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SuperB IFR electronics: an overview

SUMMARY:

* IFR basics
* IFR electronics overview (TDR baseline)

* Topics to be covered in the “electronics” parallel sessions of this workshop
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IFR basics

' The Super‘B detector (from: "SuperB Detector Status-Elba-2012", Blair Ratcliff, SLAC)
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IFR basics

from: “The IFR detector at SuperB”, TAROSLAW WIECHCZYNSKI, Institute of Nuclear Physics PAS, 11.01.2012

Physical purposes:

» Muon identification
* |dentification (along with the electromagnetic calorimeter)

of the neutral hadrons — mostly K”L‘s

- Good separation between penetrating particles (muons) and charged hadrons
is crucial for extracting signal of several important B decays like:

b—s1l'lT B- v
b—dl'l" B-Tv
B— uy
- identification of the neutral particles allows for background suppression (veto)
in reconstruction of final states with missing energy (especially those with neutrinos)
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IFR basics

from: “The IFR detector at SuperB”, TAROSLAW WIECHCZYNSKI, Institute of Nuclear Physics PAS, 11.01.2012

* INFN, Sezione di Bologna
* INFN, Sezione di Ferrara

* INFN, Sezione di Padova

* INFN, Sezione di Torino
Krakow:

- Institute of Nuclear Physics PAS (software; prototype data analysis)

- AGH University of Science and Technology, Faculty of Electrical
Engineering, Automatics, Computer Science and Electronics (studies
of SiPM front-end electronics, readout and data acquisition system)

- the Cracow University of Technology, Faculty of Mechanical Engineering
(numerical calculations, using Finite Element Method, supporting the
design and construction process)
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IFR basics

The SuperB IFR detector: simplified view of the IFR and partial view of the detector elements L

Layers of X,Y scintillator bars
inside the endcap steel (removed)

a.c.r. 2011-05-10

Layers of X,Y scintillator bars acr. 2012-09-05
r .\ inside the barrel steel
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IFR basics

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

£\
superB
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The SuperB IFR detector prototype
| the concept... |

SuperB-IFR prototype readout electronics (baseline): FEq

« "IFR_ABCD": sensor Amplification, Bias-conditioning, Comparators, Data pr‘ocessing;qé
it samples the level of the comparators outputs @ >= 80MHz and stores it, pending the frigger 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 viaa VME-PCT bridge to the DAQ PC

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

GbE)
« "IFk_TLU" a module (Trigger Logic Unit) to generate a fixed latency trigger based on primitives from the IFR
prototype itself or from external sotirces

IFR_FE_BIRO + Ik Tl are now a single module

IFR workshop in Krakow — Sept. 2012 A.Cotta Ramusino, INFN-FE 8



IFR basics

\ The SuperB IFR detector prototype

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.

£\
superB
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.C.R.2009-11-12

pictures/drawing from the
prototype construction

3.2%1.2002 JaFeun

SiPM by FBK, Trento.
70x70um? cell size,
n-on-p.

1800

1800

Bonding of the SiPM
to the carrier PCB
was performed at
INFN Perugia thanks
to 6. Ambrosi, M.

3AXLAMZ 78780 o
150

IFR workshop in Krakow — Sept. 2012
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IFR basics

The SuperB IFR detector prototype

1 b 1 ""E /1 the VME crate

with the CAEN TDCs

* Clusterizing algorithm _—
. . ” k"
- rejection of the background hits J_
AmSe [ ete et
= — 2 x _
10:_ i y 10— : J=:| E
fe—T f I T e :¢ <=-—--—* ; » o N
- . . St | | > B | = :
o o w fixed pulse widtl
:' w/ diff ECL output:
-5 51—
E ,{323 +64x E
10 -10- £E
E Bias Threshold [‘EE
15: 15 i e DAC DAC EE
B i ! +
20:_ C -20__ %""' '''' “"_D A.CR 2008-10-06 Cydz;igil:‘i::ased %E
U_ Lt 20 L1 4'0 Lt 6'0 A—trt ﬂ-lﬂ L '_“:'m . '1 éﬂ L '140 U_ -l '2'0 A 4'0 A S.Iﬂ b IBIO ! '160' b '1 2I0I 3 '140 ‘IFR_A BCD” card (Amplifier, Bias, Comparator.DataProcessing) ;':
. ce 9 : .
,.\ biggest cluster — good muon track adjacent clusters merged if close enough GOTO: “ABCD” description
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IFR basics

The SuperB IFR detector prototype
More flexible than.an ASIC but...
power hungry and hard fo reproduce

2 x 32 output needed for
timing mode readout only

pli comparator
w/ programmable thresho
wi fixed pulse width
wi diff ECL output

,F:z x J[cm x

Bias Threshold
DAC DAC

4 x KELconnector

——

CONNECTOR TO THE
“LST FE* CRATE BACKPLANE

CycloneIll FPGA based

A CE 2009-10-06 dan ! ter card

“IFR_ABCD" card (Amplifier, Bias, Comparator DataProcessing)

f.\ GOTO: bias generator schematic GOTO: amplifier schematic GOTO: comparator schematic
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IFR electronics overview (TDR baseline)

 details of the detector elements

The IFR will exploit extruded plastic scintillators
to detect ionizing
apparatus. The light from the scintillator is

radiation crossing the
collected and converted by wavelength shifting
(WLS) fibers and guided to the SiPM.

Three WLS fibers should be installed in each
scintillator bar.

er 101

a scintillotor bar machined to host three WLS fibers,
the silicon photomultiplier and the corer printed

circuit board (PCH)

Only one end of a scintillator bar is equipped
with a SiPM.

A printed circuit board (PCB) will be designed to
support the photodetector and the miniature

connector to a small diameter coaxial cable.

details of the three WLS fibers and the PCB for the
solid state detector: exploded view

acrn 201204-23

details of the three WLS fibers and the PCB for the
solid state detector

The other ends of the minicoax cables are
soldered onto a “mass termination” PCB.

The light tigh enclosure containing the
scintillator bars must be machined to
provide an output port for the bundle of
minicoax cable. A more elegant but more
expensive solution would be to install the
“mass termination PCB” inside the
enclosure so that the high performance
connector represents the signal output
port.

-
-
-
-
e
-
-
-
-
-
-
-
-
-
-
-
-
-
-

detail of the multi coaxiol connector assembly
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IFR electronics overview (TDR baseline)

* numerology

BARREL

LAYER LAYER No.Modules LAYER : ASSUMING

WIDTH per layer ENABLE 110MM
1963 1 6 1
1987 2 6 1
2050 3 6 1
2113 4 6
2176 5 6
2240 6 6 1
2304 7 6
2367 8 6
2431 9 6
2494 10 8 1 12 17 96 136 600 1870
2569 11 8 12 17 0 0 0 0
2641 12 8 13 17 0 0 0 0
2712 13 8 1 13 17 104 136 650 1870
2784 14 8 13 17 0 0 0 0
2879 15 8 1 14 17 112 136 700 1870
2973 16 8 14 17 0 0 0 0
3068 17 8 15 17 0 0 0 0
3144 18 8 1 15 16 120 128 750 1870
3296 19 8 1 16 16 128 128 800 1870

NUMBER OF

TOTAL PER
MODULES 64 SEXTANT 1950 878 1072
per sextant:
TOTAL CHANELS
.Nl IMBER OF 384 PER 11700 5268 6432
, \ PLLES BARREL

SuperB . |
IFR workshop in Krakow — Sept. 2012 A.Cotta Ramusino, INFN-FE 13
U



IFR electronics overview (TDR baseline)

* numerology

ENDCAP
horizontal bars per module: 37
top

section vertical bars per module: 51
horizontal bars per module: 36

center
section vertical bars per module: 53
horizontal bars per module: 37

bottom
section vertical bars per module: 51
AVERAGE channel count per module: 88,4
NO_OF_MOD_PER_LAYER_EC: 3
horizontal bars per layer 110

3 vertical .

36_:‘:”1“. vertical bars per layer 155
NUMBER OF LAYER PER DOOR 9
NUMBER OF DOORS IN ENDCAPS 4

+50%

TOTAL NUMBER OF MODULES IN ENDCAPS: 108
horizontal bars per door: 990
vertical bars per door: 1395
TOTAL HORIZONTAL BARS: 3960
TOTAL VERTICAL BARS: < 5580

+12.3%
TOTAL CHANNELS IN ENDCAPS: 9540

IFR workshop in Krakow — Sept. 2012 A.Cotta Ramusino, INFN-FE 14




IFR electronics overview (TDR baseline)

* details of detector installation: the barrel case

SiPMs applied to the elements of the Z
array are distributed all along these

ABLE CONDUITS FOR
edges. An alternative would have been . CONDUITS FO

THE IFR BARREL

Proposed location for the front end
stages of the readout electronics

PCBs for “ON_DETECTOR” stages of the readout chain.

detector elements (metal enclosure not shown)
shown in their position in the gaps (or on the
inward side of the metal sheet for layer 0)

“mass termination” PCB.

£\

s B Double shielded differential twisted pair output cable (17 pairs).
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IFR electronics overview (TDR baseline)

“straight-through” approach for the “ON_DETECTOR” stage: not baseline but tested nonetheless
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The test was carried out by connecting a SensL 10100 _800 SiPM (biased at 295V) fo
the EASIROC (A) development board and looking at the amplitude histogram of the dark
current pulses. The yellow histogram refers to the case in which the SiPM was connected
via a 12m long coaxial cable, THERE IS LITTLE DIFFERENCE WITH THE HISTOGRAM
OBTAINED WITH A 0.25m LONG CABLE

The waveforms (B) shows the outputs of the LOW_SAIN stage (BLUE trace) and of the
fast shaper (LIGHT BROWM trace) with the Sensl connected with a 0,25m long cable and

UMNBIASED.

The waveforms (C) shows the outputs of the LOW_EAIN stage (BLUE trace) and of the
fast shaper (LIGHT BROWNM trace) with the Sensl connected with the 12m long cable and
IUNBITASED. While there is certainly EMI noise pick up this didn't seem to affect the

overall outcome of the test.

CAVEAT: only one channel was connected -» pick-up noise might increase with the number of
channels connected

In this approach ONE SiPM was connected to the signal processing unit ( the EASIROC ASIC ) via a 12m long
coaxial cable: some EMI noise was picked up enroute (as shown in C) but the amplitude spectrum of the

received pulse was still well defined!

IFR workshop in Krakow — Sept. 2012

A.Cotta Ramusino, INFN-FE
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IFR electronics overview (TDR baseline)

“analog buffer-only” approach for the “ON_DETECTOR” stage: not baseline but tested nonetheless
butter/adattatore di polarita” per SIPM

In this approach the front end stage only
performs the functions of:

|
2 spare diff pairs for 4-wire Pt100
readout of the temperature
Pt100t It . .
[;pn;f:u:;;fnsol sensr estimated current consumption: 13mA diff driver + 6mA op amp e settin g the offset volta ge to a dJ ust the

VCC=5V;-V(C=-5V

dissipated quiescent power: 20mA* 10V = 200mwW Operating pOint Of the SIPM
L e amplifying the SiPM signal

front_end_option_2

diff pair for channel n

e driving the amplified signal on the output
sparediff pair for

-
i M i : AN differential twisted pair cable
frontend cards = LAY Y .\,rl
OFF DETECTOR -

_________________ L [ ocossereaon buffer/adattatore di polarita’ per SiPM: applicazione alla scheda EASIROC: test results
fromreadoutasc | ¢ T T ——
HULC et [ ONDETECISR = = e LOW GAIN output
supply_GND fuper IDE histooramming program \ — HOLD enabled
Vet E R by &, Malaguti, May 2011 : —rrr
s in commonto all phato-detedtors of the module SiPMn-on-p (FBK-like) FastShaperat =

HVFai(=-30v) P
shield of the muti-nair cable p——s— :,::r
- 1 signal ground

i =

PROBE output

Angelo Cotta Ramusino INFN-Ferrara  Feb 21 2012

PRO: the more critical processing stages might
be located further away from high radiation
area (BUT UNFORTUNATELY NOT AS FAR AS
tHE RADIATION SHIELDING WALL)

CON: power consumption, cable cost, could
sensitive to EMI interference (it worked wel
with 8m of the high quality twisted shielded
pair cable and the LAL Orsay “EASIROC” ASIC
as the front end signal processor).

HIGH GAIN output
HOLD enabled

Testresults for a reference
systemwith 8m of shielded

twisted pair cable between

acr 2012-02-22

IO\ ] driver and receiver

IFR workshop in Krakow — Sept. 2012 A.Cotta Ramusino, INFN-FE 17
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IFR electronics overview (TDR baseline)

Baseline approach: an “ON_DETECTOR” stage based on a dedicated ASIC

Vbias%

R —

) f the nma‘ue‘q)

£\
superB
) Y 4

IFR READOUT ASIC(s)

éa.mpling clock(Fs)
| A——

Interface

Trigger primitive output '

M

Ampli - shaper pulse stretcher

pulse Bias adjust Threshold |
imjector  DAC DAC :
Slow Control! - | Buffer
| l | |
Interface :I Controller
|

1FR workshop 1n

L1 buffer for samples taken every 1/Fx

»*J [T

matched

Trigger port

i

Slow control port

ACKE N d 2017

akow — Sept. 2012 A.Cotta Ramusino, INFN-FE
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IFR electronics overview (TDR baseline)
Baseline approach: an “ON_DETECTOR” stage based on a dedicated ASIC

The ASIC must be designed to reliably operate in the SuperB background
radiation environment

Specifications for a dedicated ASIC for SuperB IFR front end

- (AB) input amplifier design suited for positive and negative signals ; linear dynamic range =100 p.e. equivalent signal

- (AB) a fast shaper design with peaking time in the range of a few ns, to minimize the pulse pile-up effects at high input rates

- (AB) individual bias setting DACs: range of a few Volts; resolution up to 8 bit; external or an internal voltage reference

- (AB) high speed comparator with differential topology to reduce the switching noise

- (AB) one common threshold setting DAC: range of a few Volts; resolution up to 10 bit; external or an internal voltage reference
- (AB) configurable test pulse injection circuitry

- (DB) SEU protected registers for all configurable features of the ASIC AB: analog block

- (DB) SEU protected slow control interface logic DB: digital block

- (AB) auxiliary differential output buffers for diagnostic purposes

- (AB) clock interface unit to generate all internal timing signals from the SuperB clock

- (DB) configurable latency buffer, based on a dual ported memory, holding the data during the trigger decision time

- (DB) trigger interface: to perform the extraction of the data from the proper window of the latency buffer upon the trigger request
- (AB) suitable low power serializers to transmit the trigger match data to the downstream readout stages

- (DB) Trigger primitives generator: a SEU protected configurable look-up table to generate trigger signals from the inputs

Experts involved in the ASIC development:

» Wojciech Kucewicz, AGH Krakow
* Gianluigi Pessina, Claudio Gotti, INFN Milano Bicocca
,f.f;\ e Gianni Mazza, Giulio della Casa, INFN Torino

s“l:lerB IFR workshop in Krakow — Sept. 2012 A.Cotta Ramusino, INFN-FE 19
\—I



SuperB IFR electronics: preparing

for irradiation tests

STEPPING STONES: existing ASICs implementing featuring part of the above specifications

which have undergone neutron irradiation studies (see re

VDD  VHI

T CTEL Tee, e TRl

Channel 0

Hold REild Low Gain

M-]hplmd

Read High Gain
Multiplexed

Low Gain
output

High Gain
output

I I ; e
Channell_trigger Trigger(
output
Trigger
Read 3 poltipleed

. Outpur

115
IN2P3 LGS)wsuper 10-bit \
PA :4 hits) ‘mlb'e DAC i OR32|
(3 bits) i

Omega :
LAL Ch31_trigger

(SPIROCO)

£
@J
m<':ﬂ
Egg
2
535

Common to the 32 channels /

AMS 0.35um SiGe

(A)The EASIROC has been designed by the Omega group of LAL
and it has been extensively used and tested in Ferrara
thanks to evaluation board provided by LAL. It has already
described in previous presentations

(B)The RAPSODI ASIC#2 has been designed by Woitek
Kucewicz of AGH University in Krakow, Poland. It has already
been infroduced in previous presentations

(C)The CLARO ASIC has been designed by Gianluigi Pessina and
Claudio Gotti and presented at the 2"d SuperB meeting last
December.

ports in the parallel sessions)

Front-end ASIC # 2

4 channel, with analogue outputs

AMS 0.35um CMOS

High or
low gain
@ ‘ selegtion | | PDH |a=—
T —b‘ > mmmp| PZC | mm— ey
b -

Preamplifier Amplifier
SiPM l P Comparator
PZC Comparation | J
regulation treshold
9 maja 2011 Wojciech Kucewicz 9

CLARO is a monolithic front-end chip for Multi-anode PMTs (or MCDPs).
It is meant to readout Ma-PMTs in the upgraded LHCh RICH detector.

Each channel is made of;

* A charge preamplifier with adjustable gain

« A discriminator with adjustable threshold

The circuit is optimized for 100 ke* (16 £C) to 10 Me* (1600 {C) pulses from a 1 pF source.

IN
(PMT pixel)

@ Threshold ‘-'::_.\

The main features are:

Less than 25 ns

AMS 0.35um CMOS
» Power consumption below 1 mW / channel

* No dead time at 40 MHz hit rate C.Gotti - SuperB-Dec 152011 2 E
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IFR electronics overview (TDR baseline)

Baseline approach: downstream elements of the readout chain: the IFR “"data merger” modules

IFR “data merger” crate

g P P . jrmrmm mimimima cmimima -
i IFRREADOUTASIC(s) _ _ . _ . . _._. _ ! | !
: I B I, I
! Sampling clock (Fs) | e ! Timing ! —_—
: Timing | RX link from
; I — —— : & FATG
| | — I | SuperB FCTS
i Trigger| ! Trigger primitive output I' :
| LuT, T !
. | L1 buffer for samples taken every 1/F; I
1 ! .
| ] i ooer Primitives| !
i | - ﬁ ____a  Muontrigger (for |’
. ! . I
! Ampli - shaper lx% pulse stretcher : ! dfhllggl]]g purpﬂﬁﬂ) i
I . i [ n
i Test . . 1 b i I
© pulse Bias adjust Threshold | i : I L
! injector, . DAC DAC : » _ ! : TX link to
L | | [SowConmol | Buffa Trigger matched data | SuperB ROM
I Interface :I Controller data link |
I ! . i X -
: to Tiggerport ey Contel B | Bidir Link to
. . . O Lonirol Buses, : T T
1 ! Slow control part ! ) X ! SuperB ECS
; i R— i |
f e DGITAL | l | ACR My 1000

mimisimimimimimimimisisinigpigim sl s TR .

Functions performed by the unitsinstalled in a data-merger crate:
* FCTS interface: linked to the SuperB Fast Control and Timing System (FCTS), it fans out to the IFR front end cards the
timing (clock and reset) and the received trigger commands
* Muon trigger module (optional): it processes trigger primitives generated by the IFR front end cards to generate a muon
trigger for local debugging purposes
» Data link: data sent by the front end units in response to a trigger command is received by this unit and merged onto a
suitable number (4 for the barrel section, 2 for the endcap ones) of high speed serial links connected to the ReadOut Modules
(ROM) input port.

f@\ * ECSinterface: this unit is linked via optical fiber to the SuperB Experiment Control System (ECS); it fans out configuration
commands and calibration data to the front end cards and collects from them the operating status information.

SuperB . |
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IFR electronics overview (TDR baseline)

Baseline approach: the IFR “"data merger” locations

IFR “data merger” crate

RX link from
SuperB FCTS

Trigger Primiti\'esi Mo irset (o
debugging purposes)

Trigger matched datai
—hL data link J
1

Slow Control Busesi

TX link to
SuperB ROM

Bidir Link to [}
SuperB ECS

front end and “data
centrator” cards

ACR, May 112012

frontend and “data
concentrator” cards: /

a.c.r. 2012-05

® ALL the elements of the IFR readout electronics described above
£\ must be designed to reliably operate in the SuperB background radiation environment

SuperB
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Background radiation issues: damage from neutrons is the main concern

» Expected neutron flux @ superB:
— ~50n/cm?/s (1 MeV equivalent)
- ~ 1.3 x 108 n/cm? /month (6.5 x 103 with safety factor)
- 1.6 x 10° n/cm?/year (8 x 10° with safety factor)
- ~8x 109 n/cm? (10 years x safety factor 5) BUT: number may change due to the

. - insertion of radiation shields for
Note that these numbers are 1MeV equivalent rates oo CRATG GeEeETE 6

Barrel spectrometer
- High Energy Neutron . = -
10¢ —— Qur Shield Configuration N\

= F B £pithermai Neutron Cuinorf
‘g 50 3 B Thermal Neutron
2 F
Q 40—
& OF
g F
‘Q_ =
c_i 30 =
T E
£ 20

10—

0 -4 X =
LogE(GeV)/log(10)
,.\ 10 cm of Iron+10 cm PE 5 cm PE
Valentina Santoro 4° SuperB Collaboration Meeting 2

SuperB . .
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Background radiation issues

Results from tests at the CN facility of the INFN Laboratori Nazionali di Legnaro

LCD Display WaPH Mount \nlg:':‘a;cdlsl’

Module ]

Remaovable

CATSE R4 [ Shunts to
Connectors Isolate All VOs
for LVDS for Prototyping
Communications
FlashPro3
Removable ISP Cannectc
Shunts to
Isclate All VOs
for Prototyping ProASIC3/E in
PQ208 Package
Oscillator for
System Eve
ery PQ208
Clock Pin Accessible
for Prototyping
Manual
Clock Option
SMA for |
gs::::t Removable Shunts to Isolate
Oscillator 8LEDs

4 Switches All VOs for 1

Evaluation board with an A3PE1500-PQ208 FPGA

e FELELLIE R

°Be(d,n) tick-target spectra for deuteron energies from 2.6 to 7

1,E+09

1,E+08
CN accelerator at INFN-Legnaro

o rovided a deuteron beam at
=X 4Mev; the corresponding neutron
= i vield curve would be between
0 .

">-1 JE+07 1 e light blue (3.8MeV deuteron
@

=

-

=

@

b=

—

JE+06

Development board
plugged on the “nose”

1,E+05
1E-02 1,E-01 1,E+00 1,E+01 1,E+02

Neutron Energy (Mev)

Acknmowledgements:
, .\ We exploited beam time which had been allocated by our colleagues Roberto Stroili and Flavio Dal Corso who

sunrn also provided the information needed to estimate the neutron flux.
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Background radiation issues

Rate(Hertz)/(0.10logE(GeV)log(10))

Results from tests at "GELINA", neutron time -of-flight facility at the Institute for Reference |
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Topics to be covered in the “electronics” parallel sessions of this workshop

* "Thermal Stabilization of Silicon Photomultiplier measurement system for IFR" (Piotr Dorosz)

« "SiPM test with thermal neutrons at the IRMM" ( A. Cotta Ramusino); more on this subject is covered in
the R&D parallel sessions

« "CLARO and RAPSODI ASICs irradiation at the CN facility of the INFN-LNL" (A. Cotta Ramusino,
Barttomiej Rachwat )

* "Characterization of RAPSODI ASICs after Irradiation” (Mateusz Baszczyk)
* "Acquisition system for cosmic ray measurements” (Mateusz Baszczyk)

* submission of a short development time test ASIC in AMS 0.35um CMOS :
* “An idea of IFR ASIC front-end with gain stabilization” (Juliusz Godek & Jacek Kotodziej)

« "Test of CLARO chip readout” (from a presentation of Claudio Gotti et al. at the 3rd SuperB
Meeting in LNF)

« "CLARO-CMOS, a very low power ASIC for fast photon counting with pixellated photodetectors”,
G. Pessina et al

£\
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SuperB IFR electronics
individual SiPM bias

: APPENDIX A:

schematic diagrams of some key parts of the “"IFR_ABCD" board:
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SuperB IFR electronics : APPENDIX A: schematic diagrams of some key parts of the “IFR_ABCD" board:
individual amplifier channel with input MMCX connector and analog monitor output (also on MMCX connector)
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SuperB IFR electronics : APPENDIX A: schematic diagrams of some key parts of the “IFR_ABCD" board: dual
comparator channel with pulse shaping (T_width & 20ns)
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