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Abstract

The talk is the CMS regpone to the LEB
organsers reques to devebp te dialogue beween he
electronics communiy and he managementf the LHC
expermens. It is the view of a non-pecilist, involvedin
CMS managementof the gatus and propect for CMS
electronic gstems and the riks and uncertaintiesvhich
appear to remain.

. INTRODUCTION

A. Management of CMSelectronics

CMS operats asa federabn of sub-progct and his also
applesto electronics Resourcesand dedion-makng are
largely concentated n thes propct, with very fewunder
the control of the “management”. The roldfsmanagement
are pricipaly thos of achéving and maitaining
conengis on generafjoak and sheduks reslving
detailed difficulties within and betweenprojects, ersight
and repoiing and, fnaly, (and perhapmog relevantto
this discussian) co-ordination and integration to maintain
techntal coherence. Thuthis pre€nttion is not (and
cannotbe) aboumanaging CMS electonics It is rather the
perceptonsand obsrvatonsof “managemeritabouthow
electronicappearsasa feature of the currentasusand
future devebpment

B. CMSdetectors and their status.

To claiify how electionics fits into the overal picture, it is
useful first to list the deecor hardvare sib-progects
requied b compkte CMS. Before engring produdion or
starting major procurement, each projectéquired to pas
an Engneerng Design Review (EDR). Asis apparenfrom
Table 1, mosof the sib-progct are ateady n producion.

Table 1:CMS déector projects

Sub-Proj ect Status
Magne Coil & Yoke in produdion
Pixd Tracker EDR in 2002/003
Silicon Strip Traker Preprod., EDR inminent
ECAL barel in produdion
ECAL endcap+preshower EDR imminent
HCAL bard + tal catcher in produdion
HCAL endcap in produdion
HCAL forward EDR 2001
Muon barel drift tubes in produdion
Muon endap CSC in produdion
RPC barel in produdion
RPC enlcap EDR immirent
Shidding system in produdion
beampipe EDR 2001

C. CMSeélectronics projects and their status

The dstinct electonics projects within CMS do not
correpond exady to the sparat sub-deecbr progecs.

Table 1:CMS dectronics sub- projects

Sub-Project Status
Pixd Tracker Design. ESRin 2002/003
Silicon Strip Traker Preprod., ESR in 2001
ECAL Pre-prod, ESRin 2001
Preshower Find design, ESRin 2001/2
HCAL Design. ESRin 2001/2

Muon barel drift tubes

ESR September 2000

Muon endap CSC

ESR September 2000

RPC ESR September 2000
Trigge (level 1) Design, ESR2001
DAQ Design, ESR2002/3
Controls Design, ESR2002

By anabgy © the EDR, an Ekctonics SystemsReview
(ESR) mug be hetl before &unching any majr
procuremenbr manufaairing. Tabé 2 ists the gatusand




Figure 1 Bows a generabverview of the expennent
structure and e technobgiesin use.
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Figure 1: OMS gructure and déector technologies.
D. Assembly Schedule

The QVS mager mechanical asmbly ssquence is
congrained by the @il Engineering of thewgface (SX)
and underground (UX) ared3uring the arface asembly
into majr elemensg (2000-2004) te magnetHCAL and
muon ystem form the critical path. During the
underground ph&y2004-2005), the barrel EAL, silicon
strip tracker and beampipe define the critical path. The
natral early tendency in both overal and sibdeecbor
scheduless to concentrate on the big mechanical units
which mug arrive on tme o avoid asembly dekys.
Recently, however,cheduling attention ha®cused on
undersanding correponding ekctonicsarrival and burn-
in, and on calibration. The preparation of thesice cavern
and deecor umblical connedtonsis now recognsed asa
critical path activity. Similarly the canpletion of the
contol systemsbefore sib-deeciors switch on for
commesioning, and e preparabn of he trigger and dat
acquistion for the prolonged initial integration proseare
seen avital requremens in the overal planning. In
general, however, electonics task ard milestones ae still
under-represnied in CMS planning. Thiis apparenfrom
several systemswhere manufaetring hasbeen dunched,
but electronicsiow appearsn or near the critical path.
Also from the re-emergence of mechanical integration
conflictsason-board electronicand grvicesbecome
beter defined, and tsay ouside prevoudy agreed
envebpes

Il. CMS SUB-SYSTEM ELECTRONICS

In this section the wtusof electronicsn the sib-g/stemsis
briefly (and cettainly incompletely) reviewed The focus is
firmly on the on-detector electroniegich are clearly on
the ciitical asserhly path to a waking CMS. Details énd
modg probably correctionto inaccuracigscan be found in

many oher &lks given atthis workshop. In general
progres is remarkaby good, butCM S hasseveral
difficulties toovercome, which will be pointed out.

A. Slicon strip tracker

A remarkaby succesful frontend chp devebpment
usng 0.25um technobgy is now nearng compétion. The
expectatians for yield, functionality, low power, sirall size,
low-cog and radition blerance of he APV25 have all
been met or exceeded. Now that gk technology
(silicon stiips) has beenchosen for the CMS tacker, only
this one varant of the frontend chp is requred. A few
APV25's were teted in beam at PSI earli¢his year,and
the measred $gnal-to-noig wasasexpected.

The opical link, sscond mosimportant cog-driver in
the gystem, B also progresing well. Using oder APV6
front-ends, the full system functionality (control,
synchronsation and optical links) was exercged at high
rate in the (ERN X5 beam with 25ndunch repetition
structure. The meased $gnal-to-noig wasasexpected.

Automatedteding and asembly systemsare in place,
giving confidence that Hgh quality ard yield can be
maintainedduring a ditributed bulk production ofilkcon
senors A Procurement Readnes Review (PRR) for
sensorsand eéctonics hasbeen sccesfully pased andan
ESR is planned for nd-2001 folowing a furher ful-scale
system st in a LHC-like (25 n} beam, umg pre-sries
senorsand final chocesof cabks and pover supplies.

Figure 2 Bows an overvew of the g/stem.
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B. Pixel tracker.

Development of the readoutchip and column drain
archtecure coninue, with submission in DMILL of a near

final prototype having taken place very recently, and due

for delivery by the end of 2000. Br this probtype, he
controls block will be added as aseparate item. The bump-
bonding technobgy to connectsensor and readouthips
has been succesfully magered atPSl. Assuming good



performance of e DMILL readout chip probtype, an
altemative in 0.25 um technology will be explored in
Spring 2001.

C. Crystal Electromagnetic Calorimeter (ECAL)

The crysal electromagnetic calorimetefbarrel and
endcappussan on-detectoflightto-light’ readoutchan,
asshown in Figure 3.

A contact with Hamamasu for 120,000APD’s hes
beenplacedand, basd on the initial production of 6000,
fine wning is behg done m conuncion with the
manufactirer b overcome ageg and radition lerance
problemswhich occur at the few percent lev&he twin-
APD capslles are permanently attachéd crygals during
sub-modué asembly, and ddlvery mu$ math the
asembly scheduk requiemens of moduks and
supermoduts

The first pre-produdon run of he Harris rad-hard
floaing pont preamp $ darting after delays while
unatisfactory yield and coswere worked on. $milar poor
yield was obtainedfrom the rializer (Honeywell CHFET)
pilot producton. A new run is in progres and an
altemative in 0.25 um technobgy is being congdered.
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Figure 3: ECAL front end.

Despte these dfficulties, the full lig ht-to-light chain
works andis rad-hard. 8nilarly the clock and da chip is
readyto produce. Although he test of several hundred
front-end channalhasbeen dedyed by morehanayeatr,it
isnowintended b conductthis aspartof ancomprehense
system est in beam dumg 2001. The delivery scheduk
mug be matched to the fitting-out ofupermodulesfor
beam calibrationtarting in 2002. Thusthough littletime
contingency remains, the ECAL electonics can still be
delivered on a cheduk mathing the ECAL dekcor
hardware, which is itself probabl/ the mos critical CMS
sub-gystem with regectto coningency.

D. Preshower

The requiemens of 5% charge meagsementand 1-
400 mip dynamic range disguish this slicon detector
from the tracker. The front-end ASICs will now be
switchabke gain, and te preamp and ar@ pipelne have
been physcaly separaed. A probtype DELTA preamp
exists in DMILL and preanp + multiplexor prototypes
have jus been received. The PAC ADC/memory

submission is imminentand he daf concentator chip is
being probtyped.

The ADC isthe AD9042 (as£CAL) andthe optical link
is also from ECAL. The contol (CCU) is taken from he
Tracker delgn and he bigges unknown is clock-
compatibility between this and the ECAL to-link. The
Preshower ison rgetfor an ER in about12-18 morits

E. Hadron Calorimeter (HCAL)

Final probtypes of the 19 and 73 channefariant of
the Hybrid Photo-Diode (HPD), which is the phob-
tranglucer in theHCAL “lightto-light’ on-board front
end, are expeetl by he end of 2000.Work is going on
with the manufacturer§{Canberra/DEP) to alve minor
problemsof HV breakdowm and crostalk.

The QE (chargeritegraor and encoder) devagment
is now nearthe citical path for HCAL lowering into the
underground area. However, Fermilab haw committed
the engineering resircesneeded to complete the
devebpmentin time, providing there are no bad
submissionsor other debys. It isimportant that the ime for
burn-in of HCAL front end eéctonics on the deecor
half-barrelsand endcapi the sirface building, bould not
be reakd asconingency.

Accesto the 36 HCAL barrelreadoutboxescontining
HPD's and QIE's is the ®urce of a re-emerging
mechanicalintegration challenge becausf the densly
packed itacker calds pasing in front of thee boxesas
they exit the deecbor through te gap beteen barreland
endcapsThe bulk of thes cablesarry low voltage and are
in the courg of being defned.

F. Muon System: endcap cathode strip chambers
The on-detcior system s shown in Figure 4.
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Figure 4 : Muon exdcap on-detector éectronics



Final prototypesof the on-board cardeave been fly
testedfor functionality and integration onto the chanber,
including cooling. Radiation tesing wasrecently finidied
and formed a major topic of the ESBompletedin
September2000. Ths review raised he grategy for FEU
mitigation as an importart isste rot only for the muon
endcap, but for MIS asa whole. In particular its likely
that the on-board Aode Local Charged Track (ALCT)
board may haveotbe revsed asa resilt of thee concerns
This may aberb the remaning few monts scheduk
coningency and brig the on-chamber ettonics close to
the criical pah for cahode strip chamber (CSC)
ingtallation. A recent trigger integration tegassuccesful
and a good examglfor oher sib-s/stems First prototypes
have beenested of off-chamberrigger and combl boards
which are mourgd on be magnetioke pemphery,in VME
crakes expogd D consderabk radiaton and magneic
fields

G. Muon System: barrel drift tube chambers
Figure 5 Bows the overal on-board gstem kyout
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Figure 5: Muon barel drift tubes on-detector scheme.

The frontend (MAD) ASIC and high-voltage
distribution/signal pick-off cards mouned within the drift
tube (D) chamber gasolume, were approvedn aPRR in
late 1998 and arenibulk production.

The remaining local electronicéTDC's and tigger
track ebment procesors) are mourgd in cugom mini-
craies on the chamber tsucture, hough outide te gas
volume. The bunch-cregg and tack denifier (BTI) and
part of the trigger chan are fuly probtyped and wre
reviewed n the September 2000 EB. Pre-producion
HPTDCs, devebped atCERN in 0.25um technobgy, are
due for delvery o the muon gstem ugrsin October.

The BTl in particular issengtive to foundry delaysand
the overdl scheduk risk here, ador the endcap SC's, is
notthe rae of electronics deivery, butthe deby in garting
manufactue, which will lik ely detemine the eatiest date
at which muon chamberscan be niserted n the magnet
yoke in the arface building at point 5Modifications to
simplify installation of mini-crates o alread/ installed
chambersare being actively coidered.

H. Muon System: resistive plate chambers (RPC)

The RPC front end chp (AMS 0.8 um CMOS) showed
good yield from a 1000 clp pre-produdbn. Automaic
testing hasbeen comnssioned and raditon olerance ésts
of the on-deecor frontend pls contol board are now
complete fllowing same delays.

Here agan, foundry delys in RPC electonics
manufacture could become critical for the ovel@MS
schedule, becawsin all 4 barrel layersand the firslayerin
the endcap, RC's are mechanically cotrained to be
installedsimultaneously with the drift tubes ard CSCs.

J. Level 1 Trigger

The first pha® of the level 1 trigger deggn hasbeen
succesfully compkted, with all boards prototyped and
tested, and a Techntal Design Report (TDR) in the final
stagesof edting. Fgure 6 Bows the shemaic layout of
the level one tigger ystem, he onl hardware rigger kbvel
in CMS, which musreduce the 40 MHbeamcrossing rate
to 100kHz (withoutloss of physcs!).
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Figure 6: Sthematic layout of Level 1 trigger system

Thefunctional partslocatedin the experimentakcavern
are : the GC/DT track £gment generatiorthe RPC muon
hit generation and the calagimeter digitisation (only). The
remainder of the sytem is located in the shelded
underground evice cavern (I3C) and compriees the
CSC/DT muon tigger tack finder, he RPC muon tigger
patern logic, the cabrimeter regonal and global trigger
and be globallLevel 1 trigger.

Phag 2 (pre-production prototypgswill be launched
uponcompletionandacceptance of the TDFRoncernsare
that laterty may be too close tothe limit (particulady in the




pre-hower, where a re-degn of the frontend chp maybe
indicated) and that araplification of theDMILL TTCRx
(timing and contol) chip coud ako be conglered. In
general more tests & sub-systemcompatibility are reeced,
in additionto theformal interfacing checkmade agart of
the ESRproces.

The byout of trigger cabds betveenthe detecor and
the USC and the allocation of USQacks have been
carefully modelled in 3-D CAD in order to respect the
pah-lengh limits from latency, te popubkton limits on
cable chainaand ductsand themaintenanceprinciple that
no digonnection Bould be necesry to permit opening of
CMS into seprate sectims.

K. Data Acquisition

The Techical Desig report for the DAQ system is die
in Novemberof 2001,thusit is currently &l in a resarch
anddevebpmentpha®. A seriesof 4 increasngly compkx
demonstratars d the ewert builder and filter functionality is
scheduled to be built during 2000/2000he first, currently
operatonal uses 33 FC's, hasa 20Gb/sevent builder and
allows comparson of CGEthernet and Myrhet 16 x 16
switching neworks

The equpment of the USC couning room andthe
provision of trigger signals ard DAQ systemintegation at
the approprate time for CMS sub-g/stem and expement
commisioning are recognésl asschedule-critical activities
for CMS. Tte intertion is to stat data-taking with 25% of
the full capacity, doubling for each of thebsequent years
Thereater, one third the full capacity system will be
upgraded every year. aBed on currenttechnobgy trends
this will lead to a conwnt funding profile being required
from 2005 onvards

L. Controls

This vital partof CMS falls under be generalumbrela
of the DAQ poject, hit requires \ery close collaboration
with the sib-deecor hardvare and orihe software projecs
and a @S critical deivery dae of summer 2004. The
CMS Detector ©ntrols Sysem (DCS) architecture
envisagestwo broad fundbnsThe first is to montor andbr
control such quantities as gs-flow, voltage, tenperatue,
coolant flow, magnetic field etc - the cta=al province of
“slow contols’. The £cond § the contol of the download
of condants and software to the frontend ystems and he
suypervision of calibration data-taking within the local DAQ
of each gb-detector. The development faking place
within the framework of the LHC Experiments Jant
Controls Project which enveagesa common commerdali
platform as the foundaton of the contols system and
recognses that a <alable, hierarchcaly organsed and
fully partitionable systemwill be needed, with availahility
before he first sub-deecor darts to commssion
undergroundUser requremens have been defed and a
yearly review meeing organsed, butthe paricipation of
CMS sub-deecbr groupsis notyetatan adequatlevel.

CMS will alsoimplement a stadalone Detecto Sakty
System, independentf DCS, but communcaing closely
with it, which is designed to protect the captal investment
in the apparats. This conssts of a ®t of independent
“hard-wred’ sensor-actuator logic loopgach configured
to preventspecific poenially damagng situations from
devebping.

[ll. CMS ELECTRONICSCOORDINATION

A. Electronics Systems Co-ordinator

The need for an electroniaso-ordination sucture was
realisedeaty in CMS, but the curent working sdution was
developed quite late ard after considerabe difficulties. The
Electronics Sygems Co-ordinator and an asciated
electronicsintegration group were initially enaged asa
direct pralel with the Techical Coordinatar ard the
Engineeiing Integration Certre. First attenpts to implement
this led to much progress ég in estalishing radiation
testing criteria and mn launching the muon O front end)
but also much ¢rife. Fom te reslting vacuum, a
pragmaitc schemearo® which takes accountof the QMS
structure and managemeiit(see ction I), and als of the
resaurces awilabe. The appropriate paralels with
engineering co-ordination wereen to bethat eachsub-
project has a parameterspace to work in, within which
detailsare largely their choice; th@bmmonprojectsare
relatively few ard ewlve naturally; that intemal review is
the bes guarante of detiled desgn andcomponenthoice
and hat Electonic System Reviews, following generaland
agreed guidelingsand including external expertare the
best guarantee d overal compatibility between systens.
The Electronic Syems Co-ordinator is now fully
integrated into the KIS technical co-ordination and
managementeams provides the link betveen he GMS
Management Bard and theElectronic Sydems Steering
Committee, and § suppored by a small techntal task
group from the collaborating itisites

B. Electronic Systems Seering Committee

The membetip of this body (ESSC) are the
electronicsexpertsfrom each gb-g/stem plusthe controls
co-ordinator, the deputy technical co-ordinator, dfrgices
and radaton issues co-ordnators and oher memberof
CMS technical co-ordination aseeded. Itsnandate ido
edablish and modify guidelines by congnais, to provide
the cooperative ervironmert in which co-ordination can
work, to act asa forum for informal exchange of ideasd
practcal experence andd support and mortior the few
common progcs.

The committee ischaired by the ElectronicSygsems
Co-ordinator and § delegaed some steering functions for
elecronics maters. (eg valdaton of ESR repors,
edablishment of crosproject tak forces.



IV. PERCEVED RISKS

A. On-detector Electronics
This is the main focus d attertion at pesert:

It is apparent that on-detector partre already
generdly late due b a varety of devebpmentdebys of
which the mo$ common are fé&d or poor vyeld
submissions radiationtoleranceissuesand esting, and &ck
of engneerng resurces For several systems (HCAL,
muong action hasbeen necesry to keep on-detector

electronicoff thecritical path. It isclear that treating burn-

in time as coningency mus be avoiled depite the
scheduk presures

The ®cond cas of probkems and rsks are in the
trarsition to manufactuing, where trere is wlnerability to
foundry delivery sheduks to technobgies disappearng,
and to dependence on one (or fevkey individuals).
Seweral systens could suffer these tosame extent, which in
many cases coudd have inplicaions for the overal
scheduk.

Finaly, system apecs which have notbeen tested
could lead to unplasnt surprises later. The® include
EMC and groundig issues where devebpment of a
compatibility policy is rather late, the alserce Excep for
Tracker) of fully integatedsystemtests inbeamwith 25 ns
structure, and he provsion of deggn and maitenance
tools for the lifetime o the system Accessillity of the
front endsfor maintenanceis in some caes hardly beter
than for stellite-mounted gstems in gace and it is
difficult to judge whether reliability will be good enough.

B. Off-detector Electronics and Services

Although he off-detecior systems and grvices seem
less crucial at this stage, they edly become irrecoverably
critical during installation, commssioning andsubsquent
maintenancepha®s. Underetimation of srvice voumes
can kad b integraion and madrial budgetproblems re-
emergng and he procuremenandinstallation of services
mug be carefly mathed b the windows avaiable in the
overall <hedule. Low voltage uwpply to a hodile
environment has lead © several sub-deecbrs (Tracker,
ECAL) choosng t supply over bng cabks at low voltage,
from supplieslocated outsle the experimentalavern.This
requires cooled srvice-ways and complicates the
estalishment of themmal balance and the mainterance
proceduresThe contols system devebpmentmeris more
attention, given tat it mugd be ready befor¢he first sub-
detecor darts to commssion undergroundSimilarly the
trigger and DAQ integration period is likely to have been

underemated and $ liable © shrinkage from wishful
thinking asscheduk presuresincreasg.

V. CONCLUSON

CMS on-board ectonic gystems are advancig well
and approachg final review before &unching
procurement or manufaatre. Mos have encouetred
unexpecatd problems with scheduk or ntegraion, and
remedial action habeen necesry to keep electroniceff
the asembly critical path. The emphigsis now changing
from chip development toystem apectsand inter-gstem
compatibility. Few ab-detectorshave yetconductedfull
system tests.

A workable electronicso-ordination Bucture isnow in
place, ad guidelines lave, or will be, ewlved for seweral
cruciel areassuch as radiaton testing and groundig.
Many others need more tady © egablish congnsis and
ersure compatibility .

The biggest risks ae wilnerability to delay during the
transtion to the manufaatring phas (leadhg t© burn-n
time beng ued asconingency), underdgisnaton of he
time for ®rvicesand off-deecbr electonics installation,
andsimilar underegmation of the ime for commssioning,
including integraion with contols, trigger and da@a
acquaition.
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