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Abstract-The Liquid Argon sampling calorimeter is a key
detector component in the ATLAS experiment at the HC, Il. THE ATLAS LAR READOUT SYSTEM

designed to provide precision measurements of eleghs, photons, . .. . .
jets and missing transverse energy. In this note avpresent the This LAr readout system is illustrated in Fig. 1herFE
detector readout electronics system and its precisi calibration.  €lectronics of the LAr comprises the front-end hisafEB)

The system has 182,468 channels with more than 1&-tynamic ~ which perform the readout and digitization of treotimeter
range. The contribution to the relative energy reslution constant signals; the Calibration board which injects priegis
term due to the calibration uncertainty is below 25%. The  cajipration signals to the readout system; boasdgfoducing
radiation tolerant optical link between the detecteo front-end and analog sums for the Level 1 triggefg@); and other control
the data acquisition back-end is also discussed o 2 )

and monitoring boards. The FEC has its custom designd
built radiation tolerant DC power supply. The FECin a
) ) ) radiation environment with very limited access for
TLAS is a general-purpose particle physics detectQpainenance [4]. The BE electronics has the ReaBoiver

LH(éeSigtnggRE)r Tc;]perLaHtigq at thet Larg? Hadlrlpdr;nﬁollide(rROD) boards as its core with many other servicarté®. The
((:ies' )nacL;enter-of'-ma:s enerls thﬁ c_)l_':\ero_r?]g Zc')l'li,e@:a:tc?r ROD performs digital filtering of the signals usiag FPGA
'9 ay | and DSP system. The BE electronics is accessibte fo

comprises an inner tracking system, a calorimststesn and a . : . . .
P g sy maintenance during operation. A radiation tolemgptical link

muon spectrometer. In the calorimeter system tiigdiargon .
(LAr) calorimeters make up the electromagnetic darr system operate§ at ?'6 Gb/s each fiber, and cantreeBE to
the FE electronics with 1524 channels.

calorimeter and the electromagnetic and hadronidcam beckeand ¢
calorimeters, covering a pseudo-rapidity regioriaip| = 4.9. Front-end Crate ackeend Crate

. . . Pulser + 125 e There are many other boards in BEC
The electronic readout of the LAr calorimeters igidid Dmm,( distributors bAC '

Optical PU Slink
Link, RX FPGA+DSP «‘ To g",.Q

I. INTRODUCTION

cell

into a Front-End (FE) system of boards mounted tistam e
crates (the front-end crates or FEC) directly oa thyostat

reamp SCA, 40 fMsps
preanp Y: Optical |16 Ebps

. s Erent | | Lnk T4 spm =
feedthroughs inside the ATLAS detector, and a BEnK- — " ey bulder » : Caleulate £ 7
(BE) system of VME-based boards located in an efedtor - 00 FE @
underground counting house. The requirement frogsiph to |~ hoper LiTriggr [+ o Rop
measure energy deposition from 30 MeV to 3 TeV ieo | e
calorimeter readout cell dictates the readout dyoamnge. | = = % et [ rosern,

' S TBB interface processors

LiTrigger =

The energy resolution of the order oo/« E (GeV)with an J
overall constant term not larger than 0.7% putsiiregqnent on Gl Ll (o) Tt
the electronic calibration contribution to the éatto be below
0.25%. [1] Detailed descriptions of the FE and Bé&ctonics  Fig- 1. The LAr readout system block diagram. TEBFand the ROD are
systems have been published elsewhere [2, 3lidmote and %720 [T P2R 8 P e 0 SO s o
In secthn I we descr,'be the electronics readgstesn with transmitting side on the FEB and must withstandstirae level of radiation.
emphasis on the optical link that connects the RH BE
electronics. In section Il we outline the caliboat procedure A block diagram of the FEB is shown in Fig. 2. Arsunary
and present the results from the commissioning @ledsthe  of the main specifications of the FEB is listedriable I. After
ATLAS detector. We conclude in section IV withpeing amplified and shaped, the LAr calorimetemalg are
acknowledgments to our cqllaborators in the ATLA_&rL sampled at the LHC bunch crossing frequency of 4@zMnd
Group who worked so hard in the past many yeaesgn, giored the SCA (sampling capacitor array). Onaggéried, 5
construct and commission this detector. samples around the peak are sent to the Analoggibad
Converter (ADC). Digitized signals are built intbet FEB
_ _ ' _ event with header and control words and are sehtthef
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using technologies like the DMILL [5], the Deep-SMlicron  requirement of the GLink. The GLink adds protocaida
(DSM) CMOS and the AMS BICMOS. A limited number ofcontrol bits and produces a single serial outprgash of 1.6
commercially available components are used on #B for Gbps in PECL format. In the final step, this sedata stream
example, the ADC and the serializer for the optittak). is converted to an optical signal and transmittéadbthe FEB
These components were evaluated to be radiatiematad on via a custom-built optical transmitter (OTx) modubhich

production batch level. includes a commercial driver chip (SY88922V from ckail
Inc. [8]) and a 850 nm VCSEL (TTR-1A43 from Truehtg
ch.0-3 . . . .
Zo-{ Preamp H{Shaper| SCA)]_{OpAmwADC}_ Corp. [9]) for converting the signal from electiica optical.
- :H (Preamp }-{Shaper{SCA] | (Gom) The choice of a VCSEL for the optical interfaceldols the
=== {pream 1 HShaper‘(SCA}:I_{OpAmp aoc) i trend in industry for short range optical networksis also
_"T Preamp -{Shepe)-{5cA) based on the radiation tolerance that VCSELs detrains
(ch.16-47) | i '
o ao-s1 NP g N L P Table 1l lists the parameters measured, and actepta
L coreeme) e} (o OpAmp-{ADC {Leuro)-Grd windows applied du[r)in uality control (QC) measuents
4»“#—1 Preamp —(Shaper’—SCA o = —\LIA BCR, pp ! o g q y i
28, reamp)-Grapei-50A) —{esel e of the OTx. In addition, an eye mask test, andebibr rate
o foth Proamp HShapert-(ScA j—KOPAm"*ADCF D (scac) - tests at 0 dB and 10 dB attenuated optical powee wadso
B G T Wi‘ﬂ*fﬂ%ﬁ;on carried out. The bit error rates in both cases wegglired to
on. g ﬂqp,eampyShaper = opamp}-{ACI— | - ‘\SCAC/’J be lower than 1&. Fig. 4 gives a typical eye diagram of the
& 2% reamp Hmaped-50n) MO8 - —{(conFio ) optical signal from the OTx. Detailed informatiobaat the
ch. 76-79 D’OPA”‘PHADC_ 1\ ) .
T Preamp )—{Shaper—{SCA (poy) (SPACmve) == QC tests of the OTx can be found in Reference [10].
(ch. 80-111) \ i 1 bus
ch. 112-115 ——— | ‘93/VREG . .
——-‘\—H (Preamp ) 52 Shaper?—tSCA )7 voltages Transmitting end Receiving end
ch MG)\_}E b )—Sh = j—(OpAmp ADC— !
o == HoseL Data 40.08 MHz |
+>7— Preamp )—Shaper’—{SCA —— = — + | ;
% Pream| Msha er)—(S‘C:D’M_\ﬁ_ 2 :
p P . X ! Rx
E I
Fig. 2. The FEB block diagram showing all 128 atels. The Shaper has % I Optical
three gains (1x, 10x and 100x). Together with tBebit ADC, a dynamic ~ § 1 Feeceiver
range of about 17 bits is achieved. S i B p— MHzi ‘1_5 s
TABLE |. SOME OF THE MAIN SPECIFICATIONS OF THE FEB DMPE1053 3 HDMP_1024
Serializer 3 Deserializer
Channel count Signal sampling !
i 1.6 Gbi |
Total Channels 182,468 Sampling 40 MHz 8 abis skt s
frequency ontica | ﬁ
ptical !
Nu?é)gr of 1,524 L1 trigger latency <2.5 s Transmitter | @ %
. Tx ; = =
=]
Channel 128¢ch/FEB Max. L1 trigger 75 kHz 53 p a
density rate 219
i - Data 40.08 MH
Power 0.7 W/ich.  Samples/channel 5 (typical) &2 ata 4005 MRz
consumption 32 (max) ) ) ! o ) .
Deadtime < Few % Flg_. 3. The architecture of the transmission e_tertﬂsslde) and ref:eptl_on
end (right) of the 1.6 Gbps FEB output data optiicéd. The transmitter is
. mounted on the FEB and the receiver on the ROD.
Energy measurement Time measurement
Dynamic range 17 bits Resolution <100 ps TABLE Il. PARAMETERS MEASURED AND THE CORRESPONDING ACCEPTANCE
Calibration <0.25% WINDOWS DURING THE TESTS OF THETX MODULES
uncertainty ’
Noise/channel 10 — 15 MeV Parameters Units  Min. Value Max. Value
Coherent < 5% of total noise/channel Average optical power  dBm -7.5 -35
noise/channel Extinction ratio - 6.0 -
Rise time ps - 220
The block diagram for the optical link is shownFig. 3. Fall time ps - 220
FEB data after the ADC are organized into 32 hitdCcaMHz Deterministic jitter ps i 125
Random jitter (RMS) ps - 10

in LVDS format. The SMUX chip (an ASIC developedthvi
the DMILL technology) [6] receives the parallel daand
performs a 2:1 multiplexing to generate an outgut®bits at
80 MHz. In addition, the SMUX generates a FLAG, ethis
HI (LO) for the MUX cycle when data from channels 83
(64 - 127) are sent the serializer (HDMP-1022 fraAgilent
Technologies [7] GLink chip set). The SMUX also foems a
level shifting so that the data format match theuin



Fig. 4. An eye diagram demonstrating the eye ntaskof a typical OTx
module. The horizontal scale corresponds to 90\siadn.

Multimode 50 m core graded-index (GRIN) fiber is used

to carry the signal from the FEB to the ROD. At R@D end
of the fiber, the 1.6 Gbps optical signal is coteérback to an
electrical signal via a PIN-diode based customtbaoygtical
receiver (ORx) module. It is then de-serializedtiy GLINK
receiver (HDMP-1024) [7] back into an image of ft&bits at
80MHz data stream output from the SMUX.

On the ROD data from the optical link is first pessed in
an FPGA to check data integrity. Data is also mafdted for
the DSP to calculate for energy and timing infolioratfor
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Fig. 6. Triangular pulse of the current in the dAwell and the FEB output
signal after bi-polar shaping. Also indicated dre sampling points every 25
ns. Even though a maximum of 32 samples can bénettaonly a few
samples (5 to 7) around the peak are typically asgohg normal data taking.

I1l.  THE CALIBRATION OF THE LAR ELECTRONICS READOUT

In order to translate the ADC counts into energgaddt in
the detector cell, and to monitor the electroniemdiout

each readout channel. The ROD data distributionckolo System, its linearity and stability over time, dilwation pulse

diagram is shown in Fig. 5. The processing unit)Btiploys
DSPs to perform Optimal Filtering (OF) on the 5adsamples
to calculate the peak amplitude (in ADC counts) podition
(in time):

is generated by the Calibration board in the FEGh vifis
amplitude set by a 16-bit DAC. This calibration smilhas a
similar shape as pulses generated in the detegtqrabsing
ionizing particles. The following formula explaitise needed
steps to go from the amplitudg,.«to the cell energy:
Ecet = Fua—mev - Fpac—pa - % ‘R Az (3)
Meari

F Ao mevdepends on the sampling fraction and is estimated
results from testbeams.

with  GEANT4 simulations and

whereg; andb; are the OF Coefficients (OFC) computed frome  takes into account calibration board specificitiese

the normalized ionization pulse prediction [11] a&hd noise
time autocorrelation [12]. Heneis the ADC pedestal.

R factor of Eq. (3) transforms ADC into DAC valudss R is
determined on calibration pulse and not directlyiarization

Processed data is reformatted in another FPGA anghise the difference between those two pulseschas taken

monitored in some histograms. The data is senhefROD to
down stream data acquisition system for furtherlyasisa
Shown in Fig. 6 is the signal on FEB after preafigliand
shaper with the detector pulse shape overlappéd on

Fig. 5. Data distribution on the ROD board.

into account. The calibration signal is a decreasixponential
injected at the output of the detector cell, while ionization
pulse originates from a triangular signal collecteyl the

electrodes. As a result, the shaper outputs oibthieation and
calibration signal corresponding to the same ihiiigected

current are different. The energy is correctedtfar ratio of
the two pulse maxima MgndMcai) in Eq. (3), the ionization
pulse being predicted by factorization of the ragadesponse
[11]. All the constants of Egs. (1), (2) and (3xcept the
F Ao wmevfactor, are determined by calibration runs, onlalne

cell and readout gain basis.

Frequent sets of calibration data are taken in rotoeest
the stability of the different constants. An autdashprocess
has been put in place to reconstruct the data egwghpe new
sets of constants ready to be loaded in the ATLAflhses.
The validation of those data is done with respec teference
run. Databases are updated only if it is neededmFrecent
measurements, it has been observed that in stg@eating
conditions (mostly temperature) the parameter tiaria are
small. Shown in Fig. 7 is the pedestal variationchtis of the



order of a few MeV and well below the noise lev&he
relative maximum amplitude difference of the califion
pulses taken in a typical routine run, with respeztthe
validation reference, is shown in Fig. 8 is at léneel of a few
parts per thousand. In such a case a databasete updaot
foreseen.

Fig. 7. Pedestal variation in MeV for differening periods, for a random
set (1 FEB) of channels in the EM calorimeter.

Fig. 8. Relative maximum amplitude variation of the calibration
pulses in the barrel EM calorimeter.
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The ATLAS LAr readout electronics system is complex

with its FE part operates in radiation environmesth very
limited access for maintenance. The BE processaiztad on
an FPGA+DSP processing unit to obtain energy amihg)
information “on the fly”. The radiation tolerant tigal link
system has 1524 fiber channels. Each fiber tragsddta at
1.6 Gbps. This system is built based on commeycialhilable
parts and ASICs. The recent operation experiendk thie
optical transmitter points to a reliability issue the VCSEL
that is under study. The LAr readout system isyadtement in
the LAr calorimeters to achieve an energy measunéenvéh
required precision dictated by physics goals. The for
energy and time information calculation, and thébcation
system are presented. The LAr calorimeter systeth W8
readout electronics have been commissioned andeady to
take physics data.
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