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Abstract

The paper presents an end-ladder card prototype
the data acquisition chain of the ALICE SDD expenin The
prototype includes most of the electronics devibas will be
applied to ALICE SDD experiment. The card interfaedth
the front-end electronics and with the countingnnogetector
data link via the interface card named CARLOS rkeT
end_ladder PCB has been fully tested by providiogtrol
signals and input vectors via a pattern generatat by
collecting output data via the detector data link.

|. INTRODUCTION

The paper explains the design and the construofion
an end-ladder card prototype for the Silicon Dbietector
(SDD) experiment, part of the Inner Tracking Sys{¢h®) of
the A Large lon Collider Experiment (ALICE) [1], ]j2n the
ITS, which is a portion of the whole ALICE detecttite End-
Ladder card performs data reduction,
packing for the readout chain. Particularly it imtgs a chip,
named CARLOS [3], which mainly carries out the abov
mentioned tasks. Moreover, the end-ladder cardrfades
with the Front-End Electronics (FEE) and elaboradesl
transmits the dataset received from the FEE threumgbptical
channel to the counting room. Also, by means otwtiwo
optical channels, the card is synchronized withOaMHz
system master clock and is configured via a sergadal. The
paper describes also the design of the tests tna been
carried out on the Printed Circuit Board (PCB) ptgpe.

[l. ALICE SDD DETECTOR AND READOUT SYSTEM
The SDDs are high precision position-sensitiv

detectors, provide two-dimensional position infotima and
are suitable for high track-density experiments dbw rate
and a relatively slow readout rate (a few microsesd. The
detector has a bi-directional structure throughcWrélectrons
drift. In addition, each detector is made up of tialf
detectors. These half detectors are connectedtlgirecthe
FEE chips, as illustrated on the left-hand sidd=igf 1. The

compressiod an
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@étector consists of 256 anodes and for each ab@dime
samples must be taken to cover the full drift (dinfength.
The data that derives from one half detector and e one
channel of the CARLOS chip which then interfacethwivo
half detectors. This explains how the data reaétadtronics
work.

Both the front-end and End-Ladder boards take place

in a radiation environment. The acquisition systéerefore
performs analog data acquisition, A/D conversiouffdsing,

data compression and interfacing to the ALICE SD&ad
acquisition system.

Data are transferred at 40 MHz from the eight framd chips
(Fs) of each half-detector to the End-Ladder maglule
CARLOS performs zero suppression and data compressi
[4] before transmission to the DAQ system..

[Il. DUT-CARD

Before designing the prototype card we have faced

the test card design that will follow to facilitatee creation of
stimuli and the data collection by means of eledt®
instruments. Thus we have designed the actual ALBDID
prototype card, with the up-to-date componentssieea for
the final implementation on the experiment, embedidéo a
larger test card. Fig. 2 shows a sketch of the rokioks that

compose the whole card, named Device Under Test car

(DUT-card). The End-Ladder Prototype card is théuac
device under test while the rest provides all #guired 1/0
signals. Here, all the components that composewtele
card, except the End-Ladder Prototype, are logiabuped
é';md named Test Card. It follows therefore, thatttveelogical
units named End-Ladder Prototype card and Test @Gead
embedded into the same physical PCB, which is showig.
3 and named DUT-card. A Counter Room Emulator Ciéuat,
is part of the Test Card, provides, through twaaaptfibers,
the clock signal and the serial instructions ($egignal) and
by a third fiber receives back the compressed datas a
serial rate of 800 Mb/s. This card contains a efee clock
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Figure 2: DUT-card sketch

(TLK1501) and an FPGA (XC2V1000) whose main functio
is data stream error detection. Moreover the Eroul@ard
includes an 1/O port to interface either with a poner or
with a logic analyzer. In more detail, this porshaonitoring
and analysis purposes.

The two bi-directional commercial transceivers,tpar

of the Test Card, allow the interface with the Hrdider
Prototype card. In addition, the figure shows t@ Signals
& Controls block, part of the Test Card, which pdms a
hardwired external interface with laboratory instants. In
fact, via digital pattern generators and logic estahalyzers,
the DUT-card receives an input dataset as it weiginated
by the FEE and outputs a reduced, compressed aictgpa
new output’s dataset to the counting room. Thitefadataset
is recovered either via the state analyzers oith@aDDL as
shown in Fig. 2. The DDL in fact, can be connectedhe
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Figure 3: Picture of the DUT-card

DUT-card so that this can be tested as it were douxgk
within the real Data Acquisition (DAQ) chain. Thende
Ladder Prototype card matches the final dimensibilewthe
Test Card does not since all its components wiltdraoved
in the final version before producing 300 End-Laddards.
This number accounts for the cards inserted at firsthe
ALICE SDD plus nearly 50% spare parts that arevestd to
be necessary for a ten-year of data-taking.

I\VV. END-LADDER PROTOTYPE CARD

Fig. 4 shows the layout of the components’ pos#&ion
on the End-Ladder Prototype card. Here the compenreme
summarized. In more detail, by following the pietdrom the
top-right corner, the laser diode is shown. Thisnponent
transmits the compressed and packed datasetatd afr800
Mb/s, to the Counting Room Emulator. Below the taseo
pin-diodes (FT1 and FT2) receive, from the same |laiony
the clock and the serial signals. The latter siypabvide the
system configuration at start-up and may stop ttpuigition
in event of channel congestion. The 2 pin-diodabstae laser
are single-mode, 1310 nm (wavelength) pig-tailedduhes.
These interface with the commercial transceivershenTest
Card via optical adaptors. In more detail, the ire pin-
diode signals interface with the other componemtsugh the
RX40, 2-channel, receiver chip.
Let us now describe the system data-flow. The éatdsat
originate from the FEE enters the card through Mudex
connectors and is read by CARLOS chip. This perform
basically a bi-dimensional compression [5], [6] idgrthe
normal DAQ mode and works as a system JTAG switch
during the FEE configuration. CARLOS reduces andkpa
the dataset and its outputs is serialized via tigalé# Optical
Link (GOL) serializer chip that interfaces, by meanf an
800Mb/s link [7], with the laser diode. Finally, GQerializes
the dataset that is reconstructed within the CagniRoom
Emulator by a mirroring de-serializer device thatput the
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Figure 4: End-Ladder prototype card layout



data to the state analyzer instruments. As the @Dip voltage regulator (LHC4913) that is configured &or overall
requires a low-jitter clock signal, as low as 50 toe QPLL current of 400 mA. All the components embedded it
clock filter chip has been applied. This locks #@MVHz End-Ladder Prototype card are Application Specific
clock signal, derived from one of the two pin-disden a Integrated Circuits (ASICs) designed to be radiatmerant
very-low-jitter 160 MHz crystal (XTAL). Then this to the total ionizing dose that is estimated (nea€l krad) for
frequencies is divided by four passed to the GOId ama 10-years of data-taking within the ALICE ITS eoviment.
CARLOS chips. The chips are powered with a 2.5 W-lo

V. END LADDER SYSTEM TEST

Tek i |Stup MF'us 152Ums TRIGGER . .
" RS EARARAAAAS ARARSAARAS AAAAS AR _ To simulate the whole readout system a dedicated
hardware and software test architecture has besigrobal.
] This is shown in Fig. 3. First, a pattern generatravides the
1 Sorgente input vectors that emulate the real SDD data. S#ctme
ALICE Detector Data Link (DDL) [8] system has been

mounted in our laboratory to provide the FEE arel BUT
cards with the necessary signals and controls aseie
transmitted from the counting room. In this way Wwave

Ry F'endenza

: Modalits designed a whole copy of the SDD readout system sinde
e i A A O I 0 AL R AL B B B R P that time, we have been able to emulate the dkitagta
b ] Mmppl In more detail, the tests were divided in threenma
steps. Step 1 was set just to synchronize the digial over
S— R A S T the optical fiber, the RX40 receiver and the QPldck filter.
CH3 1.00% 20-Gen-05 2228 40.0786MHz The clock was provided with pattern generator Mee t
Counting Room Emulator Card. Fig. 5a shows the iloerf
Figure 5a: Test 1 input clock below and, above, the phased QPLL regedad

low-jitter signal.

Tek M. ETigd M FPos 1520ms CHe Step 2 was oriented to configure the FEE and the
Lo Accopp. end-ladder ASICs (CARLOS included). This was dome v
EE R JTAG vectors provided with the pattern generatoit. the
oeliooiooliooiIoostoostoossst dLimite Banda ASICs were correctly programmed and Fig. 5b shosgs,
N T 2DH2 example, the recovered idle waveform on an input @i
: CARLOS chip. When the JTAG programming is termidate
falitg CARLOS goes in a so-called “Run Mode”. Then thepcisi
: B ready to process data coming from the FEE as ssothe
: Sonda trigger command is decoded and the output dataset i
2 Telgi’;ne serialized by GOL chip (8B/10B encoding algorithin880

Mb/s). The tests performed with this configurativere error
Inseersione free
OFF '

et i, Step 3 was the real data acquisition. The tests
B T (et B2 Sl performed in our lab used the FEE without the dctidt

20-Gien~l5 2215 T00THHA: detector. Thus, the acquired data were just noiseon
Figure 5b: Test 2 demand, the data were internally generated by tBE &S

predefined shape pulses. Fig. 5¢c shows two speciites:
7 50BC as idle standard word and 6026 as valid diatan be

. . Aree =1 i . | . R .
= [Time/Div: |20ns T RRE noted that in correspondence with the valid datted8026 a
Deta Time: [1.2728ms <] ™ Lock Delta Times given enable signal goes to 1 and returns to O whervalid
' data end.
CzZ: 0 Dela: 0O

VI. CONCLUSION
The end ladder card prototype for ALICE SDD
Experiment was designed, constructed and tested.t@sts
proved that the system works, the data and sigasts

recovered correctly on a PC in our laboratory afteing
passed trough the optical fibres, the GOL seriglizbe
S S — commercial deserializer chip and the DDL.

CARLOS chip was remotely controlled using the
serial back-link via the Counting Room Emulator Ca&ITAG
and trigger commands proved the full functionality the
system). The QPLL filter showed to match the clgitler

Figure 5c: Test 3



requirements. The data transmission in the 8B/1@Blarvia
800 Mb/s optical link was finally error free.

In the meantime a few improvements have been aftsethe
PCB design that is in progress with Torino ALICE [3D
group to match the mechanical and cooling requirdsie
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