Omptical B arc Gt face to BaBar DAQ

Optical Fil &) erface 10 RabBar DAGQ

(}pllm[ Tihre TnterTace to Babar DAGQ

ALTERA|CYCLQNE Il FPGA

Trigger Processing Unit

32 x P_ECL inputs 32 x P_ECL inputs
32 x P_ECL inputs 32 x P_ECL inputs

szP EE L mpllh .!le" ECLinputs

32 x P_ECL inputs 32 x P_ECL inputs

e

'y P_f(‘.] llliilI[!i

32 x P_ECL inputs

- T T e

32 xP EC L 1nputs
32 x P ECL inputs

AP ECL tapuis 32 x P ECL inpuis
32 x P_ECL inputs 32 x P_ECL inputs
qrA P ECLTapuis 32 x P ECL inphis
32 x P_ECL inputs 32 x P_ECL inputs
31 x P_ECL inputs 32 x P_ECL inputs
32 x P_ECL inputs 32 x P_ECL inputs

10T TeraSymeh FIFO

T
32xIDC 2 xTDC

Daughter card card

- ~—

s— ALTERA CYCLONE I FPGA
Diagnostic rigger(example: EP2CTOF896CS, 622 1/O pins)

L4 on private backplane over VME J2

ll VME 64x backplane segments L1111 1]

A IS AN Amm .

2e-sst data transfers

Burst transfer rate =

320MB/s (theoretical)
on each segment

/-’ Very Preliminary layout of a modular crate of TDC Front End for the SUperB IFR
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RS232 (diagnostics) Link to Higher Level Data Concentrator / BaBar DAQ

Input connectors

Connector to Motherboard

ALTERA|CYCLONE Il FPGA

Jg{ﬁf Diagnostic trigger |
.............................. ) U0 SO0 A |
FPGA 1 : . : ]
Configuration Trlgger ProceSSIng unit |
controller ¢ : I
EPM240T100C5 I SSRGS
FPGA I I I I
Config. device I
EPCS64S116N VME MASTER I
I Interface
- = A A - = - = = = — J
IDT TeraSynch FIFO
TIMING
11 Buffer for
DATA
YR Collected
TRANSCEIVERS Trigger data CONTROL

Trigger Bus on private backplane over VME J2
VVME 64x backplane

Very Preliminary layout of a BABAR DAQ Interface card for the SUperB IFR Front End:
“~\It controls TDC cards and collects data acting like a VME Master with 2e-sst capacity
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RS232 (diagnostics) 32 x P_ECL inputs 32 x P_ECL inputs

Input connectors nput connectors
32xTDC 32xTDC
Daughter card Daughter card
Connector to Motherboard Connector to Motherboard

e e e e e e e
| Synch Dual
e | _ 24 Al IERA CYCIL ONE || FPCA ng’r':gg 325;;
e : Diagnostic trigger ey ample: EP2C70F896C8, 622 1/0 pins) =
pm— I ; ......................... -...............................- ................... . I Circular
Configuration : Trigger Processing Unit : Buffers
controller : :I .
FPGA I I I I
Config. device I
EPCS64S116N VME SLAVE I
I . . nirfacep® . ¥ i
11 IDT TeraSynch FIFO
1! Buffer for .
e Trigger Selected DATA
TRANSCEIVERS events CONTROL
Trigger Bus on private backplane over VME JZ

VME 64x backplane

: Very Preliminary layout of a 64 input TDC card for the SUperB IFR Front End :
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SuperB IFR TDC Front End: numerology

-Assuming SiPM transducers applied to Minos-like radiation detectors

*‘ASSUMING THAT NO PULSE HEIGHT INFORMATION IS NEEDED FOR TIME-WALK CORRECTION ( OR
THAT THE CORRECTION IS PERFORMED WITH A CONSTANT FRACTION DISCRIMINATION CIRCUIT)

Estimated rate at the inputs of the SuperB IFR TDC cards: 500KHz / channel

Estimated SuperB Level_1 accept rate : 150KHz
g

Let's assume that each channel is selected by a trigger about 1/3 of the times

Let's assume that the address+timing information for each hit is coded into 32
bits.Timing may be referred to the trigger timestamp, included in the event header with
the board_ID, to compact the size of the timing information

Nge
Each board produces a data flow of: 64/3 channels * 4 Bytes * 150KHz = 13 MB/s
ugs
Data from 8 TDC boards could be sinked by one SuperB-DAQ interface board -> the

Data Transfer Backplane in the crate would be split into 2 segments each with 8 TDC
boards and one DAQ_Interface

L1l

Assuming a channel count of 9000 then 9 IFR-TDC crates would be needed -> some
“data concentrator” could be used to reduce the number of links to the SuperB DAQ

Very Preliminary layout of a 64 input TDC card for the SuperB IFR Front End : rate

):/j estimates



Available online at www.sciencedirect.com NUCLEAR

INSTRUMENTS
"ﬂl'"ﬂl@ﬂlﬂlﬂ'l" & METHODS
IN PHYSICS
RESEARCH
MER Muclear Instruments and Methods in Physics Bessarch A 518 (2004) 493494 Sechon A

www.elsevier.com/ocalemima

A new drift chamber TDC readout for the high intensity
program of the NA48 experiment

R. Arcidiacono™', N. C.:I.I"[iLlidab S. Chiozzi®. M. Clemencic™®. A. Cotta
Ramusino®, C. deldnlc‘j’* A (:unﬂl . L. Mlldnﬂ':d R. Malaguti®,
F. Petrucci®®, M. hL.:lrpd

Y INEN Torino, via P Giwria {, 10025 Torino, aly
" Department of Physics, University of Torino, via P.Giuria 1, 10025 Torino, Taly
SINEN Ferrara va Paradizo 12, 44100 Ferrara ftaly
A Pepartment of Physice, University of Ferrara, via Paradizo 12, 44100 Ferrara lraly

Abstract

A new read-out for the drift chambers (DCH) (8192 channels) of the NA48 experiment at CERN has been developed
and realized by the Ferrara and Torno INFM sites and haa Laken dat.a during Lb:': '-'i.'lli.'l'-' run. The core of the system is a set
of 32 VME-9U Time-to- Digital-Converter -TDCs record the LLme nf'armal of signals
from the DC m in 40MHz pipelined ring memories pending the trigger s ion. Dual
5 and data extraction resources allow independent and simultaneous processing of level-1 and level-2
requests. Time measurements are performed by the TDNC-F1 commercial ASICs, having an intrinsic time resolution of

120ps and multi-hit capabilities. The NA48-TDC board features a maximum sustained rate of 30 kHz per channel.
iy 2003 Elsevier B.Y. All rights reserved.

Candidate TDC ASICs for the SUperB IFR Front End: experience with TDC-F1 by ACAM
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Unfortunately TDC-F1 is being discontinued ( the last order for TDC-F1 would have to
be placed by Feb. 28 2008 ).

Possibile alternative candidates (preferred the ones with on-chip trigger matching):
« CERN - HPTDC
« ATLAS - AMT-3
Non trigger-matching TDC ASICs:
* ACAM TDC-6PX

Using a (cheaper and simpler) non trigger-matching TDC ASIC will make the design
of the TDC card much more complex due to the need of implementing circular
buffers, based on (costly) dual-port RAM devices, in which timing measurements
must be kept pending the Level_1 accept.

Dual ported RAM is needed to allow simultaneous storage of new hits and extraction
of trigger-matched hits.

Accurate estimates of hit rates is needed to foresee the necessary depth and
segmentation of Dual Ported RAM

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
()



. SiPM signal processing blocks

Unlike in the current LST-based barrel-IFR detector, SiPM signal processing
(amplification and possibly discrimination) is VERY LIKELY needed as close as possible to
the SiPMs and thus

inside the “iron”.

The most straightforward SiPM signal processing block tested so far is a prototype amplifier
based on the Texas Instruments’ THS4303

sz (optional)

Pre_Out

s 2

A.C.R. Jan 28 2008

O
NEG_Vbias
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A preamplifier for SiPM based on the Texas Instruments THS4303

Overview

A few designs based on operational amplifiers with a high gain-bandwidth product have been tested with SiPM
from IRST and the details of the design which performed best, based on the Texas Instruments THS4303, are
reported here, along with some preliminary test results.

Design guidelines were drawn after observing that:

« for the SiPM under test the anode was connected to the case, resulting in:
* large stray capacitance
* large amount of E.M.I. pick-up
-> | thought it better to connect the SiPM cathode to the amplifier

» the SiPM signal current shows a slow rise (“tail’”) after the initial fast pulse. After pulses often appear on the

“tail” of a previous pulse and this would, in my understanding, worsen the resolution of the pulse amplitude
spectrum:

-> | have used thus a high pass filter with a 5ns time constant to couple the second stage to the first. A pole-
zero compensation resistor is also foreseen to improve the “tail cancellation”.

THS4303RGTT cost less than 3% in the 1000 pieces range

)

‘N F N SuperB WorkShop, IFR Parallel Session Feb-15-2008 A. Cotta Ramusino, INFN Ferrara 8
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A preamplifier for SiPM based on the Texas Instruments THS4303

Schematic diagram of the prototype board

SiPM

1
] L,
R SiPM_BIAS_NEG

Rfitter T200hm100MHz
BVo
Chilter3 Cfilter2
220nF

[ F]
< ‘ LFiIte% MK
Z00Rm100M=

1 5 SiPM BIAS POS
3 4
5 6 oy
‘ / G - Rdefault
2 EVO 9 10 aul
Citer1 25V oLy
220nF 220nF T
CONN PCB 5x2
NOTE: Reading the cathode is mandatory for best timing
performance since, for SiPM under test,
to the case -> high stray cap

the anode is connected
capacitance / EMI pick up at anode

v LFilter3
Hter.
201200k 100MHz

vy~ LFilters,
1200hm100MHz 1000 16V
GRCW Chyl EEEN Chy3
" 100nF T I
b 1 5388 | L
R_pz1  optional S5
T VN v_outs & - v voouts B —

220 16V o s 100pF v-ouTs [ & 207

== VINe  VoouTs 2 i vine  vouTs |5 I Pre Out
— Ctail_canc = CeoupleQut LEMO
- -
wwww
R stabl 16c ppr =250 100nF 1&g ppr S5 I
50 =
THS4303RGTT | o« < Coy2 Ae{ed Chyd
= 1200hm100MHz WL
N AA AT CFIteTD
250 1200hm100MEz T smomen
= High pass (or pole-zero) =stage to cut SiPM signal tail
Via Saragat 1, 44100 Ferrara, [TALY
Servizio di Elettronica A
e SiPM_2Stage PreAmplifier tested Jan 28 2008
Originator: A. Cotta Ramusino
- . _ Bize Document Number
SUPPLY VOLTAGE +/- 2.5V A | SiPMFE_10 10
I supply: typ 70mAG+2.5V, 70mAR-2.5V fe. Tuesday, January 29, 2008 TSheat 6 of 16
5 s I 3 | 2 I 1
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A preamplifier for SiPM based on the Texas Instruments THS4303
SPICE simulation: transient analysis of the THS4303 current amplifier

I / V converte

U5

r stage

9 x Amplifier / cable driver

U4

R14
0]
c7 470 1
Il 2
3

R18 Ch \ 4 VEE 4 VEE ca R12
e il A A N o s Y 1)
51 2 3 | vsy PD 100p VS+ ) \ 226n \Isn
:;f ?M " THS4303 R17 THS4303 R13
TDi= = 1000MEG 1000MEG
TR=0.1n VCC
TF=0.1n vee
PW=09n ——
PER=100n -
4]
Used THS4303RGTT SPICE model from www.ti.com
(A) SiPMPreampli.dat (active)
10 emvw S ———— — TF-—T---F---F--——--F--——f--——F--J--- S ——t——Rp——— — e B ——————— ————— —
BT T T L N e T T U N O T T N O O O A A A
—— T
o ;]ss — =
—2¢( omv
—=2s Os 5.0ns 10.0ns 15.0ns 2 ons 25.0ns ons
vV (OouUuTl) e W (OouTZ2) v W (OUT) WVW(Il:+)
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A preamplifier for SiPM based on the Texas Instruments THS4303

Preamplifier Noise floor

The noise floor at the preamp output with NO SiPM

Ch1 RMS connected
4.04mv £

Oscilloscope Tektronix TDS3054 (500MHz Bw)

Mean

CH1: 500hm terminated, 50mV/div

SiPM amplifier output with NO 500hm series termination resistor

Cycle RMS

—more—
50f 6

| Ch1 RMS
HIElEEL 5.85mV
Measrmnt oo

for Chi

High—Low
Setup
Min—Max

Reference
Levels

Remove Gating
Measrmnt Off

Cycle Mean
The noise floor at the preamp output with the SiPM
connected and the SiPM bias turned OFF

Oscilloscope Tektronix TDS3054 (500MHz Bw)

Cycle RMS

CH1: 500hm terminated, 50mV/div

—more—

50f6
SiPM amplifier output with NO 500hm series termination resistor Select el
M egsrﬁmt Remove Gating Ige.ltup Referen
//j for ch1 | Measrmnt off Min—Max = Levels
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A preamplifier for SiPM based on the Texas Instruments THS4303

SiPM signals

waveform A SiPM signal waveform with SIPM@33V and NO *“tail

Display cancellation”
Dots Only

Oon Off

Oscilloscope Tektronix TDS3054 (500MHz Bw)

Parsist
Time

CH1: 500hm terminated, 20mV/div

St i Rl SiPM amplifier output WITH 500hm series termination resistor

Clear

Persistence

M10.0ns A L-95.6mVv

17.20 % waveform
» Display
Dots Only

On Off

Waveform Backlight

Display

. . Color
d Graticule XY Display
Intensity Grid off Palette

High Normal

] . . . . . . . . . Persist
| . . . . . . . . . Time
A SiPM signal waveform with SIPM@35V and “tail : : : : : : : } - s
cancellation” _
Set to Min

Oscilloscope Tektronix TDS3054 (500MHz Bw)

Clear

: Persistence
CHZ1: 500hm terminated, 50mV/div : : : : : : : : : :
il 50.0mve M 10.0ns A Chl % —168mV;
SiPM amplifier output with NO 500hm series termination resistor oo W10.80%
. Backlight ot ; ; Color
Waveform - Graticule XY Display

: Intensity " Palette
/._‘q Display High Grid Offt @]

INFN

C
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A preamplifier for SiPM based on the Texas Instruments THS4303

SiPM pulse amplitude spectrum with different SiPM bias voltages

waveform
Display

oy s Dots Only

14 1mV o
| on  Off

Persist
Time

Set to Min

Clear
Persistence

] 50.0mve oo M1.00ns A Ch1 \—33.0m
TREX

klight
Intensity
High

Color
Palette
Normal

waveform

Graticule XY Display
Display o]

Grid

A SiPM signal waveform with SIPM@ -38V

Oscilloscope Tektronix TDS3054 (500MHz Bw)
CH1: 500hm terminated, 50mV/div

SiPM amplifier output with NO 500hm series termination resistor

C

.
INFN

Btituto Maxlionale
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A SiPM signal waveform with SIPM@ -37V

Oscilloscope Tektronix TDS3054 (500MHz Bw)
CHZ1: 500hm terminated, 50mV/div

SiPM amplifier output with NO 500hm series termination resistor

Waveform
Display

Dots Only
On Off

Persist
Time

Set to Min

Clear
Persistence

] 50.0mve - - M1.00ns A Ch1 \—41.0mv

Waveform IBnt

Display

klight ot . Color
; Graticule XY Display
ensity Grid Off Palette

High Mormal
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The next SiPM signal processing block about to be tested is a constant fraction discriminator

PAX_TB

I I CFD Timing signal

CFD comparator

Digital Delay Digital Pulse Shaper
6ns to 21ns 14ns to 1037ns

x 1/3 — 4 bit accuracy 12 bit accuracy
F attenuator Delay Lo 1ns/ bin 0.25ns / bin

Digital Delay Digital Pulse Shaper
S T 1 6ns to 21ns 14ns to 1037ns
" [ (o) 4 bit accuracy 12 bit accuracy

_4_‘7 :mg_ e ¥ ” . Gi-: 1suﬁ?"j‘;—-—"
* .,.a..ra.:!w.-p-h.aw L fia Banduidfh Frodec 3 1ns/ bin 0.25ns / bin
s | Tisasas Lo |~ THs4303

AC R Jan I8 2008

Photon Count Selection
Threshold signal j

-2.5V to +2.5V

12 bit accuracy Selected signal

NIOS-11
Microcontroller

Block diagram of the SiPM signal processing chain proposed here to enhance, if necessary, the time
resolution of the discrimination on the SiPM output.

NEG_Vbias

Delay_Hi = Delay_Lo + 0.5ns

=

PC with terminal emulation

RS232 level adapter

Jan 21 2008, A.C.R.

t
1
1
1

: A proposal for a SiPM Front End with constant fraction discriminator and “thermometer
. code” ADC: proof of principle implemented on the PAX Trigger Board (PAX_TB)
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A proposal for a SiPM Front End with constant fraction discriminator and “thermometer
code” ADC: proof of principle implemented on the PAX Trigger Board (PAX_TB)

The PAX_TB card has been recently developed at INFN-Ferrara as the programmable trigger unit for nuclear
physics experiments preparing the future PAX experiment at GSI.

It is equipped with high speed (t_pd = 700ps) comparators (ADCMP562BRQ), programmable thresholds and
programmable delays and pulse shaping. The PAX_TB card features 16 ECL outputs and 2 sets of NIM outputs.
The function of these output can be redefined by re-programming the on-board CPLD and FPGA.

The output jitter with respect to the inputs is about 50ps.

In the current SiPM signal processing test setup the “PAX_TB” card comparators and resources will be used as
shown in the previous slide for Constant Fraction Discrimination (CFD) and for gating the CFD output with the
response of a pulse amplitude discriminator.

More on-board comparators ( and delay elements, shapers and registers ) could be used to implement a
“thermometer code” ADC, with 4 levels for instance, to provide some coarse amplitude information on the pulse
amplitude of a signal.

If the “thermometer code” information proves useful for off-line time-walk correction it might have to be
included in the SuperB TDC Front End ( and Dual Ported RAM circular buffers would then become mandatory to
combine timing and coarse-amplitude information ).
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