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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

(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
o 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

Architecture Block Diagram
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CatiROC features

Detector Read-Out PNTs
V_
Number of Channels 16 311 I;m_S Tow/_vds_recen_P ZFOEN; "ONor Poner pulsing mode (See taple 51§,
Signal Polarity negative 312 | Sw 2OMHz_ivds swilch off 40MHZ and "60MHz s receivers (0= | 110N)
Sensitivity voltage OFF, 1=0N}
Timi 126 bi 313 Sw_160MHz_vds ‘swilch off 160MHZ vas receiver (0 = OFF, 1=ON) 1(0N)
ming e 314 | sel.okDivé selectex (0 or . 1) 4OMIFz (nt= 160KHz4, oxt: | 1 {nternal)
Fine time: resclution < 100 ps simulation) LVDS Rece ver)
ATDC ramp for each channel 315 sel_80M Select readout clock (0=inpLt ok, 1=inputcl2) but | 1{160MH2 ./
Charge Dynamic Range | 1601C up fo 100pC ) aways 8OMHZ _ ol
Trigger Triggerless acquisiion 316 Dis_oviCpt E;sawaj:ye' for overflow of Timestamp counier (0= | 1 (disable)
317 sel ext Raz channel (= internal Raz, 1= extemal Raz (for debugging] 0 (internal)
Digital Conversion: 10 bits ADC at 160 MHz 318 Not used
Two Read out: 80 MHz 319 sel ext Read (= internal Read, 1= externa Read (for debugging) | 0 {internal)
Read out frame: 50 bits 320 EN_TacReadout ir;h(l)i ‘veadcu of Tec data : 0= no Data, 1=data 0 {no cata)
2fames of (26+21) s _ BT |ENNOATS Enable oulpulb.ferfor NORTG - 0~ dsabl, 1= | 1 fencbe
fstframefBchs: Chnb=3; coarse time= 26 enaole readout)
2nd frame/Bchs: Gain used=1: Charge converted= 10, Fine ime convertad= 10 322 EN_transmit Enable outout buffers for trensmiton : 0= dis., 1= 1 (enztle
Packaging & Dimension | TQFP 208 (28x26x1.4 mm| enaole readout)
919 die133 [ 4 ) 323 EN_data_oc Enable output buffers for data readout : 0=dis., 1= | 1 jenzkle
: e 3.3mm x 4 mm o (eacou)
Power Consumption 30 mWichanne 324 | Dis_trigger cisable buffers for riggers : 0 =enable, 1= disable | 0 fentle
Outputs 18 trigger outouts _ ] tiggers) |
NOR16 325 Pw_lvds_transmiiter EN | Enable LVDS transmitters for DATA output 10 (ON)
326 Pw_lvds_transmitter_PP | Force ON or Power pulsing mode (see table 5 in §
16 slow shaper oulputs 203
Charge measurement over 10 bits 327 Sw_TmA_TX Increase hias cument i data transmitter (+1mA and + | 11
Ti 328 [ Sw 2mAT mA) {+ImA<2mA
i Timg over 10bls 0 =OFF, 1=ON )
Main Internal Variable preamplifier gain
Programmable Features | Shaping time of the charge shaoer (variable shaping and gain)
Common trigger threshold adjustment . . .
Common gain threshold adjustment o I/O 1-bit shift regISter Cnr
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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
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CatiROC Checkout Testbench
n

580

gh € cnrs Y
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Testbench coding

Firmware

Wo got data outof caiROC on 16 channals in tiggeriss mod. Each physical vent s converted infoa 64 bts physical Internals
ovant word. Tho binary cata oy o RO
Format ptme iyl
cairoc d coarso tim, chargo, channel Adionaly, in orcer e
Aot tnis 1064 bitsfor Low tevet sotware

acquisiton, -
2 physical event, which s to be decoded as explained below.

Finally, overy 32k 16 "spocial ovents (one These include

additional information (tigger rate, etc.) computed online. s

The data format is the folowing iy s e 8y e g
Physical event word, 64 bits Lot plamoctsd commince
0'- Gain (1 bit) - Ch.Nb. (4 bits) - Caarse Time (26 bis) - EventCounter (12 bits) - Fine Time (10 bils) - Charge (10 bits) .

‘Special information word, 64 bits B T ——

~ChNb. (4 bis) -0 (47 bis)- TrggerRale (1 bis)
From s bitmust be used physical and“special svens. e e e
Information
The next lelds correspond to Information provided by catROC iself Online @  https:/catiroc-test.gitlab.io/gui
Gain- scale

Coarse time - timo unis i 25 ns. steps.

Fine time - mo slots within the 25 ns. tme window

. gt e CRre
Online @ https:/catiroc-test.gitlab.io/firmware s

o From scratch
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Testbench

Context

Firmware

CatiROC test firmware

IntroInstall _Project structure JIEEY] Internals  Releases  Troubleshooting

Software

CatiROC test GUI

Data

Wo got data out of caliROC on 16 channals in triggeriess modo. Each physical event s convertad o a 64 bits physical Internals
vent word, The binary data forma T —

Format bl
catiRoc d coarso tim, chargo, channel Additonally,in order e
o further monitor the acausiton, - Aot this 1o 64 bits for Low tevtsoftvare
2 physical event, which s o be decoded as explained below. tigh Il et il
Finally, overy 32K physical evens, 16 special”events (one by channal)aro injected ifo the data flow. These include s s e s s <o) i e e, by
additonal nformalion (rigger rate, ec.) compated onlne. e g e crtpord o o s L by
The data format s the folowing s s s e s by e e
Physical event word, 64 bits [——
0"~ Gain (1 bit) - Ch-Nb. (4 bits) - Coarse Time (26 bifs) - EventCounter (12 bits) - Fine Time (10 bits) - Charge (10 bits) ro s ey o
‘Special information word, 64 bts o ol g b 215 st ey
-0 GhNb. (4 bits) - 0 (47 bits) - TriggerRate (11 bts) .
From this, it evident tha the efimost bit must be used to distinguish between physical and "special” events. T ————

Information

Online @ https://catiroc-test.gitlab.io/gui

The next fieds correspond to Information provided by CatROC itself
Gain- scale
Coarse time - timo unis i 25 ns. steps.

Fine time - mo slots within the 25 ns. tme window

Online @ https:/catiroc-test.gitlab.io/firmware CIrs
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Context

Low level software in
C++

Gui / data processing in
Matlab

Windows / Linux

Amplitude
histogramming

Timing histogramming
Data recording

Fitting, etc.

uTCA Support FMC Board Summary

Testbench data taking
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CatiROC Timing ...

ol For each event, compute At between two . ..
o channels experiencing different delays o Single rate digital pulse
N ] generator
1 At Channels(0,5) .
i ) — &t Channels(0,13) At mean value is set by cable length . . .
— AtRMS is an estimate of time resolution o Signal is splitted to 4
Tol channels
2 Time difference between channels is: .
Boo | + insensitive to pulse generator jitter o Different cable lengths
“; | A + insensitive to systematics common \/ are used
Run #3 to all channels (intra-channel correlatiol
of ( W Raw data saving
2 Assuming no correlation: . .
Soos | - o Computing time
@ I ﬂ A oT(single channel) = RMS /v2 R P g
i differences
Run #4 . . I
o Conservative estimation: o Cables are rotated: four
oT(single channel) ~ RMS

data sets

25 30 3% 40
AtAmong Channels [ns]
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less than ~250 ps

E 0.14f=  Muttiple Channel Analysis BO18F Single Channel Analysis
= Sensitive o intra-channel correlation 5 0.14F Sensiive to pulse-generalor ier sets
£ 012F insensiove to uise-gensrato e Emz- Insensitve 1o ntva-chsangl comation
=} . . .
Z o Z2of o Timing independent of
P gk
£ oos code channel
g = At Channals(0,2) L 3
00§ _ L I
E HChanrels09) 004 o Independent of
004 At Crannals(0,5) ook [ X X
ok — it Crannals(0, 1) L capacitor in ch.
F At wrt Noming| Clock [ng] .
- — ™ o Method takes into
[
£ o =
G z° account all non
H = . ..
£ o4 7 oi-etee linearities
$° 7y ’ Vol o Single ch. timing worst
E 0 gu‘ due to p.g. jitter
E @ At Channels(0,2) # At Channels(0,5) 4
F o4 0. ~
Fo ® MCramels0s) @ ACrannals(013) E funi Run2 Rung Fun o Less than 7400 ps ch.
s s s " . L L T R tOCh
4 5 T uﬁ'ﬁ'u‘u‘ﬁ‘n"u‘ﬁfu&'o‘ £ . 'aln) K

At Amang Channels [ns]
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@ Context

© uTCA Support
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Prototyping crate - Native C1

@ Maximum 80W per AMC slot
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Mother board - S4 AMC

Altera Stratix IV GX FPGA

o | 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
Graiery 1 ports SerDes, 4 ports GPI10)

st | VITA 57 FMC site for 1/O
expansion

| Six clocks

Crs Y
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Context ASIC

uTCA Support

FMC Board Summary

Mother board - S4 AMC - Block Diagram

FiNe
Altora Stratix IV GX (Attera Cycione il

J5: Power Mezzanine Header J4: Front Module Connector

J3: 4x Front
Panel

SerDes
Connector

[

T
QDRI+ SDRAM Y5: 1250 MHz
(Cluster B) Oscillator

)
QDRI+ SDRAM
(Cluster A)

FLASH ooRz
(i2ns) sora

FPGA
Stratix IV GX
(#5Gx230/530)

Gomnectors

Supported by
ATLANTIS Framework

o Altera Stratix IV GX FPGA
o | BittWare's FINe™
Host/Control Bridge

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

@ 2 GBytes of memory

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

o | VITA 57 FMC site for I/O
expansion

o | Six clocks
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Production crate

How a crates was looking like before VHDCI signals cabling to the warm flange

@ 12 double width
slots

@ 2 MCH slots

@ Dedicated hardware
for synchronizing

@ Developed by /
image from IPNL

WR uTCA slave
AMC 64 channels card node with

digitization cards WRLEN mezzanine

White Rabbit optical link

10 Gbit/s data link
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@ Context

Q FMC Board
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First prototype of FMC board

Scale

B ™

L

Printed Circuit

CIIS s
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Printed Circuit
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First prototype of FMC board

Scale . .
Top view Bottom view

. . ParisROC ASIC + ADC FMC connector
Printed Circuit

(16 Channels ASIC + ADC)
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Current prototype - Schematics

ASIC CATIROC

@ Low pass filtering
o ADC9249, 65 MHz, 14 bits
o CatiROC ASIC - 16 ch.

@ Power management

DIFFERENTIAL INPUT FROM PM

@ 4 Spare signals
VITA 57 FMC connector

Light Readout Electronics Current Status
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Block Diagram

o Splitting of analog
inputs

@ Anti aliasing filter

e
Feet Pt

e

@ Analog processing in
ASIC

mk&mm ComsDun s
@ Samples go to FPGA . o
o Readout of data from ADC ASIC gy
ASIC to FPGA AD9249 | | caTROC || =
o Data is merged and -
- VITA-57
processed in FPGA FMC Connector
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How to bring 20 signals in a reduced space

Bunch of 20 cables SMA standard

-
=
=

30 cm. length SMA female
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@ Context

©Q Summary
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Conclusions

ASIC fully characterized: good timing -> done

Board schematics -> done

e 6 o

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 7
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