Rev. 7 - July 16th, 2024

R5560/R5560SE

128 Channel 14 bit 125 MS/s Open FPGA Digitizer

User Manual

UM6952




Register your device

Register your device to your MyCAEN+ account and get access to our customer services, such as
notification for new firmware or software upgrade, tracking service procedures or open a ticket for
assistance. MyCAEN+ accounts have a dedicated support service for their registered products. A
set of basic information can be shared with the operator, speeding up the troubleshooting process
and improving the efficiency of the support interactions.

MyCAEN+ dashboard is designed to offer you a direct access to all our after sales services.
Registration is totally free, to create an account go to https://www.caen.it/become-
mycaenplus-user and fill the registration form with your data.

@ @ ®
@ @ ®
L] * L ] L ] L ] L ]
create a MyCAEN+ account register your devices get support and more!

https://www.caen.it/become-mycaenplus-user/


https://www.caen.it/become-mycaenplus-user/
https://www.caen.it/become-mycaenplus-user/
https://www.caen.it/become-mycaenplus-user/

Purpose of this User Manual

° This User Manual contains the full description of the R5560SE 128-Channel 14-bit @125 MS/s
1 Open FPGA Digitizer, of its web interface and a brief guide to the Open Hardware Readout
Software.
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1 Introduction

The R5560/R5560SE is a 19" rack-mount 128 Channels 14-bit 125MS/s Open FPGA Digitizer with Differential or Single-
Ended inputs, designed to attain programmable data processing capabilities.

The R5560SE is an optimal solution for large experiments, usually requiring fast digitization of analog signals and usage
of several digital lines to interface with external systems. The board supports multi-board synchronization through a
single CAT5e cable, with the possibility scale up to thousands of channels. Moreover, the rack-mount form factor
simplifies the experimental setup in case of multi-board systems, where an effective space management is often a
constraint.

Thanks to its programmability, the board can fit several applications. In fact, it is possible to take advantage of the
powerful SoC mounted onboard (Xilinx Zynq®-7030 or 7035 models) to write a custom pulse processing algorithm on
the open FPGA as well as build a middleware/software that fits the needs of the application of interest.

The device is designed to operate in laboratory environment under the supervision of skilled technicians.

The R5560 features differential analog input on RJ45 connectors while the R5560SE features single-ended analog inputs
on MCX connectors with an advanced and versatile analog frontend: it is possible to configure the gain, input
impedance, offset on each single channel and also integrate a programmable shaper, making the device an optimum
choice for gamma-rays applications.

The R5560/R5560SE is capable to manage simultaneously digital and analog signals to implement many functionalities
required by physics experiments: signal digitization, complex trigger logic, Pulse Height Analysis with MCA capabilities,
Time Tagging, Pulse Shape Discrimination, Scaler, Counters and so on.

Thanks to the Open FPGA and programmable analog frontend, the R5560SE can be used for a wide range of applications:

- Charge integration for the readout of SiPM, Silicon Detectors, PMTs
. Neutron detectors readout

=  Trapezoidal filter PHA for HPGe readout

= Pulse shape discrimination

= Continuous reset or transistor reset preamplifier readout

The R5560/R5560SE is fully supported by SCI-Compiler, a Windows-based graphical development system for easy FPGA
programming. This tool allows to develop and compile the firmware code using graphical blocks which represents the
functionalities needed for firmware implementation (for example oscilloscope, TDC, MCA, charge integration, etc). SCI-
Compiler automatically generates the VHDL firmware code starting only from logic blocks and virtual instruments that
can be connected together in the GUl and, moreover, it allows usage of the compatible Sci-SDK in Windows, Linux (refer
to [RD1] for more details).

A complete, ready-to-use default firmware is provided for free and open source. The default firmware manages the basic
waveform digitization and pulse height analysis, and it is preloaded on the board. The user can open the default firmware
project in SCI-Compiler and modify it in order to customize, for example, the trigger logic, the data online processing or
integrate it in a larger system.

Available board models and accessories are listed below.

Ordering options

R5560A R5560A — 128 Ch. 14 bit 125 MS/s Digitizer-7030 WR5560AXAAAA
R5560B R5560B — 128 Ch. 14 bit 125 MS/s Digitizer-7035 WR5560BXAAAA
R5560SE R5560SE — 128 Ch. 14 bit 125 MS/s Digitizer single-ended — 7030 WR5560SEXAAA
R5560SEB | R5560SEB — 128 Ch. 14 bit 125 MS/s Digitizer single-ended - 7035 WR5560SEBXAA
SW55 SCI-Compiler User Firmware Generator WSWS555XAAAAA
RCS1Y 1 year remote customization service + upgrade for Sci-Compiler WSWS55RCSXAAA
RCS5Y 5 years remote customization service + upgrade for Sci-Compiler WSW55RCSX5YA

Table 1.1: table of available board models and accessories.
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2 Safety Notices

N.B. Read carefully the “Precautions for Handling, Storage and Installation” document
provided with the product before starting any operation.

The following HAZARD SYMBOLS may be reported on the unit:

Caution, refer to product manual

Caution, risk of electrical shock

Protective conductor terminal

Earth (Ground) Terminal

Alternating Current

Three-Phase Alternating Current

70 I BRE

The following symbol may be reported in the present manual:

General warning statement

The symbol could be followed by the following terms:

° DANGER: indicates a hazardous situation which, if not avoided, will result in serious injury or death.

e  WARNING: indicates a hazardous situation which, if not avoided, could result in death or serious injury.

e  CAUTION: indicates a situation or condition that, if not avoided, could cause physical injury or damage the
product and / or its environment.

To avoid potential hazards, use the product only as specified. Only qualified personnel should perform service
procedures.

Avoid Electric Overload. To avoid electric shock or fire hazard, do not power a load outside of its specified range.
Avoid Electric Shock. To avoid injury or loss of life, do not connect or disconnect cables while they are connected to a
voltage source.

UM6952 — R5560/R5560SE User Manual Rev. 7 10
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Do Not Operate without Covers. To avoid electric shock or fire hazard, do not operate this product with covers or panels
removed.

Do Not Operate in Wet/Damp Conditions. To avoid electric shock, do not operate this product in wet or damp
conditions.

Do Not Operate in an Explosive Atmosphere. To avoid injury or fire hazard, do not operate this product in an explosive
atmosphere.

Do Not Operate with Suspected Failures. If you suspect this product to be damaged, please contact Technical Support.

The following operating limits must be respected:

Net class Connector ‘ Unit Min Max
Power / Voltage 90 Vac 250 Vgc
USER 10 LEMO Voltage -0.1V 3.6V
Digital lines Digital 2.5V Voltage (3.3 V1/O bank selected) 0V 2.7V
Current 10 mA
LVDS Voltage 0.5V 3V
Current 10 mA
Common Mode 09V 1.75V
12C/Serial Voltage 0 3.5V
RS485/RS422 Voltage ov +5V
Analog Differential Input RJ4A5 Voltage 2 Vpp
Common Mode 0.5V 3.8V
V+,V- Absolute Range 0.5V 3.8V
Analog SE Input MCX Voltage 1.5Vpp
Common Mode 0.5V 3.8V
V+,V- Absolute Range 0.5V 3.8V

Table 2.1: operating limits for R5560SE connectors.

A WARNING: the digital lines are directly connected to the FPGA 1/Os. Violation in maximum absolute rating
illustrated in this document will likely destroy the FPGA. There is no buffer or protection on this line. That is necessary
because we want to preserve the possibility to operate at different voltages and with both single ended and differential
signals.

THIS DEVICE SHOULD BE INSTALLED AND USED BY SKILLED TECHNICIANS
ONLY OR UNDER THEIR SUPERVISION
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3 Block Diagram

The R5560 is based on Xilinx Zyng-7000, a powerful System-on-Chip that uses a large programmable logic for massive
real-time signal processing and a Dual Core 1GHz ARM processor for Ethernet communication and data post-processing.
The board core is organized in 4 sections with DAQ capabilities and Digital Interface, each reading out 32 analog channels
and hosting 32 configurable digital LVDS I/Os on VHDCI connector.

The R5560/R5560SE is organized as shown in Figure 3.1:

e 4 DAQ ssections: the DAQ section is the core of the system and it implements the analog-to-digital conversion, running
the custom firmware generated by the SCI-Compiler. It is based on Xilinx Zyng-7000, a powerful System-on-Chip that
uses a large programmable logic for massive real-time signal processing and a Dual Core 1GHz ARM processor for data
post-processing. The DAQ section hosts readout interface (Optical Link, 1Gb Ethernet) and a JTAG USB connector, that
allows for direct access to the FPGA for on-the-fly firmware upload and debug. The JTAG also gives access to the
integrated USB-to-UART converter, which is useful to interface with a Linux console.

e 8 AFE sections (R5560SE only): each DAQ is connected to two analog frontend boards (AFE). The first AFE manages the
analog input channels from 0 to 15 while the second the channels from 16 to 31. The AFE’s function is to amplify the
signal, regulate the offset, select the impedance, the input division and the shaping of the signal.

e the baseboard is used to interconnect all the board sections. It features a system manager to route digital signals from
the DAQ to the SYNC connectors and USER 10s (and vice versa). It hosts the USB3.0 and 1Gbps Ethernet ports for slow
control and cumulative readout of the 4 DAQ sections.

BASEBOARD

Display

SYSTEM MANAGER

SFPO  SFP1 . ITAG Eth SFPO  SFP1 . JTAG Eth SFPO  5FP1 . ITAG Eth SFPO  SFP1 . ITAG Eth

DAQO DAQ1 DAQ 2 DAQ 3

32 Channel 125 MSps 14-bit 32 Channel 125 MSps 14-bit 32 Channel 125 MSps 14-bit 32 Channel 125 MSps 14-bit

HORIZONTAL HORIZONTAL HORIZONTAL
LINK LINK LINK

AFEO AFEL AFE2 AFE3 AFE4 AFES AFE6 AFE7

- R = - -
L nouts B inputs I inputs I lnouis

Figure 3.1: block diagram of the R5560/R5560SE. AFE sections are implemented in the R5560SE version only.
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4 Technical Specifications

POWER REQUIREMENTS

ANALOG INPUT - R5560

ANALOG INPUT — R5560SE

DIGITAL I/Os

USER I/0Os

DIGITAL CONVERSION

CLOCK GENERATION

TRIGGER

SYNCHRONIZATION

MEMORY

COMMUNICATION
INTERFACE

13

TECHNICAL
Voltage: 100-240 Vac £ 10%
Frequency: 50/60 Hz
Typ. Power consumption: 0.8 A @ 220 Vac
Fuse: 2A, 250V -5 mm x 20 mm

Channels Connector Bandwidth
128 Differential inputs 32x CAT5e RJ45 125 MHz
Impedance Full Scale Range

Zair = 100 Q 2Vpp

Channels

128 single-ended inputs on MCX

Impedance Analog Coarse Gain Full Scale Range

50 Q/1 kQ programmable [x1:x100] [0.015 Vpp: 1.5 Vpp]
Bandwidth

60 MHz

Programmable DC offset adjustment on
each input in the full scale range

Channels Connector Signal Type

4 x 32 Differential 4x VHDCI LVCMOS 2.5V
LVDS
BLVDS

Impedance Coupling

Zgiff = 100 Q DC

Impedance Coupling

50Q DC

Resolution Sampling Rate

14 bits 125 MS/s Simultaneously on each channel

125 MHz ADC clock
Clock sources: internal/external

. Internal 25 MHz oscillator
° External 25 MHz — USER IN 0 or SYNC connector
Trigger Source Trigger Propagation

Internal/External: managed by the default Through USER 1/Os and Sync Connector
firmware

Complex trigger logic: implementable by
the user on the open FPGA

Trigger Time Stamp
Default FW: 32-bit counter, 8 ns resolution, 26-day range;
Custom FW: defined by the firmware design

Clock Propagation Acquisition Synchronization
USER 1/Os connectors Through programmable LEMO
SYNC Connector Through dedicated SYNC Connector

Sync connector allows to cascade multiple units and
synchronize them with a single standard CAT5e cable

Open FPGA

4x Xilinx Zyng-7000 SoC:

Z-7030 (R5560A, R5560SEA)
Z-7035 model (R5560B, R5560SEB)

1 GByte of memory for list readout on
each SoC

Up to 8kS/ch for simultaneous waveform
readout

Ethernet (readout) All readout interfaces allow to perform the same task at

4 x 1Gbps (4 Gbps cumulative speed) different speed and using different media. They can be used
independently or simultaneously.

Ethernet (slow control)

1 Gbps (slow control is an additional port, The different readout interface allows to integrate the R5560SE

not required if the fast readout ethernetis in existing experimental environment.

used)

Optical Link
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Slots for 8 x 10Gbps SFP+ transceivers
(communication protocol
implemented by default)

UsB 3.0
1x USB 3.0 readout

PARALLEL TTL/LVDS Readout
Readout through the VHDCI digital 1/0 on
custom protocol

not

Default

-Waveform recording and Pulse Height
Analysis

- Ethernet communication

FIRMWARE

Custom
Use SCI-Compiler to develop your own firmware!

SC-COMPILER
Open FPGA

Firmware can be upgraded via Ethernet or USB 2.0 debugger (on-fly)

SOFTWARE

R5560 - 19”, 2U Rack-mount

FORM FACTOR ‘ RS560SE - 19”, 3U Rack-mount

. Open Hardware Readout Software to manage the default firmware
. SCIl-Compiler for custom firmware development
MECHANICAL

DIMENSIONS (H/W/L)

R5560 - 88/482.0/367.0 (396 with handles) mm
R5560SE - 132.5/482.0/366.0 (399.8 with handles) mm
ENVIRONMENTAL

ENVIRONMENTAL Indoor use

OPERATING

TEMPERATURE Operating Temperature -20 °C + 50 °C
Bl UL SN 25% + 95% RH non condensing

STORAGE TEMPERATURE -30°C++80°C

STORAGE HUMIDITY 5% + 90% RH non condensing

ALTITUDE <2000 m

POLLUTION DEGREE 2

OVERVOLTAGE CATEGORY Qi

EMC ENVIRONMENT Commercial and light industrial

IP DEGREE IPX0 enclosure, not for wet location

COMPLIANCE .

REGULATORY
EMC: CE 2014/30/EU Electromagnetic compatibility Directive
. Safety: CE 2014/35/EU Low Voltage Directive

Table 4.1: technical specifications for the R5560 and R5560SE.
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5 Packaging and compliancy

15

The R5560/R5560SE is available as 19” rackmount module housed in an aluminium case.

The unit is inspected by CAEN before the shipment, and it is guaranteed to leave the factory free of mechanical or
electrical defects.

When receiving the unit, the user is strictly recommended to inspect for any damage which may have occurred during
transportation. Particularly, inspect for exterior damages like broken connectors and check that the panel is not
scratched or cracked.

All packing material should be held on until the inspection has been completed. If damage is detected, the user must file
a claim with the carrier immediately and notify CAEN.

Before installing the unit, make sure to read thoroughly the safety rules and installation requirements (Sec. Safety
Notices), then place the package content onto your bench.

The content of the delivered package standardly consists of the part list shown in the table below (

Table 5.1). All the official documentation, firmware updates, software tools, and accessories are available on
www.caen.it at the product web page.

Part Description Qty

R5560/R5560SE | 128 Ch. 14 bit 125 MS/s Digitizer x1
Power supply Standard C13 power supply chord X1
cable
USB cable USB 2.0 141/5HS type A-B I/O cable L=2MT x1
Ethernet cable ETHERNET CATG6 cable L=2MT X4
. USB Dongle for SCI-Compiler software
SCl-Compiler (if included in your board purchase order) X1
[ ]
1 User guide UMG6952 — R5560/R5560SE User Manual x1

Table 5.1: delivered kit.

CAUTION: to manage the product, consult the operating instructions provided.
It is recommended to:

e Inspect containers for damage during shipment. Report any damage to the freight carrier for possible insurance
claims.

e Check that all the components received match those listed on the enclosed packing list. (CAEN cannot accept
responsibility for missing items unless we are notified promptly of any discrepancies.)

e  Open shipping containers; be careful not to damage contents.
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e Inspect contents and report any damage. The inspection should confirm that there is no exterior damage to
the unit such as broken knobs or connectors and that the front panel and display face are not scratched or
cracked. Keep all packing material until the inspection has been completed.

e If damage is detected, file a claim with carrier immediately and notify CAEN service.

e If equipment must be returned for any reason, carefully repack equipment in the original shipping container
with original packing materials if possible. Please contact CAEN service.

e |f equipment is to be installed later, place equipment in original shipping container and store in a safe place
until ready to install

DO NOT SUBJECT THE ITEM TO UNDUE SHOCK OF VIBRATIONS

DO NOT BUMP, DROP OR SLIDE SHIPPING CONTAINERS

DO NOT LEAVE ITEMS OR SHIPPING CONTAINERS UNSUPERVISED IN
AREAS WHERE UNTRAINED PERSONNEL MAY MISHANDLE THE ITEMS

USE ONLY ACCESSORIES WICH MEET THE MANUFACTURER
SPECIFICATIONS

> P

SCI-Compiler License

A NN

R5560SE is compatible with SCI-Compiler ([RD1][RD2]), the Windows-based CAEN firmware generator and compiler for
easy FPGA programming. It is an automatic code generator that, starting from a graphical block diagram, generates a
VHDL piece of code that implements the required function. The software uses a prebuilt library set containing
macroblocks implementing complex functions (MCA, Oscilloscope, Digitizer, TDC) that the user can connect one with
each other. SCI-Compiler is also able to generate C libraries and drivers to be used in Windows, Linux and macOS for
DAQ software implementation.

Note: SCI-Compiler full version works upon the purchase of a license, contact CAEN at info@caen.it for more information.

Note: the board needs a runtime license to run SCI-Compiler-based firmware, contact CAEN at info@caen.it for more
information.

Note: a 30D trial version of SCI-Compiler is available for free at www.sci-compiler.com.

Full version of SCI-Compiler is accessible after activation of the software license on CAEN website using the SERIAL
NUMBER and an ACTIVATION key provided together with the USB Dongle. The USB Dongle must be plugged into the PC
to run SCI-Compiler full version. The generated firmware can be uploaded on each compatible board that has been
activated with a SCI-Compiler Runtime license on CAEN website. Refer to [RD1] and [RD2] for more details.

(=
2
sC I-C DMPIL ER

SERIAL NUMBER: XXXXXX
ACTIVATION: XXXXXXXXXXX

Figure 5.1: SCI-Compiler USB Dongle and keys for license activation.
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Note: user is not allowed to use the code generated by the SCI-Compiler on boards different from R5560SE. Even using
a small part of the code generate by the SCI-Compiler on a custom design board or other products is an explicit violation
of the license terms and it is an offense against CAEN S.p.A and Nuclear Instruments S.R.L.
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6 PID (Product Identifier)

PID is the CAEN product identifier, an incremental number greater than 10000 that is unique for each product. The PID
is on a label affixed to the product (Fig. 6.1) and it is even stored in an on-board non-volatile memory readable via
touchscreen, Web Interface or Readout Software (see Chap. Touchscreen Display Guide, Web Interface and Open
Hardware Readout Software).

Fig. 6.1:PID location taking a CAEN rack unit as an example (the number in the picture and the device model are purely indicative)
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7 Power Requirements

The R5560/R5560SE is powered by an internal 100/240V-12V AC/DC stabilized power supply.

The power supply chord is included in the delivered kit and it is connected to equipment using an IEC C14 connector on
the back panel. The power chord is a standard wall IEC C13.
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8 Cooling Management

The R5560/R5560SE board can operate in the temperature range -20 °C + 50 °C.

Air flow fans are installed onboard. The user must take in care to provide a proper cooling to the board with external fan
if the board is used in an enclosure or if the board is installed in a setup with poor air flow.

Excessive temperature will, in first instance, reduce the performance and the quality of the measurements and can also
damage the board.

The unit dissipates almost 100W. Please do not close the rear fan holes to avoid unit overheating. If in a single rack tower,
multiple units are installed, please consider external fans or rack mounted air conditioning system.

If the board is stored in cold environmental, please check for water condensation before power on.

The board has not been tested for radiation hardness. High energy particle can be source of soft error and can damage
the FPGA. If used in strong proton or neutron beams, arrange proper shielding or remote the sensor with a custom cable.

Cleaning the air vents

CAEN recommends to occasionally clean the air vents on all vented sides of the board. Lint, dust, and other foreign
matter can block the vents and limit the airflow. Be sure to unplug the board before cleaning the air vents and follow the
general cleaning safety precautions.
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9 Installing the device

The device should be installed in 19” rack as detailed in the following steps:

Ensure you have the correct bolts needed to secure the device in your rack (bolts not included)
Carefully slide the system into an available 3U space in your 19-inch rack.

Screw the four locking bolts

Connect power supply chord to the AC power supply C14 inlet connector on the rear panel

pONPE

ONLY QUALIFIED PERSONNEL SHOULD PERFORM INSTALLATION
OPERATIONS

DO NOT INSTALL THE EQUIPMENT SO THAT IT IS DIFFICULT TO ACCESS

A THE SWITCH AND POWER CONNECTION ON THE BACK PANEL

IT IS RECOMMENDED THAT A CIRCUIT-BREAKER IS NEAR THE
EQUIPMENT

THE SAFETY OF ANY SYSTEM THAT INCORPORATES THE DEVICE IS UNDER
THE RESPONSIBILITY OF THE ASSEMBLER OF THE SYSTEM

Do not use the device and contact technical support if one of these situations is verified:
Enclosure integrity is compromised
Insulation of HV chord is damaged (if present)
The indication led or display is not performing as required (e.g. led not working, display with incorrect graphic)
Fans are not working (if present)
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10 Panels Description
R5560 dimensions

The R5560 unit is housed in a standard 2U 19” rackmount aluminium box.

482,0 mm

128 Channel Digitizer Powered by Scit

Figure 10.1: R5560 front panel view and dimensions.

430,0 mm

Figure 10.2: R5560 rear panel view and dimensions.

367,0 mm

Wiz

AN

396,0 mm

Figure 10.3: R5560 side view and dimensions.
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R5560SE dimensions

The R5560SE unit is housed in a standard 3U 19” rackmount aluminium box.

482.0 mm

1325 mm

Figure 10.4: R5560SE Front panel view and dimensions.

4320 mm

Figure 10.5: R5560SE Rear panel view and dimensions.

366.0 mm

'Y YYyYyYy ! PYYYyW ]

/44 /4
//// /4////

-‘LA-AA“A

1320 mm

Figure 10.6: R5560SE side view and dimensions.
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Front Panel

DIFFERENTIAL ANALOG INPUT - R5560 only

FUNCTION MECHANICAL SPECS

8 x RJ45 connectors carrying 32  Series: RJ45.
analog differential signals.
Compatible with standard
[0:3]  [8:11]  [16:19] [24:27] Ethernet cable CATS5e with  Suggested cable: Cat5e or Cat6
- standard ethernet pinout ethernet cable

Suggested plug: Ethernet crimp plug

ELECTRICAL SPECS PINOUT

Sign. type: differential (Analog
[12:15] [20:23] [28:31] 0...3V  Common Mode, ZVpp
differential signal).

Coupling: DC.

Clipis pointed
away from you.

Zdiff: 100 Q.

SINGLE-ENDED ANALOG INPUT — R5560SE on

FUNCTION MECHANICAL SPECS
Input connectors from CHO to CH31 on
four different sections. They receive the
single-ended input analog signals.

Series: MCX

ELECTRICAL SPECS
Input dynamics: [1.5 : 0.015] V,p
Input impedance: 50Q / 1kQ

FUNCTION MECHANICAL SPECS

Connector for direct FPGA accessinorder  Series: USB 2.0 - B
to perform fast firmware download and
FPGA signals monitor and probing

ELECTRICAL SPECS
Standard: compliant with USB 2.0

ETHERNET

FUNCTION MECHANICAL SPECS
1 Gbps Ethernet interface Series: RJ45

e 4 ports for high-speed readout,
one for each section
e 1 portfor slow control

A Slow control communication is not
implemented in the default firmware

ELECTRICAL SPECS
Not available

OPTICAL LINK

FUNCTION MECHANICAL SPECS

Slot for SFP+ connector. 10 Gbps optical  Series SFP+ socket
transceiver can be inserted here

A SFP+ transceivers are not provided
with the board kit
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LVDS I/O

USER IO

OUT0 OUT1 0UT2

A Optical link communication is not
implemented in the default firmware

FUNCTION

68-pin  connector carrying 32/64
differential input digital signals

ELECTRICAL SPECS

Sign. type: differential (LVCMOS 2.5V,
LVDS, BLVDS).
Zdiffi 100 Q

FUNCTION
8 user-configurable LEDs

ELECTRICAL SPECS
Not available

FUNCTION

General purpose digital I/O connectors.
Their function is defined at firmware
level

ELECTRICAL SPECS

NIM/TTL

FUNCTION

USB 3.0 connector for data readout

A USB 3.0 communication is not
implemented in the default firmware

ELECTRICAL SPECS
Standard: compliant with USB 3.0

FUNCTION

2 x RJ45 connector carrying 3 sync
(CLOCK, TO, RUN) differential signals for
each connector (IN/OUT).

ELECTRICAL SPECS

Signal type: differential (LVDS)
Coupling: DC

Zdifft 100 Q

FUNCTION

RS485 interface to remote control the
pre-amplifier gain/shaping time

RS4585 communication is not
implemented in the default firmware

LVDS 1/0

MECHANICAL SPECS

Series: VHDCI connector.
Type: 71430-0008
Manufacturer: TE Connectivity
Suggested plug: 68-pin VHDCI
Suggested cable: SCSI-5 type.

PINOUT

34 1

68 35

MECHANICAL SPECS

Not available

MECHANICAL SPECS
Series LEMO

MECHANICAL SPECS
Series USB3.0-B

MECHANICAL SPECS
Series: RJ45.
Suggested  plug:
crimp plug
Suggested cable: Cat5e or Cat6
ethernet cable

Ethernet

RS-485 preamplifier box (R5560 only) ‘

MECHANICAL SPECS
Series: D-SUB9.
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ELECTRICAL SPECS
Not available
FUNCTION MECHANICAL SPECS

FAIL: if ON, firmware not correctly Not available

FAIL OK STATUS uploaded onboard

OK: if ON, board correctly operating

DISPLAY

FUNCTION MECHANICAL SPECS

2.4” Touchscreen Display for board Not available
control and monitoring.

ELECTRICAL SPECS

Not available

Rear Panel

AC 220V and ON/OFF switch

FUNCTION MECHANICAL SPECS

Input connector for the R5560SE  Series: AC power supply C14 inlet
main power supply (100-240 V) and  connector
ON/OFF switch

ELECTRICAL SPECS

Not available
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11 Functional Description

The R5560/R5560SE is a flexible board meant to be used as a fully programmable readout system for different
applications. In the following we give a detailed description of the board hardware and its operation.

System Architecture

27

The R5560/R5560SE integrates four System-on-chip with configurable FPGA and dual core ARM-A9 processors. The FPGA
of each chip is devoted to the signal acquisition and real-time processing while the ARM processor can run C/Python
applications that operate on the data pre-processed by the FPGA. This allows to execute complex real-time algorithm
that requires to operate on less data but with several operations. For these purposes, a large quantity of memory is
available to store list mode data (up to 1 Gbyte per processor).

For example, it is possible to implement in the FPGA triggers and pulse shape discrimination algorithm Neutron/Gamma
discrimination. On the processor side, it is possible to implement, for instance, a Neural Network that performs
Neutron/Gamma discrimination with a separation capability much higher than the algorithm operating in real-time in
the FPGA. For sure, the Neural Network will never be able to sustain MHz rates, while the FPGA will easily manage this
amount of data. When the FPGA is unable to distinguish a pulse, it is possible, for example, to transfer that particular
pulse to the ARM processor for a more advanced analysis. The 90% of the events will be processed in real-time by the
FPGA while the 10% of them will be queued in a buffer for further investigation by the ARM processor.

Each ARM processor controls one dedicated 1 GBps ethernet link, allowing extremely easy development of custom
communication interface. The development of the FPGA processing algorithm can be done with SCI-Compiler software,
while the development of the ARM part of the firmware can be done in Eclipse using the available tools provided with
the Virtual Machine.

The R5560SE is a built basing on several sub-boards:

e  Base board: it hosts all connectors, the main power supply circuits, the system monitor and the logic for
synchronization. A SoC manages the slow control, the interface between the DAQ modules, the generation and
distribution of the clock and sync signals. The board controls also a touch screen display with a simple GUI to
configure and control the system.

e 4 DAQ boards: this is the programmable core of the system. Each one digitizes and processes in real-time 32
independent channels. Each section hosts a large and powerful SoC based on Zynq processor (7030 or 7035
model) 14-bit 125 MSPS ADCs, 1 Gbps Ethernet link, two optical link, LVDS 1/0Os and an integrated a USB 2.0
JTAG.

e 8 AFE boards (R5560SE only): this board perform signal conditioning in order to convert the single-ended
inputs into differential ones. It controls the signal shaping, gain, offset and input impedance
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Figure 11.1: the complete block diagram of R5560SE. The R5560 works the same without the AFE boards.
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Figure 11.1 shows the full scheme of the R5560SE. Each DAQ board is an independent unit (with independent firmware)
processing up to 32 analog channels. The analog signals come from the AFE board as a differential signal with 2V,
dynamic and 1 V common mode. The ADCs convert independently each channel and provide the digital streams as input
to the SoC. The SoC manages the real-time processing and high-speed communication between external facility through
Gigabit Ethernet or Optical Link. Each DAQ section can exchange data with nearby sections (DX, SX) with a dedicated
horizontal link (H-LINK). The bidirectional H-LINK link offers 12.5 Gbps bandwidth and allows a significant calculation load
reduction in the readout facility.

/ Note: please find more details about the H-LINK management at https://github.com/Nuclearinstruments/r5560-dag-
horizontal-interconnections

The Slow Control and Sync Processor (SCSP) is a SoC that manage the synchronization between multiple R5560SE and an
external system. Moreover, the SCSP is connected with slow speed bus to all modules (12C, 100Mbps QSPI bus). This link
allows the SCSP to collect data from each of the four DAQ sections, configure the memory-mapped registers and read all
memory-mapped FIFO or memories instantiated in the firmware. The SCSP has an Ethernet connector and exposes a
server that allows to readout data and set/get any register from a single connection. The bandwidth is limited to
100Mbps even if the link is a 1Gbps link, and it is meant to be used for debug purposes.

A USB 3.0 hub interconnect together all the SoCs offering a 400Mbit/s readout link for section on a single USB 3.0
connector.

A touch screen display allows to monitor the status of the system, environmental parameters, set and read ethernet
configuration of all DAQ board and of the SCSP board.

DAQ section

The R5560/R5560SE is organized in four DAQ sections, each one featuring 32 analog inputs for a total 128 readout
channels. Each section hosts 4 ADCs operating in simultaneous sampling at 125 MS/S - 14 bit.

The frontal panel clearly identifies the analog channels, grouping them with the relative digital signals. The different
sections can easily communicate each other thanks to fast horizontal links.

Each DAQ board hosts a Xilinx Zyng-7000 (7030 or 7035 model), a powerful System-on-Chip that uses a large
programmable logic for massive real-time signal processing and a Dual Core 1GHz ARM processor for data post-
processing. The user can implement here the needed custom firmware, eventually exploiting SCI-Compiler tool. The
firmware is stored on the 1GB flash memory while 1GB DDR3 works as a primary memory for Linux and as cache for the
data to be transferred from the FPGA to the LAN. The ARM microcontroller features all the software required to control
and configure the system and to implement Ethernet communication.

On each DAQ board, there are also 2 optical links, capable to reach up to 10Gbit/s data transfer. The optical link protocol
can be configured by the user to interface the unit with external readout systems. The DAQ section also hosts a USB JTAG
connector, in order to allow for on-the-fly firmware uploading and USB-to-UART bridge access. In this way it is possible
to directly access the Linux console of the Zynq. The Zynq also has a USB interface connected to a USB connector (that is
on the base board, in the bottom part of the instrument) that emulates a LAN over USB, in order to be able to read out
and configure the R5560/R5560SE.

Each DAQ section is connected to the baseboard through 6 digital signals: 3-input sync-in and 3 output sync-out. These
lines connect the FPGA of the Zynqg to the FPGA on the baseboard. The user can configure the Zynq signals to be
connected to LEMO I/Os or to the SYNC signal connectors.

The DAQ section is the part of the device in charge of the analog-to-digital conversion. The ADCs accept the analog signals
coming from the input connectors. In the case of the R5560, the differential analog input directly feed the ADCs, while
in the R5560SE, each differential input of the ADCs is driven by the output of the analog frontend (AFE) section —see Par.
Analog Frontend - R5560SE — that, in turns, accepts single-ended analog input signals.

The ADCs receive the clock or from the on-board generator or from the baseboard. The baseboard allows selecting
different clock sources, for example, from a LEMO connector, dedicated SYNC connector or internal baseboard clock.
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DIFFERENTIAL ANALOG
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Figure 11.2: block diagram of a single DAQ section of the R5560/R5560SE. Signals interconnecting the DAQ with the baseboard and AFE
boards are shown.

R5560 Differential Inputs

The R5560 has four groups of 8x RJ45 shielded connectors to carry analog signals, for a total of 128 differential analog
inputs. Differential signals are used to minimize the crosstalk between channels and the noise, even with long cables
carrying the analog inputs from the detectors. The pinout of the analog connector is shown in Figure 11.3. This allows to
use standard CAT5e pre-crimped cables to connect differential signals to the board.

PIN CABLE COLOR Board Ch/Polarity
1 White-Green 2+
2 Green 2-
3 White-Orange 4+
4 Blue 3+
5 White-Blue 3-
6 Orange 4-
7 White-Brown 1+
8 Brown 1-

Figure 11.3: RJ45 analog connector pinout: The pinout for the first group of channels [1:4] is shown. The same ordering can be applied
to the subsequent groups.

The R5560 inputs have the following characteristics:

e  Bandwidth: 60 MHz

e Gain:1V/V

e  Differential Input Dynamic: 2 Vp,

e Any common mode voltage is accepted if within the absolute maximum rating.
e  Absolute Input Dynamic: 0.5V ... 3.8V

e  Differential Input Impedance: 100 Q

e  Single Ended Impedance: 50 Q

e  50uV integrated noise

UM6952 — R5560/R5560SE User Manual Rev. 7



CAEN 0 Electronic Instrumentation

As previously said, the R5560 accepts differential analog input signals, which have several advantages:

. Immunity to common mode noise

. Immunity to channel cross-talk

. Immunity to RF noise

. Immunity to ground-loops

. Immunity to ADC clock coupling

. With limited signal swing, it is possible to achieve a larger input dynamic.

Differential signals can be directly connected to the R5560 RJ45 input connectors, according to the input parameters

reported in Table 11.1. Both V_P and V_N must be connected.

SYMBOL DESCRIPTION MIN MAX
VCM Input common mode 0.5 3.5
VDIFF Input Differential signal 0 2Vpp
V_P Input positive terminal 0.5 3.5
V_N Input negative terminal 0.5 3.5
RIN Input impedance 100Q2

Table 11.1: differential parameters for the R5560 analog input.

Analog Frontend - R5560SE

The R5560SE features an advanced programmable analog frontend. Onboard, there are 8 AFE sections (two for each
DAQ section) managing the single-ended analog inputs and routing the signals to the ADCs of the DAQ section.

The analog frontend converts the input single-ended analog signal to a differential one, that fits at best the input dynamic
range of the ADC converter. There are several stages inside the AFE board, as shown in Figure 11.4.

e The first block allows the selection of the input impedance between 50 Ohm and 1 kOhm

e  The second block allows dividing the signal by 5, if needed

e  The third block allows to shape the input signal selecting among 1, 10, 30 ps shaping time or to bypass the
shaper using DC coupling. The output of the shaper is connected to the offset block.

e  The offset block allows to add or subtract from the input signal baseline any value between -2 V and +2 V

e  The gain stage allows selecting the gain to apply to the input signal between 1 and 100. Possible gain values
are distributed on a logarithmic scale and can be selected via software. The output of the gain stage is a
differential signal that is connected to the ADC.

The analog input channels are grouped in couples. Each pair of channels shares the configuration of the input impedance,
division and gain, while the offset can be selected independently on each channel. The shaper can be configured at
instrument level, meaning that the shaping time is the same on all channels.

LEMO

S

50R

SHAPER

OFFSET

HH HH

Figure 11.4: block diagram of the AFE section of the R5560SE.
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Digital Stage

31

The digital stage is available on VHDCI connectors (LVDS 1/0s) on the front panel or LEMO 1/Os.
Each VHDCI connector carries:

o 32 differential lines supporting the standards LVDS, BLVDS (or PSEUDO LVDS)
e  58single ended CMOS 2.5V from DATA1_P/ N to DATA29 P/ N

e  6single ended CMOS 1.8V from DATA30_P/ N to DATA32 P/ N

e  Axground pin

The pinout of the digital VHDCI connector is shown below.

GND
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DATAL n == 1 1 ‘”ﬁx 68 =C=  DATA32 p
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. 51 18 f—
S
= =
GND GND
GND

Figure 11.5: pinout of the LVDS digital connectors of the R5560SE.
Digital 1/0s on the VHDCI connector can be used for several applications, for example:

e  Fast Parallel readout (protocol supported by SCI-COMPILER)

e Input for triggers/veto

e  Input from photon counting detector / ASIC

e  Readout of digital ASIC both with serialized output or parallel output
e  Control of the readout process of analog ASIC

Using SCI-Compiler, is possible to select the I/O standard and the pin direction (IN/OUT). Pin direction and signal standard
must be selected at configuration time and cannot be changed in real-time.

A WARNING: To ensure fast communication (up to 200MHz DDR, 12.8Gbps) no buffer or over-voltage protection are
present between FPGA and 1/0. Short circuits or over-voltage will damage the FPGA.

A WARNING: In single ended mode the last 6 signals (DATA_30, 31 and 32) are 1.8V voltage ONLY. CMOS2.5 or
CMO0S3.3V will damage the FPGA.

Moreover, it is possible to use the general purpose digital I/O LEMO connectors to drive NIM/TLL signals to be used for
different purposes. The function of the LEMO 1/Os is defined at firmware level and can be customized by the user by
exploiting open FPGA features via SCI-Compiler software.
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Data readout

The R5560/R5560SE is designed to provide the maximum flexibility in experiments requiring hundreds of readout
channels. Both the wide range of available communication protocols and the scalable architecture are designed to help
users in building a multi-board system and in integrating it in existing facilities.

There are several ways to readout data from the R5560/R5560SE:

1) READOUT USING DAQ SECTION ETHERNET PORT
Each DAQ section has a dedicated ethernet link connected to the PS (processor side) of the SoC. This Ethernet port
is fully managed by the user application that implements a custom protocol using TCP/IP or UDP sockets. A basic
application is provided as example to customize the protocol (see Appendix for more details)
A multi-port 10Gbps or an Ethernet switch is required in order to perform the R5560SE readout.
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2) READOUT USING SLOW CONTROL ETHERNET PORT
The slow control ethernet port allows to implement a low-speed readout. With a single ethernet port it is possible
to readout data from all channels and set/get registers. Please consider that everything can be readout using this
system, except the fast FIFO managed by the DMA.
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3) READOUT USING THE USB 3.0
The SoC exposes a virtual ethernet card on the USB 3.0 connector using RNDIS protocol. Connecting the USB 3.0
cable the user will enumerate 5 new ethernet interfaces on the computer. Each interface is a virtual ethernet card
with an IP address (configurable on the display). Max speed 300 Mbit/s per section.
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4) READOUT USING OPTICAL LINK

The optical link allows to obtain the maximum bandwidth from the R5560SE. Aggregating the 8 links at 12.5 Gbps,
it is possible to reach a maximum readout speed of 100Gbps.
A free open-source protocol is available and can be used to interface with external facilities (see Appendix for

more details).
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5) OPTICAL DAISY CHAIN

Multiple R5560SE units can be daisy-chained in order to reduce the number of optical links. In daisy-chain mode
the total bandwidth of the chain must be less than 12.5 Gbps.
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6) PARALLEL READOUT
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The R5560SE can be readout in parallel using the LVDS interface. The LVDS interfaces offers a 32-bit wide bus.
User must develop its own protocol using the available SDK.

FACILITY READOUT SYSTEM
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Clock Distribution

The R5560/R5560SE has a very versatile clocking network (see Figure 11.6). It is possible to use different clock sources
for the ADCs:

e theinternal clock, generated on the base.
e theinternal clock, generated on the DAQ board.
e  external clock

The DAQ board selects the 125 MHz clock to be provided to the ADCs between its internal clock and the clock provided
by the baseboard. This is done by a selector (SEL) controlled by the FPGA. The FPGA is driven by the firmware loaded in
the Zynq, overwriting any setting that has been configured via the web interface or via the display. The SEL signal can be
configured using the SCI-Compiler. When SEL is 0, the default value of the clock is provided to the ADC by the Zynq itself.
When SEL is 1, the Zynq is bypassed, and the clock is provided directly by the baseboard.

The baseboard accepts and route to the DAQ a clock signal, following these available options:
e 25 MHz internal oscillator
. LEMO IN 0 connector
e  pin A1/A2 of the SYNC IN connector (see Figure 11.7)

If the clock is provided to the baseboard externally by the LEMO 0 or the SYNC connector, the frequency must be 25 +
0.5 MHz, using a different frequency requires an external VCO/PLL.

The clock signal fed into the baseboard, is converted by the PLL passing from 25MHz single-ended into a 125MHZ LVDS
clock.

e  The 25 MHz input clock can be routed to the LEMO OUT 0 or to the pin A1/A2 of the SYNC OUT connector (see
Figure 11.7) on the front panel of the R5560SE
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Figure 11.6: scheme of the clock distribution on the R5560/R5560SE
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Figure 11.7: pinout of the SYNC RJ45 connector of the R5560SE

Synchronization among multiple boards

The R5560/R5560SE has been designed to operate in large readout systems. Multiple R5560/R5560SE can be connected
in such a way that they can operate in simultaneous sampling with a common time reference to be able to accurate

timestamp events.

Synchronization operates at two levels:

e ONLINE: a system manger time stamping logic with a common clock and reset

e  OFFLINE: the event builder software in the DAQ uses the time stamp to merge events coming from
different board in a single event.

Synchronization requires the following signals:

Common Clock: ensures that all ADCs operate in phase exactly at the same frequency. It also guarantees

that internal time counter and TDC will be clocked at the same frequency, and they will be synchronous.
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e  Run:is a common signal generated by the master board and indicate the start of a run. Global timestamp
and global event counter will be reset on the rising edge of this signal. All events will be timestamped with
counters those zero by this signal. Event builder in the readout system will merge different events coming
from multiple R5560SE using this unique timestamp.

e TO/flag is a user signal that can be used to reset secondary timestamp counter or to mark an event. This
signal is optional, and it is used to make a measurement with respect to a periodic zero signal (I.E., a beam
signal). The function of TO is configurable in Sci-Compiler

The synchronization between boards can work using a single RJ45 cable that connect in daisy chain multiple
instruments through the SYNC IN/OUT port on the front panel. The cable carries all synchronization signals including:
CLK (25MHz), RUN and TO on LVDS differential signals. A standard ethernet CAT5e cable can be used for board-to-board
synchronization. In order to set the boards to properly operate using this single-cable synchronization, refer to Chap.
Touchscreen Display Guide and Web Interface.
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Figure 11.8: synchronization connection between two R5560SE boards using a single Ethernet cable. Slave board (bottom) is receiving
synchronization signals on SYNC IN connector from the master board (top) SYNC OUT.
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As an alternative to distribution of needed signals through the SYNC IN/OUT connectors, on the frontal panel there are
also three USER IN and three USERS OUT on LEMO connectors. The function can be selected by the configuration web
page of the SCSP among:

e Clock reference

e TO

e  Startofrun

e  Flag/Beam

e Next Frame (useful in imaging application, where is necessary to accumulate counting for a fixed period)

DAQ Datapath

R5560/R5560SE boards can be readout using multiple interface: Ethernet, USB, Optical Link and H-LINK. All these
connection interfaces should be able to access to the same data in the PL. To do this, a router is used to commit a R/W
request from one of the interfaces to the PL and complete the R/W operation.

SCl-Compiler works with the logic of memory mapped resources. Every endpoint in the FPGA (register, digitizer,
oscilloscope, frame transfer, list transfer, ....) is mapped at a particular address of the PL in an address space 32 bit wide.
Each endpoint has a memory size multiple of a power of two: a register for example has a memory size of 1, a FIFO of 1,
an oscilloscope of OxFFFF.

The DAQ is always a slave of a master system. Master system could be the PC client that connect via ethernet to the
server running on the CPU (PS) of the Zynq, or the facility readout system in more complex systems. The master starts a
transfer operation with a short packet addressing the salve board and specify operation, address in the slave and, for
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write operation, the payload. The router catches the packet and check the board address. If the board address matches
with board id or with the general call (OxFFF) the packet is processed. If the packet comes from an optical link and does
not match the board ID or the packet is a general call (OxFFF) the packet is forwarded to the TX optical link and in the H-
LINK.
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OXFABFAFAFA 12941 | OxFFF | 3 a =)
1 0x0000 0001 v o 2 @ E =
0x0000 0000 THRESHOLD VALUE S 2l 23 43, =3
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BUS

AX14 BUS

AXI4 BUS

Figure 11.9: example of the router operation for data transfer.

The router also manages the H-LINK. H-LINK appears in the User Programmable Logic as a four-FIFO (two TX and two RX).
User has a TX/RX couple of FIFOs to send/receive data from SX side and a couple for the RX side. The user can just push
data in the correct FIFO and the framework will transfer data to the nearby DAQ board.
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Figure 11.10: data transferring of two R5560SE sections, using the router or the H-LINK.
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12 Touchscreen Display Guide

The R5560/R5560SE features a 2.4” Touchscreen display for basic board configuration. In the following, screenshots are
taken from a R5560SE as a reference, but the given description is valid for R5560 too.

DO NOT USE SHARP METAL OBIJECTS, SUCH AS TWEEZERS OR
SCREWDRIVERS, OR POINTED OBJECTS, SUCH AS PENS OR PENCILS, TO
TOUCH THE DISPLAY

The main window (see Figure 12.1) shows the PID (Product Identification Number) of the board and the current app
version installed.

By tapping on the SETTINGS button, it is possible to access a series of tabs where the user can configure the IP address
of the board and select the routing configuration for signals like the Clock source and SYNC signals.

SN:15 SETTINGS
2021.10.13

Figure 12.1: the main page of the Touchscreen display.

Ethernet settings

The ETHERNET tab allows the user to configure the IP address of the baseboard and DAQ sections. To change the IP
configuration:

e  Tapon SETTINGS from the main page and use the arrows on the top bar to surf to the ETHERNET tab. Then tap
on BASE or the DAQ section number to set the IP address of the baseboard and of the DAQ sections
respectively.

e Assign an IP, Gateway (GW), Netmask (NM) and DNS in a valid range for your network to be able to reach the
instrument from your computer. For example, if your computer IP address is a 10.128.1.1, type an IP that
ranges from 10.128.1.2 to 10.128.1.254 and the mask (NM) must be 255.255.255.0

e |tis possible to enable the DHCP to automatically obtain the IP from the DHCP server in the network or it is

possible to assign manually the IP by clicking on the keyboard icon on the right of each field.

'__l.-

e Select the firmware of interest and press “Save” button === in the bottom right corner of the screen.

e  The user will be notified if the IP has been successfully applied. Reboot of the board is needed for the changes
to become effective.
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Figure 12.2: the Ethernet tabs on the touchscreen display.

Signal routing settings

In the SETTINGS menu, it is also possible to configure the routing of some interal digital signals of the board, in order to
configure clock distribution and synchronization:

e  Tap on SETTINGS from the main page and use the arrows on the top bar to surf to the CLOCK INPUT, DAQ SYNC,
SYNC OUT, LEMO OUT or PULSER tabs.

e Inthe CLOCK INPUT tab, it is possible to select the clocking source choosing among INTERNAL, LEMO IN O or
SYNC CONNECTOR. If LEMO IN 0 is selected, the clock must be a 25 MHZ TTL signal. If SYNC CONNECTOR is
selected it must be a 25 MHz LVDS signal connected to pin A1/A2 of the SYNC IN RJ45 connector. Refer to Par.
Clock Distribution of this manual to better understand the clocking strategy of the board. . For standard
synchronization using SYNC IN/OUT connectors daisy chain (see Par. Synchronization among multiple boards),
please choose SYNC CONNECTOR option for each of the slave boards

CLOCK INPUT

Figure 12.3: the CLOCK tab.

e  The DAQ SYNC tab allows to select the source for the synchronization signals used by the board. Synchronization
needs three independent signals to be routed to the DAQ board (CLOCK, RUN, TO). It is possible to select between
LEMO IN, SYNC IN and Internal Pulser source for each of the three available lines. For standard synchronization
using SYNC IN/OUT connectors daisy chain (see Par. Synchronization among multiple boards), please choose
SYNC IN option for each of the slave boards. If using Internal Pulser source for one of the three signals, the
remaining two ones can be driven via register using the option SYNC REG
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DAQ SYNC DAQ SYNC

LEMO IN 1

LEMO IN 2

LEMO IN 3

@«

Figure 12.4: the DAQ SYNC tab.

e  SYNC OUT tab allows to set the signals carried on the RJ45 SYNC OUT connector placed on the front panel of
the instrument. This connector can carry three independent signals that allows the synchronisation of two or
more boards. It is possible to select between LEMO IN, SYNC IN, and INTERNAL PULSER for each of the three
available lines. For standard synchronization using SYNC IN/OUT connectors daisy chain (see Par.
Synchronization among multiple boards), please choose SYNC-IN option.

SYNC OUT SYNC OUT

SYNC-IN 1

SYNC-IN 2

SYNC-IN 3

w

Figure 12.5: the SYNC OUT tab.

e LEMO OUT tab allows to select which signals are to be routed on the front panel three USER Outputs; it is
possible to select between LEMO IN, SYNC IN, INTERNAL PULSER and SYNC REG

LEMO OUT LEMO OUT

INTERNAL PULSER

LEMO IN 3

SYNC REG 2

L

Figure 12.6: the LEMO OUT tab.

e  PULSER tab allows to set the internal pulser to be used in combination with CLOCK INPUT = Internal. Frequency
and width of the pulser can be chosen in the dedicated fields.
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Figure 12.7: the LEMO OUT tab.

Info and status

From the TEMPERATURE, DAQ LAN STATUS and DAQ INFO tabs, it is possible to check:

e the DAQ boards and baseboard temperature
e the DAQ boards and baseboard IP address
e the name of the firmware loaded on each DAQ boards

TEMPERATURE >1¢< DAQ LAN STATUS DAQ INFO

DAQ 3 DAQ 1 DAQ 3 DAQ 3

432 C 192.168.50.78 192.168.50.79 R5560SE_TEST R5560SE_TEST
20210809 20210809

DAQ 4 DAQ 2 DAQ 4

414 C 192.168.50.80 192.168.50.81 DAQ 2 DAQ 4
R5560SE_TEST R5560SE_TEST

258 C BASE 192.168.50.129 20210809 20210809

A A A
Figure 12.8: the TEMPERATURE, DAQ LAN STATUS and DAQ INFO tabs.
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13 Web Interface

The R5560/R5560SE comes with an embedded web interface that allows the user to configure the analog front end
parameters, upload new firmware and upgrade the instrument OS.

To connect to the web interface:

e Connect the instrument to the PC via Ethernet or USB. It is possible to connect the baseboard or the single
DAQ boards individually using the dedicated connection ports of each section.
e  If using Ethernet, set your PC to be in the same network of the instrument.

e  Open aweb browser and type the IP or USB address as shown on the instrument display, according to the
chosen physical connection (IP refers to Ethernet connection)

Baseboard Web Interface

Connection

To access the specific Web Interface of a DAQ section, connect to the board by using the Ethernet port as shown below.

| e u > = rmlL
SFPO SFP1 ”"3 Sipo Sip1 ITaG D = SFPO SFP 1 ol GD 5770 SER1 ”"GD
VDS /O LS 1Y s o
e =7
IEEENEENE) [N E N X XN . PN XX EXRND
| ——
SmEToET Nl T 5
© 000 o o 0o¢|loooo 0o o o0Oflcooo o o ocollodooo o
2.4 Display
0000 6 0 00floooco ¢ ¢ o00flocooco o 0 o0olfloooco ¢ ¢ o0
o000 ¢ 0 00floocoo ¢ ¢ 0o0lflocooo 0 0 o0olfloooo ¢ ¢ o0
585
oooooOooooouoooooooooooooooucooomﬁ'—MJO”“C“)‘DO
- T -

Figure 13.1: connection scheme to access the baseboard Web interface. The baseboard port can be connected to the network or directly
to a PC Ethernet port.

Device Status and firmware upgrade

In the Device Status (Home) window it is possible to monitor:

e  theboard IP address

e theboard PID

e the temperature of the base board

e the baseboard firmware release (i.e., the OS of the system)

e theIP of each DAQ board

e the firmware loaded on each DAQ board (name and release), i.e., the pulse processing algorithm.
e the temperature of the DAQ board

e the temperature of the analog boards (AFE section of the R5560SE)
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///R5560 DEVICE PID:20
# Onica Stutas Device Status
0 i« DEVICE PID: 20 DEVICE MODEL: RS560A
& Ethe
Base Board
& Firmware Settin
= 10,105.250,14 - USB: 172.16.0.1 Framework Release:  2023.03,01 Temperature 10.6°C x
DAQ 1 DAQ 2

41.2°C IP: 0.00.0- USB; 17
99-00a8429d38048480
MCAHPSD
2022.07,29

P 0.00.0- USB; 17
99-0028363d08cc0c6a Fra
MCAHPSD

2023,03.24

2022.07,29

38.8°C
2023.03.24

40.5°C IP: o 53 USB.
9438046428

2023.03.24

O CAEN ] lsieer
Figure 13.2: the Home page of the baseboard Web interface.

If a newer version of the OS running on the ARM process is released on the CAEN website, it is possible to upgrade the
device by clicking on Upgrade Base Board. The opening page will ask the user to select a .bsu file previously downloaded
from the CAEN website. Press Upgrade button to perform the loading of the new OS version and follow the given
instructions.

!/[Rssso DEVICE PID:20

Base Board Upgrade

Upload File

Select a BSU file: Browse

Upgrade

@ CAEN[T]scie.

Figure 13.3: upgrade of the OS of the board from the baseboard Web interface.

Analog settings

The Analog Settings window allows to configure the relevant parameters for the analog input stage of each DAQ
section. According to the description of the analog stage given in Par. Analog Frontend, it is possible to configure the
following parameters:

e analog coarse gain (hereinafter Gain)
o  offset

e inputimpedance (50 / 1K)

e  Division by 5

e  Shaper

Gain, impedance, and division can be configured for each couple of channels, the offset independently for each single
channel (odd or even channel of the couple), while the shaper is common for all channels of DAQ1-2 and DAQ3-4
sections separately. Always press Apply button to store the settings and check if a successful info message appears.
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///RS560SE

Analog Settings

DAQ 12 e, DAQ 34

[N RN N N N R Rl N N N N N NI

@ CAEN[]iisitees,

Figure 13.4: the Analog Settings page of the baseboard Web Interface.

I/O settings

The 1/0 settings page allows to configure the clock and synchronization signals routing. It is possible to set:

Clock source (CLOCK INPUT) choosing among INTERNAL, LEMO IN 0 or SYNC CONNECTOR. If LEMO IN 0 is
selected, the clock must be a 25 MHZ TTL signal. If SYNC CONNECTOR is selected it must be a 25 MHz LVDS
signal connected to pin A1/A2 of the SYNC IN RJ45 connector. Refer to Par. Clock Distribution of this manual
to better understand the clocking strategy of the board. . For standard synchronization using SYNC IN/OUT
connectors daisy chain (see Par. Synchronization among multiple boards), please choose SYNC CONNECTOR
option for each of the slave boards.

Internal pulser to be used in combination with CLOCK INPUT = Internal : frequency and width of the pulser can
be chosen in the dedicated fields.

The source for the synchronization signals used by the board (DAQ SYNC IN). Synchronization needs three
independent signals to be routed to the DAQ board (CLOCK, RUN, TO0). It is possible to select between LEMO
IN, SYNC IN and Internal Pulser source for each of the three available lines. For standard synchronization using
SYNC IN/OUT connectors daisy chain (see Par. Synchronization among multiple boards), please choose SYNC
IN option for each of the slave boards. If using Internal Pulser source for one of the three signals, the remaining
two ones can be driven via register using the option SYNC REG

The signals carried on the RJ45 SYNC OUT connector placed on the front panel of the instrument. This
connector can carry three independent signals that allows the synchronisation of two or more boards. It is
possible to select between LEMO IN, SYNC IN, and INTERNAL PULSER for each of the three available lines. For
standard synchronization using SYNC IN/OUT connectors daisy chain (see Par. Synchronization among multiple
boards), please choose SYNC-IN option.

The signals to be routed on the three front panel LEMO OUT; it is possible to select between LEMO IN, SYNC
IN, INTERNAL PULSER and SYNC REG
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///R5560SE

PID:13169

1/0 Settings

Clock Input Internal Pulser

Source ntemal . Frequency (Hz) 1000 Width (ns)

DAQ Syne In o Syne Out o Lerma Out

Sync-in v a Internal Pulse v o

1
Syncein 1 v

Sync-in 2 . ¢

@ CAEN i

Figure 13.5: the |/O Settings page of the baseboard Web interface.

Ethernet settings

The Ethernet Settings window allows the user to configure the IP address of the baseboard and of each DAQ section. It

is possible to enable the DHCP in order to automatically obtain the IP from the DHCP server in the network or it is possible
to assign manually the IP by clicking on the keyboard icon on the right.

Assign an IP in a valid range for your network to be able to reach the instrument from your computer. For example, if

your computer IP address is a 10.128.1.1, type an IP that ranges from 10.128.1.2 to 10.128.1.254 and the mask (NM)
must be 255.255.255.0

After modifying the Ethernet settings, press Apply button and follow the instructions given in the opening window.

///R5560 =

DEVICE PID:20

Ethernet Settings

&
-]
& Ethemet Settings Base Board
-]

i

& oHep

g 10.128.0.125 Gateway 192,168.0.1
Netmask

255000 ONS 192.168.0.1
DAQ1 DAQ2
B pHeP DHCP
P 4000 Gateway . 13 Y Gateway TRl
Netmask 255.255.255.0 DNS 10.128.0.1 Netmask 255.255.255.0 DNS 10.128.0.1
DAQ3 DAQ 4
O pHep DHCP
P

. Gateway oot " Gateway R
Netmask DHS

10.128.0.1 Netmask 10.128.0.1

Figure 13.6: the Ethernet Settings page of the baseboard Web interface.

Firmware Settings

The Firmware Settings window allows the user to manage the FPGA firmware to be loaded into the DAQs sections. It is
possible to load the same firmware for all sections or different files for each section. Once the DAQs of interest are

selected, it is possible to load firmware already installed onboard (choose from the drop-down menu and press Install)
or to upload a new .niu file, for instance a firmware generated by Sci-Compiler.
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///R5560 =

DEVICE PID:20
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Figure 13.7: the Ethernet Settings page of the baseboard Web interface.
DAQ section Web Interface
Connection

To access the specific Web Interface of a DAQ section, connect to the board by using the Ethernet ports as shown
below.
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Figure 13.8: connection scheme to access the DAQ section Web interface. Each port can be connected independently to the network
or directly to a PC Ethernet port.

Device Status and firmware upgrade

In the Device Status (Home) window it is possible to monitor:

e the DAQ board IP address

° the FPGA UID

e  the temperature of the DAQ board

e the Framework release (i.e., the OS of the system)

e the firmware loaded on the DAQ board (name and release), i.e., the pulse processing algorithm
. Resource Explorer status

e  Connection information for base and all DAQs
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///R5560 DEVICE PID:20- DAQ4

Device Status

DEVICE PID: 20 DEVICE MODEL: R5560-A

DAQ4 Info

Resource Explorer

Version:  2023.02.02 Auto-Start Status: T |

il

Connection Info

BASE IP: usB:
DAQ 1 IP: ). USB, DAQ2 IP: use
DAQ 3 1P use: L DAQ4 IP: us8:

@ CAEN[T

Figure 13.9: the Home page of the DAQ section Web interface.

If a newer version of the OS running on the ARM process is released on the CAEN website, it is possible to upgrade the
device by clicking on Upgrade DAQ Board. The opening page will ask the user to select the .dqsu file previously
downloaded from the CAEN website. Press Upgrade button to perform the loading of the new OS version and follow the
given instructions.

///R5560 DEVICE PID0 - DAQA

A Device Status DAQ 4 Upgrade

ot

™ R » Upload File

Selecta .DQSU file:

O CAEN [T s
Figure 13.10: upgrade of the OS of the board from the DAQ Web interface.

Itis also possible to change and upload a new FPGA firmware, for instance one that has been generated by Sci-Compiler.
To upload a new firmware, press Change DAQ Firmware button in the DAQ section. In the opening page, it is possible to
load a firmware already installed onboard (choose from the drop-down menu and press Install) or to upload a new .niu
file, for instance a firmware generated by Sci-Compiler. The firmware will be copied in the persistent memory of the
R5560/R5560SE.

Note: if upgrading the firmware via USB, follow the procedure below to avoid Windows USB peripheral recognition
problems:

e Change the firmware and let the unit reboot automatically as per the standard process.

e  Disconnect the USB cable.

e  Reboot the module manually.

e Reconnect the USB and the unit should be correctly seen in the Device Manager as Remote NDIS Compatible
Device

It is possible to activate the firmware by selecting its name in the Manage Firmware menu and press Install button.

It is also possible to remove an existing firmware by selecting its name in the scroll-down menu and press Delete button.
For any of this operation, follow the instructions given in the subsequent opening windows and always check if a
successful info message appear.
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///R5560 = DEVICE PID20- DAQ

DAQ 4 Firmware Settings

Upload Firmware Manage Firmware

Select a firmware f| irmwar
Select afirmware file: f— Select loaded firmware: T030-mcahpsd.olu
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Figure 13.11: upgrade of the firmware from the DAQ section Web Interface

Analog settings

The Analog Settings window allows to configure the relevant parameters for the analog input stage of each DAQ
section. According to the description of the analog stage given in Par. Analog Frontend, it is possible to configure the
following parameters:

e analog coarse gain (hereinafter Gain)
o offset

e inputimpedance (50 / 1K)

e  Division by 5

e Shaper

Gain, impedance and division can be configured for each couple of channels, the offset independently for each single
channel (odd or even channel of the couple), while the shaper is common for all channels of the DAQ section. Always
press Apply button to store the settings and check if a successful info message appears.

///R5560SE = PID:13169-1

Analog Settings

Analog Settings

S — Shaper

Type
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Figure 13.12: the Analog Settings page of the DAQ section Web Interface.

Ethernet settings

The Ethernet Settings window allows the user to configure the IP address of the DAQ section. It is possible to enable the
DHCP in order to automatically obtain the IP from the DHCP server in the network or it is possible to assign manually the
IP by clicking on the keyboard icon on the right.
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Assign an IP in a valid range for your network in order to be able to reach the instrument from your computer. For
example, if your computer IP address is a 10.128.1.1, type an IP that ranges from 10.128.1.2 to 10.128.1.254 and the
mask (NM) must be 255.255.255.0

After modifying the Ethernet settings, press Apply button and follow the instructions given in the opening window.

///R5560SE = PID: 131651

Ethernet Settings

#% Ethemnet Settings DAQ SETTINGS

O DHCP

P Gateway 10.108.254.264

Netmask 255.255.0. DS 10.0.1.254

Apply

O CAEN [ usiser..,
Figure 13.13: the Ethernet Settings page of the DAQ section Web interface.

Resource Explorer (beta)

The Resource Explorer tab replicates the same functionalities of the Resource Explorer tool available in Sci-Compiler.

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 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.

Refer to [RD1] for more details.
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14 Firmware Developing

The R5560/R5560SE is a programmable platform and it is designed in order to encourage the user to develop its own
custom firmware using SCI-Compiler to generate and compile the firmware code.

A full working default firmware is provided: this is a fully featured solution and it is developed not as a basic example to
start developing with SCI-Compiler but as a full DAQ readout system firmware. The R5560SE comes with the default
firmware already uploaded. In any case the firmware can be downloaded from CAEN website and easily installed on the
board with the OpenHardware — Firmware Upgrader tool.

The default firmware implements the typical features of Waveform Recording Digitizers and QDC algorithms. It is fully
managed by the free-downloadable and open-source Open Hardware Readout Software. In more details, the default
firmware implements the following pulse processing features:

e  Waveform digitization of all analog channels

e Leading edge or derivative trigger

e 128 independent channels trapezoidal filter for energy calculation

e Time stamping with 8 ns resolution

e Different readout modes: independent channels, frame trigger (OR of all channels trigger), external trigger
e  External veto and trigger on programmable LEMO GPIO

e  List readout mode

e  Rate meter with dead time calculation on each channel

/ Note: The default firmware supports readout via Ethernet or USB 2.0. No support to optical link is included in the default
firmware.

Firmware design: the processing core

The R5560SE processing core is a Xilinx Kintex7 FPGA. The FPGA can be programmed in several ways:

e  VHDL/Verilog: this is the typical language for developing processing system in FPGAs. It is based on basic operation
(logic/arithmetic/conditional processing/sequential element) connected each other to build component.
Component are then connected together in order to create more complex designs.

e  C:aC/C++ program is automatically converted in a VHDL design by a software tool.

e  Design with high level blocks: the user connects together a series of pre-designed building block in order to obtain
the desired processing system.

SCl-Compiler is a set of very high-level blocks which implement the functionalities of the most common
instrumentation used in physics experiment: digitizer, MCA, TDC, Time Over Threshold, trigger, scaler, etc.

Sci-Compiler is designed to work at best with R5560SE and CAEN suggests using this firmware generator and compiler
tool, since it focuses the attention only on the functional blocks of the application to be implemented and does not
require a deep knowledge of the device in use.

The user is free to develop a firmware in VHDL without using the SCI-Compiler. We suggest using the default framework
to correctly initialize the board components. Framework source code is partially encrypted in order to protect our IP and
avoid unauthorized copy of the board. The framework code is available inside the installation folder of SCI-Compiler.

SCI-Compiler generates VHDL code and Vivado Project. If the user wants to add custom functionalities that are not
implementable with SCI-Compiler, it is possible to develop some parts of the design in VHDL and then compile as a

standard Vivado Project.

The R5560SE can be used for different applications, requiring different firmware (for example multichannel analog
digitization, readout of mixed signal ASICs, direct readout of shaped signals).

In the following, we describe the default firmware of the R5560SE.
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Default firmware

51

The R5560/R5560SE has a default firmware pre-programmed from factory. The default firmware implements 32-
channels for each DAQ submodule digitizer with waveform recording and Pulse Height Analysis.

The default firmware is designed to work with Open Hardware Readout Software. It is fully developed in SCI-Compiler
(see Figure 14.1) and can be easily modified by the user. The default firmware project is available in the SCI-Compiler
example section.
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Figure 14.1: SCI-Compiler scheme for single channel data processing in the default firmware.

The default firmware implements an independent trapezoidal energy filter on each channel for energy calculation. It is
based on a derivative trigger followed by a trapezoidal energy filter and gives in output a packet containing the
timestamp and the energy of the input signal. The trapezoidal filter is a filter
able to transform the typical exponential decay signal generated by a charge sensitive preamplifier into a
trapezoid whose flat top height is proportional to the amplitude of the input pulse (that is to the energy
released by the particle in the detector) (see Figure 14.2). The trapezoid plays almost the same role of the
shaping amplifier in a traditional analog acquisition system. There is an analogy between the two systems,
both have a “shaping time” constant. For both, a long shaping time gives a better resolution but has higher probability
of pile-up. Both are AC coupled with respect to the output of the preamplifier whose baseline is hence removed, but
both have their own output DC offset and this constitutes another baseline for the peak detection.

The output data packet contains an header, a word for the energy, two words for the timestamp and a word for the
channel ID.
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Figure 14.2: the trapezoid method used in the board default firmware.
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15 Drivers & Libraries

4
4

The R5560/R5560SE does not require any driver to operate with Ethernet link and it is compatible with any 0S. To
interface with USB, a RNDIS driver is required in Windows OS, while it will work as is in modern Linux OS.

A library to manage the default firmware and open-source software example code is available at
https://github.com/Nuclearinstruments/r5560_sdk

Moreover, libraries for C/C++/C#/Python are available for custom firmware generated by Sci-Compiler too under the
form of a Software Development Kit called Sci-SDK.

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

Drivers installation

To install the USB drivers for R5560SE correct operation in Windows OS, follow the step below:

e  Connect the USB 3.0 connector of the R5560 to the PC and Windows will locate 6 new devices and a root hub:
o  5x RNDIS compatible ethernet card
o  1xSerial Adapter

e  The serial adapter does not require any driver.

e Open the Device Manager of your computer. You will find 5 peripherals with yellow exclamation mark label or

a RNDIS device or an unknown device.

e  Right click on each one - update driver > Browse my computer > Let me pick from a list > Network
Adapters. Select Microsoft as manufacturer and Remote NDIS Compatible Device as model. Authorize the
installation and the driver should be installed automatically.

R5560 SDK for default firmware

53

A library to manage the default firmware is available at https://github.com/Nuclearinstruments/r5560_sdk.

It contains the functions that allows to start and close the connection with the R5560/R5560SE device, to write and read
data to/from registers, to write and read array of data to/from buffers and to read arrays of data from FIFO buffers.

All the functions require a connection handle to specify the board to communicate with. The handle is defined in the
following way:

typedef struct {
int Csocket;
int connected;
uint32_t _ ITICBASEADDRESS;
uint32_t _ ITICBASEADDRESS_STATUS;
SOCKET_TYPE socketType;

} tR5560SE_Handle;

All the functions return an integer indicating the communication status:
e 0:0k
e -1:no connection
e -2:socket error
e -3:connection drop
e  -4:allocation error
e -5:out of limit error
e -6:timeout error
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Start Connection

Starts the ethernet connection to the R5560SE device. The arguments are the IP address passed as a string,
the connection port and the connection handle to the board which will be returned by the function.

int R5560SE_ConnectTCP(char *ipaddress, uint32 t port, tR5560SE_Handle *handle);

Argument Direction Type

ipaddress Input char

port Input uint32_t

handle Input/output tR5560SE_Handle
example:

tR5560SE_Handle handle;
R5560SE_ConnectTCP("192.168.50.150", 8888, &handle);

Close Connection

Disconnects the R5560SE device specified by the connection handle passed as argument.

int NI_CloseConnection(tR5560SE_Handle *handle);

Argument Direction Type
handle Input/output tR5560SE_Handle
example:

tR5560SE_Handle handle;
NI_CloseConnection(&handle);

Write Register

Allows to write a value in a register of the FPGA in the R5560SE device. The arguments are the data to be
written in the register, the register address to be written and the board connection handle.

int NI_WriteReg(uint32 t data, uint32 t address, tR5560SE_Handle *handle);

Argument Direction Type

data Input uint32_t

address Input uint32_t

handle Input/output tR5560SE_Handle
example:

tR5560SE _Handle handle;
NI_WriteReg(1l, OxA, &handle);

Read Register

Allows to read a value stored in a register of the FPGA in the R5560SE device. The arguments are a pointer
returning the data read from the register, the register address to be read and the board connection handle.

int NI_ReadReg(uint32 t *data, uint32 t address, tR5560SE_Handle *handle);

Argument Direction Type

data Input/output uint32_t

address Input uint32_t

handle Input/output tR5560SE_Handle

example:

tR5560SE_Handle handle;
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uint32_t data;
NI_ReadReg(&data, ©xA, &handle);

Write Data

Allows to write an array of values in a register of the FPGA in the R5560SE device. The arguments are the
data array to be written in the register, the number of data to be written, the register address to be written,
the board connection handle and the number of data written in the register returned by the function.

int NI_WriteData(uint32_t *data,
uint32_t count,
uint32_t address,
tR5560SE_Handle *handle,
uint32_t *written_data);

Argument Direction Type

data Input/output uint32_t

count Input uint32_t

address Input uint32_t

handle Input/output tR5560SE_Handle
read_data Input/output uint32_t
example:

tR5560SE_Handle handle;

uint32_t data[1@]={e, 2, 10, 1, 0, 1, 3, 1, 2, 0};
uint32_t written_data;

NI WriteData(&data, 10, ©xA, &handle, &written_data);

Read Data

Allows to read an array of values from a buffer of the FPGA in the R5560SE device. The arguments are the
preallocated array of data to be read from the buffer, the number of data to be read, the buffer address to
be read, the board connection handle and the number of data read from the buffer returned by the function.

int NI_ReadData(uint32_t *data,
uint32_t count,
uint32_t address,
tR5560SE_Handle *handle,
uint32_t *read_data);

Argument Direction Type

data Input/output uint32_t

count Input uint32_t

address Input uint32_t

handle Input/output tR5560SE_Handle
written_data Input/output uint32_t

tR5560SE_Handle handle;
uint32_t data[1le0];
uint32_t read_data;
NI_ReadData(&data, 100, ©xA, &handle, &read_data);

Read Fifo

example:

Allows to read data from a FIFO buffer of the FPGA in the R5560SE device. The arguments are the pre-
allocated array of data to be read from the buffer, the number of data to be read, the buffer address to be
read, the address of the register containing the FIFO status, the type of bus mode (O for register access like,
1 for blocking streaming access like and 2 for non-blocking streaming access like), the timeout of the read
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operation in milliseconds, the board connection handle and the number of data read from the buffer
returned by the function.

int NI_ReadFifo(uint32_t *data,
uint32_t count,
uint32_t address,
uint32_t fifo_status_address,
BUS_MODE bus_mode,
uint32_t timeout_ms,
tR5560SE_Handle *handle,
uint32_t *read_data);

Argument Direction Type

data Input/output uint32_t

count Input uint32_t

address Input uint32_t
fifo_status_address | Input uint32_t
bus_mode Input BUS_MODE
timeout_ms Input uint32_t

handle Input/output tR5560SE_Handle
read_data Input/output uint32_t
example:

tR5560SE_Handle handle;

uint32_t data[1e0];

uint32_t read_data;

NI_ReadFifo(&data, 100, ©xA, OxB, 1, 1000, &handle, &read_data);
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16 Open Hardware Readout Software

Open Hardware Readout Software is a free and open-source software developed for Windows OS to operate in
conjunction with the default firmware of the R5560/R5560SE, in order to provide a ready-to-use solution.

Moreover, CAEN provides free and open source libraries as a Software Development Kit (see Chap. Drivers & Libraries
for more details).

The software implements typical features needed to acquire and process data in nuclear spectroscopy and particle
physics:

e  Waveform monitor for all the channels in free running mode or with leading edge trigger
e List mode readout (energy, time) and data saving with channel independent trigger

e Energy Spectrum plot for all channels

e  Bidimensional heatmap visualization for imaging, with configurable detector shape

e  Spectrum fitting and energy calibration

e Data saving with waveform dump on file

The software is distributed both as compiled application and as source code. The source code is written in VB.NET and
C# and it can be easily customized by the user to adapt to a custom firmware and for any other need. In order to
recompile the Open Hardware Readout Software, a free version of Visual Studio .NET 2015 or later must be installed on
the user’s PC.

The following guide and screenshots refer to Open Hardware Readout Software version 2021.10.1.0 with a single DAQ
section of the R5560SE being connected.

Software installation

57

4

Open Hardware Readout Software is compliant with Windows 10-64bit.

Note: The software is standalone and does not require the prior installation of any library. The installation setup also
installs the Open Hardware Firmware Upgrader tool.

In order to install the Open Hardware Readout Software and the Open Hardware Firmware Upgrader, follow the steps
below:

e Download the software package from the R5560SE product page on the CAEN website (login required)
e  Unzip and run the executable.

e Asetup wizard will start. Press “Next” to continue.

‘_ﬁ DT5550 Readout Software - InstallShield Wizard X

Welcome to the Installshield Wizard for

. DT5550 Readout Software
The InstallShield{R) Wizard will install DT5550 Readout

Software on your computer, To continue, dick Next.

WARNING: This program is protected by copyright law and
international treaties.

e Choose the destination folder and press “Next”. By default, the readout software is installed in
C:\OpenHardware\R5560SE and the firmware upgrader in C:\OpenHardware\FirmwareUpgrader
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ﬁ DT5530 Readout Software - InstallShield Wizard x

Destination Folder
Click Mext to install to this folder, or dick Change to install to a different folder.

Install DT5550 Readout Software to:
C:\OpenHardware, Change...

InstallShield

e  Click “Install” to complete software installation.

ﬂ DT5530 Readout Software - InstallShield Wizard

Ready to Install the Program
The wizard is ready to begin installation.

If you want to review or change any of your installation settings, dick Back. Click Cancel to
exit the wizard.

Current Settings:

Setup Type:
Typical
Destination Folder:

C:\OpenHardware),

User Information:
MName: Hewlett-Packard Company
Company: Hewlett-Packard Company

InstallShield

< Back : Install ] Cancel

e  Wait until installation is completed and press “Finish” to complete the setup.

ﬂ DT5550 Readout Software - InstallShield Wizard X

InstallShield Wizard Completed

The Installshield Wizard has successfully installed DT5550
Readout Software. Click Finish to exit the wizard.

e Once Open Hardware Readout Software installation is complete, the Wizard will ask to extract and install FTDI
USB Drivers (needed to operate with other compatible boards). Press “Extract” to continue.
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B FTDI D3XX Drivers

FTDI D3XX Drivers

Click "Extract’ to unpack version 1.3.0.2 of FTDI's D3%¥ Windows
Driver Package, and launch the installer.

hittp - ‘www ftdichip com

[ Extract | Cancel

e  Press “Next” in the following window to continue and accept the License Agreement.

Device Driver Installation Wizard Device Driver Installation Wizard

- - License Agreement N
Welcome to the Device Driver @
Installation Wizard!
This wizard helps you install the software drivers that some &5 To continue, accept the following license agreement. To read the entire
computters devices need in order to work % agreement, use the scroll bar or press the Page Down key

IMPORTANT NOTICE: PLEASE READ CAREFULLY BEFORE A
INSTALLING THE RELEVANT SOFTWARE:

This licence agreement (Licence) is a legal agreement between you
(Licensee oryou) and Future Technology Devices Intemational Limited

of 2 Seaward Place, Centurion Business Park, Glasgow G41 THH,
Scotland (UK Company Mumber SC136640) (Licensor or we) for use of
driver software provided by the Licensor(Software).

BY INSTALLING OR USING THIS SOFTWARE YOU AGREE TO THE +

@7

Save As Print
(0| dont accept this agreement

To continue. click Next.

s
1=
g

Cancel <Back Next > Cancel

e  Thedriver will then be installed. Press “Finish” to exit the Wizard.

e Now itis possible to launch the software.

/ Note: the software is open source: it is possible to find the software VB.NET source code and the default firmware
project (developed with SCI-Compiler) in the installation folder, to allow user customization.

Board connection

After launching the software, the “Connection” window will open. By selecting the R5560SE tab the user can connect

each DAQ of the R5560SE board by clicking on the ‘Add’ button. In the new row that appears in the table, it is
possible to choose the connection type and to insert the IP address (Ethernet or USB) of the selected board type.

Connection: it is possible to choose between ‘Ethernet’ or ‘USB’. Both connections works upon IP address
protocol.

e [P Address: insert the IP address corresponding to the board to be connected and to the relevant connection
interface. Ethernet and USB address are shown in the DAQ LAN Status of the Touchscreen display of the board.

After the connection parameters has been set, the user can press the “Connect” button to initialize the software GUI. In

the ‘Status’ field of each board, the connection status is displayed. If the connection cannot be established for one or
more of the inserted boards, an error message box will appear.
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Open Hardware Readout Software n

-

NUCLEAR

Open Hardw e iTs
Software version: 2023.2.7.2 m CAE N

DT5550 R5560 DT1260 DTS5560SE RS5560SE

‘ Connection ' Board _ IP Address . Status &
.+ |Ethemet v |Single DAQ - {192.168.0.10 _'h
-
Connect
This software is designed by Nuclear Instruments http://www scicompiler.cloud |

Figure 16.1: the ”Connec%io?]" window at start-up of the Open Hardware RéadouAt Software

The ‘Remove’ ' button deletes the selected row of the table.

Software GUI Description

After successful connection, the main window will appear. The window is divided in four areas:

e Control bar: here there are all the buttons needed to control the acquisition process.

e  Main working area: all tabs like “Settings”, “Spectrum” and “Oscilloscope” are shown here.

e Imaging module: the 2D image of the channels energies is reconstructed in the two heatmap (one for the single
frame view and the other for the cumulative view).

e LogArea: all messages related to the user actions are displayed in the history log.

All panels can be undocked and rearranged also outside the main window in order to organize the software layout on
multiple monitors.
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WORKING Horzortal ns/div) Pre Trgger (%) 2 fa0 009 4@ 009 Q00 400 @00 G A0 009 408 G 000 000 400 0 : IMAGING
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CHANNEL 10 |Postive | v |0 2 0 8 1000 800 & 864 2 8000 256 v
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CHANNEL 13 |Postive | |0 2 F) 8 1000 800 & 864 2 8000 256 v
CHANNEL 14 |Postive | [0 2 F) 8 1000 800 & 864 2 8000 256 v
CHANNEL 15 |Postive | |0 2 F) 8 1000 800 & 864 2 8000 256 v
CHANNEL 16 |Postive | |0 2 F) 8 1000 800 & 864 2 8000 256 v 7
CHANNEL 17 |Postive | |0 2 F) 8 1000 800 & 864 2 8000 256 v
CHANNEL 18 |Postive | |0 2 F) 8 1000 200 E) 864 2 8000 256 -
CHANNEL19 |Postive |+ [0 2 F) 8 1000 200 E) 864 2 8000 256 - 1
CHANNEL 20 |Posiive |- |0 2 F) 8 1000 200 E) 864 2 8000 256 -
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CHANNEL 22 |Posiive | |0 2 ) 8 1000 200 &0 864 2 8000 256 o~
L S e S e B S
| APPLYSETTINGS | 12345678 910111213141516

Log File L)

Figure 16.2: the main window of the Open Hardware Readout Software. The main areas are highlighted.

Control Bar

Spectrum Acquisition

: Stop Acquisition
Load Settings Multi Acquisition [
.'"I ) | sto ch uisition ."l; ."'IIII Spectrum Fiting ,n"IStan e
lrSa\.'e Settings / / pAcq l."r ."I JI."r Reset Acquisition / Stop Data Record

Single Acquisiti /
[ [ male Acquisttion/ /| | SaveData [
[ [ A [

y v v ; ; vy v

v v v ¥ y ¥ v
» L : LN
I.\- - | Settings H Oscilloscope . Spectrum A ﬂ o E«l Acquisition

Figure 16.3: the Control Bar of the Open Hardware Readout Software.

The “Control Bar” contains the following buttons:

@
<+ Spectrum: change the visualization features of the spectrum (semi-logarithmic or linear on Y axis,
rebinning on the X axis, graphical plot type)
< View: select the zoom type

<+ File: export and print plots

B
Settings > H
° .

o,

% Load settings from file
% Save Settings to file

Oscilloscope .
L]

»  Multi Acquisition: start to acquire waves until stop acquisition button is pressed
Stop Acquisition: abort waves acquisition
Single Acquisition: acquire a single waveform every time the button is pressed

L e A A OB

Spectrum Acquisition: start spectrum and image acquisition process

Stop Acquisition: abort spectrum acquisition

*» Spectrum Fitting: open the fitting tool window

<+ Reset Acquisition: reset spectrum and image

<+ Save Data: save on disk the spectrum for each channel and the cumulative images

3

<

®,
o

®,
o

0,
o
0,
o
0,
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Acquisition
L]
++ Start Data Record: open the data dump window to configure and start saving data (waves or energy)
event by event
< Stop Data Record: stop current data dump process
Settings Tab

The Settings Tab allows to configure all digitizer parameters. It is divided in two areas, as shown in Figure 16.4:

e  Oscilloscope settings (red box): it allows to set the parameters to visualize the waveforms on the oscilloscope
plot: it can be selected the same trigger source, trigger edge and trigger level for all the oscilloscopes, the time
scale on the plot and the length of the pre-trigger window

e  Channel Specific Settings (green box): this is divided in two tabs:

o  Firmware settings is a table with a row for each channel containing all configuration parameters for
that channel, i.e. signal polarity and offset, all the derivative trigger parameters, all the trapezoidal
filter parameters and all the baseline calculation parameters.

o  AFE Settings is a table with a row for each couple of channels, containing the configuration
parameters of the analog frontend stage, i.e. the input impedance, the offset, shaping and analog
coarse gain.

The user must push the button APPLY SETTINGS, at the bottom of the window, in order to let the settings become
effective. It is suggested to stop an ongoing acquisition begore applying new settings.

% SCI-35X0 Readout Seftware (NI - CAEN)

Ay - | Settings tj Oszi\\nscnpa. Spectrum A ﬁo

Osciloscope Settings

A
Acquisition

Trgger Source | Free Rumning. Trigger Edge Risng v

Harizortal frs/div) (8.0 z Pre Trigger (%)

Firmnare Setings  AFE Sattings
scloscope TigoerLevel 199 Tigger Flat oy Peaking Time ] Energy Baseine Baseline Lenght
Channl Polarty Tigmrlovel  Oft ) s} P e T G sy Flat Top (ns) it Gan ot T Pissioh
e
| cranneLo R <[ s000 0 E 40 8 1000 800 80 o4 2 5000 256 v
CHANNEL1 | Fosiive ~ 3000 0 El 0 8 1000 80 50 854 2 5000 255 v
CHANNEL 2 Postive | 9000 0 20 40 8 1000 800 80 864 2 8000 256 v
CHANNEL3 | Posiive ~ | 3000 0 2 0 8 1000 a0 5 854 2 5000 256 -
CHANNELY | Posiive ~ 3000 0 El 0 8 1000 a0 ) 854 2 5000 255 -
CHANNEL 5 Positive: ~ | 9000 0 20 40 8 1000 800 80 864 2 8000 256 v
CHANNELG | Fosiive ~ | 3000 0 El 0 8 1000 20 ] 884 2 5000 25 2
CHANNEL? |Posiive ME 0 El 0 8 1000 a0 ) 854 2 5000 255 -
CHANNEL 8 Positive ~ | 9000 0 20 40 8 1000 800 80 864 2 8000 256 v
CHANNELS | Fosiive ~ | 3000 0 El 0 8 1000 30 ] 84 2 5000 25 v
CHANNEL 10 Postive v | 9000 0 20 40 8 1000 800 80 864 2 8000 256 v
CHANNEL 11 |Posiive ~ 3000 0 2 0 8 1000 a0 5 854 2 5000 256 -
CHANNEL12 | Fositve ~ 3000 0 El 0 8 1000 80 50 854 2 5000 255 v
CHANNEL 13 Positive: ~ | 9000 0 20 40 8 1000 800 80 864 2 8000 256 v
CHANNEL14 | Fosiive ~ | 3000 0 2 0 8 1000 a0 5 854 2 5000 256 -
CHANNEL15 | Posiive ~ 3000 0 El 0 8 1000 a0 ) 854 2 5000 255 -
CHANNEL 16 Positive ~ | 9000 0 20 40 8 1000 800 80 864 2 8000 256 v
CHANNEL17 | Fosiive ~ | 3000 0 El 0 8 1000 20 ] 884 2 5000 25 2
CHANNEL 18 Postive v | 9000 0 20 40 8 1000 800 80 864 2 8000 256 v
CHANNEL 19 Positive ~ | 9000 0 20 40 8 1000 800 80 864 2 8000 256 v
CHANNEL2) | Fositve ~ 3000 0 El 0 8 1000 80 50 854 2 5000 255 v
CHANNEL 21 Postive | 9000 0 20 40 8 1000 800 80 864 2 8000 256 v
CHANNEL22 | Fosiive ~ | 3000 0 2 0 8 1000 a0 5 854 2 5000 256 -
CHANNEL23 | Posiive ~ 3000 0 El 0 8 1000 a0 ) 854 2 5000 255 -
CHANNEL 24 Positive: ~ | 9000 0 20 40 8 1000 800 80 864 2 8000 256 v
- SR tm— S0t S —
APPLY SETTINGS

Figure 16.4: the Settings Tab of the Open Hardware Readout Software.

Oscilloscope Settings

These settings (see red box in Figure 16.4) allow to configure the same parameters of all the oscilloscopes (i.e. of the
waveform recording).

e  Trigger Source: Select the trigger source for the oscilloscopes. Options are:
o Analog Signal: a leading-edge trigger on the analog input of each channel is implemented to trigger
the correspondent oscilloscope waveform acquisition. The Trigger Edge (Oscilloscope settings tab)

and the Oscilloscope Trigger Level (Firmware settings tab) must be properly set.

UM6952 — R5560/R5560SE User Manual Rev. 7 62



63

4

CAEN @ Electronic Instrumentation

o  MCA Trigger: the derivative trigger of each channel is used as a trigger for the correspondent
oscilloscope waveform acquisition. The threshold to be set is Trigger level (Isb) in the Firmware
Settings tab.

o Free running: each oscilloscope operates without trigger and acquires a waveform as soon as the
previous transfer is completed

Trigger Edge: it selects if each oscilloscope triggers on the rising or falling edge of the input signal. It works only
in conjunction with Trigger Source = Analog Signal

Horizontal (ns/div): Set the time base for each oscilloscope in ns per division

Pre-Trigger (%): Specify the portion of the acquisition window dedicated to the pre-trigger (signal sampled
before the trigger)

Firmware Settings

These settings (see green box in Figure 16.4) allow to configure the specific parameters of each channel, used by the
MCA firmware component:

Polarity: Select between positive and negative polarity according to the input channel

Oscilloscope Trigger level (Isb): set the absolute trigger threshold taken into consideration by the oscilloscope
acquisition if Trigger Source = Analog Signal in the Oscilloscope Settings tab.

Offset: Set the analog offset added to the analog input channel after the polarity inversion

Trigger Level (Isb): Set the derivative trigger level threshold. It is taken into consideration always for Spectrum
acquisition, while for Oscilloscope acquisition only if Trigger Source = MCA Trigger

Trigger Peaking Time (ns): Set the peaking time of the trapezoidal trigger signal (between 16 ns and 800 ns)

Trigger Flat Top (ns): Set the flat top of the trapezoidal trigger signal

Signal Decay Constant (ns): Set the trigger inhibition time after a trigger

Peaking Time (ns): Set the peaking time of the energy trapezoidal filter (between 16 ns and 4 us)
Flat Top (ns): Set the flat top of the energy trapezoidal filter

Energy Sample (ns): Set the position where the value of the energy trapezoidal filter is sampled to measure the
signal energy (should be peaking time + 0.8*Flat Top).

ain: Multiplication factor for the energy trapezoidal filter result. This allow to recover resolution avoiding
trashing away the least significant bits of the energy filter. A low gain reduces the resolution of the measure
while a too high gain will saturate the spectrum dynamic.

Baseline Inhibit Time (ns): Inhibition time for the baseline calculation after a trigger signal. It avoids that the
tail of an event is measured as part of the baseline (should be greater than 2*Decay Constant).

Baseline Length (samples): Length in samples of the window for baseline calculation.

Note: the sum of the peaking time and of the flat top could not exceed 4096 ns. In this case the fields related to these
parameters become red in the table and the ‘Apply Settings’ button is disabled.
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Figure 16.5: scheme of the trapezoidal energy filter parameters to be set in the Open Hardware Readout Software.

AFE Settings — R5560SE only

These settings (see Figure 16.6) allow to configure the analog frontend parameters for each channel of the board.
According to the the description of the analog stage given in Par. Analog Frontend, it is possible to configure the following
parameters:

e Shaper: Select the shaper type and its timing among DC, AC 1us, AC 10us, AC 30us. This parameter is common
for all channels.

e  Termination: it is possible to choose between 50Q and 1k Q input termination
e Division by 5: enable/disable the analog input signal voltage divider (+ 5)

e  Offset Even (mV): set the offset of the even channel of the correspondent couple indicated in the Channel
column

e  Offset Odd (mV): set the offset of the odd channel of the correspondent couple indicated in the Channel column
e  Gain: set the analog coarse gain for the relevant couple of channels among the listed possible values.

/ Note: Gain, Impedance and Division by 5 can be configured for each couple of channels, the Offset independently for
each single channel, while the shaper is common for all channels.

% 5CI-35X0 Readout Software (NI - CAEN)
Y [T
- Settings EA Oscilloscape |10 Spectrum c& OE Acquisition
spectrum | Oscilloscope - Settings | -

Osciloscope Settings

Trigger Source | Analog Signal Trigger Edge Rising v

Horizortal (ns/div) 8.0 2 Pre Trigger (%)

Fimware Settings AFE Settings

Shaper oC ~
Channel 50 Ohm Temination Division by 5 Offset Even mV) Offset Odd mV) Gain
CHANNELS 23 ] 0 1 v
CHANNELS 45 0 0 1 v
CHANNELS 67 ] 0 1 v
CHANNELS 89 0 0 1 v
CHANNELS 10-11 ] 0 1 v
CHANNELS 12-13 0 0 1 v
CHANNELS 14-15 ] 0 1 v
CHANNELS 16-17 ] 0 1 v
CHANNELS 1813 0 0 1 v
CHANNELS 20-21 ] 0 1 v
CHANNELS 22-23 0 0 1 v
CHANNELS 24-25 ] 0 1 v
CHANNELS 26-27 0 0 1 v
CHANNELS 28-28 ] 0 1 v
CHANNELS 30-31 0 0 1 v
[ APPLYSETTINGS |

Figure 16.6: the AFE Settings tab in the Open Hardware Readout Software.
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Oscilloscope Tab

The Oscilloscope Tab allows to monitor on plot all analog input signals and digital probes:

e  The ANALOG trace displays the waveform sampled by the ADC

e  The TRAPEZOIDAL trace displays the analog signal after the trapezoidal energy filter and the baseline subtraction

e  The ENERGY SAMPLE digital signal indicates the position at which the value of the trapezoidal filter is sampled for
the energy calculation

e  The TRIGGER digital signal toggles when the trapezoidal trigger identifies a signal

e  The BASELINE HOLD digital signal displays the state of the baseline restorer. When low, the baseline restorer is
running, when high is holding

Multiple input channels can be captured and displayed on the same plot by checking the correspondent checkbox from
the channels list on the left of the Oscilloscope Tab. All oscilloscope configuration parameters can be set in the Settings
Tab.

Spe(trum/VDscilloscope ]/Settings ] -

ALL

CHANNEL 1
CHANNEL 2 CHANNEL 4

CHANMEL 3 16000 —

Real Time Oscilloscope (1)

CHANMEL 5
CHAMMEL 6 14000 —
CHANMNEL 7

CHANMEL &

CHAMNMEL 9

CHANMEL 10
CHANMEL 11
CHANMEL 12
CHANMEL 13
CHANMEL 14
CHANMEL 15
CHANNEL 18 8000~
CHANMEL 17
CHANMEL 18
CHANMEL 13 6000 —
CHANMEL 20
CHAMNMEL 21
CHANMEL 22 4000 —
CHANMEL 23
CHANMEL 24
CHANMEL 25 2000 -
CHANMEL 26
CHANMEL 27
CHANMEL 28 0_
CHANMEL 25
CHANMEL 30 2000 -
CHAMNMEL 31
CHANMEL 32

12000 —

10000 —

1000 -

| | | | | | | |
1000 2000 3000 4000 5000 G000 T000 2000
Time {ns)

Figure 16.7: the Oscilloscope Tab of the Open Hardware Readout Software. Here only signals for channel 4 are displayed.

The value indicated between the parenthesis in the Oscilloscope plot title represents the current total number of
waveform acquisitions.

In order to zoom the waveforms, three zoom modes are available. The zoom mode can be selected pressing a key on
your keyboard. The same operation can be done from Menu - View. Options are:

e Area (press Z): enables the zoom on both axes. Drag the mouse to zoom a rectangular area.
e  Horizontal Zoom (Press H): enables horizontal zoom. Drag the mouse to zoom on the X-axis.
e  Vertical Zoom (Press V): enables vertical zoom. Drag the mouse to zoom on the Y-axis.

e Unzoom (press U): restores the full view of the plot.

The user can also:

e  print the current view of the plot: Menu = File 2 Print = Oscilloscope (or press P).
e  export the current view of the plot: Menu = File > Export = Oscilloscope (alternatively press X).
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Real Time Oscilloscope (1)

Real Time Oscilloscope (1)

Figure 16.8: printing (left) and saving to file (right) the current view of the Oscilloscope Tab

Spectrum Tab

The Spectrum Tab allows to display the cumulative spectrum of each channel calculated in real-time by the board.
The trapezoidal energy filter of the default firmware of the R5560SE generates a 64k bin spectrum for each channel. The
rebinning feature can be selected from the Menu = Spectrum = Rebin. The rebinning is applied to all channels.

The spectrum of multiple channels can be displayed on the same plot by checking the relative checkboxes in the channels
list on the left of the Spectrum Tab. Each time a channel spectrum is added to the display area, a new label will appear
in the legend and a color will be automatically selected for the new spectrum. The plot window is divided in two areas.
The main area displays the current zoom of the spectrum. On the bottom area is shown the full view of the spectrum.

In order to zoom the spectrum, three zoom modes are available. The zoom mode can be selected pressing a key on your
keyboard. The same operation can be done from Menu = View

e  Area (press Z): enables the zoom on both axes. Drag the mouse to zoom a rectangular area.

e  Horizontal Zoom (Press H): enables horizontal zoom. Drag the mouse to zoom on the X-axis.

e  Vertical Zoom (Press V): enables vertical zoom. Drag the mouse to zoom on the Y-axis.

e Unzoom (press U): restores the full view of the plot.

The spectrum can be displayed in both linear and semi-logarithmic mode. It is possible to switch between Lin/Log mode:
Menu = Spectrum > Lin/Log (alternatively Press L).
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Figure 16.9: the Spectrum Tab of the Open Hardware Readout Software. Here only the spectrum for channel 4 is displayed.

It is also possible to change the plot type: Menu = Spectrum = Plot Mode (alternatively press O to cycle between plot
modes). Available plot modes are:

e Step

. Line

e Line with interpolation
. Bar

e Area

e Area with interpolation
[ Dot

e Dot with Line
e Dot with interpolation

Energy Spectrum Energy Spectrum

Figure 16.10: spectra shown in different plot modes (left = Area, right = Dot).

The user can:
e  print the current view of the plot: Menu = File = Print = Spectrum (alternatively press P).
e  save the current view of the plot: Menu = File > Export = Spectrum (alternatively press X).
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T Real Time Spectra

Figure 16.11: printing (left) and saving to file (right) the current view of the Spectrum Tab.

Imaging Module

Real Time View
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The Imaging Module displays the real-time and the cumulative 2D heatmaps acquired by
the R5560SE, basing on the measured energies for each channel. Each pixel of the image
is associated to a channel. The user can rearrange the pixels to create a different shape.

The last captured event is displayed on the real-time view (top part of the display area).
As the Custom Packet component transfers only one triggered event at a time, only one
channel energy value will be displayed.

The bottom part of the display area shows the cumulative image.

The acquisition is controlled by the “Start Spectrum” and “Stop Spectrum” buttons in the
Control Bar. The “Reset Acquisition” button for spectra in the Control Bar reinitializes also
the acquisition of the heatmaps.

The “Save Data” button in the Control Bar allows to save the cumulative energies of all
channels in a .csv file whose saving path can be chosen by the user.

Figure 16.12: the Imaging Module of the Open Hardware Readout Software, where it is possible to see 5 channels acquiring energy

data.

How to Perform a Fit

The fitting tool of the Open Hardware Readout Software allows to perform gaussian fits of the peaks in the spectrum.
In order to create a new fit, follow the instructions below:

e achannel should be checked in the list of channels on the left of the Spectrum Tab.

e press the “Spectrum Fitting” button in the Control Bar to open the fitting tool at the bottom of the Spectrum

Tab.

e insert a value in the Cursor 1 and in the Cursor 2 columns of the table to specify respectively the left and the
right boundaries of the fit. On the spectrum, the fit boundaries are displayed with white vertical lines and
identified with a number corresponding to the table row number. The fit area is shown in green.

e  The fitting tool uses the spectrum data between the two cursors to calculate the Mean, the standard deviation
(STD) and the Area of the selected region. For each fitted area the results extracted from the gaussian fit are
also reported: the mean (Mean Fit), the standard deviation (STD Fit), the full width at half maximum (FWHM),
the Resolution (R) and the fitting area (Area Fit).

e Afit can be deleted by selecting the correspondent row in the table and pressing ‘Del’ on your keyboard.
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Figure 16.13: the fitting tool of the Open Hardware Readout Software.

How to Save Data
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The “Save Data” button in the Control Bar allows to save both the spectrum and the cumulative image for the enabled
channels on the Spectrum Tab. When the button is pressed a first dialog window is visualized to choose the file path for
the spectrum data saving. A second dialog window is shown to set the file path for the cumulative image saving.

e  The .csv spectrum file is made of several rows equal to the number of bins in the spectrum. Each row contains
the number of events of the correspondent bin for all the channels visualized in the plot.
e  The .csv cumulative image file contains the total energy information for all the channels.

The “Start/Stop Data Record” buttons in the Control Bar allow to store on file data from the board.

The “Data Record Configuration” window appears after pressing the “Start Data Record” button. The saved file path
can be set by clicking the BROWSE button and the channels data to be saved can be set by checking the correspondent
checkboxes in the channel list. The “Data Type” option can be used to choose the type of data to be stored:

e  Oscilloscope: Every time the oscilloscope triggers, the downloaded waveforms from selected channels is dumped
on disk (analog and digital)

e List Mode: The buffered events consisting of energy and time information from the single channel of the board
that event by event fires the trigger are stored on the disk.

The “Target Mode” option allows to set how to stop data recording:

e  Free: record data until “Stop Data Record” button is pressed

e Time: record data for a specified amount of time (not available for the Oscilloscope Data Type)

e  Events: record data until a specified number of events is reached.

The amount of time or the number of events in the respective recording mode can be set in the “Target Value” field.

To start the Oscilloscope or the Frame dumping press the START button.
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Figure 16.14: the Data Record Configuration window.

Each line of the .csv file for the Oscilloscope Mode contains the following information:

. Event number;

. Channel number;

. Number of waveform samples;

. Number of waveforms (5: two analog and three digital);
. Waveform values of the five signals.

Each line of the .csv file for the List Mode contains the following information:

. Event channel;
. Event time tag;
. Event energy.
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17 Appendix

In this Appendix we give more details about Ethernet and Optical communication protocols available for R5560SE
boards. We take as example the R5560SE board: the description of the protocols can be extended to the other board
models.

Ethernet Protocol

The standard application for R5560SE implements three different servers:

e aTCP web server listening on the port 8899 that supports binary communication

e a TCP web server listening on ports 8900, 8901, 8902 and 8903 that are directly connected to the DMA
managed FIFO. This socket is a monodirectional link that stream any data that the FPGA push in the DMA-
managed FIFO to the end user client

e aweb socket application based on textual JSON messages

The ethernet protocol is the same for the Gigabit LAN connections and for the USB 2.0 connection. USB 2.0 emulates an
ethernet card on the host client.

TCP WEB SERVER

The TCP web server listens on the port 8899 for messages. These messages are then converted by the software
application in read/write to the FPGA. This server runs on all DAQ board and on the SCSP board (on slow control ethernet

port).
A packet with the following format is sent from the client (PC) to the server (DAQ/SCSP) application:
64 32 16 4 0
OxFBFBFBFB PACK-ID | BOARD | oP
PAYLOAD-LEN ADDRESS

PAYLOAD DATA

PACK-ID: incremental number generated by the CB that identify a particular packet.
BOARD: always OxFFF if direct connected to the DAQ. 0x000 (SCSP), 0x001 (DAQ 1), 0x002 (DAQ 2), 0x003 (DAQ 3), 0x004
(DAQ 4) to identify the sub DAQ board if the client is connected to the Slow Control Board.
OP: identify the operation

0000: enumerate board. Return a json data that enumerate the board and all specs

0001: write with address incrementation

0010: write without address incrementation

0011: read with address incrementation blocking

0100: read without address incrementation blocking

0101: read with address incrementation non-blocking

0110: read without address incrementation non-blocking

PAYLOAD-LEN: number of D-WORD of data to be transferred

ADDRESS: destination address base address

PAYLOAD: data to be transferred to the destination

The DAQ (or the SCSP) answers to the operation with a packet like the following:
64 32 16 4 0

OXFAFAFAFA PACK-ID | BOARD [ oP
PAYLOAD-LEN ADDRESS

PAYLOAD DATA

OXFFFFFFFF [ VALID DATA

PACK-ID: copy the PACK-ID of the requesting packet from the CB
BOARD: always OxFFF if direct connected to the DAQ. 0x000 (SCSP), 0x001 (DAQ 1), 0x002 (DAQ 2), 0x003 (DAQ 3),
0x004 (DAQ 4) to identify the sub DAQ board if the client is connected to the Slow Control Board.

71 UM6952 — R5560/R5560SE User Manual Rev. 7



CAEN 0 Electronic Instrumentation

OP: copy the CB request OP

PAYLOAD-LEN: copy the CB request PAYLOAD

ADDRESS: copy the CB request ADDRESS

PAYLOAD: data transferred from DT55560 to CB

VALID-DATA: number of D-WORD effectively transferred in the payload. If the payload is longer than valid data, data
after the first VALID-DATA will be discarded.

ERROR CODE: OxFFFFFFFF means no error, otherwise an error code is returned

FIFO SERVER

If DMA-based FIFO is instantiated in the firmware, for each FIFO a new TCP server is created starting from the port 8900.
These web servers run only on DAQ board and are not accessible from SCSP. There is no protocol on this socket. What is
pushed in the DMA FIFO on FPGA side, will appear as is on the end user PC. FIFO are 32-bit wide and data should be
casted to uint32.

JSON SERVER

The JSON server lists on port 8000 for WebSocket connection. WebSocket is a textual protocol supported by all modern
browser, JavaScript and all development tools. The performance on WebSocket is lower that using raw socket but is
human readable and produce structured results. All slow control and DAQ configuration are managed through this web
socket and all operation listed below can be performed:

Set Register {“command”:”set_register”, “name”:”<register_name>", “value”:int_value}

Get Register {“command”:”get_register”, “name”:”<register_name>", blocking:true/false}

Write Memory {“command”:”write_mem?”, “name”:”<memory_block_name>", “data”:[,,,,,,]}

Read Memory {“command”:"read_mem”, “name”:”<memory_block_name>”, blocking:true/false,
increment:true/false }

Set timeout {“command”:”set_timeout”, int: milliseconds}

Bloking indicates if the command stalls until all data are available or timeout.
Increment indicates if address should be increment during the read.

Others configuration command can be issued:

Change Eth CFG {“command”:”set_eth0”, “dhcp”:true/false, “ip”:"x.x.x.x", “netmask”:"x.x.x.x", “gateway”:"x.x.x.x"}
Change board id {“command”:”set_id”, “value”:xxx}

Set ADC clock source {“command”:”set_adc_clock”, “value”:”internal/system/optolink/hlink”}

Set H-LINK clock source {“command”:”set_adc_clock”, “value”:”internal/system/optolink”}

Get Board temperature {“command”:”get_temp”}

Get monitor voltages {“command”:”get_volts”}

Reboot {“command”:"reboot”}

Save Settings {“command”:"save”

The answer to the command will be:

”

{“command”:”<command>", “result”:true/false, “reason”:”...”, “data”:[,,,,,]}

Data field will contain the read data as uint32 in 10-base digits.

Optical Link Protocol

The R5560SE has 8 SFP+ connector that can host optical transceivers operating at a bitrate up to 12.5Gbps. Each link is
bidirectional and can be used for point to point connection or in daisy chain mode. Each DAQ section manages two
independent links (two SFP+ connector).

The R5560SE can be easily interfaced with large readout infrastructure using the SDK and developing in VHDL a custom
protocol with daisy chain capabilities.
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The connection between optical link and the FPGA are different in function of the model of the FPGA installed in the
R5560SE. The main differences in the connection scheme is that the Zynq 7030 version (R5560SE) does not allows the
propagation of the clock on the optical link in daisy-chained system, while 7035 model (R5560SEB) allows for it.

In order to propagate the clock in a daisy chain of boards, it is mandatory to recover the clock from the gear box of the
GTx (RX), clean it with an external jitter cleaner and provide this clock as a clock reference for the TX GTx.

The RX channel needs a reference clock for correct operation. This should be a clean, low jitter clock generated locally
on the RX channel. This clock cannot be recovered from the link. In order to propagate the clock, it is necessary to recover
the clock and feed it as a reference clock to the TX.

Xilinx FPGAs have just one QPLL per Quad-block (block of four transceivers). The QPLL is the component that generates
all high-speed frequencies that are necessary to serialize the data in the transceiver. If the QPLL is already used for the
RX, it cannot also handle the clock for the TX. The TX clock (recovered from RX circuit) must be propagated providing it
as a reference clock of the second Quad-Block of transceiver.

Different models of the Zynqg SoC, are based on different connection schemes for the optical links operation:

. R5560/R5560SE

The Zynq 7030 has just 4 GTx transceivers (in just one quad-block). It is indeed impossible (due to Xilinx FPGA
limitation) to propagate the clock in a daisy chain. All four GTx are used, two managing the SFP+ connector
while the other two are used for the internal H-LINK. Internal H-LINK and external SFP+ will operate with the
same reference clock (it does not mean that will have the same bit rate; each transceiver has a CPLL that allows
to change the link speed starting from a common external reference clock).

The recovered clock is cleaned with the jitter cleaner and forwarded back to the FPGA logic. It is used for event
timestamping, ADC clocking and propagated on the H-LINK to nearby DAQ sections.

125 MHz from BASEBOARD
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Figure 17.1: scheme for optical links operation for R5560SE

. R5560B/R5560SEB

The Zyng 7035 has 8 GTx transceivers (in two quad-blocks). So, it possible to propagate the clock in a daisy
chain. The SFP+ connector can be connected to GTX2 of the first quad-block (clock propagation is not possible)
or to the GTX1 of the second quad-block (clock propagation is possible). The clock recovered from the RX
channel in the first quad-block is cleaned and provided back to the FPGA and to the TX GTX on the second
quad-block. The TX will be clocked with the cleaned version of the RX clock, allowing to propagate down the
clock in the chain. The recovered clock provided to the FPGA logic can be used for clock timestamping logic,
ADCs and it is propagated to nearby DAQ sections.
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Figure 17.2: scheme for optical links operation for R5560SEB

Libraries usage examples

The following example in C shows how to connect to the R5560SE through the IP address, to set the parameters of the
Oscilloscope component, to start a data acquisition, to read the Oscilloscope buffer status and download the data

array.

//define and initialize all the variables

tR5560SE
uint32_t
uint32_t
trigger

uint32_t
trigger

uint32_t
uint32_t
uint32_t
uint32_t
uint32_t
uint32_t

int Osc_

download
int e =
#define
#define
#tdefine
#define
#define
#tdefine
#define
#define

//connect to the R5560SE board

_HANDLE handle;

decimator = 9;
pre_trigger = 100;

//board connection handle
//no decimation of oscilloscope data
//number of samples between the first data and the

trigger_level = 10000; //threshold in 1lsb to be exceeded to fire the

trigger_mode =
status_osc = 0;
position = 0;
data_osc[1024];
size_osc = 1024;
read_data_osc;
Events = 10;
ed
9;

1;

//trigger on the rising edge of the analog signal
//status of the oscilloscope data buffer

//number of samples indicating the trigger position
//oscilloscope data array

//size of the oscilloscope data array

//number of oscilloscope data read

//number of oscilloscope data array to be

//iteration variable

REG_CONFIG_DECIMATOR ©x00800001
REG_CONFIG_PRETRIGGER ©x00000002
REG_CONFIG_TRIGGER_LEVEL ©x00000003
REG_CONFIG_TRIGGER_MODE ©x00000004
REG_CONFIG_ARM ©x00000005
REG_READ_STATUS 0x00000006
REG_READ_POSITION ©x00000007
REG_DATA_ADDRESS 0x@0000008

if(R5560SE_ConnectTCP("192.168.50.150", 8888, &handle) != 0)
{printf("Unable to connect to the board!\n"); return (-1); };

while (e<Osc_Events)

{

//set oscilloscope parameters
if (NI_WriteReg(decimator, REG_CONFIG_DECIMATOR, &handle)!= 0)
printf("Set Decimator Error");
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if (NI_WriteReg(pre_trigger, REG_ CONFIG_PRETRIGGER, &handle)!= 0)
printf("Set Pre Trigger Error");

if (NI_WriteReg(trigger_level, REG_CONFIG_TRIGGER_LEVEL, &handle)!= 0)
printf("Set Trigger Level Error");

if (NI_WriteReg(trigger_mode, REG_CONFIG_TRIGGER_MODE, &handle)!= 0)
printf("Set Trigger Mode Error");

//start oscilloscope acquisition

if (NI_WriteReg(®, REG_CONFIG_ARM, &handle)!= 0)
printf("Set Config Error");

if (NI_WriteReg(l, REG_CONFIG_ARM, &handle)!= 0)
printf("Set Config Error");

//wait until the oscilloscope status indicates that data are available
while (status_osc != 1)
if (NI_ReadReg(&status_osc, REG_READ_STATUS, &handle) != 0)
printf("Status Error");

//read the position of the trigger
if (NI_ReadReg(&position, REG_READ_POSITION, &handle) != 0)
printf("Position Error");

//read the oscilloscope data
if (NI_ReadData(&data_osc, size_osc, REG_DATA_ADDRESS, &handle,
&read_data_osc) != 9)
printf("Get Data Error");
e++;
} printf("Download Finished");

The following example in C shows how to connect to the R5560SE through the IP address, to start a data
acquisition from a FIFO buffer provided by the Custom Packet component, to read its buffer status and
download the data array. Data are organized inside the Custom Packet with a layout defined by the user
during the component creation.

//define and initialize all the variables

tR5560SE_HANDLE handle; //board connection handle

uint32_t status = 0; //status of the custom packet data buffer
uint32_t data[1l00000]; //custom packet downloaded data array

uint32_t N_Packet = 100; //number of data array packets to be downloaded
uint32_t N_CP = 4; //number of custom packet word of the data layout
uint32_t bus_mode = 1; //blocking streaming access to the fifo buffer
uint32_t timeout = 1000; //read data timeout expressed in milliseconds
uint32_t read_data; //number of custom packet data read

uint32_t N_Total_Events = 1000; //total number of data to be downloaded
uint32_t ReadDataNumber = 0; //iteration variable

#define REG_CONFIG 0©x00000001

#define REG_READ_STATUS 0©x00000002

#define REG_DATA_ADDRESS ©x00000003

//connect to the R5560SE board
if(R5560SE_ConnectTCP("192.168.50.150", 8888, &handle) != 0)
{printf("Unable to connect to the board!\n"); return (-1); };

//start custom packet data acquisition

if (NI_WriteReg(®, REG_CONFIG, &handle) != 0)
printf("Reset Error");

if (NI_WriteReg(1l, REG_CONFIG, &handle) != 0)
printf("Start Error");

//check if the custom packet status indicates that data are available

if (NI_ReadReg(&status, REG_READ_STATUS, &handle) != 0)
printf("Status Error");
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if (status >0)

{
while (ReadDataNumber <N_Total_Events)

{
//read the data from the custom packet fifo buffer
if (NI_ReadFifo(&data, N_Packet * (N_CP + 3), REG_DATA_ADDRESS,
REG_READ_STATUS, bus_mode, timeout, &handle, &read_data) != @)
printf("Data Download Error");

ReadDataNumber = ReadDataNumber+ N_Packet;

¥
printf("Download completed");

}

else printf("Status Error");
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18 Instructions for Cleaning

The equipment may be cleaned with isopropyl alcohol or deionized water and air dried. Clean the exterior of

the product only.
Do not apply cleaner directly to the items or allow liquids to enter or spill on the product.

Cleaning the Touchscreen

In order to clean the touchscreen (if present), wipe the screen with a towelette designed for cleaning monitors or with a

clean cloth moistened with water.
Do not use sprays or aerosols directly on the screen; the liquid may seep into the housing and damage a component.

Never use solvents or flammable liquids on the screen.

Cleaning the air vents

It is recommended to occasionally clean the air vents (if present) on all vented sides of the board. Lint, dust, and other
foreign matter can block the vents and limit the airflow. Be sure to unplug the board before cleaning the air vents and
follow the general cleaning safety precautions.

General cleaning safety precautions

CAEN recommends cleaning the device using the following precautions:

1)
2)

77

Never use solvents or flammable solutions to clean the board.

Never immerse any parts in water or cleaning solutions; apply any liquids to a clean cloth and then use the cloth
on the component.

Always unplug the board when cleaning with liquids or damp cloths.

Always unplug the board before cleaning the air vents.

Wear safety glasses equipped with side shields when cleaning the board
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19 Disposal

The disposal of the equipment must be managed in accordance with Directive 2012/19 / EU on waste electrical and
electronic equipment (WEEE).

The crossed bin symbol indicates that the device shall not be disposed with regular residual waste.
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20 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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