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Purpose of this Manual
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1 Introduction

The massive evolution of digital processors for radiation measurements has highlighted the extreme convenience to
develop techniques for emulating the detection and acquisition systems. The process of delfggisgms as digital

pulse processors, pulse discriminators, Titmigital/Amplitude converters, etc, requires an exrcreasing effort of
processing algorithms that are becoming more and more complex. The possibility to generate test vectors tinat are

as similar as possible to the actual data produced by the experiment, both in the software simulation and at the
hardware level can extremely reduce the R&D projects time.

All of this can be summarized in the need to generate an electrical sigiatovnpletely controlled characteristics that

is compliant to the real output of a radiation detection setup. Although the use of a source and a detector is always the
best way to generate a reliable data set, it involves considerable disadvantagesaéigmkaing preliminary feasibility
studies. The use of the source inherently involves a risk for the health of the experimenters, and in addition requires
labs equipped in accordance with the regulations in term of use of radioactive substances.

Moreover, the emission spectrum depends on the nature of the source, e.g. the polarization ofantdbe or the
process of decay. The statistical distribution of the events is Poissonian and usually the user can only control the rate,
and has no control on thetatists. The spectrum of noise, interferences and the pulse shape are issues on which the
experimenter can hardly affect. Furthermore, the natural emission process is not repeatable and therefore it is not
possible to evaluate the behavior of different ilementations of the processing system on a set of equal data.

It is common practice to use electronic instruments to generate analog signals with similar features to real experiment.
There are instruments able to generate exponential signals with fireglitude and Poissonian temporal distribution,

that can emulate effects such as pile up. However they cannot modulate the amplitudes of generated signals according
to a generic spectrum of emission.

To overcome this problem hardware tools, called arbitravgveform generators, have been developed. These
instruments can generate long sequences of events at high rate (up to 1 GSPS), which have been synthiatized off
using simulation tools (e.g. MatLab). At present the most efficient tools have 1 Gword mmevhich means about a

signal one second long before a repetition or about 10 millions of counts. Obviously this is not enough for a good
statistics of a complex spectrum.

We therefore developed, in collaboration with Nuclear Instruments SrL and PatiteohMilan, a multichannel digital
instrument for emulating radiation detection systems. The processor is initialized with a reference pulse shape, with
statistic distribution of amplitude and time. According to this information, the device generatiesaarsof events that

can be also selectively summed together simulating theygligghenomenon. At each pulse can be superimposed noise
arbitrarily generated and baseline deviation.

The Digital Detector Emulator is therefore the only synthesizer of rangaises that is also an emulator of radiation
detector signals with the possibility to configure the energy and time distribution. The stream of emulated signals
becomes a statistical sequence of pulses, reflecting the programmed input features. Whemtiietien process is

reset, the kernels of generators can be eitherimtialized with new random data making the sequence always
different, or they can be stored to reproduce the same sequence many times.

The Digital Detector Emulator is able to emulatetdifferent radiation sources at a time on the two output channels

and to provide them either with fully independent parameters, or with some of them correlated. For example the
events can be time correlated (steps of 12 ps), or a subset of events cemn thleasame energy spectrum. It is also
possible to set the channels in a master/slave configuration, where the first channel works as a trigger for the second
one.

7 UM3074¢ Digital Detector EmulatoRev.3
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Main functionalities

The main features of the Digital Detector System are:

P R N G G e g e e e e e

Emulator/Puler/Function Generator operation mode

Energy spectrum emulation

Time spectrum emulation

Pileup emulation

Noise and periodic interference emulation

Continuous and pulsed reset emulation

Baseline drift

Debug mode: predictable sequence generation with dbggstep pulse generation
Windows software for full system management

USB 2.0 connection

DLL for automation of emulation process

Replay on analog channels of recorded or synthetized signals

Generation of shifted copy of a signal with 12 ps step (i.e. cosélavent emulation)
Load / download in CSV format of parameters/shapes/spectra

The description of thiflser Manuals compliant with the following products:

Board Models

Description

Product Code

DT5800D DT5800D Dual Channel Desktop Digital Detectoraior with channel correlation| WDT5800DXAAA
DT5800S DT5800S Single Channel Desktop Digital Detector Emulator WDT5800SXAAA
NDT6800D NDT6800D Dual Channel NIM/Desktop Digital Detector Emulator with channel | WNDT6800DXAA,
correlation
NDT5800S NDT6808- Single Channel NIM/Desktop Digital Detector Emulator WNDT®B00SXAAA
Tab.1.1: Table of the supported Digital Detector Emulator models
UM3074¢ Digital Detector EmulatoRev.3 8
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2 Technical Specifications

3 { 3 sdlektgbis levels)p p
OGNXYzy Svydz I GA2Y 6mMcoyn 6Aya eAGK mn 0AG N
2 bigh Idgedlendel @A Spn K GSNXAYIGAZ2Y
G 5k! O2y @SNI SNJ

Fyd NF¥YGS SydzZ A2y

2y RAAGNROdziAZY

NJ Yistidal@éné&ratién ibflevents (256 bins, 8 bit resolution)

L) G642 mm a/t{= 02G4K Ay O2yailyil yﬁ ai
YGSANI 2N OA NDdmlimitaBovidzt | A2y 6AGK2dzi

LJ ( 2ip ements ibdhd nfmory based algorithm

NEZ 3 NI Y YimedahdSemiRafidn Bf parallelizable and nparallelizable machines

ya (G2 mn Ya SELRYySydGalt RSOLe GAYS
nec LRAyGa G2 a02NB sl OST2N)VA

NBAGNF NAEf @ LINPANIYYFOES &KIFLISa

KIS tSy3dk FNBY cn ya (2
SLINFrGSR NRaAAYy3 FyR FLffA
L G2 G2 &SLI NI GS &KFLISa

4S8 SYAA A2y 6.2

>r
<

Energy emulation features

-
[
:U)>

Z NN o

o >«

W ¢ x| o
Q¢ O S>> I+

Time emulation features - fu auaAa

I
LIA

Uy >

=]

Signal shape

Nfm=mmm = g | - o 2 g -

SYydzZ F A2y
1 60FaStAyS RNRTGO
0S8 3ISYySNI A2y 6Sod3d LIR2aaAoAfAGRE (2

gegeEcegleegegecegleeeeeecegeggecece

Noise emulation
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has its own statigcs generator (i.e. different spectrum, different noise, etc.) but is triggered by CH1 (delay

Correlated events 12 ps step); 3) A third emulator channel (with separate statistic properties) generates correlated pulses f
emulation CH1 and CH2. In this way, only some eve@fithe two channels are correlated
@ MH LA adGSL) LINPINFXYYIFIoO6ftS RStlFe OFNBY nLla G2 o
w ¢CSYLISNI GdzNB adtoAt Al FGA2y 2F GKS RSileée tAayS
w -input and 2output programmable
Digital /0 ® ¢NARIASNI 2dzi I |y thihdovetlbadsmdihgi A2y 61 NYyAy3IS YIO
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w 'y AYRSLISYRSyid [C{wa oAGK cn o0AG&a 3ISYSNIGS (K
w t23aaA0Af Atieseedsdf edth RNGAndepdndent
RNG (random number I N T N Ay?\q\?x |-E:p;\i S GKS wbD sAGK TAESR
generation) .
processing architectures
®w DSYSNIGA2Y 2F FAYAGS  SphyawbpheDINBF Ya 27F Lz a s
w pnn (LERAYGE 2F YSY2NRBk/|I G2 aid2NB I aSljdsSyoSs

P | : !
rogrammable segence predictable and defined sequences of pulses

Arbitrary waveform w M alRAydGak/ 1l G2 &02NB ly& FNDBAGNINE 61 OST2NY

generator w Cdzy Ol A2y SqBafeSrhkhpiisav plige, sink ypIo 10 MHz
wLSB = ¥/216
wAccuracy
- Differential Non Linearity (DNL)+1.0 LSB
Output signal quality - IntegralNon Linearity (INL):+2.5 LSB
parameters wTotalHarmonicDistortion (THD)n R. C{ b dp R.

wSignal to Noise Rati®SNR)73 dB

wSignal to Noise and Distorsion RadNADY. 72.9dB
*log10 ((SNR*THD)/(SNR+THD))

® 2 A y-baged dser interface managing more than one emulator

Soft d interf
oftware and interface 0 ! {. .
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3 Power Requirements

The module is powered by the external AC/DC stabilized power supply provided with the digitizer and included in the
delivered kit. Please, use only the power supply shipped with this instrument and certified for the country of use.

Input: 100240 VAC , 560 Hz; Output: 12.0V, 5.0 A.

All /0O digital gates are LVCMOS compliant. The dynamigeraf the analog outputs is 2¥ @ 50W output
impedance and 4.¥ @ high impedance

Fig.3.1: AC/DC power sudp provided with the DTB00Kkit

The NIM/Desktop module can woekther with the external AC/DC power supply e power from NIM crates

A CAUTIONWhen using theNIM/Desktopmodule the user must pay attention to not supghe module with the
AC/DC pwer supplytogether with theNIM cratepower supply

UM3074¢ Digital Detector EmulatoRev.3 10
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4 Pand Description
Front panel devicdDT5800D)

11

The DT5800D front panel is as in the following pictbianbered labelgare explained in théable.

@ 0 CAEN

Dual Channel Desktop Digital Detector Emulator with channel correlatio|

1 8

ANALOG DlGITAL DIGITAL DIGITAL DIGITAL ANALOG

or ouT ouT ouT IN ouT ON

ON

88¢

Number Description

Blue LED;, Analogoutput CH1 power ostatus
1 OFF: channel output disabled
ON: channel output enabled

DT5800D @

Analog output CH1

Digital input CH1

Digital output CH1

Digital output CH2

Digital input CH2

~N|ojgbhwN

Analog output CH2

Blue LED; Analog output CH2 power astatus
8 OFF: channel output disabled
ON: channel output enabled

A CAUTION. All I/O gates are LVCMOS compliant. The dynamic range of the analog oRtpMsa@s50W output

impedance and 4.4/ @ high impedance.

UM3074¢ Digital Detector EmulatoRev.3
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Front panel devicDT5800S)

The DT5808front panel is as in the following picture. Numbered labels are explained in the table.

() @ caen prssoos &
Single Channel Desktop Digital Detector Emulato] |

1 5

ANALOG DIGITAL DIGITAL
ouT ouT IN STATIIS

® © °

oA
2
o

Number Description

Blue LED; Analog output CH1 power astatus
1 OFF: channel output disabled
ON: channel output enabled
2 Analog output CH1
3 Digitaloutput CH1
4 Digital inputCH1
Blue LE[g Analog output CHstatus
5 OFF normal operation
ON machine overloaded

A CAUTION. All I/O gates are LVCMOS compliant. The dynamic range of the analog oRtp¥gas50W output
impedance and 4.4/ @ high impdance.

UM3074¢ Digital Detector EmulatoRev.3 12
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Back panel devic€DT5800and DT58005

13

The DT5800@nd DT58008ackpanel is as in the following picture. Numbered labels are explained in the table.

Number Description

1 Serial number
2 ON/OFF switcher
3 Power Supply Connty
(+12 V central terminal positive)
4 USB Interface Connector

UM3074¢ Digital Detector EmulatoRev.3
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Front panel devicd NDT68®0D)

TheNDT5900ront panel is as in the following picture. Numbered labels are explained in the table.

( CAEN mod. NDT6800D b

Dual Channel NIM/Desktop Digital
. Detector Emulator with channel correlation N
% 5

&

"

ANALOG
ouT

DIGITAL
IN

DIGITAL ¢

Number Description

Blue LEDx;, Analog output CH1 powen status
1 OFF: channel output disabled

ON: channel output enabled

2 Analog output CH1

3 Digital input CH1

4 Digital output CH1
5

6

7

Digital output CH2

Digital input CH2

Analog output CH2

Blue LED;, Analog output CH2 power astatus

8 OFF: channealutput disabled

ON: channel output enabled
9 USB Interface Connector
10 Serial Number

A CAUTION. All I/O gates are LVCMOS compliant. The dynamic range of the analog oRtp¥ts@s50W output
impedance and 4.4/ @ high impdance.

UM3074¢ Digital Detector EmulatoRev.3 14
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Back panel devic€@NDT@&00D)

15

The DT5800D front panel is as in the following picture. Numbered labels are explained in the table.

Number Description

1 Power Supply Connector

(+12 V central terminal positive)
2 ON/OFF switcher
3 NIM Power Supply

UM3074¢ Digital Detector EmulatoRev.3
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5 Hardware architecture

Overview

The hardware structure of the emulator is showrFig.5.1. The core of the system is a FPGA device Spartafi 50LX
that contains all the logic resources necessanythe emulation. The instrument does not have a hardware &6t
interface and requires a permanent connection via USB/Ethernétaédost PC, on whichomplexsoftware allowsto
programall the operatingsettingsof the instrument.

4

CLOCK éENERATOR
DELAY 2

=
[=
o
o

CONTROL

SoC
THERMAL SRAM 1
CONTROL

Fig.5.1: The hardware architecture of the Digital Detector emulator

The USB connection is performed at the physical layer via the interface FT2232H by FTDI. The FPGA is interconnected
through two bus LVDS to a couplel@bit DACs, which generate the analog signals. Specific output stages convert the
differential current signal from the DACs into singleded voltage signals that are made available for the user. The
FPGA is connected to two memories of 4 Mword-§82vords) for the storage of the pulse shape. The power supply is

a crucial point in the system. In fact, the digital circuits require high currents that are supplied by switching power
architectures.

The analog section of the system requires very pure powppl&s with ripple below 1 mV. Moreover, the system is
powered by a single +12 V source while the analog section needs both positive and negative voltage levels.

Analog Outputs

The analog stage has been designed to be at the same time at low noisat &igh dynamicWe therefore used
AD8045amplifiers thatallow to achievea noiselevel 0of820 uV rms with rise time of 5 ns poise level o200 uV rms

with rise time of30 ns.

The filter sequencén the analog output stages shown inFig.5.2. The two analog filters can be independently added
bytheuseA y G KS D! L AYydSNFI OSIZt MIKENSlI ViR S@2 dziNBdzO4d ¢ T SR3G SINIyNB 4 L
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90 MHz ANTI ALIAS 20 MHz ANTIALIAS]
FILTER FILTER

\ —\ — ANALOG OUT

| ORDER VIIORDER

Fig.5.2: Filter seqience on the Digital Detectoanalogoutput stage

Feature Value

Dynamic +2V

Linearity 10 ppm

Rise Time No Filter 90 MHz 90 + 20 MHz
5.5ns 10ns 30ns

Tab.5.1: Analog output stage performances

The first filter has &inglepole at 90 MHzand acts as an anfliasing filter directly connected to the DAC output. By
slowing down the signal before the amplification stage, it makes the operational amplifiers not to be affected by slew
rate limitation during the risdime. If this filter is enabled, the rise time increases to 10 ns, depending on the amplitude
within a range oft 100 ps around the nominal value over the entire emulator output dynamics. If disabled, the range
becomes about 1.5 ns.

The second filter is a 7tbrder Bessel filter with a 2BIHz bandwidth acting as a reconstruction filter.aitoids the
output signal to have théypical step shape due to the 125 MSPS DAC, Rig iB.3.

Moise Filter Off o Naise Filter OFf

@& ] : & EY |
Fig.5.3: Signal output before (on the left) and after (on the right) the 20 MHz

¢KS Fylf23 2dz2ildzi A& RSaA3alySR G2 3ISYySNrdS | aradayrt YL
terminate it with high impedance, having a final amplitude of £ 4 Vpp. In this case it is possible to have multiple signal
reflections, if the signal edge is sharp. It is strongly recommended to enable both filters when usirighpigttances

Digital 1/0

The digital /O functionalities can be set from the software GUI (refelChapter 8 for the complete list of
functionalities).

The digital outputs provide LVCMOS.3 V signals, as the inputs can receive signals with amplitt818\Q Inputs and
outputs are protected with artESD diodes.
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CorrelationBlock

In the two channel versioof the Dgital Detector Emulatoit is possible to correlate the twanalogoutputs in three
different ways.

Delay generation

The two channels can be used in a masflere configurationThe master channel hass own time base generatogs

the slavechannelgenerates a signal with programmablgime delay with respect to the mast@ne. Thisresolution on

the programmabledelay is 12 psThis is a quite peculideature, and even if higher temporal resolution pulser devices
are availablenone of them are abléo generate at the same timanalog signals witfully programmableshape, energy
and temporal distributions. The high resolution of the settable delay makes the instrupwetitularly usefulfor
designing and debuggimgeasurements involvingmes of fight, asin highenergy physicexperiments or temporal
correlation,as in PET applicationshere the correlation defines a window of acceptance of the photons. In this latter
application, the required resolution is of the order of 100 ps, about 10 timase than whatachieved by the Digital
Detector Emulator.

Threeoperatingmodes are available:
1 In thefirst modethe slave channajenerates the same evenf the master channel, translated in time.
1 In the second modehe two channels are totally indegndent and only temporally correlated. This means that
different energy spectra, noise contributions, interference, shapes, can be assigned to the two channels and
the master channel only acts as a trigger for the slave one witlogrammableemporal shit.

Thehardware andfirmware architecture that realizes the emulation of the temporal correlati®ishown in
Fig.5.4. A low jitter clock generator produces a signal that is divided over three different Iynes diock
distributor. One of these is used as clock of the FPGA device. The two charmelmchronized witlthis

clock signal. The other two outputs of the distributor are sent as inputs of two integrated delay lines, between
which it is possible to Bert a time lag by means of a control SPI bus. The lines delayed are then used
respectively as the clock lines of the two DACSs that are connected to the outputs of the two digital channels of
the FPGA device. In this way the two channels, while beingnatégl synchronous, are shifteby the
programmedtime interval.

DIGITAL ANALOG

>
<

A

s

N

VARVA
AN

Fig.5.4: Hardware and firmware generation of delay between the two output channels.
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1 In thethird operating modehe emulator can be programed to generate energy and time correlated signals.
Besides the two physical channels there is a third channel inside the emulator that can be used to inject
correlated pulses. The thirchannel has a complete independent statistics, both in amplitudetand, and
injectsthe same event in the two outputs (s€ég.5.5).
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CHANNEL 1

TIMEBASE - ENERGY —* SHAPE * NOISE > >

CHANNEL 3 “
TIMEBASE - ENERGY — : k y\ ‘N H

CHANNEL 2

TIMEBASE — ENERGY —> SHAPE - NOISE » >

Fig.5.5: Generation of correlated events with the internal third channel. In blue the chanhelignal, in red the channel 2 signal. The
event with the yellow bullet is generated by the thirdhannel.

The thermal stability of the delays is guaranteed by variations kept below 0.03°C at 25°C through a Peltier cell and a
high-speed control looplt has been experimentally verified that from 15°C to §3#@en the difference between the

front of the clock of the DAC and that of the FPGA device is less thantBenBACs used in the device enter in a
metastability condition The delay lines may geneeaa total delay (advance on a DAC and delay on the other) of 16 ns
while the clock period is 8 nS§ince4 ns are inhibited due to metastabilithere are 12 nsavailablefor the fine
adjustment of the delayBeing greater than 8 nghis delaygives the pssibility of emulating any phase rotation. Since

the delay inserted on each channel is 8 ns, it is evident that it is impossible to use a single delay line, since the time of
adjustment is 6 ns. The system can prevent malfunction mainly because it hawikpowledge of the delay to be
emulated and on the basis of thispaiori knowledge it is possible to choose the best combination delay/advance on the
two DACs to minimize the risk of metastability.

11.6 ps/step

resolution

-8ns -4.5ns 0 4.5ns 8ns
fine delay range
Fig.5.6: Generation of correlated events with the internal third channel. In blue the channel 1 signal, in red the channel 2 Sitpeal.

event with the yellow bullet is generated by the thirdhannel.

The delay line is used to shift the phase of the twortteds with a resolution of 11.6 ps on a scale ranging from 0 to 32
ps.

UM3074¢ Digital Detector EmulatoRev.3
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6 Firmware architecture

Overview

The hardware of the Digital Detector Emulator slightly differs from a classic arbitrary function gendta¢ogreat
innovation is theensemble of aorithms that allow the synthesis of digital signals int@ak with specific controlled
characteristics The number of operationsthat enables the realime emulationof signal the closest as possible to
reality is really huge. The emulator is able emgrate each sample of the stream at the rate of 125 Msamples/s, taking
into account the emission spectrum, the statistic of emission and therefore also thepitetween the events, the
shape of the signathe contributions of noise and interferencethe fluctuations and drift of the baseline, the shaping

of the conditioning electronics.

The hardware is from 100 to 10,000 times faster than the equivalent software that we have developed in Matlab to
characterize the system. To be able to accelerate ashhas possible the calculation, the spatial distribution of the
processing resources into the FPGA device has been deeply expfageill shows the structure of the firmware.

An algorithm for getting the firsbrder statistical characteristics of a random process from a histogram of events has
been devised and implementedhe algorithm returns the statisticdistribution of amplitudes and occurrence times of

the events. The generator of occurrence times agghe trigger for the output of the signal shape, whose amplitude is
scaled according to the sorted amplitude value. The gserloadinto the systemmemory the shape of the signal to be
emulated. Tle stored shape (calledeference pulsgis normalized d the unit maximum valueThe algorithm then
extracts a value of starting time and amplitude, and generttieseference shape rescaling its amplitude.

There are three independemata-pathsfor the pulse generation

¢KS TFTANRG O &S JAeddatadll fGIKE R & &d3a IR ADKSE LLINE A RSE wmc ISy St
independentlywith the extracted starting time. The shapgenerated can be summedgether to emulate the pile up.

Any kind of shapes can be emulated with this dp#gh, even custonshapes that can be loaded through a filéae only
limitation is the number of piledip events thatcannot exceed 16.

tKS aS02yR O a$ A-pathil K Seinlilaiek dJ2af $hgllap puiser wikh Inal limits on the generation of
piled-up events. ltan only emulate exponential shapes.

¢KS GKANR OFasS Adadiliks dKdziaORYyNSay 84  RISGILIdA a SR NBaSi RS
In addition, the instrument implements the emulation of the baseline drift, noés®e analog output interferenes. The

drift of the baseline value is not statistical but is introduced by the user as a deterministic shape, in order to allow the
emulation of deterministic variations, like periodic interferences or couplings. At the rate of 125 MHz, the system is able
to emulate a drif profile up to 7 s long.

White and 1/f sources of stationary noise and generic disturbances can be emaktgdll The range of frequencies

of the 1/f noise extends from few Hz to more than 100 kHz. The power spectral density of the 1/f noise istbbyaine
properly shaping the power spectral density of a white noise generated by a LSFR. The shaping transfer function is
obtained as the superposition of ten firgtder lowpass filters with poles positioned at equal distance on a logarithmic
scale in theange of frequencies where the 1/f shaping is desired.

The device can also emulate the random drift of the baseline.
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Fig.6.1: Digital Detector Emulator firmware architecture.
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Random Number Generation

The emulation process is based on the generation of pseaddom sequences thattatistically reproduce the input
programmed features. For example the user can tbet desiredenergy spectrumthen the device will convert the
spectrum into a sequence ofumbers representing the pulse amplitudes. A very good source of pseumtiom
numbers is required in order to have very long sequences, with no pattern and artefact. This will ensure that the
emulator output is as close as possible to a real output. Moge@v pseuderandom generator allows to reproduce

many times the same sequence, or to generate any times a statistically independent sequence. This is quite
straightforward since the user hasly to store the initialéseed that enables the number generatoThe seed is a 64

bit number, used as a starting point for the pseu@dmdom generator.

mmma LFSR LUT-SR
64 bit seed 1 x 1024 bit seed

The use of a simple Linekeedback Shift Register (LFSR) allows to generate psandom sequences with stistical
properties that limis the good result of he emulation. For this reason the LFSR are used to program a 32 bit LookUp
TableShift Register (LUSR) generator that generates numbers with very small-aotoelation. The LUER has a very

long period, up to £**clock cycles. Refer {RD1]for further details about this method.

The structure of the number generation is shown in the figure above.

—p

32 bit white distribution
(random numbers)

From custom distributios to a set of values

In emulating a radioactive source, a primary task is to gdretfae energy values following a useefined energy
spectrumand the Poisson distribution die pulse occurrence times

Those distributions have to be converted into a stream of values, whose probability distribution sfatewinput
spectra Being a stistical variablex described by a density probability distribution f(x), it cannbedelled by the
cascade of a generator of uniformly distributed random numbers and the transform functionlr-tkis way, the

quality of the generated statistic valuelepends only on the uniform number generator, which can bedufor every
emulated sourcecharacterized only by F(x). Therefdrem a white spectrunit is possible to get ankind of spectrum.

In order to explain how the algorithm works, let us consitleat the energy spectrum ia histogram composed by 16
energy bins, from EO up to E15, with a maximum dynamic range (DR) equal to 16. The bin width is the spectrum
resolution, while the DR is the maximum height of each histogram column. Of coursegltee is the number of bins

and the DR, the better is the represented spectrum. However, increasing the accuracy of the spectrum is simply a
matter of the number of bits that can be used athik is not a problemvith modern digital devices

Each column ofhe histogram can be thought as composed by a number of small squares; if a generic bin x is twice
higher than a bin y means that there is twice the probability for an event to have engrgyhEr than energy £ In

fact, the height of the column of thiein x represents the density probability that the event has energy betwgeart

E.1 The product of the column value by the bin width returns the probability. The ratio of the probabilities that an
event has energy in a certain interval rather thananotherone is simply the ratio between the corresponding areas
below the density probability curve.

With reference toFig.6.2, each square of each column is sequentially numbered. Consider the simplifieih eesieh

the total number of squares under the curve is a power of 2, 5.:932 Using 5 bit in the random number generator, all

the 32 numbers can be obtained with the same probability, i.e. the random numbers map completely the area under
the spectrum arve. Every time a random number is generated, the algorithm searches the number in the spectrum
area and, when finds it, delivers the bin number n thus indicating the corresponding energy value En. If we consider
again a generic x bin two times higher tha y bin, it is easy to see that, since the random numbers with equal
probability map all the squares, there is twice the probability that the random number picks up a square in x rather than
in y column, which means that generated pulses with Ex enemgtnace those with Ey energy.

In practice, an array is loaded with the cumulative energy spectrum Hc(Ex) that is computed from energy spectrum H(E)

E

H.(E,)= fH(E)dE

0
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In this way, only one memory cell per bin is required. Using the cumulative spectrum, it is stilgotssdentify the

bin that contains the generated random number by means of an extension of the described algorithm. For instance (see
Fig.6.2), if the random number is 18, it is easy to see that it belongthéomemory cell number 10: in fact, the cell
number 10 contains a number that is higher than 18 (20), whileptiegiouscell contains a number that is lower (16);

this means that bin number 10 contains the squares that go from 16 to 19, exactly theinambieh 18 belongs. So the
output energy value correspondend the random number 18 is 10.
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PROBABILITY
DENSTY =
PROBABLITY
m 15 {15 )18 15‘15 |19
(17 [17 |17 17|07 17
= .
D 1515 [15]15 1515 |15
o el
= w EREEERE
O 11t i i BNERGY
O —_— oftofrofrofiofrofio] (‘)’(}%_%
LU wn T EERRREDR
. e E
[o]oJoJoJo]1]2T]4]0a]16][20[23]25]26]27]27]
A
r
() Ll
a o
TRV  NVUISE S CTATTNG e A :
B
Pulse
Amplitude

Fig.6.2: Emulation of a spectrum.

EnergyDatgpath
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The energy of a pulse represents the area under the pulse,fana constant shape it is proportional to the pulse
amplitude itself.
The emulator has three ways to modulate the energy, as shown in the following figure.

FIXED AMPLITUDE

———— > T

SEQUENCE
1 (MWORD)

Fig.6.3: The three ways to emulate the energy.

¢tKS GFAESR SySNHe&¢ Y2RS 3ISySNI (Sa geddrdies fsaudsandinkseqien®s al YS
of values thaffollow i K& LINEANJ YYSR AyLlzi SySNHeé aLISO0GNMzYT @4&SljdsSy O
defined energy values thahe emulator will reproduce repetitively. The sequence is copied into the internal memory of

the device;i KSNBT2NB (GKS YIFIEAYdzZY | ff2¢S8SR f Sypath €seskhe algoithmy @I f d
explained in the previous sectiokig. 6.4 shows an example ofieneration of a set of amplitudes starting froam

energy spectrum
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Fig.6.4: Conversion of a programmed energy spectrum into an amplitude sequence. Etadpthe histogram on the output vector
user gets the same input spectrum.

Timebase Datapath

& LraarotsS G2 3ISYySNriGS dGKS GAYS 2F 200dNNBYyOS 27F |
daz2yé RAAGNADYWA ARNYE(G NOKRdAKAY 3 20NIdea 6 84 S1j dzSy 08¢ 2F YI E

The Poisson distribution is obtained through the Bernoulli Trials metRegeated independent trials in which there

can be only two outcomes are called Bernoulli trials. Bernoulli trials kedhet binomial distribution. Ithe number of

trials is large, then the probability of k success in n trials can be approximated by the Poisson distribution

The generation process of Poissonian events is shov#is.5. For each clock cycle the device generates a pseudo
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Fig.6.5: Generation of Poisson distributed events using the Beulfii Trails method.

The & O dza (geénafation with programmable statistics use an algorithm similar to the algorithm that converts the
energy spectrum ito amplitude valueslt generates a sequence of values that fluctuates around the mean rate
according ¢ the programmed statistics. The programmable resolution is 256 values. Alsc@lé 2 NJ 6 G A y i SNLJI2 |
be used to extend it.
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