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Front-end electronics for the ALICE dimuon trigger
RPCs

Philippe Rosnet and Laurent Royer, for the ALICE Collabiorat

Abstract— A dedicated front-end electronics has been developed = The muon trigger is involved in the level O (LO) of the general
for the trigger chambers of the ALICE muon spectrometer unde  ALICE trigger system [7]. The timing constraint requiredthg

construction at the future LHC at CERN. These trigger chambes | ¢ ; muon tri r signal deliver h 25 ns (40 MHz
are based on RPCs (Resistive Plate Chambers) working in 0 is a muon trigger signal delivered each 25 ns (40 ) to

streamer mode. The number of electronics channels (about 200) the centrz_ell trigger processor Ies_s than 800 ns_ after thsm]
and the fact that RPC pulsed signals have specific charactesics 1he architecture of the muon trigger electronics consisth®
have led to the design of a 8 channels front-end ASIC using a me front-end electronics which picks-up and processes the RPC
discrimination technique. The principle of the ASIC is descibed  pulses and sends logical signals to the local trigger elaits
and the radiation hardness is discussed. Special emphasis put (234 poards). The role of the local trigger is to store alhsig
on production characteristics of about 4000 chips. . . - S

(in a sequence of bit-patterns) in a pipeline memory and to
identify single tracks with a transverse momentum above pre
defined cuts (by using a look-up-table) by means of a dedicate
algorithm located in FPGAs (Field Programmable Gate Arrays
I. INTRODUCTION TO PHYSICS CHALLENGE The regional (16 boards) and next the global (1 board) trigge

ALICE [1] (A Large lon Collider Experiment) is a detectorcf)"eCt the _information from the local boards in order toesgl
designed for the study of nucleus-nucleus collisions at tfé9!e or dimuon events from the full system.
future LHC (Large Hadron Collider). Its physics programiwil
address question concerning QCD (Quantum ChromoDynam- lll. FRONT-END ELECTRONICS PRINCIPLE
ics) of hot and dense nuclear matter produced in centralyheav As shown in Fig[}L, the RPC pulses are composed of two
ion collisions at a center of mass energy of 5.5 TeV. The mapeaks, called precursor and streamer. The precursor has the
goal of ALICE is to characterize a deconfined state of mattparticularity to be synchronous with the particle crossihg
called the Quark-Gluon Plasma (QGP) [2]. One of its mo&PC. The second peak is characterized by a variable tinse jitt
promising probes is the production of quarkonial(dr Y), with respect to the precursor, but with a large amplitude as
which is expected to be decreased by color screening in @eected for a streamer pulse.
O QGP [3].
The role of the _AL_ICE f_orw_ard spectromet(_er [4] is to ~ ASIC main characteristics
C\J reconstruct quarkonia in their dimuon channel in an angular ) S

acceptance of2°,9°]. To reach this physics goal, the spec- To f[ake advantage of these properties a new discrimination

trometer consists of a front and small angle (beam shie)dir?‘:h”'q”e’ called ADULT [8] (A DUaL Threshold), has been
absorber, a set of high resolution tracking chambers, alaipd€veloped and implemented in a 8 channels ASIC using the

magnet, an iron wall (muon filter) and a trigger system. A_ustriaMicroSystems _BiCMOS 0.&m tech_nology [9]. This
bipolar technology, with very low offset, is well adapted to

trigger on small amplitude signals. The necessary number of

ASIC for equipping all the muon trigger chambers is 2624 (not
@ The trigger system is composed by two stations of tw@cluding spares).

'E detector planes of about x 6 m* separated by one meter. The schematic of a single electronics channel is shown in

(O The detectors are RPCs (Resistive Plate Chambers) [5] m@rkiig. . The precursor detection with a low threshold (tyfyca

© in streamer mode at a high voltage value of about 8 kV [610 mV) provides a good time reference, and the streamer val-

= The necessary granularity implies to use strips of about 1,idhtion with a high threshold (about 100 mV) takes advantage
and 4 cm width projective to the interaction point in each off this RPC working mode: a large signal/noise ratio and a

Q the four planes, for a total of twelve different strip widthssmall cluster size (defined as the mean number of adjacent

() Two perpendicular strip planes are used on each RPC (ones@fips fired). A coincidence of these two discriminator atp
each side of the gas gap) to allow a three dimensional hifgnals defines a hit of a strip. The time resolution obtained
reconstruction. The total number of channels is then close\tith this technique is comparable to the avalanche, which is
21000. about 1 ns as compared to 3 ns typically obtained with a

Talk given by Ph. Rosnet, LPC Clermont-Ferrand, CNRS/IN2R& Uni- smgle discriminator in Streamer mode. The del"’.‘yed (15 ns)
versité Blaise Pascal, 63177 Aubiere Cedex, France (Emanet@in2p3.fr). low threshold comparator defines the reference time by using

Index Terms— LHC, ALICE, QGP, quarkonia, RPC, streamer,
front-end, ASIC.
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TYPICAL PULSES PICKEBUP ON A SINGLE GAS GAPRPCOPERATING IN
STREAMER MODE WITH A DIGITAL SCOPE (1 GHzZ BANDWIDTH) VIA A

SHORTBNC CcABLE (502 IMPEDANCE) SYNCHRONIZED WITH PARTICLES
CROSSING SCINTILLATOR PLATES READOUT BY PHOTEMULTIPLIERS.
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Fig. 1

the precursor as long as the streamer jitter is less thantabou
15 ns. The oneshot function is used to latch the two comparato
during 100 ns, via a monostable, when a streamer signal has
been validated to avoid re-triggering. A remote controlagtel
up to 50 ns, common to the 8 channels of the ASIC is tuned by
an external DC voltage and allows to adjust the timing of the
ASIC. The signal is then converted into a (22-23) ns logical
LVDS signal in order to drive the signal through a twistedrpai
cable from the RPCs to the local electronics trigger boards.

The main characteristics of an ADULT ASIC, as shown in
Fig.[3, are the following:

« AustriaMicroSystems BiCMOS 0.8m technology,

« 8 electronics channels,

« die surface equal to about 8 Mm

« plastic packaging type PLCC 52 pins,

o power consumption: 10 mW/channel for2 V and

80 mW/channel for3.5 V.

B. Front-end boards supporting the ASC

The ASIC is implemented on a dedicated board developed
to pick-up the signals provided by the RPC strips, as shown
in Fig. H Twelve different strip widths are necessary toipqu
the full detector, but only six boards with different mecicaih
characteristics are needed. Two ASICs are used on the boards
corresponding to strips of 1 cm width (16 channels) while the
boards associated with strips of width 2 cm or 4 cm (8 chajnels
contain only one ASIC. Each single gas gap RPC provides
positive pulses on one side and negative pulses on the other
side of the gas gap. Then, the two polarities are implemented
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RESPONSE TIME FORL6 CHANNELS (2 ASICS) BEFORE AND AFTER
IRRADIATION WITH THE PROTON BEAM AT PSI-ZURICH.

-
=
El
-

| = =
-

environment:

o Cumulative effects due to low energy neutrons and to
ionizing particles (such as photons) which damage pro-
gressively the electronics components. The simulations
indicates 2.6 Gy over 10 LHC years for the boards closest
to the beam.

« Single event effects due to energy hadrons30 MeV)
which induce malfunctioning or may even destroy compo-

mm e

Fig. 3 nents. The simulations indicates 10! hadrons/criover
ASIC AFTER PACKAGING (UPPER PICTURB AND VIEW OF THE SILICON 10 LHC years (and imegrated over the energy spectrum)
PART WITH A MICROSCOPELOWER PICTURE). for the boards closest to the beam.

The first test was done at the Gamma Irradiation Facility JGIF
at CERN providingy of 662 keV from a Cs source. The

at the cabling level on the front-end boards. Furthermor@tal dose received by the electronics was about 0.25 Gy. A
the different distances between the boards and the trigﬁglcond test was performed at the neutron generator of the LPC
electronics located in racks above the chambers (6 metgn3 hiClermont-Ferrand which delivers neutrons of 14.1 MeV. The
lead to different output cable length. These differencesewdotal neutron fluence received by the electronics compenent
compensated for on the boards by implementing delays in si@s 3.8 x 10'° n/cn? corresponding to a dose of 2.5 Gy
of 7.5 ns corresponding to 1.5 m of cable. To summarize, t ich was measured with the help of PIN diodes. The third
total number of different boards after cabling is equal to tdest was done with protons of 60 MeV at the Paul Scherrer
and each board can be configured with five possible delays, Bititute (PSI) at Zarich. The fluence measured on the board
the same ASIC is used on all boards. was2.3 x 10' plenr.

In addition, a test system has been implemented on eacPuring all these tests, the front-end boards were active and
front-end board: a LVDS signal is received on the boar@ulsed signals from a generator (or the internal test system
translated in TTL which, and inverted, if appropriate, daling the board) were sent (or activated) to check the ASIC (or the
the polarity associated to the board. Then, a buffer allow410le chain: test system plus ASIC) for each electronicsicha
to send an analogue pulse to each of the 8 ASIC channdlgl- For the three campaigns, no problem has been observed,
simulating a RPC pulse with a width of 20 ns. as illustrated for example by Fif] 5 showing the response tim

An adaptation board is associated to each front-end boarcPhtained with two ASICs of the same board before and after
the other extremity of the strips. It is a simple SDresistor irradiation to protons at PSI.
which avoids signal reflection along the strips.

V. FRONT-END ELECTRONICS PRODUCTION
IV. RADIATION TESTS The main constraint on this front-end electronics is tovdeli

Tests have been performed to check the radiation hardnesthim signal of any of the 21000 channels to the muon trigger

conditions close (or worse) than the expected ALICE workinglectronics in a time window less than 25 ns (corresponding t
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Fig. 4
PICTURE OF A FRONFEND BOARD CORRESPONDING T2 CM WIDE STRIPS

the LHC clock). By taking into account all the time dispersio(500 MHz bandwidth) to measure exactly its characteristics
sources coming mainly from the RPC itself, the strip lengffihe scope is also used to measure the output LVDS signal
(up to 72 cm), the output signal cables (up to 20 meters), thenerated by the front-end board. The apparatus of the test
requirement for the front-end electronics is a time disippars bench are controlled by Labview via GPIB and the relays via
less than 4 ns. a DIO card.

To check this time requirements and others parameters of

each electronics channels, the test of the production igletiv .
in two steps: B. Test of the ASC production

(i) a working test and characterization of each ASIC (whole In practice, for the test of the ASICs, the same front-end
production done end of the year 2003 corresponding mard equipped with a socket allowing to plug and unplugeasi
3880 chips), each chip was used. For each ASIC, the 8 output signals were

(ii) a tuning of the response time of the board (mean valueharacterized by measuring the amplitude of the LVDS signal
with the help of a potentiometer and a measurement df;,, its widthw,,, and the time difference between the slowest
each parameters (about 12) of each electronics chanaetl the fastest channefst 45;¢ (Which can be associated to
of the front-end boards (production done during summéte response time dispersion of the ASIC). Hb. 6 shows the

2004). channel output signal width distribution and the ASIC time
dispersion. The requirements for each parameter Arg: =
A. Automatic test bench design (800 £ 100) mV, w., = (23.0+1.5) ns andAtasic < 3 ns.

The test bench is based on a special card equipped withover 3880 ASICs, the results are the following:

relays which allow to switch to any electronics input andpot ~ * S-7% were not working (due to short-circuits, ...),
channel of a board (the six different mechanical front-end* 11.8% were working but with at least one parameter
boards can be handled). The input signal is generated bysa pul ~ °utside limits (about half due to output signal width and
generator simulating RPC signals, including precursor and half due to response time dispersion),

streamer peaks, with the possibility to vary each parammeter * 82.5% were within specifications.

the signal (amplitude of each peak, time jitter betweenymsmr This means that 3280 ASICs are available for ALICE front-end
and streamer, ...). A copy of this signal is sent to a scopeard production (while 2624 are needed).
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The whole production of the boards (including spares) was
done during summer 2004. At the time of the writing, the tests Fig. 7
have just started and are scheduled to finish in summer 2005FRONT-END BOARDS PREPRODUCTION CHARACTERISTICSRESPONSE
However, the test of a pre-production representing abowiME wITH THE INTERNAL TEST SYSTEM(UPPER PLOY, LOW THRESHOLD
12% the whole production (286 boards) was performed at thescRIMINATOR (MIDDLE PLOT) AND HIGH THRESHOLD DISCRIMINATOR
beginning of 2004. These boards are devoted to the test benchLowER PLOT). THE DOTTED LINES ON EACH PLOT REPRESENT THE
of the RPCs located at Torino. Each board has been tested REQUIREMENTS
and all the parameters measured. Fﬂg. 7 displays the results
obtained for three parameters: the response time to theaite

test system, the low and high threshold discriminator. Tlastm ASIC which has been produced and tested. Its performance

crucial parametee.g. the response time, shows good behaviqr .. . . L
(the RMS of the distribution is less than 1 ns) with respect (L)”flls the ALICE requirements, both in terms of timing and

the ALICE requirement (all 21000 channels in a time windo Cgrnfhegng]gdt_? :g\évh;ri\rizho#]edlsic;?:;alt)c; dssfr:;slzv{ltige:jhan
of 4 ns due to the front-end dispersion alone). The value ®f t que. y P

0, i - i -
discriminator thresholds are relatively well peaked abtime %) is _acceptable. The pre p(o_ductlon_ of front-end boards
expectations supporting the ASIC shows that it is possible to tune eachdoa

During the test, it appeared that 5 ASICs were not worki such_ that all _channels are within a time Win<_jow of 4 ns. The
over 316 (among'the 286 boards, 30 have two ASICs) namnfgl?ctlon of chips to be changed after the cabling phase isitabo

’ : ' 9,/0, leaving a sufficient number of spares for the lifetime of
about 2%. The other problems met are attributed to the C@bh{r\]e ALICE experiment
and concerned about 4% of the boards (only one problem on '

printed circuit was reported). After intervention, only 2ffthe ACKNOWLEDGMENT
board have at least one channel with one or more paramete
outside specifications. In this case, the only possibibtgalve
the problem was to change the ASIC.

"The authors would like to thank the Région Auvergne
(France) for funding support.
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