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Context presentation NN
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* The project goal was to create a coordinated European effort towards R&D for the next generation of Iarge -scale partlcle
detectors ) =y

‘ kX
* This project has developed infrastructures to simplify DUT integration in beam Telescopes = Reduces deveLopment tlme i
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Centralised but distributed core components that
communicate with so-called Producers via a custom

AN NS TCP/IPbased protocol.

y ‘E"f 4 "\"u‘ * EUDAQ controls all components globally, handles the

data flow centrally and synchronises and records the
data streams

* Eudet teIescope
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What is EUDAQ ? -

Software part

DAQ + producer
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*Run : indicates a continuous period of data taking,
the runs are divided into events

1 N — A

A data acquisition software framework for common beam
telescopes

% ™ I T \

Run Control provides an interface to the user for controlling Y
the DAQ systems : ’_\ L
* Configure the components (DAQ of each sensors — - \\ < . '
DUT/Ref) R \—
* Sends commands to start and stop a run* L o
*  Monitors the state of all nrocesses \\\\f
Each process of the DAQ that produces data is controlled by a e
Producer : N S\
* Producer class are providing a standardized interface \ \
* =>defines a way to receive commands, \\
sending datas and log messages \
* Sends special beginning/end of run events
* Should send one event/trigger
* If it has no Data for an event => sends an empty
event

Log messages from all processes are collected centrally in the
Log Collector, using the dedicated log channel
* The user is able to monitor all distributed processes
for any unexpected warnings or errors

The Data Collector receives data as EUDAQ Event objects from
all data-generating processes over the data channel
* Orders and synchronizes the events from the
producers

CNRS - IN2P3 4




What is EUDAQ

Example of the system with two DAQs : REF =»Mimosa 26 and DUT=>DUT

TLU/DAQ

N
PIVI\§ ...............................

N
entries

\ Run control PC
T_ S " L 3 . DAQs DAQs software +
%’ N \\\TW producer
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What is EUDET ? =N\

Hardware Part 5 - N\ \

Reference DAQ | - \ ;
| 1 E » R

Eudet telescope : E
* high-precision pixel beam |
telescope use to characterize ™
- pixel sensors
' \ » versatile tool for a wide variety
‘ of devices
* =>» easy integration strategy
for devices under test (DUT)
and its DAQ
« =>the DAQs are
synchronised thanks to a
trigger-busy protocol

=~ Al DUT DAQ

N " How to synchronise those DAQs?
N h \ \ LY CNRS - IN2P3 5
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Explanations of the TLU

Goal of the TLU :

skt The Goal of the TLU is to ‘synchronise ’ the.
4 PM different DAQs to do that it uses a trigger-

EUDET TLU v02e PCOT: j

Q O O O o T ceii s csy | entries

7 sie|sEe|ske|:ks busy logic.it works as follows :
=TT 8 o o o o) =—f— Trigger inputs . . .
RJ45 DUT interfaces ——»l i ” i ” : ” : H 1 H 0 ] O 102000 0°0 g puis ° The r|ght Comb|nat|0n On the 4 Pm'
w o 1O 1O O | Oy PMTLY power and contro (Photomultiplier) entries is received
Lemo 0250 DUT ntertaces == O Q O0QO000OQO _ * The TLU sends a TRIGGER signals to the
g § 3 E § 2 :»é ;‘3 E i g Sr 33 g I;I*v—— USB host interface I d DA . h 6
e Urvercy oL Bt 1P selecte Qs entries among the

available.

* Inresponse to the Trigger signal, the
DAQs are putting there ‘BUSY’ line to 1

* The TLU sends the trigger line to 0 and
won’t send any new Trigger signal before
every DAQs’ ‘busy’ lines are set back to 0

Y 2 U Scint_signals o
e Along the DAQs synchronisation, the TLU

is also sending Trigger info to the run
control PC (timestamping) so that Datas
a . S\ Busy cDchlways be linked between the two

S

6 TLU/DAQ link

(using RJ45 connectors)

Trigger

Simple Handshake

CNRS - IN2P3



Goal and TLU explanations L

Exam ple . Use of 2 PM entries and 2 DAQS, ref and DUT(slower) Simple Handshake
The TLU is set-up to wait for a ‘coincidence qn the 2 PM entries to assert TRIGGER line. —/—\ Trigger
DUT (Device
Under Test)
Reference Reference Busy
sensors sSensors
These Scintillator signals are seen by @

scintillator

the TLU but the TLU isn’t sending
them as long as a BUSY lineis at a
HIGH state

scintillator

Scintillator
signal

The TLU is not
sending any
triggers here

Trigger

Trigger oo il b L BB i

AP SN PSS SN SUSS [N SN SN S S SO SO S

11 200my “M10.0ms A Cha

TLU/DAQ
link
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Now focusing on the options of the TLU that can be set-up thanks to a command line software on,.‘wi"nldo'ws 3N
=» making a batch is advised |

Scintillator Mimosa DAQ
signals

DUT DAQ
|

The following information are true for the TLU V0.2C
(EUDET TLU), there’s a more recent version: the TLU
V1E_F, (TLU AIDA) which has more modes/options. A
new one is being designed at the moment the TLU  cnNRS-IN2P3

AIDA Innova

.U
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Explanations of the TLU

TLU’s options

ptions:

——bitfile <filename)> Cdefault = )

The bitfile containing the TLU firmware to be loaded
——trigger <{msecs) (default = @)

T interval in milliseconds

—dutmask <mask)>

The mask for enabling the DUT connections
——vetomask <mask) (default = @)
mask for vetoing extern
——andmask <mask) (default
The mask for coincidence of
——ormask <mask)
The mask for ORing of external triggers
i —dutinputs <value> (default = )
Selects the DUT inputs Cvalues: RJ45.LEHO.HDHI.NONE)
——error-handler <value) (default = 2)

Error handler (@=abort, >B=number of
——fwversion <value)

L 3
-t
e |
-

al triggers
= 255)

external triggers
(default = @)

tries before exception)
(default = @)
Firmware version to load <(@=auto)
——wait <{ms) (default = 1988)
Time to wait between updates in milliseconds
S—strobeperiod <cycle (default = 198@)
imi in clock cycles
(default = 1@9@)

time for timing strobe in clock cycles
——dutveto <mask)>

(default = @)
Mask for enabling veto of triggers <’backpressure’) by rasing DUT
——notimestamp

ng: read out timestamp buffer

Quit aftep configuring TLU
;—g:i:—for—user
ai Or user input before starting triggep
csave—file <filename)> (defaulg = )gg “
T ilename

to save trigger
;—tragi;file {filename)

to save a trace
or only errors, op + fo

—CLK

This menu is accessible by typing TLUcontrol.exe —help in

a windows 32 command prompt (as the software is only
available on windows 32)

for internally generated triggers <@ = off)
(default = @)

w -IN2P3

~ivi

The TLU has many options here are some you
have to set-up before using the TLU: |
-d : defines the DAQ-ethernet port you’re u.smg
/I\ the decimal value entered is converted into
binary code

-b : defines the DAQ-clocks that can veto the
Trigger sending. 255 = all entries

-aand -0 : /1\ the two registers are
inverted so —o 255 is a coincidence
between all PM entries

11



Explanations of the TLU

TLU’s mode : simple data handshake

/7 N\ Trigger
/ \ Busy

Trigger—Clock

* TLU receives trigger from beam scintillators

TLU asserts TRIGGER

On receipt of TRIGGER going high, the detector asserts
BUSY

On receipt of BUSY from DUT, the TLU de-asserts TRIGGER
On receipt of TRIGGER going low and the detector being
ready to take more data, the DUT de-asserts BUSY



Explanations of the TLU

TLU’s mode : Trigger Data Handshake

A D0 X DI X DI Yoo { Dn )

Trigger

—/\
S

\ Busy
SN\ N\ N Trigger—Clock

TLU’s mode : No Handshake

The beginning is the same as in the simple handshake mode
On receipt of BUSY from DUT, the TLU de-asserts TRIGGER
On receipt of BUSY going high, TLU de-asserts TRIGGER and
switches the TRIGGER line to the output of a shift register
holding the trigger number/data.

The DUT clocks data out of the shift register by toggling
TRIGGER CLOCK. Data changes on the rising edge of
TRIGGER CLOCK The 15 least significant bits of the trigger
data are shifted out .

The DUT should issue 16 clock pulses which will clock out
the bottom 15-bits of the trigger number and put the trigger
line back to O.

In this mode the TLU issues a fixed-length pulse on the trigger line



Presentation of the Project-DEMO =~ . =~

Project Goal :

The goal is to validate the working principle of the TLU to do that we need to :

* Emulate a scintillator trigger emulator

* Emulate 2 DAQs : Ref and DUT1
(same type of signals, different
pinout)
A
Pre-scint*
B BN [] . PC setting up
' 3ms
o the TLU
cint-signal
5 [ ] [ ] [ 1 R
Trigger

] No trigger ! :-i Scintillator | Mimosa DAQ

signals

Busy-Ref - -

DUT DAQ

*The pre_scint signal doesn’t exists in real test TIME

beams, we implanted it to be sure to count the (ms)
real number of Trigger sent on each DAQ .

CNRS - IN2P3 14



Presentation of the Project-DEMO = .

Project Goal Goal ;

 Emulate 3 different component thanks to a Raspberry
Pi 4 model B : 3
Oscilloscope « A scintillator trigger emulator
« 2 DAQs : Ref and DUT1 (same type of signals,
different pinout)
 The DAQs must have these options :
* |nitialisation (initialise the 1/O of the Rspy)
* Reset : Reset the different counters
s iR * Emulation of Scintillator signals
* Run configuration
* Acquire N-Events/infinite number of events
* Displays Status of the run
* Run number chosen by the user
. * Start/Stop the Run
SUTE A « DAQ_Delay : emulates a DAQ slower than the
other
e Quit : Stops the program

Scint_emul

Al W [] CNRS - IN2P3
) YN 15



Presentation of the Project-DEMO

Hardware part of the project

The pinout is the following :

3v3 © IEVl
12cSbA  crioz | © © HEEE
izcscL  crios | © O
crios @ © cPio1a | UARTTX
I_TRIG (© D | cPio1s  UARTRX
crior7 (&) @  Gpio18  PCMCLK  PWMO
GPIO27 O_SCINT 3K
I_PRE_SCINT  GPIO22 GPIO23  O_PRE_SCINT
3v3 GPIO24
3 SPIMOSI  GPIO10
il PRE SCINT SPIMISO ~ GPIO? GPIO25 O_PRE_SCINT
sPisCLk  Gpionn B &  GPIO8  SPICEO
0_CLK GPIO7  SPICE!
rcoeerrom  GPIOO | €3) @) GPIO1  izcieeproM
GPIOS I O_sCINT
GPIOs €D @ GPIO12  PWMO
pwMi  crionz | B D I TRiG
PWMI  PCMFS GPIO1® & €D GPIO16
GPIO26 | €) & GPIO20  PCMDIN

susy K| @ 1@ | crioz1 pcMpouT

BUSY

*the same pins are used for the
scintillators triggers of the ref-DAQ and
the scintillator emulator

O _SCINT : scintillator

emulation signals

O_PRE_SCINT :
pre_scintillator emulation
signals, doesn’t exist in
reality but thanks to this
signal we were sure that the
count of pulses we were
sending to the TLU were
right

BUSY : emulation of the
busy signal

O CLK : emulation of the
TRIGGER_CLOCK signal that
enables the TLU to
clock_out the 15 bits of the
trigger number register

CNRS - IN2P3

Output signals Input signals . oS

| TRIG : Trigger signal
comming from the TLU

| PRE TRIG : Pre-Trigger
signal coming from the RSPY, as
the ‘O_PRE_SCINT’ signal,
doesn’t exist in reality

16



Presentation of the Project-DEMO

Software part of the project

— TN —

6PI0 control and int handling o

Emulates Scint signal

cumtsscintsignlsentandtriggersentbythenu
Sets Busy signal to HIGH so that the TLU puts Trigger lin
5 e
3 different versions : ref, duti, emul = TR D

V4 ©7/12/2023 - T.JACQUES - G.CLAUS Initialisations of the
M .
’ — pins

Starts/ends the run
T — e — SE'GCtS the mOde

- Cmecmer e o w8

et —ee v P T_SvAnL| OmS perioag) and scint puls [
e iay S pulses(at generator period) - Stop before end &% (simple handshake of

P - Set gemerator period, current value = 10.000 [ms] trigger data
handshake

Trreescrsrvorsorcovrororvovocwee e

Run configuration

DAQ scintillator
................................. signals emulation

Status :

choice ? fj

17



Presentation of the Project-DEMO "

Results |

IPython: mgoffe_ad Tl Q)

ﬂ python_test el N jaq_v8.py u IPython: maoffe_ad H ython: mgoffe_ad

Menu :emul_Trigger --- 5 f T¢ ur finale de VDe
Generates N pre_scint( period) and scint pulses(at generator period IRQ NbCNt
ore end by CTRL C aleur finale de VDe

t generator pulses nb, current value = 0 début IRQ, VGNbCnt =

M aen s S T The scintillator

signal emulator & e o

Event([0] : trig nb TLU trig nb =

finished!

Pulse gen and count done : O pulses generated pulses counted

Event[1] : trig nb TLU trig nb 2
has Sent 127 E Y trig nb TLU trig nb 3 . .

e’ i bune e aUnil This DAQ is

ulses the DAQ ‘ \ n.n] nb TLU trig nb 6 .

P ’ L e R putting the TLU
We re Slower SO [Ewn(Eu] 3 trig nb 9, TLU trig nb = 9

vent[9] : Scint trig nb 10, TLU trig nb = 10 . .

Ernt o) s trig o+ s, T i in the Trigger

they did nlt See Event [12] S trig nb = 13, TLU trig nb = 13
Event[13] : trig nb 14, TLU trig nb 14 h k
4 trig nb 15, TLU trig nb = 15 ata a n S a e
c trig nb 16, TLU trig nb 16

all of them SR e mode, it receives
the trigger
L Rk number,
fEian B deserialises it
and displays it.

Event[19] : Sc trig nb = T nb = 20

trig nb ignb = 0
v trig nb = 2 ignb = 0
Event[2] : trig nb = LU trig nb = @
ig nb = 4, ignb =0

Scint trig nb ig nb =

Type ENTER key to display the menuf]

INT (11 g " A [ i . .
T ; v cint trig nb = 11, TLU trig nb I hIS DA IS
s t int ig nb = 12, TLU trig nb =
R 1 & int trig nb = 13, TLU trig nb =

i SRR DU tting the TLU

int trig nb = 16, TLU trig nb

B Lo ‘ Scint trig nb = 17, TLU trig nb

i B e /i RN ) [17] int ig nb = 18, TLU trig nb = 1 h 1 I
0:23:27: Fichier / : ; ¢ Scint trig nb = TLU trig nb = In t e Slmp e
> ; Scint 1g nb = 2 TLU trig nb

handshake
. mode, that’s why
; « TLU trig nb »
A | stays at O

CNRS - IN2P3



Conclusion

The first project objectives have been met, it is possible to emulate two DAQs and a scintillator emulator at
the same time using one raspberry. Two of the three TLU’s modes (simple and trigger data handshake) are
working (no access to the software so we can’t try the third mode at the moment)

In simple handshake mode we can at least emulate a 300Hz clock-scintillator signal, we can certainly go
faster but we didn’t had the time to test it.

In trigger Data Handshake mode we can only have a 54Hz clock-scintillator signal at best (some glitches

may happen, it is advised to set a tinier clock frequency). Without delays the total duration of the 16 clock
pulses is about 22 to 25 uS at best. The signal has not a constant 50% duty cycle but when it is the case the
period is 1.40us long.

Ch1 Fréquence
8.696MH2
Faible
résolution

pannnt

mmdwlju; uuh‘.uw

The next step is to implement EUDAQ in the demo, once this is done it’ll

be time to use real DAQs to test the TLU in conditions near to test beams

condition

CNRS - IN2P3
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