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Abstract

The front-end system of the Silicon Drift Detectors
15D D) of the ALUCE experiment is made of two ASLTs. The
first chip perfoons the preamplification, temporary analogue
storage and analogue—to—digital comversion of the detector
signals. The second chip is a digital boffer that allows for a
=ignificant reduction of the connections from the fromt—end
maodule to the outside wacld.

Ln this paper the results achieved on the fist complete
pratotype of the font—end system for the E0Ds of ALLTE are
presented.

1. Intoduction

Silicon drift detectorm prowide rv coordinates of the
crossing particles with a spatial precision of the oder of 30
pm, as well az a charge resolotion soch that the dEWr is
dominated by Landan floctoation. The detector iz hezagon-
shaped with a total area of 72.5287.6 mm® and an active acea
of 70.2275.3 men?. 1t is divided into o 35 anen drift regions.
At the end of sach drift region 256 anodes collect the charge.
The piteh of the anodes iz 284 g [ ][]

Each anade has to be madoot with a sampling feqoency
of 40 Ma%. The numberof samples to be taken per event mist
cover the whole drift time, wrhich iz aroond & s, thepefore 2
number of 256 samples haz been chozen. The total amoont of
data for each half—detector icormsponding to one dift region)
i 64 ASmnples.

The basic idea behind our readout scheme is to convert the
zamples into a digital format as soon as possible. Doe to the
tight mquirements in teem of material and also the small =pace
available on the support stroetores | ladders 1 it woold be
extremely difficolt to tmnsmit analogoe data ouside the
detectors at the required speed.

Owing ta the low power bodget | 5 mWichannel ) it is not
possible to have a 40 M3fs A/D converter for each channel,
thersfore a differnt approach has been adopted. The =ignal
fram the detector is continuously amplified and sampled anan
256—cells analogoe memory at 40 Mas. When the trigger

signal iz received the analogne memacy stops the write phase
and moves to the nead phase wher it samples are converted
by a slower &/D comeerter. This of courss immodoces some
dead time  since during the comversion the system is not
zampling the detector zignal. The mazximum allowed dead
time is | msievent. A reasonable valoe for the settling time of
the analogue memory is 500 ns and a 2 M55 ADT every twa
channels i= also acceptable in term of arsa and poweer
consumption. With those valoes the dead time i= 512 s, a
factor of two belowr the mquirement.

A schematic view of the madout architecture is shown in
Figure L.
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1n order to forther devease the number of cables from the
frant end systemn a digital molti—event boffer is placed closs ta
the font—end chip. The data from the A/D converter are first
quickly stored ima a digital event boffer over a wide b= and
then ==nt outside the detector area over a single 8-hit bix for
each fmont—end board.

The intradoction of the ewent buffex introdoces an
additional dead time:, howrever, it has been caleolated that whith
+4 buffers the dead time due to evert buffer overflow i= only
0.045%.



11 The trom—end ASICs

The fromt—end system is based on two ASLTs, named
PARC AL and AWBRA.

PASCAL ean be divided in thee pats @ 64
preamplification and fast analogoe stomge channels, 32
successive appromimation ASD conveters leach ADC is
shared betwreen two analogue memory channels) and a logic
contral ot that provides the basic comrol signals foc the
analogue memory and the converter.

The presemt prototype is halfsized : 32 input channels with
preamplifier and 256 cells analogue memory ae connected to
16 AMD comverters. A scheme of the prototype is shown in
Figume 2.
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Figire 2 : PASCAL scheme

The preamplifier iz based on the standad chagge amplifier
pli= =haper configuration and provides a gain of around 35
m VAT with a praking time of 40 a5, The pramplifier i= DC
coupled with the detector; baseline wvariatior= and detector
leakage corents ae compensated via a low freqoency
feedback amuond the z=cond stage. The amplifier is bufferd
with a class—AH oumtput stage in order to be able to ddve the
analogue memaocy with a low poweer consomption.[3]

The analogue memary i= an array of 236232 switch=d
capacitor cells controlled via a shift register. The cells can be
woitten at 40 MA: and read ot at 2 WAz The architectore is
zuch that the voltage acmoss the capacitor 1and not the charge)
iz written and mead; therefore the semmitivity to the abzolute
valoe of the capacitor and to the timing is greatly reduced [5]

The LO-bit A/D comeerter i= based on the successive
approximation principle; 2 scaled array of switched capacitos
prowides bath the DAC and the sobtraction functions, and a
three—stage offset compensated comparator is used to check if
the =witched capacitor array output is positive or negative and
to drive the specesive approximation register that, in tum,
controls the DAC. The soccessive appoximation architectune
i a good compmmise between speed and low  power
comsumption; it mquims no operational amplifiers and only
ans 2ero crossing compamtor. The conversion speed iz ane
clock cyele per bit.[6]

Tvwo calibmtion lines, connected to the ewen and odd

channel inputs via a L 80 fF capacitor, provide thecapability of
testing the o moit withaut the detectar.

The prototy pe has been designed in 2 commereial 0.25 pen
CW105 technology with radiation tolerant layout techmiques.
The chip size iz Txé mon’.

AWIBREA provides 4 level of event boffering. Each buffer
has a size of 16 kbwier and is bassd on static R AT in order to
increase the SEU resistance and to avoid the efresh cicenitoy.
The control vnit provides buffer management, contmls the
operations of PASCAL and provides the front—end imerface
to the mst of the system. The pr=ent pototype has only 2
event buffers and can work up to 50 MAZ [4]

The prototype has been designed in Alcatel 035
technology with standard layout. The chip size is 4 Az 3.8 mn’.
#9% of the core area iz oocupied by the two memory buffers.

The PASC AL~ ABBRA system opemtes as follows : when
AMBRA receveis the rrigger signal it sende an 59F 151an of
oPeration) command to PASCAL. PAECAL stops the
zampling of the detector outputs and starts the madout of the
analogue memory and the A/D conversion. When the fist
zample of the 32 channels ha been converted, 2 wrife_reg
Iwrrite mquest) signal is sem to AWBEA which in tocn, if a
buffer iz available, mplies with a write ack  |wrdte
acknowrledge 1 and =star= the data acquisition. The s=quence
continoes for the ather samples of the analogue memary il
AMBRA =ende an £aF 1End of oFeration ) command, then
PASCAL mtormes to the acquisition phase. The £0F command
can be imped for two masons @ all the 256 cells have been
madowt, or an abarr signal has been received. The later
indicates that the trigger signal, which iz generated fom the
lewel-0 ALUCE trigger, has not been confioned by the higher
lewel tigges. Since the reject pmbability can be very high 1it
can reach 99 8% in Pb—Fh imeractions) it is very important to
stop az soon as pomsible the conmvermion and restart the
acquizition.
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Figure 3 : AMBRA scheme

A5 soon as an evert boffer is full AMERA stars the
transmizsion of the data. The date_write command is med to
indicate that there are valid dataon the ootput b=, This signal
mmains high & long as the data are transmitted. A dafe_end



signal remairs high for one elock eyele in correspondance of
the last byte. 1t i= poz=ible to sumpend the data tramemizzion via
the dere_stap command.

TI1. Test resultsof the from—end cicuit

The twro prototypes have been evaloated together on a test
board.

The inputs have been provided via the calibration lines
while the ootputs have been readout wia a logic state analyzer.
A data pattern genemtor has been veed to prowide the clock
and the atherdigital contmol signals to the tara chips.

The two prototypes have also been tested connseted to a2
detectar in a test beam at CTERM PS. Data analysis iz in a
preliminary stage; therefore in this paper we dizei=s only the
lab measnrement performed on the ystem.

Figure 4 shows a typical output from a 4 7 charge =ignal
from the calibration lines. Even with a #like polee at least 4
zamples are  =ignificantly abowe the noize in the time
direction. For a particle crossing the detectar far fom the
anodes a sloweer signal is obtained and more samples can be
abowe the noise floor, an the other hand, since the total charge
docs not change, the =ignal to noize ratio on the individoal
zample is worse.
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Figuere 4 : Twpicel auspns from a 4 T gemal

Figume 5 shows the outpot code against the input chage
for the 32 channels of a chip. 1t can be =een that the dynamic
range i= well abowe the equired 32 4

Output code ve. input charge
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Figura 5 | Dvnamic rangs

Figure & shows the deviation of the cunve of Figore 5 from
linear fit. The non—linearity is les=s than 0.8% ower the whale
dynamic range and it is mainly related to the satnmton of the
preamplifier atthe highest part of the range. Anathersonme of
mon-lincarty iz the woltage dependance of the memory
capacitors, again in the highest part of the range.

Daviation from linaar fit
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Figure 7 shows the gan wadation across channels of 5
different chips. The number of tested chip is too =mall to have
2 significant statistic;, however, from these meolts the vadation
betwrsen channels of the same chip iz of the order of fewr
pereent while the chip to chip vadation is of the omder of 10—
L5 %%,

A small slope of the gain distribotion acrom the channels
of the zame chip can be idemified. This =lope iz doe 10 a
woltage drop on the poweer and reference lines acmss the chip.
#ith a poper sizing of these eritical lines it will be probably
poz=ible to recover same of the gain wadation in the final
wersion of the chip.
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Figure 7 Gain

Toize measurements give an e noise belowr 2 counts,
which corremponds to aroond 400 &~ This number i= slightly
above the mquimments and comes ementially from the
conpling between the analogue part and the digital one at the
substmte lewel andfor at the board level | the measured noize
of the preamplifier alone i= less that 180 & ) A better
grounding scheme i under stody for the final vemion of the



chip and for the final board design.

The measurements give les= than 5 and aroond 1O % per
channel for awerage and peak power consumption,
respectively.  These nombers folfill the ALWCE SDD
requirements.

Another important aspect is the amplifier recovery time
fram zatoration. n the ALICE environment very high signals
lup to 400 fCY are possible. Despite these signals am not of
concern for the data analysis, it is important that the
preamplifier does not remain “hanged” for millissconds. Tests
showr a recovery time of 350 a5 for a 100 T signal. This time
rizes with higher zignals and =aturates at 500 =5 for signals
abowe 07, Thess very high signals are very rare, therefore
thiz recovery time is acceptable:

I¥W. Radiation tolevance and technology issnes

The drift detectos and the front—end electmonies in the
ALLCE emvitonment will have to snovive to a quite low, bot
nat negligible, lewel of mdiation. The fomssen dos= for 1O
yeam of opemtion iz amund 20 krds. This valoe iz at the limit
of what a modern standard technology can accept, therefors
the choice between a standard and a mdiation hard technology
wras not stig htfb oerard.

While radiation hard technologies mmain two or theee
generation behind the standard technologies, a new approach
based on sperific layout techmiques and deep submicron
standad technologiese haz been cardied oum by the RD49
reszarch program at CERM. The effectivness of thiz approach
has been demostrated up to 30 Mrfs. 1= main dizadvantage is
some area penalty, expecially in the digital design, if
comparsd with a standad deep submicmn technology.
However, the digital radiation tolemnt cells ar still smaller
when compamd with the standad cells of a mdiation hard
procemses.

Owing to the low radiation lewel in ALICE the fist
PASC AL protatype haz been designed in 2 commercial 025
wn with mdiation talecant techmiques while the fimst AMBR A
has been designed in Aleatel 0.35 yan technology with the
commercial standard cell libmry.

The reason of this choice was that, on one side, analogue
circimits are mom sersitive to leakage corents and threshold
varation lexpecially the analogue memory, where leakage
coments would destroy the cells coment 1 while, on the other
hand, digital circvits are maore tabust but the area penalty due
to the radiation tolerant techmiques is much mo e significant.

Radiation tests for total dose effects have shown very
=mall vacations in the parametes of the PASCAL chip op to
30 Mras. Theicradiated AMBRA chips showr full fonctionality
op to | Mra, onfoconately the leakage coreemt shows a
dramatic increass at 50—60 &ndt | Figore 8 ) and, despite this
effiect does not affiect the chip functionality, it will lead to an
nnacceptable power consnmption.

For this and other reasors Icost, phasing out of the 0.35
o pocess by Aleatel ) the final vemion of the AMBRA chip
will nse the 025 pon technology radiation tolemnt standard
cells libracy.

V. Conclasions

A 32 channels prototy pe and & 2 event—buffer prototype of
the twao ASWT= for the readont of the ALLCE SDDs have been
designed and tested. The 2—chip spstem showes an excellent
lincarity and a good gain uniformity. The system fulfille the
ALWCE requirememts and shows the effectivies of the chosen
awhitectue.

Supply corent vs dose
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A minar poblem related to woltage drop in the intecnal
poweer =0pply and reference lines has been identified and wAill
be corrected in the fina vemion. Owing to the fact that the
threshald for the leakage corrent in the 0.35 g process psed
for AMBRA is too elose to the foreseen radiation level, the
final vemion of both chips will be designed u=ing the cadiation
tolecant appoach.
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