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SuperB IFR electronics: update

summary:
* recalling features of the baseline design
« evolving from the baseline design: exploring an all "binary mode"” ("BiRO") readout for the IFR

* update:
* SiPM test in Krakow (W. Kucewicz, Jerzy Barszcz, Mateusz Baszczyk, Piotr Dorosz, Sebastian
Glab)
* IFR prototype beam test at Fermilab in July/August
» developing a compact front end for "BiRO": the "EASIROC" ASIC (by Omega at LAL, Orsay)

* developing a compact front end for "BiRO": testing FPGAs and design techniques for radiation
mitigation

* next milestones:

* planning irradiation fest to get an estimate of the failure rates of a prototype “compact” front
end card

) 7\
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SuperB IFR electronics: recalling features of the baseline design £\

SuperB
« orales
Scintillator bars in the IFR "|FR 5,15;;;:@ | -
endcap (iron stripped off for one 12X
half of the endcap)

U
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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 (TDC ASICs mainly) and latency
’ N F N buffers to be positioned as far as possible away from the high radiation region of the detector and surroundings.
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SuperB IFR electronics: recalling features of the baseline design

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.
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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

cc [ AP 29 g

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

The actual implementation of the X-Y detector planes is being defined; they will result from the union of
smaller X-Y modules, whose design is underway.

/j The number of electronics channels needed to read the barrel might need some adjustment.

INFN
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SuperB IFR electronics: SiPM test in Krakow 7\

Potentiometers

PZC_8k_A

CHIP

Input Output g

From:
"Silicon Photomultiplier Activity at AGH-University

smajazonl Wojciech Kucewicz 13 of SCience and TGChﬂOlOC]V”,
W. Kucewicz, J. Barszcz, S. Glab, M. Sapor.

Prof. Kucewicz and his team (Jerzy Barszcz, Mateusz Baszczyk, Piotr Dorosz, Sebastian
Glab) have characterized our SiPMs (FBK model 4020) with their test board for
ASIC#H?2.

The preliminary results have been presented at IFR session of this collaboration
meeting.

SiPM characterization for the IFR detector is a major task and this work already shows
- that it is in good hands |

INFN
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SuperB IFR electronics: SiPM test in Krakow

£\
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SuperB IFR electronics : IFR prototype beam test at Fermilab in July/August £\

SuperB

At the IFR sessions of this meeting a report on the recent test beam at Fermilab have bee}-l
presented. See: "Beam Test: G. Cibinetto on behalf of the beam test and analysis team”

Increasing of the number of samples A few features of the front end / DAQ modules have
éfﬁﬂ Dec 2010 :gh—‘% That's a feature of the Binary Readout that could be been upgr.aded TO enlar‘ge The samp“ng window C(I"Ol.md
fig e o iomE wyhpilbrhemont the trigger (it seems to help identification).

:: E = Z - The number of samples has been doubled since the

AZE R December test, allowing the possibility to detect the . .

. — = = 5 : slowest part of the hadronic shower. MOST |mpr‘ovemen1’s were on The Slde Of The DeTeCTor
— -t ‘Sa:':"pa'z# Results are not always easy to understand. COHTF‘O' SYSTem, SUCh as an GUTomaTed r‘egUIGTIOH Of The

bias against temperature changes.

Jul 201 |
Preliminary results confirm the basic performances
shown in the December 2010 test.

Efficiency measurement

Raw (sandwich)

P S TSN S S ST (OO ity s N : .
:j . B e o + el detection efficiency
U 90 ' calculated using muon
BG: events.
E 4 i Performances are
70 confirm previous
results.
60— W AL 2090 W0
| C e FHAL 2310 BIRG ¥ . .
el ool 50 & s i Efficiency for Time
Time (daye) E A Comicamiay : i readout modules (not
40 e BiRO layers only : shown) -y
Automatic correction of the Vbias to follow C & PHAL 0 B ¥ i .
the temperature changes. in order to keep 30:' O O O, | FRTLS| [T S 8 agreement with
the 5iPM gain constant over the time. [i] 1 2 3 ] 5 6 7 8 pl’evious results.
Layer
s T T w e More precise efficiency evaluation (done fitting the tracks) is under way: see

M' ﬁ Jarek talk for more details.

Londaon, Sep 15 2011

G. Cibinetto

)
INFN
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SuperB IFR electronics : developing a compact front end for "BiRO": the "EASIROC" ASICs,I;fe\B
uper

The "EASIROC" by the OMEGA group of LAL in Orsay is being considered as a candidate ASIV
suitable for the front end stage of a "binary mode"” readout of the IFR detector

VDD VHI
-- 1::I.Iﬂ“hl-— -%- 5--
' Channel 0
in_calib Hold Low Cai
= Read SOWGan
catib inpa: [P * + Multiplexed OR32Read
Slow Shaper s Output iy Low Gain
H T-1ams I _E ] - r%/_- output
Ch31 imput H';m Read HighGain —
cnl 1mpur + Afultiplexed ) )
Chilispat Output VDo + High Gain
- o — output
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¥ R Triggerd] ontput
H ON =, ES or Diseri .
J_ Trigeerl output
! e Channell_trigger rﬂ:{ Trigger0d
8-bit DAC Shaper | v g [[[>—] S5 - bt
0-5V 15 ns B - b output
I-| Discri Read _lsset OR32Read
Multiplexed ~ .
¥ Output v Hit Mux
—" I o utput
=
: LG slow Shaper 10-bit
GE:’;EE(H;} Variable Shapig DAC ! OR32 VHI OR32
Time (3 bits) i output
VLD

Ch3l_trigger
. . HG Slow Shape = =
G'::‘;"Ah(ﬁ} Variabie Shaping
Time (3 bis) Common to the 32 channels /
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.

The EASIROC was not designed to operate in a high radiation area, BUT the OMEGA group
/j is working at a newer version featuring improved radiation tolerance

INFN

L/ siwte nazionale [ SuperB Collab. Meeting — QMUL Sep-13-2011 A.Cotta Ramusino for INFN-FE/Dip.Fisica UNIFE 9

di Figica Nuclears



@
SuperB IFR electronics : developing a compact front end for "BiRO": the "EASIROC" ASIC £\
SuperB
e/

USER GUIDE (w

EASIROC The IFR-Ferrara group has been in touch with Gisele

SOFTWARE & TEST BOARD USER GUIDE MARTIN-CHASSARD and Stephane CALLIER of

Version: 11 April 2011 OMEGA who have shown interest in the project and

Abstract provided us not only plenty of information and support

B Ry ning or Buided g Sican o Ttes ared but also a complete hardware and software test
and read-out of SiIPM detectors. sys'l'em.

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 electronics : developing a compact front end for "BiRO": the "EASIROC" ASIC, \
SuperB
SO: U
The plan is now to apply an "EASIROC" to a "pizza box" detector prototype and to perform
cosmic ray tests to determine the overall efficiency.

Some preliminary test are being carried out to
determine the proper operating parameters (bias
and threshold) for our FBK SiPMs applied to the
EASIROC (acknowledgements to  Roberto
Malaguti, INFN-Ferrara)

For this test a SiPM #5 of the 4380 type from FBK was connected to channel 4 of the ASIC.
A fiber illuminated by a blue LED was connected to the SiPM. The SiPM support had to be modified
to adapt to the different biasing scheme imposed by the ASIC.

)
INFN
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SuperB IFR electronics : developing a compact front end for "BiRO": the "EASIROC" ASIC 7\
SuperB
| -

File Edit Vert Horz/Acq Trig Display Cursor Meas Mask Math App MyScope Utllities Help Button For‘ ThlS 1-631- SIPM #5 Of The 4380 type from

Tek Stopped Single Seq 1 Acys 12 Sep 11 11:52:09

FBK was connected to channel 4 of the ASIC.
o f i b The SiPM was biased @ 32.3V and the LED pulser
R T Y ’: A I ?r_g;'mi;iﬁ | was OFF > what is shown in the waveform is a
L_;’i;:cﬁ? hzfaﬂ; Ty nﬁﬁsw .1\;%}"5{?;‘?; ﬁw"ﬁ@j S wﬂ; W *?R-,‘ ! - sample of dark counts
- ' ' ' . ' ' ' -blue trace: the output of channel 4's internal
1] 15ns fast shaper. This internal signal is observed
ey at the “probe” output of the EASIROC test
: board (attenuated a factor of 2)
- S A E : TR - yellow trace: the output of channel 4 “trigger”
o] P P N T P S A P Compar‘a‘l‘or‘
Ic1| =200mv © 200ns/div
fic2| 500mV Q 10.0GS/s  100ps/pt
mew® The dark count rate at room temperature is
o1V : 850 omv about 12.5MHz if one looks at the blue "spikes” a
v ey little less at the "trigger” output with DAC

threshold setting of 904 (= little above 1 p.e.)

INFN
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SuperB IFR electronics : developing a compact front end for "BiRO": the "EASIROC" ASIC s’ HE?B
u

File Edit Vert Horz/Acq Trig Display Cursor Meas Mask Math App MyScope Utilities Help Button

S j — _ — wmnesw For this test SiPM #5 of the 4380 type from aked

was connected to channel 4 of the ASIC.

h’ The SiPM was biased @ 32.3V and the LED pulser
was ON > what is shown are accumulated samples
of dark counts + stimulated response

The accumulated waveforms reported here
represent:

- top trace: the output of channel 4's internal 15ns

fast shaper. This internal signal is observed at the
S ; ; 2 ; ; ; | "probe” output of the EASIROC test board

Al i i i i i (attenuated a factor of 2)

il Soomy accssnson - Dottom frace: channel 4's “trigger” output
Ry, 22 oy 300

250
We estimated that the output of the internal fast 200 \
shaper has a sensitivity of about 36 mV per p.e.

150
The test allowed us fo calibrate the threshold
DAC setting in terms of p.e. ( about 30 counts per 100 ~—
p.e.). 50

0 T I 1

/j 700 750 800 850 900

INFN
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SuperB IFR electronics : developing a compact front end for "BiRO": the "EASIROC" ASIC 7\
SuperB
SO: | -
The plan is now to apply an "EASIROC" to a "pizza box" detector prototype and to perform
cosmic ray tests to determine the overall efficiency.

Next steps:

* to evaluate at the same time the performance of the EASIROC ASIC coupled to the prototype IFR
detector and the radiation tolerance of the assembly, we will design a board (which would also be used
for radiation tolerance test) hosting:

« one EASIROC
» EASIROC power supply with latchup detection / protection

* flash based FPGA for EASIROC configuration & data processing; the FPGA would be connected
by LVDS links to the HUB, capable of handling multiple front end cards. We plan to use the
Precision Hi-Rel synthesizer by Mentor which includes "automatically” Hamming coding and TRM

to improve the design reliability
trigger / data

Configuration HUB and data concentrator
(one HUB handling multiple front end cards)

it is an upgraded verrsion of the "BiRO -
TLU Interface” unit currently used in the
prototype DAQ

Ethernet TCP/IP

/j HOST PC
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SuperB IFR electronics : testing FPGAs and design techniques for radiation mitigation £\

SuperB

We have procured two development cards based on different ACTEL ProASIC devices: \
all Moun nterboard ISP "
v “Power " Comector RS oy Cormaciors Ay 1o Messue

on Veone

Jumper for Veore

1.2V/15V
Removable Manual and
CATSE RJ45 Shunts to Automatic
Connectors Isolate All VOs Switching
for LVDS for Prototyping
Communications
B LEDs
FlashPro3 USBG i Ability to Measure
onnection
Remaovable 18> Connector for Serial RS232 FPGA Current on
Shunts to Interface and Main = /O Bank 3 and
Isolate All VOs Board Power YO Bank 2
for Prototyping ProASICIE in
PQ208 Package B Switches - M1A3P1000L-
ilator f - FGG484 Device
L gy‘:le: c PQ208 40-Pin GPIO Fitted in 23x23
very Conneclors Array
Clock - Pin Accessible
for Prototyping
Manual Ability to Measure
Clock Option FPGA Current on

YO Bank 1 and
O Bank 0

SMA for
Optional |
External |

Oscillator 8 LEDs 4 Switches

Wall-Mount

P t
Removable Shunts to Isolate ower (PR

All I/0s for Prototyping

Development board with an M1A3P1000L-FGG484 device

Evaluation board with an A3PE1500-PQ208 FPGA

As a first excercise we are implementing:

- the EASIROC configurator unit and its local storage controller, interfaced to the HUB via
a high speed link exploiting the LVDS ports of the proASIC 3 devices (undergraduate
thesis work assigned)

- we are planning to encode the serial stream will be 8b/10b encoded to achieve a DC
balanced signal that could be sent through a fiber link and to have some inherent protection
against error induced by noise or single events

-
INFN
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SuperB IFR electronics : testing FPGAs and design techniques for radiation mitigation

mwme e S | 2| e

File Edit View Add Format Tools Window

£ Wave s ] |oe]] ]
I GH-8 sRBo: o AE S | & i @ 8b10b encoder output (for RD=-1):
NEEENY (b1001_110101)
EEeALEE S loading the paylod ihaf iedcba
a-az3|»xitacaarn|ru +~ byte = 3F (D31.1)

4 [GTKSlowControl_tb/set_payload_valid_sig
[GTKSlowControl_tb/tx_out_sig
B¢ [GTKSlowControl_tb/payload_byte_in_sig
4 jGTKSlowControl_tb/dut/Pace 160MHz
4 [GTKSlowControl_tb/dut/Pace 16MHz
B [GTKSlowControl_tb/dutfencoder_in_buffer
B-* /GTKSlowControl_th/dutfenc_dataout
4 [GTKSlowControl_th/dutfenc_rdout
4 [GTKSlowControl_th/dutfenc_kerr
4 [GTKSlowControl_tb/dut/enc_rdcascade i—|_|—
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4 [
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47
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o g i e o e
E=rT serial output@160Mbps y
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INFN
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Example: simulation of the LVDS link source files : TX channel waveforms
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SuperB IFR electronics : planning irradiation test to get an estimate of the failure rates of { “N\
prototype “"compact” front end card “I]erB

N

Reliable data on expected radiation sources and spectra oo Hot regions Suherﬂu

at different locations of the IFR are now being —/
delivered. See for reference yesterday's presentation at
the IFR session: "IFR Background Status” Valentina s
Santoro INFN Ferrara B}
« while SiPM have to be studied and tested to determine e
cumulative effects from the Total Integrated Dose (TID) I T s
encaps (hottest region) : inner layer and outer layers (BEAM halo),
* the front end electronics should be studied to determine e e
the cross section of Single Event Effects (SEE) such as: o s :
* Single Event Latchup Quoting “Radiation effects in the electronics for CMS”,
* Single Event Upset Federico Faccio, CERN:
... To do so (estimate SEU rates), one needs to know:
SEU 1) The radiation environment. Not only the kind of particles,
Not a destructive event => a given rate can be tolerated but also their energy distribution and their fluence. For instance,
(depending on the system) it is impossible to get to an estimate of the upset rate starting

from an environment description in terms of TID and equivalent

How often does it happen?
1MeV neutron fluence.

—

Environment Device sensitivity 2) The SpeCiﬁC SenSitiVity of the device. This mlght be argued
pEm— e by the technology used, but in general there is such a variability
Which particles? i 2 . .
Which energy? % e tht one needs to test the deV|.ce tq rgally know. In that case, it
Which fluence? = is important to well target the irradiation source used in the test.
. ‘ This source has to be representative of the real environment
ol o 7 - (for example, using 1MeV neutrons for testing when the
\ _ / environment is represented by neutrons with energy up to
T NSREC Short couse, 1997 400MeV is NOT representative and will lead to completely

INFN meaningless results).

di Figica Nuclears

L/ siwte nazionale [ SuperB Collab. Meeting — QMUL Sep-13-2011 A.Cotta Ramusino for INFN-FE/Dip.Fisica UNIFE 17



&
SuperB IFR electronics : planning irradiation test to get an estimate of the failure rates of { \
prototype "compact” front end card Illlﬂrn

From: "IFR Background Status” Valentina Santoro INFN Ferrara | 4
A 2 ® - Neutron Rate for FEEs Electronics Barrff®™\
o Present layout of the IFR crates £ °\ &= o= e SWRID

BWD Endcap sIlllErB

To see the plots with better
L6 resolution

) 5 £
INFN Neutron Energy Distribution for Barrel Electronics n’ "\
B '"'l‘
L1

llllll

FWD Endcap

Valentina Santoro 1° SuperB Collaboration Meeting i ¢up? Electrons Rate for FEE Electronics Ba#el™

SuperB
o

A
: | 1 i

of the expected radiation doses at the
locations of the front end electronics crates,
according to the baseline design.

Electrons Energy Distribution for Barrel FEE n,l .\

oy Loyar 1 o) """"‘

This will allow us to properly plan the “
irradiation tests of the “compact” front end [ . e SR
design based on the EASIROC. o M v '

e To see the ploms with berter

! resolution

. Lo http://www.fe.infa.it./

! ~saatoro/SuperB/

: Backesound/Flactrons/

. Touschek html
INFN N :
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