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IN2P3 Collaboration

Joint Effort
Joint effort between several in2p3 labs in France

Omega Microelectronics Design Center for Physics and Medical
Imaging - ASIC Development and testing

LAPP Particle and Nuclear Physics - PCB layout and routing
APC Cosmology and Astroparticle Physics - ASIC testing, PCB

schematics
IPNL Nuclear Phycis - General support, advice and firmware
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(Micro)electronics front end for PMTs
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Goals

Go beyond ASIC functionality

Integrate an state of the art, latest generation ASIC completed with a
few FPGA advanced features

Advanced: dead timeless monitoring system

Digital event counting (not an ASIC feature)

Endless (x-bits) time stamping

Implement Digital Pulse Processing

Perform advanced DSP on the samples with FPGA fabric

Sampling of analog signals

Compute falling tail, windowing, etc.

Event rejection, pile up handling, etc.
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Steps

First prototype developed in 2015
Using former ASIC generation (ParisROC)

Second version under current development
Newest ASIC generation (CatiROC)

Bug fix release

Production release 2018
Double width AMC, 32 channels, . . .
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CatiROC
Fast and Slow Shapers - Two capacitors / channel AMS SiGe 0.35 um - 13.2

mm2 - TQFP208

Architecture Block Diagram
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CatiROC features

Some specifications

I/O 1-bit shift register

328 bits to setup
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CatiROC facts

16 channels readout chip for PMTs with fully independent charge
and time measurements
16 negative inputs: each voltage input is sent to high/low noise amplifiers
for small and large signals to ensure a good charge precision ( 30 fC)

Variable 8 bit gain / amplifier / channel
Charge: preamp followed by 2 variable slow shapers sent to analog

memories to measure up to 50pC

Time: coarse + fine timing
10 bits Wilkinson ADC to convert charge and fine time @ 160 MHz

A fast shaper / channel followed by a discri for auto-trigger. One
common 10 bit threshold
Digital section handles the acq, conversion and readout, providing a 26

bits coarse time measurement (TS)
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CatiROC Checkout Testbench

Tests board

USB / FPGA controlled

Fanout board for timing, crosstalk, etc.

Arbitrary Pulse Generator

High gain (107) PMT

Histogramming oscilloscope
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Testbench coding

Firmware

Software

Full stack

From scratch
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Testbench data taking

Low level software in
C++

Gui / data processing in
Matlab

Windows / Linux

Amplitude
histogramming

Timing histogramming

Data recording

Fitting, etc.
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CatiROC Timing . . .

Single rate digital pulse
generator

Signal is splitted to 4
channels

Different cable lengths
are used

Raw data saving

Computing time
differences

Cables are rotated: four
data sets
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. . . less than ~250 ps

Coherent between data
sets

Timing independent of
channel

Independent of
capacitor in ch.

Method takes into
account all non
linearities

Single ch. timing worst
due to p.g. jitter

Less than ~400 ps ch.
to ch.
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Prototyping crate - Native C1

Low cost, 1u 19’ rack-mounted MTCA Chassis

1 MCH - 6 AdvancedMC (AMC) - 1 Power module (PM) slots

Maximum 80W per AMC slot

1 GbE routed to AMC Port 0 - kTCLKA, TCLKB, and FCLKA to each AMC

Point-t-point SATA/SAS Port 2 & 3 - Fabrics D, E, F, G Port 4-7
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Mother board - S4 AMC

Altera Stratix IV GX FPGA

l BittWare’s FINe™
Host/Control Bridge

10/100/1000 Ethernet,
SerDes, LVDS, RS-232, and
JTAG

2 GBytes of memory

Fully connected to AMC (16
ports SerDes, 4 ports GPIO)

l VITA 57 FMC site for I/O
expansion

l Six clocks
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Mother board - S4 AMC - Block Diagram

Altera Stratix IV GX FPGA

l BittWare’s FINe™
Host/Control Bridge

10/100/1000 Ethernet,
SerDes, LVDS, RS-232, and
JTAG

2 GBytes of memory

Fully connected to AMC (16
ports SerDes, 4 ports GPIO)

l VITA 57 FMC site for I/O
expansion

l Six clocks
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Production crate
Probably to be used during the experiment - Currently under discussion

12 double width
slots

2 MCH slots

Dedicated hardware
for synchronizing

Developed by /
image from IPNL
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First prototype of FMC board

Scale

Printed Circuit

Top view

ParisROC ASIC + ADC

Bottom view

FMC connector
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First prototype of FMC board

Scale

Printed Circuit

Top view

ParisROC ASIC + ADC

Bottom view

FMC connector

�� ��16 Channels ASIC + ADC
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Current prototype - Schematics

Low pass filtering

ADC9249, 65 MHz, 14 bits

CatiROC ASIC - 16 ch.

Power management

4 Spare signals

VITA 57 FMC connector
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Block Diagram

Splitting of analog
inputs

Anti aliasing filter

Analog processing in
ASIC

Samples go to FPGA

Readout of data from
ASIC to FPGA

Data is merged and
processed in FPGA
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How to bring 20 signals in a reduced space

Bunch of 20 cables

30 cm. length

SMA standard

SMA female
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How to bring 20 signals in a reduced space

Bunch of 20 cables

30 cm. length

SMA standard

SMA female

To be plugged to RG58 cabling from splitter box

through a male SMA connector
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Conclusions

Work in progress . . .

ASIC fully characterized: good timing -> done

Board schematics -> done

End of routing by the end on March

Board production during April

ADC data capture firmware -> done

ASIC control and data capture firmware -> done

But still an open issue . . .

What kind of electrical standard for spare signals ?
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