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The SAMPLE®M (MeasuremeninumericalModule)is a module designed for experimenters who want to
imagine theirown signal processing. It provides electronic signal frames with a maximum duratio88&h44
sampling the signal every 2 ns.
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| Theory ofoperation

The MnM SAMPLER provide® & O A " frafnasfhie8ectronic pulses detected by tHdnM Trigger
moduleof the MnM. Fora better detection of these pulses, the raw signal can be filtered, its baseline reset. The
experimenter then has the choice betweeequiringthe raw signal from the digitization of the signals by the
CARAS daughter boaut,the filtered signal used to dett the pulse.

There are two modes of operatipas shown offrigurel:
- either the user acquires the samples on a fixed gate around the pulse,
- or on an automaticgatethat adapts to the time width of the pulse, increased by a fixed gate before
and after it.Neverthelesghe gate cannot exceed 1428 ns.

_ _ threshold |

(mV)
20 0 20 40 60 80 100
J

- automatic gate

(mV)
20 40 60 80 100

threshol

0
1

fixed gate

-20
|

| — T T T = T T
-50 0 50 100 150 200 250
(ns)

Figurel: Example ofautomatic gate mode and fixed gate mode

As fixedgatecan add dead time, three data output modules work in parallel. rEdisceshe loss of detected
pulses, as shown in theigure2 below. If the first output is busyin turn the second output is able to send a
frame, then the third There is a risk of data loss, if all 3 outputs are busy at the same time
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Figure2: Three data output module work in parallel.

A SAMPLER frame always hagwen number of samples. The time step between 2 samples is 2 ns
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I Preamble

LA FASTERaunching

To take benefit of th6e AMPLERINM of the FASTER acquisitjahe experimenter can build his experiment
interface with the commandhster_setup_gui

The interface, shown oRigure3, is launckd. To use thecFASTERBAMPLERINM, the experimenter must
select thedSAMPLER  {, Bylrdghtclicking on the daughterboaiihe.

FASTER setup GUI

Experiment settings

Name |unnamed_experiment

t0 target 192.168.1.204

@ the FASTER PC@192.168.0.1
i dedicated PC@192.168.0.2

Data directory : |./data

| Comp t |

Specific MNM options
[~ Trapezoidal spectrometry expert mode

PLEASE REMEMBER

Your t0 target motherboard must be sitting in:
- slot 2 if using a 7 slots crate;
- slot 1 if using a 12 slots crate.

name _data label

FASTER

=

110010103131111110

ip address

group

Status =

|< syroco_single None
NotUsed:null gode
daughterboard

dauagh
A

192.168.1.204 ok

change measurement type I cARAS ’“.Trapezoi B
MOSAHR " CRRC4 spectro
CARAMEL 7 QDC-TDC
HV 1 Qr2T
NotUsed 4 Scaler
—

command panel

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

Channels (0 channels) \

Click here to open hardware modules documentation in your browser

Figure3: SELISNA YSy (i dad@r fsdtup \jH s A G K &

Before exiting the application form, the user can choose the names of the experiment, of the daughterboard
andofeactOKI yy St 2F GKS AaRIFdAKISND2F NR¢ @

With the commandine faster_gui
on Figure4.

, the experimentelaccesses to the FASTER acquisition display, shown
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unnamed_experiment

— FASTER

( —

Lo o g Li60i0101311311e

Click on channel groups to view channels

Channel groups
o /

trigger-merger configuration
General 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 i
Event cotnt Instantaneous rate Average rate

(evtss) (evt/s)

Acquisition status
Ready

in SETUP mode : click to switch to disk mode

Figure4: faster_gui interface.

& Of AO1 Ay 3 Eigured), th& Mnjiiyh&ifadetis dispiaFednllowing the user to adjust the
different module parameters(Figure5).

SAMPLER_1 ¥ enabled Save
Input BNC 1 — Range [-1.1 +1.1] Offset 0.0V Polarity « + ( -
Low Pass Filte risetime 13 ns — order1 — v enabled
High Pass Filt: gain> 1.0 delay (ns) 26.0 ' v enabled
BLR dynamic —  thres (mV): 3.0 gate(ns)| 104.0  fc 160 kHz —
Trigger threshold '2D' : level (mV) 2.001  width (ns) 4.0 [ trigger ext

validation level (mY 10.001 inhibition delay (ns 0.0 [~ single mode

SAMPLER input : triggered sig.— output range +/- 150 mV —
Fixed width— before th. (ns)| 30 total width (ns)| 160

Oscilloscope input : triggered sig.— [~ Without trig.
X: fullscale 1400 ns — delay min —
) (i output +/- 150 mV — " average
Output vV Samp 1 / Counter 1001 v Oscillc 2001
1/1 —~ 1kHz —~ 10Hz —

SAMPLER_2 [ enabled

Figure5: SAMPLEterface
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II.B RHBIlaunching

To take benefit of RHB display the expennenter shall execute the command
faster_rhb_demo_  sampler _copy inthe working directory, in order to have an example of RHB files adapted
to the FASTEBAMPLERINM.

A new repertorySAMPLERRHB_Demas created.The useishallgoin the Discrirepertory contaired in the
repertory SAMPLERRHB_Demgbefore launching RHiBterface.

cd SAMPLERRHB_Demo
cd Discri
RHB -r

IIl Description of FASTERAMPLERINM

Theinterfaceincludes severaltuning modules, sythetically described iTablel andFigure6. Each module
has some parameters that are adjustable by the user to achieve the bestperfce.

module Border color Purpose
Input module white It deflnes_ the Qynamlc range, the polarity of the input sigt
and provides filters to clean.it
Triagemodule orange It timestamps the particle arrivaime and wakesup the other
99 g modules excepBLR module.
SAMPLERodule green It allows the user to definghe characteristis of SAMPLEF
output frame (gate, Yscale).
Oscilloscopenodule yellow It allows the user to visualize sevenabdule signals
Data outputmodule no color It allows the useto choose output datdlabel, rate)

Tablel: Description of theSAMPLERINM
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Signal digitalized by a 12BIT,
500MHz converter

Oscilloscope

FPGA clock

INPUT 125MHz

* Input Dynamic ®
Range Tuning
* Polarity Tuning raw signal

Low pass filter

High pass filter |@ filters
Baseline restorer @--’Eﬂﬁ'_tr_"gﬂe_rgd_bz -----------

trigger BLR when

using dynamic BLR
%) triggered sig.

Trigger —- SAMPLER

Event counters

FASTER SAMPLER MnM

Figure6: Diagramof FASTEBAMPLERINM. The bordercolour of each box is as the one of tHdnM
interface.

The following chapters describe these different modules and explain how to select alF&®TER
SAMPLERINM parametergo acquirethe bestsample dataWe recommend to use RHB facilitiesltsplaydata
The signal shapes are observable thanks to the Oscillostmuleile. This one igherefore the first to be
descrbed.

LA The Oscilloscope module

Thesignal, which iglisplayedby the oscilloscopenodule is defined by parameter (Figure?). EacH® on
Figure6 indicates the location of an Oscilloscop@duleinput. The use case of this s@ns described ifable
2.
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Input signal Use case
raw signal To adjust Raw signal module parameters
filters To adjust filtergparametersbefore BLR

BLR To adjust BLR module parameters
triggered sig. | To adjust trigger module parameters.

Table2: Usecaseof the Input signal of the Oscilloscope module

Figure7: Oscilloscopaenodule.

The user can select the time fullscale range \piinameter¢ . Oscilloscope data contains up to 700 points
separated by a time step. As the time step is a power of thegproposed dynamic rangesryfrom 1400 ns to
5.2us

As each iofinduced pulse, iggered by the Trigger module or the BLR Triggedule, is identified by the
relative time "0 ns" iranoscilloscope frame, the user can select where to place the sample "0 ns" ("min", "25%",
"50%", "75%"), with the shift parametér.

L¥ GKS a&! terBowis dhécked, @wdzii sample of the oscilloscope display is the average of many
samples (2 for 2800 mange, 4 for5600 nmngey F2NJ mM ¥ & NI} y3IS X0d ¢KSNBTF2N
0S tSaa yz2rae (GKFy Al A& cked ondBanmpla évery? of KB ¢ or 44 (et@)w! D ¢
depending ontime-range value of 2800 ns, 31, 5600ns or 11 s (e®) forms the oscilloscope display. The
sample, which triggered the Trigger modukenot necessarilgpparent.

The Yfullscale¥ depends onCARASIaughter board characteristics. It is always 0 centered, and the
experimenter can zoom the signal display between50 mV, +/300 mV, +600 mV, +/ 1200 mV or +/2400
mV.

LF¥ oA Kehekedind NRighe7), Oscilloscopenodule does not use the Triggenodule or BLR
Triggerto startstoring an oscilloscope frame, but it uses a clock, whose frequency is definedibettaeoutput
module (cf Figure8).

-
Output v Samp 2 v Counter 1002 ¢ ¥ Oscillo 2002

A

1/100 — 1Hz — | 10Hz — |

|

/:1 1 kHz I

Maximum oscilloscope frequency | 100 Hz |
| 10 Hz |

\ 1Kz 7

Figure8: Maximum frequency of the oscilloscope frame definition

10
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LT & ¢ A éikudamcked ifNFgure7?), the Oscilloscopenoduleis woken eithetby the BLR trigger if
the displayedda A Ay I £ A & othdivikk By3He Niiggefodidesn all case, the maximum oscilloscope
frequency is definetby the Data outputmodule

[I.LB The Input module

In thismodule the user has taefinethe raw signa(cf. Figure9). That means

- its link with one of thewo daughter board input channel ,
- itsrangest ,
- its polarity€ .

" Input (DBNC1—! (QRange [-1.1 +1.1] Offset 0.0V}  (3)/Polarity = +  -I

Figure9: The raw signal parameters.

11.B.1 The CARAS Data Channel Selection

TheCARAS8aughter boardchastwo input channel called SMBahd SMB2. EachFASTERAMPLERINM in
the FPGA cabe linked with any SMB, as showigurel0andFigurell.

CARAS Daughter Card Processing component
Analogic-to- BNC1
Detector Digital _}O— FASTER-SAMPLER 1
Converter
Analogic-to-
Detector Digital BNC2 N 'g,o— FASTER-SAMPLER 2
Converter

Mother board

FigurelO: Multiplexers to select which analog channel to be processed.

rd Y
Input I BNC1-— !  Range[-1.1 +1.1] Offset 0.0V Polarity « + ( -
|

|
/BNC1 |

|
IBNC2 |

e

Figurell: Input Channel selection.

11
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11.LB.2 Range Tuning

Each SMB chanhean have a different dynamic input range fr¢on0 +2.2] V td-2.2 0.0] V. This dynamic
range is configured by the usaasyO f A O Rayigé 22yEEABIDWE. A new interface is launched (Eigure
12): the usercan add a voltage source (calledfsete) between-1.1V and1.1Vwith 0.1 \step.

BENC1 Range[-1.1 +1.1] Offset 0.0V —

BNC 2 Range [-1.1 +1.1] Offset 0.0V —

‘ Save | Cancel

Figurel2: fullscale range interface foEARASlaughter board.

111.B.3  Polarity Tuning

The Oscilloscopmoduleallows the user talisplaythe raw signalKigurel3):

The FASTERAMPLER process uses positive valtiise detector provides a negative signal, it is essential
to convert it into a peitive signal, with selection check buttén (Figure9).

|

20

10

mV

-10

-20

T T T T T T
-200 0 200 400 600 800 1000

time (ns)

Figurel3: Raw signal example. As the pulse direction is downward, tt
L2 f | Mdustbe glected

lI.C  The low -pass filter module

If the experimenter wants tbenefit from a lowpass filter, he must check the "enable" box(Figurel4).

12
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Low pass ite ize ima 35~ \®) (ordar” 2@ O dnatiea)

Figurel4: Lowpass filter parameters

The user can select with buttah (Figurel4) one of the four available filters: either he chooses a moving
average of 4 samples, or he chooses a filter definedsysié time: 13 ns, 27 ns or 57 ns.

He can select the filtering ordér (Figurel4dd Y G2 NRSNJ mé Y S| y aLJGaKa (F Alf KISS\NES
HE YSI y &e alekwosuccdskive lowass filtersa 2 NRSNJ oé Y SI ya silckessive limK S NB
pass filtersFigurel5 shows the different effects of loypass filters on one electronic pulse.

Figurel5: effects of different lowpass filters

lI.D  The High-pass filter module

If the experinenter wants to benefit from &igh-pass filter, he must check the "enable" box(Figurel6).

Figurel6: Highpass filter parameters

This hijh-pass filter is a delalne pasdfilter. The experimenter has to tune gain from 0 to 1¢ (Figure
16), andthe delay from 2 ns to 56 5 (Figurel6).

The implemented operation is:
Y OO0 Y O @Y 0 QQa

¥ If the gain is equal to 1, the resulting signal is bipolar, with a baseline centered on zsrehown on
Figure17.
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