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The FASTERrapezoidaSpectroMnM (MeasurementumericalModule)is the idealFASTERINM for the
nuclear physics spectroscapyhisMnM can be usedwith Silicon or HPGe detectors, ionization chambers,
LINR L2 NI A2yl O2dzyi SNAX

This version of sgrtroscopyMnM uses the trapezoidal filter, unlike the &R filter of the earlier version
of the FASTER spectrosceldnM. It allows to calculate th event time-stamp with an accuracy of #is/2®

( 31ps)

The trapezoidal filter igvell suited for detectors thatundergoa ballistic deficitlt is more robust in case of
highcountingrate, because it generates shorter signals.

Cathy Fontbonne
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| Theory ofoperation

In the TrapezoidaSpectroMnM, two signal® O | Shdct® RUS | Fait Od are generated iparallel
from the signal coming out o ChargePreAmplifier CPA:

1 The SpectroOUTsignal: it is a trapezoidair triangularsignal whose characteristiere chosen to
maximiz the ratio Signal amplitud®loise:the amplitude measuremenbf the Spectro OU signal
thanks to the AD@odule(cf. Figurel), is propational to theenergydepositedper incidentparticle.

1 TheFast OUTFignal: it is a trapezoidak triangularsignal, whicHasts less than th&pectro OUEignal.

It allowsan optimal measurement of the particle arrival time. This signal is connected to a constant
fraction shaperandtrigger. This signal generallyused to trigger the amplitude measuremeot the
Spectro OUSignalin the ADGnodule

Radiation Charge r Shaper OUT
—_—N NS N -
Detector Preamplifier L ADC module
Shaper FASTOUT
' ]

Discriminator
(Trigger module)

FASTER Trapezoidal_Spectro MnM

Figurel: Instrumentation system for spectroscopy.
The ideal signal equation, coming outedthargePre-Amplifier (CPA)is:

Qo mlo 0 Equationl-1

Q6 TWotQ 1o o

withz  the CPAime constant typically ranging from a few 18 up to a few 10Qs.
Thenoise coming from the electronic modules is added to this signal.

Several filterscan beapplied to maximize the S/N ratio, but the theory is based waltage step input signal
(Q6 TXO! 6 0), and not a decreasing exponentiaput signal In the FASTERrapezoidl-SpectroMnM,
the applied filterswhich constitute the shapenodule aretherefore:

1 A module to transform thedecreasingexponential inputsignalinto a step input signal(PoleZero
Campensatiorr PX)

1 Afilter transforming this step signal into a trapezoid/triangle signal (trapezoidal shaper)

1 A baseline restorefBLR)
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The first two modules are linear filters, they candppliedin any order. Irthe Trapezoidl-SpectroMnM,
the modules aremplementedas follows:

1 The filter elaborating the trapeud/triangle signa(trapezoidal shaper)
1 The module correcting the fact that the inpsignalis not a stedPZx)
1 Thebaseline restorer (BLR)

TheFigure2 shows the signal shapes after every filter module.

After CPA After After PZC After BLR
trapezoidal shaper

= A = /\ =

t — t t

Figure2: signal shapes after the different filtes

It is important to note that the out signal from thteapezoidal shapeis a zero baseline signakcause the
trapezodal shaper is a bandpass filter,iasanbe noticed on its Bode diagram oRigure3.
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Figure3: Bode diagram for trapezidal shaper rising edge=4.3ps, fla
top=480ns

It is the polezero correctormodulethat passes the input baseline to the outmignal.If the input baseline
is6 0, then the outbaselined 0, after the polezero correctomodulg is:

1Q QWD 1 o @WEwE Qo1 ©wQ QE ¢ Equationl-2
ov
T

60

rising_edge_duratiomandflat_top_durationare defined inFigure20, pl7.

The Bode diagram of theigure3 becomesafter pole-zero compensation (CP)ch as thd-igure4.
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Figure4: Bode diagram for trapezoidal shaper rising edge=4.3ps, 1
2L ny nydsaBus)t %/ 0 _

In thechapterlll of this document, we will describe the various filtersmodulesmplemented in theMinM,
namely the trapezoidal shaper, the petero compensation filter, the baseline restorer filter, theaiminator
module,the ADOnodule and the oscilloscope module.

I Preamble

LA FASTERaunching

¢2 GF1S 0SYySTAlG 2F GKS & ¢ NIF LIST 2 xhRéxpeémentdrSadduinhia O 2 LI
experimentinterface with the commandaster_setup_gui

The interface, shown onFigure 5, is launclked. To use theFASTERTapezoidaSpectro MnM the
experimenter must select théTrapezoicl .JS O (i NR by rightélitkigon the daughterboard line.
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FASTER setup GUI

Experiment settings Specific MNM options
Name |unnamed_experiment [~ Trapezoidal spectrometry expert mode FASTER
t0 target 192.168.1.204 \Q§>’
@ the FASTER PC@192.168.0.1
RHB host _
dedicated PC@192.168.0.2 Alooioreraliasle
Component | name | data label | group | ip address | Status =
< syroco_single noname 192.168.1.204 ok
NotUsed:null node daughterboard § ok
daughterboard A

change measurement type I cARAMEL /|

MOSAHR " cRRC4 Spectro

HV [’ Trapezoidal Spectro
NotUsed >
CARAS p-
command panel =
—Command panel (right click to add or edit channel group) ) 2

Channels (0 channels)

Figure5: SELISNA YSy (i  dadev fsdRup \gd ®6 A (K &

& OKSO1AYy3 2N dzy OK @fTFigurep)The @xerifentSriedSHedse bétvdeiStivo
interfaces:an expert or a basigne.

Experiment settings Specific MNM options
Name |[TEST [ M Trapezoidal spectrometry expert mode] FASTER
tO target 192.168.1.204 X NG ?‘ 1
@ the FASTER PC@192.168.0.1
RHB host . edicated PC@192.168.0.2 / sl A
Comp t | name | data label | group | ip address | Status =
< syroco_single test 192.168.1.204 ok
< MOSAHR:Trapezoidal Spec! daughterboard A ok
channel 1 TRAP_CH1 1 Channels ok
channel 2 TRAP_CH2 2 Channels ok
channel 3 TRAP_CH3 3 Channels channel 3 only available
channel 4 TRAP_CH4 4 Channels channel 4 only available

command panel

—Command panel (right click to add or edit channel group)

Channels (4 channels) ‘

Figure6: two interfaces (basic orxpert) are existing to adjusthe parameters of theFASTERrapezoidalSpectro MnM

Beforeexitingthe applicdion form, the user can choose the names of the experimefitihe daughterboard
and ofeach channel of the daughterboard.

With the command lindaster_gui  , the experimenteiaccesses to the FASTER acquisition display, shown
on Figure?.

8
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unnamed_experiment

e FASTER

¢ 5

L= > —a] i1eeiereiiiiiiie

Click on channel groups to view channels

Channel groups

o -

General configuration

trigger-merger configuration

All channel All channel Disable all Save all Ping every
groups ON groups OFF oscilloscopes configurations node
Timed Acquisition - Overflow date
~ run acquisition for seconds >
Counters
Start date Running time Stop date
Instantaneous rate Average rate
SLLCa (evtss) (evtss)
Acquisition status
’ |Ready

in SETUP mode : click to switch to disk mode

Figure7: faster_gui interface.

& Of AO1 Ay 3 Eigured,th& Mnjiiyh&ifadetis dispiaFednllowing the user to adjust the
different moduleparameters.

The basic interfac@Figure8) looks likethe earlierFASTERRRG&pectro MnMinterface:

TRAPEZ_SPECTRO_1 ¥ enabled save |
Raw Signal SMB1 - +/-5V  Range switches match Polarity « + -
T preamp, 10.0 us Raw signal baseline. 0.0 mV
Fast Out Shaping time 60 ns — BLR freeze 280 ns
Spectro Out  Shaping time 2000 ns —« BLR freeze 8800 ns
BLR Dynamic— Thresh. 5.0 mV Fc 2.4 kHz —
Trigger Input : fast out signal — Type threshold — [~ Single mode
Level 50 mVv Width 8ns — Inhibitt 8 ns
ADC Peak hold from | 4360 to | 4800 ns  Overall signal width 8800 ns
Oscilloscope Input: raw signal — [~ Without trig.

X: ‘ullscale 5600 ns —  Delay min —

Y: +/-5330.0mV Zoom X1 -~
Output v ADC 1 / Counter 1001 Iv Oscillc 2001
171 —~ 1Hz — 1Hz —

TRAPEZ_SPECTRO_2 ¥ enabled

TRAPEZ_SPECTRO_3 ¥ enabled

TRAPEZ_SPECTRO_4 ¥ enabled

Figure8: basicinterface
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The expert interfaceRigure9) allows expert tunings:

TRAPEZ_SPECTRO_1 ¥ enabled Save J
Raw Signal SMB1 - +/-5V  Range switches match Polarity & + ( -

T preamp 10.0 us Raw signal baseline, 0.0 mV
Fast Out Shaping time 60 ns — lrapezoid sides [ 88 ns top?izzi ns

BLR freeze| 280 ns ¥ auto

Spectro Out  Shaping time 2000 ns — Trapezoid sides 3920 ns top| 880 ns
BLR freeze| 8800 ns W auto

BLR Dynamic— Thresh. 5.0 mV Fc24kHz — |
Trigger Input : fast out signal — Type threshold — Single mode
Level 5.0 mV Width 8ns — Inhibitt 8 ns

TDC type 2nd Order with 3 points —

ADC Peak hold from | 4360 to | 4800 ns ¥ auto

Overall signal width[ 8800 ns I auto

Oscilloscope Input: raw signal — I Without trig.
X: -1600 .. 4000 ns Width 700 pts  Shift 200 pts Time step 8ns —
Y: +/-5330.0mV Zoom X1 -~
Output v ADC 1 7 Counter 1001 v Oscillc 2001
11 —~ 1Hz —~ 1Hz —

TRAPEZ_SPECTRO_2 ¥ enabled

TRAPEZ_SPECTRO_3 ¥ enabled

TRAPEZ_SPECTRO_4 ¥ enabled

Figure9: expert interface.

II.B RHBIlaunching

To take benefit of RHB display the expennenter shall execute the command
faster_rhb_demo_trap_s pectro_copy in the working directory, in order to have an example of RHB files
adapted to theFASTERrapezoidaSpectro MnM

A new repertoryADC RHB_Demads created.The useishallgo in the full_configrepertory contaired in the
repertory ACD_RHB_Demdefore launching RHB interface.

cd ADC_RHB_Demo
cd full_config
RHB - r

[l Description of FASTERapezoicl-SpectroMnM

Bothinterfacesinclude severaluningmodules, sythetically described ifablel andFigurel0. Each module
has some parameters that are adjustable by the user to achieve the best performance.

10
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module Border color Purpose
Raw signainodule blue It describes theaw signal characteristics.
Shapingnodule white It makes the bottspectroOUT andrast OUTrapezoidal signa|
(FastOUT, Spectro OUIBLR) with a zero baselineSeeFigure2.
Triggemodule orange It timestamps the particle arrivdlme and wakesup the other
modules except BLR module.

ADQmodule green It measures themplitudeof the SpectroOUTtrapezoidalsignal

Oscilloscopenodule yellow It allows the user to visualize sevenabdule signals

Data outputmodule no color It allows the user to choose output dafiabel, rate)

Tablel: Description of theTrapezoidalSpectroMnM

Charge preamplifier signal
digitalized by a 14BIT, 125MHz

converter

éf'd‘w

Input Dynamic
Range Tuning
Polarity Tuning

Oscilloscope

FPGA clock
125MHz

Shaper 1 trigger : 1
Shaper BLR 1
[ = Shaper Out
====1Fast Qut __: - P
1
Pole-Zero [ : IPole-Zero
compensation 1 compensation
. .—L T LS
Baseline Baseline
Correction Correction
Spectro Spectro out
Fast OUT| ouU baseline
O

— LIe

Trigger shaper

Delay
(null for threshold discri.)

(null for threshold discri.)

trigger ¢

Trigger

FASTER Trapezoidal-Spectro MnM

?Spectro Out signal + ADC delay

ADC

Event counters

Figure10: Diagramof FASTERrapezoidalSpectro MnM The bordercolour of each box is as the one of the

11
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The following chapters describe these different modules and explain how to select alF&®TER
TrapezoidalSpectro MnMparametergo achieve the best signal/noise ratid/e recommend to use RHB facilities
to display signal shapes and deposited energy specirhe signal shapes are observable thanks to the
Oscilloscopenodule This one ithereforethe firstto be descrbed.

LA The Oscilloscope module

Oscilloscope dateontains up to 700 points separated byirmae step. The time step isgower of 8 ns.

Thesignal, which islisplayedby the oscilloscopenodule, is defined by the parametek (Figurell and
Figurel3). EacH® on FigurelOindicates the location of an Oscilloscapeduleinput. The use case of this signal
is described iTable2.

Input signal Basic mode Expert mode
raw signal To adjusRaw signamodule parameter{ To adjustRaw signainodule parameters
trigger BLR To adjust BLR module parameters | To adjust BLRiodule parameters
fastout signal To adjust Fast Out module parametel To adjust Fast Out module paramet
(including BLR freeze)
fastout baseline TocheckBLR tuning of the Fast Out sign
spectroout signal To adjust : Toadjust:
- SpectraOut module parameter - Spectro Out module parameter
- _  LINJPadraMiétdr inthe Raw (including BLR freeze)
signal module for poleero - LINB I YLI LJ NI Y
compensation signal module for poleero
compensation
spectroout baseline To check BLR tunings of ti$pectroOut
signal
trigger Threkold To adjust Trigger module parameters| To adjust Trigger module parameters
case of threshold discriminator
trigger CFD To adjust Trigger module parameters
case of constant fractiodiscriminator
spectroout signal + delal To adjust ADC module parameters

Table2: Usecaseof the Input signal of the Oscilloscope module

Inthe expert mode(c.f. Figurell), it is possible to choose the numbersaimplesof the oscilloscope frame
in & . ltmustbe an even number between 2 and 70the user choose the time step between each paink .
As each pdicle signal triggered bythe Triggermoduleor the BLR Trigggeis spottedby thed n  réldtidetime
in the oscilloscope frame, the user have to select how nsamgpleshe wanso S ¥ 2 NB  (sdPle idithe y & €
shift parameterd . With an 8 ns time stepthevalueof thed n  sArapdeis alwaysabovethe trigger levelln A,
the user can visualize the resulting tinfellscale range The ¥ullscale A depends on daughter board
characteristicgc.f. § I1.B). It is always 0 centered, and te&perimenter can zoom with the zoobutton & .

12
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®8ns

116 ns
§32 ns
§64 ns
2128 ns
:256 ns
512 ns
:1024 ns
12048 ns

Figurell: Oscilloscopenodule/ expert mode.

When the time step is greater thadins,| YAVERAGE 0 dzii (i 2 y(cd. Figuted®). Kihis button is
checked every sample of the oscilloscope display is the average of many sa@idtesa 16ns time step4 for
a32nstimestep8fora6dy/a GAYS & S lakciXodcdpe didplSybERFt8 DEEsE noisy than it is in
reality.2 KSy a! +9w! D9¢ A& dzyOKSO1SRX 2yS &l YLX S SOSNE
value of 16ns,32 ns, 64ns or 1281s (etc.forms the oscilloscope displajhe samplewhich triggered the Trigger
modulg is not necessarilgpparent

Oscilloscope Input : raw signal — [ Without trig.
X: -448..21952ns Width (700 pts  Shift| 14 pts Timestep|32ns —
Y: +/-1270.0 mV Zoom X1 ~« | v AVERAGE

Figurel2: Oscilloscopemodule. Average button appears for all time step aboven8.

In the basic mode(c.f. Figurel3), the oscilloscopdrame contains 70Gamples Thus, the timdullscaleA is
entirely defined by the time stepnd equal to700 x[time step value]Thetime step value can be equal tan8,
16 ns, 32 ns, 64 ns, 128 ns, 256 ns, 1024 ns or 2048ussthe time fullscaleis respectively 5608s, 11us, 23
Us, 45 ps, 90 ps, 180 ps, 368, 0.7 ms or 1.4 m3he Delay buttor@ corresponds to a shift of respectively 14
samples 17 samples 350samplesand490sampledor respecively Delay min, 25%, 50% and.0As in expert
mode, the ¥ullscaleA in basic modedepends onthe daughter board characteristiog.f. §111.B) and the
experimenter can zoom with the zoom buttén

Oscillscope Input : raw signal —: @ " Without trig:
B D AT
iY: +/-1270.0 mV : ,Zoole—n@ Average

Figurel3: Oscilloscopanodule/ basic mode

13



FASTER TrapezoidépectroMnM USER MANUAl February 2019

LF¥ & ¢ A KehetKedini NRigaire11 and Figure13), Oscilloscopenodule does not use the Trigger
moduleto start storing an oscilloscopame, but it uses a clock, whose frequency is defined ind(gputé
module(cf Figurel4). The user can select eitherkHz, 100 Hz, 10 Hz as output frequency.

Output v ADC 1 / Counter 1001 v Oscille 2001
11— 1Hz — T 1HZ
I [
Maximum oscilloscope frequency : 1 kHz :
: 100 Hz :
1l 10 Hz :
‘ 1 Hz !
--,

Figure14: maximum frequency of the oscilloscope frame definition

LT &g A disusictietkediidlZF@urellandFigurel3), the Oscilloscopmoduleis woken eitheby the
BLR trigger if thelisplayedd A 3y | £ A & othdiwisk ByIh® Mdggemodude In all case, the maximum
oscilloscope frequency is defineg the Output module

LB The Raw signal module

In thismodule the user has to describe the raw sig(al Figurel5). That meangs link with one of the four
daughter board input channél, its polarityA, its decay time constarit , its baseline levél.

Figurel5: the raw signal parameters.

The MOSAHR daughter boahnds four input channel called SMB 1 to SMEdchFASTERrapezoidal
Spectro MnMin the FPGA can be linked with any SEMBchSMB channel can have a different input fullscale

rangefrom+ 1V to+ 10V, set by four mechanical switches on the daughtard.. @ Of A Capge gwitchesy” a w
matché & , a new interfaces launcted (cf. Figurel6), the userhas tomatchthe fullscalerangeof the oscilloscope
display with the real electronic@illscalerange
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