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SummarySummarySummarySummary

•• Front end electronics for a KmFront end electronics for a Km3 3 submarine submarine 
neutrino detector:neutrino detector:
–– LIRA chipLIRA chip

•• Test of the first prototype of the FrontTest of the first prototype of the Front--end using LIRAend using LIRA•• Test of the first prototype of the FrontTest of the first prototype of the Front end using LIRA end using LIRA 
chip ( CTchip ( CT--BO ) BO ) see F. Giorgi talksee F. Giorgi talk

–– Study and design of the new frontStudy and design of the new front--endendStudy and design of the new frontStudy and design of the new front endend
–– SpecificationsSpecifications

A hiA hi–– ArchitectureArchitecture
–– Status of workStatus of work
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LIRA ChipLIRA Chip

LIRA01 and LIRA02LIRA01 and LIRA02

N t S b itt d t f dN t S b itt d t f d
LIRA03LIRA03

Not Submitted to foundryNot Submitted to foundry

LIRA04LIRA04

LIRA05LIRA05

3

AMS 0,35 AMS 0,35 μμm CMOS Technologym CMOS Technology

Europractice MPWEuropractice MPW
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PLL Stand Alone 400 MHz  
Sl Cl k G t

LIRA’s PLL Trigger and Single 
h l ifiSlave Clock Generator Shielded Photon Classifier TSPC

2 AM 200 MHz Write 10 MHz Read

LIRA05 CHIP CMOS 0,35 μm AMS technology

4



domenico.lopresti@ct.infn.itdomenico.lopresti@ct.infn.it RD07 FlorenceRD07 Florence--June 27June 27--29, 200729, 2007

LIRA ChipLIRA ChipLIRA ChipLIRA Chip

2 SCA 3 h 256 ll ki lt ti l i d2 SCA 3 h 256 ll ki lt ti l i d•• 2 SCA 3 ch.x256 cells working alternatively in read 2 SCA 3 ch.x256 cells working alternatively in read 
and write mode to reduce dead timeand write mode to reduce dead time

200 MH li 10 MH t f200 MH li 10 MH t f–– 200 MHz sampling 10 MHz transfer200 MHz sampling 10 MHz transfer
–– 9 bit resolution9 bit resolution

Anode and last dynode sampled (double linear dynamic)Anode and last dynode sampled (double linear dynamic)–– Anode and last dynode sampled (double linear dynamic)Anode and last dynode sampled (double linear dynamic)
–– 20 MHz master clock sampled for time stamp20 MHz master clock sampled for time stamp

•• Trigger and Single Photon ClassifierTrigger and Single Photon Classifier•• Trigger and Single Photon ClassifierTrigger and Single Photon Classifier
–– 3 53 5--bit DAC with slow control interfacebit DAC with slow control interface

•• PLL to produce 200 MHz on chipPLL to produce 200 MHz on chip•• PLL to produce 200 MHz on chip PLL to produce 200 MHz on chip 
•• 120 mW total power dissipation!!120 mW total power dissipation!!
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Front end Front end usingusing LIRA chipLIRA chip

FPGAFPGA

gg pp

ANALOGANALOG
Spartan 3ESpartan 3E

ANALOGANALOG

Mezzanine di Mezzanine di 
debugdebug

Socket chip Socket chip 
LIRALIRA

DIGITALDIGITAL
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See F. Giorgi talk
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SimulationsSimulationsSimulationsSimulations
Hi h i i NEMO dHi h i i NEMO d•• High energy neutrino events in NEMO detectorHigh energy neutrino events in NEMO detector

•• 4040K spe background K spe background 
•• Seawater Optical propertiesSeawater Optical properties
•• Optical module spacing orientation andOptical module spacing orientation and•• Optical module spacing, orientation and Optical module spacing, orientation and 

positionposition
•• Hits in each pmt of the detector in presenceHits in each pmt of the detector in presence•• Hits in each pmt of the detector in presence Hits in each pmt of the detector in presence 

of an eventof an event
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Charge DynamicsCharge Dynamics
p e spectra of three typical high energy neutrino eventsp.e. spectra of three typical high energy neutrino events
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Specialized Samplers
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Study and Design of the FrontStudy and Design of the Front--End ElectronicsEnd ElectronicsStudy and Design of the FrontStudy and Design of the Front--End ElectronicsEnd Electronics

Si l ti f t i t i li ti d t t (NEMO lik )Si l ti f t i t i li ti d t t (NEMO lik )•• Simulation of neutrino events in a realistic detector (NEMO like)Simulation of neutrino events in a realistic detector (NEMO like)

•• Simulation of the real Optical Module responseSimulation of the real Optical Module response

•• Optimal Signal FilteringOptimal Signal Filtering

•• Simulation of the FrontSimulation of the Front--End chain  with realistic  performancesEnd chain  with realistic  performances

•• Evaluation of the detector performances as regards to acquisitionEvaluation of the detector performances as regards to acquisitionEvaluation of the detector performances as regards to acquisition Evaluation of the detector performances as regards to acquisition 
parametersparameters

•• Considerations on Power Dissipation and data flowConsiderations on Power Dissipation and data flowConsiderations on Power Dissipation and data flowConsiderations on Power Dissipation and data flow

•• ASIC design ASIC design 
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Filtered PMT Signal

Typical filtered signals (1, 9.3 and 94 p.e.).
A ¼ p e threshold gives a fluctuation of about 7 ns We foresee to sample 2-3 leading edge zerosA ¼ p.e. threshold gives a fluctuation of about 7 ns. We foresee to sample 2 3 leading edge zeros
and 2-3 trailing edge zeros. Signals must be delayed respect to trigger with a delay line.
The filter is necessary to avoid aliasing at 200Msample/sec.

Signals measured with PMT = 5.107 PMT works not linearly for high photons levels

10

Signals measured with PMTgain = 5.107. PMT works not linearly for high photons levels.

It is useful to reduce the PMT gain to achieve a greater linear dynamics.

Lower ageing of PMT!
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4040K Rate vs Readout frequencyK Rate vs Readout frequency
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50 Dead time vs. ADC 
freq. 100 ps50 ps

We must use a buffer solution to limit dead time. 
A p.e. signal is long less than 40 ns. At 200Msample/sec we will use 10 cell blocks.

Four 10-cell block are able to limit dead time at 
bl d d ti

A p.e. signal is long less than 40 ns. At 200Msample/sec we will use 10 cell blocks. 
We have simulated dead time vs block number for different  40K rates.
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reasonable dead time
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10 p.e.10 p.e.

OutA OutB

O tCOutC
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10 p.e.10 p.e.

104

tu
de

 (m
V)

ZLoad, 300Ω
103

ZLoad, 300 Ω

3rd 150

160
Ck, 5ns; jt, 100psrms ; ZLoad, 300Ω ; Span, 1V; Ped, 1.5mVrm s; ADC, 10 bit

10
3

ns
 T

ip
ic

al
 a

m
pl

it

10
2

el
 d

yn
am

ic
s

2nd

3

120

130

140

t, p
s r m

s

10
210

 p
ho

to
el

ec
tro

n

10
0

101

C
ha

nn direct

90

100

110

120

σ t

Gpmt=8.106
106 107 10810

Gpm t

1

106 107 10810

Gpmt

0 10 20 30 40 50 60
90

Gpmt (x10 6)

1.4
Ck, 5ns; jt , 100psrms; ZLoad , 300Ω; Span, 1V; Pe d, 1.5mVrms; ADC, 10 bit

-0.51
Ck, 5ns; jt, 100psrms ; ZLoad, 300Ω ; Span, 1V; Ped, 1.5mVrm s; ADC, 10 bit

1.1

1.2

1.3

%

-0.525

-0.52

-0.515

er
ro

r, 
p.

e.

0.8

0.9

1

σ
q, %

-0.54

-0.535

-0.53

sy
st

em
at

ic
 e

13
0 10 20 30 40 50 60

0.7

Gpmt (x10 6)
0 10 20 30 40 50 60

-0.55

-0.545

Gpmt (x10 6)

s



domenico.lopresti@ct.infn.itdomenico.lopresti@ct.infn.it RD07 FlorenceRD07 Florence--June 27June 27--29, 200729, 2007

G l R i tG l R i t F t E d S ifi tiF t E d S ifi tiGeneral RequirementsGeneral Requirements Front End SpecificationsFront End Specifications
Low Power DissipationLow Power Dissipation < 500 mW in each Optical Module (MO) < 500 mW in each Optical Module (MO) --> Full> Full--

custom VLSI ASICcustom VLSI ASIC

FlexibilityFlexibility Acquisition param. by Slow ControlAcquisition param. by Slow Control

HighHigh DynamicDynamic RangeRange
Linear Dynamic Range : Linear Dynamic Range : >  512 PE / 60 ns>  512 PE / 60 ns
3 ranges: 8 PE / 60 ns; 64 PE / 60 ns; 512 PE/ 60 ns3 ranges: 8 PE / 60 ns; 64 PE / 60 ns; 512 PE/ 60 ns
Signal reconstruction up to 640nsSignal reconstruction up to 640ns

Time and chargeTime and charge 12000 PE / 10 12000 PE / 10 μμss

MinimumMinimum DeadDead TimeTime
DeadDead TimeTime << 11 nsns
B k d 30 KH (B k d 30 KH (4040K i 10’’ PMT)K i 10’’ PMT)MinimumMinimum DeadDead TimeTime Background 30 KHz (Background 30 KHz (4040K in 10’’ PMT)K in 10’’ PMT)

Optimal ResolutionOptimal Resolution TimeTime resolutionresolution 200200 ÷÷300300 pspspp pp
Charge resolution  2 Charge resolution  2 ÷÷ 3 %3 %

LowLow CostCost
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Optical Module Low Power FrontOptical Module Low Power Front--end end 
ArchitectureArchitectureArchitectureArchitecture

Serial Ctrl Slow Data 
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PMT Interface Block DiagramPMT Interface Block Diagram PMT 
InterfaceTSPC

3MHz @ -3dB

10MHz @ -60dB
Ra

Rb

Protection -1 Filter

IntegratorIntegrator

30 ns Delay lines

Rb IntegratorIntegrator Pd  80 mWPd  80 mW

30 ns Delay lines
Protection -1

x1
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Filter Delay OUT AOUT Ax4
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/8
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Filter Delay OUT BOUT B
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/64
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Filter Delay OUT BOUT B
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R3
30MHz@ -3dB

100MHz@ -60dB
IC Delay Line 30 ns
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PMT interface PMT interface -- measurements measurements 

Integrator
< 8 pe 8 pe ÷ 64 pe

64 ÷ 512 > 512 pe64 pe ÷ 512 pe > 512 pe
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PMT interface - linearity
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Test with 100mV ÷ 8 56 V equivalent to anode current pulse 333uA
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Test with 100mV ÷ 8,56 V equivalent to anode current pulse 333uA 
÷ 28mA ->  @ range 3pe ÷ 280 pe (5*106, 300Ω)

PMT saturation @ 1nC = about 1250 pe (5*106, 300Ω)
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PMT dynamic range VS GainPMT dynamic range VS Gain
The effect of saturation seems to be determined by the anodic pulsed
current and independent from the gain.

Limit Value of about 1 nC

120-150 p.e. @ gain 5·107

1000,00

100,00

nV/s
nVolts/s gain 5*10exp7
nVolts/s gain 10exp7nVs
nVs @ gain 5·107

nVs @ gain 1·107

10,00 nVolts/s gain 5*10exp6nVs @ gain 5·106

Fit of first 5 pts

1,00
1,00E+00 1,00E+01 1,00E+02 1,00E+03 1,00E+04

numero fotoelettroniNumber of photoelectrons
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Trigger & Single Photon ClassifierTrigger & Single Photon Classifiergg ggg g
block diagramblock diagram

Out C B2 • B0, B1, B2 = PMT signal classification codeB0, B1, B2 = PMT signal classification code

•• SOT Signal Over Threshold twofold use:SOT Signal Over Threshold twofold use:

Out B B1

•• SOT, Signal Over Threshold, twofold  use:SOT, Signal Over Threshold, twofold  use:

•• Rising edge Trigger;Rising edge Trigger;

•• SOT width determines sampling modeSOT width determines sampling mode

Out A B0

•• SOT width determines sampling mode SOT width determines sampling mode 
(Short, Long, Integ.)(Short, Long, Integ.)

•• Th0 e Th1 generated by 2 6Th0 e Th1 generated by 2 6--bit bit DACDAC serial serial 

Th1
SOT

code (Slow Control).code (Slow Control).

•• Th0 trigger threshold;Th0 trigger threshold;

Th0
•• Th1 Out of range threshold.Th1 Out of range threshold.

•• Asynchronous and always active.Asynchronous and always active.

F t t

20

Fast comparator 
with hysteresis
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An exampleAn exampleAn example…An example…
• @ t0 event trigger;

Th1
t0 t1

• Δt= t1 –t0 compared to Short

length (60 ns);

Th1

Th0Out A

Th1
• If bigger after a Short also a 
Long sampling of the signal.

• The classification code is:

• B0=1; B1=0; B2=0.From 
PMT

Out B

Th1 • OutB samples will  be 
converted!!Out C

From PMT 
Interface

21

Interface
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CHIP SAS CHIP SAS -- block diagramblock diagram
(Smart Autotriggering Sampler)(Smart Autotriggering Sampler)(S a u o gge g Sa p e )(S a u o gge g Sa p e )

b0,b1,b2,SOTb0,b1,b2,SOT

from TSPCfrom TSPC

Out AOut A

3x128

Out BOut B

O t CO t C 3x16

3x16

Out COut C

3x16

3x16

223x163x16
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SamplingSampling
•• 3 sampling modes:3 sampling modes:

–– SAS SHORTSAS SHORTSAS_SHORTSAS_SHORT
oo 4 independent memory banks: sampling @ START (T&SPC)4 independent memory banks: sampling @ START (T&SPC)

–– 3 channels 16 cells3 channels 16 cells
200 MHz sampling 20 MHz transfer200 MHz sampling 20 MHz transfer–– 200 MHz sampling 20 MHz transfer200 MHz sampling 20 MHz transfer

–– Serial transfer towards ADCSerial transfer towards ADC

–– SAS_LONGSAS_LONG
oo T&SPC enabled: signal over Threshold more than 60 nsT&SPC enabled: signal over Threshold more than 60 ns

–– 3 channels 128 cells3 channels 128 cells
–– 200 MHz sampling 20 MHz transfer200 MHz sampling 20 MHz transfer200 MHz sampling 20 MHz transfer200 MHz sampling 20 MHz transfer
–– Serial transfer towards ADCSerial transfer towards ADC

–– FADC (external 10b 20 MHz ADC)FADC (external 10b 20 MHz ADC)
oo T&SPC enabled: signal over Threshold more than 640nsT&SPC enabled: signal over Threshold more than 640ns

–– Integrated signalIntegrated signal
–– 10 bit 20 MHz Flash ADC10 bit 20 MHz Flash ADC

23

–– 1 Ksample record length1 Ksample record length
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Ti St M h iTi St M h iTime Stamp MechanismTime Stamp MechanismAnode Anode 
signalsignal [V][V]

InterpolationInterpolation
samplessamples

Th h ldTh h ld
to pp

Time Time stampstamp

ThresholdThreshold
T&SPCT&SPC

4 bit4 bit
countercounter

Time (ns)

16 bit16 bit
countercounter

( )
Time Stamp = 20 bit     sent to data acquisitionTime Stamp = 20 bit     sent to data acquisition

••One time stamp for samplerOne time stamp for sampler
••Dedicated FIFODedicated FIFO

24

Dedicated FIFODedicated FIFO

tt0 0 reconstructed offlinereconstructed offline
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Very rare event -> 5 successive pulses @ more than 50 nsVery rare event > 5 successive pulses @ more than 50 ns

4 events fully sampled– 1 lost

total 54 p e Ch1 =12 p e

Gpmt=8.106; 
ZL=300Ω
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G 8 106 Z 300Ω

In this event we have 13097 p.e.In this event we have 13097 p.e.

We are able to measure its charge using a 128We are able to measure its charge using a 128

Event n° 290. Intervals between first  and last pulse 4
Event n° 290. SAS measures 4262 photoelectrons, ADC 8850. Sum 13112 of 13146. ε(%) -0.26

Gpmt=8.106; ZL=300ΩWe are able to measure its charge using a 128 We are able to measure its charge using a 128 
SCA (640ns) with an error SCA (640ns) with an error < 0.26%< 0.26%
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ConclusionsConclusionsConclusionsConclusions

•• TheThe frontfront endend electronicselectronics architecturearchitecture hashas
beenbeen defineddefined andand underunder designdesign;;gg ;;

•• PMTPMT interfaceinterface andand TSPCTSPC readyready;;
M tM t C t lC t l U itU it (FPGA)(FPGA) dd•• MasterMaster ControlControl UnitUnit (FPGA)(FPGA) readyready;;
–– SeeSee FF.. GiorgiGiorgi talktalkgg

•• ASICASIC readyready soonsoon (beginning(beginning ofof 20082008));;
T tT t ii NEMONEMO hh 22•• TestTest inin NEMONEMO phasephase 22

28



domenico.lopresti@ct.infn.itdomenico.lopresti@ct.infn.it RD07 FlorenceRD07 Florence--June 27June 27--29, 200729, 2007

Thank You
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