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Commissioning of FElix128 Analogue Readout

A VME Test System which is based around an MVME167 Processor (with an OS9 Operating System), a 1Gbyte Hard Disc and an Ethernet connection. Within the VME crate there is a VME Sequencer (SEQSI), a VME SIROCCO (ADC) and an External Trigger Interface Card. External to the crate is a Programmable Delay Unit and 2 Pulse Generators (externally triggered). All control and data collection is by means of software. The development of the Test System invloved:

( Understanding the operation of the FElix128 readout chip and the design philosophy,  the 2 distinct modes of operation  (PEAK and DECONVOLUTION). Develop a ‘correct’ Biasing scheme (current and voltage) and control sequence to obtain not only  valid  but optimum data (i.e. best SNR)  for the both modes of operation.

( Design and construction of a prototype External Trigger Interface Card. This Trigger card is necessary to synchronise externally generated ‘random triggers’ (from a source-scintillator set-up) to the 40MHz system clock. This allows a FElix128 readout chip plus Silicon Detector to be performance tested for noise generation, signal-to-noise-ratio and charge collection efficency.

It also provides the necessary control logic (T1 Trigger veto, non-jitter synchronised trigger,VME SIROCCO control) and signal conditioning (TTL to -Ve NIM etc.) for interfacing to the VME Sequencer amd VME SIROCCO. 

( Mount FElix128 plus Silicon  Detector  on to a  Stepper-motor controlled  X-Y Table (10(m incremental change) and then interface readout system to a 1064nm Infra Red Laser. This is used  for charge collection studies which is of particular importance for Analogue readout for checking the ‘Charge Division’ performance of the various Silicon Detector designs which are under investigation.

Development of a Binary Readout System

The system is designed to readout ATLAS prototype Binary readout chips developed in California by LBL, Santa Cruz and Irvine Universities. It is based around a VME DSP, a Low Level Personality Card and Bias Card. Development has involved:

( Understanding the operation of the Binary readout chips (HAC+CDP128+CAFEA and HAC+CDP128+LBIC), their operation and  design philosophy which is fundamentally different to the Analogue readout.
( Design and construction of a prototype External Trigger Interface Card. This functions very similarly to the Trigger Card used in the Analogue system except interfacing is to the Binary system.

Miscellaneous

( The Analogue readout system has been used extensively within a European wide collaboration for the Performance Analysis of  various ATLAS Silicon Detectors.

( Design of  a multi-system (Analogue or Binary) Random Trigger Card Printed Circuit Board. This uses the latest generation CPLDs (Complex Programmable Logic Devices) to obtain the necessary functionality for optimum speed/performance.
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On-going Development of First Generation Binary Readout System

This has been successfully commissioned and has been used to readout ATLAS prototype Binary ASICs. An External Trigger Card has also been incorporated within the system. This Binary readout system has been used extensively for:

( In-depth studies of Silicon detector designs and their performance with the Binary readout using a Radioactive source and an Infra Red Laser.

( The testing of the first ‘Prototype 2-sided Forward Module’, which was constructed here in Liverpool. This module is the first of its type with full readout, 12 chips in total (6 on the top and 6 on the underside), giving a total of 1536 channels, with double-sided 12cm Silicon Detector bonded to the readout chips. The module was then installed in a Testbeam in CERN and successfully readout.

External Trigger Card

The External Trigger Card has been designed and constructed as a multi-layered Printed Circuit Board (using the latest CAD packages). The Trigger Card is a multi-system (Analogue or Binary) ‘random trigger’ to 40MHz system clock synchroniser.  It has been commissioned within both Analogue and Binary System’s.

Development of Binary Readout with ATLAS Data Protocol

The system is designed to readout the ATLAS front-end ASIC (the ABCD) with Binary readout architecture and ATLAS data protocol. This is the first such system with ‘sparse’ readout, i.e. only data corresponding to hit  strips on a detector are read out. The development involves:

( A thorough understanding of the operation of  the Binary sparse readout and how to successfully interface to a VME test system.

( Design of software algorithms for data analysis and  correction.

( Adapt hardware so as to be able to read out both single and double-sided modules plus also the ability to readout multiple modules. 

Miscellaneous

( On-going work in performance analysis of Silicon Detectors with Binary readout, a European collaboration.

( Development of a 2-sided Forward Module with ‘sparse’ readout.
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Binary Readout with ATLAS Data Protocol

Continuing development of a DAQ for the first generation ATLAS front-end ASIC (both ABCD-1 and ABCD-2) which incorporate a Binary readout architecture with‘sparse’ data output.

( The system has been used sucessfully to readout a partly populated Forward Hybrid with both ABCD-1 and ABCD-2 and  a single fully populated  Hybrid (12 x ABCD-1).

( Integration of Trigger card within system for Laser Light spot studies.

( A new hardware algorithm has been developed (using a Programmable Logic Device) which can determine if errors being generated within the DAQ are at chip level or are being generated within the data receiver.  This means that the chip performance can be monitored at high trigger rates to check for any errors in its data handling. 

( Development of  PCB for opto-on-board  plug-in for the Forward Hybrid (Doric and LDC/VDC chips on hybrid).

Analogue Readout with ATLAS Data Protocol

Commissioning of DAQ for ATLAS analogue ASIC (SCT128A). This is a non-sparsified analogue data output device (128-channels). Data output can be programmed for 5,10, 20 or 40MHz which is then linked to a Flash ADC board (12-bit dynamic range) for digitisation. The DAQ will presently handle output data rates upto 20MHz but not 40MHz.
( Work is continuing on being able to handle the maximum output data rate of 40MHz.

( The present DAQ can only readout 2 x SCT128A’s. The hardware has been adapted, but not yet tested, to be able to readout 4 x SCT128’s (The device architecture only allows readout as pairs onto a single data output line).
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Binary Readout with ATLAS Data Protocol

The DAQ for Binary readout has now been developed into 2 separate systems:

( Single module readout

( Multi-module readout

Both DAQs have been successfully used to readout a single pre-series ATLAS Kapton Forward Hybrid with ABCD2-T ASICs (Trim-DAC). 

The DAQ is interfaced to the modules using a pseudo-optical connection, the optical data Receiver/Transmitter chips (on-board the module) are connected ‘electrically’. The Receiver chip (DORIC) is driven by a Bi-Phase-Mark Encoder circuit (a ‘State-machine’ driven algorithm has been implemented using Programmable Logic), this runs at a frequency of 80MHz encoding clock and command for the DORIC to interpret.

( The system has been used successfully to readout a partly populated Forward Hybrid with both ABCD-1 and ABCD-2 and a single fully populated  Hybrid (12 x ABCD-1).

( Integration of Trigger card within system for Laser Light spot studies.

( A new hardware algorithm has been developed (using a Programmable Logic Device) which can determine if errors being generated within the DAQ are at chip level or are being generated within the data receiver.  This means that the chip performance can be monitored at high trigger rates to check for any errors in its data handling. 

( Development of  PCB for opto-on-board  plug-in for the Forward Hybrid (Doric and LDC/VDC chips on hybrid).

Analogue Readout with ATLAS Data Protocol

The DAQ for the ATLAS analogue ASIC (SCT128A) has now been successfully commissioned for full 40MHz analogue readout. This system is now fully functional with a programmable non-sparsified analogue data rate(s) of 5, 10, 20 and 40MHZ.  

( The system is now being used for the performance analysis of  ATLAS  Silicon detectors.

