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ATLAS Muon Spectrometer: Monitored Drift Tubes (MDT) Overview of Monitored Drift Tubes (MDT) System Control and Readout Link Unit: Chamber Service Module (CSM)
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How the muon system works: Optical Link LHC-Clock and Xilinx FPGA JTAG-Interface to
Components of a MDT chamber: . . . . . 1 . . .
. Up to 432 tubes with 30 mm diameter * Muons are detected by ionizing the gas in the tubes leading to a charge pulse providing LHC Trigger Receiver Virtex-11 2000 slow control
5 . * The signals are digitized by the ASD chip on the mezzanine card clock and trigger ASIC (TTCRX) XC2V2000FG676 (ELMB)
* 18 mezzanine cards e ot . s . .
. * The drift time of the hit is measured in the AMT chip
* One chamber service module (CSM) cpr os . . . . . .
. * The drift time data are sent to the CSM, which multiplexes them onto an optical link to the CSM main functions:
* One slow control interface (ELMB) . . e e .
+ Alignment system readout system (MROD) Provide control and monitoring of operation parameters
. . * The CSM receives power, slow control, LHC clock and trigger information which it * Continuously receive serialized data from mezzanine cards
* Gas and high voltage connection . . .
distributes to the 18 mezzanine cards * Process and multiplex data to readout system
Radiation Environment for MDT Front-End Electronics Radiation Effects on Electronics Possible Remedies for Radiation Effects
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Source: Federico Faccio, “Radiation effects in deep submicron CMOS technologies”, ESE seminar, Jan 2010 => Radiation Hard Technology (Virtex ;g, © Continuous
Radiation affecting CSM: QPro, Anti-Fuse, Flash-based, ASIC)
* CSM will be exposed to radiation environment like MDT tubes Special Case: Radiation Effects on SRAM-based FPGAs => No SEL observed in Virtex-II up to SO;Z(if,;;fse?ndgﬁl:_gzleigtf%?s’efﬁiltg:ﬁcg:le:;;::s g::f(?e,‘fel
* Radiation level strongly depend on location * User Data SEU (Single Event Upset) 19 kRad accorsing to XAPP989 (v1.0) XAPP987 (v1.0) March 18, 2008
E.g. Corruption of data, parity error, invalid state in FSM, possible lock-up of cor l¢
Simulated radiation environment with safety-factors for 10 years of LHC operation: * Configuration SEU - Feasible for the Xilinx Virtex-II FPGA on the CSM Board
* TID: 6.24 kRad = 62.4 Gy Changes to the FPGA configuration cells can change device functionality. = * Apply Xilinx Triple Module Redundancy (XTMR)
* SEE (Single Event Effect): 2.67 - 1010 n/cm2 * FPGA SEFI (Single Event Functional Interrupt) = * Use of failsafe FSM to avoid lock-ups
Failure of support circuit, e.g. JTAG TAP, reset or configuration block, clock gen 1 E * Configuration memory scrubbing using a self-hosted scrubbing unit to prevent
Estimates from irradiation test done by R. Ball, T. Dai, J. Chapman in 2005 Often leads to complete malfunction of device. “ accumulation of SEUs that would lead to malfunction even if TMR is used.
* TID for CSM FPGA ~ 45 kRad =450 Gy * Silicon Effects (Surface + Bulk) * Check CSM status via slow control regularly during runs. Reprogram the FPGA and reload
* About 90 configuration SEUs lead to CSM operation disruption E.g. Latch-up, degradation of semiconductor elements, increased power consumpti the user settings if an error is detected.
* Projected 1.4 disruptions per hour within all 1102 CSMs partial or total malfunction, physical destruction * Power-cycle the CSM during every run break or at least reboot the FPGA.
XTMR - Xilinx Triple Module Redundancy XTMR - Setting Types for Individual Components Application of XTMR on CSM Firmware
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e e L S Schematic of s1n.gle .ﬂlp flop before Type "Standard I | * No triplication of IO-pins possible, because not foreseen in PCB design
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com | . . .
| - | net Ain TRG | | * No use of external power (GND or VCC) possible, unless modifications to PCB are made.
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inputs, incl. 3_ cloclk f]ﬂlp _:DJ—L * Parts of data path not TMR’d: R By
power SIENA’S ops = : : - serial to parallel converter rmi_cock, BRI Dar Toueh
— . After.synthes1s, the EDIF file can be opened in TMRTool. The logic blocks are shown in a - input data FIFOs kg 00 Do Tt
XTMR Features Syhesis | XTMR Flow | 3 2 tree-like structure. From there, the user can select 4 different types how each component is O ATWDTH S I D DEBLG. 40 !
* Software from Xilinx (TMRTool) for Windows | NGD;?: (tird & e — E % treated by TMRTool: Setting up XTMR for CSM firmware
. . . [ neosid | & 2 . . . . . 1.
Extra step in firmware design flow 22, Standard: The IO0s and the l().glc function of the bl(.)ck are frlpllcated. ' 1. Set “Power Source” to “Internal”. This is necessary unless an external reference power
* Quite easy to use: almost push-button solution MAP e ) § * Custom: The user must pro.V1de a c.ust.om model W.lth trlp.llcated I10s and adeql.lat.e function. source on the PCB is available.
* Automatic triplication of design parts - é g S . Convergei The component IS 1.10t triplicated. If a8 input signal comes from a triplicated net, 2. Apply the XTMR type “Standard” to all components.
* Removal of half—la.tc.hes (weak keeper) n >: : a Vofer is inserted before this 1.nput. Tl.le f)utput s1gnal.s are fz.lned out to 3 nets. o 3. Remove components that should not be TMR’d, e.g. IOs, clock nets, parts of data path
* Replacement of critical blocks (e.g. SRL.16) — T T % .;é * Don’t Touch: The comp(.)nent is not trlpllca.ted. If an input .s1g:nal comes from a tl:lpllcate - whenever possible, use the type “Converge” to benefit from upstream triplication
* Option to leave out parts from triplication Pre-XTHP Project TMIRTool Project PostXTMP Project &3 nets only the “TR0” net is connected to the input. No voter is inserted before the input. - some components need to be set to “Don’t Touch”, e.g. LVDS I0s, DCMs
Effects of XTMR Applied on CSM Firmware Testing of CSM Firmware
* TMR design flow works well ST T ngic I e Configuration memory scrubbing
* FPGA slice (primitive logic elements) usage is over 90 % with XTMR CSM Test Scheme Configuration T [ * Due to PCB'LaYO}lt, only self-
* Issue: Increased power consumption opo st " cp i [ Storage - ____rreh . hosted configuration memory
[ e e Mo o ey o scrubber possible for CSM
" ) R RESET [ NIT 0 * Improves radiation tolerance
Excerpt of place & route report. normal version TMR’d version t - CE |« oone /0
debug MUX CLK |™ 1/0[0:7]
Number of BUFGMUXs 7 out of 16  43% 9 out of 16  56% el PROG /o Choice of implementation
Number of DCMs 2 out of 8 25% 2 out of 8 25% 40pol. ‘ oo o * FSM: most robust solution, but
Number of External DIFFMs 73 out of 228 32% 73 out of 228 32% = - S Vo .
Number of LOCed DIFFMs 73 out of 73 100% 73 out of 73 100% o /20 E% E lc.OH.Stugles A l(;t O.i F})GA r(;)sl;)}lrces,
X | csm JTz/fG Adazp(:e;(iMP — = = mited compiexity in scruobing
Number of External DIFFSs 73 out of 228 32% 73 out of 228 32% Opto nput i algorithm
Number of LOCed DIFFSs 73 out of 73 100% 73 out of 73 100% * Soft-Processor (Picoblaze): small
Number of External IOBs 253 out of 456  55% 255 out of 456  55% ==— 3} footprint, flexible, powerful, but
Number of LOCed IOBs 253 out of 253  100% 255 out of 255 100% memory is vulnerable to SEUs
Number of RAMB1G6s 19 out of 56 333 19 out of 56 333 CSM board with Xilinx FPGA Adapter boards
Number of SLICEs 4480 out of 10752 415 9986 out of 10752 928 Current CSM board
9
Number of TBUFs 0 out of 5376 0% 6 out of 5376 1% Test Rrocedures and perfm:mance results of TMR’d firmware * Implementation of self-hosted scrubber to heal configuration memory SEUs
: : - : * Test in the laboratory with pattern generator and logic analyzer * Tests of CSM firmware under radiation in test setup and finally at ATLAS
Increased power consumption results in normal version TMR’d version * Test in the laboratory with 3 AMTs and FILAR card (25 and 50 MHz GOL speed) B I
higher component temperature 67.0°C srLirRl 72 .3°C S$FLIR * Stimulate AMT with pulse generator - TMR’d version
0.2 A, additional 0.3 W dissipation chamber
=> Increase in temperature of ~ 5°C -> TMR’d CSM sitting in test setup since Nov 2009 New version of CSM board for ATLAS upgrade
° Voltage regulator ff": HEGAcoTe -> Measurement of drift spectra shows no difference * Replace slow control and readout link with new system (GBT)
Xoltage (l.SY): additional 0.5 W ) -> One hook-up observed during operation of several days, reason possibly other than * Replace FPGA with respect to higher radiation environment
= Inc1:ease 0 (I PRI G of ~21°C firmware (software, slow control etc.) => Virtex-5 offers better solution for SEU correction in configuration memory
Mountingiotiheatsinksontatfected => All tests show normal operation. => Alternative: Switch to flash-based FPGAs like ProASIC3 from Actel
components is reasonable => No issues with timing or routing resources. * Implement front-end trigger and selective readout: new feature to reduce data volume
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