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SOFTWARE & TEST BOARD USER GUIDE

Version: 7 August 2024

Abstract

MAROC3A is a 64-channel front end ASIC dedicated to read-out MA-PMT and SiPM detectors.

This guide explains how to install and use the test board for MAROC3A and how to operate with the
associated software.
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1 Installation & Test of the Test Board

1.1 Prerequisites
The use of this PCB requires:

A computer (windows 0S) with USB connection

The FTDI driver that you can find on their website:
https.//www.ftdichip.com/Drivers/D2XX.htm

A USB-A to mini-USB cable

Optional : A positive output power supply (delivering 500mA)

The first time a Weeroc testboard is plugged, the following message should prompt.

X
Device Setup
Installing device...
Please wait while Setup installs necessary files on your system. This may take
several minutes,
L =1

In order to verify that the drivers are correctly installed, go in the control panel under the "Devices and
Printers” window. the PCB_Maroc3A device should have gone from

to

~ Unspecified (1)

B

! 1{26EE0668-A00A-44D7-9371-BEBOG4CY... Status: Device setup in progress

Status:  Meeds troubleshooting
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~ Unspecified (1)

!.-l"

PCB_Citiroc

PCB_Citiroc Model: PCB_Citiroc
Category: Unknown

=

1.2 Installation guide

Before running the software for the first time, please verify that the testboard is correctly identified in
the "Devices and Printers" window under the control panel. The release of the MAROC3A user interface can be
found in the Weeroc download center on the website http://www.weeroc.com .

2 Evaluation board description
Brief description of the evaluation board features and I/0s. Other hardware setup can be included in subsection.

The evaluation board incorporates the following 1/0s (non exhaustive list):

e Charge injection input (Ctest)

e Analog signal outputs (OUT_FS and OUT Q)
e HOLD signal inputs (HOLD! and HOLD?2)

e External Clock Input (CLK_GENE_EXT)

e OR Trigger output

o  External power supply

e Mini-B type USB connector

e MA-PMT footprint
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Figure 1 - Evaluation board
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3 Software description

The software has been written in the C# language with the help of visual studio (free version). The source
code is available to help comprehend the functioning of the software. This is especially useful if users aim to
develop their own DAQ system.

WWWWEETOC.COMm MAROC3 User Interface v1.0.1132

| Board status

U Connect Serial nurnber: MA3 164
Description: PCE Maroc3 A
Firmware version: v132
Slow Control

Probes

Calibration

Data Acquisition

Firmware Option

Figure 2 — Maroc3 software connect tab.
To start the test board you need to:

1. Connect the USB cable from the PCB to your computer.

2. Provide power supply to the PCB if not provided by the USB (the power supply can be switched
between external and USB with the jumper on the top right of the evaluation board).

3. Start the software and click on the “Connect” round button.

When connecting the evaluation board, drivers for the USB device should install automatically. If it is
not the case, the drivers can be found on the FTDI website ( http://www.ftdichip.com/Drivers/D2XX.htm ).

When this software is launched and the "Connect” button clicked, no error should occur, meaning that
the installation has been done successfully and all the drivers and dil have been found. If a crash occurs or if you
need assistance for any other issue with the software, contact the Weeroc support by opening a new support
ticket at the address http://www.weeroc.com/my-weeroc/support.

While this user guide will help the user to use the software and evaluation board, it should be noted that
there is an embedded help in the software. By hovering controls with the mouse, the green bottom part will be
filled with information on the object being hovered.
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The firmware version is automatically detected by the software. If the firmware version doesn't
correspond to the expected version, the software will propose to load the correct firmware version. The expected
firmware version corresponds to the last number in the software version. The firmware version is 1 on Figure 2,
while the software version is 0.9.0.1. On the title bar is also displayed the temperature of the board given by the
TMP275 component on the board.

3.1 Slow Control page
All the slow control parameters of the MAROC3A are displayed on this tab control, allowing tuning &
tests for different settings.

To program the MAROC3A, users must set the Slow Control parameters and click on the “Send SC”
button on the bottom right of the page. The slow control parameters are loaded twice in the ASIC and a checksum
is done to verify that the slow control has been correctly loaded in the ASIC. The “Send SC" button turns green if
the load succeeded. If it turns red, then there is an error in the slow control bits loading. Verify the board is plugged
and powered correctly.

The settings can be saved in a text format file thanks to "Save SC" button, and reloaded from this file by
the “Load SC" command or by drag and dropping the file on the software window. This is very helpful as there
are 1144 bits of slow control.

WwWW.weeroc.com MAROC3 User Interface v0.9.0.1

Main seftings

1
Q Connect [E.

Preamplifier gain Ctest

Mask all Unmask all Maskall Unrmask all m Unipolar FS Bipolar FS Slow shaper
Slow Control o] L] Shaping behavior ADC reslution 12 bit

EIE Cf fsu Rf fsu

Prob E T0fF - 100k - Trigger choice presets

JCDES lE Chisbl  Rf fsbl Bioolar fast shaner
E SRR Cee ipolar fast shaper
S-curves IE Cffsb2  Rffsh2 Use SCAT

[s][s][2][2] (=] [][=][e] o6 - ook - DU

E‘ 3 IE O eh ] Use bipolar fast shaper
E 2.1 pf (210 ns) - FPGA generated hold delay

1 as figger | Cbuf ssh |3.75 pF - Delay (ns) 140 | R
Threshold 1 250 [ Small DACT LSB Threshold2 0

Data Acquisition

Save SC Load SC

\W'

weeroc

Figure 3 - Main page of the slow control tab.

On the main settings tab of the slow control page the user can choose to mask triggers from the trigger
lines d or d2. The trigger thresholds and fast shaper used for triggering are also chosen from this tab. The
shapers behaviour can also be changed by tuning the feedback capacitors and resistors values. The delay value
is not a slow control parameter, it is set in the FPGA so it can deliver a hold signal for the track&hold cell.
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WwWW.weeroc.com MAROC3 User Interface v0.9.0.1

Main seftings ~ Preamplifier gain  Ctest

Q) Connect

Sum all No sum all Set all values

Slow Control [o]] 2 [8][ 2 [16][ 2 [a4][ 2 2] 2 | [«] 2 | [#] 2 [se][ 2
iz Ozl @lel @ize] B 2] @iz] @] B e

Probes IR 2 2 [ 2 2 | 2 2 [ 2

[3][ 2 2 2 2 2 | 2 2 E

S-curves (4] 2 2 2 2 2 | 2 2 2

Data Acquisition E‘ ‘ ‘ ‘ ’ 2] ’ ‘ ‘
[¢][ 2 2 2 2 2 2 2 2

I| 2 2 [2 2 2 | 2 2 2

Load SC Send SC

\W'

weeroc

Figure 4 - Preamplifier settings tab

On the preamplifier page the individual preamplifiers gains (maximal gain is 4) can be tuned and the
output signals can be summed by groups of 8 (e.g. 0 to 7, 8 to 15, etc.). The summed output are to be found on
the testboard on the test pins “sum!” (channels 0 to 7) to “sum8" (channels 56 to 63).

WWW.WeEroc.com MAROC3 User Inferface v0.9.0.1

Preamplifier gain ~ Ctest

Main seftings

Q)] Connect

[o] (2] [re] [2¢] [z2] [#0] [s¢] [5¢]
Slow Control (][] [3] [a][#] s
EEEEEEE
Probes (2 ][] (o] [2r] [3s] [] [=1]
[] (2] [zo] [ze] (3] [#4] [=2]
S-curves [5][2] [z ][] 3] [=5] [2]

N IEEEEEEE
Data Acquisition (1= 2] 3] =] [«] =] [¢]
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Save SC Load SC Send SC
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Figure 5 - Ctest injection tab.
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On the Ctest tab the user can chose the channels in which the injection must be done. This injection is
done via the SMA connector Ctest on the top left of the board and is for test purpose only. Do not try to inject in
multiple channels at the same time. (Analog input will not be spread in between the ASIC channels)

3.2 Probe page
An internal ASIC shift register allows to monitor each channel and to display them on oscilloscope. User
can chose to monitor SCA output 1 or 2 on the "OUT_Q" SMA connector. The fast shaper will be outputted too.

This probe system is usually used for debugging. In typical ASIC operation, it is advised to click the “Reset
Probes” button in order to avoid analogue performances degradation.

WWWIWEETOC.COM MARCC3 User Interface v0.9.4.1

@ Connect

Slow Control

Reset probes Send probes

Probes [ Probe fsu + SCAT

[ Probe fsbl + SCAI

Calibration
[ Probe fsh2 + SCA2

Data Acquisition Channel [0

Firmware Option

Welcome to the Maroc3 User Interface

w

weeroc

Figure 6 — Probes register page

When looking for the SCA2 the user will visualize also the bipolar fast shaper 2. The visualized channel
for the SCA and fast shaper will be the same. When looking for SCAL the user will visualize the unipolar fast
shaper or the bipolar fast shaper 1 depending on the selected shaper in the slow control tab.
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3.3 Calibration page

331 S-Curves

This test is meant to perform trigger efficiency test (named S-curves). It is done by scanning through
several values of threshold and measuring if a trigger happens on the output signal of the fast shaper. The
acquisitions are windowed by a clock set in the FPGA which toggle the “valid event” signal. If a frigger happens
outside the window it will not be taken into account.

B s O o B
RETC ) N —" ) —

Clk

0 D
Ouiput

Figure 7 - S-curves acquisition chronogram

When the threshold is way below the signal, the trigger efficiency will be 100%. With a threshold way
over the signal, trigger efficiency drops to 0%. On Figure 7 the threshold is set near the tip of the noiseless signal
so the ASIC will have a ~50% chance of triggering depending on the noise. Following the Figure 7 the ASIC would
trigger 2 times in 3 acquisition windows, resulting with a 67 % trigger efficiency. The acquisition is started by
clicking on the “Start” button.

WWWWEETOC.COM MAROC3 User Interface v0.9.4.128

S-curves Hold scan

|
(O] Connect Clock (100 kHz ~| O Use Mask v Channel selection v

Slow Control

100

80

Probes
60

Trigger efficiency (%)

Calibration 40 \\
20 =
N

Data Acquisition 0 | N \

179 199 219
. . Threshold (DACu)
Firmware Option
Save fo | C:\Users\WEEROC 5\&ppData)Local Tern plScurveshARDCE | .. Min o | Max 500 | siep |1 | Start

\2'

weeroc

Figure 8 - S-curves tab.

User can mask the channels directly in the menu by checking the channels in the mask options. User can
select the clock frequency (100 kHz, 50 kHz, 10 kHz, 1 kHz).
Channel selection is available for enabling S-curves testing on channel checked.
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332 Hold Scan

The second tab under the calibration page is the "hold scan”. It traces the slow shaper output signal by
varying the "hold” delay value. In order to have it working properly a signal should be injected in the measured
channel and a trigger must start the data acquisition. A fit on the result of the scan is performed and the x-axis
value corresponding to the maximum of the fit is automatically extracted. The delay parameter (in Main settings
tab - Figure 3) is updated with the extracted value. The fit is meant to be used with the SCA.

WAVWEETDC.COM MAROC3 User Interface v1.0.1132

S-curves Hold scan

Hold scan From O to 255 step 1 channel |40

Slow Control 1400

(O] Connect

Probes 1200 = i
1000 / \\
Calibration

800
Data Acquisition / \

600
H

Charge (DACu)

Firmware Option

400
0 512 1024 1536 2048 256

Delay (code)

Figure 9- Per channel Hold scan data.

To make the hold scan test possible the threshold has to be higher than the noise (the user can
change this parameter in the slow control section) and the user have to check that the good channel is

selected.
Holdscan is done using the internal conversion of Maroc3

Doc issue: 1.0 - Doc date; 07/08/2024 11/18



User Guide
MAROC3A

3.4 Data Acquisition page

34.1  Visualization per channel or per acquisition

The user can choose the number of acquisitions to perform and the output file save path. When ready,
click the “start acquisition” button. The energy measurement can be visualized per channel (energy spectrum
for a given channel) or per acquisition, visualizing all the channels’ energy measurements at once.
External ADC can be started using the “Start External” button.

WWWAWEETOC.COM MAROC3 User Interface v1.01.132

\ Start Acquisition Start External Number of acquisitions 100 Saveto CAUsers\floT\&ppDatalLocal\Temp!dataMAROC3
O Connect e
Per charnel Per acquisition Floadmap Photon counting Elapsed Time = 7643 5 (0T = 6177 5)
Acquisition |1

Slow Control

2000

Probes
1500

Calibration 1000

Charge (ADCu)

Data Acquisition 500

Firmware Option 0

Channel number

Show the number of triggers events in a selected time whindow and per channel.

Figure 10 - External ADC Visualisation

The user can be choosing between internal and external data acquisition system, Internal ADC
resolution can be determined using the first page of the slow control.
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WWW.WEETOC.COM MAROC3 User Interface v1.0.1132 -

Start Acquisition Start external Murnber of acquisitions 100 Saveto  C\Users\floT\AppDatalLocal\TempldatalMAROC3

Q) Connect

Fer channel Per acquisition Floodmap Fhoton counting Elapsed Time = 6.098 s

Channel 11
Slow Control anne z

25

Probes 20

N E 15
Calibration 8
Z

5 10

Data Acquisition 5

07

Firmware Option

860 862 864 866 868 870 872
Charge (ADCu)
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<

Figure 10- Per channel data visualisation.

WWWWEETOC.COM MAROC3 User Interface v1.0.1132
Start Acquisition Start external Nurnber of acquisitions 100 Saveto Ci\Users\floT\AppData\Local\TernpidataMAROCS

Q) Connect

Per channel Per acqumhon‘ Floodrap Pheton counting Elapsed Time = 6.098 5

Acquisiti 1
Slow Control caustien

1000
Probes 800
3
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Calibration £
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Data Acquisition
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Channel number

Figure 11 - Per acquisition data visualisation.

34.2  Visualization with a flood map
The user can visualize all the channels charges averages with a flood map, where the color of the
channel case depend on this charge average value. The charge values depend on the DAC resolution you
choose on the slow control table (Figure 3).
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Start Acquisition Start external Nurriber of acquisitions 100 Saveto  C\Users\flo-T\AppData\Local TempldataMAROC3

Q) Connect

Per channel Per acquisition Flosdmap Phaton counting ElapsedTime = 6.098 5

h : 409
Slow Control . I
1

Probes
Calibration : 048
Data Acquisition

Firmware Option

0 [ mapping

Show the charge average per channel in a flood map.

Figure 12 - Flood map with an injection on channel 11

The user have to check that the threshold is higher than the noise, the user also have to check the
channel mask (the user can change this parameter in the slow control section).

34.3  Photon Counting
The last tab of the Data acquisition section allows user to have a count of the photons for the entire
channel and for a selected time window of 2ms, Ims, 500ys, 100ps, 50us and 10ys. The data are reported
in a flood map per channel.
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Start Acquisition Start external Nurmber of acquisitions: 100 Saveto CiUsers\floT\AppDatalLocal\TempldatalAROC3

Q) Connect

Per channel Per acquisition Floodmap Pheton counting Elapsed Time = 6.098 5

Slow Control
counting .

Probes Window
lenght

20

2ms v

Calibration
Multiply by

Data Acquisition

Firmware Option

Show the number of triggers events in a selected time whindow and per channel.

Figure 13 - Photon counting with an injection on channel 11

User has to check that the threshold is higher than the noise, he also have to check the channel mask
(the user can change this parameter in the slow control section). User should select the windows time require.
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In this section user can have an interaction with the firmware and modified the different options with
the checkboxes or directly with the “WORD” communicate to the firmware.

MAROC3 User Interface v1.0.1132

wWWwwweeroc.com

O] Connect

Trigger seftings

W Trigger Polarity(negative)
Slow Control = e

[ Trigger Extern(of)

[ gene polarity(off)

Probes [ external coincidence (off)

Calibration Clock settings

[ disable clock sc

Data Acquisition W en_40MHz CLK(off)

Firmware Option
WordD Waord] Word?2

00010101 nomon

nooooo

Reset

[ Reset_Digital{on) ADC settings
O adelof)

W rsth_wilki{on) '
O start_ade_manual(a®)
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W =n_otag(on)

W rsth_sc{on) '

Hold setup

[ Internal hold 1

[ Internal hold 2

Word3 Wordd Word5 Wordb Word?

00000000

10001 00000001 1000100

Figure 14 - Firmware option section

In this section there are four categories of firmware option, the first one allows user to change the
different trigger settings. User can change the trigger polarity with the first checkbox; select which trigger
required to be enabled between the one from the FPGA and the external one. User can also select to
synchronize the FPGA with a rising or falling edge on the external trigger. External OR for Data acquisiton
start is available on In Altl if needed by the user (3V3 signal is needed if the check box is checked)

The second category allowing the user to reset some parameter like the FPGA with the Reset Digital if
the enable serial is activates. I's possible to reset the ADC Wilkinson (with “rstb_wilki"); the ASIC input
probe chain (with “rstb_probe") and the ASIC input slow control register chain (with “rstb_sc")

The third category deal with ADC settings, it's allowing the user to select the auto start of the ADC (if
“adc” is activated). This is possible to start the process for eternal ADC without looking for event (with the
“start_ ac_manual") and this is also possible to enable the multiplexed analogue output (“with th

en_otaq").

About clock settings, it is possible to enable the slow control clock (with "enable_sc"”) and to enable the

40MHz clock from an external component.
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User can send the hold signal directly using SMA connector Hold! and Hold2, this allow the user to hold
the signal at the timing the want and acquire the data at the right timing. By default it is done using the
FPGA delay line between the trigger and the hold.

5 Setup to inject signals

First tests to be more familiar with the board and the software should be done using the following setup.
A negative voltage step can be injected into the Ctest SMA connector. The slow control need to be set accordingly
to inject in the desired channel. A slow negative ramp allows to inject no significant signal in the ASIC before the
next step. A voltage attenuator is needed to diminish the noise from the waveform generator.

Freq ] UUU U[I] (II]kHz

Delay (.00 ns Trailing  625.0 ps
Ampl 1 E[D'lﬂ:p Leading 250 ns
Offset OmV

oury - 50,000 %

T Sl ¥

el

0 e 15 20

Figure 15 - Injection in each channel

6 Document version
That section log the document version within major release.

Version Date Change log

0901 27/01/2016 Initial version

0.9 3128 24/08/2017 Implementation: Hold Scan, Flood map Acquisition view, Photon
counting menu, Mask and clock for the S-curves menu
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091132 13/07/2024 Implementation : External ADC and Internal ADC start for DAQ system.
+ Hold choice
101132 07/08/2024 Implementation : Coincidence available on “In alt!"
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