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Amoayopevetol n aviypo@r], amodfKevon Kot dovoun g mapovoas epyasiog, €€
OAOKAN POV 1] TUNUATOG OLTNG, Yo EUmopkd okomd. Emtpémeton n avartvmwon,
amofnkevon kol Sovop] Yoo OKOmd U KEPOOOKOTIKO, EKTOIOEVLTIKNG 1|
EPELVNTIKNG PVONG, VIO TNV TPoHTODEST VO AvaPEPETAL 1] TNYN TPOEAELOTG KOIL VL
dwtnpettat to Tapdv unvopoe. Epotipota mov agopodv ) xpnom g epyasiog yio
KEPOOOKOTIKO GKOTO TPEMEL VO OmeLOBVVOVTAL TPOS TOVG GLYYPOAPELS.

Ot amoOWELS KOl TO GUUTEPAGLOTO TOV TEPLEYOVTOL GE QVTO TO £YYPUPO EKPPALOVY

TOVG GLYYPUQEIS KOt OV TPEMEL VoL EPUNVEVDEL OTL AVTITPOGMOTEVOVY TIG EMICTLLES
0éoeig tov AEI Iepond TT.
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Iepiinyn

H niextpovikn kapta Level-1 Data Driver Card (L1DDC) amotelel pépog Tov NAEKTPOVIKOD
GLGTAUATOG GLAAOYNG Kat dpopordynong dedouévav tov aviyvevty New Small Wheel (NSW) tov
nepdpatog ATLAS. H eykatdotaon tov NSW oto meipopo ATLAS amotelel po and Tig
Backdtepeg avaPabuioelg mov Ppiokovar ev e&erilel mpokepévov to ATLAS va Aettovpynoet
OOd0TIKA OTIG VEEG MO OmOLTNTIKEG GLVONKEG oL Bo emikpaTobV UETA TIG TPOPAETOUEVEG
avapodpuiceic tov emroyvvr LHC oto CERN.

‘Evag peydrog apipog L1IDDC kaptaov (1024) Bo tomobetnBodv whve oto NSW yuo
Storxeipton kou Spopordynon dedopévov amod ta 2.4x10° kavédio aviyvoong ToV avixveuTdy Tov
dwbéter. Or LIDDC eivor niextpovikéc Kaptes, avlektikés otnv vynin aktivoBoiio kot 6to
payvntikd medio mov Ba emikpatel, o1 omoieg Oa cuykevipdvovy dedopéva peydaov pvBuov amnd
Evav aplOpd MAEKTPOVIKGV KapTdVv avayvoons aviyvevtov (Front-Ends, FE) tov NSW kat 6o ta
HETAPEPOVV HEG® apPidpouUNG onTIKNG (eVENG G pa Stemapn) SIKTOOV GE OMOUOKPVGUEVO GTAOIO
eréyyov. [Mapdiinia, Oa déyovtatl amd T demapr diktvov kot Ba dtavépovv otig FES, onuota
axpiPeiog Yo T0 YPOVIGHO TOVS, EVEPYOTOINOTG TG OVAYVOGNC TMV JEG0UEVOV TOV AVIYVELTOV
Kot SpOpP®ONG TG AELTOVPYiag TV NAEKTPOVIKOV eEaptnudtov Tov FES. H kpiopwémta tov
L1DDC xoptdv yia v amodotiky] Asttovpyio tov ATLAS kot o peydiog apfpdg tov Koptov
nov Ba gykatactabodv oto NSW, ékoave avaykaio 1o 01e£001kd €Aeyy0o HdG GEPAG cLVEN®DS
BeAtiopévav TpoToTHI®V TPV TV TEMKN £kdooT oL Ba TapayOel poalucd.

Y10 TAOICIO QVTNG TNG TTVYOKNG EPYOGIOG, OVOTTOXONKAV GTO E£PYNCTHPLO GLGTHLLOTO
eALEYYOL YL TO OEVTEPO KOl TO TPITO TPWTOTLTO KAODG KOt Y10l TO TPOTOTLTO TPO-TOAPOUYDYNG TNG
L1DDC. H gpyaoia eotialetar otig L1IDDC mov Ba ypnoyoromBodv 610 cOGTNUG 0vVAyVOCNC
TOV aviyveutov tomov Resistive strip Micromegas (MM), pia oo T1g 600 TEXVOLOYIES AVIYVEVTDV
nov amoptilovv To NSW. To devtepo mpotdTLTO, OTMG KO EKEIVAL TOL aKoAoLON GV, dEPEPE
ONUOVTIKA 0mtd TO apyko 010t oyedidotnke €16t dote ot LIDDCS va pmopodv va Aettovpyncovv
OOd0TIKA KoL GTNV EXOUEVT] , TTLO OOLTNTIKY], ovaaduon tov aviyvevt ATLAS.

["a v vAomoinon tv cueTNUATOV EAEYYOL YPNCILOTOONKAY avOTTLEIKEG KAPTES TTOV
eépovv vyming amoddoong (high-end) FPGAS g Xilinx. H molvmlokdtnta Tov GuGTALATOS
eAEYYOL elvar 101aTEPO LYNAN KOL Y10, TV EMLTVYT OLOKANP®GN TG 6YedaoNS PN CLOTOmONnKaY
VTOGLGTNHIATO TO. OTol pag mapeiye M veevlOvvn ya v oyxediaon Tov npototvmwyv L1IDDC
epeguvnTikn opddo tov EOvikov Metadfrov TToAvteyveiov addd kot povtéda Tov £xovv avamtuydel
and 11 opddes epyaciag oo CERN. To cvomnua éxel meptypagel pe ™ YA®OoO TEPLYPOOTS
vaMkov VHDL. O apywodg x®dokag to 0omoio 0omoc@oApatddnke kot tpomomombnke Kot
aKoAoVOm¢ avamTuyONKE VEOS TPOKEWEVOL Vo EEMEPAGTOVV 01 TEPLOPIGOL GTIC SOLVATOTNTES TOV
vrdpyovtog. To firmware ynelokd cuoTNUA TOL OVATTHYONKE GTO TAAIGLO VTG TNG TTTUYLOKNG,
aQopd Kupimg ot dtoeipton kot SPOLOAGYNOT TOV NAEKTPIKOV CTUATOV TOV OVTOAAIGGOVTOL
petald tov L1DDCs kot twv FEs tov MM aviyvevtov.



Ot éleyyol mov mpoaypotomomOnkay apopodv oty emiPefaioon g opbBoTTOC NG
TAVTOYPOVNG, OUPIOPOUNG UETAOOONG OAWV T®V MAEKTPIKOV KOl ONTIKOV ONUAT®V 7OV
dwyepiCetan  L1IDDC, 6g 6Aovg Toug vmootnpilopevous pubpovg petdooons. Metd tov Eaeyyo
™G GPLOTNG AELITOVPYIONG TOL TPWTOTHTTOV TPO-TOPAYM®YNGS, TOV IovAto Tov 2019 Eekivnoav pe o
cvotnpo Tov avantHydnke ot édeyyol twv L1IDDC mov Bo eykatactabobv oto NSW, ce dvo
otafpovg eréyyov (oto Tunpa Hiektpordywv kot HAektpovikmv Mnyavikov tov [avemiompiov
Avtikig Attikig kou oto Tunua @ucwng tov [Mavemotnpion AGnvoav). Méypt otyung éxouvv
eheyyOei 164 L1DDC kdpteg tmv aviyvevtov Micromegas (MM-L1DDC) kot 470 TV aviyveutmv
STGC (sTGC-L1DDC). And awtég, 571 Aertovpynoav enttvydg (132 MM-L1DDC kot 439 sTGC-
L1DDC) kot ta amoteléopota kotvomomOnkav oto CERN.



Abstract

The Level-1 Data Driver Card (L1DDC) is part of the New Small Wheel (NSW) detector’s
data acquisition system of the ATLAS experiment. The installation of the NSW in the ATLAS
experiment is one of the key upgrades currently underway to operate efficiently in the new harsh
conditions following the anticipated LHC accelerator upgrades at CERN.

A large number of L1DDC cards (1024) will be mounted on the NSW for collecting,
managing and routing data from the 2.4x10° readout channels of its detectors. The L1DDC cards
are high speed, high radiation and magnetic field resistant electronic cards that will collect data
from a number of NSW detectors’ front-end (FE) electronic boards and will transmit them through
a bidirectional optical link to an interface network, located away from the ATLAS detector. At the
same time, they will receive from the network interface and distribute to the FE, precision signals
for timing, triggering the read-out of the detector's data and configuring the operations of the FE's
electronic components. The importance of the L1DDC cards for the efficient operation of the
ATLAS experiment as well as the large number of LIDDC that will be installed in the detector
necessitated the thorough testing of a series of continually improved prototypes before the mass
production.

In the framework of this thesis, control systems for the second, third as well as for the pre-
production prototype were developed in the laboratory. All of the control systems concern the
L1DDCs to be used in one of the two detector technologies of the NSW (namely Resistive-strip
Micromegas, MM) data acquisition system. The second prototype, as well as the ones that
followed, differed significantly from the original because it was designed so that the L1DDC cards
will operate efficiently on the second, more demanding, upgrade of the ATLAS experiment.
Development boards hosting Xilinx’s high-end FPGAs were used to develop the control systems
and VHDL was the main hardware description language used. Due to the overall system
complexity, modules designed by the research group of the National Technical University of
Athens responsible for the design of the LIDDC prototypes, as well as by the respective CERN
teams, were provided to us. The initial design was debugged and modified and new firmware was
developed to overcome its limitations. The firmware design developed in the framework of this
thesis mainly concerns the digital signals being exchanged between the L1DDC cards and the FEs
of the MM detectors.

The performed tests were to confirm the bidirectional simultaneous transmission of all
electrical and optical signals handled by the L1DDC at all supported rates. The results of the tests
showed excellent performance of the pre-production prototype and in July 2019 the tests of the
L1DDC cards that will be installed in NSW were launched at two test sites (at the Department of
Electrical and Electronics Engineering, University of West Attica and at the Physics Department,
University of Athens). So far 164 MM-L1DDC and 470 sTGC-L1DDC cards have been tested out
of which 571 have past successfully the quality tests (132 MM-L1DDC and 439 sTGC-L1DDC)
and the results have been communicated to CERN.
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