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The ATLAS Experiment ATLAS Level-1 Calorimeter Trigger
2! Detector characteristics Dlg itized
Muon Detectors Electromagnetic Calorimeters 3 Width: 44m ] transverse
\ = e <ah Real-time energy Cluster —
\ < 1] | Welghe 7% data path Processor | Merging
Solenoid \ ) CERN AC - ATLAS V1997 Intera dion r-a-te > 8 dules
\ ‘ Forward Calorimeters - . ~1 GHz CALO MUON TRACKING - 56 mOdU|eSJ mo
= . e (e Bunch crossing I o . .
e rate 40 MHz L aine X Based on Trigger Towers i.e. presummed
TRIGSER memeories Receivers I:rze4Proc:sls orf ° Calorimeter signals
< 75 kHz moaties N Merged ]
—| Derandomizers A | § results TWO Step SyStem'
: audout drivers naiogue l to CTP . e e e .
Regions of Interest | RoDs) I S [ JetEnergy e ° » Preprocessing: Digitisation and Bunch
; erging . e o
TRIGGER T [ aseyt puers flg;g('; | 32 modules |4 modutes Crossing Identification
R » Processing: Search for electron, jet and
vent builder | ) ) )
R Fuvent e Analogue tau candidates, determination of
. 200tz processor sub-farms Readout Readout MissingEr and SumEqT
river river
! , 14 modules 6 modules Features of the Real-time Data Path:
arrel Toroi Inner Detector ) _ ‘ ielidin Data recording . . . . o
Barrel Toroid Hadronic Calorimeters Shielding Rc;aciout _Rteglo?aof; Fixed Latency (f‘\./ 1 us); Plpehne processing;
ata Interest data . .
ATLAS is a multipurpose experiment designed for the LHC. to DAQ to Level-2 Massive parallelism;
3-Level trigger system is used to reduce data rates from 40MHz to ~ 200Hz.
Custom designed processors (ASIC and FPGA based) used at LVL1 to make a fast
(< 2us) decision with limited resolution.
The PreProcessor System: 124 PreProcessor Modules New MCM. Motivation.
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RGTMto DAQ VERY conservative spare policy(50%) has been implemented, but we would not be able to produce
quickly more MCMs
9 ASIC Dies on each of 2048 MCMs in the System

» PHOS4 (time-adjustment chip with 1ns resolution): GDSII available, process (still) available, success
uncertain, no support

» AD9042: n/a as unpackaged die anymore, packaged version has prohibitive size
Slectrical » PPrASIC: Verilog available, process (still) available, GDSII available, outdated technology (0.6pm)
e CP/JEP » Serialisers: available, new pin compatible DS92LV1023E is recommended by NatSem
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Processing is performed on a Multi Chip Module (MCM):
» 10(12)-bit, 40 MHz, 3 BC delay, 595 mW per channel digitisation
» 1 ns sampling time adjustment
» BCID (2 methods)
» Look-up table based calibration
» Histogramming, playback
» Jet-summing
» 400(480) Mbit/s serialisation
» 13 BC ticks from analog in to Jet (summed) serial output
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Test 1. PHOS4 replacement: FPGA for time-adjustment

AD9218

K] *Iltﬁ“‘::ﬂg- et S P RtE . ] psiNCDEC PSDONE

o ped gl Jz b ] B < - RO . . . . .
w E[m PRI T ' pPSS(_“ﬁI\l » We would like to develop a pin-, size- and latency-compatible substitute for the MCM based on
' “Lﬁ:*;”‘ A\WE'DE_ Ko todays components.
s CLKIN ol ol S L CLKO0 » Candidates for the main parts are two AD9218 (dual 105 MHz FADC) and a Spartan-3A(or Spartan-6)
3 el g h Sl 1S cikis0 » Spartan-6 currently has limited availability
3¢ =) A =1 | i > CLK27 » Spartan-3A (for ex. XC351400A) can be used for design and tests now
2| > el B E C 0 p &
S| =] |3 EClkax » Minimum components on board: 2 ADCs and FPGA - is it possible?
ckrs—HE( 18] I5[[5Hex180
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o1 88l (g ] Test 2. LVDS serialisers in FPGA
%' E Ef,lil':}l -;Inuil DFS LKFX
3 DLL Eé'éfél[,so 480 Mbits/s: (10 data bits + 1 start bit + 1 stop bit) @ 40MHz

RST—E-E: L Status Logic J%L»STATUS[?:U] Eye-diagram shows a good signal quality confirming that even XC35400A can be used as a serialiser:

» AVNET development board with XC35400A-4FTG256C Spartan-3A FPGA in the suitable for MCM

package is used for testing

» PHOS4 chip task is fine time adjustment (resolution: 1 ns). This job can be done by FPGA’s Digital —
Clock Manager (DCM):
» Phase Shifter step is well bellow 1 ns
» There are 8 DCMs in the XC351400A and 4 of them can be used for PHOS4 replacement (4 channels)
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Conclusions

» New MCM (nMCM) can be built with the same form-factor and functionality
» Having a reconfigurable component (FPGA) we will gain in flexibility

» PHOS4 functionality and LVDS serialisers can be implemented inside FPGA =- less components on el N g - e il
» First tests shows that even Spartan-3A can be used

» Various FPGA evaluation boards, together with existing equipment for current MCM testing is used
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for development and tests before actual layout of the nMCM will be ready. SDA Eye felvgbur  Eysbross BeMdh o Byeamel o Byeen o Beone Eyefeion

Implemented using DDR I/0O. 3 serialisers occupy <2% of the XC35400A + 1 DCM



