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What does DAQ mean?
Data AcQuisition...

Data information “converted” into numbers to be able to digitally
manipulate the “information”

Acquisition referstothe Equipmentinvolved in the extraction, conversion
and gathering of the “data”

How did we do it before our time?
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Pencil, Paper and Patlence (PPP)
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Curie, Marie, 1867-1934. Logbook Marie Curie ~1900

Nobel Prize 1903, Physics for her research of radiation phenomena.

Nobel Prize 1911, Chemistry for the discovery of polonium and radium.
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Pencil, Paper, Patience and Ruler

A, L b
/"’:27"*\ .\- i

A gy
~~\,r o
.0"

et

Bubble Chamber event
INFN - National Institute for Nuclear Physics (Trieste Section) - Sistema Scientifico
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Teletypewriter
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7, 8 bits paper coding for CAMAC (’70)
(Computer Automated Measurement And Control)
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Microprocessors (CPU Z80, MC6800, Intel8080)

GG NAc _S1SDUS1: [AMAUDRUZ.LIBELLULE.BACKUP]VOTRAX.VO5;1 14-AUG-1987
~ /é%:u(H [k =4 —S1SDUS1: [ AMAUDRUZ. LIBELLULE . BACKUP ] 66NMT . ASS; 1 14-AUG-1¢
) [#0000 31 FF FF 21 00 20 36 00 7C D3 90 23 7C B5 20 F6
66NMI routine #0010 3E DO D3 90 CD 0O 02 DB 89 FB C3 00 04
o #0030 FF FF FF FF FF FF FF FF F5 C5 D5 ES5 CD 00 O3 DB
des i e g : - :
> scription : #0040 89 E 3
— ']I:‘}t“f iegment contains the NMI#0066 routine. D1 ik Bl EB: ED: 4D
DATA = MEY (THESTA It cof€S care of the VOTRAX ship for speaking. #0060 FF FF FF FF FF FF D9 08 00 00 00 00 00 00O 00O 3A
T‘\"STA:WPSTA*| S s can be addressed only by the NMI hardware request #0070 32 F4 A7 C2 BA O1 7A B3 C2 4C O1 3A 24 F4 A7 CA
#0080 70 01 3A 2A F4 2 30 01 24 6F S5E 23 56
™ 5 PAGEO : F42E : A 2 4 2A 26 F4 85 3C 4 6 s 2
BN = Py -4 C_SCéRp~ ~p > Yes | SATAB  : ra3s RUN E43C. o #0090 3E OF 85 30 01 24 6F 4E 23 46 60 69 DD 2A 36 F4
{ —_— —y SEGRDN  : F424 D : tmplen :(:QAO 7E 23 1B FE FD 20 1D 7E 23 1B E5 D5 2A 2E F4 CB
DATA -~ PR WDE - . SEGO : F426 H : tmpsta OOBO 27 30 01 24 85 30 01 24 6F SE 23 56 ED 53 36 F4
= THPETA = SE6 (SeGPu + Fw SEGPU F42A IX: tmptab #00CO D1 E1 18 D8 FE FE 20 2E 3E O1 32 32 F4 7E 23 1B
THPE~N = StG (sesfu) WORFL : F432 Iy #00ODO DD 22 38 F4 ES D5 2A 30 F4 CB 27 30 O1 24 85 30
(RSN =HEH (TursTy) I gggﬁg : F430 :88?8 O1 24 6F S5E 23 56 1A 32 3A F4 13 DS DD E1 D1 E1
TMOSTA = THMOSTA + * : F440 PAGCDE : FD DD ES5 18 1C 3E OO DD ES 4F 06 OO CB 27 30 02 CB
THELEA =14 ey 1 THEeTAQ = DBETAQR liPKFL : F434 WRDCDE : FE #0100 CO CB 20 CB 27 30 02 CB CO 81 30 O1 O4 4F DD 09
= =i DATA = MEM ( TuesT4) D!r;gAB i F43A #0110 DD 7E O4 D3 84 DD 7E O3 D3 83 DD 7E 02 D3 82 DD
THETADS = ?ntTAs(?¢n&) THPSTA = TMESTA + 4 REca : F436 #0120 7E 01 D3 81 DD 7E OO D3 80 DD E1 7A B3 20 19 00
Relhsburhes it i ; el : 80 REG1 : 81 REG2 : 82 REG3 : 8 :8130 OO0 00 3A 24 F4 A7 28 10 47 3A 2A F4 3C 3C E6 OF
= = ThEPLE~N - 40 32 2A F4 78 3D 32 24 F4 08 D9 ED 45 7E 23 1B FE
— = Sggg****:*;:;::*:;;::;;****-A-******************************* #0150 FD C2 C4 00 7E 23 1B ES5 D5 2A 2E F4 CB 27 30 O1
DATA <« PAGC bk)—i_ﬁr‘ e 3 e oA sk ke ke e e e e e ke ke ke ok sk Ak ke sk ke ok ke ke oA ke e ke ok ok ke Ak e ke ok ok e ke ke e ke ok Ak ok ok ke oAk ok ke ke Ak ke #0160 24 85 30 01 24 6F SE 23 56 D5 DD E1 D1 E1 18 DC
= = :8158 3A 34 F4 A7 28 OD DD 21 40 F4 3E 00 32 34 F4 DD
— = GCETNMI Sk 11 th 11 € E5 18 9D 32 3C F4 O8 D9 ED 45 3A 3A F4 3D 32 3A
DATA = WeR CpE D ~e S =houldimox: stack. iax /0066 “to: allow ‘the (ca. #0190 F4 A7 28 OF DD 23 DD 23 DD 23 DD 23 DD 23 DD ES5
: #01lA0 C3 10 O1 DD 2A 38 F4 3E OO0 32 32 F4 C3 72 00
Si e FFFFFF 0060
WervwL = 4 FFFFFF 0063 #0200 3E DE D3 90 21 0O F4 22 26 F4 7D C6 10 30 01 24
WERNE = MIEM ( THPSTAY D9 0066 EXX switch registers #0210 6F 22 48 F4 21 00 F8 22 2E F4 21 OO FA 22 30 F4
) TIPSTA & THMOSTA + o8 EX switch register #0220 21 80 06 22 36 F4 21 00 60 22 46 F4 08 D9 3E 0O
b = 1 0000 NOP #0230 47 4F 57 S5F 67 6F D9 08 2A 48 F4 3E 06 06 00 70
™MPU=N = TMPUE~N -4 000000 NOP #0240 23 77 2A 26 F4 3E 00 06 32 70 23 77 3E Ol 32 3E
SavTAR = TMP TAR 00 zgl; #0250 F4 32 24 F4 C9
= _ 00
THOTAD = WBRTAR( (JarNA) 3A32F4 X LD A, (WORFL) #0280 21 00 20 23 7C B5 20 FB C9
NPwo = MeM ( THPTAGR)D A7 begin AND. A ; )
TUPTAR = THOTAR + 4 Cc28a01 JE Mg 'word word in progress => 45300 2A 4A F4 ED 5B 4C F4 ED 4B 4E F4 DB 88 D3 90 4F
I ;g OR E #0310 3A 20 F4 A7 C2 82 03 79 FE FE 20 10 3E O1 D3 90
’ . #0320 32 20 F4 3E O4 32 22 F4 47 C3 EC O3 FE FF 20 2A
J OFFSEX = ’*Eﬂﬂ(“ﬂPﬂﬂi)l oFPseT =  $24C01 TE Ao danEn checl TMPLEN # O => 0330 3E 02 D3 90 32 20 F4 3A 24 F4 3C E6 FO 20 F8 24
3A24F4 LD A, (SEGRDN)
I T A7 AND A #0340 26 F4 3A 28 F4 85 30 01 24 C6 10 30 O1 24 6F SE
3p 2z -+ Kk heck SEGRDN = = #0350 23 56 D5 E1 16 OO 5A C3 EC O3 FE FD 20 04 2A 2C
VeTa < (o) = orFseT . SAzo9: RS ches 2 40360 F4 E9 FE FC 20 13 3E O4 32 20 F4 D3 90 3E 05 32
VEMR A (D = oFfFEseT +1( %% First path to GETNMI then prepare the work #0370 22 F4 47 21 40 F4 C3 EC O3 FE FB CO 3E 01 32 34
Vexe ax (2) = oFffseT +2 3A2AF4 LD A, (SEGPU) load segment pointe: #0380 F4 C9 FE Ol 20 43 78 A7 20 12 7A B3 28 08 71 23
VOTR Ax (X)) = 6FFLCS 2A26F4 LD HL, (SEGO) load start address « #0390 1B 7A B3 C2 EC 03 32 20 F4 D3 90 C9 FE 04 20 08
- L «3 85 ADD L #03A0 21 2C F4 71 05 C3 EC 03 FE 03 20 09 23 71 2A 2C
VOTRAx (4) <~ oFFSET +4 3001 JP NC ‘a’ 403BO F4 05 C3 EC 03 FE 02 20 05 59 05 C3 EC 03 51 7A
res /’__1\ 24 INC H #03CO B3 CA 8D 03 06 00 C3 EC O3 FE 02 20 06 CD 00 0S5
THE N = <y 6F a LD L,A get segment index f«¢ #03D0O C3 EC O3 FE 04 20 OD 71 23 0S 78 A7 C2 EC 03 3E
e = O 2 SE LD E, (HL) load low byte of TMI #O3EO O1 32 34 F4 3E OO 32 20 F4 D3 90 C9 ED 43 4E F4
e —_ 23 INC HL next #02F0O ED 53 4C F4 22 4A F4 C9
SEGRDAN - O 56 LD D, (HL) load high byte of T!
— 3EOF £ A.#OE move to the SEG(O+HI ., 00 3A 3C F4 A7 28 OC 3A 20 F4 A7 20 F4 3E 60 D3 90
85 i o O 18 EE 3A 24 F4 A7 28 1C 3E O1 32 3C F4 3E E8 D3
se6fu =(GE6PU +4 ) . A, " Z 3001 JELNC b 35256 84 3E A8 D3 82 3E 50 D3 81 3E CO D3 80 3E 5C D3
SECRBN = SE6ROBN — A 24 b LD L.A S BRemREt nder W #0430 83 C3 00 04 3A 20 F4 A7 20 04 3E 1D D3 90 DB BA
6F LD C. CHL) 20T g Ll £ % 440 3A 3E F4 A7 20 OA 3A 34 F4 A7 CA OO0 04 C3 18 04
4E LD C. CHL yXe iof ats O 5 2 3E F4 32 2A F4 ED 5B 46 F4 2A 48 F 3
23 INC HL next #0450 3E 00 32 i F4 2D < : "8 F4 7°
#0460 23 72 c3 00 04

40500 79 FE FF 28 04 13 71 23 C9 7A B3 28 33 ES 2A 26

block diagram assembler downloaded code

Votrax Voice Synthesizer IC (Text to speech converter)
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DAQ
What is DAQ now-a-days?

DAQ is everywhere meaning...
Where information needs to be collected and sent, the sensors information is first

converted to digital/numerical format, transmitted and analyzed and eventually
converted back to an analog form for human convenience (graph, text).

Examples:
* Microphone (analog) - Ato D converter - Digital storage (CD, memory) - D to A convert — Speaker (analog)
* Images (films, CCDs) - Ato D converter - Digital storage (CD, DVD, memory) — D to A convert — CRT (analog)

Stereo recording:

ELF

XY, ORTF, Mid-Side (MS), Blumlein, DIN i
p———r e
; Eciron -
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\_/ Anodes I
B Phosphor-coated
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DAQ
What is DAQ now-a-days?

In Physics:
 What “information” can we have access to?
* Quantitative data (position ({x, y, z}, {r, 9, z}), “event” Time, “signal” Amplitude,

Charge, Magnetic Field, Temperature, Pressure conditions, ... momentum,
energy, ...)

* Collect data using a combination of detectors/sensors to acquire the relevant
parameters.

* Convert allin a digital form for easier processing.
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Data path from the detector to the publication

DAQ in Experimental physics
Dealing with equipment from the sensors (analog) ...
to electrical analog signals...
to digital representation...
/ to the data acquisition and processing...

to the data storage...
to Analysis... to publications

\ 4

Detector Physics
Electronics
Computers ’ |
Retention
Physics
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We need to have some good knowledge of the different elements of the DAQ chain

* Detector - Sensors
* Gas detector (MWPC, DC, TPC, Micro-Pattern-Gas-Detector [MicroMega, Gems, 1-Rwell, etc.)
* Silicon based detector (Si-Strip Det., SiPM, etc.) 1(‘;“1:1(’:;’;0
 Photon based detector (MCP, PMTs, CMOS)

Detector Type Gas Gain  Typical Use Detector  Position Energy Time Typical Use
Type Sensitivity =~ Resolution Resolution
Proportional 10%10° X-ray/gamma N
Counter spectroscopy g'tlr'i‘;c’” 1D /2D Good Good Tracking
MWPC 10* Tracking s |
ilicon maging, vertex

Drift Chamber 10* Precision tracking Pixel 2D Good Good detection

4 .
TPC 10 3D tracking APD No Moderate Excellent Photon detection
GEM/Micromegas  10°-10°  High-rate physics SiPM No Poor Excellent  Photon counting
micro-RWELL >10% High-rate physics CCD/

5 2D Good Poor Astronomy, imaging
RPC 10 Trigger systems CMOsS
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Micro Mesh

Drift Cathode

MicroMega

- d Stage 1
Energy
X Deposition

Well pitch: 140 um
Well diameter: 70-50 um
Copper top layer Copper dot Kapton thickness: 50 um

Resistive layer
R~100 MO/ I
v
Readout electrode I_’
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e
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We need to have some knowledge of the different elements of the DAQ chain

Electronics
 Electrical Signal (pulse)
« Amplification — Filtering — Shaping
« Threshold — Logic Signal
* Pulse conversion from analog to digital
« Counting
« Time, Amplitude, charge measurements

 Electronics instrumentation

« Clock, Trigger
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Electrical Signal (pulse)
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1 —80 4
S l
5 u 4 —100 4
= RISE TIME 1293 ps
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FWHM :455ps |
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0 200mY SOmV 0.1
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TIME RESPONSE (500 ps/div) 1
U r T ..O..L!.S. — T L I e e e B S B e e
Tile 421 136 V Slot 1 2024-12-04 12:32:51 ‘ '_ E l ! hl*. ! I l ! l ! —
] R 250 = 1 channel SIPM S
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E 300 é E E
£ 100 =
< — -
200 1 - —
<baseline> = (54.1 £ 0.1) mV — —
50— —]
100 4 = ]
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Amplification - Filtering - Shaping

Signal from the detectors may need to be

boosted for transmission to next stage of signal W .
processing (10mV..100mV).

Noise is also amplified!

Gain
—>
Noise are mainly high-frequency that can be
reduced by signal filtering
L, L,

. . H"—\ V, T MN—9—s Vou
RC circuitry such as Butterworth, Low pass R ! "
filter, High pass filter, Pass band filter, ... j—v @ ¢ == R, .

CI 00 05 10 15 20
= 1 Freq

Signal shaping act as filtering, but allows
change of shape (timing, and amplitude)

Use to match digitizer characteristics
(Nyquist-Shannon sampling theorem,
bandwidth)

L3 S
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Electronics — Signal manipulation (conversion)
Threshold - Logic Signal

* Produce a new binary signal out of an Analog signal for presence detection or timing purpose
* Leading Edge detection [LE]

Baseline

) Time Walk
Leading Edge
Threshold
" - R1
| — <
N i
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Electronics — Signal manipulation (conversion)
Threshold - Logic Signal

* Produce a new binary signal out of an Analog signal for presence detection or timing purpose
 Constant Fraction Discriminator [CFD] - dynamic threshold setting based on the signal

amplitude
a b C Inverter & Attenuator
= = = Constant
B C
xlay
| (A AL
Threshold alA D M #
[nverse |

// \\ ol |B R4 V_ H
NN <l A e
JML : K StefanRiltt

Wikipedia Zero crossing
point
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Coincidence

Logical Signal for Coincidence

Signal from different sensors may define the “event” of interest (EOI) by coincidence
Generate a trigger that will initial the “event” recording
The same logic signal can be used as gate to the ADC and/or TDC (start conversion)

Amplifier

Detectcr Amplifier

Ben Smith

Discriminator :

A&B?¢ ) Trigger TDC Start

JL
o

-

\

ADC gate
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S1’ Coincidence

YS1 Il> 31‘ ‘ PMT + Scintillating material
{0 - LT —
52’ 150 w1 \= ™
ST’ - g E Gas
S2’ I 100 /- yOtme
S1°.52’=10 w1 [/ t Detector type
t1 L] 501 VE‘ TPC (rTPC)
t2 L w3 :;’ 3 41 -0040 V
w Tl "
t : N 15/
~100F \_-
~150
N io0mV 100ns
Cooa v Lo bty Rl TN RN

-160 -100 -50 0 50 100 150
| PMT + Scintillating material

Chi 1o00mv e €W 100mV < WM Chl . —118mV
SRR 1oomv< & 1oomv <2 | B
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Electronics - sighal conversion from analog to digital

b00 10110101 1001 ]

b00 10000101 1001 | @Time T
b00 1001 0001 1111 X

b00 1001 0101 10004

Chil 100mV < ChS ioomve M
R 100mvV <& B _1o0omvV 2

e Signal Levels, Transmission

e Counter Just countthe pulses (Freq, Multichannel Scalers)
* ADCs measure amplitude / prominence, charge...

* TDCs measure relative time...
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Electronics - Digital signal levels

Different type of digital and analog signals evolved based on:
* Logic Family
* Need for Speed
* Reduce current consumption

Improve immunity to interference

BNC-RG59 LEMOO00-RG174 MCX connectors and other
Coaxial types (SMA, SMB, etc)

TTL (CMOS-TTL) VOL=[0.0:0.4]V , VOH=[2.4:5]V
NIM VOL=0V, VOH=-0.8V, IOH=[-14:-18]mA, IOL=[-1:+1]mA @500
Differential LVDS VOL=1V, VOH=1.4V, VCM=1.2V, (400mV swing) @100Q

For analog signal transmission, same type of cable

< A+ ; 1.375V
Single end >< 350 mV % 350 mv X 1.2
B- v

5 By Pair of pins per signal
Gnd Flat, Twisted pair cable

Vo_diff =(A+)-(8-)

Differential probe

types Ve V bas V haut s Ve W em
(Pee) Woveloim " ECL 52V -1,75V  -0,9V  -0,85V  GND
PECL  GND 3,4V 4,2V 0,8V 5,0V
LVPECL GND 1,6V 2,4V 0,8V 3,3V 2,0V
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Electronics - Signhal transmission
Signal disturbance

* Electromagnetic Interference (EMI) - surrounding equipment, power supply
* Ground Loop - signal return path (ieee sta: two point intended to be at the same potential are in fact at a different electrical potential )
* Signal shielding - cable bundle extra shielding
* Mediatransmission (electric cable coax, twisted pair, optical)
* Transmission path - signal degradation
* Attenuation - signal loss
* |Impedance —reflection, matching Z, termination resistor
* Cross-talk - interference between neighbouring channels

D ﬁ
L -
g 7/ p :
-+ -+ Sender Receiver
P 000000 P VR
R /
o = t t

Differential

e,
-
L1
-
T—
N
T
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Electronics - Signal transmission (Cables)

Single Ended versus Differential

V1720 Waveform for module = 0, channel=1 O R
- V1720 01
%3?502 E“ M 5101
ey W ey
T L ™
s ‘ OR
-3
-3 |
ol OR
& 45[)0 4550 5000 5“50 3l I)ﬂ il 50 5200 5250 &30() S 5?60
C51
LS 1@@n Lé L7 L8
ULOO+_ 2 My vy US+, 3 " US—g3 vy ULD0- 2 ULDO+ 2 vy WSt 4 = -
228nH c5n ch2 22@nH 228nH Cs53 C54 228nH
100n 108n 180n 108n
ND_2 ND_2 ND_2 NO_2
GND GND GND GND
R73 3k3
S+_3 AAAA £48 £49
ASB NM 120 120p REL]
Us-_ ANV H 18k7
RIN.E B R81 30 nas WW
*_ B o o -+ Uiz
RIN_G a Rz 3@ + T e te te + THS1D20
+_ ST ST 27T %
RIN.? 8 R83 30 P83 1208 -3 R94 Rs7
+_ 5ND 1k —L . 1k GND
RIN.E B RE+ 3o RES B El WA AAMA !I'
InE+ 8 AMA—AMA AW AV, RI2 3k3 ND_2 CHL | uTe GND _ R99 49.9 R
RSP 5.1 My B A _ _
IN- L e R1BE 49.9
RE7 w U171 . A 3_DIFF_N
L 49.9 OPABhse IN+ .y
nsa‘g 3 ] AMA US+_4
143 NC RoB
L AMA—US+_3 1k
RI1 1k
I = L NP AL B Y JLNDi
S 2788 83 _L_GND
(G R3I3 3k3 =
fﬁ J 2 AAMA
_ L GND VVY WVR96
= 1ak7

Da kSlde 20K PDU signal SE to Differential conversion (analog)
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Electronics - Counter

F g ;;”“ « Multi-channel scaler (MCS) “histogramming
woun. scnch® 7 P os scaler”
Simplest thingyoucando e o - Counts pulses in each time bin (dwell time)
with digital signals - count! SIS GmbH
Visual / blind versions _ i BT P i w I

available Move to
EXCITATION ——

next bin MAM A

EMISSION
I

104

o g vin Edinburgh Instruments Eizz::axs

c;Jfo
Q S

0 E) o

Q Q 10 0 200 400 600 800 1000 1200 1400 1600 1800

_2" Struck SIS3820:

X « 24/32-bit channel depth

Sy « 250 MHz (ECL inputs) / 50 MHz (SE)

‘| « ECL/TTL/LVDS or NIM inputs
i * Flat cable/LEMO mixed input
~ « configurations
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Signal feature conversion

Convert one of the Analog signal feature to its binary representation (digital form)
CONTROL
LOGIC

Amplitude to Digital Converter [Peak sensing ADC]
CHANNEL PEAK section
input ¢ N output
U aw [

CLEAR
CONVERSION

=
[T e

»
»

Amplitude

>

R /\ Vout(amplitude)

- WWV\

Gate External
“ Width >

<«

Amplitude

Vin—
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Signal feature conversion

Convert one of the Analog signal feature to its binary representation
Charge to Digital Converter [QDC, or ADC (Ato D) ]

Amplitude Charge
% A
Vout(Charge
Goal 110010111101 1001 2 ut(Charge)
Hex B D 9 g—
B time <
) Gate X - |
) ' time
! oo ;
VineAMA— _ Gate |External
«<~Width-
Vout
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Signal feature conversion

 Convert one of the Analog signal feature to its binary representation
 Time to Digital Converter [TDC]

Signals ?3(‘\1/ e — time:
Coincidence \/\// % 4 1, Vout(time)
s1.52 2 L
- Q
_ £ T
N <<
Signal #2 — \V4
W2 - time
- Time interval >
Switch ON
Stop
Switch OFF
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Signal Digitization

Electronics — Analog to Digital Converter

Vout Vd
 ADC translate the analog signal amplitude to its 4 J_ c
digital representation § T Rd
%_
* How fast can | convert a voltage level to its binary <Ez vd
representation?
E time -
- Different methods | ! !
«  Wilkinson ADC, dual-slope, etc. —| Conversion gate
Time of discharge proportional to Vout C‘OC"—|_|_|_|_|_|—|_|_|_|_|_|_U_|_|_|_|_|_|
Time measured in number clock period 123456789 .
Time over Threshold (TOT) R N
Limited by the clock rate for Hi-Resolution @ } g Tmming_| > TG o”

Conversion time dependent on the amplitude range injecton S
Excellent linearity
Tradeoff : Speed versus Precision

Signal collection Preamplifier + Feedback loop Comparator TOT
Time @
@ _% @ @
T2 B2 | B . EE
/ 52 ; _}A L g
Time Ti Ti

The Tracker Group of the CMS Collaboration et al 2021 JINST 16 P12014

Signal
amplitude

Signal
amplitud
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Signal Digitization

Electronics - AD Converter

ADC translate the analog signal to its digital representation

* Different methods
* 1,2, n-bit Flash ADC (thermometer code)

Requires 2" Comparators for n output bits!

Requires calibrated “resistor chain”
Fastest conversion time — for small number of bits —

» Possible to keep converting the input signal

Amplitude
3v ‘
(0]

ateV —

Vdd
1

2-line to
3-line
priority |
encoder

Binary output
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Digitization
LTC2242 12bits@250Msps

Electronics - AD Converter

— Voo

FIRST PIPELINED SECOND PIPELINED THIRD PIPELINED FOURTH PIPELINED FIFTH PIPELINED
ADC STAGE ADC STAGE ADC STAGE ADC STAGE ADC STAGE

GND

==l

SHIFT REGISTER
AND CORRECTION

 ADC translate the analog signal to its digital representation
* Different methods
e Successive Approximation (SAR), Pipeline,

AVAVAVS

REFH  REFL  INTERNAL CLOCK SIGNALS
tttt J\/l

. . SENSE T Moo
*or
Combination of SAR and Flash. 4
e B e |
DRIVER *oo
¥ cukour
- ' N
REFLB | REFHA REFLA |REFHB 0GND B
I—l o ENC' ENCT  MODE LVDS SHDN OF =
n.h.: F:_;:—_| |___:__j‘}€|uf
U‘mc 4-bit Straight Flash ADC Ideal 2-step Flash ADC
1
v _Fs_ FS
REF T i i i I | 1111 (15) = e T T T TTTTTT T I
| 1 | | __1110(14) | IN +
! : ! ! X 1101 (13) N I (HELD) SEH @ E" !
TP i 1 i i 1 1100 (12) _ |
REF < | i | | 1011 (11) S I I
\ ! ! ! 1010 (10) I _ |
| i | | T 1001 (9) | _"<3-B£|:'|:c|:?3h > gpl?g
112V ' ' ! 1000 (8)
" i : ! V=0 Ve L 3 bits e 3
i Vin wy 9] g::l(:g; : T~ -
_ - .
14VREF < : | _—2100(4) ; WH.. Stage 1[#Stage 2 —» Stage 3 *|Stage 4 4-Bit flash
| i | I el I"< ADGC
0010 (2 . - L= A+ - =
! : ! ! . T 0001 (1) o WVoltage quantized ¥ e v 3 ¥ ¥4
. ; . i " TIME —L9000(0) —— by 2" ADC | Time Alignment & Digital Error Correction |
EIT3=D:E-IT2=1:BIT1=L‘J:BITEI=1: 0 0
(MSE) | . L LsE) | ‘f 12
' ) ' ' 0111 (7) 0111 (7)
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Digitization

Electronics - AD Converter

|1—V . +'®_1'5 ; 1 1
 ADC translate the analog signal to its digital
representation 75
* Different methods
* Sigma-Delta ADC (oversampling, slow converter, FV
high resolution) Analog.com

Bit Stream:101110110110111011011011101101
Mean Output: 1

The integrator (sigma) output becomes 1V.
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Digitization

V1740 : 12 bit 62.5 MS/s ADC Ve
« Digitize the signal waveform V2740 : 16 bits 125MHz/s ADC 0dB
. . . -3dB
* Butdoes this WF shape fits fche real signal? VX2745 : bandwidth of 20 MHz (-3dB)
* Areyousampling the signal fast enough? / VX2740 : bandwidth of 50 MHz (-3dB) i -
* Whatis the bandwidth of the incoming signal? M Freq

Amplitude, Charge, timing measurement errors!

Ideal ADC Offset Error ) Gain Error

= o
2 ]
3 el oo H L AE
= 3
= o
2 !ﬂ
B El
2, oA

444444444

aaaaaaaaa

Analog Input Analog Input
Can be corrected using a reference voltage Slope issue, can be corrected using a second
point reference voltage

N3t 20us P INL Error , DNL Error

2
5 s T T s SR S )

H
3
2 4
& 3
- | £,
E o o
i s 0
§
R =

26

* Signalfeatures can be extracted/improved in the

digital world (DSP) only if the digital representation ° Mesytec LT 0

. . . . . Example of INL (0.01%) 4 & 4 2 0 2 4 5 8 4 6 4 2 0 2 4 & 38
IS faltthl -> ngh Sampllng, gOOd Conve rSIOn Cannotbecorrecte:jn,.zgu:::;ADCarchitecture Cannotbecorrecte:a:::?;ADCarchitecture
characteristics Cypress
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Digitization
* Digitize the signal waveform, WaveForm Digitizer (WFD)
* Collect amplitude values at fix time interval in “real time”

* Extract signal features within the digital world, Digital Signal Processing (DSP)...
* Good representation of the WF out of the collected data (Q, V,,, Time)

—
[¢)
o

time 8 channels Flash ADC 14-bit @ 500Msps (2ns) CAEN
> Meaning every 2ns, 14-bit data can be recorded.
No deadtime!

To
l Type of ADC Resolution (max. bits) Conversion rate
o 1 1 bt | . (max.)
L 1 time, Dual slope 12:20 100 samples/s
o Lo i i : : : Successive approximation 8-18 10 Msamples/s
= E E E . i Flash 4-12 10 Gsamples/s
?Ei i i i i i i Pipeline 816 1 Gsample/s
< . : Lo ! Delta-sigma 8-32 1 Msample/s
i i E i i i Electronicdesign
Yoo | L |
| ’r N i
‘ |

Amplitude A

AD9653 (AD, 4ch., 16-bit, 125MS/s, 2V ,,, Pwr 0.7W, ~USDO0.5K).
ADC12DJ5200RF (Tl, 2ch., 10-bit, 5.2 GS/s, 0.825 V,,,, , Pwr 4W, USD3K)
AD9208 (AD, 2ch., 14-bit, 3 GS/s, 1.7V Pwr 1.7W, ~USD1.4K).

1

e bt U O —_——— ———
1

e -l e - - = == —_——— ———

1
- ———————————
1

pP2p

1

_—— e —— (S K — e —— S
1

[ [ N E—— _———— e - - e - - —— -
1
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Digitization
ASIC (Application Specific Integrated Circuit) - FIXED function - WFD chip
* Yet another Waveform Digitizer architecture : Switched-Capacitor Array [SCA], an Ultra-Fast ADC ASIC

Stefan Ritt@PSI

0.2-2 ns Domino Ring Sampler [DRS] ST o « lindividual cells are readout
— Inverter *"Domino” ring chain \4\ through a standard ADC at relatively
JL—> # of Caps low speed
T0K..50K.. * Need calibration in charge and time.
IN ] All quantization errors apply to this
architecture.

Waveform .

~] stored Out FADC
33 MHz

1 (T [T | _ _ Number of cell per chip is limited!

i But neat trick can be played!

Clock O—

' Shift Register

. ¥ Q —
: : time 6 GSPS * 8 = 48 GSPS mi
: ! : ——H | o
10.2-2 ns| ! ! TRIOGER z N =
L ‘ 1 F -
o R T == e e
® ! : g;‘: DRs4 | AD9222 H| FPGA | @ i—_ o—H DRs4
L I I - —] Octal 12-bit [—] a = HeEaE
O ! ! . o ApA3 [— 40Msps [— B . ”‘i‘"
! Sampling Frequency t — [ i\ F [
500MHz .. 5GHz £ 3 —N - oRs
DRS4 (PSI, 9ch., 0.7-5 GS/s, ~1V,,, ,Pwr 0.14W@2Gs/s, ~USDE0@1K in 2015). —E =
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Data Format

Digitizer binary output data block (CAEN)

131/30[29|28|27 |26|25|24 [23|22/21|2019[18/17|16/15/14|13|12/11]10| 9 |8 (7 |6 5|4 |3 |2 |1 0] Binary format:

1Tol1]0 ST s =] 000000101101 0111
BOARD ID  |BF req 0 PATTERN / TRG OPTIONS | CHANNEL MASK [7:0] 0 =
CHANNEL MASK [15:8] EVENT COUNTER  (x987f 39039 m .
TRIGGER TIME TAG i Hex format:
olo SAMPLE [1] — CH[O] o/o SAMPLE [0] — CH[O] 0x02D7
olo SAMPLE [3] — CHI[0] ol o SAMPLE [2] — CH[0] =
>
- - - O
>
olo SAMPLE [N-1] — CH[0] olo SAMPLE [N-2]- CHIO0]
BIIG) SAMPLE [1] — CH[1] olo SAMPLE [0] — CH[1] o
olo SAMPLE [3] — CH[1] ol o SAMPLE [2] — CH[1] = 0xa0007/d14 Header [0]
_|
L. > 0x000002ff  Header [1]
= Oxff00987f Header [2]
0| o] SAMPLE [N-1] — CH[1] | o]0 SAMPLE [N-22]—CH[1] | 0x132291b7 Header [3]
ek : 0x3c173¢19  Dataln+1, n]
olo SAMPLE [1] — CH[15] 0|0 SAMPLE [0] — CH[15] Ox3cladcla Data [n+3, n+2]
_ _ O
olo SAMPLE [3] — CH[15] olo SAMPLE [2] — CH}5] E 0x3c183¢1b Data[n+5, n+4]
- ® @ O
=
0| 0| SAMPLE [N-1] — CHR5] o[ 0 SAMPLE [N-2]-CH[15] 7
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Data Format

Nextevent | | Pause Show only recent events Show in Hexadecimal form  First column: |Element counter

Buffer: [SYSTEM ] EventID: -1:ALL v||-1 " Trigger mask: -1 ' GDM data block
FuentID: 1 Trigger Mski0/ 040 Serial Number: 239497 iz [Bytes]: 56/ 038 Time stamp: §/30/2025, y Hexadecimal representation
0x0000 0x5d10 0xEF41l 0x9299 0x0£6f 020000 0x0002 0x0000 0x0000 0x0000 0x0002 0x0000 0x0000 0x0000

_Next event | [ Pause | Show only recent events (] Show in Hexadecimal form  First column: |Element counter ~

Buffer: [SYSTEM v|  Event ID: [-1:ALL v|[-1 | Trigger mask: [-1

Decimal representation

Event ID: 1 Trigger Mask: 0 / Ox0 Serial Number: 239676 Size [Bytes]: 56 / 0x38 /2025, 3:42:34 PM

CAEN V1725 : 14-bit@250Msps (Time bin = 4ns)

1-> 0xa0007d14 0x000002ff Oxff00987f 0x13a291b7 0x3c1807d1 0x3c183c1c 0x3c1a3c19 0x3c1b3c18

9-> 0x3¢c1c3c16 0x3c193¢c12 0x3c1a3c19 0x3¢c163c18 0x3c183c1a 0x3c163c17 0x3c1f3c17 0x3¢c193¢c18

17-> 0x3c183c19 0x3c183c1a 0x3¢c193c1b 0x3c173¢c19 0x3¢c193¢c14 0x3c1b3c18 0x3¢c183c16 0x3¢c183c18
What about those data? 25-> 0x3¢173c19 0x3c1a3c19 0x3c183¢19 0x3¢183¢12 0x3c183c1a 0x3¢193¢19 0x3c1c3c14 0x3¢173¢19
. 33-> 0x3¢c193c14 0x3c193¢c16 0x3c153c1a 0x3¢c1b3c15 0x3¢183c16 0x3¢c163¢c19 0x3¢c193¢c17 0x3c1¢c3c19
In Decimal format they make No sense! 41> o0x3c1a3c18 0x3c193¢17 0x3c193¢ 15 0x3c173¢1b 0x3c183c17 0x3c163¢18 0x3c173¢15 0x3c163c1a
49-> 0x3c1¢c3c14 0x3¢c173c1c 0x3¢c193¢c16 0x3¢c183¢c19 0x3c193¢16 0x3c173c1a 0x3¢c173¢c17 0x3c1b3c18
57->0x3¢c163¢c13 0x3¢c193c17 0x3c163c19 0x3c1d3c15 0x3c1b3c18 0x3¢c163c19 0x3c1b3c1a 0x3c153c1c
65-> 0x3c183c1b 0x3c1¢c3c16 0x3c193c17 0x3¢c193c18 0x3c183c1a 0x3c193c1a 0x3¢c173¢c18 0x3¢c173c1d
73->0x3¢c173c17 0x3c1b3c1b 0x3¢c173¢c17 0x3¢c163c19 0x3¢c183c18 0x3c1c3c17 0x3c1c3c17 0x3¢c173c1b
81->0x3c173c18 0x3c183c19 0x3c1a3c19 0x3c193c1b 0x3¢c193c1b 0x3c1b3c19 0x3c173¢c16 0x3c1b3c18
89-> 0x3c1b3c15 0x3¢c193c1b 0x3c173c1a 0x3c163c1a 0x3¢c173c19 0x3¢c153¢c19 0x3¢c153c15 0x3c1c3cic
97->0x3c183c14 0x3c1a3c17 0x3c183c1b 0x3¢c183c1d 0x3c183c15 0x3¢c183c16 0x3c1a3c16 0x3c1b3c1b
105-> 0x3c163c1b 0x3¢c163c18 0x3¢c193c15 0x3¢c193c14 0x3¢c163c1c 0x3c153¢c17 0x3¢c193¢c18 0x3¢c173c16
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Data Format R/W

Offset R/W Mode Function/Register VME Multichannel Scaler SIS 3820
0x0 R/W D32 Control/Status register
0x4 R D32 Module Id. and firmware revision regrster .
0x8 R/'W D32 Interrupt configuration register From base address (32 bits address)
0xC R/'W D32 Interrupt control/status register
0x10 W D32 Acquisition presel register Address offsets list for R//W functions
0x14 R D32 Acquisition count register Offset]0x10c
0x18 R/'W D32 LNE prescale factor register : -
Bit Function
0x20 R/'W D32 Preset value register counter group 1 (1 to 16) 31 no function, read as 0
0x24 R/'W D32 Preset value register counter group 2 (17 to 32)
0x28 R/W D32 Preset enable and hit register 20 no function. read as 0
0x100 R/W D32 (Acquisition) Operation mode register 19 bit 3 of PRESET channel select group?2
0x104 R/W D32 Copy disable register 18
0x108 R/W D32 LNE channel select register (1 of 32) 17
0x10C R/W D32 PRESET channel select register ( 2 times 1 out of 16) 1 bit 0 of PRESET channel select eroun?
0x110 R/W D32 MUX OUT channel select register (firmware 01 0B, 1 of 32, 6 0 _ g0up
note 2) 15 no function, read as 0
0x200 R/W D32 Inhibit/count disable register 4 no function, read as 0
0x204 W D32 Counter Clear register 3 bit 3 of PRESET channel select groupl
0x208 R/W D32 Counter Overflow read and clear register 5
0x210 R D32 Channel 1/17 Bits 33-48
0x214 R/W D32 Veto external count inhibit register (firmware 01 09, note 2) 1 =
0x218 R/W D32 Test pulse mask register (firmware 01 0A, note 2) 0 bit 0 of PRESET channel select groupl
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Field Programmable Gate Array (FPGA)

by a customer. It is a matrix of configurable logic blocks

connected by programmable interconnects and therefore it is

reprogrammable.

Zynq® UltraScale+™ MPSoCs: EG Block Diagram

Processing System
Application Processing Unit

ARME [ neonm |

™, —
Cortex™-AS3 | Floating Point Unit |
TKE | 3K8 || Memory | Embedded |
|-Cache D-Cache | Management Trace
wiPanty wECC Unit Macrocell

DDR4/3/3L,
LPDDR4/3
32/64-Bit wiECC

|23

CCUSMMU

Real-Time Processing Unit

Vector Floating
ARM Point Unit
Cortex™-R5 ‘ Memory Protection
init

‘ 128KB

32KB D-Cache
TCM wiECC WECC

32KEB I-Cache
WECC

1MB L2 wiECC

with ECC

256KB OCM ‘

Geometry
Processor

Graphics Processing Unit

ARM Mali™-400 MP2

Pixel
Processor

Memory Management Unit

B64KB L2 Cache

Config AES

| Management ADecrypl\cn‘ Multichannel DMA
uth i il Y,
Power Secure Boot

1 Eavagement | " Voltage/Temp Timers,
" Monitor WDT, Resets,
Functional - .
Clocking & Debu
Safety TrustZone 9 <

Functions

High-Speed
Connectivity

I UsSB 3.0
et

l PS-GTR

General Connectivity
GigE
[Tusezo |
CAN
R |
|
[TQuadsPiNoR |
7 NAaND |
[ spiemmc |

Programmable Logic

Storage & Signal Processing

Block RAM

UltraRAM

DsP

System Monitor

General-Purpose /0 |

High-Performance HP I/O

|
@
A

High-Density HD /O

High-Speed Connectivity

Interlaken

GTI

100G EMAC

PCle Gen3
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Integrated circuit that can be configured for a specific purpose -

carry in clk

B—;%out

in outf—

DFF

W
carry out clk

Logic cell

Zynq® UltraScale+™ MPSoCs: EG Devices

Application
Processor Unit
Real-Time

[ Processor Unit
Graphic & Video
Acceleration

tem

External Memory

Connectivity

Processing Sys

Integrated Block
Functionality

PS to PL Interface

Programmable
Functionality
Memory

Clocking

Integrated IP

Programmable Logic (PL)

Transceivers

Speed Grades

Notes:

1. For full part number details, see the Ordering Information section in DSBS

Device Name!? ZU2EG

ZU3EG ZU4EG ZUSEG ZUGEG ZU7EG ZU9EG ZU11EG ZU15EG ZU17EG ZU19EG

Processor Core

Memory w/ECC
Processor Core

Memory w/ECC

Graphics Processing Unit
Memory

Dynamic Memory Interface
Static Memory Interfaces
High-Speed Connectivity
General Connectivity
Power Management
Security

AMS - System Monitor

Quad-core ARM® Cortex™-A53 MPCore™ up to 1.5GHz
L1 Cache 32KB | / D per core, L2 Cache 1MB, on-chip Memory 256KB
Dual-core ARM Cortex-R5 MPCore™ up to 600MHz
L1 Cache 32KB | / D per core, Tightly Coupled Memory 128KB per core
Mali™-400 MP2 up to 667 MHz
L2 Cache 64KB
x32/x64: DDR4, LPDDR4, DDR3, DDR3L, LPDDR3 with ECC
NAND, 2x Quad-SPI
PCle® Gen2 x4, 2x USB3.0, SATA 3.1, DisplayPort, 4x Tri-mode Gigabit Ethernet
2xUSB 2.0, 2x SD/SDIO, 2x UART, 2x CAN 2.0B, 2x 12C, 2x SPI, 4x 32b GPIO
Full / Low / PL / Battery Power Domains
RSA, AES, and SHA
10-bit, IMSPS — Temperature and Voltage Monitor

12 x 32/64/128b AXI Ports

System Logic Cells (K) 103
CLB Flip-Flops (K) 94
CLB LUTs (K) 47
Max. Distributed RAM (Mb) 1.2
Total Block RAM (Mb) 5.3
UltraRAM (Mb) -
Clock Management Tiles (CMTs) 3
DSP Slices 240
PCl Express® Gen 3x16 -
150G Interlaken -
100G Ethernet MAC/PCS w/RS-FEC -
AMS - System Monitor 1
GTH 16.3Gb/s Transceivers -
GTY 32.75Gh/s Transceivers -
Extended'”
Industrial

=1-2-21

154 192 256 469 504 600 653 747 926 1,143
141 176 234 429 461 548 597 682 847 1,045
7l 88 117 215 230 274 299 341 423 523
1.8 2.6 35 6.9 6.2 8.8 9.1 113 8.0 9.8
7.6 4.5 S5l 25.1 11.0 32.1 21.1 26.2 28.0 34.6

- 135  18.0 - 27.0 - 225 315 287 360
3 4 4 4 8 4 8 4 11 11
360 728 1,248 1,973 1,728 2,520 2,928 3,528 1,590 1,968
- 2 2 - 2 4 = 4 5
- - - - 1 - 2 4
- - - - - 2 - 2 4

1 1 1 1 1 1 1 1 1 1
- 16 16 24 24 24 32 24 a4 44
- - - - - 16 - 28 28

-1-2-2L-3 -1-2-2L-3
1-1L-2

Zyng UltraScale+ MPSoC Overview.

2 2LE (T) = 0°C to 110°C). For more details, see the Ordering Information section in NSE91, Zyng UltraScale+ MPSoC Overview
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FPGA, SoC, SoM

SoC chip (System on a Chip) is an integrated circuit that consolidates all or
most of the essential electronic components of a device onto a single chip

A system on a module (SoM) is a board-level circuit that integrates a system
function in a single module. It may integrate digital and analog functions on a
single board.
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DRAWIO Data Processing in FPGA

https://www.drawio.com/
Great drawing tool

|
Raw Data Decimation (or not|
! Pl s J for not)
I |
Yair 0
| sautooth st 1 Sal Averaging and PO M FETT™ L RowData—p l |
1 Generator f—— Decimation = w Daf 1 Sel |
-> 0 Mux by Power of Two Average or Decimate to 62.5 Doanan _ - N 1 Sel 3
" - ple to 125 MHz Variable Gain with Saturation Filtered Variable Delay up to
| Msps, l.lllpsalr,ple to 250 MHz at* 64 Coefficient FIR Filter = clock, 100% valid output — Emulation, Crop to 16 bits — e = 0 Mux —> 1024 Samples FsM
1 Raw Data 25% valid duty cycle 0 Mux
I * Y 4 L ~— Start/Stop recording —T
CAEN I Raw Data Raw Data == R M L
gl | | |
Control Signals o Data FIFO
1 o Coefficients urt 8 !
. a .
ADC Data 16bits | . o a Simple (COrppar_e to Thre_shold) or Dynamic window__|
@126Msps i @ Dynamic Window Trigger " Parameters i
o
1 F 1 M Coefficient Loader FSM L l _|—— Trigger  Tstamp
“—2 [ L 1 sel ' 1o cAEN logic
| Dynamic | T
1 Raw Data — Trigger Algorithm |
|- I - | PO 1
: I
1 « Register I
ToCTL
| j Is.llst !
|
I «To Wuxes Acﬁessillj‘le Board Level (64 ch | ==
throu ~Board Level (64 channels
: 16bit Data of Test Waveform Netwgrk : ( ) |
I
1 Emulation Data in 16bit/bitwise ( er bit P
ki ples p ) Ld External Clock Busy. Hit-Map External Trigger Type 1
I 125MHz |
' |
1 ion Address and Control !
|
I
|
| 16bit Data =0  Sel l 1
I I P Sl
i Tes:dvev:‘\g:;orm l High Waveform Value 1 sl 160 HILDats 1 pux (- 1
> 16bit x 1024 Low Waveform Value |0\ o ! 0 mux Chris Chris E: !
I per VX i Puiser vith Rate, Risetime, ¢— ' ris J;go. |
1 Qutput bits serially it and Ampitude Contrl enerator
ata
| 1 } (loop power of 2) |
1

| NRRASN Al ]
oop LVDS LVDS LVDS
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https://www.drawio.com/

Languages for Data Processing in FPGA

always@(posedge int_rst, posedge clk_wr) begin
if(int_rst) begin

r_trigger <= 1'b0; ..

delay_cnt <= {SZ_DELAY{1'bO}}: Hardware Descrlptlor? Languages
trig_accepted_cnt <= {32{1'b0}}; (HDLs) VHDL and Verilog
trig_dropped_cnt <= {32{1'bB}}; ... but now you can find:

ts_start <= {SZ_TIME{1'b0O}}:

ts_trig <= {SZ_TIME{1'bO}}; High-Level Languages: C, C++,

e euetzfgigrt <= ts_start: OpenCL, Python (via MyHDL, Migen,
ts_trig <= ts_trig; PyRTL, etc.), Scala (Chisel), Haskell
trig_accepted_cnt <= trig_accepted_cnt; (Clash), MATLAB
trig_dropped_cnt <= trig_dropped_cnt;
r_trigger <= 1'b0;

// Don't touch timestamp on run start, a packet may still be being finished assembling
if(run_os) begin

r_trigger <= 1'b0;

delay_cnt <= {SZ_DELAY{1'bO}};
trig_accepted_cnt <= {32{1'b0}};

trig_dropped_cnt <= {32{1'b0}};

ts_start <= {SZ_TIME{1'bO}};

ts_trig <= {SZ_TIME{1'bO}};

end else begin
if(trig_in && run) begin
if(!triggered) begin

IV YR GU YO YA DL VR A LR B Il Gran Sasso Hands-on 2025 - PhD summer school on experimental astroparticle physics




Data Acquisition - Computers, Chips (CPU, GPU, Al, ...)

*  Motorola 6800 microprocessor (introduced in 1974)
. Die size 16.5 mm?
 Transistor count 4,100 transistors.
e 250 transistors per mm?
. Clock 1 MHz, 8-bit data bus, 16-bit address bus

«  Intel Core i9-13900k (2022)
 Diearea257mm?
*  Transistor count 20 billions (20x10%
* 75 millions transistors per mm?

* AMD Ryzen 7 7700x (2022)
* The Core Complex Die (CCD) + I/0 Die (10D)
. 6.5 billion transistors for 70 mm? + 3.4 billion transistors for 122 mm?.
. 4.5-5.4 GHz, 64-bit data bus, 52-bit address bus
« 50 millions transistors per mm?

* Cerebras WSE-3 (Wafer Scale Engine) FULL WAFER!
* Diesize 220mm x 220 mm (46225 mm?)
* 900K cores, 4 trillion transistors (4x10'?) on a single chip.
* 86 millions transistors per mm?

DarkSide-20K 8” wafer
SiPM size: 8mm x 12mm
area: 96 mm?

_ cambms wss.s
A\

Chip size 46,225 mm?
Cores 900,000 v ,

. 4 ¥ . i
On-chip memory 44 Gigabytes 4 }
Memory bandwidth 21 Petabytes!/: ./
Fabric bandwidth 214 Petabits/sec £ ‘;_-‘i e #v\ »

S ~
v .y \'%g ST, ‘\
Cerebras WSE-3 Y By .

4 Trillion Transistors i |

46,225 mm? Silicon
~22cmx22cm
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Electronics instrumentation

. Where all this electronics plugs in?
Electronics Bus standards

NIM (1968): Nuclear Instrument Module
e Stillin use for standard logic for workbench tests
CAMAC (1972): Computer Automated Measurement and Control, use TTL parallel bus
e Stillin use in older system (Triumf Cyclotron Control).
VME (1981): Vesa Module Europcard
* Verymuch inuse, as VME modules are still commercially available (parallel backplane bus).
FastBus {1984 Toreptace CAMAC-with ECLparattetbus
* Already dead
VX1 (2004): VME eXtensions for Instrumentation
* Was an extension to fit a transition...
VXS (2006): VMEBus Switched Serial
* Inuse duetoits serial bus backplane and slot configuration (Full mesh, Dual star). Redundant
ATCA (uTCA) (2002): Advanced Telecommunications Computing Architecture
* PClIndustrial Computer Manufacturers Group (PICMG)
* New trend for Physics applications, combines VXS, self-managed crate, Single -48V, fully
differential connections.
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Electronics instrumentation

NIM (1968) : Nuclear Instrument Module (stillin use)

Basic Analog
elements:
Delay

Splitter
Discriminator
Attenuator
Pre-Amplifier

Basic Logic
elements
Inverter AND, OR

Latch, Timer, Scaler
For

Power /
+/- 6V

+/- 12V

+/-24\V
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Electronics instrumentation

CAMAC (1972) : Computer Automated Measurement and Control (found in older working systems)

Analog to Digital converter
Programmable...

Delays, Discriminators,
Attenuators, 1/0s, etc...
ADC, TDC, Scalers...

-~
o/

& 2
3 N
. ie e

N
o
®:-:
o F
= o_
ol
Q-

For Power:
+/-6V, +/- 12V, +/-24V
AC117V

LR

For Communication:
Slot Address N5
Module Add A4
Function bus F5

Data bus R24/W24
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Electronics instrumentation
VME (1981) : Vesa Module Europcard (currently used in most physics labs)

FPGAs for Logic

e

Analog to Digital converter
Programmable...

Delays, Discriminators,
Attenuators, I/Os, etc...
ADC, TDC, Scalers...

———

H
' r@@1 y
1 M) (e« o

®®

Sm

For Power:
+/-5V, +/- 12V, +3.3V

r

N
-+

For Communication

Address Bus: A32

Data Bus: D32

Control bus: IRQ, AM5, AS, DS0/1, +...
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Electronics instrumentation

ATCA (uTCA): Advanced Telecommunications Computing Architecture (New large system choice)

\ = . -{, - ;_’,",
\"&""4’1"' ln
k G
TSR

e Bk,

» )

Q‘."..
L

Front Board Connector Backplane Connector

Five nines means "99.999%", High
availability of services

system (five-9 / max down time of 5.26
minutes peryear.)
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Electronics instrumentation

Custom Electronics boards

‘ ) B
- . s itattiannl © 0641 l
104

15 BV

A B y y " AFTERTZK
!_'l.’: ﬁ!ﬂﬁnn sAcLAYos B T I A b ;‘f:.. iy ip 1 H‘M'!! SACLAY 08

g = v ' £ ,
AT ALEY KPR, - (v y by Yy, ?',_,-N u.,wu..ww.u 4

o HPBye s we's 3 "“'"’f” v - " PR 1
sz op “ ” o

u"‘ ” )l” l”‘T

sy 1 mn
= s

o -O:ﬂ.‘m@%’ -@ ';

H‘ L
II "rrn S' “Lf m F"l“ ,,,.' —

o V

; sy o3 1150
80 AVIOVS L NIRRT
ML YHLAY

L e tibeta] —
- oReytee ~
e

Alpha-g (custom card)
288 cathode strips readout board
4 AFTER ASICs, 1 Cyclone-V FPGA

DarkSide-20K (VME board)
Clock distribution board16 x 2.5Gbps links
1 SoM Enclustra XU8
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Data Storage

 Tapes not used at the DAQ level anymore (Exabyte 8mm) —
 Hard Disk Drive used for DAQ due to high storage capacity o
* Solid-State Drive used for OS and user applications

 Tape drive robots in use for data backup and long-term data retention (LTO tape)
 Cloud storage (private) in use for data processing

SAMSUNG

870EV0  4TB

| ME=T s ZCErerOLe
CERN Cray X-MP/48 (1988)
64-bit@80MHz, RAM 8.39MB

D) Q
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Data Acquisition — A few more points!

* Today’s Acquisition module architecture
* Time reference, Clock, Clock distribution

* Trigger or Triggerless
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Data Acquisition — Acquisition module architecture

N CAEN Commercial WFD (ex:VX274x) Open FPGA
I. Allow user to integrates its own FW block into
3 4 the commercial module.
o R | oo Il. Use CAEN SCI-Compile
CMD decoding ——1{ BUSY LOGIC |«

SW START ——p! RUN CTL RUN

2 Ext Clock

62.5MHz

COARSE

e

ADC TIMING
TimeStamp ZLE 12
. extraction - enee | — - DDR4
WAVES 3 | scr-compiLer
6 Delay aT OUTPUT MEM AN o, ,;_
FIFO algorithm # FIFO & » CTRL = e Open FPGA
| PHA, QDC MERGE READOUT
’ 7 ' i Packet CTRL
4 - Formatting 10

FINE ACQ-TRG
TIMING ' ) % 11
Timing Filter SELF-TRG
FIR, Exp. DISCR g .
BL comp. TRG Logic

Hit-MAP
8 9

ARM sy INTERF

x16 14
Board DDR4
other channels Hit-MAP
logic

SWTR
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Data Acquisition - Time reference, Clock, Clock distribution

RC A

Signal#1

Coincidence
Trigger

External signals

aR lock | [ [ |

_—
Signal#2 It
L

Sensors signals

—

_|_|_Trigger @ H
\/ Signals for Trigger Trigger |ogic

\/ decision

Sensors

signals
Sync 9

Same clock across all Acq modules

Sync Trigger needed for same time
reference across all the acquisition
modules

ﬁ[Acquisiti%&)oard J Tri gge red

_:(Acqmsmon bo;rd } Ac qu isition

Main Clock
GPS source
PLL source

Clock Distribution
PLL

Main clock GPS (1pps, 10MH2z)
Clock distribution (10MHz to sampling Freq.)

; Acquisition

board
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Data Acquisition - Trigger or Triggerless?

* In case of large number of channels to build a trigger or too many logic required
to make a coincidence trigger or coincidence timing not acceptable for the
acquisition modules.

Triggerless or self-trigger

« Each channel operates with its own trigger method.

* Individual acquisitions are self-triggered by the input signal (requires a threshold).
« Capture and read out every “hit”, “pulse” (data rate can reach multiple GB/s).

« Events are reconstructed on a server farm, or a “Level 2 trigger” filters data to

determine what to store (reducing the rate to a few MB/s).
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Couple of more DAQ things to consider...

“Slow Control” is part of the Data Acquisition System
* Environment parameters, equipment monitoring, calibration system have to be

included.
* Asthe DAQ-SC manage the whole electronic chain, consider to separate the power

for slow control from the main acquisition data path. Maintain control of the
equipment status (under UPS).

* Don’tunderestimate thermal effect on the electronics equipment

* Heat dissipation, necessity of a cooling system (air, water)
* High current through contacts (power connectors current rating!)

* Cable path organization facilitate channel recognition, module extraction (cable tray,
please use GOOD label material!)
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Data Acquisition - Software development tips

* Write code that is readable!
"Always code as if the guy who ends up maintaining your code will be a
violent psychopath who knows where you live."

* Give your functions sensible names

* Document the why not the what!

Test any code you write!
Just because your code compiles doesn't mean it's correct...
Strongly consider testing frameworks: ~ idictieT progr,'am 1 year ago

unittest module for Python

Catch2/GoogleTest for C++ \
May want to write a dummy/mock device so you can run tests without talking to
real hardware devices

* ChatGPT / CoPilot / Claude / Cursor / Chat.PublicAl can generate code
* May generate working code quickly
* For smaller tasks, okay
* E.g. how to add a label to a plot in matplotlib / ROOT
* Harder to maintain or to explain
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Data Acquisition - Program Coding (Midas)

/***‘k******‘k******‘k*************'k******‘k******‘k******‘k*************‘k*\

Function Templates

Callback routines for system transitions

These routines are called whenever a system transition like start/
stop of a run occurs. The routines are called on the following

occasions:

frontend init:

frontend_exit:

begin of run:

end of run:

pause_ _run:

resume run:

\*******;*********-k*k*-k-k-Jr*‘k*k-k****‘k******‘k***************************‘k*/

When the frontend program is started. This routine
should initialize the hardware.

When the frontend program is shut down. Can be used
to release any locked resources like memory,

communications ports etc.

When a new run is started. Clear scalers, open
run gates, etc.

Called on a request to stop a run. Can send
end-of-run event and close run gates.

When a run is paused. Should disable trigger events.

When a run is resumed. Should enable trigger events.

Programming Languages

Assembler
Basic
Modula-2
Pascal
COBOL
FORTRAN
Java
Erlang

Tcl

Go

C

C++

Rust
Python

R
JavaScript
Grafana
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Data Acquisition - Program Code structure (Midas)

JEQUIPMENT egquipment[] = {

Equipment

2  {"Trigger", /* equipment name */ “Object” dealing with the acquisition of a
] {1, O, /* event ID, trigger mask */ . .
"SYSTEM", /* event buffer =*/ block of data composing the final event
EQ POLLED, /* equipment type */
o, /* event source */
"MIDAS", /* format */
TRUE , /* enabled */
RO_RUNNING | /* read only when running */
RO ODB, /* and update ODB */
100, /* poll for 100ms */ .
oF, /* stop run after this event limit */ ReadOUtFuncnon
o, /* number of sub events */ —
O, /> don't log history >/ /// ——————————————————————————————
r e e _ /* create structured ADC2 bank */
Feadl Eriggerieventy, /* readout routine */ " "
" \ bk create(pevent, "ADC2", TID DWORD, é&pdata);
y . , , /* Read Event */
= "Periodic®, * eguipment name * .
I (2, o, /% cecnt TDy trogder mask = v792 EventRead(myvme, VADCZ BASE, pdata, &nentry);
"SYSTEM" , /* event buffer */ pdata += nentry;
O, /* event source */ -
"MIDAS", /* format */
TRUE, /* enabled */
RO_RUNNING | RO _TRANSITIONS | /* read when running and on transitions */
RO_ODB, /* and update ODB */
1000, /* read every sec */
o, /* stop run after this event limit */
o, /* number of sub events */ . re . .
TRUE, J% led histery ~J Specific software driver to acquire
"o - LA AL LA A ” } 7
read periodic event, /* readout routine */ theCkﬂﬁ1?0n1theI13H“NarernOdLﬂe.
w }, VME, Ethernet, GPIB, RS-232
) £ 12C, SPI, CANBus, etc...
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Data Acquisition — Data path

@

A
Digitizers £
Y, @ N@ - fseuss
( \ Event (Data) u%_
Detector[s] Acquisition
Computer
\ / @ Run Control
5 ° R
We have
* Adetector producing electrical signals \_ Y

* Analog electronic circuitry to condition/shape the signal for the digitizers
* Trigger circuit for event selection
* Digitizers for Amplitude, Charge, Time conversion, etc...
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Data Acquisition — Physics Data path
Define the type of “event” that you need to
record. “event” is a collection of data tagged
to a specific run condition

— — — —
— —
T — e — — — — — —
—_—
—_— e,
—_—
— —
— —

J,

. o ° \—/
Digitizers £ \
B \
£ Storage \
- !
Event (Data) S /
. e, . e u
Acquisition _7
Computer | _————"7"7" 7

Run Control

Interface the computer to the

l
| trigger generator to control when
Build the logic circuit out of your l the data need to be readout
incoming signal to produce the I, /’
necessary Trigger signal /
'« Y _-

— — ——
T e = e = =
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Data Acquisition — Physics + Slow Control path

Control/Monitor B = \ Run Condition(Data)
e SupEEsieiE Record history of 7——_’( Stow Control / DB
detector :I':)d the Slow Control e —_———— = ~
g Storage
peripheral equi T's / vents [ ———_ —___________/ & g
Ve [ Environment / // / /\\—\\
( data [ Power (LV) // G \
\\[ Power (HV) ] Coolmgsystem DIgItIZGI’S ;C: \
: \
e
£ Storage |
£
{ Event (Data) E /’
Acquisition _7
Computer | _————"7"7" 7
Run Control

// Test

[ Calibration signals

\ \
Control the

connectivity/calibration system
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OFFLINE 1

Data i:
Analysis 1
|
/ Power (LV) / / l
\ [ Power (HV) ] Coolmgsystem / Digitizers ,l
\ |
/ | |
/ |
Acquisition I
Computer |
Run Control ”
ONLINE ]
Data !
o ]
Monitoring
o ,/ |
Online status of the Experiment

Track over time Slow Control

parameters
Monitor incoming Physics Data
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Experiment - examples - t-scat

i

S

!
-

T e

Period: <1985
Channel Count: <100 RLO2 10MB HDD
DAQ Hardware: NIM, CAMAC [ADCs, TDCs, Scalers] '
Computer: Digital PDP 11/34 » -
Rates: 100evt/s E— :

Programming Language: FORTRAN

— T
Storage: Memorex MRX-V 2”x 10-34” - ¥ \\\Y‘ 9y ?‘
« 1N N ‘
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Experiment - examples - CHAOS

w,‘pc #-'-)Q :-'

Delay Lines (~20m) for ~2000 channels

H I

; s IC Lrigger
it Level 2

FERETeeR | pas K awa

A '-I-'g—’ PRI AR FERRARRR wunwanted HAr,‘f’S

storc hits

EEM:“R\“,-I 3 o
== = i)

1
— — N S

ot o et

PRIt R R FRRFRRRE)
85| ¢ RRickd o kR RRTRTE

E-
L aamd )

=

Frrvere

ST ) e s/ro

O i e p= §(3, Ty )

z PQ:QH hit MLYU Pa!arihj=j($._‘§i\
vk (o - verler = it 80 V 5::
Period: 1990 - 2000 T
CHAOS
Channel Count: ~2500 J,goé,
DAQ Hardware: NIM, CAMAC, VME, FastBus £ —
L2-Trigger FPGA Precursor in ECL-logic (CAMAC: ALU, MLU, Sta_l_<)__,- $

Computer: Digital pVax-3400

Rates: few hundred events per second

Programming Language: FORTRAN (IBM 1957, FORmula TRANﬂs[I};;itor)

Storage: Sony QG112M 2.5/5GB 8mm D8 Data Cartridge 1L 0T
DLTape IV 80GB (compressed) T,=51 MeV

10 em
L
z
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Experiment - examples - DEAP

General Network Iayout Platform Racks | Cube HaHEntrance

* Signal Conditioning Board
Midas frontend machines
L

HV PMTs
[ ASum12

High Gain SCBS | LowGein Low Gain

580 channels

2 255 255 f <
\ \ \# ‘ : -
eSS mEm J== 7 [0AQ o

S N ' infrastructure

~— Custom VME module
DTM - Digital Trigger Module

Trigger Mgmt. V1720 V1740 V1740
_Pl“.) 250Misps 52.5Msps 62.5Msps

Trigger Ctl Acq ZLE / R
Acq Trigger Evaluate QT Acg Low Gain Acq Vetos o deap02
6PCs, 1VME Process« or ACq Asums Add QT
_ IxDeap Deap01..04 Deap05) Deap05| - r - -
Dedicated Gb link from v 111 1 Y N - g
( i1 117 Gigabit Ethernet Switch ) Ny — [ [ : p =
—— 100 NN \ e 2x64 ch. - _- i { , V1720/V1740
Collect fragments, Filter based on QTs = \ V1720/V1740 By y * A ¥ g [129..255]
Compose event Deap00 — [0..128]
——— SMB/s ——
Online Data Logger 127 PMTs
. 5 _Analysis Compresen R 24 Vetos
Analysi
@ — To SAS data storage 128 PMTs deeapOl
24 Vetos
DTM, PPG, Fanin, FanOut
V1740 Veto

Period: 2010 -
Channel Count: ~600
DAQ Hardware: VME, PCle Optical interface
L1 Trigger FPGA-based

Computer: PCs

Rates: ~3KEvt/s, ~12MB/s

Programming Language: C, C++, Web tools
Storage: Local HDD, Cloud

deapdaqgw
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Experiment - examples - DEAP

Preliminary Simu d',u_m“?t_E;ﬁﬁ
a 10 [ T T T T T T T '—- 240
Example 1 - DEAP-3600  |:..; roend 1
L 08 - WIMP signal -{jg200
5] I 1180
(=]
2 1160
= 0.6 y Save 100% of events | W40
[ 1120
0.4 - - 100
[ 80
02+ 18%
T 40
- | Save N% of events 20
0.0 - PRI b )
0 20 40 60 80 100 120 140
Trigger narrow charge (x 10° ADC)

22 signal conditioning boards EI%lY
(slow down the fast PMT pulses)

Trigger signals Trigger
(DTM)

Custom
hardware

32 250MHz 4 62.5MHz
digitizers digitizers

iR

Commercial
hardware

Event builder I Gustom 1

PC b software/
B firmware j

4 readout
PCs

Ben Smith
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Run Status
Start: Fri Jun 27 11:30:06 2025

Running time: 0h02m<48s
Data dir: fdeap/dugl/data/MidasFiles

Experiment - examples - DEAP

What features a DAQ system must provide?

HWV on?: 1
Run comment: Muon veto AARF monitoring. AARF23@1350
Run started by: Matthew MNeeds

Run type: 170

Data quality link: Click here to edit DQ info for this run

11:230:22 [feDTM,INFO] Re-initializing board.

*  Run Control

Define the data acquisition sequence — Run concept (cycle) -

) Equipment + Events Events[}'s] Data[MB/s]
Run: Data set collected with a defined experimental condition Trigger cfg = S Lo
EBuilder 159755 10832.6 4. 900
. - FEV1720MTIOO 8449 56.0 0.057
* Record the selected Data to storage device FEV1720MTIOL sa48 56.0 0.058
: - Physics Data < Fevig20mTIos cazz =00 o092
Multiple storage media, event type, etc. (Logger) S —— = A R
FEVETO 159658 10532.5 4. 475
° Hardware configu ration ~ FECALIB 151950 1000.0 0.050
a deapSch 16 0.0 0.000
. . deapmpod (v] 0.0 0.000
Based on pre-selected configuration deapedu o oo 0,000
deapwater 16 0.0 0.000
* Online status of the Experiment Slow Control < NutUpsO1 o 0.0 0.000
MNutUps02 0 0.0 0.000
. . MNutUps032 (0} 0.0 0.000
Real time messages with permanent record (log) deapvfnem o 0.0 0.000
deapvme0z2 (0] 0.0 0.000
* Track over time experimental condition parameters Jealiiu=l2 - 1.0 ILIIT

N~ |_ Hydrophone 0 0.0 0.000 )
[ [ 1 . Logglng Channels
Chart plot of any experimental variable (History) Data Recording e e —

0 cients

* Monitorincoming Physics Data

. . . . . mserver [deap00] mhttpd [deap00] fewater [deap00]
Online Data Analysis mechanism with data display (Rootana) fadeapmpod [deap0d] despody [deap00] fodeapsch [deap00]
deapups [deap00] fenutups01l [deap00] fenutups02 [deap00]
¢ Custom User Parameters/Data display (Custom Web page, script) : fenutups03 [deapool Bagtonitor [deapoo] feHydrophone [deapanal
’ CllentS '< online_ana_webserv [deapanal MultipleChannelTrips [deap00] Logger [deap00]
. .. RunStoppedToolLong [deap00] MoMewEvents [deap00] fedeapwme02 [deap00]
e Custom alarm and custom action based on Alarm condition (Alarms) fedeapvme03 [deap00] fedeapvme01 [deap00] feDTM [Ixdeap0i]
feovl720MTIOO0 [deap0la] feovl720MTIOL [deap02b] feowvl720MTIOZ2 [deap03c]
° And more... feovl720MTIO3 [deap04d] feoW1740MT [deap05e] feCALIB [deap05e]
feVETO [deap05e] febuilder [deap00] TellieUSBE [deapanal
~ TellieFire [deapana]
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Experiment - examples - Alpha-g

FPGA: Altera ~ Communication: Hiisly-
ASIC: AFTER SCA Cyclone_v Fibre Opth C}:ﬂa’?ﬂ?{s — I
transceiver

Period: 2016 -
Channel Count: ~19’000! ... (18’000 of SCASs)
DAQ Hardware: VME (for power only), Ethernet Optical Links Large portion of the frontend electronics

Custom Build Hardware with FPGAs : WFDs, TDCs, Logic
ASICs, SCA AFTER chip (Saclay France)

Computer: PCs

Rates: ~1KEvt/s, ~200MB/s

Programming Language: C, C++, Web tools

Storage: Local HDD, Cloud @

including the waveform digitizers reside on the
detector (256 ASICs)
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Experiment - examples - Alpha-g

= agdaq
Status
Start
Transition
0DB
Messages
Alarms
Programs
Buffers
History
OldHistory
Sequencer
Config
Help

Event Dump

VMEPS
LVPS
HVPS
PWB
ADC
TRG
EVB
Gas
Laser
Cooling
ALPHA2
elog

L d

Alarms: None 30 Aug 2025, 19:05:19 UTC+2
Group: | TPC v| Panel: -Al- v/ (IChange all time axes together
9 D2 =] 200 PC - GasFlow =10 —— — 04| |size: 2000000000, Filled: 1999884256 bytes, 100.0%, Used: O bytes, 0.0%, Age: 105 ms
g :E:? (F::::tlzo[(:s/][m 3?88; /| 1800 :ér()[;c[gzgm] ;g; ;gﬁ 100047 P L e %L Client Locks Events Bytes GET_ALL Age
; Jm Ch2Anode CHRINY] 32006 )| 1600-{= Toalinjscom] 100676 ) o) 4 - Lee"bm 33551HHZ 333-88HHZW 4;-069"‘;‘3é SW 450 ms
= CH3 (ground) [kV] 0 1 4400 = Outfscem] 599582 == 1010 == 0 echrono -8 Hz 8 Hzw SB/sw 171 ms
6= AW current [uA] 0.045 [> == (efum ratio %]  59.5557 [> 1000 D 0 feAsequencer 1.3 Hz 3173 w 343.8 MBw 748 ms
5| = maxAWcurent[u] 005 @ 1200 @ %% @ 0 feBsequencer 2.6 Hz 252w 13.4 MB w 105 ms
== 1000~ = — feCsequencer 1.3 Hz 651 w 21.3 MBw 550 ms
4 é 800 é » ‘i’ feDsequencer 1.3 Hz 2878 w 95.3 MB w 854 ms
3} & &0 & ZZS W{é} g feEsequencer 1.3Hz 7150w 850.5 MB w 918 ms
9.] @ o @ @ 1 feFsequencer 1.3 Hz 16267 w 3186.9 MB w 444 ms
{ | | 90 0 feGsequencer 2.6 Hz 671w 78.3 MB w 180 ms
] 1 | 1 J ] 20 i e [ feHsequencer 2.6 Hz 3782w 702.8 MB w 116 ms
§ e R | et | w LN felsequencer ~ 1.3Hz 7196w 155.1 MB w 405 ms
1810 1820 1830 1840 1850 19:00 1810 1820 1830 1840 1850 19:00 24Aug2d  26Aug25 28 Aug 25 30 Aug 25 Logger 84.3Hz 383Hzr 7.2 MB/s r 0% 562 ms
TPC - PlotKO — TPC - Currents — TPC-02 eq — feGEM 1.9 Hz 0.6 Hz w 97.1 B/S w 810 ms
3500 B T e T T T 06 — Ol s B 03 Apr s 0200 | 13417 13417} fectri 51Hz 26Hzw  246KB/sw 325 ms
3000 1= IMONE) 500 ¢ | = Field [uA] 0 -+ s : ! i : | {L fetdc 2.6 Hz 0.6 Hzw 40.9 B/s w 613 ms
= AImPressureay. 840 O 50 Anode [uA] 0.045 [ O 04 1 11 {O fechrono03 1.9Hz 1.3 Hzw 1619.4 B/s w 996 ms
2500-1== Gas flowa.u. 1470 — == Cathode MAX [uA]  55.45 = | I I \ = alphagonline 549Hz 37.0Hzr 7.3 MB/sr 672 ms
- tigin 76,0904 D| 0l =FedMAXy 085 D| 02 SRR T R i|D mhttpd 3.2 Hz 36r 12.3MBr 235 ms
2000 -:cn%?m ;22029(3)1 @ = Anode MAX[uA] 005 @ | i E i 1 5@ agdagHome 3.2 Hz 0w 0w - 336 ms
o mast TS ol o T
L _g.'::n 2”'683 | 3| I~ ! } { I | 1= Size: 200000000, Filled: 199999800 bytes, 100.0%, Used: 120 bytes, 0.0%, Age: 327 ms
5004 I ' 'U ® 10 | ® 04 ———— : ® Client  Locks Events Bytes Waits  GET_ALL Age
i = —— +__ feevb  100.3 Hz 35.1Hzr 4217.3B/sr - 0.0% 446 ms
[ SRS o " 0¥ : 06 Lol ! ! ! e fectrl 67.1 Hz 64.5 Hz w 7744.4 B/s w - 327 ms
30 Aug 25, 00:00 30 Aug 25, 12:00 18:56 18:58 19:00 19.02 19.04 1610 1820 1830 1840 1850 19:00
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Experiment - examples - MEG

A, v T
Tocahost o
= Onine  Program Samole Frontend on hest Camost stated <. ONRTREIOND  » o 2000, 163013 o7
Status
Transition
008 Run
Hesoss 3 Start: Fri Jan 5 16:53:56 2018 Running time: 71h26m16s
Chat Pamaing Alaems: OF Restart: O Logger not rusaing
Bog o
::‘ 1515424796 16:19:56.422 2018/01/08 [Sampie Frontend, INFO) Program Samgle Frontand on host locaihost started
rams
History
msCce
Seuancer Equipment + Status Events Events(/s] Data{M8/s)
Config Trgger Sample Fromesd@iocaltost 1413 89.9 0.005
Heo Scaler Sampie Fromesd@locainost 2 0.0 0.000

8§ ;MDA online dstabase x Stetan
« C @ localhost 8080/Runint o
= Online Run #2 stopped X (ARFRSIOP & 20 2018, 16:27:01 CET
Status {
Transition
oDB Find | Create | Delete Create Elog from this page
Messages / Runinfo /
Chat Key Value +
Elog State 1 (0x1)
Alarms Online Mode 1 (0x1)
Programs Run number 12 J
History Transition in progress 0 (0x0)
'S‘;Cincer Start abort 0 (0x0)
Requested transition 0 (0x0)
Config 18
Help - . . -
Configuration Editor w
| top time binary 1 4251 Ox5A538D62)

Reset all alarms | Disable the alarm system Pl sound
Alarm  State First triggered Class Condition Current value
HV Triggered Mon Jan 8 16:27:33 2018 Alarm  /Equipment/Scaler/Variables/SCLR{0] > 100 586152121 Reset
Alarm State First triggered Class Condition
Sample Frontend Triggered FriJan § 17:22:10 2018 Alarm Program not running Reset
Alarm State
Alarm State
Shift check | Triggered Reset
oe Marrre: Mo 1 5
T 00 00 g g L e . g et . L s F
T i kL e e
- i~
gy Scattor-plot |
:_.»A : 10 . ~ ‘,»“‘\ 1
" ® b - J % {
% :
! A 5
P S

"R YL

OO 2 ey x + v

€ C
B MEG
Status
Start
Transition
oDB
Messages

1 Chat

Elog

Alarms

Programs
Buffers
History
MSCB
Sequencer
Config
Example
Help

Event Dump
Register
HV Control
XEC

AmBe

Ben Smith

Target_Camera

& megon01.psi.chimidas/?cmd= Mistory Bgroups XenonSpanels Xe%20pres.

Group: Xenon v
switching panels

6% BHrpge»0@:

Alarms: None 2 Jun 2022, 11:32:40 UTC#2

Panel: Xe pressures v Keep horizontal axis when

Xonon - Xe pressures

[

01285 - == Dot Press 0 0125009
w= Dot Press 1 0.126068
55 127

L
H,

v

0.128 §

0a2rs

Sl

! k
017 | Xenon GM press: 0.127191

=
©)

0.1265
0128

0.1255

| |

History Display

0125
0.1245

0124

30 May 22 31 May 22 | 31 May 22, 152611 55

Trarsition

Messages | on]
Chat {
Elog 1
Narms i
Programs
Buffers
History
MSCB
Sequencer
Conllg
Example
Help
Event Dump =
Ragnter

HV Contrel

IERRR]

WhiteBoard .o
RunTabtle Ext/* | &od
RunTabée ” mpes
RunOD ./ wind
Accel/ au
XECIMT S

XEC St Page

e prvm—res
TR gl Coetrel 0N % OFF
—
PRt e [C=ule
(5

e Fram o o
[P
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Experiment - examples - DarkSide-20K

DarkSide-20K

Rooftop with 4 double DAQ racks
#1 DAQ + Network + Slow Control
#2 sensors (PDUs) Power+Control

. DarkSide-20K
. “Quadrant” DAQ rack (12 WFD, 6 PCs, 3 Network switches)

/
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Experiment - examples - DarkSide-20K

LNG 5-World {10Gbps)

AL 1O
15 T
150

Y@ ﬁ =
sl dwi ﬂ

EESailt Bampmammpnalis e

S PO L R = ru 192. 168.01:: ﬁlﬁ—l t@ _J_L l E?! L IJ__[ %

{ll.l | e

= éﬁéﬁ L ﬁiﬁ wl : m% i i i le. 7] _ﬁ}ai}z i ii L
v r_’ v 41
1 |

Switches
Data : QFX5120-4BY-AF02 SR H
{ hitps-iwanar juniper.netiusien/products/switches/gfs-seres/qhds120-ethermet-switeh-d stashesthtmmd === =@ *>——— | GO oo ol e g mch

192.168.0.210
WFD -QFX5110-485-AF0D2
{ https-itwanar juniper.neticontent'damiwanw’assets/datasheets/usien/switches/gidh110-ethermet-switch-datashest pdf § 1

Condrol - 528055-24TF
{ httpszitwwnar. fs.comiit'products/220237 . htmi?now_cid=4235 )
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Experiment - examples - DarkSide-20K

Status
Transition Run ) .
1785 Start: Thu Jun 19 13:25:24 2025 Running time: 88h39m04s
ODB Running
Messages 'Stop' (Pause | Alarms: On Restart: Off Data dir: /zdata/vslice
Chat 1750683607 06:00:07.055 2025/06/23 [fegdm,INFO] GDM status: CC-ok QSFP-ok VX-ok
Elog
Alarms i
Programs . A Equipment + Status Events Events[/s] Data[MB/s]
Buffers Timming coMm [ CcTKoSFP R ok 519116 1.0 0.000
. distribution COMOO [ G0k SFPOK V0K i 638234 2.0 0.000
History comol [N CCoKSFRRoRCRIIIII. o 0.0 0.000
Sequencer _{ VMEPS01 Main on, Output off 0 0.0 0.000
Slow Control vmersoz I GRE e  © 0.0 0.000
DarkSide'ZOK Quadrant Event Dump FEP_001 Sent slice 319116, last slice size 4.42MiB 319116 1.0 294.940
Config . FEP_002 sent slice 319115, last slice size 7.65MiB 319115 1.0 512.043
Acquisition FEP_003 Sent slice 319116, last slice size 7.64MiB 319116 1.0 512.072
Example Physics Data FEP_004 Sent slice 319116, last slice size 7.64MiB 319116 1.0 512.072
Help FEP_005 sent slice 3191186, last slice size 7.65MiB 319116 1.0 522.271
Run Status & Cont[‘Ol ~ FEP_006 Sent slice 319116, last slice size 7.64MiB 319115 1.0 512.115
VMEPSO1 — PoolManager idle: 3, receiving: 1, analyzing: 1 0 0.0 0.000
VMEPS02 Online TSP_Pool last slice: 319054, tx: 83.95 - 85.65 MB/s, ana: 0.681 - 0.714 s 0 0.0 0.000
Phvsics TSP_D01 TSP_001@dsts01 0 0.0 0.000
CDM y ) < TSP_002 TSP_002@dsts02 0 0.0 0.000
VX settinas analysis TSP_003 TSP_003@dsts03 0 0.0 0.000
SEding TSP_004 TSP_004@dsts04 0 0.0 0.000
VX Status -~ |l TsP_oos TSP_005@dsts05 0 0.0 0.000
VSlice settings
VSlice status Data
R di Channel Events MB written Compr. Disk Level
Waveform ecording #0: run01146_0000.mid.lz4 0 0.000 00% [Baw |
Analysis | Lazy Label Progress File Name # Files Total
vx10 —
vx10a -
PoolManager [dsdaggw.triumf.ca] TSP_001 [dsts01] TSP_002 [dsts02]
DS-DM Wiki ) TSP_003 [dsts03] TSP_004 [dsts04] Merger [dsdaggw.triumf.ca]
Ixiis Clients < TSP_005 [dstsD5] fecdm00 [cdm00] fegdm [gdmo1]
fecdm01 [cdmoO1] FEP_001 [dsfe05] FEP_002 [dsfe06]
FEP_004 [dsfe08] FEP_005 [dsfe09] FEP_003 [dsfe07]
FEP_006 [dsfel0] Logger [dsdaggw.triumf.ca] mhttpd [dsdaggw.triumf.ca]
mserver [dsdaggw.triumf.ca] fewiener_VMEPSO01 [dsdaqggw.triumf.ca] fewiener_VMEPS02 [dsdaggw.triumf.ca] |
— “)
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https://dsdaqgw.triumf.ca/vslice/?cmd=custom&page=VX%20status
https://dsdaqgw.triumf.ca/vslice/?cmd=custom&page=Waveforms

There are other DAQ software packages?

Most of the Physics Labs have their own DAQ system and experts.

» Labview: works well for many small setups
« Labview drivers provided for many commercial devices.
» Getting generic device drivers for linux can be tricky.

« ORCA: developed by group at University of North Carolina
* Runs on MacOS
« Experiments: KATRIN, MAJORANA, SNO+

« Artdaq: developed by FNAL
« Based on art offline analysis framework (originally from CMS)
» Experiments: LARIAT, Darkside-50, Mu2E

* Midas-UK: Multi Instance Data Acquisition System (Rutherford - STFC)
« CODA : Jefferson Laboratory (formerly CEBAF Online Data Acquisition)

« And many more...
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S1’ S1 PMT + Scintillating material

wa | \*E Gas o
T volume
w

Detector type
Drift Chamber

150

| 100

t1 | | 50 VE‘

w3 B
t2 [ AN 13
— o~
t3 | : 5
t4 L -\ t4
_— "\ t5 ]
o7

| I BTN U i e SR A (A 0 o cur S M MU E Y BN A O A B O

50 100 150

+
t

- Detectors signat

1 100mV 2 RS ioomve M
B 100mvV < SRS 100mvV <2
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ST

PMT + Scintillating material

150

s | | 100;
S1°52'=10
t1 1
2

-
L
t3 -
L |
—

Detector type
Drift Chamber

-100

-150

|II|I|I|[[[II

III|IIII|ll[l IIJIJIIII|III

-150 -100 -50 0 50 100 130

O R VA PMT + Scintillating material

1 nv s :
MR 1oomve RS 100mV <
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Data Analysis - Deconvolution  Match single avalanche response to signal
e Subtract induction responses from neighbors

-t - . Yellow : Original signal
o’ - f = i \[ ReM8 : Signal evolution during the deconvolution
i S, i W oL N . C— lEldd : Residual signal
: 5 [ =i -y .
4000 e AM: —wwl : Maan aﬂ
2001 2000 " "ﬂ‘ﬁ:- 200~ Ij . m = -m |a
ﬂr - i k. Lr O 4000 |-
T i 3o 4 wr Fao0 D 3 E
. 3 :
B » - _ O2mc—
s00o - swopf QMV- soopf D
- - - al < oF
.,Mm 4 A F _J'_.., 2 i e
2000 - V 2000 V‘ anmf_ h(_— 2000 V— : $
xwa: mm: ‘wi:: “m: —m —
80082t ittt o 000 vt~ bbbt o ~Yobir -zt avbst-~2ub-~ oo ot B e Y o
—
- 4000 3
wf wf 6000 |-
& g ) "I 3 ,
00 r 2000 l( r 2000 = ¥ Tlme [nS]
00! 000 swof MM
W f . O 1000 2000 3000 4000 5000 6000 700D
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References...

Gas Detector Effects: Electric field, Diffusion, Lorentz effect
Detectors types: MWPC, TGC, RPC, DCs, Gas, yMega, GEM, Silicon detectors

Fabio Sauli (CERN)
Gaseous Radiation Detectors Fundamental and Applications (2014)

Y. Assran, Archana Sharma
Transport Properties of operational gas mixtures used at LHC

Archana Sharma
Sciencedirect_articles_220ct2015_04-43-06.230 (collection of NIM-A papers)

https://www.analog.com/en/analog-dialogue/articles/understanding-and-eliminating-1-f-noise.html
https://www.electronics-tutorial.net/analog-integrated-circuits/data-converters/dual-slope-type-adc/
https://www.electronicdesign.com/adc/what-s-difference-between-sar-and-delta-sigma-adcs
https://www.analog.com/en/design-center/interactive-design-tools/sigma-delta-adc-tutorial.html
Pipelined ADC: https://www.maximintegrated.com/en/app-notes/index.mvp/id/1023
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https://indico.cern.ch/event/414089/attachments/844949/1175513/a02876s1t2.pdf
https://indico.cern.ch/event/414089/attachments/844949/1175513/a02876s1t2.pdf
https://catalogue.library.cern/literature/fvt69-01a74
https://project-cms-rpc-endcap.web.cern.ch/rpc/Physics/GasPhysics/1110.6761%20Copy.pdf

Data Acquisition

Testing Implementation

Simulation Construction  Data Acquisition Publication

Prototyping

Electronics
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Additional DAQ information

* MIDAS DAQ package
* DAQ Midas Workshop 2025 22-23 Sept 2025

+ ISOTDAQ School, CERN @IEEE
* JEEE: Institute of Electrical and Electronics Engineers Ncﬂéé

SCIENCES SOCIETY

* NPSS: Nuclear & Plasma Sciences Society
IEEE NPSS International Schools
* CANPS: Computer Applications in Nuclear and Plasma Sciences
25" Real Time conference 2026, Elba Italy 25-29 May 2026
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https://daq00.triumf.ca/MidasWiki/index.php/Main_Page
https://daq00.triumf.ca/MidasWiki/index.php/Main_Page
https://indico.psi.ch/event/17580/overview
https://indico.psi.ch/event/17580/overview
https://ieee-npss.org/
https://ieee-npss.org/technical-committees/education-committee/
https://indico.global/event/14708/
https://indico.global/event/14708/
https://indico.global/event/14708/

CANPS Real Time Conferences

WP 24th |IEEE Real Time Conference - ICISE, Quy Nhon,

22-26 Apr 2024

Asia/Ho_Chi_Minh timezone

Overview

Important Dates

CONFERENCE
Timetable

Request Certificate of
Attendance

Timetable - List style

Timetable - Week
overview

Pre-Conference Program
Scientific Program

Women in Engineering
(WIE) Event

Publications
CANPS Award
Student Paper Awards

Local Poster Printing

Vietham

*** See you in Elba, Italy in May 2026 ***

24th |EEE Real Time Conference

ICISE, Quy Nhon, Vietham

April 22-26, 2024

A big thank you to all particpants for your contributions to a successfull conference. We
look forward to seeing everyone again in Elba, Italy (May 25-29, 2026)

ieee
NPSS

NUCLEAR & PLASMA
SCIENCES SOCIETY

25-29 May 2026
La Biodol

Overview

Important Dates

Call for Abstracts
Scientific Program
Pre-Conference Program
Industrial Exihibition

Past Real Time
Conferences

Organizers and
Committees

Grants
Venue

Travel information
Accomodation
Visa Information

General Inquiries

[}

AT S RN R
ettt dede
P L

- Isola d'Elba (ltaly)

Scientific Program

Front-End Electronics,

Hardware specific such as Ultra-fast WFDs, ADCs, TDCs, SCAs in the GHz range and their applications.

Data Acquisition and Trigger Architectures

DAQ system architectures as well as conceptual design for future applications.

Real Time Diagnostics, Digital Twin, Control, Monitoring, Safety and Security

Design and implementation from small to large scale systems.

Al, Machine Learning, Real Time Simulation, Intelligent Signal Processing

System architectures dealing with real-time data processing. Machine Learning and Al Acquisition specific. Methods,
algorithms,implementation.

Emerging Technologies, New Standards, Feedback on Experience

Hardware standards, software, tools and techniques. Discussion on development or implementation of systems with a focus
on the unexpected problems and lessons learned along the way.

Industry and Industry collaboration

Industry product, collaborative work with the physics community

< IEEE



Nuclear & Plasma Sciences Society

 The Technical Society that covers

AAAAAAAAAAAAAA
SSSSSSSSSSSSSSS

Fusion

Nuclear Medical and Imaging Sciences

Particle Accelerator Science and Technology

Pulsed Power Systems

Radiation Effects

Radiation Instrumentation

Plasma Sciences and Applications

Standard for Nuclear Instruments and Detectors
Computer Applications in Nuclear and Plasma Science

< IEEE



Have fun during the hands-on lab projects!
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Enough for today!

END
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Institute of Electrical and Electronics Engineers

The largest technical/scientific professional organization
The most prolific technical publisher
International with activities in all regions of the world

Organizes the greatest number of technical meetings and
has the highest aggregate attendance

The professional organization with the broadest technical
scope with 38 Technical Societies

AAAAAAAAAAAAAA
SSSSSSSSSSSSSSS

< IEEE



« Organizes and supports many symposia, conferences and
workshops each year

* Publishes 4 Transactions (peer reviewed journals)
* Publishes Newsletter to all members

* Presents awards each year to recognize major contributions
to the field

* Provides access to publications on-line (IEEE Xplore)
« Members save on conference registration

« Members keep in touch via the Newsletter

« Supports the growth of the profession

 Members can get involved with NPSS and help direct and
further promote our profession

 Excellent network!
@IEEE

NPSS

AAAAAAAAAAAAAA
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< IEEE



Data Acquisition - Software Architecture

A

MIDAS \

Eo=====m
/ System
/ Area
] . ) \\
; Online ~
Data |! Database :
Buffer || mmor
.o i s o I/—-—————-—\\
| mie c
lL system
)
|
b my_fe.c
\ 3 User code S
N : ' Network
"‘ y Supported OS:
MSDOS, WindowsNT,
Backend Node ' Lisux, Solaris, OSF/1
FRESIVE ViWaorks
/ [—‘ mserver
Midas applications:
odbedit : contrel
dump: event dump
matat: status display
mbhist: history teol
menal: CAMAC tol
stape: tape tosl

[

melog: Electromic log
lazylogger: lazy logger

mchart: chart server
stripchart: chart display
mlxspeaker: speech synthesizer
analyvzer: user analyzer
webpaw: PAW web/midas
server

maerver: midas remote server
mhtpd: saiday wed server

Supperted bardware:
CAMAC:

-Kineties 29267 (1SA)
Hytec 1331 (ASA)
-DSPO04 (ISA)

CCI2 Wiemer (PCT)
-CBDS210 (VxWerks)
IME:

SBS BT617(PCT)
SWEVMEMM (PCH

Midas Data Structure

Event ID [Trigger Mask

Sertal number (1)

Time Stamp

EVENT_HEADER

Ewent Data Size (bytes)

All Bank Size (bytes)

Flags

} BANK_HEADER

A

Bank Name [4char] Bank Name [4char]

Type | Bank size (bytes) Type
| Data ... | BANE Bank size (bytes) b "

| Data ...

I Data ... J

Bank Name [4char] | Data |

e | S Bank Name [4char]
l Data ... I Type

Bank size (bytes)
| Data ... |

Evid:0001- Mask:0002- Serial:39036- Time:0x5c5cd9c2- Dsize:512376/0x7d178
#banks:4 - Bank list:-W200W201W202W203-

Bank:W200 Length:
1-> 0xa0007d14
9-> Ox3aa73aa9

17-> 0x3aab3aal
25-> 0Ox3aaa3aad
33-> Ox3aaa3aa7
41-> Ox3aa53aa5

128080(I*1)/32020(1*4)/32020(Type) Type:Unsigned Integer*4

0x000002ff
Ox3aab3aab
Ox3aab3aab
Ox3aa83aa2
0x3aa53aab
Ox3aaa3aab

OxTf00987c 0x1lbc43d3d 0x3aa707d1l
Ox3aac3aa2 0x3aab3aa7 0x3aa73aa2
0x3aa33aad4 0x3aaB83aa5 0x3aab3aa7
0x3aab63aa5 0x3aa83aa9 0x3aab3aab
0x3aab3aab 0x3aa53aab 0x3aa63aa2
0x3aa53aal 0x3aa73aad 0x3aad3aab

Ox3aa33aab 0x3aab3aad 0x3aad3aa7
Ox3aad43aad 0x3aa73aa9 0x3aa93aa7
Ox3aa83aa3 0x3aab53aab 0x3aa73aab
0x3aaa3aa9 0x3aaa3aa2 0x3aa73aa3
0x3aa53aab 0x3aa%93aal 0x3aa93aab
0x3aaa3aa7 0x3aab3aa2 O0x3aac3aa7l
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