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Register your device

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

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

If the warnings contained in this manual are not followed, CAEN will not be responsible for damage caused by improper use
of the device. The manufacturer declines all responsibility for damage resulting from failure to comply with the instructions
for use of the product. The equipment must be used as described in the user manual, with particular regard to the intended

use, using only accessories as specified by the manufacturer. No modification or repair can be performed.

Disclaimer

No part of this manual may be reproduced in any form or by any means, electronic, mechanical, recording, or otherwise,

without the prior written permission of CAEN spa.

The information contained herein has been carefully checked and is believed to be accurate; however, no responsibility is
assumed for inaccuracies. CAEN spa reserves the right to modify its products specifications without giving any notice; for up

to date information please visit www.caen.it.

Made in Italy

We remark that all our boards have been designed and assembled in Italy. In a challenging environment where a competitive
edge is often obtained at the cost of lower wages and declining working conditions, we proudly acknowledge that all those
who participated in the production and distribution process of our devices were reasonably paid and worked in a safe

environment (this is true for the boards marked "MADE IN ITALY", while we cannot guarantee for third-party manufactures).

CE & =
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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 the product manual

Caution, risk of electrical shock

Protective conductor terminal

Earth (Ground) Terminal

Alternating Current

7 I BRPE

Three-Phase Alternating Current

The following symbol may be reported in the present manual:

General warning statement

The symbol could be followed by the following terms:

o DANGER: Indicates a hazardous situation that, if not avoided, will result in serious injury or death.

o WARNING: Indicates a hazardous situation that, if not avoided, could result in death or serious injury.

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

CAUTION: Avoid potential hazards.
USE THE PRODUCT ONLY AS SPECIFIED.

ONLY QUALIFIED PERSONNEL SHOULD PERFORM SERVICE
PROCEDURES

>

CAUTION: Avoid Electric Overload.

TO AVOID ELECTRIC SHOCK OR FIRE HAZARD, DO NOT POWER A
LOAD OUTSIDE OF ITS SPECIFIED RANGE

>

CAUTION: Avoid Electric Shock.

TO AVOID INJURY OR LOSS OF LIFE, DO NOT CONNECT OR
DISCONNECT CABLES WHILE THEY ARE CONNECTED TO A VOLTAGE
SOURCE

>

CAUTION: Do Not Operate in Wet/Damp Conditions.

TO AVOID ELECTRIC SHOCK, DO NOT OPERATE THIS PRODUCT IN WET
OR DAMP CONDITIONS

>

CAUTION: Do Not Operate in an Explosive Atmosphere.
TO AVOID INJURY OR FIRE HAZARD, DO NOT OPERATE THIS

PRODUCT IN AN EXPLOSIVE ATMOSPHERE

THIS DEVICE SHOULD BE INSTALLED AND USED BY A SKILLED
TECHNICIAN ONLY OR UNDER HIS SUPERVISION

DO NOT OPERATE WITH SUSPECTED FAILURES.
IF YOU SUSPECT THIS PRODUCT TO BE DAMAGED, PLEASE CONTACT
THE TECHNICAL SUPPORT

> B P
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NIM NOTICES:

CAUTION: This product needs proper cooling.

USE ONLY CRATES WITH FORCED COOLING AIR FLOW SINCE
OVERHEATING MAY DEGRADE THE MODULE PERFORMANCES!

CAUTION: This product needs proper handling.

THIS DIGITIZER DOES NOT SUPPORT LIVE INSERTION (HOT-SWAP)!
REMOVE OR INSERT THE BOARD WHEN THE CRATE IS POWERED OFF!

ALL CABLES MUST BE REMOVED FROM THE FRONT PANEL BEFORE
EXTRACTING THE BOARD FROM THE CRATE!
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1. General description

NPO:

1.1

Overview
The Mod. N957 is a 8k Multi-Channel (MCA) with USB port, housed in a 1-unit wide standard NIM
module. The multichannel analyzer performs the essential function of collecting the data and
producing output, in the form of converted value of input peaks.
The input pulses can be those produced by a standard spectroscopy amplifier. They can be
Gaussian, semi-Gaussian or square waves, unipolar (positive) or bipolar, in a range from 0 to
10V, with a rise time greater than 0.1 ps.
The trigger can be made “on signal” (Auto Gate mode) or “external” (External Gate mode). In the
first case a discriminator, with a settable threshold, enables the conversion. In the second case,
an external gate is fed to the module, via front panel GATE In connector.
The input channel has one peak amplitude stretcher, the output of which is digitised by a 13 bit
fast (0.8 BIs) ADC featuring a sliding scale technique, to improve the differential non-linearity.
Converted waveforms are stored into a 64 KSamples buffer memory.
The unit hosts an USB2.0 port (also compatible with USB 1.1), which permits a simple control and
data-acquisition via PC.
Software Libraries, available for both Windows and Linux platforms, are described in § 5.
Future firmware upgrade is possible via USB; only tools developed by CAEN must be used for the
firmware upgrade.
ANALOG @)_>
IN
ANALOG FRONT-END CHANNEL
(TRACK-HOLD/PULSE CONTROLLER
STRETCHER) (MAX7032S)
GATE
v O+ s
conv () >
PR () >
BUSY O= ( N957 CONTROLLER ) ACQUISITION
ALTERA CYCLONE EP1C6 MEMORY
outP ()= (SRAM 64Kx16)
USsB
USB D PERIPHERAL
CONTROLLER
Fig. 1.1: Mod. N957 Block Diagram
Filename: Number of pages:  Page:

00105/04:N957x.MUTx/09 UM3173-N957_USERMANUAL_REV9.DOC 42 10



CAEN O

Document type: Title:
User's Manual (MUT) Mod. N957 8k Multi-Channel Analyzer 05/24/2024

Revision date:

Revision:
9

2. Technical specifications

2.1 Packaging
The Model N957 is housed in a single width NIM module.

2.2 Power requirements

Table 2.1: Power requirements

+12V 220 mA
-12v 220 mA
+6V 600 mA
-6V 50 mA

NPO: Filename:
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2.3 Front and back panel

@ GATE

Q)

eceoe0

BUSY

CONV

00

OuTP

TXIRX LINK ON

V\ | —7

®
o)

=)

LINK

O

Fig. 2.1: Mod. N957 Front panel
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2.4 Input/Output connections
IN: Type: Input

Function: Unipolar (positive) or bipolar in a range from 0 to +10 V, with a
rise time greater than 0.1 ps, high impedance. BNC connector (to be
connected to Amplifier Analog output); negative inputs are neglected.

GATE: Type: Input
Function: Temporal window for peak detection (in External Gate mode);
Signal must occur prior to and must extend for at least 0.2-us after the
peak; NIM/TTL (automatically recognised) signal, high impedance. BNC
connector.

BUSY: Type: Output
Function: Provides NIM/TTL (switch selected, see § 2.6.1) standard logic
level signal to indicate a conversion;. Rise Time < 3.5 ns. Fall Time < 3.5 ns.
LEMO connector.

CONV: Type: Input
Function: Accepts NIM/TTL (switch selected, see § 2.6.1) signal; it is an
external conversion inhibit (active high), actually it disables the ongoing
conversions. Input impedance: 50 Ohm; LEMO connector.

PUR: Type: Input
Function: Pile-up rejection input; accepts NIM/TTL (switch selected, see §
2.6.1) signal; signal must occur before the ADC Conversion (see § 2.8.2).
Input impedance: 50 Ohm; LEMO connector (to be connected to Amplifier
INHIBIT Output?).

OUTP: Type: Output
Function: Provides NIM/TTL (switch selected, see § 2.6.1) standard logic
level signal programmable via USB. (OUTP default signal: BUFFER_FULL =
data loss; it can be turned off by resetting the Full status flag, see § 3.3).

LINK: B type USB connector; USB 2.0 compliant

2.5 Front panel displays

BUSY: red LED; light up during the ADC conversion

PUR, OUTP: green LEDs (1 per connector); light up as the relevant signal is active

CONV: green LED; light up if CONVERSION ENABLE bit (see § 3.3) is ON and CONV
input signal is not active.

LINK ON: green LED; lights up as USB port is powered

TX/RX: yellow LED; signals activity on USB port

1 Amplifier INHIBIT Output provides a logic pulse when the internal pile-up rejection logic detects a distortion of the input
signal due to pile-up.
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2.6 Internal hardware components

See Fig. 2.2 for their exact location on the PCB and their settings.

2.6.1 Switches
Swi1

Type: DIP switch.
Function: it allows the selection between NIM and TTL I/O signals
(RIGHT: TTL; LEFT: NIM).

2.6.2 Firmware jumpers

16

Type: Jumper.
Function: it allows to select whether the “Standard” or the “Back
up” firmware must be loaded at power on; (default position: STD).

SW1 switch for
NIM/TTL logic
level selection

I I e
e A1 — Lt
2 w1 [ =0
DAUGHTER BOARD ol o=y = I N

J6 jumper for | ‘ ; :
1=l
firmware N e om " i
selection (= DD [ ] -
s
i @ o EERENERR NN 5
170 |",\ o e |':/‘ ar?
1 O m— ‘ : - L
1 = g - - N j
L SR ] : - =
1= QDD K E - B
i:: _\||||||\|\||
I
T = | Hal L N957 FPGA e
b w USB SECTION - A
% O " e
T 7 « ) s awl_t — ]
- s - L [ s o ernim
1] I: :I I A
e
Fig. 2.2: Mod. N957 PCB board and component location
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2.7 Technical specification table

Table 2.2: Mod. N957 Technical Features

No. of ADC channels 1
TR Unipolar (positive).or t?ipolar, 300 mV + 10 V range,
rise time> 0.1 us
Resolution 13 bit (8192 channels - 8064 valid if sliding scale enabled see 2.8)
ADC Conversion time 0.8 us
Dead Time 4.8 us
LSB 1.22 mV
Signal must occur prior to and must extend for at least 0.2-ps after the
Gate .
peak (in External Gate mode);
Maximum transfer rate 30 Mbyte/s (USB2.0); 75 Kbytes/s (USB1.1)
Differential Non-Linearity < 1% from 5% to 95% of input FSR (500 mV + 9.5 V)
Integral Non-Linearity < 0.065% from 5% to 95% of input FSR (500 mV + 9.5 V)
Gain Instability: <+150 ppm/°C
Compatible with USB 1.1 and USB 2.0
USB port 30Mbyte/s (USB 2.0 Bulk Transaction Protocol)
P 3m maximum cable length (longer distance can be achieved with
commercial off-the-shelf products)
1/0 signals NIM/TTL; selected via internal switch SW1 on PCB (see Fig. 2.2)
Discriminator Threshold Software programmable, 0 mV + 500 mV range, 100 steps
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2.8 Analog to digital conversion

The input stage of the module is basically a linear stretcher which detects the input peak value,
while the gate is active, and keeps such value until the end of conversion.

Conversion can be triggered automatically (Auto Gate mode) or externally (External Gate mode),
depending on Control register setting (see § 3.3). In the first case a discriminator, with a
threshold settable via N957_SetLLD function, enables the conversion, which is active as long as
the input signal is above such threshold. In the second case, an external gate is fed to the
modaule, via front panel Gate In connector.

The output of the peak section is converted by a 13 bit Fast ADC. The ADC section supports the
sliding scale technique to reduce the differential non-linearity consists in adding a known value
to the analog level to be converted, thus spanning different ADC conversion regions with the
same analog value. The known level is then digitally subtracted after the conversion and the final
value is sent to the threshold comparator.

If the sliding scale is enabled, it reduces slightly the dynamic range of the ADC: the 13-bit digital
output is valid from 0 to 8063, while the values from 8064 to 8191 are not correct.
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2.8.1 Analog to digital conversion timing

The signal conversion timing is shown in the following figures (Fig. 2.3, Fig. 2.4, Fig. 2.5 ); the
diagram includes five different logic states:

e Idle

e Track (acquiring data phase)

e  Settling (Settling time before ADC conversion)
e Digitisation (ADC Conversion)

e Clear (fast capacitor discharge in the peak section)

Idle state:
e Auto Gate mode: the input signal after threshold starts the Track (acquiring data) phase

e External Gate mode: the occurrence of a GATE pulse starts the Track (acquiring data)
phase

Track (acquiring data ) state

e Auto Gate mode: in the Track state the PEAK output increases according to the input
signal. When the first peak is detected starts the Settling phase (where the peak value is
held by means of a capacitor)

e External Gate mode: in the Track state the PEAK output increases according to the input
signal until the highest peak within the GATE ON is reached. When the GATE signal
become inactive starts the Settling phase (where the peak value is held by means of a
capacitor)

Settling (Settling time before ADC conversion)

The peak value is held by means of a capacitor until the end of the digital conversion
(digitisation) The Settling state takes about 2 ps (settling time)

Digitisation state

During this phase the output of the PEAK section is converted by a 13 bit Fast ADC (the phase
takes 0.8 @sec )

Clear state

After the digital conversion, the clear phase takes place by a fast capacitor discharge (about 2 ps)
which makes the conversion logic idle again.
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Fig. 2.3: Signal conversion timing Auto Gate mode (No Pileup)
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Fig. 2.4: Signal conversion timing Auto Gate mode (Trailing Edge Pileup)
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INPUT

4—| Peak detection
(absolute peak over threshold)

GATE

PEAK section L

Output

BUSY
Output

Conversion

Logic  igie : track settling X W9 oo idle
State : tion

«—2us—><«0.8us><«—2us—»

Fig. 2.5: Signal conversion timing External Gate mode

2.8.2 Pile Up Rejection

The PUR input signal prevents the ADC to store piled up events. It accepts NIM/TTL (switch
selected, see § 2.6.1) signal. To reject an event, the PUR signal must occur before the conversion
logic state Digitisation (before start of BUSY pulse) and must overlap the BUSY output signal (see
Fig. 2.6).

Threshold

Input

: Peak detection
(first peak over threshold)

Auto-Gate
(Internal)

PEAK
section
Output

Busy
Output

Conversion : : - :
; ; v L \y/digitisa\,
Logic idle >< track settling X tion /'

clear X idle
State :

event

PUR Rejected

Fig. 2.6: PUR timing for event rejection (Auto Gate mode)
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Data readout

Converted peaks are stored into a 64 KSamples buffer memory, available for data readout via
built-in USB2.0 interface (also compatible with USB1.1). Data rate depends, besides the
connected PC capabilities, on the board setting via N957_ReadData function, which allows to
read a data block of programmable size; the larger the block size, the faster the transfer rate.

The average transfer rate of the system can be evaluated in the following way:

Enable software conversion via N957_SetSwConvFlag function

Set the ADC sampling rate via N957_SetADCRate function

Readout data via N957_ReadData function

Acknowledge buffer occupancy via N957_GetBufferOccupancy function

During this procedure, the OUTP LED (in default setting) must not light up to signal that buffer

memory is full.

N957_ReadData function always returns the number of readout data; converted waveforms are
provided in the form of raw data, which have to be processed by the User’s software tools.
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Data Block size (Samples)
read_data parameter of N957_ReadData()

Fig. 2.7: Max Data Rate Vs. Data Block Size setting
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2.10 Scaler and Timers

The board houses one 32 bit scaler and two 32 bit timers (named Timer and Livetime).

2.10.1 Scaler description
Scaler counts the ADC conversion.
The Scaler is controlled by the bit 0 of the Control Register:
- Control Register <0> = 0: Scaler status: stop
- Control Register <0> = 1: Scaler status: count
The Scaler is cleared by the following operation:
- Dummy write access Software Clear register
- Dummy write access Software Reset register
Scaler read operation description:

1. Dummy write access Timer Low register: this operation freeze the value of Scaler L/H
registers

2. Read the Scaler Low register: Scaler<15..0>

3. Read the Scaler High register: Scaler<31..16>

2.10.2 Timers description
Timer and Livetime input clock: 1 KHz
Timer is controlled by the bit 0 of the Control Register:
- Control Register <0> = 0: Timer status: stop
- Control Register <0> = 1: Timer status: count
Livetime is controlled by the bit 0 and 6 of the Control Register:
- Control Register <0> = 0: Livetime status: stop
- Control Register <0> = 1: Livetime status: enabled count
= in Auto Gate mode (see Fig. 2.8):
- Idle and Track status: count (if board is not full)
- Settling, Digitisation and Clear status: stop

= in External Gate mode (see Fig. 2.9):

- Track and Settling status: count (if board is not full)

- Idle, Digitisation and Clear status: stop
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Fig. 2.8: Livetime status (Control Register <0> = 1 and Auto Gate mode)
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Fig. 2.9: Livetime status (Control Register <0> = 1 and External Gate mode)
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Timer and Livetime are cleared by the following operation:
- Dummy write access Software Clear register
- Dummy write access Software Reset register
Timer and Livetime read operation description:

1. Dummy write access Timer Low register: this operation freeze the value of Timer
and Livetime L/H registers

Read the Timer Low register: Timer<15..0>
Read the Timer High register: Timer<31..16>

Read the Livetime Low register: Livetime <15..0>

LA

Read the Livetime High register: Livetime <31..16>

2.11

NPO:

Firmware upgrade

The board can store two firmware versions, called STD and BKP respectively; at Power On, a
microcontroller reads the Flash Memory and programs the module with the firmware version
selected via the J6 jumper (see § 2.6.2), which can be placed either on the STD position, or in the
BKP position.

It is possible to upgrade the board firmware via USB, by writing the Flash: for this purpose,
download the firmware package available on the board web page (login required):

The package includes the new firmware release file:
N957CTL_revXY.rbf

For upgrading the firmware, utilize the upgrade program situated in the folder described in
paragraphin § 4.1.1.5; open a DOS Shell, then launch:

N957Upgrade -Ifilename (filename= upgrade input file).

N.B.: it is strongly suggested to upgrade ONLY one of the stored firmware revisions (generally
the STD one): if both revision are simultaneously updated, and a failure occurs, it will not be
possible to upload the firmware via VME again!
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2.11.1 N957Upgrade command parameters

N957Upgrade can be configured via command line through a set of parameters, described in the
following.

The parameters format is as follows:
-param_id[param_value]
where:
e param_id: a character which identifies the parameter.

. param_value: value of the parameter, if foreseen by the parameter itself.

Notes about the parameters usage:
e |f one parameter is not assigned, default value is assumed.
e The presentation order of the parameter is arbitrary:
e Each not recognised parameter is ignored
e Each parameter must be separated from the others via one or more spaces.
List of available parameters with relevant default value and usage example:
params_list:
o -ifilename | -Ifilename
filename= upgrade input file. If not specified 'N957.rbf' will be assumed.
example: N957Upgrade -i"N957_new.rbf"
N957Upgrade -lupgrade.dat
e -s| -S upgrade standard flash page. Default flash page value is 'standard'.
example: N957Upgrade -s
e -b | -B upgrade backup flash page. Default flash page value is 'standard'.
example: N957Upgrade -b
e -h| -H show the help screen

example: N957Upgrade -h
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3. Software interface

The module can be operated via a set of software accessible registers, whose
reported in the subsequent sections.

description is

3.1 Register map

NPO:

00105/04:N957x.MUTx/09

REGISTER NAME ADDRESS MODE |FUNCTION
STATUS 0x00 R Status register
CONTROL 0x01 R/W Control register
FWREV 0x02 R FPGA firmware revision
FWDWLND 0x03 R/W R/W configuration rom data
FLENA 0x04 R/W Flash enable
PULSER 0x05 R/W SW pulse duration
DAC 0x06 R/W DAC value setting
BLDIM 0x07 R/W Data transfer block size
POTCTRL 0x08 R/W Digital pot control register
CAL_SET 0x09 W Digital pot bit set register
CAL_CLEAR 0x0A W Digital pot bit clear register
SCRATCH 0x0B R/W Scratch
BUFFER OCCUPANCY 0x0C R Buffer occupancy
SCALER_L 0x0D R Scaler (16 LSB)
SCALER_H 0xOE R Scaler (16 MSB)
TIMER_L 0xOF R/W  |Timer (16 LSB)
TIMER_H 0x10 R Timer (16 MSB)
LIVETIME_L 0x11 R Live Timer (16 LSB)
LIVETIME_H 0x12 R Live Timer (16 MSB)
SW CLEAR 0x13 Software Clear
SW RESET 0x134 Software Reset
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3.2  Status register (0x00, r)
Bit | Name Function
3 FLASH BUSY FLAG 0 = Flash ready 1 = Flash busy
2 MEMORY FULL 0 = Data Memory is not full
1 = Data Memory has been filled
(can be reset via SWR_RESET or FLAG CLEAR bit of CONTROL REGISTER)
1 MEMORY EMPTY 0 = Data Memory is not Empty 1 = Data Memory is Empty
0 USB TYPE 0 = Full Speed (USB 1.1) 1 = High Speed (USB 2.0)
3.3 Control register (0x01, r/w)
Bit Name Function Default
Value
15 OUTP LEMO LOGIC sets the OUTP logic level when OUTP MODE is "PROGRAMMABLE LEVEL" 0
LEVEL
13,14 | OUTP LEMO MODE selects the signal to present on OUTP front panel connector 00
CONFIG 00 = MEMORY FULL (active high); default
01 = PEAK DETECT (active high when stretcher detects one peak)
10 = PROGRAMMABLE LEVEL (Logic level set by OUTP LEMO LOGIC LEVEL bit)
11 = PULSE MODE (Programmable width active high pulse when PULSER register is
written)
12 SLIDING SCALE MODE | selects sliding scale type: 0
SELECT 0 = Random mode (default) 1 = RAMP mode
11 DAC TEST MODE 0 = DAC test mode disabled 0
ENABLE 1 = DAC test mode enabled. Sliding scale disabled and and the sliding scale DAC is
set with the DAC register value (see 0) — only for test purpose
10 RESERVED -
9 ACQUISITION MODE 0 = External Gate mode 1 = Auto Gate mode (on discriminator threshold) 1
8 PUR INPUT ENABLE 0 = PUR input sensing disabled 1:= PUR input sensing enabled 1
7 SOFTWARE 0 = Software conversion mode disabled 0
CONVERSION MODE 1 = Software conversion mode enabled (the control FPGA auto generates
ENABLE conversion requests at a fixed periodic rate — only for test purpose)
6 CONVERSION ENABLE | enables ADC data storage into memory buffer for readout 0
0 = ADC data storage disabled 1 = ADC data storage enabled
5 FLAG CLEAR 0= Rearms Memory Full Flag 1= Forces Memory Full Flag Clear (see § 3.2) 0
4 SLIDING SCALE ENABLE | 0 = Sliding Scale disabled 1 = Sliding Scale enabled 1
3.1 ADC SWR RATE Selects ADC Conversion Rate when ADC Software Conversion is enabled 7
0=600S/s 1=70KS/s 2 =140KS/s 3=250KS/s
4 =420KS/s 5=635KS/s 6 =850 KS/s 7=1MS/s
0 Timers/scaler enable 0 = Scaler/Timers disabled 1 = Scaler/Timers enabled 0
FLAG
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3.4 Firmware revision register (0x02, r)
Bit Name Function
15.8 |x FPGA firmware revision (x.y)
7.0 % FPGA firmware revision (x.y)
3.5 Firmware download register (0x03, r/w)
Bit Name Function
15..0 | FLDATA Allows to read/write words from/to the on-board flash memory. Must be accessed
only through software library API calls.
Register default value = 0x0000.
3.6 Flash Enable register (0x04, r/w)
Bit Name Function
0 FLENA Allows to enable the flash access for read/write operation.
Should be accessed only through software library API calls
Register default value = 0.
3.7 Pulser register (0x05, r/w)
Bit Name Function
15..0 | Pulse width | A write access to this register enables a PULSER signal on the board whose
duration is equal to the value written. (1.6 ps * register value)
Register default value = 0x0000.
3.8 DAC register (0x06, r/w)
Bit Name Function
15..0 | DACvalue Sets DAC value when module is in DAC TEST MODE (see § 3.3)
Register default value = 0x0000.
3.9 Block Dimension register (0x07, r/w)
Bit Name Function
15..0 | BLDIM Dimension of the next data block to read; write to BLDIM the number of samples
that the User want to convert/read (through the USB port)
Register default value = 0x0020. (64 byte packet)
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3.10 Potentiometer Control register (0x08, r/w)

Bit Name Function

On board digital trimmer control register. Must be accessed only through software

7.0 POTCTRL library API calls.

Register default value = 0x03.

3.11 Calibration Set register (0x09, w)

Bit Name Function

bit X : if 1, sets corresponding bit in Potentiometer Control register. Must be
15..0 CAL SET .

accessed only through software library API calls.

3.12 Calibration Clear register (0x0A, w)

Bit Name Function

bit X : if 1, clears corresponding bit in Potentiometer Control register. Must be

. AL CLEAR .
15.0 | CALC accessed only through software library API calls.

3.13 Scratch register (0x0B, r/w)

Bit Name Function

15..0 | Scratch Scratch register for test read/write accesses

Register default value = OXAAAA..

3.14 Buffer Occupancy register (0x0C, r/w)

Bit Name Function

15..0 | BUF_OCC Occupancy level of the samples buffer (0-65535)

3.15 Scaler Low register (0x0D, r)

Bit Name Function

Counter (bits 15..0) of performed conversions; enabled via Timers/scaler enable

15..0 | SCALER_L FLAG (see § 3.3)

3.16 Scaler High register (OxOE, r)

Bit Name Function

Counter (bits 31..16) of performed conversions; enabled via Timers/scaler enable

15.0 | SCALER_H FLAG (see § 3.3)
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3.17 Timer Low register (OxOF, r/w)

Bit Name Function
Acquisition Real Time(bits 15..0); LSB=1ms. Enabled via Timers/scaler enable FLAG
15..0 | TIMER_L (see § 3.3). A write access to this register allows to freeze the values of Scaler L/H,
Timer and Livetime L/H registers.

3.18 Timer High register (0x10, r)

Bit Name Function

Acquisition Real Time (bits 31..16); LSB=1ms; enabled via Timers/scaler enable

15.0 | TIMER _H FLAG (see § 3.3).

3.19 Livetime Low register (Ox11, r)

Bit Name Function

Acquisition Live Time (bits 15..0) ; LSB=1ms; enabled via Timers/scaler enable

FLAG (see § 3.3).
Auto Gate mode: counts only if board is not full and Conversion logic state is Idle

or Track.
External Gate mode: counts only if board is not full and Conversion logic state is

Track or Settling.

15..0 | LIVETIME _L

3.20 Livetime High register (0x12, r)

Bit Name Function

Acquisition Live Time (bits 31..16) ; LSB=1ms; enabled via Timers/scaler enable

FLAG (see § 3.3).
Auto Gate mode: counts only if board is not full and Conversion logic state is Idle

or Track.
External Gate mode: counts only if board is not full and Conversion logic state is

Track or Settling.

15.0 | LIVETIME _H

3.21 Software Clear register (0x13, w)

Bit Name Function

Any value written to this register generates a software clear which erases the

15.0 | SWCLEAR buffer, timers and scalers

3.22 Software Reset register (0x14, w)

Bit Name Function
Any value written to this register generates a software reset which erases the
15..0 | SW RESET buffer, timers and scalers; moreover it resets the FLAG CLEAR and reset Control
FPGA state, see § 3.3
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4. Software Tools

NPO:

This section describes the CAEN Software package available on the board web page (login
required before to download):

The software package is provided for Windows and Linux (32 and 64-bit) and mainly includes:
e Alibrary for board configuration and raw data acquisition.
e A demo program to demonstrate the usage of the library.
e A program for firmware update.

The package for Windows contains also a set of LabView8.2 Vis (in the “LabView” folder) to allow
for the module’s control.

WARNING

For Windows Users and software tool releases < 2.03 (only 32-bit compliant):

Device driver for N957 board is automatically installed by the setup procedure.

The host PC should automatically load N957 drivers when connecting USB cable to a powered
board. Anyway, if driver files (n957.inf, n957.sys) are requested during installation, they can be
found into the following directories:

n957.inf :C:\Windows\inf

n957.sys: C:\Windows\Systems32\drivers

For Windows Users and software tool releases > 2.03:
Device driver for N957 board are separately provided and available on the website.

For Linux Users and software tool releases > 2.03:
Device driver for N957 board are separately provided and available on the website (rel. 1.4 or
higher).

In case of any driver installation issue, please contact CAEN Support (§ 6).
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4.1 Software installation: Getting started

The following paragraphs will help through the module installation.

4.1.1 Software installation: Windows

1. Download the software package compliant to your operative system in the
Firmware/Software table at the N957 web page.

2. Unzip the package on your computer; this will create a folder called “N957Tool” and
several subfolders with files.

As installation is completed, the structure of the created folders will be as follows:

« N957Tool
B Deme
2 src
include
4 Doc
2 N957Lib
html
2 LabView
e 8.2
4 Demo
N957Demo
g Lib
N957Lib

Fig. 4.1: Installation folder structure

4.1.1.1 Software installation: Demo folder

This folder provides demo application of the library: N957Demo

e src: provides the sources of the N957Demo application; it provides the compiled library
file (.lib) of N957Tool library and the Visual C++ project file (.vcproj) of N957Demo.

e include: provides all the functions necessary to the operation and recompiling of the
N957Demo application

4.1.1.2 Software installation: Doc folder

The Doc folder provides miscellaneous documentation on the N957Tool library

4.1.1.3 Software installation: LabView folder

The LabView folder contains a set of LabView8.2 VIs for the module’s control

4.1.1.4 Software installation: Lib Folder
The Lib Folder contains the library N957lib.lib.
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4.1.1.5 Software installation: Upgrade folder

This folder provides a console application for the firmware upgrade of the N957 module.

The structure of the applications menu appears as follows:

Demo
Dec
, LabView

Lib

Upgrade
|| N957ToolReadme.txt
|| N957ToolReleaseNotes.txt
|= | unins000.dat
fy—' unins000.exe

Fig. 4.2: Program menu demo

It is possible to read the release notes, the readme file, the documentation on the N957Tool

library and the N957Demo application.
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4.1.2 Driver installation (Windows)

NOTE: It is recommended to install the driver before to connect the hardware.

o v kW

7.

Download the USB driver compliant to your operating system in the Firmware/Software
table at the N957 web page.

Unzip the package on your computer; the “N957Drv-X.Y.Z-x86_KK” will be generated
(X.Y.Z is the driver release, while KK is 32 or 64).

Connect the USB cable’s A-type connector to an available USB port on your PC.
Connect the USB cable’s B-type connector to the USB port on your N957
Turn ON the NIM crate.

Windows will try to find drivers giving back a failure message; use the Window
procedure to manually install the drivers and point to the driver folder on your
computer. When the driver is properly installed, you will see it in the USB devices list of
the Device Manager.

4§ Controller USE (Universal Serial Bus)
£ -ﬁ CAEN N957 USB-NIM Driver

Fig. 4.3: USB driver installed.

Now the N957 is ready for operation.

Once installed, the USB driver is reloaded every time the USB cable connects the N957 board to

the computer.
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5. Library and Demo Software overview

5.1 N957Tool library

5.1.1N957Tool library: Overview

N957Tool library is a C-language implemented software tool, which allows the Users to develop
applications for operating the N957 board.

END USER APPLICATION

Fig. 5.1: Software layers

The library includes a set of functions grouped by purpose and hardware level
e Board handling APIs: allow the management of the board handler.

e  Miscellaneous APIs: include miscellaneous functions (error decoding, library version
etc.).

e level 0 APIs: include lower level functions; allow to access directly the board registers,
directly via their physical address.

e level 1 APIs: include middle level functions; allow to access specified board functions,
regardless the User’s knowledge of the used registers addresses. Furthermore they
provide memory flash read/write capabilities.

e level 2 APIs: include higher level functions; allow to execute macro functions, such as
data acquisition management, firmware upgrade, etc.

A set of files includes (N957Lib.h, N9570slib.h, N957types.h) all the APIs prototypes, declarations
depending on the operating system, and data type required in order to develop applications
based on the library.
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5.1.2N957Tool library: typical usage

The typical APIs usage is as follows:
e Obtain a valid board handle (N957_Init).

e Use the library APIs: NO957_####_... all the APIs will use as input parameter, the board
handle obtained in the previous step

e Release the board handle (N957_End).
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5.2 Demo software

Demo software are N957Tool based applications developed for demonstrative purposes.

5.2.1 Demo software: N957Demo

5.2.11 N957Demo: overview
N957Demo is a command line application which shows the N957 operation using the APIs
displayed by N957Lib.
Demo configures the board according to the parameters provided by the configuration files and
executes readout cycles from the board itself. The result of readout (acquired measures) may be
issued (if enabled by configuration files) on file in text format and hexadecimal representation.
The acquired values are displayed in the form of histogram by applying external GnuPlot (rev >
4.2).
Results of executed operations are displayed on video (with either ok or specific error message).
A special setting allows the board to produce samples for test and debug purposes.

5.2.1.2 N957Demo: settings
N957Demo can be configured via command line through a set of parameters here described.
The parameters format is as follows:

-param_id[param_value]
where:
e param_id: a character which identifies the parameter.
e param_value: value of the parameter, if foreseen by the parameter itself.
Notes about the parameters usage:
e |f one parameter is not assigned, default value is assumed.
e The presentation order of the parameter is arbitrary:
e Each not recognized parameter is ignored
e Each parameter must be separated from the others via one or more spaces.
e The case of the parameters (id and value) is ignored.

e Do not type spaces between the parameter id and its value (example: -s100 OK,
-s 100 WRONG)

e [f the parameter value includes spaces (example: file names), these must be
written between quotation marks without spaces after the parameter id
(example: f" my config.conf")

e  When the application is launched with parameter -h, it is displayed in the list of
the available parameters.

List of available parameters with relevant default value and usage example:

f' my config.conf")-ffilename: output filename. If not specified 'N957Demo.conf' will be
assumed.

Example:

. N957Demo -f"N957Demo.conf "
. N957Demo -FN957Demo.conf

-h: shows the help screen.
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Example: N957Demo -h

N957Demo: configuration file format

The N957Demo configuration file allows setting the significant parameters. The file format is text
type, structured in separate lines. For each line, initial spacing characters (spaces, tabs, etc.) are
ignored.
param_id [param_value]
If the first character line is #, the line is considered Commentary and all content is ignored.
The valid lines (not comment) are structured as follows. where:

= param_id: a keyword that specifies the parameter.

= param_value: the value of the parameter, if provided by the same parameter.
param_id and param_value must be separated by at least a tab
Below is reported an example of configuration files, from which it is possible to obtain a list of
defined parameters, their meaning and default value:

#****************************************************************

# N957Demo Configuration File

#****************************************************************

# Lines starting with # (first column) are comments

#
# The board number
BOARD_NUM 0

#
# path to the executable file of gnuplot
GNUPLOT_PATH "

#
# Save readout data into the Output File (O=don't save)
LOG_TO_FILE 0

#
# Readout data Output Filename ( meaningful only for LOG_TO_FILE!= 0)
LOG_FILENAME "data.log"

#
# Maximum number of samples to acquire (-1 means no limit)
MAX_NUM_SAMPLES -1

#
# Data Block dimension [1..65536]
DATA_BLOCK_DIM 32768

#

# Debug mode (0= debug disabled)
DEBUG 0

#

# Acquisition mode: (0= Ext Gate 1= Auto)
ACQ_MODE 1

#

Filename: Number of pages:  Page:

00105/04:N957x.MUTx/09 UM3173-N957_USERMANUAL_REV9.DOC 42 37



CAEN @

I5 for Discave

Document type: Title: Revision date: Revision:
User's Manual (MUT) Mod. N957 8k Multi-Channel Analyzer 05/24/2024 9

# Gnu plot refresh rate (msec)

GNU_PLOT_REFRESH 500
#

# Gnu plot X scale factor
GNU_PLOT_X_SCALE 0.3

# Acquisition duration expressed in seconds, 0 => manual stop.
ACQUISITION_DURATION 0

5.2.1.4 N957Demo: output data format

This is a text format output file; on each row it provides data readout from the board in
hexadecimal format. The file is generated only if the parameter configuration file LOG_TO_FILE is
set to 1: the output filename is specified by the configuration file parameter LOG_FILENAME.

Example:
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5.2.1.5 N957Demo: practical example
In the Demo folder, the N957Demo.exe file is a simple practical example of controlling the N957

board. Here follows a step-by-step procedure (Windows) to use it for acquiring, plotting and
saving data from an hardware set-up consisting in:

Nal detector + PMT + N914 + N968 + N957
where:

N914 is CAEN Analog Pulse Processor.
N968 is CAEN Spectroscopy Amplifier.

1. Customize the N957Demo.conf file: e.g. enable data saving (LOG_TO_FILE 1); set the
output filename (LOG_FILENAME '"output.log"); set the acquisition mode by
(ACQUISITION DURATION = 0 for manual, ACQUISITION_DURATION # 0 for automatic
time-driven stop).

2. Save the configuration file settings.

3. Double click on the N957Demo.exe file:
r I 3
i C:\Program Files\CAEN\N957Tool\Demo\N957Demo.exe [E=EE

m|»

N257 DEMO

Reading Configuration File N957Demo.conf

N957 FU Rev. 00.08

Hit ’s’ to start acquisition mode . any other to quit ...

Fig. 5.2: N957Demo prompt

4. Type ‘s’ on your keyboard to start the acquisition:
.
# ' C:\Program Files\CAEN\N957Tool\Demo\N957Demo.exe ‘ﬂ]i-j

m| oy

N9%57? DEMO

[Reading Configuration File N957Demo.conf
N957 FUY Rev. 00.08

Hit ’s’ to start acquisition mode . any other to quit

ADC Conversions Numbher : @
Time <{ms> : @

Live Time <(ms> : @

N?57 Start Acquisition mode 1 : Ok
Acquisition »unning ...

»’ to reset histogram, any other to quit ...
Hit ’p’ to pause/r me,. any other to quit ...
Any other to quit ..._

Fig. 5.3: N975Demo in acquisition mode
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Together with the acquisition, also the histogram plotting starts:

-
lied gnuplot graph oS e S

N957 HISTOGRAM

5000 T T
‘histo.dat’

4500 1
4000 i
3500 1

3000 1

2500 1

Counts

2000 1

1500 J

1000 J

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

8989.94, 1137.43 Bin

Fig. 5.4: Histogram plot of ®°Co source in progress

Type ‘r’ key to reset the histogram and the ‘p’ key to pause/resume the acquisition.

5. Type ‘s’ key to stop the acquisition session (if you have set the manual acquisition
mode):

# * C:\Program Files\CAEN\N957Too\Demo\N957Demo.exe ﬂlﬁ

Reading Configuration File N957Demo.conf
N957 FU Rev. 008.08
Hit ’s’ to start acquisi n mode , any other to quit

ADC Conversions Number : @
? s
E ]

: 0Ok
Acquisition running ...

Hit ’»’ to reset histogram,. any other to quit ...
Hit ’p’ to pause/resume, any other to quit ...
Any other to quit ...
ADC Conversions Number : 2522
Time (ms> : 1488382

i Time <{ms> : 1487918

Hit any key to exit..._
S

Fig. 5.5: Acquisition report

The acquisition report is displayed, with the number of the input signal samples (ADC
Conversions Number) and the contents of the two board’s 32-bit timers (Timer and Live
Time).
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6. Type any key to quit the program.
Raw data (i.e. the samples of the digitized input signal) are saved into the output.log file,
according to the configuration file. The histogram data are saved into the hist.dat file.
Note that, in the src folder, the sources of the N957Demo application are provided as reference
to those users who want to develop their own control software basing on this demo.
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6. 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/qgetting-started-with-mycaen-portal/

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

® CAEN

Tools for Discovery

SAFETY, STORAGE AND SETUP INFORMATION
PRODUCT SUPPORT SERVICE AND REPAIR

INFORMAZIONI SU SICUREZZA STOCCAGGIO E INSTALLAZIONE
ASSISTENZA E RIPARAZIONE DEL PRODOTTO

C€ch

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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