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Purpose of this Guide

° This document is the Sci-Compiler Quick Start Guide. It contains information about the
1 compatibility of the software with CAEN programmable boards, the installation and
configuration of the software, its main features and some guided examples of usage
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1 Introduction

Overview

The increasing use of programmable logic devices in trigger and data acquisition systems makes clear that having a
general-purpose platform and technicians dedicated to the firmware development is becoming more and more
important. The advantage of employing programmable logic devices with respect to standard logic modules (like NIM
logic modules) is remarkable: a single programmable logic device includes the potentiality of hundreds of thousands of
standard logic modules. However, the use of specific programming languages like VHDL or Verilog for the firmware
development could represent a limitation in the spread of these powerful devices.

We introduce an innovative method to simplify the firmware development on CAEN Open FPGA boards. This method
is based on a block-diagram-based software, called Sci-Compiler, that uses a set of high-level functionalities (blocks) to
mask the real firmware coding. In this way, it is possible to obtain a VHDL firmware code starting from a rather simple
block diagram structure.

Figure 1.1: example of a block diagram in Sci-Compiler

Sci-Compiler improves and speeds-up the R&D phase. Placing and interconnecting the available blocks (e.g.
oscilloscope, TDC, MCA, charge integration, etc.) on a diagram, Sci-Compiler is able to automatically generate a VHDL
piece of code that implements the required function and deploy it to the FPGA. In this way, even a non-expert user can
write his own firmware code, focusing on the functional blocks of the application to be implemented more than on the
VHDL/Verilog code to achieve the goal.

Moreover, Sci-Compiler installs a Software Development kit (SciSDK) compatible with the custom firmware for any
supported board. The SDK is made of drivers, libraries and example codes in C++ and Python, so that it is straightforward
to build a custom DAQ software that can run on Windows or Linux.

The Sci-Compiler software allows to develop both purely digital applications, exploiting blocks like logic gates, scaler,
state machine, and analog processing applications, such as custom Multichannel Analyzers, charge integration, Pulse
Shape Discrimination, Waveform recording with custom trigger logic, and many others. Additionally, the Sci-Compiler
provides the blocks to easily read and test the CITIROC and PETIROC ASICs by Weeroc, enabling the user to develop a
custom sequencer for the ASIC control.

7 GD6520 — Sci-Compiler Quick Start Guide Rev. 7



CAEN 0 Electronic Instrumentation

Sci-Compiler is able to automatically generate the VHDL firmware code implementing the functions requested in the
block diagram. The compilation is highly accessible thanks to the optional Remote Customization Service, which allows
you to compile the firmware even without having a full FPGA compiler software running locally on your PC, thus
simplifying a lot the software setup. Using the Remote Customization Service, Sci-Compiler will take care of adding to
your project the hard-coded parts that remain fixed in each firmware and will makes the final firmware file into the
Remote Center and in the MyCAEN+ area as well, ready to be deployed onboard.

CAEN makes the Remote Customization Service and Yearly Upgrade Plan available, to offer a high-quality software
product, with the needed flexibility to meet the users’ requirements.

t‘ TT IJ Using a single SCI-Compiler license, it is possible to
compile and deploy firmware for multiple
compatible boards that have been activated
through a runtime license*. A different runtime
8_' 11 L& license is needed for each board.

Sk
Liig

si5

Iy
J —
170y -
m
m

1

Stay up-to-date with the newest SCl-Compiler
features by subscribing the yearly upgrade service

UPDATE...

3 iI Remote customization service allows to generate

the firmware code exploiting the computing power
on CAEN server, with no need of any local FPGA

%’ g

*Firmware generated by SCI-Compiler runs for 30-minutes only if no runtime license is installed onboard

Asingle SCI-Compiler license can run on
aPC

Figure 1.2: Summary of Sci-Compiler operative scenario, with description of the additional services available.
Supported boards

Sci-Compiler fully supports the following hardware devices.

Note: only the units for which a Runtime License has been installed can fully run a firmware generated by Sci-Compiler.
/ A different Runtime License code is needed for each board. If a runtime is not detected onboard, generated custom
firmware runs for a limited period (30 minutes). Contact CAEN to purchase a Runtime License.

/ Note: The Runtime License is included with the purchase of 5560 Digitizer Family units, DT5550, DT5550W, x495 boards
and Sci-Compiler SMART kit.

Supported hardware References

2730 Digitizer Family - 32 Channel 14-bit 500MS/s https://www.caen.it/subfamilies/2730-digitizer-family/

2740/2745 Digitizer Family - 64 Channel 16-bit 125 MS/s https://www.caen.it/subfamilies/2740-digitizer-family/
https://www.caen.it/subfamilies/2745-digitizer-family/

5560 Digitizer Family - 32/128 Channel 14-bit 125 MS/s https://www.caen.it/subfamilies/55xx-digitizer-family/

DT5550 - 32 Channel Programmable Readout System https://www.caen.it/products/dt5550/

DT5550W - 32/64/128 Channel SiPM readout system https://www.caen.it/products/dt5550w/

x495 Family - Programmable Logic Unit https://www.caen.it/products/v2495/

https://www.caen.it/products/dt5495/

Sci-Compiler SMART kit https://www.caen.it/products/Sci-compiler-smart/

Table 1.1: table of the boards supported by Sci-Compiler.

GD6520 - Sci-Compiler Quick Start Guide Rev. 7 8
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Sci-Compiler PRO vs. Sci-Compiler SMART

CAEN provides two different software licenses:
e Sci-Compiler PRO is compatible with all supported hardware units.
e Sci-Compiler SMART is a license available within the Sci-Compiler SMART kit only (including DT1260, 2 ch.

12bit @ 65MS/s) and it cannot work for the other hardware units. Refer to [RD14] for more information
about the SMART kit.

/ Note: Sci-Compiler SMART is provided exclusively in a bundle kit with DT1260 unit.

PRO SMART

Hardware

Figure 1.3: Sci-Compiler PRO vs. Sci-Compiler SMART

What do | receive?

Sci-Compiler License Coupon:

PRO — works for all Sci-Compiler supported board
SMART — works only for Sci-Compiler SMART kit unit

Table 1.1: delivered kit.

What is included in my license?

Sci-Compiler license is a lifetime-working license. Its expiration date (1 year after
activation by default) refers to the possibility to access optional services (see below
Yearly Upgrade Service and Remote Customization Service)

E.g.: if your license expires 2024, November 30%, it means that you can access
software upgrades up to that date. If you do not renew your license, you won’t be
able to download latest software releases after that date. You will still be able to
work lifetime with any Sci-Compiler version released before 2024, November 30t

The Sci-Compiler PRO license supports compilation for any compatible hardware
available at the time of purchase.

The Sci-Compiler SMART license supports compilation for DT1260 unit only (*)

(*) DT1260 is sold only in a bundle kit with the Sci-Compiler SMART license

9 GD6520 — Sci-Compiler Quick Start Guide Rev. 7
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° g

UPDATE...

The Yearly Upgrade Service gives access to the latest software releases, including
new features and enhancements. One year of free upgrades is included by default
at the time of purchase of the USB Dongle and can be renewed at the USB Dongle
expiration date.

-
&9)

The Remote Customization Service allows the user to compile the firmware even
without having a full FPGA compiler software running locally on the PC, thus
simplifying the software setup. One year of service is included by default at the
time of purchase of the USB Dongle and can be renewed at the USB Dongle
expiration date.

Table 1.2: description of USB Dongle factory status when you receive it.

Ordering Options

Product Description Product Code
Sci-Compiler PRO License SWS555 - Sci-Compiler PRO License WSW555PROXAA
Runtime License Sci-Compiler runtime license for Digitizers 2.0 Series WSWS55RUNTIME
Remote Customization Service 1-year remote customization service + upgrade for Sci-Compiler WSWS55RCSXAAA
Remote Customization Service 5 years remote customization service + upgrade for Sci-Compiler WSWS55RCSX5YA
— 5-year package
Sci-Compiler SMART kit Sci-Compiler SMART kit WKSCISMARTXA

Table 1.2: Table of ordering options

GD6520 - Sci-Compiler Quick Start Guide Rev. 7
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2 Requirements & Installation

System Requirements

The Sci-Compiler is compliant with Windows 10/11 OS. The software requires Microsoft .NET 4.0 or higher. If the
framework is not available on your PC, it can be downloaded from Microsoft© website.

The firmware compilation and FPGA programming require Xilinx Vivado (for DT5550, DT5550W and x5560 family) or
Intel Quartus (for V2495/DT5495) software installed on the user computer. The minimum versions for which the
compatibility is guaranteed are indicated in Table 2.1. Alternatively, it is possible to use the Remote
Customization Service to generate the firmware code exploiting the computing power on CAEN serves, with no need of
any local FPGA compiler installed on your PC.

Note: The Remote Customization Service and local compilers can be used at the same time. Sci-Compiler can be
/ configured at any time to perform compilation on your PC or use the Remote Customization Service, when available for
your license

To exploit the features of FPGA programming and firmware testing, the needed drivers should be installed (refer to the
instructions on the correspondent User Manual).

0s Windows Supported Local option (*) Remote Customization Service
Framework Boards Compilation Simulation Compilation Simulation
V2730
DT2730
V2740
VX2740 £ XILINX p
DT2740 VIVADO
V2745 2020.2- Full edition (**)
VX2745
DT2745
R5560A £ XILNX j
R5560SEA VIVADO
DT5560SE 2017.4 — Webpack
Microsoft
.- N!\j ET £ XILINX £ XILINX
.. 'ramework R5560B Vl\/ADOl VlVADO' ¢
Iy 4.0 or higher R5560SEB 2017.4 — Full edition 2017.4 — Webpack
DT o £ XILINX
235 VIVADO! COMING SOON
DT5550W 2017.4 — Webpack
£ XILINX ’
SMART kit VIVADO
2020.2— Webpack
V2495
Quartus COMING SOON
DT5495 | frime
18.0 — Lite Edition

(*) Third-party software not required if using remote customization service
(**) Vivado and JESD204 licenses are required. If needed, 10Gbps Ethernet license is also necessary

Table 2.1: Sci-Compiler system requirements.
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Sci-Compiler License Activation

4

4

GD6520 - Sci-Compiler Quick Start Guide Rev. 7

The full version of Sci-Compiler requires a valid license for operation. The license must be purchased separately and has
a specific expiration date. During its validity period, the license allows unrestricted use of Sci-Compiler, while software
updates are limited to a specific release version, which is indicated when running the software. All available software
releases, up to the latest version compatible with your license, can be downloaded from the MyCAEN+ area.

Note: in order to extend your license for further upgrade, you should enable the Yearly Upgrade Service. Contact CAEN

for more information

Note: in order to be able to activate your license, you need to register as a MyCAEN+ user at
https://www.caen.it/become-mycaenplus-user/

Once the license has been purchased, the user must activate it by following these steps:

e Open the e-mail received from My Sci-Compiler
e  Locate and copy the alphanumeric license coupon provided in the e-mail

S scr-compiLer

Licenses coupon code

Your licenses are ready to be used.

Go to https://my.sci-compiler.com/licenses/ to redeem your licenses using the following
coupon. An account is required to redeem licenses.

Coupon:

ABC-DFGHI-JKLMN-12345-12345-12345

f you have any difficulties redeeming the coupon, please contact us and provide this I1D:
ABC-DEF-12345678.

f you're not the user who will use these licenses but the one who made the purchase,

forward this email to the final user who will redeem this coupon.

Figure 2.1: Alphanumeric license coupon in Sci-Compiler e-mail.

e  Login into your MyCAEN+ area: [ https://www.caen.it/become-mycaenplus-user/ ]

0 CAEN ABOUTUS  PRODUCTS SUPPORT DOWNLOAD

@CAEN
Great to have you back! nt beneflts

the benefits of being a MyCAEN+ user

Login Register now

Figure 2.2: MyCAEN+ login web page.

e  Surfinto the Sci-Compiler tab

12
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m cAEN ABOUT US PRODUCTS SUPPORT DOWNLOAD

# / MyCAEN / Dashboard

MyCAEN*

Hi, Vincenzo

You have no devices yet
Add your device using the button

[ T g

Edit profile ~Logout

<+ ADD DEVICE

Add your Device to your Dashboard
using the PID or Serial Number

Search your devices by

Device Name

Search in text

Figure 2.3: Sci-Compiler tab button in the MyCAEN+ page.

A web page on the Sci-Compiler website will open. The user must log in using either Sci-Compiler account
credentials (if previously registered) or MyCAEN+ account credentials

Y5 scr-compiLer

Welcome!

%

Figure 2.4: Sci-Compiler’s login page.

Once logged in, the user will be redirected to his Sci-Compiler portal. From the main dashboard, click on the

Licenses section to proceed
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\‘,ﬁ\ SCI-COMPILER

& My Sci-Compiler

— Welcome, Vincenzo! My sci-Compiler > Overview
P Licenses

®® DProjects No licenses found

43 Support

& Downloads

M orders Latest updated projects

NAME LATEST COMMIT SHA

Latest commits

AT el ME 3 DbAIECT FDEAT!

Figure 2.5: Licenses section in Sci-Compiler portal

e On the right side of the screen, click on the "+" button. Since the license is being activated using a coupon,
select Redeem Coupon from the available options. The Request Trial option allows users to apply for a 30-day
trial; however, this trial does not include access to the Remote Customization service. Any activated license can
be imported in multiple MyCAEN+ account via Add new license button

\‘_:? SCI-COMPILER ()
& My Sci-Compiler o) Vincenzo Botiglierl ‘.;

Licenses

Your Licenses \ .

) I ©

o

Request Tria
Redeem Coupon

Add new license

Figure 2.6: Redeeming a coupon in Sci-Compiler portal.

e After entering the alphanumeric coupon, the license will be successfully activated. The Sci-Compiler portal will
display a “Success!” banner confirming the activation. In the Your Licenses table, users can view detailed
information about the newly activated license, including its validity period and associated features
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Success!

Coupon redeemed successfully

Figure 2.7: coupon redeemed successfully message.

Sci-Compiler Installation

Once a license has been activated (or added), the next step is to download the software. On the left side of the screen, navigate to
the "Downloads" section. To download the latest version, click on "Download" under the "Latest Release" section. All available
releases can be found in the "All Sci-Compiler Releases" section, where older versions can also be downloaded.

.
Y5 scrcompier ©

& My Sci-Compiler o . Vincanzo Botighir “;
Overview
@ Downloads Mysci-Compiler > Downloads
P Licenses
" Projects Latest Release

FER— 202410301
5 N S

All Sci-Compiler Releases

RELEASE RELEASE DATE CHANGELOG
202410301 2024/10/30 View Changelog
20243091 2024/10/09 View Changelog
2024913 A 2024/09/M View Changelog

Figure 2.8: Downloads section in Sci-Compiler portal.

/ Note: All Sci-compiler Releases tab shows all the available software releases but gives access only to the ones
compatible with your license expiration date.

Perform the following steps to install Sci-Compiler:
e Activate your license as explained in Sci-Compiler License Activation paragraph
e Run the setup file
o Accept the agreement and press “Next”
e Asetup wizard will start. Press “Next” to continue

e Choose the installation folder and Start Menu Folder and press “Next”
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L Setup - SeiCompiler version 2023.1,18.12 - X | ghy Setup - SciCompiler version 2023.1.18.12 - X
cla Setup p ol Setup p
Select Destination Location — Select Start Menu Folder =
Where shouild SciCompiler be installed? D here should Setup place the program's shortcuts? @
\J &

‘ D Setup will install SaCompiler into the following folder. 87— setup wil create the program's shorteuts in the folowing Start Menu folder,

To continue, dlick Next. If you would like to select a different folder, cick Browse. | To continue, cick Next. IF you wouid like to select 2 different folder, dick Browss

Browse open Hardware Platforms| Browse...
‘ | \

Atleast 2.03 GB of free disk space is required. [ [_JDon't create a Start Menu folder |

ext Cancel Back ext Cancel

Figure 2.9: Sci-Compiler installation folder.

Click “Install” to complete software installation

kg Setup - SciCompiler version 2023.1.18.12 - X

Ready to Install
Setup is now ready to begin instaling ScCompiler on your computer.

Click Install to continue with the installation, or dick Back if you want to review or change any settings.

Destination location:
| C:\OpenHardware

Start Menu folder:
Open Hardware Platforms

Figure 2.10: Sci-Compiler Installation tab.

Wait until installation is completed

¢l Setup - SciCompiler version 2023.1.18.12 - X
Installing

Please wait while Setup installs SiCompiler on your computer.

Extracting files...
C:\OpenHardware\SdCompiler PRO\DevExpress. Utis.v22. 2.dl

Figure 2.11: installation progressing bar.

Congratulations! The installation is now complete, and you can finally launch Sci-Compiler
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,
rl_-| Setup - SciCompiler -

Completing the SciCompiler Setup
Wizard

Setup has finished installing SciCompiler on your computer. The
application may be launched by selecting the installed shortcuts.

Click Finish to exit Setup.

Figure 2.12: installation last tab.

To launch Sci-Compiler, search for SciCompiler in the list of installed programs on your local disk and run the
application

Note: in some cases, certain Sci-Compiler features may require administrative privileges to function properly. To ensure
full functionality and avoid potential restrictions, it is recommended to always run Sci-Compiler as an Administrator. To
do so, right-click on the SciCompiler icon and select "Run as administrator".

e Once Sci-Compiler is launched, a banner message may appear stating, "Ops... we have a trouble with your

license." This is normal at this stage, as the active license has not yet been associated with the computer
running Sci-Compiler. The next step is to link the license to the system to enable full software functionality.

NI SciCompiler License Service — X

Ops... we have trouble with your license

We can not find a valid license, use the license
manager to identify the problem or activate a trial
license. The software can run in viewer mode

For license information and support visit:

https: //my.sd-compiler.com

License Manager Run in viewer mode

Figure 2.13: Sci-Compiler trouble license pop-up.

e  The Licenses tab will open. Here, the user must log in using their MyCAEN+ credentials. Once logged in, the
previously redeemed license will appear under the "Available Licenses for this Sci-Compiler version" section.
To complete the activation, the user must click on "Activate License" and confirm to use the selected
licenseon this computer. It is recommended to check "Remember license selection" to ensure automatic
license selection at startup, especially if only one active license is available.
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Help

prafect
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Repart

St
e | rerongen [ semity | e [ WWE

My S-Compier Account
User: vincenzo.bottiglieri@unina.it
2 Logout 8 Open My Sa-Compiler

¥ Forgotten password? & Account details

Avalable Seats Expraton ~ | Remote Services
y1 2026/02/12 v

(5 Refresh

Welcome | Project Disgram | MemMap | Compier Output | Mote | Remotesendces | License

Figure 2.15: “Use License” location in Sci-Compiler tab.

® |f a popup appears with the message "Success! The license has been successfully bound to this machine!"
and your license is listed under the "In Use" section, congratulations! The license association is complete,
and Sci-Compiler is now ready to use.

User: vincenzo.bottigheri@unina.it

£ Logout @ Open My S56-Compier

P Forgotten password? B Account details
Type Serial Number Status Expration Remote services Remember choice Actions
- Active 20262/12 v Release Seat View Details

Avalable Licenses For This Sd-Compiler Version

License Type Serial Number Avalsble Seats Status Expraton = | Remote Services Use statis

Success E3

The license has been successfully bound to this machine!

Figure 2.16: Sci-Compiler’s license success pop-up.
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Note: If the user has a physical USB DONGLE license, it can be converted into an equivalent digital license by clicking
"Convert to a Digital License" in the license tab of Sci-Compiler.

Note: If you need to use Sci-Compiler on a computer without an Internet connection (which is required for proper license
recognition), please contact CAEN support at:

https://www.caen.it/support-services/getting-started-with-mycaen-portal/
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3 Welcome in Sci-Compiler

In this chapter we give a brief overview of the software GUI.

At start-up, the main window appears, with a “Welcome” tab with few information about the latest Sci-Compiler
features, together with some online documentation.

P s - H X
e dfaersa 8
©olE BE " \SsccompiLer @ CAEN insiroments

forscience

000

NewProget | | OpenProjct | | Exampie Projct

Speed up design with
Sci-Compiler using
simulation

Latest version of Sci-Compiler support fast simulation
on almost all IP block in the catalog.

Report | Promet | Helo

Prokctfie Wekcome | PropctDisgram | MemMso | Compler Output | tote | Remoe servces | Leense

£ orcenm botsgen@una B LICINSE S

Figure 3.1: the Welcome tab.
The “Welcome” tab can be used to create a new project, to open a project or to explore the example projects that are

provided with the software, click on the correspondent button on the right-side of the Welcome tab. The Recent Projects,
if available, are listed in the right-side box.

4+ Welcome to Nuclear Instruments Sci-Firmware Compiler - Ea

Create Project  Open Recent  Examples

Board Image Board MName Board Details
32 Channels, 80 MSPS, 14bit DAQ board. 104 Digital I0 ~
’ % DT5550

1-2-4 Petiroc ASIC (WeeRoc) Readout System

DT5550W-PET...

167 incwbe 420 auutrute Deaorammabla Losic Lnit

Project Name

Project Folder C:\OpenHardwareUserProject Browse...

Figure 3.2: New Project window.

The "New Project" button allows the user to create a new project. The user has to click one of the line to choose the
board model of interest. Then, the name of the project can be specified in the "Project Name" field, while the folder in
which the project will be saved has to be written in the "Project Folder" field. The "Browse..." button allows to choose
the project folder by looking at the system tree.

/ Note: a “Project Folder” path containing one or more spaces in the folder names is not recognized by Quartus or Vivado,
causing compilation errors. Please use a path without spaces.

The "Create" button will then create a folder at the desired path with the same name of the project. Inside this folder
the following files/folders will be created:
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» This PC » Windows (C:) » FrequencyMeterProject »

~

Name Type Size

HDL File folder

library File folder

output File folder

tmp File folder
' FrequencyMeterjpg JPG File 30 KB
Y% FrequencyMeter.scf SCF File 578 KB

Figure 3.3: files and folders created in the Sci-Compiler project directory.

e a.scffile, the file format specific of the Sci-Compiler, containing all the information of the project
e a.jpgimage of the diagram (at the start it is empty)

. four folders (HDL, library, output and tmp) that will be filled during the compilation process with generated
VHDL code, FPGA programming files, libraries and example code.

The "Open Recent" tab allows to open a project that the user has previously created and saved. The box on the left shows
in chronological order the recent project files list. By clicking on a file, the image of the diagram contained in the project
will be displayed on the right and the field in the bottom will show the .scf file path. By pressing the "Browse..." button
it will be possible to choose a project file (with extension .scf) by searching through the computer folders. The "Open"
button allows to open the selected project file and load the correspondent diagram in the "Diagram" section of the GUI.

4+ Welcome to Nuclear Instruments Sci-Firmware Compiler - E3
Create Project  Open Recent  Examples
stepbystep DT5550 D—
BooleanLogic i T == | gy |
BooleanLogic I ,_3 o H £ T
H i n =
— & ——
=5 !
C:\Userslyventurini. CAEN'Desktop\stepbystep_DT5550\stepbystep_DT5550.scf Browse... Open

Figure 3.4: the “Open Project” tab in the “Starting” window of Sci-Compiler.

The "Examples" tab allows the user to create a project by starting from an available example provided with the program.
The examples are pre-compiled projects files (.scf) that the user can open, explore and compile to obtain the compilation
output file that can be uploaded on the board FPGA. The box on the left shows all the example folders organized by
board type and category. By clicking on an item, the name of the project file will appear in the "Project Name" field, the
image of the project diagram will be displayed on the right and the description of the example functionalities is reported
below the image. Then, the user can set the folder in which the project will be created by writing the path in the "Create
Project in folder" field or by using the "Browse" button. The user can also decide to change the project name by using
the correspondent field. The "Create" button will create a project containing the blocks and the connections of the
selected example with the name and the destination folder specified by the user.
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4+ Welcome to Nuclear Instruments Sci-Firmware Compier - E3

Create Progject  Open Recent  Examples

Enter text to search w
4 [@ V2495 ~
4 [= Components E
[ Boolean Logic ' ‘
[ Chronometer Enable E— r@ " —
Qi Counter Falling Edge Asynchro. .. = : !
&5 Counter LED (Port G)

[ Counter Rising Edge
25| Edge Detector

| Frequency Meter

Implements a simply AND logic operation between G0 and G1 using LEDD as output

w

Project Mame Logic AND (Port G) Create

Create Project in folder Close

Figure 3.5: the Examples tab.

Sci-Compiler main working area

The main Sci-Compiler working area is the Diagram sheet, where the user can place the blocks available in the Tools Box
bar menus.

/ Note: the specific documentation for each block is available in the Online Help by clicking on the block of interest after
placing it in the diagram.

n i o ;- - - -
PR R ER e & WD
Comple Program Resource Automatically
©oE &y i “Ef22m generate VHDL CODE, Oscioscore
i _ program YOUR BOARD, ET,]] s -
and TEST FIRMWARE m oo

EMBEDDED
DOCUMENTATION
for the selected block

s Trigger (Leading Edge)
F Companaets u Togpee

“This. block performs ing edge rigger, ¥
which generates an oulput sianal whan the
<

Figure 3.6: Sci-Compiler main tools are highlighted.
The main interface is organized as follows:

e  Toolbars: the toolbars contain the library of blocks available to draw the diagram and the commands to start
compilation, simulation and FPGA programming.

e  Resources and Settings: this section has two tabs; the Project File tab allows to manage the files of the project
and to see a block information through the online "Help", while the Hardware Settings tab can be used to select
the board connectors and registers settings to be configured.

e  Development GUI: this section allows to graphically design the FPGA firmware exploiting and interconnecting
the available blocks (Diagram tab), to configure the board connectors and registers settings (Editor tab) and to
read the output messages of the compilation process (Compiler output tab).

e  Status: this bar shows, on the left, the license information and the program status and, on the right, a bar to
indicate the progression of the current process.
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Six toolbars are available in Sci-Compiler — Home, Tools Box, View, Simulation, Compile, Hardware toolbars. The user can
switch between the toolbars clicking on the correspondent labels. Moreover, a File Menu is available and can be

visualized by clicking on the button , in the top left corner of the software window. This menu contains the
following items:

e  "New": opens, when clicked, the Starting Window shown in Figure 3.2 and allows to create a new project.
. "Open": enables the user to browse the computer files and to open an already created project file with the .scf
extension.

e  "Save":saves the current project and updates the .jpg image of the diagram and the .scf file.
e "Save As": gives the possibility to change the name of the current project and to save it in a different location.
e  "Exit": closes the software.

U= H & -
1=

T
D MNew
E Open

(L]
=

E Save As
a Exit

Save

[

Figure 3.8: the “File Menu” of Sci-Compiler
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Home Toolbar

Home Tools Box View Simulation Compile Hardware

D=BEHE il # ONEer» » A @

Mew Open  Save Save As  Retarget Settings Copy Cut Paste Undo Redo LinkStyle Magnifier  Software
Project Guide

File Tools Help
Figure 3.9: the Home Toolbar of Sci-Compiler

The "Home" toolbar contains some controls that are organized in sub-groups dedicated to different types of actions.

The "File” sub-group contains the same buttons of the "File Menu", with the same functionalities described above.
Moreover, the Settings button allows to set the Vivado and Quartus compilers configuration. The Retarget Project allows
to transform a previously created design for a certain board into a similar project for another target board.

The "Tools" sub-group has self-explicative controls that can be used when drawing the diagrams.
The “Help” allows to access a complete software guide with descriptions of all functional blocks available.

Tools Box Toolbar

Home Tools Box View Simulation Compile Hardware

o am > P i

F g2 & o 1 ol

EEE 0111 Gdm : A = R & 2 *a Bus i

Soard  Misc Gitwise  Subdesign  State Boolean Sequential  Tmer  Comparator  Mux  Delay Math  DSP Tming  Signal  Trigger  DAQ  Register Interfaces Signal

Pin ~ - Operations - - Machine =~ | Logic -  Logic~  Counters - - Memary ~ - - = Analysis - - - - Generator +
1/0, Wires, Subdesign Logic Signal Processing Comurication Testing

Figure 3.10: the Tools Box Toolbar of Sci-Compiler

The "Tools Box" toolbar contains all the pre-compiled implemented blocks for the target board, divided in groups
depending on their category. The available groups and the content of the sub-menus of each group, i.e. the available
blocks, depend on the board selected for the project.

Note: all the blocks are described in detail in the online Help, available in the Resources and Settings area of the software.
/ Clicking on a block of the diagram, its description will be displayed, together with labels to indicate the boards for which
that block is specifically designed.

The "Wire" group contains all the single wire blocks, organized in sub-menus:

e  the "Board Pin" allows to use the I/O board pins and implement the readout modes for ASICs (for DT5550W);

e the "Misc" contains constant values, Boolean variables, clocks, and conversion between binary and decimal
values; it also contains the “User HDL” function which allows the user to create a graphical block based on his
custom HDL code.

e the "Bitwise Operations" allows to implement the main bitwise binary operations.

e the "Sub-design" enables to select a sub-design file and synchronize it in order to insert it in the main diagram
file.

The "Logic" group contains the following sub-menus:

e  the "Boolean Logic" allows to implement all the Boolean logic basic operations.

e the "Sequential Logic" has edge detectors, latches and flip-flops.

e the "Timer Counters" contains scalers, chronometers, timers, counters and frequency meters.
e the "Comparator" has blocks that can be used to compare signals;

e the "Mux" allows to implement multiplexer and demultiplexer.

e the"Delay Memory" contains blocks to implement delays, serialization and deserialization, RAM, ROM, various
type of buffers and a pattern generator tool.

The "Signal Processing" group contains:

e  the "State Machine" menu to implement a finite state machine.
e the "ALU" menu containing the basic Arithmetic Logic Units operations.
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e the "Timing" menu with blocks implementing the Time to Digital Converter, the Single Channel Analyzer and
the Time over Threshold.

e the "DAQ" menu which allows to implement the processing of the signal using blocks like the oscilloscope, the
baseline restorer, the charge integration, the trapezoidal filtering, ...

The "Communication" group is divided in the following sub-menus:

e the "Register" allows to read and write directly on the board register.
o the"Interfaces" offers the possibility to choose between the 12C, the SPI or the UART communication protocols.

The "Testing" group contains the “Signal Generator” menu, to add testing input signals to the diagram.

View Toolbar
Home Tools Box View Compile Hardware
A N\ =

Link Label Link Style  Link Crossing

Link [P
Figure 3.11: the View Toolbar of Sci-Compiler

The View Toolbar contains general options for the block diagram visualization, like enabling/disabling the label on the
link and choosing the link style.

Simulation Toolbar

Home Tools Box View Simulation Compile Hardware
~ © @ /
| Run {us) 00|

Simulation  Run Simulation Y Remote View Waveform  Simulation Insert
Input Simulate Resultz output folder Probe
Simulation o T &

Figure 3.12: the Simulation Toolbar of Sci-Compiler

The Simulation Toolbar contains the command and options to start firmware simulation. Run Simulation allows to start
simulation through local compilers, while Remote Simulate uses the Remote Customization Service. It is possible to set
the simulation time, choose some Simulation Input (like external signals) and Insert Probe in the block diagram in order
to monitor the electrical signal in that point. Sci-Compiler gives access to a tool to View Waveform Results in order to
monitor the logic design operation. The output files of a simulation are saved in the Simulation output folder. For more
details, please see the Firmware Simulation paragraph.

Compile Toolbar

Home Tools Box View Simulation Compile Hardware

. @ °

Compile  Generate Start
SDK Remote
Compiler Remote Custu...

Figure 3.13: the Compile Toolbar of Sci-Compiler

The Compiler toolbar contains the controls related to the compilation procedure.

“

The “Compiler” sub-group contains the commands for local compilation options (active when available for the specific
target board). The "Compile" button starts the compilation on the user computer: a .vhdl file is generated starting from
the user graphically designed firmware. A .tcl file is created and the Vivado or Quartus program, depending on the target
board chosen for the project, will be executed from the shell. The output of the program execution is redirected to the
"Compilation Output". For more details, please see the Firmware Compilation paragraph. The "Program FPGA" button
allows to program the board FPGA by using the bitstream file generated during the firmware compilation process,
connecting the board to the computer with a specific programmer cable (Vivado or Quartus are called automatically
from the shell). Also, in this case the output of the process is redirected on the "Compiler Output". For further details,
please see the FPGA Programming paragraph.
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The “Remote Customization” sub-group allows to access the Remote Customization Service and monitor the status of
compilations through the Remote Center (active when available for the specific target board)

Hardware Toolbar

Home Tools Box View Compile Hardware
=, _l‘| ',
Ml i

Resource Flash
Explorer Program Tool
Debug = Flash Tool =

Figure 3.14: the Hardware Toolbar of Sci-Compiler
The Hardware toolbar gives access to Debug and FPGA flashing tools.

The "Resource Explorer" button opens a window that allows to connect with the hardware and test the FPGA firmware.
The functionalities of the "Resource Explorer" are briefly explained in Par. How to test your firmware: the Resource
Explorer, while a complete description can be found in the online Help of the software.

The "Flash Tool” sub-group contains the commands needed to generate the firmware flash file (active when firmware is
compiled locally) and launch the firmware flashing tool for DT5550x series and x5560 boards.

Resources and Settings

The “Resources and Settings” section (on the left-hand side of the main GUI) allows to manage the files of the project,
view the project properties and read a block explanation through the Help.

The Project File tab is organized in two sections.
The section on top shows the files contained in the project organized in a tree view:

¥
e  HOb represents the main file project.

= |
. = denotes the sub-design file project.

By clicking on a file, the correspondent content will be shown in the "Diagram" and the "Tools Box" toolbar will be
displayed.

e Q|2

4 giy top
=, sub-design1
=, sub-design2

Figure 3.15: the top section of the “Project File” tab.

This button allows to create a new sub-design file.

This button deletes the selected sub-design file.
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This buttons allow to synchronize a selected sub-design file in order to insert it as a block in the diagram of the
main project.

The section on the bottom part of the Project File tab is organized in two sub-tabs:

the Help sub-tab reports the name of the selected block and its category, with arrows that allows to navigate

27

.
the various sections. The Help shows a label indicating if the block is available for a specific board ( and/or
), the image of the block and its description. This explanation is followed by a summary of all the input
and output signals of the block, each one with the signal name, the label specifying the signal type (integer (]
or logic vector ), the label indicating the signal direction (input —Jor output I:_"), the signal size and the
signal brief description.

e the Project sub-tab reports the properties of the open project and allows to enable/disable precompiled IP
cores. If this latter option is enabled, the compiling time can be significantly reduced.

= Scaler : o
T Components »> Timer/Counters »» E Mame
Author
.
2 Company
o
SCALER &£  Copyright
8 ® Creation Date 09/07/2018 10:38:42
Last Edit 17/07/2018 11:09:36
Target Device 2495

The block implements a scaler which reduces

the input signal frequency. The block takes as

input signal In, which has a certain frequency, =

and generates an output signal OUT with a

frequency equal to the input frequency divided

by the input value SCALE.

In _.] Size: 1

| | Description

Input signal which frequency has fo be reduced

[scaLe — siz= 0]

Input constant number representing a factor of

input signal frequency reduction —

[ouT [ sie=1]

. Precompiled Cores | Disabled w

Qutput signal that has a frequency equal fo the .

input signal frequency divided by the SCALE < Disabled
. . Enabled
Project File e

Project File

Figure 3.16: the bottom section of the Project File tab, with the Help and the Project sub-tabs.

Status Bar

STATUS: IDLE X vincenzo.bottiglieri@unina.it

A LICENSE 1002802 - PRO

Figure 3.17: The “Status” bar of Sci-Compiler

The “Status” bar on the bottom part of the GUI is composed by three elements:

e the status label, on the left corner of the status bar, indicates the process that is executed by the software: it
is "COMPILING" if the compilation process is in execution, "PROGRAMMING" if the FPGA programming process
is running and it is "IDLE" if there is no Vivado or Quartus process in execution.

e the e-mail used to login to the MyCAEN+ account, if connected online

e the progress bar on the right corner of the status bar shows the progression of the current process (the
firmware compilation or the FPGA programming).

® the license label shows the information related to the Sci-Compiler license, which is provided through the USB

dongle or free trial.
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4 General project structure

How does a typical project look like?

Sci-Compiler uses block diagrams to convert the concept of a Digital Pulse Processing algorithms into a full working
firmware. Typically, a project is made of three main parts:

e Inputs, that are blocks mapping the actual hardware input of the hardware.

e Processing, i.e., blocks interconnecting each other and making the Realtime Signal Processing. For instance, in
Figure 4.1, the signal from the input feeds a Derivative Trigger, which in turn activates a Trapezoidal Filter. The
flat top of the trapezoid is sampled by the Energy Sampler block and energy of the incoming signal is then
measured.

/ Note: refer to the software online Help for the accurate description of the Inputs and Processing blocks available
for each compatible board.

e  Readout, i.e., blocks to read the results of the Processing and transfer them to the PC as data. For instance, in
Figure 4.1, a Spectrum block is used to read data coming from the Energy Sampler. Data are read by the
Spectrum block when the Energy Sampler and an external digital signal on pin I0_A_0_A of the board are in
coincidence (Logic AND).

Input Processing
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Figure 4.1: the typical structure of a Sci-Compiler project for Digital Pulse Processing.

Readout structure and Resource Explorer

Sci-Compiler uses different readout structures in order to adapt the acquisition to the different compatible hardware.
There are two main readout structures (see Figure 4.3):

e  Local Bus readout (available for all compatible boards): data from the processing blocks and configuration
registers are sent through a AXI Local Bus Bridge (refer to [RD15]) and can be directly read by the Resource
Explorer, that is a built-in tool available in Sci-Compiler GUI (see Figure 4.2). The Resource Explorer gives the
possibility to read and write the configuration registers (i.e. Signal Processing parameters) and shows the
readout instruments like Spectrum, Oscilloscope, etc. in a GUI, so that it is possible to change the signal
processing parameters and test the results of acquisition live, with no need to write any software code. In
practice, the Resource Explorer is a first-use debug interface to test the firmware and check the behaviour of
the Processing algorithm specified through the block diagram.
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Figure 4.2: the Sci-Compiler Resource Explorer (right), showing an oscilloscope acquisition and Digital Pulse Processing parameters for
a given firmware block diagram. The Read/Write registers are reported in the table, the signal acquired by the Oscilloscope block are
shown in a user-friendly GUI.

e DMA/DDR readout (available for 2730 - 2740/45 Family only): special readout blocks are available for boards
supporting DMA/DDR architecture. In this case, the acquired events flow into a large DDR4 memory (5 GB) for
buffering, waiting for a DMA that transfers the data into the DDR4 memory of the ARM processor. Finally, upon
request of the DAQ software running in the host PC, the data are transferred to the computer and can be
readout through the CAEN software WaveDump2 [RD16] and CoMPASS [RD17], or alternatively using the Sci-
Compiler Software Development Kit (SciSDK).

Special Readout blocks are available for Waveform and DPP modes of the 2740/45 Digitizer family, called

respectively x2740/45 Digitizer and CAEN List
. Input signal @
Processing R/W registers

g
Local Bus Readout Special Readout

(1 endpoint)

Resource
Explorer

et
AXI LOCAL BUS @
=z [T

BRIDGE
1262
S
d cAen NS
CoMPASS
il s |
CAEN

Local Bus and DMA/DDR Readout blocks can be used together in the same project. For instance, it is possible to readout
data from the same Charge Integration block using both the Custom Packet (feeding the Local Bus) and the CAEN LIST
(feeding the DMA/DDR path), as shown in Figure 4.4. In particular, data coming from the Custom Packet or from the
CAEN LIST would be the same but in different formats. With respect to the Local Bus blocks, the Special Readout ones
are faster and more performing because they use the DDR4 memory instead of the FPGA RAM.

(N endpoint)

Figure 4.3: sketch of the Sci-Compiler readout modes.

Note: x2740/45 Digitizer block and CAEN List block cannot be instantiated in the same project. In fact, the user has to
decide at the creation of the project if using the Wave or DPP mode. Wave mode should be used for common trigger
acquisitions and DDR4 is mainly used for waveform samples storage. DPP mode should be used for independent channel
trigger acquisitions, where a complex Signal Processing is needed to extract a list file. In DPP mode, the DDR4 is feed with
the list coming from the CAEN List block.
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Figure 4.4: example of use of Local Bus blocks (Oscilloscope and Custom Packet) together with Special Readout blocks (CAEN List) in

the same project.
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5 Firmware Simulation

Firmware code simulation is a well-known best practice during FPGA programming flow. Since compiling a firmware may
require a lot of time, it is possible to simulate it in order to reproduce its behaviour under some external stimulus.

Sci-Compiler allows to simulate the firmware code either using local Vivado and/or Quartus installation, either through
the Remote Customization Service.

The simulation process is much faster than compilation and it allows to have a quick response on how the Signal
Processing Algorithm implemented in the firmware is working. In fact, it is possible to add some input to the simulation
(like an external signal) and set probing points in the block diagram. In this way it is possible to monitor the electrical

signal in that point. Moreover, Sci-Compiler gives access to an external tool (GTKWave) to monitor the overall Waveform
Results.

A simulation example

31

Two main tools can be used to add simulation stimulus and probes to a given block diagram: the Simulation Input and
Insert Probe available under the Simulation toolbar.

Home  TodsBox  View | Smuaton | Comple  Hardware

*
Run (us) 005

fimulatiorll Run Simulation Remots  View Waveform  Smulation
Simulate Results output folder

Simulation

O & B H b

i top
a8 Unused
s
1161 —— @) Ansiog_ s
{9 pex
ANALOG INFIN
; —

2 Probe All:
T Gomponents » Simulation » :

Project

SiM

-
o probe_trigger
N

Prabe allow to mark a net to be displayed in
the top list if signal in the test bench

Figure 5.1: management of simulation stimulus and probes in Sci-Compiler. The "Simulation Input" sections are highlighted in red,
while the "Insert Probe" sections are highlighted in green.

Report

The Simulation Input allows to generate a signal of interest at each Board Pin available into the block diagram. For
example, in Figure 5.1, it is possible to emulate a specific signal at the Analog Input AO. After placing the input in the
diagram, right click on it and select Add/Edit to simulation Stimulus. The given input will be added to the Simulation Input
table and, from there, it is possible to choose the kind of signal to be generated as a stimulus of the simulation. As shown
in Figure 5.2, the Simulation Input menu allows to select the characteristics of the stimulus to be generated at a certain
input (in the example AO of a V2740 board). As a more advanced use mode, it is possible to go into the Registers tab and
write a script to generate values of interest for the Registers available in the block diagram.
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Figure 5.3: using a script to generate stimulus for the registers available in the block diagram.

The other tool is the Insert Probe, that allows to add a SIM block to the diagram and connect it to whatever block pin in
order to monitor some signals of interest. Those signals will be available, together with the input stimulus, through the
View Waveform Results after simulation is completed.

Figure 5.4: the SIM probes placed in a block diagram to monitor output signals coming from other blocks of the diagram.

/ Note: an extensive tutorial for simulation is given in the Sci-Compiler online help.
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6 Firmware Compilation

When the block diagram design is finished, it is possible to compile the firmware with local Vivado and/or Quartus

installations or through the Remote Customization Service.
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Figure 6.1: sketch of the Sci-Compiler generated files.
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The firmware compilation on the user’s computer starts by pressing the "Compile" button in the "Home" toolbar. The
button is immediately transformed in the "Stop Compilation" button in order to stop the compilation process if needed.
Automatically, the "Compiler Output" section is displayed in order to show the messages describing the processes that
are occurring. At the same time, the status label on the left corner of the status bar changes from "IDLE" to "COMPILING"
and the progress bar on the right corner of the status bar starts to be updated to show the progression of the compilation

process.

STATUS: Compiling  Valid license,

Figure 6.2: the status bar during firmware compiling.

The firmware compilation is composed by various phases: the analysis and synthesis of all the components, their
mapping, their placing and routing, where the optimization of the space and time constraints is considered.

The first compilation step is executed by the Sci-Compiler and consists in the generation of the VHDL code from the user-
designed diagram. The various operations are described and reported in the "Compiler Output" in blue, while eventual
errors will be displayed in red. In particular, the registers and the signals map are generated and mapped on the correct
addresses. Then, for each block used in the diagram is generate an HDL code in the “HDL/pcores” folder of the current
project. At this point, the HDL code can be assembled for all the blocks used in the main diagram and all the sub-designs,
and the correspondent .vhd files are generated in the “HDL” folder of the current project.

The second compilation step involves the creation by the Sci-Compiler of C++/Phyton libraries (C libraries can be
compiled in VC++, gcc, XCODE) and their relative example code in the "library" folder of the current project. This code
can be exploited by the user to test the board communication. In addition, a .json file is created in the same folder: it
contains all the defined registers, oscilloscopes, list modules and logic analyzers blocks in order to transmit all the
necessary information to the “Resource Explorer” tool, which allows to test the functionalities of the designed firmware

(see later for more details).

33
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» This PC » Windows (C) » FrequencyMeterProject » library >
Name Type Size
C File folder
Python File folder
RegisterFilejson JSON File 1KB

Figure 6.3: overview of the files created in the “library” folder during firmware compiling.

In the third compilation step the Sci-Compiler generates a .tcl file in the "HDL" folder that is used to execute from the
shell the Vivado or Quartus program, depending on the target board chosen for the project. In fact, Vivado and Quartus
are, respectively, the Xilinx and the Intel Altera software allowing the FPGA firmware compilation and bitstream
generation.

» This PC * Windows (C) » FrequencyMeterProject > HDL

Name - Type Size
db File folder
incremental_db File folder
pcores File folder
- ¢5_pin_model_dump.txt Text Document 4 KB
F encyMeter.tc TCL File 39 KB
W Ib_intvhd Virtual Hard Disk 9kB
top_FrequencyMeter.qpf QFPF File 2 KB
top_FrequencyMeter.qsf QSF File 41 KB
w top_FrequencyMeter.vhd Virtual Hard Disk 6 KB
w v2495_package.vhd Virtual Hard Disk 3 KB
| V2495user_template.tcl TCL File 37 KB

Figure 6.4: overview of the files created in the “HDL” folder during firmware compiling.

The output of the compiler software execution is redirected to the "Compiler Output" tab and visualized in black, with
the warning messages displayed in orange and the error messages reported in red. The messages describing the
operations executed by the Sci-Compiler itself, as the creation of a new project folder, the opening of a project, the
creation of all the files and folders necessary for the firmware compilation, are displayed in blue. The output of the
Vivado or Quartus process that are redirected in this console are visualized in black. In addition, all the warning massages
are displayed in orange, while all the error messages are reported in red.

Start compiling project: list_D -

Creating register map
Mapping register count oa address: 0x00010000
Processing page: top (b3a3479d-986e-4335-896b-17237705¢3e4)

T0 (adc/1istmodule)

UL (vimer/counter_rising)

U2 (vimer/scaler)

U3 (mise/elock)

T4 (misc/int)

Generating HDL of: U5 (misc/binary)

Generating HDL of: U§ (register_file/regw)

Memory Mapped Compoenent U0 on address: 0x20000000

Memory Mapped Compoenent Mepping register ListReadout_0_STATUS On address: 0%80000001
Memory Mapped Compoenent Mapping register ListReadout 0 CONFIG On address: 0x80000002
Rssembling HDL of top page...

Generating € library.

Generating project description library

Design fully generated

Starting HDL Compiler...

*xxtxr Vivado v2016.3 (84-bit)
#+++ 5 Build 1682563 on Mon Qct 10 19:07:27 MDT 2016
#+++ TP Build 1681267 on Mon Oct 10 21:28:31 MDT 2016

*% Copyright 1986-2016 Xilinx, Inc. ALl Rights Reserved.

source C:/Users/Desktop/list_D/HDL/list_D.tcl
# set cutputDir C:/Users/Desktop/list D/output/list D

# file mkdir soutputDir

# create_project —force 1ist D C:/Users/Desktop/list_D/output/list_D -part XCTKIGOTFFG676-2
4 sec_property targec_language VEDL [current_project]

# set_property XPM_LIBRARIES (XPM_CDC XBM MEMORY XPM_FIFO} [current_preject]

# add files pcores/FIDI_FLFOs.xci

[TP_Flow 19-233] Refreshing IP repositories

[TE_Flow 19-1704] No user IP repositories specified

[TE_Flow 13-2313] Loaded Vivado I® repository 'C:/Xilinx/Vivade/2016.3/data/ip'

+ IP 'FTDI_FIFOs' shares a common output directory with other 1P, It is recommended that each IP be placed in its own directory.
Please select 'Report IP Status’ from the 'Tools/Report’ menu or run Tcl command 'report_ip_status’ for more information.

# add_files pcores/system_clock_generator.xci

* IP 'system clock generator’ shares a common output directory with other IP. It is recormended that each IP be placed in its own directory.

Please select 'Report IP Status’ from the 'Tools/Report’ menu or run Tel command 'report_ip_status' for more information.

# add_files C:/Users/Desktop/list_D/HDL/top_list_D.vhd

4 add_files pcores/counter_rising.vhd

# add_files peores/counter_rising.vhd -

Diagram -top | Editor | Compiler Output

Figure 6.5: the “Compiler Output” during firmware compilation.

The final compilation step is represented by the generation of the bitstream file that is required to program the FPGA,
i.e. a configuration file compatible with the supported platform: in the case of the DT5550x/x5560 it is a .bit file, while
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in the case of the V2495/DT5495 it is a .rpd file. All the output files are generated in the "output" folder of the current
project.

» This PC > Windows (C:) » FrequencyMeterProject » output

~

Name Type Size
top_FrequencyMeter.asm.rpt RPT File 13 KB
top_FrequencyMeter.done DONE File 1KB
top_FrequencyMeter fit.rpt RPT File 391 KB
top_FrequencyMeter fitsmsg SMSG File 1KB
top_FrequencyMeter fit.summary SUMMARY File 1 KB
top_FrequencyMeter.flow.rpt RPT File 9 KB
top_FrequencyMeter.hexout HEXOUT File 2,473 KB
top_FrequencyMeter jam JAM File 302 KB
top_FrequencyMeter jbc JBC File 228 KB
top_FrequencyMeter.jdi JDI File 1KB
top_FrequencyMeter. map.rpt RPT File 54 KB
top_FrequencyMeter.map.summary SUMMARY File 1 KB
top_FrequencyMeter.pin PIN File 78 KB
top_FrequencyMeter.pof POF File 32,769 KB
top_FrequencyMeter.rbf RBF File 1,177 KB

I top_FrequencyMeter.rpd I RPD File 32,768 KB
top_FrequencyMeter.sld SLD File 1KB
top_FrequencyMeter.sof SOF File 3,901 KB
top_FrequencyMeter.sta.rpt RPT File 254 KB
top_FrequencyMeter.sta.summary SUMMARY File 2 KB
top_FrequencyMeter.svf SVF File 8,391 KB

v top_FrequencyMeter.ttf TrueType font file 4,854 KB

Figure 6.6: overview of the files created in the “output” folder during firmware compiling. The .rpd flash firmware file created for a
V2495 is highlighted.

In case of errors during the firmware compilation, the process is stopped, the "Stop Compilation" button is transformed
again in the "Compilation" button to start a new compilation, the progress bar is reset, and the status bar returns in the
"IDLE" state. The user can then use the error messages to solve the issues and start a new compilation. If no errors occur,
the compilation process continues till the end and the Sci-Compiler sends the message "Successful compilation!". Also
in this case, the progress bar is brought back to the start, the status bar returns in the "IDLE" state and the "Stop
Compilation" button changes to "Compile", in order to allow a new firmware compilation process.

Remote Customization Service

35

The firmware compilation through the Remote Customization Service starts by pressing the "Start Remote" button in the
"Home" toolbar. The button is immediately transformed in the "Stop Compilation" button in order to stop the
compilation process if needed. Automatically, the "Compiler Output" section is displayed in order to show the messages
describing the processes that are occurring. At the same time, it is possible to check the status of the compilation in the
Remote Center. At the end of compilation, it is possible to download the final build of the firmware from the Remote
Center and the file can be loaded directly on the compatible board.
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7 FPGA Programming

Once the firmware compilation process is terminated successfully and the bitstream file has been generated, the user
can program the FPGA. The firmware file can be generated by pressing Generate Flash File or it is available through the
Remote Center, depending on the compilation being local or through the Remote Customization Service.

Note: refer to the board specific User Manual for the exact upgrade procedure of each board compatible with Sci-
Compiler.

Note: procedure for the FPGA permanent upgrade of V2495/DT5495 and 2740/45 is given in [RD3] and [RD13]
respectively.

Moreover, Sci-Compiler offers an embedded tool to upgrade the firmware flashing permanently the FPGA of a

DT5550/DT5550W/x5560/DT1260 board. The “Generate Flash File” button generates a .bin firmware file, compatible
with the Xilinx FPGA. The “Flash Program Tool” button launches the Firmware Upgrader.

Generate Flash
Flash File  Program Toaol

Flash Tool I
Figure 7.1: the “Flash Tool” sub-group of the Hardware Toolbar

The procedure to perform a permanent firmware upgrade is described below:

Generate a .bin Flash File, which contains the firmware code.

Switch the Boot Mode Switch to “Bootloader” mode with the board switched off.
Connect the board to the PC via USB 3.0 communication port and power on.

Press the “Flash Program Tool” button.

ok wN R

A wizard will guide you in the firmware upgrade process. All supported hardware connected by USB to the
computer will be listed in the combo box. Select the hardware you want to load the firmware on. “Identify”
button will make a LED blinks on the selected board.

a5l CAEM - Nuclear Instruments OpenHardware systems - Firmware Upgrader O had

-
Select the OpenHardware system

£

Rescan Identify

W
N.

4

m CAEN m Nuclear Exit Next >>

nstruments

6. Once the board is chosen from the combo box, press “Next” to select the firmware file to load.
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7. Load the .bin file, containing the firmware code and press the “Start” button.

asl CAEN - Muclear Instruments OpenHardware systems - Firmware Upgrader ] x

Select firmware file

|pe{iroc_base.bin Browse. ..

L
I

Writing page 45/65

S

m CAEN m Nuclear Exit Start

Instruments

8.  When the firmware is fully loaded a message invites the user to power cycle the board, in order to load the
new firmware.

9. Remember to switch the Boot Mode Switch to normal operation mode in order to allow the board to run in
standard mode and load the firmware from the flash memory.

A WARNING: There is no way for the system to recognize if a firmware is correct for a given hardware. For example,
a firmware designed for another board can be loaded on a DT5550, but it can damage the board. User must check the
hardware target for a specific firmware BEFORE loading it on the flash memory.

/ Note: the x5560 firmware can be also permanently upgraded through its dedicated web interface. Refer to
[RD10][RD11][RD12]for more details about the needed procedure
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8 How to test your firmware: the Resource
Explorer

Sci-Compiler offers a simple built-in tool, called Resource Explorer, to connect one of the supported boards and test the
features of the FPGA firmware with no need to write any software code. This tool allows to manage all Local Bus readout
blocks placed in the firmware diagram(see Figure 4.2), therefore it gives the possibility to read and write the
configuration registers (i.e. Signal Processing parameters) and shows the readout instruments like Spectrum ,
Oscilloscope, etc. in a GUI, so that it is possible to change the signal processing parameters and test the results of
acquisition live, with no need to write any software code. In practice, the Resource Explorer is a first-use debug interface
to test the firmware and check the behaviour of the Processing algorithm specified through the block diagram.

The Resource Explorer can be launched by from the "Home" toolbar. In the “Connection” window that will appear (see
Figure 8.1), the user can configure the connection to the desired board. In particular, it is possible to choose the board
model by clicking on one of the board icons, select one of the options for the "Connection Type" drop down list between
USB, Ethernet or VME and insert in the field "IP/SN" the board internet protocol address or the serial number (depending
on the chosen connection type). The firmware uploaded on the board can be tested by selecting the .json file located in
the "library" folder of the Sci-Compiler project and generated during the compilation process. The user can select the file
by clicking the "Browse..." button and search through the computer files. The "Selected Json File" field will show the
selected file path. The "Connect" button enables the connection to the board with all the specified settings.

Connection n

=
=)
SCI-COMPILER

Scientific Firmware Compiler

@ CAEN Nuciear

Model DT5550 v Scan for Board

Select Json File C\OpenHardware\UserProject \AnalogSignalFilters \library ‘-.REQISlEFFIle.JSOr| Browse...

Connection Type |USB v Serial Number it

L 1

Connect

Figure 8.1: the “Connection” window of the Resource Explorer.

The following window will appear, showing the list of all the Registers, List Modules, Logic Analyzers and Oscilloscopes
available on the FPGA firmware of the connected board. The items of all the components can be visualized by clicking on
the "+" symbol.
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i, Available Resource - O *

File  View Connection

[=- Registers

- Trigger Threshold
- Triggerinhibit

- BaselineLength
- BaselineInhibit
Gain

- Peaking Time
FIatTop

- DecayConstant
- Energy Sampler
- PileUpInhibit

.. Energy

- Pile UpCounter
- List Module

- Logic Analyzer

- Oscilloscope

w0 Scilloscope_0
- Spectrum

28 2

Figure 8.2: example of the “Available Resource” window of the Resource Explorer. All the items available for the considered firmware
are listed.

The "File" button opens a menu with the following items:

e the "Open" button allows to load a different .json file by opening a window to search through the computer

files. The file should be compatible with the connected board, otherwise an error will notify the issue to the
user.

e the "Save" button enables the user to save the .json file related to the registers listed in the “Available
Resource”.

e  the "Exit" button closes the "Resource Explorer" tool.

The "View" button allows to create a new table or plot that will be used to set or get the values from a set of registers
simultaneously.

The "Connection" opens a menu with the following items:

e the "Disconnect" button closes the connection with the board.

e the"New Connection" allows to create a new connection by showing again the Resource Explorer “Connection”
window.

Note: for a detailed description of the Resource Explorer functionalities, refer to the online Help
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9 SciSDK

The SciSDK is a Software Development Kit installed together with Sci-Compiler setup and compatible with any board
supported by Sci-Compiler.

Note: for specific documentation of the functions and parameters of the SciSDK, refer to the Sci-Compiler online Help or

/ to https://nuclearinstruments.github.io/SCISDK/

Note: alternative installation methods for the SciSDK are given in the online documentation
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10 Creating your first project

In this Chapter we give two examples to be taken as reference for the procedure to create a project in Sci-Compiler and
compile the firmware, in local mode using the Remote Customization Service. We take some specific boards as examples,
but the method can be extended to all the compatible hardware.

Step by step example — Remote Customization Service

In this step-by-step example we give instructions to design a custom firmware for 2740/2745 Digitizers family to extract
counts and charge of an analog exponential signal. Since we are interested in quantities extracted by the pulse
processing algorithm only and not in the full waveform, we create a DPP project.

Note: in this Paragraph we give instructions based on a DPP project V2740 board, but it can be extended to all 2740/45
/ Digitizer Family models (V2740, VX2740, DT2740, V2745, VX2745, DT2745). Moreover, the general concepts can be
extended to DT5550x, x5560 families as well.

1. Activate your Sci-Compiler license and set up the software installation as described in Par. Sci-Compiler
License Activation, Sci-Compiler Installation, Errore. L'origine riferimento non é stata trovata..

2. Plugthe USB Dongle in your PC and launch Sci-Compiler

3. Create a project for your V2740 board: press New Project to open the selection menu—> Select x2740 dpp >
Choose a name/folder for your project = Press Create.

- =Kl
GHEG OBE~’ > @ &+ o s 8§ @ %
20 [= 4% U~ S . . . . Nuclear
= el - LTl

SUTEDE  § vevusmwsszoonalcon 8 TRIALMOOE -EFE: |

/ Note: In alternative to creating a project from scratch, Sci-Compiler offers ready-to-use examples that can be
opened and modified to speed up the learning curve.

4.  First of all, we place an analog input in the diagram. From the Tools Box bar, click Board Pin > Analog In and
select, for instance, AO, corresponding to the physical CHO of the V2740 board.

U5 Select PIN — « —r
. T3 O b % Y O0OBGE =

Board 10 Config

Cancel oK ‘

5. To count the input signals, we need first to discriminate them. Therefore, we should place in the diagram a
Leading-Edge Discriminator with a programmable threshold via a register read by the discriminator block. Place
the discriminator from DAQ->Trigger Leading Edge and the register from Register-> Register (read). In the
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Register window choose Bit Vector mode, size 16, in order to match the Leading-Edge Discriminator block
requirements. Give a name to the register (for instance Threshold), press New and then select the register
name and press OK. Connect the blocks as shown in the figure below.

* Register Read - * - 8
& =00 b - On K =
Mode Bt Vector v 7 o i - —tre i v' :
Saze 16 v e
Regster Hame

Cancel oK

6. Iftheinputsignal has positive polarity, we now have to add a counter triggering on the rising edge of the signal.
Place the counter block from TimerCounter = Counter (Rising Edge) and connect it as shown in the figure
below. In order to store the counts number in a register written by the Counter (POS) block, add a Register
Write with name Counts, Bit Vector mode, Size 32 and connect it to the Counts output of the counter block.

| ¢ Register Write - X ]
Om QK =

Mode Bt Vector v \ree ;

Size: 2 -

Regster Name o e |

@on  own@

| ™

Threshold o

Courte e

O hew
Cancel oK

7. The charge of the signal can be calculated with the Charge Integration block. Place it in the diagram from
DAQ~> Charge integration and connect it as shown in the figure below, so that the Analog In is the input of
the Charge Integration block and the trigger is given by the Leading Edge Discriminator.

For the sake of simplicity, leave the the Charge Integration parameters — Integration Time, Pre-Integration,
Pileup and Gain - to their default values (see Online Help of the Charge Integration block)
o - - o

aB N & = 8

© 0 - =

i Charge Integration
: prase Mgt

Componerts . P

@ rincore
\® oo
@ o
(@) saseine
@ o

8. To define the Charge Integration parameters, place in the diagram a Register-> Register File block.
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In order to transfer energy data in a packet that can be easily handled by the V2740 readout we place the
proper block from DAQ->x2740 CAEN List. This is one of the Special Readout blocks that allows to transfer
data in list mode from the board to the PC using the high-speed DMA endpoint (refer to Readout structure
and Resource Explorer for more details). The configuration details of the CAEN list block are available in the
online help. For this purpose, we choose FIFO Channel = 0, Packet Mode = Single Word and Predefined fields.
Connect the blocks as shown in the figure below (Energy—> Energy; EnergyVLD-> Trigger)

4% Property Editor - X om

FIFO Channel LS S s 2o n =
| Max Waveform Len 128
Wave bus 1x 166t = &2
Packet mode Single-Word =
First word mode Predeined fiekds "
| Commt mode AUTO Do
P

In order to easily test the firmware with the Resource Explorer before using more complete DAQ software
code, we can place a DAQ~> Oscilloscope block as debug monitor for the analog input and a DAQ->Spectrum
block to readout the energy from the Charge Integration block. The Resource Explorer will also allow to set the
threshold of the discriminator and read the number of counts detected by the counter.

Connect the Analog Pin AO to AO channel of the Oscilloscope, with the Oscilloscope Start given by the trigger
output of the Leading-Edge trigger block. Following the same concept, connect the Energy output of the Charge
Integration to Data input of the Spectrum block, with the Strobe given by the Energy VLD signal coming from
the Charge Integration.

The diagram is now complete, and it should look like the one below:

BHE @ OBLANP > @

0 -

11. Before compilation, you need to set properly the Local Bus Readout blocks (registers, Oscilloscope and

Spectrum). To do this, go into the Memory Mapping tab, where those blocks are listed, and press Auto Assign.
This operation assigns a Physical Hex Address to each block. A manual assignment is also possible.
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12.

13.

i Nudiear Instruments ScCompler (2022.10.0.1) - myfirstproject_V27400PP - = Ea
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== = §
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You are now ready to start the compilation. If you are logged in the MyCAEN+ (see Status Toolbar at the bottom
of the software window), you can use the Remote Customization Service to synthetize the firmware for the
V2740, with no need of installing any local Vivado compiler.

From Compile toolbar, press Start Remote. The software will automatically display the compilation log while
compiling, and you can double-check the status of the compilation from the Remote Center or directly from
your MyCAEN+ area (see figures below).

IR o ocsBox  vew ~ D ® »
- - X B - [ 2 O
UaHE ¢ IBE”» @ ¢ &# ¢ 8§ 0 - « W
Mew Open  Save SaveAs Settngs Copy Cut Poste  Undo  Redo  Link Style  Magfer o o Resource  Generate v Flash Software Stop Remote  Remote Generate
Explorer oK ach ¥ Program Yool Gude Center  offdre progect
Fle 13 Tools 13 Compder 3 Flash Tool 3 o Remote Custumzaton

o i3 B B 83| | Memory Mapped Compoenent Spectrum 0 On address: 0x00010000
L) =/ l=m Memory Mapped Compoenent Mapping register Spectrum

& o

1
0x00020003
0%00020003

Memory Mapped Compoenent Oscilloacope_0 On addres
Memory Mapped Compoenent MApping register Oscillo
Memory Mapped Compoenent Mapping register Oscillo

Assembling HDL of top page...
Deaign fully generated
Starting NOL Compiler...

0c83-3cddib reate remote wi
arted. Check Remote Center for progress

2 le from git githgitlab, opentpga/V2T40-cpen-dpp. git
Running in Durability level: MAX_SURVIVABILITY

E ) {Pipeline] Start of Pipeline
{Pipeline] node
Running on C1E27-LinuxCompilaticaServer in /home/jenking/workspace/CALN/MYCALN-u11994-p18
{Pipeline] (
{Pipeline] stage
{Pipeline] [ (Declarative: Chackout SCM)
{Pipeline] checkout
U The recommended git tool is: NONE
oo using credential gitisb-ash
Cloning the remote Git repository
! Avoid second fetch
oL
smanr
e

Checking out Revision 34011 (reta/remotes
Commit message: "Fix user_dlost user interface port name”
Tirst time build, Skipping changelog.

[ Wi | Sagem i [ vemyvaies | coashe oubit

[—— LT MyCAEN" - SCI-Compiler

PR N r— -
B = R R = ) W === . St Logout
) (=) (=) (=——=
(=
ur
s comenen
Project “myfirstproject_V21400PP" builds m
m o prew— i 1

After compilation has been successful, the final firmware file (in the case of 2740/45 a .cup file) will be available
through the Remote Center. Open the Remote Center, select the line corresponding to the successful
compilation and press Download Build BIN to obtain the final firmware file. The Remote Center will download
a .zip file containing the file to be deployed on the target hardware. In the 2740/45 case, the file is a .cup
extension file. Extract that file from the .zip archive.
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output
2 New T sort = View 8 ©xtractall
myfintp... » output

yventurini # e pe

9. Cartella dilavor build.zip

manuali & debug_nets.jtx

W presentazion t V2740-OpenDPP-2022102502.cup

Spagna - prean

14. Load the .cup file onto the target board, in our case a V2740, following the instructions for firmware upgrade
given in [RD13] — Par.10.8. Briefly recalling the procedure here, connect to the board Web Interface, surf into
the Firmware page and Upload new firmware.

Menu @ veraoe pio: 16218
Firmware
: 2022060800 m
e
e 2022062001
2022062100
m
Soope
CUP file upload X 2022062900 m
2022092000 m

The new firmware loaded will become the current one.

Select file :

| Sfoglia... | V2740-0penDPP-2022102502.cup

Note: the board can run the firmware generated via Sci-Compiler if a valid runtime license is installed onboard.
It is possible to check the Sci-Compiler Runtime status in the Dashboard tab of the board Web Interface. If no
runtime is installed, the firmware can run for 30-minutes, and it is possible to monitor the timebomb status
from the Web Interface.

15. After upgrade, the board is running the firmware previously designed in Sci-Compiler and we can test it, for
instance using the Resource Explorer tool. Open the Resource Explorer from Hardware toolbar and connect to
the target board using Ethernet connection.

| U
| SCI-COMPILER
Model V/DT274% ~ Scan for Board

Select Json File  |C:\OpenHardware\UserProject\myfirstproject_V2740DPP ibrary F\eglslerFl Browse.

Connection Type  ETHERNET v
IP |192.168.0.254

Connect

16. In the Resource Explorer, the available resources are listed (in this case Oscilloscope, Spectrum and the two
registers to set the threshold and read the counts). As a first test, we want to see a signal at ch0 of the board
using the Oscilloscope. Feed the V2740 with a signal (in this case a square pulse, 500mV, 1us width, 1kHz) and
double-check the result from the Oscilloscope. From the Resources list right click > Oscilloscope—> View to
open the oscilloscope window. Set Trigger Source = Free Running at first, to see the level of the baseline and
press start. Once you have an estimate of a proper trigger level, set Trigger Source = Channel 1. In our case we
set Trigger Level = 36000 to trigger correctly on the positive edge of the signal.
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4. Oscilloscope_0 - 400 - Oscilloscope _ o %
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17. Now that we have found the right threshold level from the Oscilloscope instrument, we set the same threshold
in the firmware threshold register. Click View—> New Table. Right click on each register name - Add to table.

i Available Resource _ O % i Available Resource - u} X

File View Connection

- Registers
- Add to Table

Set/Get
i Logic Add to Plot

i Osciloscaope Please select a Table Table 0 -

+ Dacilloscope

Addto Table

At the same time, it is possible to add a plot for the counts register. Click ViewaNew Plot. Right-click on “counts”
register and Add to Plot

M Available Resource — ] X M Auailsble Resource - B X

File View Connection
= Registers
§ et

New Table E . Choose Plot — O x

Mew Plot o Add to Table
i List Set/Get

\..Osciloscape T o Pt - Please select a Flot Plot 0 v

Add to Flot

From the table, set Threshold register =36000 and monitor the counts trend in the plot. Increasing the
threshold up to 45000, it is possible to notice that the plot will stop, due to the leading edge trigger being
above the signal level.
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In the same way it is possible to look at the energy calculation result using the Spectrum resource listed among
the Available Resources.
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Step by step example — Local Compilation

47

This step-by-step example will show how to design a firmware for the V2495 that implements a counter of rising edge
signals fed at GO input. Some registers will be used to control the counter and LED 0 on the board will light up when the

counted edges are more than a certain value.

Note: in this Paragraph we give instructions basing on a V2495 board, but the general concepts can be extended to all

boards for which it is possible to use the local compilation.

1. Activate your Sci-Compiler license and set up the software installation as described in Par. Sci-Compiler

License Activation, Sci-Compiler Installation, Errore. L'origine riferimento non é stata trovata..

2.  Plug the USB Dongle in your PC and launch Sci-Compiler

3. Create a project for your V2495 board: press New Project to open the selection menu—> Select V2495 >

Choose a name/folder for your project = Press Create.

Y% Welcome to Nuclear Instruments Sci-Firmware Compiler - IEE3
Create Project  Open Recent  Examples
Board Image Board Mame Board Details
1-2-4 Petiroc ASIC (WeeRoc) Readout System ~
DT5550W-PET...
162 inputs/130 outputs Programmable Logic Unit
3 V2495
Project Name Create
Project Folder C:\OpenHardware \UserProject Browse. ..

4. Add the Counter (Rising Edge). Select the "Tools Box" toolbar and click on Timer Counters a Counter (Rising
Edge). The block will be added to the diagram.

Ol b i W=

Timer Comparator  Mux Dela %< "
Counters = - Memor
Scaler

Tirmer (Enable)

Timer (Start/Stop)

Counter (Rising Edge)
Counter (Falling Edge)
Counter (Both Edge)
Counter (Rising Edge Async)
Counter (Falling Edge Async)
Chronometer (Enable)
Chronometer (Start/Stop)

Frequency Meter

5. Add the reset register. In the toolbar, click Register (Read) and in the following window create the "reset"
register. Set the Bit Vector “Mode” and, in the "Size" field, the value 1. Click "New" to create the register and
“Ok” to add it to the diagram. Connect the “reset" output of the register block to the "Reset" input of the

counter.
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.7 Register Read - X
Mode Bt Vector
Size

Register Name

| I

Register  Serial REG
v Bus -

INT @

COUNTER (POS)

Register (Write)

Register (Read) [Fesee )@ mew

Event

Cancel oK

6. Add the counts and overflow register. Click Register a Register (Write) and in the following window create the
counts register. Set “Mode”=Bit Vector and "Size"=32. Do the same to create the overflow register with
“Mode”=Bit Vector and "Size"=1. Select them from the list and press “Ok” to add them to the diagram. Connect
the “counts” and “overflow” pins of the registers to the correspondent outputs of the counter block.

Ui Register Write — X 5 Register Write - X
Made Bit Vector v Mode Bit Vector v
sae X 2 e : 0
Register Name: Register Name
reset reset
couris
overlow
REG
'COUNTER (POS) "O sriTo INT @
© WR
REG
[®) overion INT @
@ wr
Cancel OK Cancel OK
7. Inorder to allow writing in the counts and overflow register, click "Misc" a"True" and connect the block to the
"WR" input of the two registers.
|
Constant (FLOAT)
True
Vaniable (Read|
Binary to Integer
Integer to Binary
8.

Add a clock: click on Misc a Clock and in the following window select CLK_50. Then connect the clock to the
CLK input of the counter block.
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1010 =
225|011 =

Misc Binary Sub-de:
Operations ~ -

Costant (INT)
Costant (HEX)
Costant (BINARY)
Constant (FLOAT)
Time Costant

True

COUNTER {POS)

False < Peek a clock signal - x

Variable (Read) REG

o e _— : ‘ !
Clock T (@)

Binary to Integer Cancel

Integer to Binary

9. Add the Input. Click Board Pin a to add the GO port of the board to the diagram. Connect the “OUT0” of the
block to the “In” input of the counter block.

T 1010
| o1
Board Misc Bitwise 1
Pin ~ v Operation
Digital Input

Digital Output
A395D
G-PORT

10. Create the chain to implement a comparator which turn on LED 0 of the board if the counter exceeds the value
of 108. Create the following blocks:

e  Click on Misc a Constant (INT) and in the following window set it to 1000000.
e Click on Misc a Integer to Binary.

e  Click on Comparator a Greater.

e Click on Board Pin a Digital Output and in the following window select LED_O.

Then connect the created blocks as shown in the following picture:

COUNTER (POS)

[32]

o

[ = LI
19 ®—n—®=s
000000 INT INT BIN 321 0

11. The firmware diagram is now complete, and it should look as the one displayed in the previous picture.

12. Check the Sci-Compiler Settings. In order to perform the following steps, you need Altera Quartus to be

installed on your PC and Sci-Compiler must be set to link at the quartus_sh.exe executable, as shown in the
picture below.

. g
¥+ & W00 | oy
Compile Program | Settings | Resource  Generate Flash
FPGA Explorer Flash File  Program Tool
Compiler [F Flash Tool [F

GD6520 - Sci-Compiler Quick Start Guide Rev. 7



CAEN 0 Electronic Instrumentation

o Settings El

Compiling Options License Manager

WVivado - needed to compile for DT5550 DT5550W

wivado.bat File Folder ‘C: Wilinx\ivado2018. 2\bin \ivado.bat ‘ s
Quartus - needed to compile for V2495

quartus_sh.exe File Folder [C:ntelFPGA_lte\18.0'\quartus bin6#\quartus_sh.exe | [
Default Output Folder [c:\temp\demo ||@
Automatic Save every 10 = minutes Save

13. Compile the firmware. Select the "Home" toolbar and press the Compile button. The Sci-Compiler executes
the firmware compilation by running Quartus and redirecting the output in the "Compiler Output" tab. At the
end of the process, the text "Successful Compilation!" is shown in the output.

14. Program the FPGA. For this step, the V2495 board should be powered on and connected to the computer
through one of the supported programmer cables (USB Altera Blaster). Then press the Program FPGA button
to automatically connect to the USB Blaster and download the generated firmware to the FPGA. The text
"Target device programmed successfully" that appears in the "Compiler Output" states the end of the process.

Note: When using the “Program FPGA” button and the programmer cable, the firmware is written in the volatile FPGA
/ memory: a power cycle of the board will cause the firmware loss, and the firmware stored in the flash FPGA memory is
loaded again. In order to upgrade the firmware flashing permanently the FPGA, you can use CAENUpgrader and load the
flash firmware file (.rpd for V2495) generated by Sci-Compiler in the project output folder. Refer to [RD3] for more details.

15. Test the firmware. The generated firmware can be tested by using the Resource Explorer tool. Connect the
V2495 to the PC via mini-USB port and click the Resource Explorer button.

. v =
. & || S B
Compile Program Settings |Resource | Generate Flash

Fi Explorer Flash File  Program Tool

Compiler [H Flash Tool [Fi
In the "Connection" window select the V2495 board, the desired "Connection Type" (USB) and the correct
"Serial Number". The "Select Json File" will be automatically filled with path of the .json file created during the
firmware compilation process. By clicking the "Connect" button the connection with the board will be

established.
Connection n
o
.
> ‘)\’\._
.
Scientific Firmware Compiler
@ CAEN Nuclear [

Model V2435 v Scan for Board

Select Json File  |C:\OpenHardware\UserProject \stepbystepV2435\library \RegisterFile json ‘ Browse ..
Connection Type | USB v Serial Number ot

In the following window the resources available on the FPGA (Registers, List Modules, Logic Analyzers and
Oscilloscopes) will be shown. Click the "View" menu and create a table to control the registers by clicking the
"New Table" button.
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MNew Plot
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Then right -click on each register and click the "Add to Table" button: select the "Table 0" in the “Choose Table”

window and click the "Add to Table" button.

1 Available Resource -

File View Connection

O

X

(= Registers

- Add te Table

o .
List M Set/Get
Logic Add to Plot

i Qecilloscope

Flease select 3 Table Table 0 -

Add to Table

The register table is created and should appear as the following:

i Table 0 - O ¥
Manual ~ Get All Set All i
Name Description Address Format WValue Write Value Read
3 1000 Decimal v Set Get
counts 1004 Decimal ~ Set Get
overflow 1008 Decimal ~ Set Get

While feeding a NIM input at the GO port of the V2495, you can press the “Get” button on the counts register
line and see if the counts are rising up accordingly to you input signal. You can control that when the counts

are more than 10, LED 0 on the board will light up.

A Table D - O *
Manual i Get All Set Al i
MName Description Address Format Value Write Value Read
reset 1000 Binary ~ Set Get
b |courts 1004 Decimal v set | 36080 | Get |
overflow 1008 Decimal ~ Set Get

You can also monitor the “counts” register value on a plot. Click the "View" menu and create a “New Plot”.
Then right-click on “counts” register and “Add to Plot”: select “Plot 0” in the following window and click the

“Add to Plot” button.
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Mew Table

MNew Plot

+- Oscilloscope

M Available Resource -

File  View

4. Available Resource —

Connection

(- Registers
D boresat

£ List

Add to Table
Set/Get

£ Oscl

Add to Plot

-

d. Choose Plot

Please select a Plot Plot 0

Add to Plat

Press the Start button and you will see the counts register value plotted in time. When reaching 1M value, the

LED 0 will light up on the board.

4 Plot0

1.06M—

1.00M—

0.95M—

0.90M—

0.85M—

Hegister Value

0.80M—

0.75M—

0.70M—

0.65M—

0.60M—

. o Refresh | Auto 50ms

1100 1200

Measurement Number

|
1300

- X
/
LED_0 ON
1400 1500 16l30

You can use the “Set” function on the reset register: set it to 1 (Binary format) to reset the counter and then
again to 0 to restart the counting function.

1 TableD - | X
Manual i Get Al Set All f
MName Description Address Format Value Write Value Read
reset 1000 Binary 1 Set Get
» counts 1004 Decimal ~ Set |0 Get
averflow 1008 Decimal ~ Set Get
4 Table - | *
Manual V Get Al Set All i
Mame Description Address Format Value Write Value Read
reset 1000 Binary ~ 10 Set Get
4 counts 1004 Decimal ~ Set |40 Get
overflow 1008 Decimal ~ Set Get
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11 Appendix: on-fly FPGA programming

53

4

Sci-Compiler offers the possibility to program on-fly the FPGA of some compatible boards, allowing to test the firmware
with no need to permanently flash the FPGA.

Note: on-fly programming works for DT5550, DT5550W, x5560, V2495, DT5495 only when local compilation is used

The DT5550/DT5550W/x5560 must be connected to the computer through its specific JTAG port (use the latter for a
fast-volatile firmware upgrade). The V2495/DT5495 can be programmed trough the supported programmer cable USB-
Blaster, described in [RD9].

After compilation, the Program FPGA button in the "Home" toolbar can be clicked to start the FPGA programming
process. The "Compiler Output" automatically displays the redirected Vivado/Quartus output, the progress bar on the
right corner of the status bar starts to indicate the progression of the programming process, while the status changes
from IDLE to PROGRAMMING.

For the DT5550x series boards and x5560, Sci-Compiler generates a .tcl file in the "HDL" folder of the current project, to
execute from the shell the Vivado software. In this file it is specified the .bit file that must be used to program the FPGA,
which is automatically taken from the "output" folder of the project currently opened in Sci-Compiler. First, Vivado opens
the available programmer cables, connects to them and opens the correspondent FPGA. Then Vivado programs the FPGA
with the bitstream file and when the process is terminated, if no error occurred, the "Target device programmed
successfully!" message is displayed. Otherwise, the process is aborted, and an error message is reported in red to notify
to the user the issue that occurred. In both cases, at the end of the process, the status bar returns to "IDLE" and the
progression bar is reset to be ready for a new process.

For the x495 series boards, Sci-Compiler automatically uses the .sof file in the "output" folder as firmware file of the
currently open project. First, Quartus is executed to list the available USB-Blaster cables, which will be shown in the
"Compiler Output". Then, if a USB-Blaster cable has been identified, automatically the firmware is downloaded to the
correspondent FPGA. The "Target device programmed successfully!" message is displayed at the end of the process if no
error occurred. In case of error, the process is aborted, and a message is reported in red to indicate the issue to the user.
In both cases, at the end of the process, the status bar returns to "IDLE" and the progression bar is reset to be ready for
a new process.

Start programming target device .

##4%% Vivado v2016.3 (64-bit)

srsx 63 on Mon Oct 10 1
67 on Mon Cct 10 2
** Copyright 1986-2016 Xilinx, Inc.

27 MDT 2016
31 MDT 2016
Rights Reserved.

Hhwk

source C:/Users/Documents/Projects/list D/EDL/list_D_program.tcl
# open_hw

# connect_hw_server

INFO: [Labtools
INFO: [Labtools
INFO: [Labtools

Connecting to hw _server url TCP:localhost:3121
] Launching hw_server...
] Launch Output:

wxsdxx ¥iling hw_server v2016.3
###+ Build date : Oct 10 2016-19:47:06
** Copyright 1986-2016 Xilinx, Inc. A1l Rights Reserved.

]

# open hw_target

INFO: [Labtoolstcl 44-466] Opening hw_target localhost:3121/xilinx_tcf/Digilent/210205910013A

# set property PROBES.FILE {} [lindex [get hw devices xc7k160t_0] 0]

# set_property PROGRAM.FILE [C:/Users/Documents/Projects/list_D/output/list_D/1ist_D.runs/impl_
1/TOF_list_D.bit] [lindex [get_hw_devices xc7k160t_0] 0]

# program hw devices [lindex [get hw devices xcTkl&0t_0] 0]

INFO: [Labtools 27-3164] End of startup status: HIGH

program hw devices: Time (s): cpu = 00:00:06 ; elapsed = 00:00:06 . Memory (MB): peak = 235.926 : gain = 0.324
# refresh_hw_device [lindex [get_hw_devices xcTklé0t_0] 0]

INFO: [Labtools 27-1434] Device xc7kl60t (JTAG device index = 0) is programmed with a design that has no supported debug core(s) in it.
# exit

INFO: [Common 17-206] Exiting Vivado at Wed Feb 21 13:189:30 2012...

Target device programmed successfully!

Diagram -top | Editor | Compiler Qutput

Figure 11.1: the “Compiler Output” after successful FPGA programming for a DT5550.
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12 Technical Support

To contact CAEN specialists for requests on the software, hardware, and board return and repair, it is necessary a
MyCAEN+ account on www.caen.it:

https.//www.caen.it/support-services/getting-started-with-mycaen-portal/

All the instructions for use the Support platform are in the document:

@CA

Twols for Discovery

SAFETY, STORAGE AND SETUP INFORMATION
PRODUCT SUPPORT SERVICE AND REPAIR

INFORMAZIONI SU SICUREZZA STOCCAGGIO E INSTALLAZIONE
ASSISTENZA E RIPARAZIONE DEL PRODOTTO

C€ea

A paper copy of the document is delivered with CAEN boards.
The document is downloadable for free in PDF digital format at:

https://www.caen.it/wp-content/uploads/2022/11/Safety_information_Product_support_W.pdf
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