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SuperB IFR electronics: status update

Moving from prototype electronics to the finai design:

* new SuperB collaborators from the AGH, CUT Universities and the INP PAN
Institute in Krakow

« 2010 Fermilab beam test results for the IFR prototype

 from baseline to final design : exploring an all "binary mode” (*BiRO") readout for
the IFR

 from baseline to final design: exploiting available SiPM readout ASICs

* from baseline to final design : using FPGAs and design tecniques for radiation
mitigation

« conclusions
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SuperB IFR electronics: new SuperB collaborators from the AGH, CUT and INP PAN Universi’riesti": N\
Krakow arB
Three teams respectively from the: %

£ m~tmim~le Wiimmiasi~—
l. |CIECTT NUCEWIC L

(electronic engineering)

* Cracow University of Technology (CUT), led by Prof. Bogdan Szybinski and Prof. Jacek
Kruzelecki (mechanical engineering)

* Institute of Nuclear Physics Polish Academy of Sciences (INP PAN) led by Prof.
Tadeusz Lesiak

One of the important assets brought by Prof. Kucewicz is his experience with SiPMs and
with the design of dedicated ASICs such as the RAPSODY chip and its successor:
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/‘j From: “Silicon Photomultiplier Activity at AGH-University of Science and Technology”,
' W. Kucewicz, J. Barszcz, S. Gigb, M. Sapor.
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SuperB IFR electronics: new collaborators from AGH University of Science and Technology in Krakd®®™\
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From:

"Silicon Photomultiplier Activity at AGH-University
of Science and Technology”,

W. Kucewicz, J. Barszcz, S. Glagb, M. Sapor.

SuperB
4

H Results

Prof. Kucewicz will soon connect our FBK
SiPMs to his test board for ASIC#2 with
the aim of studying the feasibility of a
large scale quality control system based
on it (in multiple copies)
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®
SuperB IFR electronics : overview - baseline design: IFR front end electronics 7\
JFR ABC" S showing current layout of crates SIller

12xi0 the par® u

The “TDC” cards contain:

- TDC digitizers (ACAM TDC
GPX)

- memories, to buffer timing
records for the trigger latency time
- trigger processing unit

- data link drivers

They readout the BARREL
channels which produce
TIMING information

A.CR. 2011-05-09

The “ABC” cards contain: The “Binary ReadOut” (“BiRO”) cards contain:
-Amplifier - memories, to buffer samples of the comparator output for the trigger latency time
-Bias circuit - trigger processing unit
_Comparators - data link drivers
/j They readout the ENDCAP channels which produce a simple binary
information (“hit” or “not hit”)
INFN
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SuperB IFR electronics: 2010 Fermilab beam test results for the IFR prototype - a reminder £\

SuperB

- ) -
Scintillator bars in the IFR "FR 55;36;255
endcap (iron stripped off for one 12x10
half of the endcap)
| !\ﬁ |
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Scintillator bars in the IFR barrel
(iron stripped off for one sextant)

Legenda:
« “IFR_ABC’
* “IFR_BiRO’

* “IFR_TDC”
)

crates contai

es contain TDC circuits and buffer memories to readout the IFR_ABC cards in timing mode

In the baseline design the splitting of functions was meant to allow the digitizers and latency buffers to be
INFN

positioned as far as possible away from the high radiation region of the detector and surroundings.
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SuperB IFR electronics: 2010 Fermilab beam test results for the IFR prototype - a remindepd N
scintillator.bars in the endcap: detail SIIIIEI'B
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A.C.R. 2011-05-09
SuperB IFR: the endcaps are equipped with scintillating bars of about 4x1
cm? cross section which are assembled orthogonally and inserted in the iron
gaps. Each bar is READ OUT BY SiPM AT ONLY ONE END.

The "hit" coordinates are found by simply recording the IDs of the two
) orthogonal bars producing a signal (the off line reconstruction will resolve
/ N ambiguities due to high multiplicity)
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SuperB IFR electronics: 2010 Fermilab beam test results for the IFR prototype - a r‘eminde{
scintillator bars in the barrel: detai .rB

The iron has been removed to
show the detector elements
filling the iron gaps
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SuperB IFR (baseline design): in the barrel the scintillator bars are 4x2cm? in cross section
and are only oriented in the Z direction. Each bar is READ OUT BY SiPM AT BOTH ENDs. The
"hit" coordinates are found:

-in the PHI direction: by simply recording the ID of the scintillator bar producing a signal

-in the Z direction: by recording the times of arrival of the signals from the SiPM at each end

of the detector bar. The Z coordinate can then be determined off-line once the time
/j zero of the event is known

INFN
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SuperB IFR electronics: 2010 Fermilab beam test results for the IFR prototype - a reminderd” e |
IFR prototype as a proof of principle suler

the concept....

SuperB IFR prototype:
* 4 layers of x-y scintillators, 1 cm thick, read in binary mode
* 4 layers of scinftillators 2 cm thick, read in timing mode

SuperB-IFR prototype readout electronics (baseline): Crate ™

* "IFR_ABCD": sensor Amplification, Bias-conditioning, Comparators, Data processing:

it samples the level of the comparators outputs @ >= 80MHz and stores it, pending the trigger request

« "CAEN_TDC": a multi-hit TDC design based on CERN HP-TDC; hosted in a VME crate and read out via a VME

CPU or via a VME-PCI bridge to the DAQ PC

* "IFR_FE_BIiRO": collects data from IFR_ABCD cards upon trigger request and sends it to DAQ PC (via

GbE

. “IFQR_TLU": a module (Trigger Logic Unit) to generate a fixed latency trigger based on primitives from the IFR
/j prototype itself or from external sources

INEN IFR_FE_BIRO + Ik Tl are now a single module
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SuperB IFR electronics: 2010 Fermilab beam test results for the IFR prototype - a reminder = £ N\

brototvbe as a proof of princible
SuperB IFR electronics : Beam test of the IFR prototype electronics and DAQ system

SuperB
| -

...and the real thing!

pictures from &. Cibinetto, “"Some note on the beam test” presented at this meecting

-

the VME crate
with the CAEN TDCs

i | Ay
They IFR prototype ready for' data taking:
"pizza bexes".installed in the muon filfer
iron (INFN-Pudﬁ], cabled and. protected
from light leaks :

=, the LST_FE crate

L1

D V4
~) == . L
INFN
7 L/ ssosasens XV SuperB Meeting — Caltech Dec 16 2010 A Cotta Ramusino, INFN Ferrara 4
INFN
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IFR prototype as a proof of

SuperB IFR : the scintillating bars are equipped with
wavelength shifting fibers (3 for each bar in the
prototype), which are then coupled to a SiPM device
by means of precisely machined plastic supports.

The prototype had BOTH:
-planes with 1cm thick scintillators mounted in 2
orthogonal layers
- planes with 2cm thick bars mounted in
only one direction, for the TDC readout

INFN
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pictures/drawing from the
prototype construction
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SiPM by FBK, Trento.

70x70um? cell size,
n-on-p.

Bonding of the SiPM
to the carrier PCB
was performed at
INFN Perugia thanks
to 6. Ambrosi, M.
Ionica
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SuperB IFR electronics : overview - IFR prototype as a proof of principle

from "Prototype data analysis” by 6. Cibinetto, presented at the XVI SuperB workshop in LNF
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SuperB Workshop - LNF Apr. 4-7, 2011
Z position resolution # 25cm

The position resolution is within
specification but
there are concerns that it would degrade
with radiation damage of SiPMs and high
track multiplicity

9
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The DAQ system performed well and the
data recorded has been analyzed by a feam
of physicists from INFN-Ferrara and
INFN-Padova. I extract a couple of slides
from their presentations

| Resolution vs Fiber Length |
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SuperB IFR electronics: exploring an all "binary mode” (*BiRO") readout for the IFR °\
SuperB
e/

Composed scintillators, 15cm wide,
for the Z coordinate measurement

Box containing the fixtures to match

Single scintillator bars, 4cm wide, for the Z fibers to the SiPM

the PHY coordinate measurement

Box containing the fixtures to match
the PHY fibers to the SIPM

Conduits for cable connecting the

[13 D D ) e

Note: the Z and the PHY layers have been separated in this picture to show them distinct

INFN
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&
SuperB IFR electronics: exploring an all "binary mode” (*BiRO") readout for the IFR £\

Composed scintillators, 15cm wide,
for the Z coordinate measurement
Box containing the fixtures to match

Box containing the fixtures to match
= rr—— the Z fibers to the SiPM

-“-
\-..
Conduits for cable connecting the
SiPM to the “IFR_ABC” cards

Note: the Z and the PHY layers are shown here with no separation.

The location of the boxes alternate at different layers because behind the boxes there are regions (not shown)
of the scintillators dedicated to WLS fiber routing, which are regions of degraded efficiency.

/j By staggering the boxes, the lower efficiency regions don’t line up and the efficiency loss is mitigated

INFN
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£\
SuperB

The drawing shows the routing channels (blue conduitsu
needed to connect the SiPMs to the “IFR ABC” crates.

SuperB IFR electronics: exploring an all "binary mode” (*BiRO") readout for the IFR

The drawing shows the resource occupancy for two sextants
only; information for the others can be derived by simmetry

considerations.

Can’t really give an estimate of power consumption for
the front end and the readout cards because of the
possible correction to the baseline design

One “IFR_ABC” crate in the corner
serves 2 half sextants

INFN
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SuperB IFR electronics : from baseline to final design: exploiting available SiPM readout ASI

-u—”- dimensions: VME 6U x 220mm
Progrommable 2 % ed for
e thm st onl
=

The "IFR_ABCD" has proven to be a flexible and reliable design, easy

[ ; drm Al miad da Ve mina ol o iiiall ma Vn mima Dl CIDAN Aaiiimama Tda i L-A.a_.'
| 10 audpr 10 p-on-rn das wgll ds T11-0r-p olrivi devices. 1Lis On bodra
|©+ microcontroller allows for stand -alone operation and its amplifier

"""" skl monitoring  outputs  make  the  “IFR_ABCD" a good SiPM

characterization tool.

NEVERTHELESS WHEN PLANNING THE READOUT OF > 20.000
CHANNELS it is good to look for ASICs solutions, starting from
existing ones. A good occasion was the:

{'3: x zI’Mx

Bias Thieshold
DAC DAC

ST FE* CRATE BACKPLANE

CONNECTORTO THE

. Cyclonelll FPGA based
ACR 20091008 i

daught
Outline of the "IFR_ABCD"” card

(Amplifier, Bias, Comparator,bataProcessing)

- IFR_ABCD card: MMIC ampli design & test, schematics, and
I N FN | layout pre-plocement by R. Malaguti, INFN-Ferrara

16-1

7 February 2011 CERN
JZurich ti 0

Europe/Zurich timezone

e

Event Description

Infact the present state of the
was very effectively described in:

Workshop Abstract

Timetable

HEP

Leading HEP technologies for industry
Technology Transfer opportunities

Contribution List
Author index

Registration

signal readout”,
Wojtek  Kucewicz, AGH-

The Technology Transfer Network for Particle, Astroparticle and nuclear physics (HEPTech,) coordinated
by CERN, the house of the particle super-colliders based in Geneva, Switzerland, is organizing an
industry-academia matching event on Silicon Photomultipliers and related technologies.

This event, hosted by CERM, aims at bringing together experts from academia and industry active in the

L. Registration Form

Participants

o *\
superB
\/

art

"Review of ASIC developments for SiPM

University  of

field of leading edge photon detection, to provide an overview on state-of-the-art technologies and to
define a roadmap towards collaborative R&D on key solutions for SiPM photo detection in different
application domains.

Evaluation

Science and Technology Krakow.

L. Evaluation Form

How to find the CERN
Globe of Innovation

Dates: from 16 February 2011 09:00 to 17 February 2011 14:00

Venue: CERN, Globe of Innovation, CERN, 1211 Geneva 23, Switzerland
Accommodation

Organisers: Prof. Massimo CACCIA, Dr. Hartmut HILLEMANNS

Job Opportunities

INFN
(%

Istituto Nazionale
di Fisica Nuclears
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SuperB IFR electronics : from baseline to final design: exploiting available SiPM readout ASIGs(I;:e\B
uper

| -

One of the ASICs presented at the SiPM event was the "EASIROC" by the OMEGA group of
LAL in Orsay.
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G V0O

It has an individual trigger output for each of 32 channels plus 32 individual bias setting
DACs and a common threshold setting DAC.

I CAVEAT: the EASIROC was not designed to operate in a high radiation area

INFN
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&
SuperB IFR electronics : from baseline to final design: exploiting available SiPM readout ASIG( \
SuperB
e/

USER GUIDE (w

EASIROC Gisele MARTIN-CHASSARD and Stephane CALLIER of
SOFTWARE & TEST BOARD USER GUIDE OMEGA have pr‘ovided us not only plen’ry of information
Version: 11 April 2011 but a complete hardware and software test system,
Abstract which we have been using in Ferrara since a couple of

L I e p el e weeks Yo learn “hands-on”

and read-out of SiPM detectors.

This guide explains how to install & use the tzst board for EASIROC and hew to operate with
the associated software.

ﬁua?_ Picro EecHronics éwu;v Ossociofed

-
INFN
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SuperB IFR electr'omcs : fr'om baselme ‘ro fmal design: exploiting available SiPM readout ASIO( \

SuperB
The software provided by OMEGA allows a simple and reliable user
control of the many programmable features of the ASIC.
E— analog output monitored after the Sample and Hold
Step 1: ( with hold signal generated inside the on-board FPGA
- Setup the EASIROC chip and look at 1 after a slight modification by Roberto Malaguti, INFN-FE)
signals
/”W’ s e || active low HOLD_h signal
: ]
e S : ///”'\
/A{\\;" \_/ \x | | Trigger output associated to the tested channel.
e : : The jitter we measured with respect to the light pulse
| | shone on the SiPM was too high for the EASIROC to be
used for TDC timing mode readout but the trigger outputs
/j are perfectly good for Binary Reaadout mode of the SiPM

'N FN arm | . Of fhe IFR
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SuperB IFR electronics : from baseline to final design: exploiting available SiPM readout ASIG{' \
Step 2: SIIIIEI'B
- use the 12bit ADCs of the test board to collect spectra of signals from the active | 4
device connected fo the input

| S [

dark current amplitude histogram for an Hamamatsu
1x1mm2 MPPC, biased at 69.84V, connected to the
input under test

s
-

dark current amplitude histogram for an
FBK 1.2x3.2mm2 SiPM (biased at 30.90V

to achieve a dark count rate of about
/ 250KHz), connected to the channel under
test

ark current +
s, for an FBK
d at 30.90V,
der test

No‘l'e our se'rup uses a 1m coax cable To connecf 'rhe SlPM carrier PCB 'ro 'rhe ORSAY test board.
This and, possibly,

seems to introduce more noise in the SiPM case > MORE WORK NEEDED TO
DECREASE INJECTED NOISE

/j THE ORSAY TEST BOARD ALSO SEEMS A NICE TOOL FOR THE LARGE SCALE
INFN |CHARACTERIZATION OF THE SiPM FOR THE CONSTRUCTION OF THE IFR!
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SuperB IFR electronics : from baseline to final design: using FPGAs and design tecniques for r'adiafn \
mitigation uperB
e/

While our prototype electronics (IFR_ABCD, IFR_BIRO, IFR_TDC) did not include any radiation
mitigation feature, these must be included, most likely, in the final design of the SuperB
IFR readout system.

Each sub-detector group is responsible for integrating radiation mitigation features in its sub-
detector specific readout; this might involve the use of flash based FPGAs on the hardware side
and the use of proper design techniques on the firmware side(TRM, hamming coding for FSM ..)
eventually assisted by currently available CAE tools.

We intend to explore solutions based on Actel proASICs as the target FPGA for the IFR readout
system and Mentor Graphics HDL tools specifically design to automatize the

The task of prototyping and characterizing under radiation the critical blocks of the IFR
data acquisitions could be shared with engineers form AGH University of Science and
Technology

)
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SuperB IFR electronics : conclusions £\

SuperB

Conclusions:

While the prototype electronics which was designed so far allowed us to build a
working small scale prototype, when preparing for the final system we should aim for a
front end design based on suitable ASICs.

Also, while waiting for final estimates on the radiation doses in and around the
detector, we should be prepared to estimate the costs and the performance toll of
designing the front end electronics and latency buffers using radiation mitigation
techniques.

This might involve some development at the ASIC level to protect DACs and other
critical digital block from SEU

In these tasks as well as in the large scale characterization of the SiPM devices
needed for the construction of the IFR, the AGH University of Science and
Technology in Krakow would be a very welcome partner.

)
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