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CATIROC

Charge And Time Integrated Read Out Chip

S. Blin, S.Callier, S.Conforti Di Lorenzo, F.Dulucq, C.De La Tallle, G.Martin, N.Seguin-Moreau. OMEGA - Ecole Polytechnique - CNRS

ATIROC vs ARISROC
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* The “coarse time” spec
* The fine time with two T
= Charge and time encoc
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ROC is an upgraded version of PARISROC2 designed to read huge photodetection areas for neutrinos experiments. This “System-on-Chip” is a very innovative concept as it
s out only relevant data by network to the central data storage turning the detector into a smart one.
ROC improvements:
A new time measurement architecture built around a “fine time” and a “coarse time”

up by a factor of 4 with a 26-bit Gray Counter working at 40MHz
'AC ramps for each channel
ed by a 10-bit ADC at 160MHz (4 x faster then PARISROC?2)
Data sent-out in a data-driven way at 80 MHz (8 x faster then PARISROC?2) on two lines (each one for 8 channels) which speeds up the data rate by a factor of 2

= 16 independent channels
= Single photoelectron sensitive : Autotrigger mode
= 100% trigger efficiency @ 1/3 p.e.
= Charge measurement :
= Input range 160 fC -100 pC
* Time measurement:
= Time stamp: 26 bits counter @ 40 MHz
* Fine time: resolution < 500 ps
= Digital:
= Conversion: 10 bits ADC at 160 MHz
» Read out: 80 MHz
= Read out frame: 50 bits
= Qutputs:
= 16 trigger outputs
= NORI16
= 16 slow shaper outputs
= Charge measurement over 10 bits
= Time measurement over 10 bits
= Data driven

16 inputs preamplifiers

= 2 gain paths (high and low gain)

* PMTs gain adjustment on 8 bits/ch

* [nput dynamic range : 160 fC to 100 pC
Trigger channel

» Fast shaper (t= 5ns)
Low offset discriminator

= Threshold by common 10-bit DAC (50 fC);

= “OR” of 16 triggers output.
Charge channel:

= Slow shaper CRRC2

variable shaping time (t= 25ns, 50ns, 100ns)

= SCA with depth 2

Charge and fine time measurement :

= 10 bit Wilkinson ADC

* T&H on slow shaper for charge measurement

* T&H on TAC ramp (25 ns) for fine time measurement
= Coarse time measurement : timestamp with 25 ns step (40 MHz).
Serialization of digital output information
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hip status

= Packaging: TQFP208
= Power supply: 0-3.3V

Dissipation: 10 mW/ch

Submission: February 2015
Process: AMS 0.35um SiGe
Die dimensions: 3.3mm x 4mm (13.2 mm?2)

easurements

est Board

16 SMA connector input .
= ASIC test pins .
= 16 trigger outputs .
= 16 ssh outputs .
= An external 14-bit 16 channel ADC (ANALOG DEVICES) -
= An FPGA Cyclone3

USB interface
Power supply
ASIC CATIROC:
328 slow control bits

Various digital signals

xxxx

Input charge made by a pulse generator:
1 p.e. =160 fC @ PMT gain 10°
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Input charge (pC)

» Charge linearity chO
(PA_gain= 20);(ssh @ 50 ns, G=1):
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Trigger threshold= 0.5pe, Gain threshold= 55 p.e.
Residuals%: [-0.5, 1] % up to 70 pC
LSB=0.5 p.e.= 80 fC

Trigger threshold= 0.5pe, Gain threshold= 55 p.e.
Residuals%: [-0.7, 0.5] % up to 9 pC
LSB=0.06 p.e.= 10 fC

= Charge linearity chO
(PA_gain= 10);(ssh @ 50 ns, G=1):

Trigger threshold= 1.5pe, Gain threshold= 100 p.e.
Residuals%: [-2.3, 1.3] % up to 120 pC
LSB=1 p.e.= 160 fC

Trigger threshold= 1 pe, Gain threshold= 100 p.e.
Residuals%: [-0.4, 1] % up to 15 pC
LSB=0.1 p.e.=16 fC

Residuals (UADC)

Time (UADC)

Fine time (UADC)
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- TAC chO:
Time LSB= 27 ps
Res: [-19,17] UADC=[-513, 459] ps
~ Rms : 8.3 UADC= 224 ps
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Input signal delayed (ns)

TAC all chs:
. Intercept dispersion: 27.26 UADC= 736 ps

Slope dispersion: 0.572 UADC/ns= 1.74 ns/UADC
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xperiments (CATIROC Is under evaluation)

LHAASO CATIROC board prototype
IHEP-IPNO-OMEGA

LHAASO: The Large High Altitude Air Shower Observatory (Cherenkov Telescope)
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1221 p detectors

9000 m? of water pool

Ref. “Le Monde “

JUNO: Jiangmen Underground Neutrino Observatory (SPMTS)

Juno detector:

~ 18000 PMTs (20" diameter) -> Large-PMT system (LPMT)
-~ 36000 PMT (3" diameter) -> Small-PMT system (SPMT)
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Calibration room

CD chimney

Acrylic sphere

l  SS Latticed shel
CD PMTs

CD support
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| Water pool: ©43.5m

Ref. Juno website

WA105: a large-scale demonstrator of the Liquid Argon double phase TPC
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5 ton (fiducial) double phase LAr TPC
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Time scale:2014-2015
Site: B182@CERN
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3x1 mZ charge readout system:
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WA105 PARISROC2 board
APC-LAPP-OMEGA
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Technical goal:
LAr purity in non-evacuated membrane

tank, performance of large area readout,
cold front-end electronics...
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