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» Based on the Analog Memory ASIC CAENS

- : 64 channels to 16 channels
« Sampling rate ranging between 400 MS/s and 3.2GS/s. N 16 channels —— =
» 1024 samples/channel T S . it .
» 12 bits of dynamic range =
« Small signal bandwidth sl w
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* Windows and Linux C-Library (control and readout) o eiDeas | E e L
 Embedded feature extraction: Baseline, Peak, Charge,CFD (TDC-like mode) ...

Why Analog Memories The Sampling MATRIX e
| - | | o L AEE Fn Fotn T R
Modern high-end ADCs have broken the GS/s Our sampler chip Is made of a matrix of L lines and C ] e T e i ]
frontier but their implementation becomes Columns of analog memory cells. Its main clock o mf T o
difficult. Their companion FPGASs have to be doesn’t exceed 200 MHz. It is virtually multiplied by patentec . UE s en kil aahd NN I ol AD
high end and the cost per channel explodes. 16 inside the chip thanks to the 64 vertical servo . e mssil:S SN
The use of analog memories like SAMLONG controlled delay line loops (DLL). The input signal is ""“;LFITE\_ : T~ e W
makes it possible to perform high quality splitin 16 branches, each housing a voltage buffer. it e . -
o . The chin behaves like an analoa circular buffer L daay servo-control ca:stabiliy Full Custom design
digitizing at low cost and with a low power P J | Some advantages of the matrix structure: . 2 differential channels.
consumption. * Servo-controled DLLs permit accurate timing, « 1024 = 16*64 cells per channel
e, An analog Principle of sopyis stable with temperature. » Many modes configurable by a SPI1-like
» i e | e » Input amplifier : stable high input impedance. serial link.
N\ R N i pulseis running readout can target Trigger o i ) ) ) )
= | = =] || =| alongafolded an area of 1 Amplifier/Line : better Bandwidth/  On-chip DACs for line-offset compensation
Diitd sumpling sgudl delay line (DLL). int t, which - - o 66 i i 99
o B P ; gri'ves e oo be only a _—— Consumption Factor Of Merit | Built-in TDC
n  recording of subset of the » Channel information spread over numerous lines  * 100,000 transistors, 11 mm2
SI?}‘]nearlnI(?rt;caenI?sl(_)g whole channel permits fast readout. . TQFP 100 14x14 package

Trigger & Readout o  System Features The 16-channel Board Block Diagram of

available in the

, , - Possibility to add an individual DC i Clock PLL 16-ch | B d
W avecat—Mch Trigger architecture (common mode) \é\(l)aa\;gggacdher offset to ea)::h channel : distri -C anne Oar
L Front-endboard  rema systems. * Individual trigger discriminator on |
g each channel i ’ T T ‘.—
doimt NS | = - Controller FPGA - Integrated programmable hit rate ’ T i ) ! “!':':f o .j_,i A
wovemtl o cue — counter on each channel | ' P v ok R o VIS owoe | ww || FE
| ke ;. > }_ e » External & mt_ernal trigger + different | ' e i = aa_ [l "
modes for coincidence triggering 3 ‘
e i o | 1a/2ch e « 2 extra memory channels for « digital » = |, e
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ghib%.—[ “Rate et o signals on 16-channel board => can be | i
s ek -~ ---B.... .. s triginto 4= — —— used as additional analog inputs o ot o T TS o e | | Brelell €
—T— - secboardarcitctre - One pulse generator on each input ~ - : T - FPOA 54 || 8
Front-end FPGA omther 2ok o 11y Backplane g « External clock input for multi-board TR Bl
e P Fromall = = = 8§era i applications (8, 16 & 64-channel) A il
- Each analog input is N S steasno - Embedded USB, UDP and Gigabit = = Lo ||
discriminated by a comparator E%""’_Dﬂfdge A Trig_out optical interfaces (8, 16 & 64-channel) =
with an individual DAC- @_'”'_4_ * Possibility to upgrade the firmware via i
programmable threshold. USB
*Each discriminator output (or ol boonds ™~ = « Embedded charge extraction ‘ -
their logical OR or AND) can o t « Embedded signal amplitude and . D:? an Threshglg s
be used for triggering the board controllerboard " ZE - J baseline extraction A alibration cHis
(pos or neg edge individually  (mezza_mother) ofand w - Embedded digital CFD for time r— EEPRON i
selectable) savck_| measurement I
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A Custom Control & Readout Architecture and Protocol Summary

X After interpolation

Global DML [p=]
e | SAMLONG ASIC technology  AMS CMOS 0.35um DAL . ==
| e = The Multi-layer Parallel Interface System number of channels 2,8, 16, 32,48, 64 Sistribution
- - - - - - . FO-
JEL,% /_ e aims at simplifying the communication Power consumption 25 (2-ch), 15 (8-ch), W db
___ ; _ & /lnternal registers, Fifos, RAMs ... ] 23 (16-ch), 100 (64-ch) r.neas.ure y ]
FPGA [ nieriage block _1:[ oo Ja—] between FPGAS located at different Sampling depth 1024/ channel _ Cells calibration: 6.4 ps | ,,.
- _Lp_in_ - -': Layer1 Ievels in the System Sampli_ng speed 0.4t03.2 GSI/s ' © P - v g rms (based on 30-
( : i EElin =00 il Fundamentals of time INL error segment length) o ;
= The same firmware decoding blocks Range (nipolar) £ 125 (with full range s [DielElE GEeurS Wil |
- - individual channel : 82.877-50.000 0.000 66.218
ouro [ Crows | woe are implemented in the FPGASs offset) interleaved ADCs) .
independently of their hierarchy level A resglon = o |
Lp-Bus N . : Noise 0.75 mv Sinewave used for Cell time INL
S = In the system (same or different _ rms time INL Sl e
boardS) oy - Erlft'z calibration: zero extracted from
, , . . . . . - - Readout time 11 to 66 (depends on HS crossiﬁg DNL calibration
FPGA [t | iR | || FPGA [ tpin | i[Rea ] FPGA [ e | ] | Lo * USB and UDP firmware interfaces number of cels read) TS AT and used for
e I I are available correction - rms considered like sample correction:
‘ ‘ ‘ ‘ ik SR ‘ ‘ '''''''' s A Software L|brary Time precision after time INL <5 ps straight lines 0. /5 psinms
% ‘ correction rms
LP-outO LP-out1 f====- LP?outM LP-outO LP-out1 fq===-- LP-outM LP-outO LP-outl fpr==-- LP-outM (USb/Udp_M L) haS been developed to
Igtl H A A handle thIS Communlcatlon protocol licatiOﬂ m— Obscurity chamber % Amplitude Measurements
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' . ~ Single photoelectrons level (60%) signal
R e ' iy USB wave catcher (16 channels) LeCroy oscilloscope wavepro 740zi
2 pulses, 2.5 ns ‘ il ouou ouou
fisetime, 1.2V Time measurement results R
~ signal ~10 times . signal ~20 times z‘a’
At~10ns Differential jitter between channels: T ettt | T it
CFD points received from firmware 2 10 0/ (38 RS, CLES? s e
4.52 ps rms 5.07 ps rms independent on channel location Comparison WaveCatcher vs LeCroy = - -
o M- o Differential jitter in 64-channel system [ps rms] e — OSCi”OSCOPe, LAI—; France. | d Am:;udem b
: : i i Ampli Istribution
i o B N i e oo o L, 7 = Calibration of ANTARES : The goal is to measure the_ time fp i c?b S;. e e TS »
6 n | opto-modules at APC, France difference between the laser trigger and PEITOrMEd by lirmware  gesm a2~ i
" e the Hamamatsu SL-10 MCPPMT signal measurement (< 30s). EESEA, - T N
éggg : 5 Iﬁ-g ¥ - s Cho-Ch4 USB wave catcher (16 channels) LeCroy oscilloscope wavepro 740zi 2 _ W” : ‘ s \
: . oo e | Characterization test bench for
2 . - SiPMs, LAL Orsay, France.
; i The 8-channel WaveCatcher
: . | | | | | | | | can be seen on the picture
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n...edme.e}.ce?m; 10! X o o o Timedme'erméu[m] Delta t with cables [ns] joo — ReSUI t O f a hl t rate VS
At measured The 2 pulses recorded by the At measured Jitter on At measurement in the 64-channel 3D efficiency map with 3.108 amplitude plqt. This typ_e of
by software WaveCatcher board by firmware system, measured with cables s in | y thp 3h ' L measurement is automatically
events in less than 3 hours Fime s performed by the software.
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