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Purpose of this User Manual

This User Manual contains the technical description of the front-end electronic board (FEB)
[ A1702/DT5702 for the readout of an array of 32 Silicon Photomultipliers (SiPM) and the
1 hardware/software operation.
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1 Introduction

The A1702/DT5702 Front-End Board is a custom design developed by the Albert Einstein Center for Fundamental Physics
of the University of Bern for the readout of SiPM arrays used in the Cosmic Rays veto of Liquid Argon Neutrino
Experiments. The board is designed for the exact purpose of detecting coincidences at the far ends of scintillating fibers
coupled with SiPMs and measure the signal energy as well as the time of arrival for track reconstruction.

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

The analog input signal is processed by CITIROC, a 32-channel ASIC from WeeROC. Each channel is made of a high-gain
charge preamplifier (x 10 — x 600 gain range), fast shaping with the shaping time of 15 ns and slow shaping with
configurable shaping time in the range of 12.5 ns to 87.5 ns. Signals from the fast shapers are discriminated
(programmable threshold) and produce digital signals (TO-T31) for event triggering. These signals are then combined in
the FPGA to give coincidence triggers. The input signals height can be stored in the ASIC Sample-and-Hold (S/H) circuit
and multiplexed to a single analog output. This output is routed to an external ADC for sampling and energy list decoding.

The board allows to perform timing measurements, thanks to external reference signals to be fed at the dedicated LEMO
inputs. Using very stable signals, like PPS pulses, it is possible to reach timing resolution down to 1 ns. Additional T-IN/T-
OUT connectors for board-to-board trigger validation are also available.

The board communicates with the host computer through Ethernet protocol, relying on a ROOT-based demo software
running on Linux.

Available board models are listed below.

Ordering options
A1702 32-channel SiPM readout Front-End Board WA1702XAAAAA
DT5702 32-channel SiPM readout Front-End Board BOXED WDT5702XAAAA
Table 1.1: Available ordering options

*) https://www.weeroc.com

UMS5833 — A1702/DT5702 User Manual Rev. 5 8
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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.

9 UM5833 — A1702/DT5702 User Manual Rev. 5
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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.

Important notice

CAUTION: do not perform tests measuring the effective bias voltage on the strip connector with a voltmeter.

THE POTENTIAL RISK OF DAMAGING THE INTERNAL INPUT LINES EXISTS
IF THE OPERATING INSTRUCTIONS ARE NOT FOLLOWED!

UM5833 — A1702/DT5702 User Manual Rev. 5 10
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3 Technical Specifications

Number of Channels Connector

ANALOG INPUTS 32 channels 72-pin, 2-row, 2.54 mm header strip
Based on Weeroc CITIROC1A

TEST FUNCTION One pulser per channel with programmable 16-bit pattern (fixed amplitude)

Common bias Single-channel fine adjustment
LSV 20Vto90V +0.5Vto4.5V

Configurable gain
PREAMPLIFIER %10 — 600 range

Fast shaping time
15ns

Slow shaping time
12.5nsto 87.5 ns

From 0 to 50 SiPM photoelectrons
DISCRIMINATOR - 10-bit DAC common threshold
- 4-bits DAC for single-channel fine adjustment
Uptolns
TIMING RESOLUTION Test conditions: PPS external reference signal with at least 1 ns precision

giving 4ns resolution on the trigger timestamp

DIGITAL CONVERSION 80 Ms/s , 12 bits ADC

TIN (LEMO) TOUT (LEMO)
DIGITALI/O Validation input Output pulse
3.3 LVCMOS

MEMORY BUFFER up to 1024 events
COMMUNICATION .
INTERFACE 100 Mbps Ethernet links
MULTI BOARDS . . s .
CONNECTION Daisy-chain of up to 256 units into one network interface
User interface is a demo CERN ROOT script running on Linux
SOFTWARE
*tested with ROOT 6.10/02 on Ubuntu 16.04 OS — 64 bit

Form Factor Dimension

Note: if not using external timing reference, the internal TDC is running at 250 MHz clock frequency, thus

TO and T1 (LEMO)
Reference inputs for timing
3.3V LVCMOS, High impedance

falls inside the validation

Internal Trigger Validation trigger
TRIGGER OR32 mode or channel pairs coincidences Only the events that
windows given at TIN are considered valid.

MECHANICAL A1702 218x16x62.5 mm? (WxHxL) - including connectors
DT5702 — Desktop 230x20x80 mm? (WxHxL) - including connectors

Environment: Indoor use

Operating Temperature: 0°C to +40°C

Storage Temperature: —10-C to +60°C

Operating Humidity: 10% to 90% RH non condensing

Storage Humidity: 5% to 90% RH non condensing
ENVIRONMENTAL Altitude: < 2000m

Pollution Degree: 2

Overvoltage Category: ]

EMC Environment: Commercial and light industrial

IP Degree: IPX0 Enclosure, not for wet location

EMC Safety

REGULATORY

COMPLIANCE L
Directive

@ +5V
0.550 A (max.)

POWER REQUIREMENTS

Table 3.1: Technical specifications of CAEN A1702/DT5702.

CE 2014/30/EU Electromagnetic Compatibility CE 2014/35/EU Low Voltage Directive

11 UMS5833 — A1702/DT5702 User Manual Rev. 5
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4 Packaging and compliancy

The A1702 is a bare PCB board - 218/16/62.5 mm?3 (including connectors) W/H/L - The system is provided as OEM device
without any enclosure in order to be easily integrated in the final experimental setup.

A1702 is an ESD sensitive item. Handling without ESD protective
covering shall be performed only into approved ESD Protected Area
(EPASs)

A1702 complies with the EMC directive only if installed in a CE marked
system

The DT5702 is a Desktop module housed in an aluminium case —230/20/80 mm?3 (W/H/L).

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

Part Description ‘ Qty

32 Channel SiPM Readout Board for Cosmic

A1702 Rays Veto x1
WEIDMULLER
Omnimate series BL Connector for DC input. Female plug 3.50 mm, 1
3.50/02/180 SN BK 2 poles, 180°
BX
@
1 User guide UM5833 — A1702/DT5702 User Manual x1
Table 4.1: delivered kit for A1702.
Description ‘ Qty

32 Channel SiPM Readout Board for
bT5702 Cosmic Rays Veto BOXED x1

Power supply cable Standard C13 power supply chord x1

UMS5833 — A1702/DT5702 User Manual Rev. 5 12
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220-110 V to 5V,3A AC/DC stabilized
power supply with WEIDMULLER female
AC/DC converter connector 2P 1615670000 xl
@
1 User guide UM5833 — A1702/DT5702 User Manual x1

Table 4.2: delivered kit for DT5702.

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

It is recommended to:

> P

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

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.)

Open shipping containers; be careful not to damage contents.

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.

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

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.

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

DO NOT SUBIJECT 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
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CAEN 0 Electronic Instrumentation

5 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 (Errore. L'origine riferimento non é stata trovata.).

Figure 5.1:PID location.
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6 Power Requirements

The CAEN A1702/DT5702 standalone module is powered by an external AC/DC stabilized power supply. The AC/DC

power supply is provided with the DT5702 board and included in the delivered kit. Only the power supply adapter
connector WEIDMULLER 2P 1615670000 is provided with the A1702.

Input: 100-240 V AC, 47-63 Hz; Output: 5.0 V, 3.3 A. The typical power consumption is 0.8 A (@ +5 V).

/ Note.: Using a different power supply source, like battery or linear type, it is recommended the source to provide +5 V
and, at least, 1.5 A.

Figure 6.1: AC/DC power supply provided with the DT5702 module. Only the power supply adapter connector for DC input is provided
with A1702.
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7 Installing the device

e  Connect a compatible power supply to the DC input.

A suitable AC/DC converter is delivered together with the DT5702 board, while an external one should be used for
A1702. Please check Chap. Power Requirements before powering on the A1702.

Figure 7.1: installing the A1702/DT5702.

ONLY QUALIFIED PERSONNEL SHOULD PERFORM INSTALLATION,
OPERATIONS

DO NOT INSTALL THE EQUIPMENT SO THAT IT IS DIFFICULT TO OPERATE
THE ON/OFF SWITCH ONBOARD

IT IS RECOMMENDED THAT THE SWITCH OR 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

> P

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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8 Hardware Description
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Figure 8.1: A1702/DT5702 general view. Main connectors and components are highlighted

Number | Connector Description
TIN. Trigger validation input, LVCMOS 3.3V. TIN can be configured to 3.3V or 1.2V
LVCMOS logic by mounting one of the shortcut resistors at the backside of the board
(R131 and R132). As default, R131 is mounted for 1.2V LVCMOS.
1 LEMO
This input has a pull-up resistor on-board to allow operation without external signal
supplied. If using an external signal on TIN, it is recommended to use a 50 Q termination
for correct board operation.
2 LEMO TOUT. Trigger validation output, LVCMOS 3.3V, 25 Q
T1. Timing reference input signal, LVCMOS 3.3V high-impedance. By default, not
3 LEMO terminated; the termination resistor (R138) can be mounted to its corresponding
footprints at the top side of the board.
TO. Timing reference input signal, LVCMOS 3.3V high-impedance. By default, not
4 LEMO terminated; the termination resistor (R137) can be mounted to its corresponding
footprints at the top side of the board.
WEIDMULLER Omnimate +5V DC input. Male plug 3.5.0 mm,'2 poles, 90 The range of the supply is from 4.5V to
5 . 5.5V. The current consumption varies depending on the event rate up to a maximum of
series BL 3.50/02/90
510 mA.
6 n/a MAC Address switch. It is used to set the last XX byte of the board MAC address:
00:60:37:12:34:XX.
Communication port — 100 Mbps Ethernet sockets for connection to CATS twisted pair
7 Dual RJ45 copper cable. Both ports are identical in terms of functionality. The dual socket can be
used for daisy-chaining multiple board into a unique network
STRIP M.D.D.SMD P2.54 Input connector. Pinout given beloyv refers to the front view of the input connector. “NC"
stands for Not Connected, "GND" pins are connected to common GND plane of the board,
36X2 TSM-136-01-L-DH-LC " oon " oen o . ) . . o
8 32 "+B" and "-S" signals are positive bias and signal lines respectively. "+B" lines must be

SAMTEC

connected to cathodes of the SiPMs and "-S" line to the anodes.
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CAUTION & : do not perform tests measuring the effective bias voltage on the strip
connector with a voltmeter.

e P P N B T e P P Pl e ot e B e e e e S e BN B S B S B S B B B L
(o] o) Wl herd K v v vl rd K 7 07 Kol e K v Kl K B K K K e v Krd 2nd K v vl B [ ()

ol |alm|<|o|o|r]o|a[S[= R 222150 2(RIS|NIR|IQIL| KRB
gumrnrnmmmcnmmmcnmmmmmmmcnmmmmmrnmmmmmmmoo
AR R R R R R R R 4 4
9 n/a Multi-turn trimmer. Adjustment of the bias voltage in the range of +20V + +90V.

Table 8.1: A1702/DT5702 main connectors and components description

Jumpers and auxiliaries

The A1702 board hosts several jumpers for additional functionalities (see Figure 8.2):

JP1 connects the output of the bias power supply to the +B lines of the input connector.

RV1 is a multi-turn trimmer, which allows adjustment of the positive bias voltage in the range of 20V to 90V.
JP2 to JP4 define the start-up configuration and the control interface of the Ethernet switch.

JP3 and JP5 must be closed for correct operation under control of the on-board CPU.

JP6 sets the booting mode of the LPC4370 micro-controller. Closed JP6 allows booting from the on-board ROM
with pre-programmed firmware.

JP-CS1 sets the booting mode of the FPGA. Closed JP-CS1 configures the FPGA to load configuration file from
its pre-programmed ROM.

=i CITIROCI- run 01/2014
WEEROC - INAF - ASTRI

Figure 8.2: Jumpers and bias regulator

The CPU reset button B1 and auxiliary connectors are located on the top side of the board (see Figure 8.3):

X2 connector allows monitoring the common bias voltage on MPPCs with external voltmeter.

X3 connector exposes PROBE outputs (analog and digital) of the CITIROC chip. By setting corresponding bits in
the configuration bit stream, several internal ASIC signals can be multiplexed to this output and observed with
an oscilloscope (refer to the Weeroc CITIROC datasheet for more details). The bit stream to set PROBE outputs
is contained in the “CITIROC_PROBEbitstream.txt” file.

X4 connector allows to send an external calibration pulse to the CITIROC analog calibration input (refer to the
Weeroc CITIROC datasheet).

X5 connector hosts 6 pins connected to 4 spare FPGA 1/0 pins, GND plane and +3.3V output of on-board
stabilizer, that supplies power to the FPGA (see Figure 8.4).

XA 3-pin connector hosts two spare ADC inputs and the ground (middle pin).

UMS5833 — A1702/DT5702 User Manual Rev. 5 18



19

-
]
&
=
g
o

CAEN @ Electronic Instrumentation

Figure 8.3: Auxiliary connections and CPU reset button

+3.3V

10 L2P O

10 L2M O

GND

10 _L6N 0O

10 LSN 0O

Figure 8.4: Pinout of the auxiliary connector X5

Two 10-pin connectors JT1 and JT2 are used to program the board firmware via JTAG protocol (see Figure 8.5):

JT1 connector (JTAG-CPU on the PCB serigraphy) is used to upload program to LPC4370 micro-controller or its
dedicated FLASH PROM. Programming of the micro-controller can be done from the LPCxpresso development
tool via supported JTAG programmers.
JT2 connector (P23 on the PCB serigraphy) provides similar functionality for the XILINX Spartan-6 FPGA. In
particular, this connector can be used to upgrade the FPGA firmware. Pinouts of the connectors is shown in

Figure 8.6.

Figure 8.5: JTAG pin headers for firmware programming

+3.3V TMS

GND TCK

GND TDO )

NC TDI GND |NC |GND |GND |+3.3V
GND RESET NC [TDI |TDO [TCK [TMS

Figure 8.6: Pinout of JTAG pin headers JT1 (on the left) and JT2 (on the right)
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9 Functional Description

The A1702/DT5702 is designed to perform charge and timing measurements with SiPMs and SiPM arrays. It is suitable
to readout up to 32 SiPMs signals, using a coincidence trigger or a single-channel trigger. The main functionalities of the
board are reported below:

1. Provides bias voltage in the range of 20-90 V, individually adjustable for each channel;
Amplification and shaping of the SiPM output pulse;

Discrimination of shaped signal at configurable level from 0 to 50 photo-electrons;
Energy and time measurements;

Provides basic coincidence of signals from each pair of adjacent even-odd channels;
Multiple boards event validation using an external signal;

LEMO 1/0 for time reference and control signals;

Data buffering;

Lo O N O U B~ W N

Efficient back-end communication based on Ethernet standard;

-
o

Daisy chain of up to 256 boards into one network interface;

General structure and main components

The board is designed to acquire 32 analog signals coming from an array of 32 SiPMs.

A general block scheme of the FEB is shown in Figure 9.1. Each analog input signal is processed by a Weeroc CITIROC
ASIC. For each channel, the chip provides charge amplifier with configurable gain, fast shaping with the shaping time of
15 ns and slow shaping with configurable shaping time in the range of 12.5 ns to 87.5 ns. Each signal from the fast shaper
is discriminated at configurable level and the ASIC produces the correspondent digital signals (C0-C31) for event
triggering.

These 32 signals are routed to XILINX Spartan-6 FPGA chip, where the event triggering logic is realized. Moreover, the
FPGA produces event timestamps.

The analog signal heights are sampled in the ASIC Sample-and-Hold (S/H) circuit and multiplexed to a single analog
output. This output is routed to the ADC (part of NXP LPC4370 ARM micro-controller chip).

The micro-controller also provides the common high voltage bias for each of the 32 MPPCs.

The communication interface is a 3-port Ethernet switch, which allows connection to a host computer and daisy chain of
multiple boards (up to 256 FEBs).

l I CONTROL BUS I l

XILINX
Spartan 6

CITIROCT FPGA LPC4370 E;'gr‘?:;t
ASIC ARM MC ;
switch

ANALOG BUS s w

+5V
Low voltage stabilizers —

Figure 9.1: General block-scheme of the FEB
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Triggering logic

In Figure 9.2, a block-scheme of the trigger formation circuit is shown.

Within the ASIC, for each of the 32 channels, a charge amplifier with configurable gain and dynamic range of 1 to 2500
p.e. (at SiPM gain of 10°) is followed by a fast RC-CR shaper with shaping time of 15 ns, providing trigger signals.

The 32 digital trigger signals (CO to C31, 3.3V LVCMOS) are routed to the FPGA where they are combined with AND logic
to form coincidence signals of even-odd adjacent channels (CO&C1, C2&C3, ... C30&C31). These signals, together with
each individual channel trigger (C0O-C31), are fed to the trigger selector where the “primary event” trigger (general board
trigger) is formed with a combination of these signals (see below). Whenever a “primary event” trigger is issued, all 32
channels are digitized and read out and the time stamp for the event is generated. During digitization the board does
not accept triggers, but counts missed ones, if any. The number of missed triggers is recorded.

Depending on the firmware, the board trigger is issued by even-odd adjacent channels coincidence or by single
channels trigger (see paragraph Board firmware for more details).

+Vbias
x AMP FAST DISCRIMINATOR | || 16x AND2 TRIGGER
- _ SHAPER Y SELECTOR
1r p— 3 — i" ) Event trigger
C31
DAC co
Nk *
32 channels cai
- CITIROC ASIC SPARTAN-6 FPGA CPU

Figure 9.2: Block-scheme of the triggering circuit for even-odd adjacent channels coincidence.

The timing diagram of the triggering circuit is shown in Figure 9.3.

In case of coincidence trigger, the coincidence time window varies from 0 to 30 ns depending on the amplitude of the
input pulse w.r.t the discriminator threshold. The “primary event trigger”, after a delay of 50 ns, leads to the generation
of the “track and hold” signal to memorize instantaneous signal heights of all 32 channels. The “track and hold” signal,
that also defines the readout window, is kept active for 150 ns.

The “track and hold” signal is output to the "TOUT" LEMO connector of the board to allow the user to perform trigger
validation between multiple boards. When a FEB gets its internal trigger, it waits for 150 ns for the presence of a high
level at “TIN” LEMO connector, sourced by the “TOUT” signal of its master FEB. If no signal is received by “TIN”, the “track
and hold” signal is reset by the FPGA and the event is discarded. Such functionality can be disabled by shortcutting
"TOUT" signal to "TIN" input at the individual FEB.

A

ch 0 ( mppcx)

ch 1 ( :mppc x+1)

[] tieO l__l ~30ns

trig 1 r—l ~ 30 ns
coincidence I-I l-l -
track and hold | I | -

Figure 9.3: Timing diagram of the triggering circuit. ChO & Ch1 coincidence logic is shown. The second event on ChO (red) is in coincidence
with the event on Ch1 (blue) and triggers a readout cycle.
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Board firmware
The triggering logic of CAEN A1702/DT5702 board is controlled at firmware level. In particular, it allows the user to
readout SiPM signals triggering on

< adjacent even-odd channels coincidence : the “primary event” trigger is the logic OR of the active
pairs coincidence (e.g. CO&C1 OR C2&C3 OR C8&C9).

+ individual channels trigger. the “primary event” trigger is the logic OR of the active channels (e.g. CO
OR C1 OR C30).

Depending on the firmware version the readout triggering logic can be slightly different (see table below and Software
interface paragraph for instructions on how to get your firmware release)

‘ Firmware release Features ‘
FLX7.003 Selectable even-odd adjacent channels coincidence and channels OR32
IAP7.007 . S
(DISCONTINUED) Even-odd adjacent channels coincidence

Bias generator and analog signal readout

The block-scheme of the analog signal processing circuit is shown in Figure 9.4.

The common bias voltage for MPPCs is generated by a switching stabilized power supply circuit, operating at 100 MHz.
The voltage can be adjusted from 20V to 90V by the trimmer resistor (see section Jumpers for details). This voltage is
common for all 32 SiPMs connected to the FEB inputs and can be read with a voltmeter at connector X2 on the board
(see section Jumpers). The power supply can be enabled or disabled by a dedicated signal, generated by the on-board
CPU.

The individual bias voltage adjustment is performed by 8-bits DACs within the CITIROC. The DAC’s positive output levels
are supplied to the signal lines as DC-offset, therefore increasing this voltage reduces effective bias for individual SiPMs.
The full DAC range is +0.5 to +4.5 V.

Note: the effect of fine bias tuning is visible looking at the acquired spectrum. We strongly advice not to measure the
/ effective bias voltage difference between the input pins of the board. This could cause damages to the internal input
lines.

Amplified charge pulse from SiPMs are shaped by a slow RC-CR shaper with configurable shaping time (12.5 ns to 87.5
ns). This time is adjusted in such a way that the “track and hold” signal, delayed by 50 ns w.r.t. event, has its rise flank at
the flat top of the peak of the shaper output pulse, minimizing the noise due to time jitter. The amplitudes of the 32
shaper outputs are latched at the hold circuit and routed to an analog multiplexer. When the CPU receives the trigger
interrupt, it initiates readout cycle.

/ Note: only the high gain line of the Citiroc1A is used for charge measurements. The low gain line is present but not
implemented in the board structure.

+70V PS

CITIROC ASIC

HOLD i :

RO o S RN CIRCUIT ANALOG :E .

. [ ] MUX HA C

B i AMP  SLOW SHAPER ||| r i :
il | : C = :

- 2 :
T THDAC ;

T H

L | -

\ 32 channels e H

Figure 9.4: Block-scheme of the analog signal processing circuit

The timing diagram is shown in Figure 9.5. The solid coloured lines represent the shaper outputs, the dotted lines the
outputs of S/H circuits. The event illustrated in Figure 9.5 is triggered by coincidence of two neighbouring channels (x
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and x+1). The CPU controls multiplexing of all 32 outputs via a single line, which is routed to 12-bits ADC input. In Figure
9.5, only 8 channels multiplexing is shown for simplicity. Once all 32 channels are digitized and stored in the event buffer,
the CPU sends the reset signal to FPGA and completes the readout. Each of the 32 charge amplifiers can be individually
enabled or disabled by CITIROC configuration bit stream.

The performance of the analog readout circuit is illustrated in Figure 9.6, where the amplitude spectrum for dark counts
with a discrimination threshold of 0.5 p.e. is shown in blue. The red spectrum shows the location of pedestal when
triggered by some other channel. This means that pedestals will always be visible for non-triggering channels.

track and hold . | ‘ | |
peaking time R/O window - R/O window

12.5t0 87.5ns v3

V2,

v shapped mppc x+1 /

Multiplexed channels

amplitude data \\_,—|

; A

i

ADC clock, 32 channels digitized

Figure 9.5: Timing diagram of the analog signal processing circuit

ADC # 4

. h3 |
10° : Entries 1024511
Mean 53.38
StdDev  53.19

10*

10°

TT |‘I||

TTTT

T
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1 ] L 1 Al
0 500 1000 1500 2000 2500 3000 3500 4000

Figure 9.6: Typical performance of analog signal processing circuit (with Hamamatsu $12825-050P-MPPC). The blue spectrum is a dark
count measurement with a threshold of 0.5 p.e., while the red spectrum is obtained triggering on some other channel.

Time stamp generator

The Time-to-Digit Converter (TDC) of the time stamp generator is composed of the coarse counter, working at the clock
frequency of 250 MHz, and the delay-chain interpolator, improving accuracy down to 1 ns. The 20 MHz temperature-
compensated voltage-controlled crystal oscillator (VCXO) is used as a source for the reference clock of the FPGA and
timing circuit. The feedback voltage for VCXO is generated by the 10-bits DAC under control of the on-board CPU (see
Figure 9.8). The solution is based on the approach published in [RD1].

The time stamp is defined as the interval of time between the event of interest and the input reference pulse. For each
event, the FEB is capable of recording two independent time stamps w.r.t positive flank on "T0" and "T1" LEMO inputs
(see Figure 9.7).

Each time stamp is a 32-bits word, having time information in 30 Least Significant Bits (LSB) represented in Gray code.
Two Most Significant Bits (MSB) are used for flagging special events. Two special events are foreseen. The first is the
arrival of the reference signal at either "T0" or "T1" inputs. For such an event, the time passed since the previous
reference event is recorded, and the timing circuit is reset to zero. This allows to measure the period between reference
signals and, in case the real reference signal period is highly stable and accurate, the measured period allows deriving
deviation of the internal on-board oscillator frequency from nominal value. If this deviation is known, it can be applied
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offline to scale all time stamps between two reference pulses to recover accuracy. An eventual frequency correction can
be derived on-board basing on the measured periods between reference pulses, supplied to "T0" input from an external
high-stability GPS-disciplined pulse-per-second (PPS) generator. Refer to [RD2] for more details on the performance of
the oscillator control loop.

The second special event happens in the absence of the reference pulse for more than 1074 ms, which leads to overflow
of the coarse counter. This situation is flagged and can be used offline to invalidate the time stamp until the presence of
the reference pulse is restored.

Together with two 32-bits words from the two time stamp generators, an additional word is present in time stamp data.
This word contains the number of extra primary event triggers, occurred during the readout cycle of one event. These
events will be missed by the FEB, and knowledge of their number allows the user to measure the current acquisition
inefficiency.

Once the time stamp for the event is latched in the internal FPGA register, the CPU initiates the transmission of the data
via a SPl interface.

16x AND2 TRIGGER ] i |
o SELECTOR Missed events counter = /32Missed
L h .
c1 ; —s ‘
cat ' Counter «0» LSB=1ns | /32 Time stamp 0
TO
L—»
Counter «1» LSB=1ns | /32 Time stamp
T

SPARTAN-6 FPGA CPU

Figure 9.7: Block-scheme of time stamp generation circuit

| It
Missed events counter . /32Missed =
ops
TO i ~1
PPS Counter «0» LSB=1ns _/s2Tmesamp0 P|D algo
?
Tl Counter «1» LSB=1ns | /32 Time stamp [
/20 MHz SPARTAN-6 FPGA CPU
% F Error compensation

‘ 10 bits DAC
VCXO0

Figure 9.8: Block-scheme of the oscillator control loop for the time stamp generation circuit

Event buffer and back-end Ethernet interface

Once the CPU completes the digitization of 32 analog channels and transmission of the time stamp from the FPGA, it
combines this data into an event and stores it in the internal ring buffer, with the capacity of 1024 events. Each event is
76 bytes long . The on-board micro-controller contains three CPU cores, each working at 160 MHz clock frequency. One
core is taking care of filling the ring event buffer, while the second one is emptying it sending data out via an on-board
Ethernet switch, when it is requested to do so by the host PC. If the incoming data rate exceeds the capacity of the back-
end interface, the events are overwritten in the ring buffer. This situation is detected by the CPU and the number of
overwritten (and therefore lost) events is stored, to be transmitted to host PC. This number, together with the "Missed
event" counter in FPGA, contributes to the acquisition inefficiency of the FEB.

The structure of the event in buffer is shown below:

typedef struct{
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uint32_t flags;

uint32_t T0;

uint32_tT1;

uintl6_t adc[32];
}

The "flags" field contains in its lowest two bytes the number of overwritten event in the buffer, at the moment of the
acquisition of the current event. If no events are lost in the buffer, it is equal to zero. In the two high bytes, the content
of missed event in the FPGA is contained. In order to obtain the total lost events number, the user application should
sum up numbers for missed counter for each event, and add the number of overwritten events from the last event in
the buffer.

The “T0” and “T1” fields contain the timestamps measured by “counter 0” and “counter 1” respectively.

The “adc[32]” array contains the ADC data of all 32 channels.

The second CPU core communicates with the host computer via three-port Ethernet switch IC. The switch to the CPU
interface (port 3) is 25 MHz 4-bits MIl bus with throughput of 100 Mbps. The other two ports (1 and 2) of the switch have
Physical Layer (PHY) transmitters and they are connected to two RJ45 Ethernet jacks. The switch is configured to forward
ports 1 and 2 in both directions, to accept control commands on these ports, and to forward these commands via port 3
to the on-board CPU (see Figure 9.9). The event data from the CPU is forwarded only to that port from which the FEB
has received data transmission request.

/32 Time mp_o\/\ Ring Buffer § : :

E {\ 1024 events E : ‘ B
| 132 Tim? stamp 1 /\/ : - MAC/PHY 1 R J
= : : L AN
/32 Missed = H Ce N |

w0 | . | -
: ‘ MMI N ;
. 25 MHz bus | \/ "
. TR : ‘ /7 2
:[/12ADC > : : | MAC/PHY 2 RJ4§_/>
! CcPU i 3-PORT ETHERNET SWITCH

Figure 9.9: Block-scheme of the back-end data transmission and control interface

Both PHY ports of the switch have MDI/MDIX Auto Cross functionality, therefore the user does not need to care about
the structure of the connecting Ethernet cables (straight or cross-wired). The switch detects the type of the cable at the
connection instance, and sets its configuration accordingly.

The back-end host interface is realized on the base of 100 Mbit Ethernet. The on-board Ethernet switch allows to route
data stream from one RJ45 jack to the other without delay, and add data flow from the FEB to this stream. This allows
to daisy chain multiple boards with inexpensive CAT5 copper cables and read out this chain with one host computer.

The MAC address of each board is set by firmware to 00:60:37:12:34:XX, where last XX byte (MAC[5], also named “mac5”
in the software interface) can be set from the hardware 8-bits switch array (see Figure 9.10). The value set at the switch
is read only once at the CPU reset.

Figure 9.10: the 8-bits MAC address switch array. The configuration shown in the picture [01000000] corresponds to MAC[5] = 0X40.

The board accept the packets with the destination MAC address matching its own address. It also accepts Multicast
packets with XX byte set to OxFF. The board will ignore any other packets.

In Figure 9.11, an example of communication scheme between several FEBs and a host PC is shown. FEBs are daisy-
chained and connected to a single Ethernet port of the host PC. Although such configuration can be a part of a more
extended network, it is strongly recommended to have it isolated and to connect FEBs daisy chain to a dedicated Ethernet
port, to maximize performance and the usage of the link throughput.
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Ethernet MAC[5] = OxYY

941747,
&

5V DC power

Figure 9.11: Scheme of the FEBs daisy chain and connection to the host computer. Note that the MAC[5] byte is set differently for each
board.

Back-end communication and FEBDTP v3.0 data transmission protocol

The CAEN A1702/DT5702 FEB uses proprietary data transmission protocol (called FEBDTP) based on L2/MAC Ethernet
abstraction layer, with minimized overhead, fast, and deterministic data flow. The data transmission from each board
starts only after the board is interrogated by the host PC. The board then transmits its data buffer (up to 1024 events)
within limited time slot. Once transmission is over, the host PC interrogates the next board in the chain. Such logic
excludes packet collisions on the line and allows having deterministic data transfer without random delays, as in case of
standard Ethernet.

General structure of the FEBDTP datagram is shown in Table 9.1 First two fields define destination and source MAC
addresses. ID field (2 bytes) is fixed and it represents a signature of FEBDTP protocol. Command field defines the
functionality of the datagram. The 2-bytes register field defines a sub-address within the FEB, to which the command is
related. For instance, this can be the index of the configuration register of the Ethernet switch IC. This field is followed
by the variable size data payload. The size of this latter field is limited by a minimum and a maximum allowed datagram
length (46 to 1482 bytes).

Communication is always initiated by the host PC by addressing a command datagram to an individual FEB (full
destination MAC address), or by addressing datagram to all FEBs in a chain (Multicast datagram with last byte of MAC
address set to OxFF). The addressed FEB replies to the received command with acknowledgement datagram, informing
the host computer about success or failure of the requested operation. The register and payload fields of the reply may
bring to the host computer the requested data. One FEB sends a single reply datagram in response to a single command
datagram received from the host computer. The only exception to this rule is the event buffer data request command

FEB-RD-CDR.
Field Destination MAC Source MAC ID Command Register Data payload
Length, bytes 6 6 2 2 2 46 to 1482
Bytes (HEX) 00:11:22:33:44:55 00:60:37:12:34:85 08:01 01:00 00:00 XXIXX:XX

Table 9.1: FEBDTP V3.0 datagram structure and example. The total length of the datagram is in the range 64 to 1500 bytes.

This command triggers the FEB to initiate transmission of its internal event buffer content to the host computer. The
whole transmission may consist of up to 54 full-length datagrams, send by the FEB to the host, one by one, with minimum
pause between them. The transmission end is marked by a special datagram.

The event data payload must have a size in the range 46 to 1482 bytes. Therefore, the maximum number of events that
fit into the datagram is 19, each 76-bytes long. This results in a 1462-bytes long datagram. As mentioned above, the full
buffer is transmitted by 54 datagrams.

A detailed description of FEBDTP V3.0 commands is given in the following tables. The "xx" notation means a byte with

no usage. The first line describes the command that the HOST sends to the FEB. The following lines are alternative
answers that the HOST expects from the FEB, within configurable timeout.
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The following commands are used by the host computer to control the ETHERNET switch of the board:
. FEB-RD-SR
. FEB-WR-SR
. FEB-RD-SRFF
. FEB-WR-SRFF

27

Description of each command is given in the correspondent table caption.

Direction Command mnemonic = Command bytes Register = Payload Datagram
Length
HOST - FEB FEB-RD-SR 0001 REG XX.XX.XX 64 bytes
FEB - HOST FEB-OK-SR 00 00 XX DD.xX.Xx 64 bytes
FEB - HOST FEB-ERR-SR 00 FF 00 00 XX XX XX 64 bytes

Table 9.2: Command to read ETHERNET switch control/status register. REG is the register address to read. The answer of the FEB is
contained in the FEB-OK-SR command payload.

Command bytes

Register

Payload

Datagram

Direction Command mnemonic

HOST - FEB FEB-WR-SR 0002 REG DD.xx.xx 64 bytes
FEB - HOST FEB-OK-SR 00 00 XX DD.xx.xx 64 bytes
FEB > HOST FEB-ERR-SR 00 FF 00 00 XX XX XX 64 bytes

Table 9.3: Command to write ETHERNET switch control/status register. REG is the register address to be written. The content to be
written is contained in the FEB-WR-SR command payload.

Register

Payload

Datagram

Direction Command mnemonic  Command bytes

HOST - FEB FEB-RD-SRFF 0003 XX XX.XX.XX 64 bytes
FEB - HOST FEB-OK-SR 00 00 XX 256 bytes 274 bytes
FEB - HOST FEB-ERR-SR 00 FF 0000 XX XX XX 64 bytes

Table 9.4: Command to read ETHERNET switch control/status, 256 registers at once. The answer of the FEB is contained in the FEB-OK-

SR command payload.

Direction Command mnemonic = Command bytes Register  Payload Datagram
Length
HOST - FEB FEB-WR-SRFF 00 04 XX 256 bytes 274 bytes
FEB - HOST FEB-OK-SR 00 00 XX 256 bytes 274 bytes
FEB - HOST FEB-ERR-SR 00 FF 0000 XX XX XX 64 bytes

Table 9.5: Command to write ETHERNET switch control/status, 256 registers at once. The content to be written is contained in the FEB-

WR-SRFF command payload.

The following commands of the FEBDTP protocol are used by the host computer as board configuration functions and
data acquisition functions:

° FEB-SET-RECV

o FEB-GEN-INIT

o FEB-GEN-HVON

o FEB-GEN-HVOF

° FEB-GET-RATE

° FEB-RD-SCR

o FEB-WR-SCR

° FEB-RD-CDR
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e  FEB-RD-PMR
e  FEB-WR-PMR
e  FEB-RD-FIL
e  FEB-WR-FIL

Each command is described in the correspondent table caption.

Direction

Command mnemonic

Command bytes

Register

Payload

Datagram
Length

HOST - FEB FEB-SET-RECV 0101 RR RR 6 bytes MAC | 64 bytes
FEB - HOST FEB-OK 0100 00 00 6 bytes 64 bytes
FEB -> HOST FEB-ERR 01 FF 0000 000000 64 bytes

Table 9.6: Command to broadcast the MAC of the host to all FEBs and to collect MACs of all FEBs into the host's client DB. It returns the
firmware version string in FEB_OK data field. If RR RR >0, it sets the VCXO correction value to RR RR

Direction Command mnemonic = Command bytes Register Payload Datagram
Length
HOST - FEB FEB-GEN-INIT 0102 RR RR XX XX XX 64 bytes
FEB - HOST FEB-OK 0100 00 00 XX XX XX 64 bytes
FEB - HOST FEB-ERR 01 FF 0000 000000 64 bytes

Table 9.7: Acquisition control command.

RR RR =00 00 disables acquisition.

RR RR =01 01 resets data buffer.

RR RR =02 02 enables acquisition.

RR RR = FF FF resets CPU with WatchDog.

Direction

Command mnemonic

Command bytes

Register

Payload

Datagram

HOST - FEB FEB-GEN-HVON 0103 00 00 XX XX XX 64 bytes
FEB - HOST FEB-OK 0100 00 00 XX XX XX 64 bytes
FEB - HOST FEB-ERR 01 FF 00 00 00 00 00 64 bytes

Table 9.8: Command to turn SiPMs HV bias ON

Direction

Command mnemonic

Command bytes

Register

Payload

Datagram
Length

HOST - FEB FEB-GEN-HVOF 0104 0000 XX XX XX 64 bytes
FEB - HOST FEB-OK 0100 0000 XX XX XX 64 bytes
FEB - HOST FEB-ERR 01 FF 0000 00 00 00 64 bytes

Table 9.9: Command to turn SiPMs HV bias OFF

Direction Command mnemonic | Command bytes Register Payload Datagram
Length
HOST - FEB FEB-GET-RATE 0105 00.00 XX XX XX 64 bytes
FEB - HOST FEB-OK 0100 0000 DD DD DD DD 64 bytes
FEB -> HOST FEB-ERR 01 FF 0000 00 00 00 64 bytes
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Table 9.10: This command requests current trigger rate from the FEB, returned as float in the first 4 bytes of Data field of FEB_OK reply

Direction Command mnemonic  Command bytes Register Payload Datagram
Length
HOST - FEB FEB-RD-SCR 0201 6 bytes XX XX XX 64 bytes
register
FEB - HOST FEB-OK-SCR 02 00 00 00 143 bytes 161 bytes
Control string
FEB - HOST FEB-ERR-SCR 02 FF 0000 XX XX XX 64 bytes

Table 9.11: Command to read CITIROC Slow Control register (SR)

Direction Command mnemonic Command bytes Register Payload Datagram
Length
HOST - FEB FEB-WR-SCR 02 02 6 bytes 143 bytes 161 bytes
register Control string
FEB - HOST FEB-OK-SCR 0200 0000 143 bytes 161 bytes
Control string
FEB - HOST FEB-ERR-SCR 02 FF 0000 XX XX XX 64 bytes

Table 9.12: Command to write and latch CITIROC Slow Control register (SR)

Direction

Command mnemonic

Command bytes

Register

Datagram Length

HOST - FEB FEB-RD-CDR 0301 6 bytes XX XX XX 64 bytes
register

FEB - HOST FEB-DATA-CDR 0300 0000 Event data buffer | 64 to 1482 bytes

FEB - HOST FEB-ERR-CDR 03 FF 0000 XX XX XX 64 bytes

FEB - HOST FEB-EOF-CDR 0303 0000 XX XX XX 64 bytes

Table 9.13: Command to read the event buffer. The FEB_DATA_CDR message is repeated till the FEB buffer is empty. The FEB_EOF_CDR
command terminates the data buffer transmission

Direction

Command mnemonic

Command bytes

Register

Payload

Datagram Length

HOST - FEB FEB-RD-PMR 04 01 6 bytes XX XX XX 64 bytes
register
FEB - HOST FEB-OK-PMR 04 00 00 00 28 bytes 64 bytes
Control string
FEB - HOST FEB-ERR-PMR 04 FF 0000 XX XX XX 64 bytes

Table 9.14: Command to read the CITIROC Probe register (PMR)

Direction

Command mnemonic

Command bytes

Register

Payload

Datagram Length

HOST - FEB FEB-WR-PMR 04 02 6 bytes 28 bytes 64 bytes
register Control string

FEB - HOST FEB-OK-PMR 04 00 00 00 28 bytes 64 bytes
Control string

FEB - HOST FEB-ERR-PMR 04 FF 0000 XX XX XX 64 bytes

Table 9.15: Command to write and latch in the CITIROC Probe register (PMR)

Direction

Command mnemonic

Command bytes

Register

Payload

Datagram Length

UM5833 — A1702/DT5702 User Manual Rev. 5



CAEN 0 Electronic Instrumentation

HOST - FEB FEB-RD-FIL 06 01 6 bytes XX XX XX 64 bytes
register
FEB -> HOST FEB-OK-FIL 06 00 0000 9 bytes 64 bytes
Control string
FEB - HOST FEB-ERR-FIL 06 FF 00 00 XX XX XX 64 bytes

Table 9.16: Command to read the FPGA input flexible logic register (FIL). The 9 bytes control string is formed by 4-bytes mask1, 4-bytes
mask2 and a majority byte.

Direction Command mnemonic

Command bytes

Register Payload Datagram Length

HOST - FEB FEB-WR-FIL 06 02 6 bytes 9 bytes 64 bytes
register Control string

FEB - HOST FEB-OK-FIL 06 00 00 00 9 bytes 64 bytes
Control string

FEB - HOST FEB-ERR-FIL 06 FF 00 00 XX XX XX 64 bytes

Table 9.17: Command to write and latch in the FPGA input logic register (FIL)

The following commands are dedicated to the Firmware In-Application programming. In particular, two functions are
available to read and write into the SPI Flash Interface:

e  FEB-RD-FW

e  FEB-WR-FW

When FEB receives FEB-RD-FW command, it starts to reply to the host with FEB-DATA-FW datagrams, containing in the
payload the 1024 bytes block of the firmware PROM. Bytes The first three bytes of FEB-RD-FW payload define the starting
address in PROM address space. The subsequent two bytes define the number of blocks requested (max. 64 per
transaction). The register field of FEB-DATA-FW contains the CRC code of the transmitted block. The process continues
until all requested blocks are transferred. The transfer is accomplished by FEB-EOF-FW, containing the CRC code of the
completely transmitted data in its “register” field. The FEB replies with FEB-ERR-FW in case of CRC mismatch, otherwise
FEB-OK-FW is returned.

Direction Command mnemonic | Command bytes Register Payload Datagram
Length

HOST - FEB | FEB-RD-FW 0501 00 00 AO Al A2 NO N1. | 64 bytes
(+42 bytes xx)

FEB - HOST FEB-DATA-FW 0504 CCcCC 1024 bytes 64 to 1482 bytes
Data block

FEB - HOST FEB-ERR-FW 05 FF 0000 XX XX XX 64 bytes

FEB - HOST | FEB-EOF-FW 0503 cccc XX XX XX 64 bytes

FEB - HOST FEB-OK-FW 05 00 0000 XX XX XX 64 bytes

Table 9.18: Command to read SPI Flash Interface content. Bytes AO-A2 define the starting address in PROM address space. Bytes NO-N1
define the number of requested blocks. The CC CC field contains the CRC code of the block.

A command to write a new firmware in the SPI Flash is also available. The FEB-WR-FW “register” field contains the writing
options (see Table 9.19). The first three bytes of FEB-WR-FW payload define the starting address in PROM address space.
The subsequent two bytes define the number of blocks requested (max. 64 per transaction). When FEB receives FEB-
WR-FW command, it starts to reply to the host with FEB-DATA-FW datagrams, containing in the payload the 1024 bytes
block of the firmware PROM bytes. The register field of FEB-DATA-FW contains the CRC code of the transmitted block.
The process continues until all requested blocks are transferred. The transfer is accomplished by FEB-EOF-FW, containing
the CRC code of the whole transmitted data in its “register” field. The FEB replies with FEB-ERR-FW in case of CRC
mismatch, otherwise FEB-OK-FW is returned.

Direction Command mnemonic

Command bytes

Register Payload Datagram

Length

HOST - FEB | FEB-WR-FW 0502 RR RR AO Al A2 NO NI1.

(+42 bytes xx)

64 bytes
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FEB - HOST FEB-DATA-FW 05 04 cccc 1024 bytes 64 to 1482 bytes
Data block

FEB -> HOST FEB-ERR-FW 05 FF 0000 XX XX XX 64 bytes

FEB - HOST | FEB-EOF-FW 0503 CCccc XX XX XX 64 bytes

FEB - HOST FEB-OK-FW 05 00 0000 XX XX XX 64 bytes

Table 9.19: Command to write SPI Flash Interface content. Options are specified in RR RR field.

RR RR= 00 00 writes NO N1 blocks to the flash and returns to main thread.

RR RR = 01 01 copies all NO N1 blocks from A0 A1 A2 to 00 00 00 and performs CPU reset. The new firmware must become effective
Bytes AO-A2 define the starting address in PROM address space. Bytes NO-N1 define the number of requested blocks. The CC CC field
contains the CRC code of the block.
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10 Test Software

Prerequisites
In this chapter, we describe the interface and usage of a software for data acquisition with CAEN A1702/DT5702.
A simple data acquisition program "FEBDAQMULT" with GUI is available on the CAEN website. This software can be used
to test the performances of the FEB and the source code (available within the software package) may serve as a template
for more dedicated experiment-optimized DAQ software.
The program is a CERN ROOT script, that uses the compiled library FEBDTP.so, containing API for communication with
the board via FEBDTP protocol. The software is tested on a Linux OS (Ubuntu 16.04 — 64bit) machine with CERN ROOT
version 6.10/02 installed on it from precompiled binary file, available on the CERN ROOT website. Please follow
installation instructions for ROOT package from CERN web site.
Once ROOT is installed on your computer, you need to make ROOT executable from any directory, since the software
“compile” file uses ROOT commands. To do this, check where is your local ROOT executable (for example
Jusr/local/bin/cern/root/bin/root).
From terminal, open the /.bashrc file.
gedit ~/.bashrc

Write the following lines at the end of the file, according to your ROOT local directory:

source /usr/local/bin/cern/root/bin/thisroot.sh
alias root =/usr/local/bin/cern/root/bin/root

At this level, you are ready to compile and install the DAQ demo software.
Compiling and installation
Follow the steps below to install the DAQ demo software:

e  Download the DAQ software package from the DT5702/A1702 page on CAEN web site.
e Unpack it to the desired directory. From terminal run the command

tar -xvzf DAQ.tar.gz -C /path/to/target/directory
e Within the target directory, run
./compile
The FEBDTP.so library should compile.
Now you are ready to run the DAQ software.

Usage

Connect 5V DC power to the board or a chain of boards (up to 256 units into one network interface). Connect an Ethernet
port of the board (or the chain of boards) to a dedicated Ethernet port of your HOST PC (see Figure 9.11). When using a
single board it is unimportant which of the two Ethernet port of the board is used.

/ Note: when connecting boards in daisy chain, a different MAC[5] byte must be set at the address physical switch of each
board.

Check the name of your Ethernet port by running the on line command
ifconfig
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ri-VirtualBox:~$ ifconfig
Link encap:Ethernet HWaddr ©8:00:27:f1:d8:3b
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1
RX packets:32248 errors:® dropped:38 overruns:@ frame:®
TX packets:683 errors:® dropped:® overruns:@ carrier:8
collisions:® txqueuelen:1080
RX bytes:3587112 (3.5 MB) TX bytes:286191 (286.1 KB)

Link encap:Local Loopback

inet addr:127.0.8.1 Mask:255.0.0.0

inet6 addr: ::1/128 Scope:Host

UP LOOPBACK RUNNING MTU:65536 Metric:1

RX packets:11700 errors:® dropped:® overruns:® frame:@
TX packets:11700 errors:® dropped:® overruns:® carrier:@
collisions:® txqueuelen:1

RX bytes:885391 (885.3 KB) TX bytes:885391 (885.3 KB)

The name of the available Ethernet ports is listed. Check the name of the port to which the FEB is connected.

To execute the "FEBDAQMULT" program the user needs privileged access to Ethernet interface, the simplest way to get
it is to run ROOT as superuser with sudo command. Assuming your interface is "enp0s3" as shown in the screenshot
above, run the ROOT as superuser, giving as the argument the name of the DAQ script “FEBDAQMULT.C”:

sudo Jusr/local/bin/cern/root/bin/root - FEBDAQMULT.C(“enp0s3”)’

If you are not giving any Ethernet port name, the script will assume by default “eth1”.

Software interface

At the start up, the script scans the MAC address space for connected FEBs, stores this table and opens the GUI.

In the following example (see Figure 10.1), only a FEB was connected and the table contains only one client. The MAC
address of the FEB is read (in the following example it is 00:60:37:12:34:55, where the last byte is set by the board MAC[5]
switch) together with the firmware revision (in this case FEB_rev3_FLX7.003). In Table 10.1 are listed the latest firmware
revision of the board.

Firmware release Features

FLX7.003 Selectable even-odd adjacent channels coincidence and channels OR32

IAP7.007 Even-odd adjacent channels coincidence

Table 10.1: latest firmware revision name.

After the boards address table has been stored, the script performs the upload of the CITIROC configuration bit stream.
The bit streams are stored in two files, which are present in the working directory:

e "CITIROC_PROBEbitstream.txt" contains the bit stream for the configuration of the CITIROC Probe Multiplexer.
The user can set in this file the ASIC internal signals to be multiplexed at the analog probe X3 of the FEB. An
example of this file is given in Annexes.

e “CITIROC_SC_PROFILE1.txt" contains the bit stream for the CITIROC Slow Control configuration. An example of
this file is given in Annexes.

For description of each bit please refer to the CITIROC ASIC datasheet.
yuri@yuri-VirtualBox:~/Documents /DAQ 3$ sudo /home/yuri/Documents/root/bin/

root -1 'FEBDAQMULT.C("enp@8s3")’
root [8]

Processing FEBDAQMULT.C("enp®s3")...
|00:60:3?: 12:34:55 |FEB_rev3_FLX7.003

FW release

1 clients found.

B8:60:37:12:34:55 - client @

FEBDTP::ReadBitStream: 224 bits read from file CITIROC_PROBEbitstream.txt.

FEBDTP::ReadBitStream: 1144 bits read from file CITIROC_SC_PROFILE1.txt.

Monitoring FEB mac5 Ox55 85

root [1]

Figure 10.1: screenshot of the Ubuntu terminal at the DAQ software startup. The MAC address and the firmware release are highlighted
in red and yellow respectively.

After the MAC address of FEBs has been read, the GUI opens.
The main page of the GUI contains the DAQ controls on the left, the tab panel on the right and the statistics bar at the
bottom (see Figure 10.2).

The DAQ FEB controls menu contains the main DAQ configuration commands and parameters.
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The display area visualizes the page selected by the tabs in the top bar. Clicking tabs, the user can toggle between the
following display and control pages:

e  “Configuration”: CITIROC configuration page.
e “All histos”: 32-channels histograms summary display.
e “One channel”: single channel histogram display.

e  “Timing data”: timer data display.

“Channel profile”: 32-channels event profile. The integrated amplitude (expressed in ADC) of the events recorded
by each channel is shown.

e  “Eventrate”: trigger rate display.
e  “Event display”: rainfall-style event display.
The statistics bar, at the bottom of the GUI, contains information about the data acquisition (for example, the trigger

rate and the lost events)

|- DAQ FEB controls Configuration | All histos One channel | Timing data | Ghannel profile | Eventrate | Eventdisplay

Update Config
Start DAQ
e
Siop DAQ
Reset Hislos
SiPM HV ON
SIPM HY OFF
Profile Test

250 2|
‘Set Threshold DAC1

Select channel

=
¥ Auto update histograms
1N Auto correct VCXOs

[™ Verbose console output

s00 2|
SelVCXO correction
Save data tree

Mon FEB 0x55 85

Select FEB
=
Rescan network

\ I [ I I ]

Figure 10.2: main page of the DAQ software GUI. Its main parts are highlighted: the DAQ controls menu in blue, the display area in red
and the statistics bar in green.

DAQ FEB controls

The DAQ FEB controls menu provides the possibility to send commands to the board and to configure several parameters
of the data acquisition. In the following a description of available functions is given.

e  "Update Config" button allows to re-read the configuration files "CITIROC_PROBEbitstream.txt” and
“CITIROC_SC_PROFILE1.txt" and to re-upload the bit streams to all FEBs at any time. Once the button has been
pressed, eventual changes to DAQ parameters applied via the GUI will be lost.

e  "Start DAQ" button performs reset of the FEBs with the "FEB-GEN-INIT" FEBDTP command and starts the acquisition
process. If the check button "Auto update histograms" is checked, the histograms are updated after each data
packet received from selected FEB. The FEB to be monitored can be selected at the bottom of the control panel.

e  Below the "Start DAQ" button, the numerical entry field defines time in seconds for which DAQ should run. Setting
it to 0 makes it run continuously until stopped by "Stop DAQ" button.

e  "Stop DAQ" button stops the acquisition cycle.

o  "Reset Histos" button resets all histograms and the data tree generated by the program.
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"SiPM HV ON" and "SiPM HV OFF" toggle activation of the SiPM bias power supplies on all connected boards.

"Profile test" button initiates the following sequence: re-scan the network to update client list, configure connected
FEBs uploading the CITIROC configuration files (changes applied in the GUI are lost), turn SiPM bias ON, start DAQ
for the time period given above, turn bias OFF.

“Set Threshold DAC1” button sets the value of the CITIROC discriminator threshold according to the corresponding
numerical entry field (above the button). This threshold is common for all channels (see CITIROC Configuration files
for individual channel threshold adjustment). Typically, the value for the threshold at 0.5 p.e would be 210 to 215.
Setting this value to 200 and below will likely cause unstable behaviour of CITIROC ASIC, which can be diagnosed by
quick rising of the trigger rate, displayed in the left bottom corner of the GUI window. Raising this rate above 30
kHz will lead to massive event losses and, sometimes, corrupted data.

The “Select channel” numerical entry allows choosing the channel histogram to be displayed in the “One channel”
tab.

The “Verbose Console Output”, if checked, allows the user to display on the terminal messages related to the
commands send to the FEBs and data packets read by the host computer.

The correction value for VCXO oscillator can be overridden manually via "Set VCXO correction" button and the
related entry field. The "Auto-correct VCXOs" check box is deactivated for FEB V3.0 since the control loop is always
active on-board. However, the loop is operative only when a stable PPS pulse is supplied to "T1" LEMO inputs of the
FEB (refer to Time stamp generator). The correction is calculated basing on 20 consecutive PPS period
measurements, therefore the VCXO runs with default settings for the first 20 seconds from the DAQ start up.
Currently measured periods for both timers are indicated in the status string at the bottom of the GUI window (“PPS
period” and “SPILL trig period”).

"Save data tree" button allows saving the ROOT TTree object into a file, named by default "mppc.root". The file is
created in the working directory and can be overwritten. The data tree contains one entry per event and has the
following structure:

tr->Branch("mac5",&mac5, "mac5/b");
tr->Branch("chg",chg, "chg[32]/s");
tr->Branch("ts0",&ts0, "ts0/i");
tr->Branch("ts1",&ts1,"ts1/i");
tr->Branch("ts0_ref",&ts0_ref,"ts0_ref/i");
tr->Branch("ts1_ref",&ts1_ref,"ts1_ref/i");

The "mac5" variable contains the higher byte of the FEB mac address from which the event is received (i.e. the byte
set by the MAC[5] switch of the board).

The "chg[32]" array contains ADC data for all 32 channels read from the given FEB.
"ts0" and “ts1” represent the time stamps generated by the two internal timers.

"tsO_ref" and "ts1_ref" contain the values of the recorded period between the latest received reference pulse and
the previous one, on TO and T1 LEMO respectively. This value can be used for correction of time stamps for a possible
residual drift of the on-board VCXO. This allows to improve absolute accuracy of time stamps to better than 1 ns on
1 sinterval, when using the “coincidence” firmware.

The data saved in the “mppc.root” file can be displayed as histograms running in the terminal the ROOT command

new TBrowser()
and selecting the desired file. A histogram for each variable in the data tree is displayed.

“Select FEB” allows selecting the desired client saved in the FEB address table. The FEB that is monitored by the
software is indicated in the string “Mon FEB 0xAA BB”, where AA is the value of the higher byte of its MAC address
while BB is the correspondent decimal value.

“Rescan Network” button allows to rebuild the clients table and to re-upload the CITIROC configuration files for all
connected FEBs.

Display Area

The Display Area visualizes the correspondent page selected in the tab bar above. There are 6 display pages and a
configuration page available.

In the “Configuration” tab (see Figure 10.3), the user has the possibility to directly control and modify several bits of the
CITIROC Slow Control Register interactively. Changes are transmitted to all FEBs right after clicking on any check- or radio-
button. Modified configuration is not saved to file and is lost after exiting the program, or after clicking "Update Config",
“Profile Test” or “Rescan Network”.
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Figure 10.3: "Configuration" tab in the GUI to control several bits of the CITIROC Slow Control register

e The “Enable Amplifier” column allows enabling/disabling the amplifier for each CITIROC channel independently.
The option “All” and “None” are also available. The amplifier must be active for those channels for which DAQ of a
signal is wanted.

e The “Enable Trigger” column allows enabling/disabling the channels trigger outputs that participate to the OR
charge trigger of the CITIROC. When more channels are selected, the board performs coincidence of active channels
according to the behavior described in Board firmware paragraph. Using the firmware rel. FLX7.003, if “OR32” is
checked, the software performs the logic OR of the enabled channels individual triggers.

e The “Probe register” column allows selecting a channel of the CITIROC for which its “high-gain slow shaper” trace
will be output at the X3 connector. Only a channel is selectable. The other CITIROC internal traces to be output at
X3, can be set directly in the “CITIROC_PROBEDbitstream.txt” file.

/ Note: this probe system is usually used for debugging. In typical ASIC operation, it is advised not to set any probe output,
in order to avoid analog performances degradation.

e The “HG preamp gain” column allows to set the High Gain preamplification factor for all CITIROC channels.

e  The “bias” column allows to set the SiPMs bias fine regulation using the internal 8-bits DAC. The numerical entry
sets the decimal DAC value for each channel. Therefore extreme values are:
255=11111111 = DAC maximum output voltage
0=00000000 = DAC minimum output voltage.
The DAC'’s positive output levels are supplied to the signal lines as DC-offset, therefore increasing this voltage
reduces effective bias for individual SiPMs.
The full DAC range is +0.5 to +4.5 V, however a smaller DAC range can be set in the “CITIROC_SC_PROFILE1.txt”. The
correspondent bit description, as reported in the configuration file, is given below for reference:

8-bit input DAC Voltage Reference (1=external 4.5V, O=internal 2.5V)

The “All histos” tab displays the histograms of the 32 channels of the monitored FEB (see Figure 10.4). By default the Y-
scale is set to log-scale for all plots. If the “Auto update histograms” option is checked, all histograms update during DAQ.
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Figure 10.4: the "All histos" tab during acquisition. Here the FPGA firmware rel FLX7.003 was used and only channels 0,1,2,3 where
enabled to trigger in coincidence. Non-triggering channels are displaying their characteristic noise peak. See DAQ using DT5702 for more
details.

The “One channel” tab displays the histogram of one channel of the monitored FEB (see Figure 10.5). The channel
histogram to be displayed is set by the “Select channel” FEB control. By default, the Y-scale is set to linear-scale. If the
“Auto update histograms” option is checked, the histogram updates during DAQ. The monitored channel is clearly
indicated in the histogram title and some other information (total number of entries, mean and standard deviation of
ADC values) are shown in top right part of the display area.
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Figure 10.5: the "One channel" tab showing the histogram of channel 1 during a DAQ. Here typical peaks generated by a SiPM are
shown.
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The “Timing data” tab displays two plots related to the board timing (see Figure 10.6). In case a PPS timer is connected
to the TO LEMO input, the top plot shows the stability of the period of the PPS signal. The plotted parameter is its period
deviation from 1s (expressed in ns). The calculation is performed basing on 20 consecutive PPS period measurements,
therefore the first 20 events are not significant.

The bottom plot shows the frequency of event acquisition, basing on the TS1 timer. In particular, it is possible to extract
the period of TS1 and the trigger rate frequency from this plot.
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Figure 10.6: the "Timing data" tab when a PPS timer is connected to TO LEMO input.

The “Channel profile” tab displays the 32-channels event profile (see Figure 10.7). The integrated amplitude (expressed
in ADC) of the events recorded by each channel is shown. In the top right part of the display area some additional
information are shown, like the total number of recorded events.
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Figure 10.7: the "Channel profile" tab when channels 1 and 29 are acquiring events in coincidence using “nfoldcoinc” FPGA software.
The “Event rate” tab (see Figure 10.8) shows the plot of the event rate value (expressed in kHz) as a function of the “Poll

Number” (Poll Nr.). A “Poll” is a package of events used to sample the event rate. In this way the number of events
acquired by the FEB in a short period time (usually less than 0.1 s) is measured and the event rate is calculated. For each
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poll, the trigger rate is calculated and plotted. During DAQ, information about the last transmitted poll are also visible in
the bottom statistics bar.

.~ DAQFEE controls.

Configuration | All histos | One channel | Timing data | Channel profile Event rate \ Event display |

Update Config

Start DAQ
.

Stop DAG

Reset Histos.

SIPM HV ON

SiPM HY OFF
Profile Test

Event rate, kHz

g

[ o 3 -
2 h

Select channel Uy
=

¥/ Auto update histograms.
W Auto correct VCXOs r
I Verbose console output [

500 2| L
‘SetVCX0 correction L
‘Save data tree

Mon FEB 0x55 85 1.6 dﬂw LUJ uﬂ_‘ﬂ\_\ﬂj

Select FEB. —
03 -
I | I I I I | I L1 1

o
| —t

R tWOrk.
e e | 0 100 200 300 400 500 600
Poll Nr.
Trigger 1.602 kHz [Poli: 113 events acquired in 0.08 sec. | Evs lost FPGA:0 CPU:D [ PPS missing! ['SPILL trig missing! [ Overal: 106287 acquired, 2183 (2.0%) lost |/

Figure 10.8: the "Event rate” tab during DAQ, while changing the DAC1 threshold. The event rate is plotted as a function of the Poll Nr.
In the bottom statistics bar it is possible to read the composition of the last transmitted poll (113 events acquired in 0.08 s).

The “Event display” tab (see Figure 10.9) shows the rainfall-style plot of the number of events recorded by each channel.
The different colours stand for the ADC values of the recorded events (the same ADC values of the X-axis of histograms).
Some additional information are shown in the top right box.
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Figure 10.9: the "Event display" tab showing the rainfall-style plot of the event number recorded by each channel.

Statistics bar

The statistics bar, at the bottom of the GUI, is composed of 6 fields and reports the main statistical information about
DAQ (see Figure 10.10). From left to right, it is possible to read the following data:

e the trigger rate value (expressed in kHz);

e information about the last transmitted Poll;

UM5833 — A1702/DT5702 User Manual Rev. 5



CAEN 0 Electronic Instrumentation

e theinstantaneous number of events lost, in the FPGA and in the CPU;

e  the PPS period (if connected to “T0");

e  the TS1 timer period (if connected to “T1”), called “SPILL trig”;

e the total number of acquired and lost events (these latter also expressed in percentage).

The statistics bar values update automatically during DAQ.

Trigger 1.602 kHz Poll: 113 events acquired in 0.08 sec. Evs lost FPGA:0 CPU:0 PPS missing! SPILL trig missing! Overal: 106267 acquired, 2183 (2.0%) lost
4

Figure 10.10: the statistics bar at the bottom of the GUI

We now give a brief description of each field of the bar.

[ Tigger 1.602 ktiz \

The first field reports the trigger rate in kHz. This value should always be well below 30 kHz to avoid CITIROC unstable
behaviour. A change in this field colour warns the user of a high trigger rate value, changing from green (below 3.5 kHz),
to light red (up to 8-9 kHz), to red (above 9 kHz). We suggest performing DAQ with a “green” trigger rate.

| Poll: 113 evenis acquired in 0.08 sec. [

The second field reports information about the last transmitted poll for trigger rate sampling. The poll is a package of
events transmitted to the host computer as samples to calculate the event (or trigger) rate. In particular, the number of
events in the poll and the acquisition time is indicated in the statistics area. The maximum number of events in a poll is
1024, i.e. the FEB buffer size. This last situation realize in presence of high trigger rates.

'[Evs lost FPGA CPUA [

The third field reports, for each transmitted poll, the number of events lost in the FPGA or in the CPU. Events are lost in
the FPGA due to pile-up (a trigger occurring during the readout of another event) and they are counted and flagged as
described in Time stamp generator. Events are lost in the CPU if the incoming data rate exceeds the transmission capacity
of the Ethernet interface towards the host computer, as described in Event buffer and back-end Ethernet interface.
When the number of lost events becomes high, the field is colored in red.

|PPS pariod 1OCOOOGONE e

In the the PPS field, the measured period of the PPS timer connected to “T0” can be read. If no signals are sent to “T0”
the field reports “PPS missing!” and it is light-red colored.

[SPILL trig missing! [

In the SPILL trig field, the measured period of the TS1 timer connected to “T1” can be read. The name “SPILL trig” comes
from the possible use of the “T1” input signal as an experiment-related timing reference. It could be, for example, an
accelerator beam spill pulse. If no signals are sent to “T1”, the field reports “SPILL trig missing!” and it is light-red colored.

| Overal: 106287 acquired, 2183 (2.0%) lost 4

The last field contains a summary of the DAQ. The total amount of acquired and lost events is reported, as well as the
percentage of lost events w.r.t. total events.

Trigger 1.602 kHz Poll: 113 events acquired in 0.08 sec. Evs lost FPGA:0 CPU:D PPS missing! SPILL trig missing! Overal: 1062687 acquired, 2183 (2.0%) lost
4
[N | 7o' 1024 events acquied in 0.15 scc. | ENGISIEROAOGRUGOUSNIN | PFS missng! [SPILL g missing! | Overal: 85378 acquied, 47221 419%) lost [/

Figure 10.11: the statistics bar during different DAQs. The top bar is a DAQ performed with optimal parameters: the trigger rate is
sufficiently low and a small amount of events is lost (only 2%). The bottom bar is the result of a bad set of DAQ parameters: the trigger
rate is too high and many events are lost (41.9%).

DAQ using DT5702

We performed some test measurements with a CAEN DT5702, acquiring in coincidence the signals of two Hamamatsu
SiPMs. We used the following setup:
e  two CAEN SP5601 LED driver to illuminate SiPMs;
e  two Hamamatsu SiPMs hosted in two CAEN SP5650C sensor holders. The SP5650C provides a FC fiber
connector and a PCB where the SiPM is soldered;
o the SiPMs were connected to the LED drivers through a 40 cm Optical Fiber;
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Figure 10.12: a possible setup to perform DAQ using a CAEN DT5702

The test measurements were performed with a DT5702 equipped with the FPGA firmware rel. FLX7.003. We acquired
signals from two SiPMs, both in coincidence and in single channel trigger mode.

Note: it is a peculiar characteristic of the board to show an intrinsic noise peak below 300 ADC units, very similar to a
pedestal due to SiPMs dark noise. However, this noise has nothing to do with SiPMs but it is rather a noise due to
electronics. For this reason, also disconnected or non-triggering channels will show this noise.
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Figure 10.13: DAQ of two SiPMs signals in coincidence. Triggering channels 12 and 13 are not showing any noise peak, while the other
channels are clearly showing their pedestals.
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Figure 10.14: DAQ of two SiPMs signals in “OR32” mode, using the FPGA firmware rel FLX7.003. With respect to Figure 10.13, channel
12 is showing its intrinsic low energy noise peaks. Non-triggering channels are also showing their noise peak. Note also that, w.r.t. Figure
10.13, the DAC1 threshold has been increased to avoid trigger rate massive increase.

With the same setup, we acquired the signal from a single SiPM illuminated by the LED pulser. A typical SiPM peak has
been obtained, as shown in Figure 10.15.
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Figure 10.15: signal from a SiPM illuminated by a CAEN SP5601 LED driver. A typical SiPM peak is visible.
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11 Annexes

CITIROC Configuration files

In this paragraph, the default configuration of the CITIROC bit stream files is reported and described.

The “CITIROC_PROBEDbitstream.txt” contains the bit stream to configure the internal CITIROC Probe register, in order to
monitor ASIC’s internal signals. Analog preamplifiers and shapers signal of the 32 CITIROC channels can be monitored.
Moreover, the peak detector status can be monitored (see Weeroc CITIROC Datasheet for more details). The analog
signals are multiplexed and output at the X3 FEB connector.

The default file is given below with a brief description of the bit stream. Each line corresponds to a different signal to be
monitored and has 32 bits, one for each CITIROC channel. A signal of a certain channel is outputted to X3 when the
correspondent bit is set to 1.

00000000000000000000000000000000 ' Out_fs From channel O to 31 Analog
00000000000000000000000000000000 ' Out_ssh_LG From channel O to 31 Analog

00000000000000000000000000000000 ' PeakSensing_modeb_LG From channel O to 31 Digital
00000000000000000000000000000000 ' Out_ssh_HG From channel O to 31 Analog
00000000000000000000000000000000 ' PeakSensing_modeb_HG 32 From channel O to 31 Digital

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ' Out_PA_HG/Out_PA_LG 64 From channel O to 15 Analog
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ' Out_PA_HG/Out_PA_LG 64 From channel 16 to 31 Analog

Description

Out_fs [0:31] | Fast shaper analog output probe
Out_ssh_LG [0:31] | Low gain slow shaper analog output probe
PeakSensing_modeb_LG [0:31] | Low gain peak detector digital output probe
Out_ssh_LG [0:31] | High gain slow shaper analog output probe
PeakSensing_modeb_HG [0:31] | High gain peak detector status digital output probe
PeakSensing_modeb_HG [0:31] | Low gain peak detector status digital output probe
Out_PA_HG/Out_PA_LG [0:31] | High/Low gain preamplifier analog output probe (channels 0 to 15)
Ex.: 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00
chl low gain preamplifier output enabled
Out_PA_HG/Out_PA_LG [0:31] | High/Low gain preamplifier analog output probe (channels 16 to 31)
Ex.: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 10 00
ch30 high gain preamplifier output enabled

Table 11.1: description of CITIROC probe register bit stream as reported in “CITIROC_PROBEbitstream.txt”

The “CITIROC_SCPROFILE1.txt” contains the bit stream to configure the CITIROC Slow Control registers (see the Weeroc
CITIROC datasheet for more details). The default file is given below together with a brief description of the bit stream in
each line. For more details, refer to Weeroc CITIROC datasheet.

0000 ' ChO 4-bit DAC_t ([0..3])" //4-bit DAC to adjust the individual “time” trigger threshold
0000 ' Ch1 4-bit DAC_t ([0..3])’
0000 ' Ch2 4-bit DAC_t ([0..3])"
0000 ' Ch3 4-bit DAC_t ([0..3])"
0000 ' Ch4 4-bit DAC_t ([0..3])’
0000 ' Ch5 4-bit DAC_t ([0..3])’
0000 ' Ch6 4-bit DAC_t ([0..3])’
0000 ' Ch7 4-bit DAC_t ([0..3])"
0000 ' Ch8 4-bit DAC_t ([0..3])"
0000 ' Ch9 4-bit DAC_t ([0..3])’
0000 ' Ch10 4-bit DAC_t ([0..3])'
0000 ' Ch11 4-bit DAC_t ([0..3])'
0000 ' Ch12 4-bit DAC_t ([0..3])'
0000 ' Ch13 4-bit DAC_t ([0..3])'
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0000 ' Ch14 4-bit DAC_t
0000 ' Ch15 4-bit DAC_t
0000 ' Ch16 4-bit DAC_t
0000 ' Ch17 4-bit DAC_t
0000 ' Ch18 4-bit DAC_t
0000 ' Ch19 4-bit DAC_t
0000 ' Ch20 4-bit DAC_t
0000 ' Ch21 4-bit DAC_t
0000 ' Ch22 4-bit DAC_t
0000 ' Ch23 4-bit DAC_t
0000 ' Ch24 4-bit DAC_t
0000 ' Ch25 4-bit DAC_t
0000 ' Ch26 4-bit DAC_t
0000 ' Ch27 4-bit DAC_t
0000 ' Ch28 4-bit DAC_t
0000 ' Ch29 4-bit DAC_t
0000 ' Ch30 4-bit DAC_t ([0..3])'

0000 ' Ch31 4-bit DAC_t ([0..3])'

0000 ' ChO 4-bit DAC ([0..3])" //4-bit DAC to adjust individual “charge” trigger threshold

[0..3])"
[0..3])"
[0..3])'
[0..3])'
[0..3])'
[0..3])"
[0..3])"
[0..3])'
[0..3])'
[0..3])"
[0..3])"
[0..3])'
[0..3])'
[0..3])'
[0..3])"
[0..3])"

0000 ' Ch1 4-bit DAC ([0..3])’
0000 ' Ch2 4-bit DAC ([0..3])'
0000 ' Ch3 4-bit DAC ([0..3])'
0000 ' Ch4 4-bit DAC ([0..3])'
0000 ' Ch5 4-bit DAC ([0..3])'
0000 ' Ch6 4-bit DAC ([0..3])’
0000 ' Ch7 4-bit DAC ([0..3])'
0000 ' Ch8 4-bit DAC ([0..3])'
0000 ' Ch9 4-bit DAC ([0..3])’

0000 ' Ch10 4-bit DAC ([0..3])'
0000 ' Ch11 4-bit DAC ([0..3])'
0000 ' Ch12 4-bit DAC ([0..3])'
0000 ' Ch13 4-bit DAC ([0..3])'
0000 ' Ch14 4-bit DAC ([0..3])'
0000 ' Ch15 4-bit DAC ([0..3])'
0000 ' Ch16 4-bit DAC ([0..3])'
0000 ' Ch17 4-bit DAC ([0..3])'
0000 ' Ch18 4-bit DAC ([0..3])'
0000 ' Ch19 4-bit DAC ([0..3])'
0000 ' Ch20 4-bit DAC ([0..3])'
0000 ' Ch21 4-bit DAC ([0..3])'
0000 ' Ch22 4-bit DAC ([0..3])'
0000 ' Ch23 4-bit DAC ([0..3])'
0000 ' Ch24 4-bit DAC ([0..3])'
0000 ' Ch25 4-bit DAC ([0..3])"
0000 ' Ch26 4-bit DAC ([0..3])'
0000 ' Ch27 4-bit DAC ([0..3])'
0000 ' Ch28 4-bit DAC ([0..3])'
0000 ' Ch29 4-bit DAC ([0..3])'
0000 ' Ch30 4-bit DAC ([0..3])"
0000 ' Ch31 4-bit DAC ([0..3])'

1 'Enable discriminator'

1' Disable trigger discriminator power pulsing mode (force ON)'

0 ' Select latched (RS : 1) or direct output (trigger : 0)'

1 'Enable Discriminator Two'

1' Disable trigger discriminator power pulsing mode (force ON)'
1"EN_4b_dac'

1'PP: 4b_dac'

1'EN_4b_dac_t'

1'PP: 4b_dac_t'

10000000000000000000000000000001 'Allows to Mask Discriminator (channel 0 to 31) [active low]'
1 'Disable High Gain Track & Hold power pulsing mode (force ON)'
1 'Enable High Gain Track & Hold'

1 'Disable Low Gain Track & Hold power pulsing mode (force ON)'
1'Enable Low Gain Track & Hold'

0 ' SCA bias ( 1 = weak bias, 0 = high bias 5MHz ReadOut Speed)'
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0 'PP: HG Pdet'

0'EN_HG_Pdet'

0 'PP: LG Pdet'

0'EN_LG_Pdet'

1" Sel SCA or PeakD HG'

1'Sel SCA or PeakD LG'

1' Bypass Peak Sensing Cell'

0 ' Sel Trig Ext PSC'

1' Disable fast shaper follower power pulsing mode (force ON)'

1 'Enable fast shaper'

1' Disable fast shaper power pulsing mode (force ON)'

1' Disable low gain slow shaper power pulsing mode (force ON)'

1 'Enable Low Gain Slow Shaper'

110 ' Low gain shaper time constant commands (0...2) [active low] 100'
1 ' Disable high gain slow shaper power pulsing mode (force ON)'

1 'Enable high gain Slow Shaper'

110 ' High gain shaper time constant commands (0...2) [active low] 100
0 ' Low Gain PreAmp bias ( 1 = weak bias, 0 = normal bias)'

1 'Disable High Gain preamp power pulsing mode (force ON)'

1 'Enable High Gain preamp'

1 'Disable Low Gain preamp power pulsing mode (force ON)'
1 'Enable Low Gain preamp'

0 ' Select LG PA to send to Fast Shaper'

1 'Enable 32 input 8-bit DACs'

1 '8-bit input DAC Voltage Reference (1 = external 4,5V, 0=
11000110 1 ' Input 8-bit DAC Data channel 0 — (DAC7...DACO + DAC ON),
11001011 1 ' Input 8-bit DAC Data channel 1 — (DAC7...DACO + DAC ON)
10111100 1 ' Input 8-bit DAC Data channel 2 — (DAC7...DACO + DAC ON)
11001010 1 ' Input 8-bit DAC Data channel 3 — (DAC7...DACO + DAC ON)
11000000 1 ' Input 8-bit DAC Data channel 4 — (DAC7...DACO + DAC ON)
11001011 1 ' Input 8-bit DAC Data channel 5 — (DAC7...DACO + DAC ON),
10111111 1 ' Input 8-bit DAC Data channel 6 — (DAC7...DACO + DAC ON)
11001010 1 ' Input 8-bit DAC Data channel 7 — (DAC7...DACO + DAC ON)
11001011 1 ' Input 8-bit DAC Data channel 8 — (DAC7...DACO + DAC ON)
11001011 1 ' Input 8-bit DAC Data channel 9 — (DAC7...DACO + DAC ON)
11000001 1 ' Input 8-bit DAC Data channel 10 —
11000101 1 ' Input 8-bit DAC Data channel 11 —
10111111 1 ' Input 8-bit DAC Data channel 12 —
11001001 1 ' Input 8-bit DAC Data channel 13 -
11000001 1 ' Input 8-bit DAC Data channel 14 —
11001101 1" Input 8-bit DAC Data channel 15 —
11001100 1 ' Input 8-bit DAC Data channel 16 —
10111110 1" Input 8-bit DAC Data channel 17 — (DAC7...DACO + DAC ON
11000110 1 ' Input 8-bit DAC Data channel 18 — (DAC7...DACO + DAC ON

D
(DAC7...DACO + DAC ON
(
(
(
(
(
(
(
(
11000011 1 ' Input 8-bit DAC Data channel 19 — (DAC7...DACO + DAC ON
(
(
(
(
(
(
(
(
(
(
(

DAC7...DACO + DAC ON
DAC7...DACO + DAC ON
DAC7...DACO + DACON
DAC7...DACO + DACON
DAC7...DACO + DAC ON
DAC7...DACO + DAC ON

10111111 1" Input 8-bit DAC Data channel 20 —
11000001 1 ' Input 8-bit DAC Data channel 21 —
11000101 1 ' Input 8-bit DAC Data channel 22 —
11000000 1 ' Input 8-bit DAC Data channel 23 —
11000010 1 ' Input 8-bit DAC Data channel 24 —
10111001 1 " Input 8-bit DAC Data channel 25 —
10111011 1" Input 8-bit DAC Data channel 26 —
11000000 1 ' Input 8-bit DAC Data channel 27 —
10111111 1 ' Input 8-bit DAC Data channel 28 —
11000011 1 ' Input 8-bit DAC Data channel 29 —
10111100 1 ' Input 8-bit DAC Data channel 30 —
11000110 1 ' Input 8-bit DAC Data channel 31 -
110011 101111 000 ' ChO PreAmp config (HG gain[5..0
110011 101111 000 ' Ch1l PreAmp config (HG gain[5..0
110011 101111 000 ' Ch2 PreAmp config (HG gain[5..0
110011 101111 000 ' Ch3 PreAmp config (HG gain[5..0

(

(

(

(

DAC7...DACO + DAC ON
DAC7...DACO + DACON
DAC7...DACO + DACON
DAC7...DACO + DAC ON
DAC7...DACO + DAC ON
DAC7...DACO + DAC ON
DAC7...DACO + DACON
DAC7...DACO + DACON
DAC7...DACO + DAC ON
DAC7...DACO + DAC ON

, LG gain [5

, LG gain [5..

110011 101111 000 ' Ch5 PreAmp config (HG gain[5..0
110011 101111 000 ' Ch6 PreAmp config (HG gain[5

)
)
)
)
)
)
)
)
)
)
DAC7...DACO + DAC ON),
)
)
)
)
)
)
)
)
)
)

(DAC7...DACO + DAC ON),
..0], CtestHG, CtestLG, PA disabled)'

internal 2,5V)'
higher-higher bias' //8-bit DAC to adjust HV bias
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'

higher-higher bias'

, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'

, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
, higher-higher bias'
higher-higher bias'

, LG gain [5..0], CtestHG, CtestLG, PA disabled)’'
0], CtestHG, CtestLG, PA disabled)'
, LG gain [5..0], CtestHG, CtestLG, PA disabled

, LG gain [5..0], CtestHG, CtestLG, PA disabled)'
, LG gain [5..0], CtestHG, CtestLG, PA disabled)'

]
]
]
]
110011 101111 000 ' Ch4 PreAmp config (HG gain[5..0], LG gain [5..0], CtestHG, CtestLG, PA disabled)'
]
0]
]

110011 101111 000 ' Ch7 PreAmp config (HG gain[5..0

, LG gain [5..0], CtestHG, CtestLG, PA disabled)'
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110011 101111 000 ' Ch8 PreAmp config (HG gain[5..0], LG gain [5..0], CtestHG, CtestLG, PA disabled)'
110011 101111 000 ' Ch9 PreAmp config (HG gain[5..0], LG gain [5..0], CtestHG, CtestLG, PA disabled)'

110011 101111 000 ' Ch10
110011 101111000 ' Ch11
110011 101111 000 ' Ch12
110011 101111 000 ' Ch13
110011 101111 000 ' Ch14
110011 101111 000 ' Ch15
110011 101111 000 ' Ch16
110011 101111 000 ' Ch17
110011 101111 000 ' Ch18
110011 101111000 ' Ch19
110011 101111 000 ' Ch20
110011 101111000 ' Ch21
110011 101111 000 ' Ch22
110011 101111 000 ' Ch23
110011 101111 000 ' Ch24
110011 101111 000 ' Ch25
110011 101111 000 ' Ch26
110011 101111 000 ' Ch27
110011 101111 000 ' Ch28
110011 101111 000 ' Ch29
110011 101111 000 ' Ch30
110011 101111 000 ' Ch31

PreAmp config (HG gain[5.
5..0], LG gain [5.
.0], LG gain [5..
, LG gain [5..
, LG gain [5..

[

[

[

PreAmp config (HG gain|

PreAmp config (HG gain[5.
PreAmp config (HG gain[5..0
PreAmp config (HG gain[5..0
PreAmp config (HG gain[5..0

PreAmp config (HG gain[5

(
(
(
(
(
(
PreAmp config (HG gain[5..0
PreAmp config (HG gain[5..0
PreAmp config (HG gain[5..0
PreAmp config (HG gain[5..0
(
(
(
(
(
(
(
(
(
(

PreAmp config

PreAmp config (HG gain[5

PreAmp config (HG gain[5..0
PreAmp config (HG gain[5..0
PreAmp config (HG gain[5..0
PreAmp config (HG gain[5..0
5..0], LG gain
.0], LG gain [5..
.0], LG gain [5..
.0], LG gain [5..

PreAmp config (HG gain|

PreAmp config (HG gain[5.
PreAmp config (HG gain[5.
PreAmp config (HG gain[5.

HG gain[5..0
PreAmp config (HG gain[5..0

.0], LG gain [5..
.0], CtestHG, CtestLG, PA disabled)'

]

]

], LG gain [5..
0], LG gain [5..
], LG gain [5.
], LG gain [5.
], LG gain [5.
], LG gain [5..
] [
] [
0]
]
]
]
]

, LG gain [5

, LG gain [5..
, LG gain [5..

[
[
[
, LG gain [
[
[
[
[

1' Disable Temperature Sensor power pulsing mode (force ON)'
1 'Enable Temperature Sensor'
1 'Disable BandGap power pulsing mode (force ON)'

1 'Enable BandGap'
1 'Enable DAC1'

1 ' Disable DAC1 power pulsing mode (force ON)'

1 'Enable DAC2'

1 ' Disable DAC2 power pulsing mode (force ON)'
001111 1010 ' 10-bit DAC1 (MSB-LSB): 00 1100 0000 for 0.5 p.e."
001111 1010 ' 10-bit DAC2 (MSB-LSB): 00 1100 0000 for 0.5 p.e.'
1 'Enable High Gain OTA' -- start byte 2
1 ' Disable High Gain OTA power pulsing mode (force ON)'

1 'Enable Low Gain OTA'

1' Disable Low Gain OTA power pulsing mode (force ON)'

1 'Enable Probe OTA'

1' Disable Probe OTA power pulsing mode (force ON)'

0 ' Otaq test bit'
0 'Enable Val_Evt receiver'

5.
5.

0 ' Disable Val_Evt receiver power pulsing mode (force ON)'
0 'Enable Raz_Chn receiver'

0 ' Disable Raz Chn receiver power pulsing mode (force ON)'

0 'Enable digital multiplexed output (hit mux out)'
0 ' Enable digital OR32 output'

0' Enable digital OR32 Open Collector output'

0 ' Trigger Polarity'

0 ' Enable digital OR32_T Open Collector output'
1 'Enable 32 channels triggers outputs'
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0], CtestHG, CtestLG, PA disabled)'

0], CtestHG, CtestLG, PA disabled)'
0], CtestHG, CtestLG, PA disabled)'
0], CtestHG, CtestLG, PA disabled)'
0], CtestHG, CtestLG, PA disabled)'
0], CtestHG, CtestLG, PA disabled)'

)
)
)
)
)
)
)
.0], CtestHG, CtestLG, PA disabled)'
.0], CtestHG, CtestLG, PA disabled)'
.0], CtestHG, CtestLG, PA disabled)'
)
)
)
)
)
)
)
)
)

0], CtestHG, CtestLG, PA disabled)'

..0], CtestHG, CtestLG, PA disabled)'
, LG gain [5..
, LG gain [5.
, LG gain [5..

0], CtestHG, CtestLG, PA disabled)'

.0], CtestHG, CtestLG, PA disabled)'

0], CtestHG, CtestLG, PA disabled)'
0], CtestHG, CtestLG, PA disabled)'
0], CtestHG, CtestLG, PA disabled)'
0], CtestHG, CtestLG, PA disabled)'
0], CtestHG, CtestLG, PA disabled)'
0], CtestHG, CtestLG, PA disabled)'
0], CtestHG, CtestLG, PA disabled)'
0], CtestHG, CtestLG, PA disabled)'
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12 Additional instruction for a safe use

The device A1702, bare board, and DT5702 has not or has a partial enclosure: this condition does not allow user to be
protected properly against dangerous voltage parts.

Moreover, the EMC compliance is not guaranteed if a proper enclosure/shielding is not provided.

The construction of device allows final user to customize/use several boards according to experiment requirements. The
final assembly system could be a combination of device and third parts devices.

The final user must build proper enclosure/shield or other precaution in order to make dangerous parts inaccessible and
achieve EMC performance.

Electrical safety instructions

The following highlighted parts could become dangerous voltage, so the final users have to build proper enclosure or
other means in the final installation to avoid unintentional contact.
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EMC considerations
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The user shall consider that the device shall be installed in a EMC compliant system. A proper enclosure/shielding shall
be used in order to achieve EMC directive requirements.

The user shall consider that some part of the device is a ESD sensitive bare board: it is recommended to handling properly
the device.

Adhering to the following rules will help EMI in the final assembly system:

e Power supply cable routing. The power supply cable is usually susceptible to conduct EMI inside the device and
coupling into power supply cord. It is recommended to keep the power supply cord far from SIP/SOP cables and fixed
in place with cable ties, if necessary

e SIP/SOP connector shield (if available). Sometimes the I/O connector realize poor contact between metal housing and
connector plate. It is recommended to check electrical continuity.
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e  Minimize the differential mode loop of signal wires by keeping the wires close together. This will minimize the
magnetic field and reduce radiated EMI.

e  Minimize the common mode capacitance of wires by keeping the length as short as possible.
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13 Instructions for Cleaning

The equipment may be cleaned with compressed air spray, isopropyl alcohol or deionized water and air dried.

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)

3)

4)
5)

49

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 (if present)

Wear safety glasses equipped with side shields when cleaning the board
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14 Device decommissioning

After its intended service, it is recommended to perform the following actions:
Detach all the signal/input/output cable
Worap the device in its protective packaging
Insert the device in its packaging (if present)

THE DEVICE SHALL BE STORED ONLY AT THE ENVIRONMENT CONDITION
SPECIFIED IN THE MANUAL, OTHERWISE PERFORMANCE AND SAFETY
WILL BE NOT GUARANTEED
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15 Disposal

The disposal of the equipment must be managed in accordance with Directive 2012/19 / EU on waste electrical and
electronic equipment (WEEE).
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16 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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