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This document is the user manual ahe FASTERRFMnM (Measurementnumerical Module).
The RF MnM is developed for experiments that need to measure a time of flight, whose reference
is the moment of arrival of the particles on the target, synchronized with theyclic beamphase.

In chapter one, youwill find an introduction to the time measurement chainwhich uses
cyclotron time as referencetime.

In chapter two, all tuning parametersof the FASTERRFmodule are described

In chapter three, a FASTERRFmodule tuning procedure is suggested

Cathy Fontbonne



FASTERF MODULE USER MAN February2019

Summary

\%

THEOIY Of OPEIALION. ... s mmmmmmmmt e e e e s
LA Elements of Time Measurement with cyclotron time as reference time..................
LB FASTERRF Signal PrOoCESSING......uuuuuuuiiiiii i e eeeee e emmeemmes s emmmmmmmm s

PreambBIe. ... ... e
ILA FASTER lQUNCRING ......utiiiiiiiiiiiii i e e e e
ILB RHB JQUNCRING......cuitiiiiiiiii i e e eemeeeer e s e e e e e e e e e e e e e s smmmmnnnns

Description of FASTER RF MNM......cooiiiiiiiiiimmmemem et

IILA  The OsCilloSCOPe MOAUIE........uuuiiiiii i eemmmmmms s e e e e e e e e e s e e

[lI.LA.1 Theoscilloscope trigger ChOICE...........couiiiiiiiiimmmmmmmeiieee et e

[1I.LA.2 The oscilloscope input Channel...............oooiiiimeme e

[1ILA.3 The oscilloscope horizontal tUNING.............covvviiivimeemmmmmeeeeeeeeee e e e e s e eeeeeens

IHLA.4 The horizoNtal fFUISCAIE. ......c. e e e et e e et rmmmmme s

HLA.5 The subsampling MOe.........ccooiiiiiii i ereeemmms s e s

L T I T 1= USSP

[II.LA.7 The oscilloscope vertical tUNING.............uueeiiiiiimmmeem i imemmmmme e

I1I.LA.8 The oscilloscope acquisition speed......................

MA9 4EA OI 66DPOO AlL.AAIL.AG.RAOALAQAQ. ...
IILB  The INPUE MOCUIE.............ooiiiii e eeeeeeeee e e et eemmenmms e e e e

w

N N Wboo»

n.e.1 0) 1 6O sUT Al EA 2AL.CA.. 401 El.Ca.. . 0I.[.AOQN4A

B2 4eA 0011 AOEOU..401L.El.Ca. .. lL.I.LAOLA ... 14...

MB3 4EA O4EI A OEEAEDO. . LLADIL.A oo,

nc 4eEA O(AGE AEI QAO0QA..LIAOLA e

N.ca1 4ehA 0O/ ££20AO OBOAOQAAQEILILG...IL.IL.ADOI A ...

HND 4EA @AOCO &EI OAOH...J.0.AQL.A e
HNLE 4EA O40ECCAQA...LIADILA .,

|0 S I a TN = ol [ Yo [ | [P

[ILG  Data OUtPUL MOAUIE.........ccoiiiiiiiieeeeeeeme et emmmmmnens e e e et
TR R @ B 7 ¢ - Y R
N.G2 O#1 O1 OAQOL...AAQA .o,
N.G3 O/ OAET LA . AAQA e,

First experience with The FasterRF module...........ccooooiiiii oo

15...
N.c2 4EA O(AEME &EI OAQO...LL.IAQL A .o 15...

16

16..

17.

7.

18

9.
109....

20.



FASTERF MODULE USER MAN

February2019

IV.A
IV.B
IV.C
IV.D

Preliminary STEP......cooi it remeeee e e e e e e emmmmmnnnr e e e e e e as
INPUL parameter SEIECHION. ... ....uuuueiiie et emmmmmce e eeremmmm e e e e e e
TheFilter & Trigger parameter SEIECHON..............vvvuvuvuiimmmmmmmr e e eeeeeee e emmmmeenees

The RF module parameter definition...............cooviii e

20...
20
.22
23..



FASTERF MODULE USER MAN

February2019

| Theory of operation

LA Elements of Time Measurement with cyclotron
time as reference time .

The TOF measurement is sometimes performed witthe arrival of particles on the target
as reference timeThe arrival of particles on the target is synchronized with the cyclotron phase.
Therefore, it is useful to measure this phase with the FASTER time.

Constant
time

Target neutron™--- Scintillator

+ PM

FASTER-RF Module : FASTER QDC-TDC Module:
—>start time = ttarget= tcyclotron + tconstant 9St0p time = tdétector

TOF = StOp time - start time = tdétector = Leyclotron © tconstamt

Figure 1: A TOF experiment with the arrival of particles on  the target as reference time.

A cyclotron signal is gperiodic signal.The time tciotron USed to calculate the TOF is for example
the time when the signalcrosses the threshold onthe rising edge.It represents the cyclotron
phase.
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Figure 2: Example of a cyclotron signal.

It is necessary to know every threhold crossing time, in orderto calculate every TOFIf all
the time of threshold crossing are measured and sent bythe FASTER systemthe FASTER
communication may be saturated by tfs repetitive data. The solution is to send sometimeshe
time of the threshold crossingand the exact value of the cyclotron signalThen, the user can
calculate theothers times of crossing threshold thanks to the fédwing formula:
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th=taat N Tcycl

The More precisely the cyclotron period is measured the less often the timeof threshold
crossing is sent.

LB FASTERRF Signal Processing

The FASTERRF module works with the CARAS daughter cardin general, for RF
performing, the CARAS daughter card is@A A E T -lo&dOdbfiguratidp.

The FASTERRFmodule synchronizes the FASTERsystemtime with the arrival of particles on
the target. The FASTERRF input signal is provided by acyclotron (for instance). This signal is
periodic and possibly noisy. FASTERRF cleans this signal, by using a barmhss filter, and then
calculates the trigger time with an accuracy of 7.8ps, by using a linear interpolationhis trigger
time is then going through a Phasé¢ocked Loop (PL), in order to build cleaned period, and
cleaned trigger time.The FASTERRF PLLis independent ofthe input signal frequency.FASTER
RF issuitable to any cyclotron frequencies ranging from 1 MHz to 100 MHz. The dynamic
range of the FASTERF inputs is e dynamic range of the CARAS daughter card, i.e-®2V. The
dynamic range can be shifted by adjusting an offset FASTER VZ FASTER GWoftware.

Cleaned period,
1.9fs accuracy

Y

Trigger time, _\
7.8ps accuracy G

—{Tal

Cleaned trigger time,
7.8ps accuracy

Figure 3: The FASTERRF module PLL.

The module provides as output data:

- the cleaned Period,
- the deaned trigger time and
- the PLL Input trigger time.

Eachdatais timestamped with a 2nsaccuracy (LSB timestamp value).

The cutoff frequency of the PLL lowpass filter gives the module bandwidth. The user can
choose between two badwidths: 10ppm of input frequency or 150ppm of input frequency. With
the 10ppm of input frequency bandwidth, the PLL is slower, and it takes more time to achieve
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lock. Nevertheless, in this case, the period standard deviation is better, and can reach albfst
instead of 15fs.

Sometimes, if the input frequencE O T 1 O O OA A Alatk or e fandard devididnl 8 O

of the period is too high conpared to the desired accuracyin this case, it makes sense to use PLL
Input trigger time, because cleaned tgger time has a lag error.

Referto the CARASJaughter card descriptions for more information .

Il Preamble

[I.A FASTER launching

To take benefit of theRF MnM of the FASTER acquisition, the experimenter can build his
experiment interface with the commandfaster_setup_gui

The interface, shown orFigure 4, is launched. To use the FASTER RF MnM, the experimenter
i OO0 OAlI AAO OE Aclickiag&d the@aughlrboard line. OE CE O

oo FASTER setup GUI

Experiment settings Specific MNM options
Name |unnamed_experiment [ Trapezoidal spectrometry expert mode FASTER
t0 target 192.168.1.204
RHB host & the FASTER PC@192.168.0.1
" dedicated PC@192.168.0.2 1100101011111110
} Component | name | data label | group | ip address | Status =
| syroco_single noname 192.168.1.204 ok
NotUsed:null node 'déughterboard i ok

change measurement type I caARaS "‘CRRca spectro

MOSAHR 4 QDC-TDC
CARAMEL - qT2T1

HV 4 Scaler
NotUsed RF

Sampler

1«1

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 ‘

Figure 4 AGDPAOEI A1 O AOEI AET ¢ xEOE OZAOOAO. OAOOD . ¢
Before exiting the application form, the user can choose the names of the experiment, of the
AAOCEOAOAT AOA AT A 1T &£ AAAE AEATTAI T &£ OEA OAAOGEC

With the command linefaster_gui , the experimenter accesses to the FASTER acquisition
display, shown onFigure 5.
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X unnamed_experiment

N\ iOC';&J"‘J

Click on channel groups to view channels ’

FASTER

11001030313111110

Channel groups

trigger-merger configuration

All channel All channel Disable all Save all Ping every
groups ON groups OFF oscilloscopes configurations node
- Timed Acquisiti flow date
run acquisition for seconds
- C

Start date ‘ Running time ‘ Stop date

Average rate

Instantaneous rate
Event count ‘ (evt/s)

(evt/s)

- Acquisition status

[Ready

~ in SETUP mode : click to switch to disk mode I

Figure 5: faster_gui interface.

ByAl EAEET C

I T Figueb)Athel MAM iGtérfage /& displayed, allowing the user

to adjust the different module parameters Figure 6).

RF_1 ¥ enabled

Input Input range [-1.1 +1.1] Offset 0.0V —

External clock offset (ns| 0.0

High-Pass filt¢ Dynamic —

Low Pass Filte Filter OFF —
Trigger Threshold (mV) | 9.997
RF Bandwidth 10PPM —

Oscilloscope Raw signal —_ [~ Without trig.

X: fullscale 1400 ns —

—

Delay min

Y: output +/- 150 mV— [~ average

v Rf 1
1/1000 -

Output 7 Counter 1001

1Hz —

Save

Polarity « +

v Oscillc 2001
10 Hz —

Figure 6: RFinterface
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II.B  RHB launching

To take benefit of RHB displays, the experimenter shall execute the command
faster_rhb_demo_ rf _copy in the working directory, in order to have an example of RHB files
adapted to the FASTER SCALER MnM.

A new repertory RF_RHB_Demois created. The user shall go in the full_config repertory
contained in the repertory RF_RHB_Demg before launching RHB inteidce.

cd RF_RHB_Demo
cd full_config
RHB - r

Il Description of FASTER RFMnM

The FASTERRF module is a signal processing module designed for signals digitalized by
a 12-BIT, 500MHz analogicto-digital converter. That means that the module receives a 1RIT-
sample every 2ns, and is able to timestamp its output data with an accuracy of 2nevery event
timestamp value has to be multiplied by 2 ns to have the event date in nanoseconds).

The FASTERRF module contains the following elements:

- A dynamic range tuning

- A polarity tuning,

- A baseline restorer

- Afilter if necessary,

- Atrigger module including a threshold discriminator,

- ARFmodule,which precisely defines thecyclic beamperiod and its phase.
- Anoscilloscope,

- An event counter.

It is important to know the role of eachelement in order to obtain the TOF spectra with the
best resolution.

The FasterRF module provides three kinds of 2nsccuracy dated data:

- Oscilloscope data

- RFmodule data, including the precise period, the cleaneghaseand the PLL Input
trigger phase These precisions have to be added to the Ziascuracy timestamp to
obtain the cleaned time, and the PLL input trigger time.

- Event counters data.

This data can be displayed thanks to the Root Histogram Builder providenith FASTERV2
pack.
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The FASTERRFmodule structure of processing is shown below.
Detector signal digitalized by a 12BIT, 500MHz converter
‘ -
é Oscilloscope
- rl__'_ 1
Input Dynamic Range
Tuning -
iy
eloleole
Polarity Tuning
: I
Time Shift
I High-Pass filters
| 1
Constant Dynamic 1
Offset subtraction High-Pass Filter
’ ®
_
| |
Low-Pass Filter N\
4 .
Trigger
Precision & Period g8
. Threshold
Calculation ST
Discriminator
Event counters
FASTER-RF

Figure 7: Diagram of the FASTERRFMnM.
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[IILA The Oscilloscope module

The oscilloscope displays the signal at the output of the variousodules described later.

A It is not calibrated, andthe scale in millivolts of the yaxis is only an indication of the
voltage.

Nevertheless, the FASTERoscilloscope includes severaffeatures found on any ordinary
oscilloscope, like trigger choicechannel display choice, horizontal tuning,and vertical tuning.
Additionally, the FASTERRFprocessing les you selectthe acquisition speed.

lIILA.1 Theoscilloscopédrigger choice

Oscilloscope  Raw signal —

X: fullscale 1400 ns  — Delay min —4\
Y: output +/- 2400 mV-— [ average

Figure 8: Trigger mode parameter
The oscilloscope display carbe triggered by the discriminator module or not. During the
initial settingOh  E Qu8efultdSADAA O O 7 E This tufir® help®th idehtify the shape of
the signal,its offsetand its polarity.

lIILA.2 The ascilloscopanput channel

Oscilloscope @ignal ) [~ Without trig.

X: fullscale 1400 ns —‘\ Delay min —

Y: output +/- 2400 mV— | average

Figure 9: The inspected channel s
The oscilloscope displays several signals from differembodules:

- Raw Signab @he FASTER daughter card includes an analogic-digital converter. This
channel shows dataigitalized by this converter.

- yn. HFfilter outputd ¢, 4 EE O A E ATaitehthed O EE £ GO AnkBileOREOrGO
sectionlll.C.2.

- Myn. HP filterbaselined This channel showsthe baselinecomputed bythe Ghe high-pass
filter 6procesdng unit. Refer to sectionlll.C.2.

- Origgerd This channel showDEA OECT Al O @dddle. Refdr ta3dcoBICE: A 06

I1ILA.3  The cscilloscopehorizontal tuning

The time base othe signals can beadjusted with 3 parameters: shiftfullscale, subsamping.

10
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I1.LA.4 The lorizontal fullscale

Oscilloscope  Raw signal — [ Without trig.

< X: fullscale1400ns —>  Delay min  —

Y: output +/- 2400 mV-— \ average

Figure 10: The horizontal fullscale parameter
The user can select between fullscale rangesfrom 6us to 1.4ms.
Asignal graph contains 7@ samples

The time interval between two samples is2 ns for 1400 nsfullscale range; it is thesampling
period of the 500MHz analogicto-digital converter. The time interval is 4 ns for 2800 nsfullscale
range, 8 ns for 5600 nsfullscale range,16 ns for 11 ps fullscale range, 32 ns for 23 us fullscale
range, 64 ns for 45 psfullscale range, 128 ns for 90 us fullscale range, 256 ns for 180 ps fullscale
range, 512 ns for 360 ps fullscale range, 1024 ns for 0.7 ms fullscale range, 2048 ns for 1.4 ms
fullscalerange.

lIILA.5 Thesubsamplingmode

Oscilloscope  Raw signal — [ Without trig.

X: fullscale 1400 ns Delay min /
Y: output +/- 2400 mV—
Figure 11: The subsampling mode parameter

As the number of samples is constanthe time interval between two samples is different
according to the horizontal fullscale When thistime interval is greater than 2ns, there are two
ways to subsamplehe signal:

- Either every sample of the oscilloscope display represents the average of several samples.
)y 060 OEA OAOAOACAG 11 AAs8
- Or every sample of the oscilloscope display represents one sample every N sample© 8 O OE A
OOOAOGAI PIETCO 11T AAS
/A Whenavery short signal mustbe displayed A I Tfdigét to changethe horizontal fullscale
to 1400ns £O01 1 OAAT A8 )1 OA OA OdvenhshdrtisignAl dvithin ®1BtAf A OA OA (
OAiI DI AO EO Al 110060 UAOI 8 )T OOOAOGAIPIETC 11AA
peak sample of he short signal. Thereforeashort signal exits, but it carbe not-displayed.

11
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lIILA.6 The celay

Oscilloscope  Raw signal — [ Without trig.
X: fullscale 1400 ns  — /
Y: output +/- 2400 mV— | average

Figure 12: The delay parameter

This parameter is available only when the oscilloscope display is triggered by the
discriminator module.

Thesample, that satisfies discriminator module condibns, is setat the very beginning (delay
min), 25%, 50% or 75% of the display.

A The sample which satisfiesthe discriminator module conditions, is always placed at
AAOCAEDORAI OG8 £01 1 GAAIUA 1 Ed omn 1AG W naheésSnfyGne T 1
beginning of the signal) £ 08 &O0iI 1 OAATI A6 AT A O$Al Aue EO
$ A1 A U thé dsdillésbope display may have a time shift.

lIILA.7 Theoscilloscopevertical tuning

Oscilloscope  Raw signal — [ Without trig.
\‘ X: fullscale 1400 ns  — Delay min -
<Y: output +/- 2400 mV— " average

Figure 13The vertical fullscale
The values of the acilloscope sampls are always signed 1@8BIT values, centered on 0.

The FASTERRFmodule is processing 2 BIT signalsamples forafullscale around 2.4V peak

to peak But, as the signalsi not O-centered, the processing module uses 13IT for +/-2.4V
fullscale.

In order to perform high-resolution calculations in the processing, 7 BIT are added ascuracy
BIT on the signal sample.

Additio | BIT | BIT | BT | BT | //  [BIT]BIT | BT ] BIT| BT | BIT| BT ] BIT]| BT | BIT
a8 | 18 | 17 16 |15 | // | 9 8 7 6 5 4 3 2 1

12 initial BIT from converter 7 accuracy BIT

0
_
_—

—
Fullscale range for CARAS=+/-2,4V ie 4,8V
Number of BIT NB=20 BIT

Figure 14: Data repr esentation in the processing module

12
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The valuesof the oscilloscopemodule have only 16 BIT. Several oscilloscope fullscatenges
are available to make the most ofthe maximum accuracy, or of the maximum fullscale ofthe
FASTERRFmodule.

Additio | BIT | BIT | BIT | BT | BIT | BT | // ~[BT | BT ] BT | BIT]| BT | BIT|BIT ] BIT
nalBT | 18 | 17 | 16 [ 15 | 14 {13 | // 7 6 5 4 3 2 1 0
A -/

16 BIT.
Oscilloscope fullscale range min= +/- 0,5 x Daughter Card Fullscale
2 NB-16
\N__
16 BIT. Ni BIT.

. — Daughter Card Fullscale in Volts
Oscilloscope fullscale range i= +/- 0,5 x 5 NB-Ni-16

Figure 15: The oscilloscope fullscale ranges

For example:
| OAET 1 A RICHRMGER 2 puine

The cscilloscope fullscale range does not affethe internal representation of the signal used
by the module.

lIILA.8 The scilloscopeacquisition speed

Output v RF 1/100 — [ Counters 1Hz — v Oscillo {10 Hz —

Figure 16: The acquisition speed parameter

There are 4 choices of acquisition speed

- Oneacquisition every millisecond: 1kHz,

- Oneacquisition every 10milliseconds: 100Hz,
- Oneacquisition every 100milliseconds: 10Hz,
- Oneacquisition every second: 1Hz.

A9 ¢KS a2dzildzi Syl of Sé¢ LI NI
Output v RF 1/100 — [ Counters 1Hz —I'IO Hz —

Figure 17: Thei OAE | | |G@nAble®phr@rieter

The oscilloscope datas only sent tothe acquiition chain if the @nabledparameteris checka.

13
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IIL.LB  The Input module

I11.B.1  dinput Dynamic Rang&uning module

Input < Input range [-1.1 +1.1] Offset 0.0V ——>  Polarity * + ( -

External clock offset (ns) 0.0

Figure 18: Input range adjustment for CARASdaughter card

Thefirst parameter to adjustis the dynamic range. The input ranges froml.195V to 1.195V,
EAZ Ul O Alanyhidy. AEAT CA

By electrically changing the offset level, you can take advantagetio¢ full scale range of about
2.4V. You can increase or decrease tlmput signal baselinelevel from -1.1V to 1.1V.

The raw data (that meansthe data digitized by the converte) is viewable with the
(Dscilloscop@®module. It is always between-1.1V and 1.1V.

I11.B.2  ThedPolarity Tuningé module

Input Input range [-1.1 +1.1] Offset 0.0V  — @rity . +>

External clock offset (ns) 0.0

Figure 19: The polarity parameter

The FASTERRF process detects the threshold crossingon rising edge For a goodtime
determination of the threshold crossing, it is better that therise time is the fastest. Thanks to this
parameter, you can work with the best edge of theyclic beamsignal.

I11.B.3 ¢ K Fimeishifé module

Input Input range [-1.1 +1.1] Offset 0.0V  — Polarity * + ( -
< External clock offset (ns) 0.0 >Sé¢—m—

Figure 20: The time shift parameter.

This parameter is used to compensate the delay between the different channels on your
experience The shift is positive or negative, and has an 8séep.

14
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[II.C  The (High-Pass filters 6module

In order to obtain TOF spectra with the bestesolution, it is necessary to zerdhe acquired
signal baseline The Baseline Restoreémodule provides two ways to zerothe baseline:

-Either by subtracting a constant level that is the constant BLR

-Or by subtracting a signalvhich follows the low input signal varations: that is the dynamic
BLR

High-Pass filter/ Dynamic

Low Pass Filte

Figure 21: the BLR choice parameter.

I11.C.1 ¢ K ®ffsat subtractiors module

High-Pass filter Constant — (level (mV) 0.0 /

Figure 22: 4 E Aev@ldparameter of the (Constant High-0 AOO &ipdud A O 6

This module simply subtractsaconstant level You can adjust it if you want to center the signal.
l11.C.2 ¢ K $lighePass Filtet module

This module is used to remove the lowfrequency noise. A third order highpass filter is
implemented. Its cutoff frequency is157 kHz

High-Pass filte /

Figure 23: The O ( E-RaBsFilter dmodule .

15
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[II.D The Qow-PassFilter dmodule

You can use a lowpass filterornot) £ UT O AT 180 PAOCO @&Eil OAAK AORT A

/| && 6 h 1 (ol dadchaoseAhe filterise time: either 13 ns, 27 ns or 57 ns.

Low Pass Filter Filter OFF —

Filter OFF
Rise Time 13ns
Rise Time 27ns
ise Time 57

Figure 24: Low-pass filter parameter .

¢ It is often necessary to use a lovpass filter when the cyclic beamfrequency is under

10MHz.

IILE The Origger 6module

The O 4 O Egagduledincludes a threshold discriminator. The only parameter to select is the

threshold value.

Trigger @old (mV) 0.0> /

Figure 25: The Threshold parameter.

When an event is detected by the triggemodule, this event is timestamped with a2ns

accuracy clockA 7.8psprecision is calculated thanks to a linear interpolation

Figure 26: The "dt" data.
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