁDC: Direct Current 

Č Used for arbitrary signals 

Č Usually includes an amplifier (increases noise and limits 

bandwidth) 

Č Due to the amplifier mostly low-pass filter behavior 

Č Positive: constant base line (no drifts) 
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Front end electronics and FPGA developments 

Introduction into MicroTCA  ï Motivation  

Â Limitations on existing VME based solutions 

ÁBandwidth: only one parallel bus 

 

 

 

ÁNo module replacement at run time (Hotswap) 

ÁRemote control 

ÁHealth management 

ÁRedundancy 

ÁNo in-crate timing distribution 
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VME Bus 

CPU CPU ADC1 ADC1 ADC2 ADC2 TDC TDC DAC DAC 



Front end electronics and FPGA developments 

Introduction into MicroTCA  ï ATCA and MTCA  11 
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Â Advanced Telecommunication Computing Architecture (ATCA) 

Â Advanced Mezzanine Card (AMC) 

Â Micro Telecommunication Computing Architecture (µTCA) 

ATCA Crate 

ATCA Blade / Module 

Advanced Mezzanine 

Card (AMC) 

µTCA Crate 



Front end electronics and FPGA developments 

Introduction into MicroTCA  ï MicroTCA.4  

Â xTCA not designed for physics applications (e.g. Timing, Interfacing, ADCs) 

Â xTCA for Physics Group at PCI Industrial Computing Manufacturers Group 

(PICMG) 

ÁParticipants from labs and industries 

ÁDefined extensions of the standard for our applications 

Č Timing interface on the backplane 

Č High-speed module interconnections 

Č More space Ą double size modules 

Č Modular interfacing and signal shaping Ą Rear Transition Modules (RTMs)  
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DESY  DAMC1 DESY  DAMC2 UCL  Clock & Control RTM 



Front end electronics and FPGA developments 

Introduction into MicroTCA  ï In-crate  Timing  13 
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Curtsey: Kay Rehlich (DESY) 

2 radial clocks per AMC, 

Low jitter, configurable direction 

2 radial clocks per AMC, 

Low jitter, configurable direction 

8 bussed M-LVDS lines, 

For triggers, clocks and interlocks 

8 bussed M-LVDS lines, 

For triggers, clocks and interlocks 

Backplane  

Ethernet  

PCIe 

Ethernet  

PCIe 



Front end electronics and FPGA developments 

Introduction into MicroTCA  ï as main platform  

Â MicroTCA.4 allows 

ÁHigh-bandwidth communication between 

Č Boards and CPU via PCIe 

Č Boards via point-to-point connections 

ÁSynchronization via Timing Receiver 

Č Trigger 

Č Clocks 

Č Machine parameters 

Č Bunch structure 

 

ÁRemote control and monitoring 

ÁModule changes during operation (Hotswap) 

ÁFunctional extension via RTMs 
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DAMC2 ï Universal 

digital AMC 

(DESY) 

Clock & Control RTM 

(University Collage London) 

Timing System 

(Stockholm University 

/ DESY) 

SIS8300 ï ADC AMC 

(Struck Innovative Systems) 

High-performance 

DSP and FPGA board 

(DMCS/DESY) 

MicroTCA Carrier Hub 

(N.A.T.) 

High-Speed Digitizer Family 

(Signal Processing Devices Sweden AB) 

If you are interested in this topic, please register for the MicroTCA Workshop in December @ DESY: http://mtcaws.desy.de If you are interested in this topic, please register for the MicroTCA Workshop in December @ DESY: http://mtcaws.desy.de 


