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Abstract an ASIC called PARISROC (Photomultiplier ARray

PARISROC is a complete read out chip in AMS SiGéntegrated in Sige ReadOut Chip) described below.

0.35um technology for photomultipliers array. It is matde

allow triggerless acquisition for next generatiorutrino [I. ASIC ARCHITECTURE
experiments. The ASIC integrates 16 independenhratla

with variable gain and provides charge and timesueament A. Requirements

with a 12-bit ADC and a 24-bits Counter. The Electronics must be autonomous, triggerlessvatid

16 independent channels. It must provide charge tand
. INTRODUCTION measurements. The charge measurement has to bierdffi

The PMm2 project [1] proposes an innovative eleit® for 1 photo-electron and with a good linearity ownlymamic
for array of photo-detectors used in High Energydits and range up to 300 photo-electrons. The time measureiise

Astroparticle. The goal is to develop a macro pixelde of done in two steps: a coarse measure with a 24obitter at
16 small photomultiplier tubes connected to an memewous 10MHz and a fine measure on a 100 ns ramp to aehéev
front-end electronics, as shown in Figurel, in orde resolution of 1ns. Because of the common high gelta

segment very large surface of photo-detection. supply, the preamplifier gain must be adjustablanciel by

) channel in order to compensate the photomultigliee gain

variation. Output data are serialized to be senbhly one

communication wire.

B. Global architecture

The global architecture of the ASIC is shown irufig 3.
It is composed of 16 analogue channels managed by a
common digital part.
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Figure 1:16 PMT module with central ASIC vref _ v
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Figure 3:PARISROC global schematic
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A bandgap bloc provides the common voltage refergnc

_ for fast and slow shapers. The threshold of therulisnators
Heblnbiedita) is common for the sixteen channels and given by0ait
DAC. The ramps for ADC and TDC are common for b# t
channels.

Figure 2:PMm2 group

C. Onechannel detail

The micro-electronics group (OMEGA) from the LAL at  The detail of one analogue channel is given inrégd.
Orsay is in charge of the front-end electronics éruelops Each channel is composed by a low noise preamplifith



variable and adjustable gain. The variable gatoiemon for There are two clocks: one at 40 MHz for the anatotju
all channels and can change from 8 to 1 on 4 Bhs.gain is digital conversion and for the track and hold mamagnt, the
also adjustable channel by channel by a factor & loits. second at 10MHz for timestamp and readout.

Interna read The readout format is 52 bits: 4bits for channahbar +

free o 24 bits for timestamp + 12 bits for charge conversi 12 bits
for fine time conversion. The readout is selectivaly the hit
channels are read; so the maximum readout time lvll
100Qus if all channels are hit.
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[ J: E. PARISROC layout

- Figure 6 presents the PARISROC layout. The cirbhai
S (on e e been designed in AMS SiGe 0188 technology [4]. The die

Smm Discri | has a surface of 17 mirtbmm X 3.4mm) and will be package
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Figure 4:0One channel schematic

The preamplifier is followed by a slow channel five
charge measurement in parallel with a fast chaforethe 16 aEal0EE
trigger output. The slow channel is made by a sthaper channels
followed by an analogue memory with depth of 2 tovide a
linear charge measurement up to 50pC; this chagye
converted by a 12 bit Wilkinson ADCThe fast channel is
composed of a fast shaper (15ns) followed by 2 tdiset
discriminators to auto-trig down to 10fC. The tlivelsls are
loaded by 2 internal 10-bit DACs common for thech@nnels
plus a 4bit DAC per channel for one discriminatbhe 2
discriminator outputs are multiplexed to providelyori6
trigger outputs. Figure 6:PARISROC layout

The fine time measurement is made by an analogue . .
memory with depth of 2 which sample a 12 bit ransptre PARISROC was sent in foundry on June and the dies a
same time of the charge. This time is then condebtea 12 expected for the end of September 2008.
bit Wilkinson ADC.

[ll. ANALOGUE CHANNEL SIMULATIONS
D. Digital part
On overview of the digital part is given in figue The A.  Preamplifier

digital bloc manages the track and hold system #kElFO _
and starts and stops all the counters [3]. All tata are 1) Inputsignal

serialized to be sent out. For all the simulations, except for the photomlikipgain
Top Manager adjustment, we use a triangle as input signal nwkite the
.................................................................... photomultiplier signal. It is a 4.5ns rise and fathe with a

""""""""""""""" h 1ns duration current signal as shown in figure RisTcurrent

Swiched |: | ; signal is sent on an external resistor (50 Ohmsg)) \aries
: Capacitor |1 g from O to 10mA in order to simulate a PMT charganirO to
Slow shaper sgnd fuey -] sratogto Digiat | | 50pC which represents 0 to 300 photo-electrons viherPM
; 1 | covens | gain is 16
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Figure 7:Input signal used for simulation

Figure 5:Digital part overview



2) Preamplifier response

The preamplifier gain is given by the ratio betwehn
input capacitance (Cin) and the feedback capaatgf).
This gain can vary from 8 to 1 by changing Cin obit$ for
the sixteen channels together.

The figure 8 gives the preamplifier response ah dafor
an input charge from 0 to 50pC

YO

Figure 8:preamplifier response at gain 4 with input chargenfO to
300 photo-electrons

3) Photomultiplier gain adjustment
On the preamplifier the feedback capacitance (@fue
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Table 1: Slow shaper specifications for various time comista

Time constant Vout RMS noisé SIN
50ns 19mV @ Tp=37ns 1.6mV 11
100ns 10mV @ Tp=75ns 1.2mVvV 8
200ns 5mV @ Tp=122ns 95QuV 5

2) Linearity

could be changed to adjust the photomultiplier plus Figure 11 gives the simulation of the linearity for

preamplifier gain channel by channel. The typicalle of Cf
is 0.5pF and can be changed by a factor four oits8(foom

125fF to 2pF by step of 17fF). The figure 9 showe t

preamplifier output for the same input charge (aasg pulse
with 1ns rise and fall time and 9ns duration) whie
feedback capacitance varies.

.................

(a) (b)
Figure 9:Preamplifier output for various Cf (a: from 1pF2@F,
b : from 0.25pF to 1pF)

B. Sow shaper

1) Response at 1 photo-electron

The shaping time constant can be chosen betwees, 50

100ns or 200ns but it is common for all channelse Elow
shaper response at one photo-electron for the wariine
constant is shown in figure 10 and the main charistics
(gain, peaking time, noise and signal over noise}hese
signals are listed in Table 1.

preamplifier gain 8 and 4. For the preamplifierrgdi, the
non-linearity is very good (less than 0.5%) forigout charge
until 330 photo-electrons. Of course when the gionbles
the input dynamic range is divided by two for tlzeng non-
linearity.
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Figure 11:

3) dow shaper response

The slow shaper is a CRRC2 with variable time camtst
'rl;he figure 12 shows the slow shaper response witmput
charge from 0 to 2pC. The gain of the preamplifeed and
the time constant of the shaper is 200ns.
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Figure 12: Slow shaper response for input from 1/3 to
10p.e.
C. Fast shaper

The fast shaper is a CRRC with a time constant5ois1
and with high gain to send high signal to discriator. The
goal is to trigger easily on the third of photoetien. The
figure 13 shows the fast shaper response for amt iciparge
from O to 2pC.

)/
Wz
U, =

UM2(16 B6ns, 21 Tmv)

M1(10.TTns, 267

5004

time (nis)

Figure 13: Fast shaper response for input from 0 to 10 p.e

The fast shaper response at one photo-electrorsignal
of 65mV at a peaking time of 7ns. The RMS noisarsund
2.3mV which gives a signal over noise ratio of 28.

D. Discriminator

Discriminator output for an input charge from 0
to 10 p.e. with a threshold at 1/3 p.e

Figure 14:

The discriminator is only a simple low offset comatar.
The threshold is common on the 16 channels andged\by
a 10 bit DAC. The threshold can be set at one thirthe
photo-electron. The output duration depends on itipait
signal amplitude as shown in figure 14. Figure $5an
enlargement of the discriminator rise time in ortiesee the
time walk of around 4 ns.
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Figure 15: Enlargement of the discriminator rise time.

V. CONCLUSION

PARISROC is a dedicated circuit to readout the

photomultiplier array. It was designed in AMS SiG85um
and sent in fabrication in June 2008. The circaiits expected
for end of September. The test board is now indagmd will
be available in end of October. The first measurgmesults
will arrive at the end of the year.
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