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DIGITAL PULSE PROCESSING BASICS



DIGITAL SIGNAL PROCESSING FOR NUCLEAR PHYSICS
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ANALOG SPECTROMETERS

uC

TRIGGER
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TRANSITION TO DIGITAL

Performed in software/firmware
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DIGITAL SIGNAL PROCESSING: THE ADC

Digitize the analog signal
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SIGNAL PROCESSING

A
D

C FPGA
 = 

PROCESSING
USB2

READOUT

FRONT-END
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BLOCK DIAGRAM FOR DIGITAL SPECTROMETERS
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DIGITAL SIGNAL PROCESSING
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METHODS FOR FPGA PROGRAMMING



Field Programmable Gate Array

DIGITAL COMPONENTS FOR SIGNAL PROCESSING: FPGA
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DIGITAL COMPONENTS FOR SIGNAL PROCESSING: FPGA

Programming FPGA

VHDL and Verilog

•  The two leading hardware description languages are Verilog  and VHDL.

•  Verilog and VHDL are built on similar principles but have different syntax.

• VHDL is an acronym for the VHSIC Hardware Description Language. 

VHSIC is in turn an acronym for the Very High Speed Integrated Circuits program of the US 
Department of Defense.

• They are not programming language. They describe the hardware structure to be implemented in the 
FPGA. They are a way to describe a circuit using a textual description
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DIGITAL COMPONENTS FOR SIGNAL PROCESSING: FPGA

Programming FPGA

Syntesis
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OPEN FPGA DIGITIZERS + SCI-COMPILER FIRMWARE GENERATOR

OpenFPGA Digitizers
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EXAMPLE: 4-COINCIDENCE EVENT COUNTER WITH VETO

DETECTOR

DETECTOR

DETECTOR

DETECTOR

VETO
GATE / 
DELAY

COUNTER

Coincidence
Out
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LET’S DO WITH NIM MODULES…

www.scicompiler.cloud

DETECTOR

DETECTOR

DETECTOR

DETECTOR

VETO

LE discriminator Gate&Delaycoinc Counter
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LET’S DO THE SAME IN SCI-COMPILER

www.scicompiler.cloud

Cable delay compensation
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ESS - LOKI SANS READOUT – 2300 CHANNELS

www.scicompiler.cloud

Davide Raspino - ISIS

Real time processing from 2300 channels to readout straw 
tubes for LOKI experiment @ ESS.
ESS BIFROST, MIRACLES and VESPA are using R5560 and 
SciCompiler for readout
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SUB-NS TIME OF FLIGHT MEASURAMENT WITH DCFD 

www.scicompiler.cloud

Auke Colijn - Nikhef

Sub-ns time of flight of correlated gamma measurement 
using DT5550, PMTs and a custom firmware developed 
using SciCompiler 
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POSITION SENSE HE3 TUBE

Real time calculation of neutron interaction 
point using He3 tubes. 32 channels realtime 
center of mass and energy spectrum 
calculation.

picture from IRSN
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IFOX SENSOR – ITALIAN FAST OXYGEN SENSOR

www.scicompiler.cloud

Marchio registrato numero
302022000044975

gabriele.croci@unimib.it or 
marco.tardocchi@istp.cnr.it

Set up of the preclinical study by using the iFOX 
sensor (A), the Mechanical Ventilator Milano 
(MVM) (B) and the lung simulator ASL 5000 (C).
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HANDS-ON



EXPERIMENTAL SETUP

SP5650 – Open FPGA kit

DT4800
Digital Detector Emulator

DT1260
65 Ms/s, 12bit 
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SIGNAL PROCESSING

A
D

C FPGA
 = 

PROCESSING
USB2

READOUT

FRONT-END
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HANDS-ON EXERCISE N° 1



LED

EX 1-BLINKING LED

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloud

LEDON/OFF driver
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HANDS-ON EXERCISE N° 2



Analog in 
signal

LED

EX 2-DISCRIMINATOR WITH PROGRAMMABLE THRESHOLD

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloud

LED

Threshold

D
ISC

R

Analog in

LEMO 
OUT

USB
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USB / ETH
LOCAL

BUS
BRIDGE 

LOCAL BUS

THRESHOLD

EX 2-DISCRIMINATOR WITH PROGRAMMABLE THRESHOLD
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HANDS-ON EXERCISE N° 3



TWO-CH. COINCIDENCE WITHIN A PROGRAMMABLE WINDOW

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloud

1. Write down a conceptual schematic on paper

2. Translate the conceptual design in a Sci-Compiler block diagram

3. Check results are as expected with external or internal tools

HINTS

 Two analog signals as input

 Coincidence means logic AND of two digital signals

 In physics, two signals are coincident when both falls within a certain window (even if they are not 
superimposed)

 You can delay/elongate signals to impose a coincidence window
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STEP 1

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloud

Threshold

D
ISC

R

Analog in 1

Threshold

D
ISC

R

Analog in 2

G
&

D
G

&
D

AND

Coinc window = 30 ns
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STEP 2

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloud

HINTS

 Replicate the conceptual scheme

 Think about the previous example (90% of the work is done!)

 Remember to place tools for monitoring the results
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PRELIMINARY STEP 3

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloud

SIMULATION

Signal delay = 500-100=6.4 us

w=500=8 us  coincidence window > signal delay  coinc out = 1
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STEP 3

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloud

HINTS

 Set the right parameters to impose a coincidence window of your choice (for example w=500=8 us)

 Verify if two signals with deltaT<8 us generate a coincidence signal
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HANDS-ON EXERCISE N° 4



EVENT COUNTING

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloud

Threshold

L
E

 
T

R
IG

G
E

R

Analog in 1

COUNTER

FREQ METER
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HANDS-ON EXERCISE N° 5



DIGITAL SIGNAL PROCESSING
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P
R

E

A
D

C TRIGGER BASELINE
CHARGE

INT
SPECTRUM

READOUT
SOFTWARE

CHARGE INTEGRATION
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THANK YOU!
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FPGA vs Microcontroller

Parallel vs Sequential

DIGITAL COMPONENTS FOR SIGNAL PROCESSING: FPGA
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DIGITAL COMPONENTS FOR SIGNAL PROCESSING: FPGA

Memory Resources Few Mb but very very fast

Large external DDR3/4 RAM
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MODULAR ELECTRONICS READOUT SYSTEMS

• Analog and digital modules in NIM/VME

• Each module performs a specific operation

• Configuration = knobs and cables

• Poor flexibility

• Hard to debug and maintain
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MODULAR ELECTRONICS READOUT SYSTEMS

CHARGE INTEGRATION
PULSE HEIGHT ANALYSYS

INTERCONNECTIONSSUB-NS
TIME MEASURAMENT

CUSTOM TRIGGER 
AND COINCIDENCE LOGIC

WAVEFORM ACQUISITION

LOGIC ANALYZER

STANDARD NIM
LOGIC

GATE AND DELAY
SCALER

REMOTE CONTROL
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REPLACE MODULAR ELECTRONICS WITH FPGA

ADC

ADC

ADC

CUSTOM 
FIRMWARE

FPGA Ethernet / USB

ANALOG
INPUT

DIGITAL INPUT

DIGITAL
OUTPUT

JOINT EUROPEAN MASTER IN NUCLEAR PHYSICS 2024



DEVELOPING IN VHDL/VERILOG IS HARD AND TIME CONSUMING

VHDL or Verilog programming skills

VHDL/Verilog is difficult

Deep knowledge of HW architecture

Few instructions
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Block 
diagram

Define the functionalities of the 
firmware

Function 
blocks

Build the diagram relying on a wide 
library of blocks for physics and 

nuclear engineering

Firmware
Automatic generation of 
VHDL and bitstream. No 

coding expertise required

Testing Easy-to-use embedded tools 
for debugging

www.scicompiler.cloud

WHAT IS SCI-COMPILER
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SCI-COMPILER: IP INTEGRATOR SOFTWARE

USER DESIGN

IP – Virtual Instruments

BUILDER ENGINE

JOINT EUROPEAN MASTER IN NUCLEAR PHYSICS 2024



WHAT IS AN IP

IN 1

IN 2

OUT

SYMBOL

COMPONENT

GUIDE IMPLEMENTATION

PROPERTY WINDOW
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Energy

Readout Shape

Logic

Time Memory
100+ blocks

IP LIBRARY
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Focus on functional 
specifications only

Block Diagram

Simulate, compile and test 
the firmware in the same 
environment

All-in-one

High-level C++/Python SDK 
compatible with custom 
firmware

Software

Needs deep knowledge of 
target hardware

Hard-coding

Different tools for 
simulation, compilation and 

testing

External tools

HDL to C++ mapping
Testbench

REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY 
FORM WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 55

COMPARISON WITH VHDL
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Compilation

Resource Explorer

Simulation

Sci-SDK

Start from a block diagram to 
generate a custom firmware

Embedded simulation tool 
based on GTKWave

Adaptive SDK for any custom 
firmware and target hardware

Embedded software for initial 
debug and testing

56REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY FORM 
WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED.
REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY 
FORM WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 56

MAIN FEATURES

JOINT EUROPEAN MASTER IN NUCLEAR PHYSICS 2024



57

Final firmwareFunctional specs

03

02

04

01

Upload on target board and test with 
Resource Explorer or Sci-SDK

Compilation and firmware generation

Modifications to block diagram

Simulation and preliminary test 
with GTKwave

57REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY FORM 
WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 57REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY FORM 
WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED.
REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY 
FORM WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 57

DESIGN FLOW
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5858REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY FORM 
WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 58REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY FORM 
WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED.
REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY 
FORM WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 58

DATA READOUT
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5959REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY FORM 
WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 59REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY FORM 
WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED.
REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY 
FORM WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 59

DATA READOUT – RESOURCE EXPLORER AND SCISDK
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• Save your time  Compile can require hours, simulation few seconds

• Simpler debug  You can inspect any net and signal

• Better test coverage  You can insert critical probes and input stimulus to check how firmware 
perform  

Reproduction, transfer, distribution of part or all of the contents in this document in any form without prior written 
permission of  CAEN S.p.A. is prohibited. 606060REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY FORM 
WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 60REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY FORM 
WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED.
REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY 
FORM WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 60

INTEGRATED SIMULATION
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Generate analog signal to replace ADC data stream Write script to simulate 
Register RW

Reproduction, transfer, distribution of part or all of the contents in this document in any form without prior written 
permission of  CAEN S.p.A. is prohibited. 61Reproduction, transfer, distribution of part or all of the contents in this document in any form without prior written 
permission of  CAEN S.p.A. is prohibited. 616161REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY FORM 
WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 61REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY FORM 
WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED.
REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY 
FORM WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 61

INTEGRATED SIMULATION – STIMULUS AND REGISTERS
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62Reproduction, transfer, distribution of part or all of the contents in this document in any form without prior written 
permission of  CAEN S.p.A. is prohibited. 626262REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY FORM 
WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 62REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY FORM 
WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED.
REPRODUCTION, TRANSFER, DISTRIBUTION OF PART OR ALL OF THE CONTENTS IN THIS DOCUMENT IN ANY 
FORM WITHOUT PRIOR WRITTEN PERMISSION OF  CAEN S.P.A. IS PROHIBITED. 62

INTEGRATED SIMULATION - GTKWAVE

JOINT EUROPEAN MASTER IN NUCLEAR PHYSICS 2024



www.scicompiler.cloud

COMPATIBLE HARDWARE

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloud

DT5550 DT5560SE

x495

DT5550W

…more to come
R5560

Digitizers 2.0 Open 
FPGA 

platforms

LAB TOOLS

LOGIC UNITS

SIPM READOUT

FOR MEDIUM/LARGE
EXPERIMENTS
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REMOTE SERVICE BASED ON MYCAEN CLOUD

www.scicompiler.cloud

Design entry with SciCompiler Upload project on the cloud Remote Compile on MyCaen

www.scicompiler.cloudwww.scicompiler.cloudJOINT EUROPEAN MASTER IN NUCLEAR PHYSICS 2024



REMOTE SERVICE BASED ON MYCAEN CLOUD

Download the firmware compiled Install the firmware on the device

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudJOINT EUROPEAN MASTER IN NUCLEAR PHYSICS 2024



HANDS-ON



INTERNATIONAL 
SUMMER 
SCHOOL 2024

A new five-day international summer school, featuring an advanced 
program of courses, will be offered at the CAEN S.p.A Headquarters 
from July 22nd to 26th, 2024.

Students from different Universities and the presence of the Erasmus 
Mundus Master students are the ingredients of this exiting event!

Beginning with the fundamentals of physics, the courses will cover a 
range of applications of radiation detectors and nuclear 
measurements across diverse fields.

Emphasis will be placed on hands-on laboratory sessions utilizing 
cutting-edge nuclear instrumentation equipment.
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DIGITAL SIGNAL PROCESSING: DIGITAL SHAPER

Equivalent of the 
Analog CR-RC shaper

Equivalent of the 
analog trigger

Equivalent of the 
peak holder/sampler
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DIGITALIZATION OF THE SIGNAL
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DIGITALIZATION OF THE SIGNAL
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DIGITALIZATION OF THE SIGNAL
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DIGITAL COMPONENTS FOR SIGNAL PROCESSING: FPGA

DSP / Embedded multiplier
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DIGITAL COMPONENTS FOR SIGNAL PROCESSING: FPGA

FPGA configurable PIN Ultrascale + I/O
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DIGITAL COMPONENTS FOR SIGNAL PROCESSING: FPGA

LUT based logic implementation

Xilinx Spartan CLB
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DIGITAL COMPONENTS FOR SIGNAL PROCESSING: FPGA

LUT structure

Xilinx Virtex-5 slice
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DIGITAL COMPONENTS FOR SIGNAL PROCESSING: FPGA

System on chip (SoC): Zynq
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WHAT SCI-COMPILER DOES INSIDE

www.scicompiler.cloud

ADC 0

ADC 1

OUT

GREATER

SELECT

COMPARATOR.vhd

MUX.vhd

SCICOMPILER IP REPO

max_selector.tcl

COMPARATOR.vhd

MUX.vhd

top_max_selector.vhd

MAX_SELECTOR

SCICOMPILER BUILDER

www.scicompiler.cloudINTERNATIONAL SUMMER SCHOOL 2024



WHAT SCI-COMPILER DOES INSIDE

www.scicompiler.cloud

max_selector.tcl

COMPARATOR.vhd

MUX.vhd

top_max_selector.vhd

MAX_SELECTOR

DOWNLOAD TO FPGA

www.scicompiler.cloudINTERNATIONAL SUMMER SCHOOL 2024



License Model

www.scicompiler.cloud

Stand Alone License:
• Works offline
• Perpetual software license
• Update and support for 12 months included, 

renewable
• Dongle key included: one dongle = one seat

CAEN License Server

andrea.abba@cern.ch

joseph.criss@cern.ch

jasmin.white@cern.ch

IN 
DEVELOPME

NT

Enterprise/Site License:
• Pool of  license for the organization (minimum 10 licenses)
• Perpetual software license
• Update and support for 12 months included, renewable
• Online checkout of  the license (admin web interface):

• Single License can be static assigned to one user
• Dynamic assignment of  the license (FCFS)



www.scicompiler.cloud

SCISDK

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudINTERNATIONAL SUMMER SCHOOL 2024



SciSDK_DLL.dll
|---> SCIDK_Lib.dll (optional, library required for DT1260/SCIDK)
|---> CAEN_FELib.dll (optional, library required for V/DT274X/FELib)
|---> CAEN_Dig2Lib.dl (optional, library required for V/DT274X/FELib)
|---> R5560_SDKLib.dll (optional, library required for R5560/R5560SE/DT5560)
|---> NiUSB30.dll (optional, library required for DT5550/DT5550W)
|---> libzmq-v140-mt-4_3_4.dll (optional, service library required for R5560/R5560SE/DT5560)
|---> libsodium.dll (optional, service library required for R5560/R5560SE/DT5560)

https://github.com/NuclearInstruments/SCISDK

SCISDK

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudINTERNATIONAL SUMMER SCHOOL 2024



from scisdk.scisdk import SciSDK

# initialize scisdk library
sdk = SciSDK()

#DT1260
res = sdk.AddNewDevice("usb:10500","dt1260", "./library/RegisterFile.json","board0")

if res != 0:
print ("Script exit due to connetion error")
exit()

pip install scisdk

SCISDK IN PYTHON

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudINTERNATIONAL SUMMER SCHOOL 2024



Install SciSDK from executable or compile linux version with automake

#include <SciSDK_DLL.h>
#include <NIErrorCode.h>

void* _sdk = SCISDK_InitLib();
char* res;
int ret = 0;

ret = SCISDK_AddNewDevice("usb:10500", "dt1260", "ListDT1260.json", "board0", _sdk);
if (ret == NI_OK) {

cout << "Connected to the device." << endl;
}
else {

SCISDK_s_error(ret, &res, _sdk);
cout << res << endl;
exit(-1);

}

SCISDK IN C

www.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudwww.scicompiler.cloudINTERNATIONAL SUMMER SCHOOL 2024



regA=100
regB=151
regC = 0
sdk.SetRegister("board0:/Registers/A", regA)
sdk.SetRegister("board0:/Registers/B", regB)
err, regC = sdk.GetRegister("board0:/Registers/C")
print("Register C = (A+B) value is ", regC)

SCISDK IN PYTHON: SET/GET REGISTERS
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# set oscilloscope parameters on the board
res = sdk.SetParameterString("board0:/MMCComponents/Oscilloscope_0.data_processing","decode")
res = sdk.SetParameterInteger("board0:/MMCComponents/Oscilloscope_0.trigger_level",1500)
res = sdk.SetParameterString("board0:/MMCComponents/Oscilloscope_0.trigger_mode","self")
res = sdk.SetParameterInteger("board0:/MMCComponents/Oscilloscope_0.trigger_channel", 0)
res = sdk.SetParameterInteger("board0:/MMCComponents/Oscilloscope_0.pretrigger", 150)
res = sdk.SetParameterInteger("board0:/MMCComponents/Oscilloscope_0.decimator", 0)
res = sdk.SetParameterString("board0:/MMCComponents/Oscilloscope_0.acq_mode", "blocking")

# allocate buffer (sciSDK detects automatically buffer type)
res, buf = sdk.AllocateBuffer("board0:/MMCComponents/Oscilloscope_0")
if res == 0:

res = sdk.ExecuteCommand("board0:/MMCComponents/Oscilloscope_0.reset_read_valid_flag", "")
# read data
res, buf = sdk.ReadData("board0:/MMCComponents/Oscilloscope_0", buf)

SCISDK IN PYTHON: READ OSCILLOSCOPE
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if res == 0:
# store analog data inside a file
analog_str = ""
for i in range(0,buf.info.samples_analog):

analog_str = analog_str + str(buf.analog[i]) + "\n"

# store digital data inside a file
digital_str = ""
# read digital data from channel 1
for i in range(0,buf.info.samples_digital):

digital_str = digital_str + str(buf.digital[i]) + "\n«

digital_str = ""
# read digital data from channel 2
for i in range(buf.info.samples_digital,buf.info.samples_digital*2):

digital_str = digital_str + str(buf.digital[i]) + "\n"
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SCISDK IN PYTHON: FREE MEMORY AND CLOSE CONNECTION

res = sdk.FreeBuffer("board0:/MMCComponents/Oscilloscope_0", buf)
sdk.DetachDevice("board0")
res = sdk.FreeLib()
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# set board parameters
sdk.SetParameterString("board0:/MMCComponents/Spectrum_0.rebin", "0")
sdk.SetParameterString("board0:/MMCComponents/Spectrum_0.limitmode", "freerun")
sdk.SetParameterString("board0:/MMCComponents/Spectrum_0.limit", "100")

# execute command reset
sdk.ExecuteCommand("board0:/MMCComponents/Spectrum_0.reset", "")

# execute command start
sdk.ExecuteCommand("board0:/MMCComponents/Spectrum_0.start", "")

# allocate buffer
res, buf = sdk.AllocateBuffer("board0:/MMCComponents/Spectrum_0")
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SCISDK IN PYTHON: PLOT SPECTRUM



def updateGraph(i, buffer): # function that provides to plot new data on graph
res, buffer = sdk.ReadData("board0:/MMCComponents/Spectrum_0", buffer)# read data from 

board
if res == 0:

xar = []
yar = []
for index in range(buffer.info.valid_bins):

xar.append(index)
yar.append(buffer.data[index])

ax1.clear()
ax1.plot(xar,yar)

# update graph every 50ms
ani = animation.FuncAnimation(fig, updateGraph, fargs=[buf,],interval=100)
# updateGraph(None, buf, decimator)
plt.show()

SCISDK IN PYTHON: PLOT SPECTRUM
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res = sdk.SetParameterString("board0:/MMCComponents/List_0.thread", "false")
res = sdk.SetParameterInteger("board0:/MMCComponents/List_0.timeout", 500)
res = sdk.SetParameterString("board0:/MMCComponents/List_0.acq_mode", "blocking")

# allocate buffer raw, size 1024
res, buf = sdk.AllocateBuffer("board0:/MMCComponents/List_0", 1024)

res = sdk.ExecuteCommand("board0:/MMCComponents/List_0.stop", "")

res = sdk.ExecuteCommand("board0:/MMCComponents/List_0.start", "")

while True:
res, buf = sdk.ReadData("board0:/MMCComponents/List_0", buf)
if res == 0:

for i in range(0, int(buf.info.valid_samples/8)):
print(unpack('<hhL', buf.data[i*8:(i+1)*8]))
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res = sdk.SetParameterString("board0:/MMCComponents/CP_0.thread", "false")
res = sdk.SetParameterInteger("board0:/MMCComponents/CP_0.timeout", 500)
res = sdk.SetParameterString("board0:/MMCComponents/CP_0.acq_mode", "non-blocking")
res = sdk.SetParameterString("board0:/MMCComponents/CP_0.check_align_word", "true")
res = sdk.SetParameterString("board0:/MMCComponents/CP_0.data_processing", "decode")

# allocate buffer raw, size 1024
res, buf = sdk.AllocateBuffer("board0:/MMCComponents/CP_0", 100)

res = sdk.ExecuteCommand("board0:/MMCComponents/CP_0.start", "")
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SCISDK IN PYTHON: READ DATA FROM CUSTOM PACKET
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while True:
res, buf = sdk.ReadData("board0:/MMCComponents/CP_0", buf)
if res == 0:

for i in range(0, int(buf.info.valid_data)):
for n in range(0, buf.data[i].n):

print(buf.data[i].row[n])
print("header: ", hex(buf.data[i].row[0]))
print("timestamp: ",buf.data[i].row[1] + (buf.data[i].row[2] << 32) )
print("counter 0: ",buf.data[i].row[3])
print("counter 1: ",buf.data[i].row[4])
print("counter 2: ",buf.data[i].row[5])
print("counter 3: ",buf.data[i].row[6])
print("-----------------")
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SCISDK IN PYTHON: READ DATA FROM CUSTOM PACKET
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TIME FOR A COFFE!



DIGITAL SIGNAL PROCESSING: THE ADC

Digitize the analog signal
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Resolution

DIGITAL SIGNAL PROCESSING: THE ADC
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Non-Linearity effect on spectrum

Different widths --> different probability 
--> peaks

Example for a spectrum measured with 
bad differential nonlinearity, up to 15% 
here

TRANSITION TO DIGITAL: THE ADC
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Deviation of the peak at different energies 
due to INL

“Low-frequency” modulation

Non-Linearity effect on spectrum

TRANSITION TO DIGITAL: THE ADC
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DIGITAL SIGNAL PROCESSING: THE ADC
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DIGITAL SIGNAL PROCESSING: THE ADC
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TRANSITION TO DIGITAL: REDUCE ADC NON IDEALITIES IMPACT

Classic MCA

ADC uses a single sample point

Digital MCA (PHA)

ADC uses hundreds of point
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1. Design: standard and tested components (ADC+FPGA), analog circuits has many components (tolerances), ageing of the 
analog components

2. Resolution: ADC resolution is increased by the averaging of multiple points

3. Differential Non-Linearity: almost neglectable because the signal is composed by several point sampled at random time 
moment. The instruments measure the area and not a single point. 

4. Conversion Time: ADC samples continuously. Digital filter can be implemented to operate in real-time

5. Stability: digital circuit does not change operation parameters with ageing.

DIGITAL SIGNAL PROCESSING
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