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Comparison between resistive feedback and transistor reset charge

amplifier
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Pileup and saturation on continuous reset amplifier

High rate Resistor feedback charge amplifier output
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Pileup and saturation on continuous reset amplifier

High rate Resistor feedback charge amplifier output with saturation
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Transistor reset amplifier for high rate detector

Continuous-reset amplifier (clamped at 3 V)
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. Transistor reset amplifier for high rate detector
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. Transistor reset amplifier for high rate detector

DIGITAL SUBTRACTION .
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Sampling the transistor reset detector output

ADC: 16 bit
STEP:100=2"7
BIT PER STEP: 9 bit

A J

Average step amplitude: 30mV
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Reshape and amplify TRP output signal
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Reshape and amplify TRP output signal

LANONON
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Reshape and amplify TRP output signal

LANONON

* Tointroduce Low sampling error M should be high
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Reshape and amplify TRP output signal

LANONON

* Tointroduce Low sampling error M should be high
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Voltage (V)
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Voltage (V)
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Reshape and amplify TRP output signal
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Reshape and amplify TRP output signal

LANONON
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Voltage (V)

Reshape and amplify TRP output signal

LANONON

DETECTOR

Amplifier Output

—— AC-coupled signal

=
n

Voltage (V)
=
(=]

N“\*\

Tlme (us)

Deconvolved Signal ([1 - az—] Operation)

—— Deconvolved signal

T T
0.0 2.5

Nuclear m CAEN

Instruments

T T T T T T T
5.0 75 10.0 12.5 15.0 17.5 20.0
Time (us)

ols for Disc

Deconvolution

L ]

DPP

Signal Sharpening
« Converts each exponential decay into short impulse of amplitude Al
* Improves temporal resolution and separates overlapping events

High-Pass Action on Noise

* Acts as a digital high-pass filter: attenuates low-frequency drift but
amplifies mid-/high-frequency components

* White noise spectrum becomes “colored,” with increased power at
higher frequencies

* Noise Variance Increase If input noise has variance o2, output
variance = (1 + a2) 62RMS noise grows by factor V(1 + a?)

SNR Degradation
Peak amplitude remains Al, but noise floor rises resulting

AT SN
SNRaecony = = Rraw < SNR,ay-

ov1+ a? V14 a?
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Reshape and amplify TRP output signal

LANONON
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Amplitude (V)
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Reshape and amplify TRP output signal
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Direct sampling with 20 bit ADC

—— Signal w/reset
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Direct sampling with 20 bit ADC

LANONON
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Direct sampling with 20 bit ADC

Quantization Error PDF for Different ADC Resolutions
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20 bit ADC effective resolution

Ka: FWHM=130 eV a1

1200 - — Data A
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14 bit 3V/2' ~0.1831 4.237 mV/keV /0.1831 mV/LSB =~ 23.2 LSB/keV
16 bit 3 V/2'® ~ 0.04578 4.237/0.04578 ~ 92.6 LSB/keV
20 bit 3 V/2?° ~ 0.002861 4.237/0.002861 ~ 1 480 LSB/keV
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Interleaving 160 MHz 20 bit digitizer using 4x40 MHz SAR ADC

LANONON
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Gain and offset calibration

LANONON

Raw Ramp Measurements After Offset & Gain Calibration
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Gain and offset calibration

LANONON

Phase Calibration: {500 kHz sinusoidal reference signal)
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System overview

LANONON

2A 2V Peltier driver
+-5KV BIAS HpGE/CZT/CdTE 0.5mA

Slow GPIO (16 in/Out TTL) +-250V BIAS SDD/SiPIN/PIP/SiPM 1mA

Standard AMPTEK/MOXTEK connector

Fast GPIO (3in 3 Out TTL)

Clock generator with phase shifter

Calibration DAC

Signal Input

FPGA (Zynq 7020)

ADC DRIVER
4xADC 20 bit Low Noise Front End
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System overview
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7o) RadLab
o
. Ardesia Project @ POLITECNICO
ARray of DEtectors for Synchrotron radlation Applications “‘

Motivation:

Develop a low-noise and versatile detector
based on monolithic arrays of Silicon Drift
Detectors for high-rate synchrotron

1 1 I 1 1
0 2 4 6 8 10 12 14 16

applications XRE Frerey kel
(mainly XRF, XAFS, and XFM) A L] / XAFS
Detector requirements: . . . _
nergy Dispersive .
dX-ray energy range: 0.2 keV - 20 keV (Si Detector _———
detection region) | :
dTarget energy resolution (~125 eV of FHWM Cenersy e
Mn-Ka) at optimum shaping time and low rate, Focusing
good resolution (£ 200 eV) at short shaping Optic
time and high throughput (> 1 Mcps/ch.) B X
i mitted X-ray
O Modular and scalable design, to easily increase [ncident X-rays l\ Fluorescence
sensitive area and adapt to different . BTG
experiment configurations @\ Sample
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@ RadLab

POLITECNICO
MILANO 1863

Ardesia Project
ARray of DEtectors for Synchrotron radlation Applications y vV vV G

Increase high-rate capability of SDD-based X-ray spectrometers

_______________________

Mo collimator

SDD array i
4 x4 5-mm-side : \ i i 4 x4 5-mm-side 8 x8 2.5-mm-side
| < ———o—— > DetectorlJig
: ———

i re
- Module PCB

Al Frame
' 24 mm g | 24 mm '
L Hosts the 16/64 channel Monolithic SDD array (450 us, 80 um, or 1 mm thicknesses) —
Q500 um thick Molybdenum Mask to prevent charge sharing - D(
O Active area after collimation: 324 mm?2(81% of window) GRUNO KESsLeR

U Four custom-designed 4-channel CUBE Preamplifiers
U Preamplifiers and Detector are glued to a High-density PCB
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Resolution vs Shaping Time measuring Adesia Detector

LANONON

Resolution vs Shaping Time Resolution vs Shaping Time
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OCR vs Shaping Time measuring Ardesia Detector

Resolution vs Shaping Time OCR vs Shaping Time
210 000
[

200 ® -
190 e 700
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Counts

Ardesia Detector measured spectrum

LANONON

ICR 5 keps 2us shaping time Fe-55 Spectrum: Ko & K Fit
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Ardesia Detector measured spectrum

Counts

ICR 250 keps 1 us shaping time ICR 1500 kcps 500 ns shaping time
Fe-55 Spectrum: Ka & KR Fit Fe-55 Spectrum: Ka & K Fit
FWHM =i131.2 eV —— Spectrum FWHM =:139.7 eV —— Spectrum
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Realtime MCA processing algorithm

Zk > yaul
DETECTOR y 4
D D BD— acc |/ N\ ——|sampE|— >
A _ A a SPECTRUM
ENERGY FILTER
Leakage current
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Trigger algorithm signals
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Energy Filter

Input Signal
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Leakage current compensation
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Ultraspectra & Web Interface

FIT FUNCTION

it Mode

BACKGROUND

* 1 channels 160 Msps, 20 bit digitizer

* Realtime TRP optimized trapezoidal filter with leakage current
compensation algorithm

* Up to 32 million point memory for waveform digitalization

+ SmartMCA web based software with realtime fitting and calibration

» C/C++/C#/Python/Java/NodeJS/Labview ... SDK and REST API for
slow control and readout

* Onboard ARM CPU with Ubuntu Linux

+ Easy integration in SCADA system (TANGO and EPICS integration
is ongoing). Onboard Grafana connector.

* Fully supported in Sci-Compiler

Nuclear
Instruments




Firmware customization f%% sc"c OMPIL ER
| ALl

*Allows for customizing the firmware of digitizers and
logic units.

*Simple and intuitive graphical programming language
to learn.

*Nearly 200 IP cores designed for nuclear physics
applications.

STATUS

*Enables any researcher to develop their own
acquisition and processing setup without FPGA
knowledge.

*Firmware portability across different hardware.

*Extends the system's lifecycle by maintaining
firmware compatibility with future hardware.

T T T T
nnnnn 30000 40000 50000
T

Nuclear m CAEN

I n S"U m e nis Toeols for Discovery
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Open source SDK compatible with all Nuclear Instruments and CAEN
OpenFPGA Digitizer

. . ' SCISD SCILLOSCOPE *osc_data;
Available open source on GitHUB O

sdk .AddNewDevice("u

GitHub sdk.StrobeRegister(’
1

sdk.SetParameter

https://github.com/Nuclearinstruments/SCISDK oSl

sdk.SetParameter("0
sdk.SetParameter("0Osc

Works on: Windows, Linux
. Compatible with Raspberry PI

sdk.ExecuteCommand( "Osc
sdk.AllocateBuffer("Oscilloscope 0", "decoded buffer", ( **) &osc_data);

i @; 1 < 10;
sdk.ReadData("Oscilloscope_0", osc_data);

'/)\ Available on: PIP, NPM, and APT (for Ubuntu) and ANT | |
SCI-SDK

(java)

Works inside Jupyter Lab, pre installed on new
instruments

Documentation and examples available here:
https://nuclearinstruments.github.io/SCISDK/

@T*aﬂ— S—— = ]
w1 | " .;{_.) Java ROOT

- Data Analysis Framework

LabVIEW

Nuclear 0
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Multichannel solution for matrix detectors

LANONON

128 channels, independent gain (up to x100) and AC shaping (300ns, 3 us, 10us)
125 Msps 14 bits

4 FPGA Zynq 7035

Up to 80 Gbps connectivity on optical link, 4 Gbps on ethernet

Future Development

¥

Multichannel (16 channels) 20 bit 160 Msps digitizer

Nuclear 0 :
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