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FASTER -QDC-TDC MODULE

USER MANUAL

This document is the user manual of the FASTERQDGC TDCmodule.

In chapter one, you will find an introduction to the charge measurement chain and the time
measurement chain .

In chapter two, all tuning parameters of the FASTERQDGCTDCmodule are described .

In chapter three, a FASTER-QDG-TDC module tuning procedure is suggested.

Cathy Fontbonne
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I-1- Elementsof Charge Measurement

A QDCinstrumentation chain isdesignedfor radiation charge measuranent. This system includes the
essentialmodules shown in Fig. 1

Radiation
Detector - Shaper — Cha rge-
Computation

!

Discriminator
with time
measurement

FASTER-QDC-TDC

Fig. 1: The essential modules in a QDCset-up.

In general,the QDC chain is used with selimplified detectors (photomultiplier, Gas Electro Multiplier,
Proportional Counters..) In the FASTERQDGTDC nodule, the sgnal from the detector is immediately
digitalized. Therefore,the signal processing is digitain FASTERQDGTDC

|-2- Elementsof Time Measurement

The acquisition of FASERIs able to perform energy measurements byneans oftime of flight. Every
FASTERQDGTDC module operatesn a synchronousway, andall the events are precisely timestamped
with the same reference. The user can then displalie TOF measurement by using RHB.

t1

Detector 1 FASTER-QDC-TDC

Ra/[“atiﬁ/
RHB {on PC):
TOF=t2-t1
t2
Detector 2 FASTER-QDC-TDC

Time reset

Fig. 2: Time of flight measurement set -up.
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I-3- FASTERDCTDCSignal Processing

The FASTERQDGTDCmodule works with the CARAS daughter cardIn general, for QDC performindhe
CARAS daughter card is@A A E 1 -lo&d@dbfiguratidh.

FASTERQDGTDCis able tocompute four different charges up to 1.5uC.

The dynamic range othe FASTERQDGTDCinputsis the dynamic rangeof the CARAS daughter card.e.
+/-1.2V. The dynamic range can be shifted adjusting anoffsetin FASTER V% FASTER GUHoftware.
Therefore, the maximum current measured by CARAS Il E O 6AAT OO0 1

Each event detected by FASTEQDCTDC is timestamped witha 2ns accuracy (LSB timestamp value).

Forthe TOF measurement, FASTERDGTDC provides & .8ps-accuracytime data (7.8psis the
quantification bit). Time resolution versus event amplitude is shown a the following figure. Thischart is
obtained with a 2\tlogic signal on channel 1, ané logic signal from 6mV to 2V on channel But FASTER
can also be operated with analog signals.

1000
100
8 10 \\x il
1 | \ T
0 0,5 1 15 2V

Fig. 3: TOFresolution

Referto the CARASJaughter card descriptions for more information .
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The FASTERQDGTDCmodule is a signal processing module designddr signals digitalized by a 12BIT,
500MHz analogicto-digital converter. That means that the module reeives a 12BIT-sampe every 2ns,
and is able to timestamp its output data with an accuracgf 2ns (every event timestamp value has to be
multiplied by 2 ns to havethe event date in nanoseconds).

The FASTERQDCGTDCmodule montains the following elements:
- A dynamic rangetuning,

- Apolarity tuning,

- A baseline restorer

- Afilter if necessary,

- Atrigger module including two kinds of discriminator,

- A chargecalculation module,

- An oscilloscope,

- An event counter.

It is important to know the role of eachelementin order to obtain the chargespectra or the TOF spectra
with the best resolution.

The FasterQDGTDCmodule provides threekinds of 2ns-accuracy dated data:

- Oscilloscope data

- Chargemodule data, with an additional 7.8ps-accuracytime information in case of time measurement
- Event counterdata.

This data can bedisplayed thanks tothe Root Histogram Builderprovided with FASTERv1 pack.
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lI-1- FASTERDCTDOmnodule Structure

The FASTERQDGTDCmodule structure of processing is shown below.

Detector signal digitalized by a 12BIT, 500MHz converter

Oscilloscope

O

Input Dynamic Range Tuning

| Polarity Tuning |

Baseline Restorer

Constant Baseline Restorer| |Dynamic Baseline Restorer
= Offset subtraction out  baseline

; ®
/ p—

Filter

Low-Pass Filter .

& Trigger l_

Charge Threshold
Calculation Discriminator

{

Event counters

Constant Fraction
Discriminator

FASTER-QDC-TDC

Fig. 4: Diagram of the FASTERQDGTDCsignal processi ng.
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lI-2- The ascilloscopesubmodule

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

A It is not calibrated, anthe scale in millivolts of the-gxis is only an indication of the
voltage

Neverthelessthe FASTERbscilloscope includes severaleatures found onany ordinary oscilloscope, like
trigger choice,channel display choice, horizonthtuning, and vertical tuning. Additionally, the FASTER
QDGTDCprocessing les you selectthe acquisition speed.

1I-2-1 Theoscilloscopetrigger choice

Oscilloscope  Input QDC DSP —t

X: fullscale 1400 ns  — Delay min —
i output +/- 2400 mV [ average
Fig.5: Trigger mode parameter
The oscilloscope display can be triggered by the discriminator submodule or ndduring the initial
settingDh E QuéeltoBRAIOANA O O 7 E This tubirg hefp©th igeditdy the shape of the signal, and
its polarity.

lI-2-2 The ascilloscopenput channd

Oscilloscope @QDC DSP ) [ Without trig.

X: fullscale 1400 ns  — Delay min —

i output +/- 2400 mV— [~ average
Fig. 6: The inspected channel s

The oscilloscope displays several signals from different submodules:

- Onput RawSignab @he FASTER daughter card includes an analogic-digital converter. This channel

shows datadigitalized by this converter.

- Onput Constant BLR @his channel shows datafter the @onstant baseline restorebprocessng unit.

Refer to sectionl-5-1.

-Onput Dynamic BL® d, 4 EE O A E A1 dteh the @ymainis seknd @storedprocessng unit.

Refer to sectionll-5-2.

- Onput Dyn Base Lin® This channelshows the baselinecomputed bythe OAUT AT EA AAOATI ET A OAO
processng unit. Refer to sectionll-5-2.
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- Onput Triggerd This channel showDEA OECI A1 OOAA AU O40ECQAODH OOAI T AODI

-0) 1 DOO 1ThigchanBedsbaysDEA OECT Al  Coaldulatio®dU ODHAE A BOA As 2AEAO C
section|l-8-1.
lI-2-3 The ascilloscopehorizontal tuning
The time base othe signals can beadjusted with 3 parameters: shiftfullscale, subsamping.
[I-2-3-1 The lorizontal fullscale
Oscilloscope  Input QDC DSP —_ [ Without trig.
< X: fullscale1400ns — >  Delaymin —
Vi output +/- 2400 mV - | average
Fig. 7: The horizontal fullscale parameter
The user can select between fllscale rangesfrom 6us to 1.4ms.
A signal graph contains 7@ samples
The time interval between two samples is2 ns for 1400 nsfullscalerange; 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 psfullscale range, 32 ns for 23 usfullscale range, 64 ns for 45 usfullscale
range, 128 ns for 90 psfullscalerange, 256 ns for 180 psfullscalerange, 512 ns for 360 usfullscale range,
1024 ns for 0.7 msfullscale range, 2048 ns for 1.4msfullscale range.
[I-2-3-2 Thesubsamplingmode
Oscilloscope  Input QDC DSP it [ Without trig.
X:  fullscale 1400 ns = — Delay min — /
Y:  output +/- 2400 mV—
Fig. 8: The subsampling mode parameter
As the number of samples is constanthe time interval between two samples is differentaccording to the
horizontal fullscale. When thistime interval is greater than 2ns, there are two ways to subsampléhe
signal:
-EithereOAOU OAI P1T A T &£ OEA 1T OAEI 11 OAT PA AEODPI AU OAPOAOAT C

OAOAOACAG 11 AAS
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- Or every sample of the oscilloscope display represents one sample every N sample© 6 O OE A
OOOAOAI PI ET Co 11 AAS

A Whenavery short signal must be displayd®l2 yidlgétto changethe horizontal

fullscale to1400nsT dzf t a Ol f S® Ly Gl @S hiderd SortsigralS¢ = (K
a

withinlk £ 234G 2F al YL Sa Aa Fftyvyz2ad 1 SNRpo Ly
not necessarily the peak sample of the short signal. There&sbort signal exits,
but it canbe not-displayed

[I-2-3-3 The celay

Oscilloscope  Input QDC DSP — [ Without trig.
X: fullscale 1400 ns — “—
Y:  output +/- 2400 mV-— [ average

Fig. 9: The delay parameter

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

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

A The samplewnhich satisfieshe discriminator module conditions, is always placed at

I 68 OAAEMY @n TFdzZ £ 40FE S wmnnaligrdinscssdy & YA Y E

the beginning of the signalL ¥ & - FdzZf €t 301 £t S¢ | yR a5Stl &¢
140n y & = 5 Sthdoscillogcope digplay may have a time shift.

lI-2-4 Theoscilloscopevertical tuning

Oscilloscope  Input QDC DSP — [ Without trig.

N X:  fullscale 1400 ns  — Delay min —

< Y: output +/-2400 mV—_> " average

Fig. 10: The vertical fullscale

The values of the ecilloscope sampls are always signed 1@8IT values, centered on 0.

The FASTERQDGTDCmodule is processing 2 BIT signalsamples fora fullscale around 2.4V peak to
peak. But, as the signal is not-@entered, the processing module uses 1BIT for +/-2.4V fullscale.

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

S
a

3
/
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Additio BIT BIT BIT BIT

—

BIT BIT BIT BIT BIT BIT | BIT BIT BIT BIT
-nal BIT 18 17 16 15 9 8 7 6 5 4 3 2 1 0
12 initial BIT from converter 7 accuracy BIT
—

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

Fig. 11: Data repr esentation in the processing module

Thevaluesof the oscilloscopesubmodule have only 16 BIT. Several oscilloscope fullscakngesare
availableto make themost ofthe maximumaccuracy, or of the maximum fullscale ofthe FASTERQDG

TDCmodule.

Additio | BIT | BIT | BIT | BIT | BIT | BIT
-nal BIT | 18 17 16 15 14 13

BIT BIT

BIT

BIT

BIT | BIT | BIT | BIT
3 2 1 0

_~

16 BIT.

N—

16 BIT.

2 NB-Ni-16

Oscilloscope fullscale range min= +/- 0,5 x Daughter Card Fullscale

2 NB-16

Ni BIT.

Oscilloscope fullscale range i= +/- 0,5 x Daughter Card Fullscale in Volts

Fig. 12: The oscilloscope fullscale ranges

For example:

| ORET | AGIAIGRAACEE 2

p vims.

The oscilloscope fullscale range doerot affectthe internal representation of the signal used by the

module.
lI-2-5 The cscilloscopeacquisition speed
Output vQDC 1/1 — [ Counters 1KHz — Oscillg

Fig. 13: The acquisition speed parameter

There are 4 choices of acquisition speed

- Oneacquisition every millisecond: 1kHz,

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

10
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Output ¥QDC 11 — [ Counters 1 KH-Z'; 10 Hz —

Fig. 14: The oscilloscope (&nable dparameter

The scilloscope datais only sent tothe acquiition chain if the @nabledparameter is checked.

lI-2-7 The ascilloscopeoutput data

An oscilloscopedata consistof 1448 bytes. . This da& containsthe event timestamp,the time scale the
time offset,the mV scaleandthe 704 samples.

This datais decoded bythe Root Histogram Builder proposed withthe FASTERv1 package andhe
fasterac package.

11
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1I-3- Thedinput Dynamic Rang&uning & dzo Y 2 |R dzt

input___y, <lnput range [-1.1 +1.1] Offset 0.0V __—>  Polarity = + -

Fig. 15: Input range adjustment for Caras daughter card

Thefirst parameter to adjust is the dynamic range. The input ranges frornp 8 p wu 6 Ol p8pwu 6 h EAE
change anything.

By electrically changing the offset level, you can take advantagetbé full scale range of about 2M. You
can increase or decrease thénput signal baselinelevel from-1.1V to 1.1V.

The raw data (that meansthe data digitized by the converter)is viewable with the @scilloscop®
submodule.lt is always between-1.1V and 1.1V.

Eile Edit ¥iew Options |nspect Classes Help

CH1_Oscillo | CH1_Oscillo
— Entries 4.233293e+07

Mean 966.7
RMS 253.5

1000
E
800

600

400

200

-200

-400

-600

-200 0 I 200 400 600 800 1000
ns

Fig. 16: The data from detector can range up to 2V and staysin the CARAS dynamic range.

In this example, the input range is set to 1000mV in order to take advantage of the full 2.4V analog range.

lI-4- ThedPolarity Tuninge submodule

Input Input range [-1.1 +1.1] Offset 0.0V  — > olarity ~ + -

Fig. 17: The polarity parameter

The FASTERQDGTDCprocess uses positive values. If the detector providesnegative signal, it is
essential to convert it intoa positive signal.

12
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In order to obtain charge spectra or TOF spectra witthe bestresolution, it is necessary to zerahe
acquired signal baselineThe Baseline Restored O O A | prodide$ tho ways to zerothe baseline:

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

-Or by subtracting a signaivhich follows the low input signal variations: that is the dynamic BLR

BLR Thres (mV): 5.0 Gate (ns)| 100 Fc 160 KHz —

Dynamic

Constant

Low Pass Filter 3ns —

Fig. 18: the BLR choice parameter.

II-5-1 ¢ K £ondtant Baseline Restoresubmodule

BLR Constant — @mV): -1026.35) 4

Fig.19: 4 E ALev@loparameter of the Constant BLR submodule

This baseline restorer simply subtractsa constant level

11-5-2 ¢ K Hynémic Baseline Restor&submodule

This baseline restorerfollows the slow variations of the signal baseline

e

BLR Wamic—- Thres(mV): 5.0  Gate(ns)| 100  Fc 160 KHz —

—_——

Fig. 20: The dynamic baseline restorer parameter
Theory ofoperation:

The theory of operation ofthe baseline restorer is shown below:

13
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0 1000 2000

Signal
before
dynamic BLR

3000

—
|
|

: . T .

11000 2000 3bdo 4000ns
I

Control signa)

E

Threshold

4000ns

0 1000 2000 3000 4000 ns
Signal after BLR

Fc

v
| Low-Pass Filt ® ‘ ‘ .
Ow-Fass Filter y 0 1000 2000 3000 4000ns

Baseline

oscilloscope input channel

Fig. 21: Theory of operation of b aseline restorer : (Threshold 6, (Gatedand G-cdhave to be tuned.

through any slow variations of the signal. Thecut-off frequency Fcdof this low -pass filter is 20 kHz,
160 kHz, 640 kHz or 6600 kHz. It is afirst order low -pass filter.

The baselinetracking by the low-pass filter is stopped when an event isletected That meanswhen the
AEOCAO
while the value of signal sampless abovethe threshold and afteraduration defined inthe O' A OA 6
parameter . Thus,the signal tracking is stopped during althe signal duration. Whenthe baselinetracking
is stopped,the computed baseline value isetto the baseline value just before the detected evenin case
of pile up, the computed baseline value is equal to the baselinalue justbefore the first detected event.

cleanedOECT Al

", 2 AgARAAAGUAThénDE adeldétadkifgsto® A OAT AOAO

Signal after BLR

Control signal

Baseline

@nal above thre@

Signal under threshold

Threshold

1000 1500 2000 2500

1 rn ” m L m . ‘ o
O 1+ n 5001 m 3000 3500 4000
1 rn rm rm
1 rn rm rm
1 rn rm rm
[ P TR— | [
le—t8 Gate 1 ate [
T —
[ [N | na——
rn rm L]
[} rm n
LI L AL 1L
U] T ! ! ! T [} ! T
o' ' sp0!'"™ 1000 1500 2000 2500  3GDO 3500 4000
N S —
Result gate
Result gate , .
\ . 1
! 1 ! L
T T T T T T i T I T T
U: 500 0 1500 2000 2500 3000 '1’5500 %\
1 ! H
i l !
! Hold Track | Hold | Track
1

Fig. 22: Focus onthe BLR signal

14
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A\ It is important to properly adjust the automatic baseline restorer: that means adjust

thel KNS & K2 f R the ub2KIN® YRNEjOdZS yheR dzhIa COZ Y > 6 & FIRG S
A\ It isnecessary thail K Bynamic BL&submodule spends enough time to compute

the baseline. Ithe event flow rate is too high, thiew-pass filteris no longer able to

trackenoughthe signal baselined. & Aa o06SGGSNI (12 dzaS aO2yadl
A ¢ K Hynamic BL&x dzo Y2 Rdzf S (hblds@té duing mdre/thai 4DG pis.

After 400us, whatever the signal, it will be considered haseline.

Dynamic baseline restorer adjustment:

TheBLR Threshold:

When tuningthe BLR threshold, you must inspecthe O) T DO O $ Udsidnial tvigh the intérnal
oscilloscope. Threshold level should be chosen just above noise. The danger of settiregBLR threshold
too high isthat an event may be cosidered asa baseline, andhe dynamicbaseline restorer is incorrectly
adjusted.

CH1_Oscillo | CH1_Oscillo
Entries 2.898284e¢+08

Mean 1373
RMS 3.674

Threshold level

P IFEFRTIEN VRIS A RS AR AT A arr
0 50 100 150 200 250 300 350

ns
BLR Dynam::?@(mv): 50) Gate(ns)| 100  Fc 160 KHz—

Fig. 23: Baseline restorer threshold tuning

¥ ¢ K Hynamic BLRdiscriminator operates the same ways the threshold trigger dhe
G ¢ N SuBn$bilite if the following conditions are satisfierthed ¢ NA 3 3 S NE (referdzo Y 2 R dzt
to §11-7-2-3):
-G¢BLIS ¢l w9o9{é¢ Aa asStSOGSRT
ALYy Ldzi f2¢6 LIkedt FAEfGSNE Aa dzyOKSO
-2y4 a2 AR(GKeé Aa aStSOGSRo
-Thed ¢ NA 3ISNE ¢ KNBAK2ZeR. [f B SE KMBRA KXKISR afl YBS fl &
It is then convenient to inspect eithtire élnput Dynamic BIER tBeid y LJdzd ¢ NJA 33 S NE
oscilloscope channel (they arethé same in this configuratigrBysimultaneoushand
graduallyincreasinghed ¢ NA 33 SNE | YR & thpuser cad dadilfiacktiet R f SOS
lowest levelvhich discriminatean event.

15
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The BLRgate:

WhentuningOEA &' BOAAIT A O Adlhinspettthe )G @D O $ U isignial Bikh the interral
oscilloscope8 91 O EAOA OI dufefidn fromBHe tinge'wheBtAedsignaltpasgedelow the
threshold until signal is no moreconsidered asan event.The maximum gate is 32760ns.

CH1_Oscillo | CH1_Oscillo
Entries 2.898284e+08
X Mean 1373
RMS 3.674

PFITErE I VAT A I SrErE I ArIET A rArra A A
-50 0 5 100 150 200 250 300 350

ns
BLR Dynamic — Thres (mV): ‘;.*@ns) 100 )Fc 160 KHz —

Fig. 24: The BLR Gate parameter

¥ If you have difficulties to defirthe gate width, fill in the parameter witthe pulse duration,
especially ithe data flow is low.

The BLRcut-off frequency:

TheO&Ad DAOAIT AGitArénueiad oftBeEBAR Idwpéss filter. The higher this frequency,the faster
the baselineis followed by the BLR submodulewith a 20 kHz cutoff frequency, the BLR filter tracks the
baseline in 17.6 pus. Itis 2.2 ps for Fc=180Hz, 550ns for Fc640 kHz and 53 ns for Fc=6600 kHz
Nevertheless the lower the frequency, thebetter the signal to noise ratio. The choice depends on the
event flow, andthe EMCshielding.

Fc 160 KHz

Fc 20 KHz
. Fc 160 KHz
Fc 640 KHz
6600 KH

BLR Dynamic ~— Thres (mV): 5.0 Gate (ns)| 100

Low Pass Filter  Rise Time 13ns —

Trigger Type THRES — [~ Input low pass filter I

Threshold '2D' : Level (mV) 5 Width 2 ns —
Fig. 25: The BLR Cut-off frequency parameter

¥ 160 kHz is often a good compromise!

A2 KSY R2dzadAy3d a3l iS¢ gARIKE @2alzl0¥yoOoazys

. [ wé  ewtd® frelquedcy. That happens with signals that have very long decay
constant On the following leftchari) KS a3 1 S¢ oheBR RE Yy BERA ®S (i
submodue tracks signal while samples arader the threshold. On the right chart,

GKS a3aFriS¢ 6ARGK A& 6ARS Sy2dzakK (2 O2ydl A
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Fig. 26 : The "Gate" width adjustment

A The d/namic BLRignificantly improvethe spectraresolution. Butfithe baseline
restorer is incorrectly adjustedhe resultingchargespectracould be disastrous. You
shouldthen usethe constant BLR.
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