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2012 : Franco Manfredi Last Letter



G. Bertuccio, “Toward the Ultimate Low-Noise Front-End Electronics for X-γ Ray Detectors: the heritage of Franco Manfredi to current research” 

Aula Volta, University of Pavia, Italy, 5 December 2016 slide 3

2012 : Franco Manfredi Last Letter
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Emilio Gatti Research Group in ’90

at Politecnico di Milano

Rehak

Castoldi Bertuccio

Fiorini
Longoni

Pullia
Gatti

Guazzoni  Sampietro

at a Conference…
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1983: My first knowledge of Prof. Franco Manfredi

as student of nuclear engineering at Politecnico di Milano
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F. Manfredi Z. Li (BNL) G. Bertuccio

June 1994
coming back from Isola d’Elba

Conference “Frontier Detectors for Frontier Physics”
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2012 : Franco Manfredi Last Letter
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Franco Manfredi

and the electronics 

for X-y ray spectroscopy
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1978: Preamplifier for X-Ray
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1995: RTSD Conference Scientific Committee
Room Temperature Semiconductor X- and γ-Ray Detectors, 

Associated Electronics and Applications

ENC ≈ 100 electrons r.m.s. for CD≈10pF
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1995: RTSD Conference
Invited talk asked by Franco Manfredi

Comparative Study of Noise Performace of

JFET, MOSFET, MESFET, HEMT and BJT
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AToM CMOS ASIC applied to X-Ray Detectors

• CMOS  0.8µm

• 128 channels 

• analog processing and A/D conversion

• Designed for Si microstrip in 

HEP application

Presented at

1999 RTSD

Conference

in Vienna

Study of a design suitable for 

X-γ ray spectroscopy detectors
ENC ≈ 50 electrons r.m.s. for CD≈2pF
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Why X-Ray Detectors are interesting

for a Front-End Electronics Designer?
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Applications of X-Ray Detectors

15

Material study

X-Ray fluorescence analysis

Works of arts 
analysis

Medical
Security

Astrophysics

X-γ ray telescopes
Universe and planetary explorations

Quality assurance 
(Food, Electronics,

Pharma, Tire…)

Waste 

recycling
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Electronics for X-Ray Detectors

Where is the challenge?

Readout

Electronics

Rectifying Junction

Semiconductor

Ohmic Contact
+ VBIAS 

Q ÷ Eph
Vout÷ Q ÷ Eph

Depleted Region

(high electric field)

Photon

( energy Eph )

+
- electrons

holes
Q
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100eV 1keV 10keV 100keV 1MeV 10MeV
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1k
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Energy deposited in Si

Number of e-h pairs 

generated in Silicon

Particles in

High energy physics 

Ions, Alphas

X-rays

25k

500k

5k

25

VERY SMALL SIGNALS ! 

���� ≪ΔEph << 1 keV  → Δ���� ≪ 270

Electronics for X-Ray Detectors: Where is the Challenge?
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100eV 1keV 10keV 100keV 1MeV 10MeV
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Energy deposited in Si

Number of e-h pairs 

generated in Silicon

Particles in

High energy physics 

Ions, Alphas

X-rays

25k

500k

5k

25

VERY SMALL SIGNALS ! 

���� ≪ΔEph << 1 keV  → Δ���� ≪ 270

High Resolution in 

Charge Measurements needed

Electronics for X-Ray Detectors: Where is the Challenge?

Readout Electronics is required to have

Equivalent Noise Charge of few tens or even few electrons r.m.s. 
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Electronics for X-Ray Detectors

DASIC more than ASIC

Detector and Application Specific IC

DETECTORS

GaAs

CdTe

CZT

TlBrHgI2 SiC

Si
Ge

…GaNPbI2

Diamond

Semiconductors

µstrip

pixel
drift

pad
CPG

CCD

CDD

……

Types
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Toward The Ultimate Low-Noise 

Front-End Electronics

two examples:

�A Complex, High Functionality, Ultra Low-Noise DASIC

�An Ultimate-Low Noise Fully Integrated 

CMOS Charge Sensitive Preamplifier
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STAR-X
a Large Format

High Functionality

Ultra Low Noise 

and Low Power

DASIC



G. Bertuccio, “Toward the Ultimate Low-Noise Front-End Electronics for X-γ Ray Detectors: the heritage of Franco Manfredi to current research” 

Aula Volta, University of Pavia, Italy, 5 December 2016 slide 22

STAR-X
A Large Format X-Ray Detector Readout DASIC

22

Project Management

&

Readout System Design

Supervision

Back-end Electronics Design

Piero Malcovati

Front-End Electronics Design

Giuseppe Bertuccio

DASIC Designer Groups
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STAR-X DASIC
for GaAs pixel detector for X-ray Imaging with Space Telescopes

1 cm

1 cm

GaAs detector 32 x 32 pixels

Pixel size: 250 µm X 250 µm 

X-ray Illumination

ASIC

Epi GaAs (40-400 um)

X-ray Illumination

ASIC

Epi GaAs (40-400 um)

X-Ray Energy Range 

500 eV – 50 keV  ( 120 to 12k electrons )
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Readout Pixel Cell Layout

Input Pad
Ø=35 µµµµm

Shaper 1st
98 µW

Shaper 2nd
71 µW

DC stabilizer

Peak 
Stretcher
35 µW

Peak 
Discriminator
21 µW

Reset/PUR Logic 
+Trigger Trasm.
<< 1 µW

Amplitude 
Discriminator
37 µW

Charge 
Preamplifier 
115 µW

Output Buffer
49 µW

Total Power Consumption: 483 µµµµW

300 µµµµm

300 µµµµm
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Front-End Electronics Noise
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Measurement

made on a

test chip with 

a single isolated

Readout Pixel Cell
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STAR-X Architecture
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STAR-X Architecture

4 quadrants
16x16 Readout Pixel Cells
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STAR-X Architecture

64 ADCs
10 bits Wilkinson
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STAR-X Architecture

RPC Configuration Registers



G. Bertuccio, “Toward the Ultimate Low-Noise Front-End Electronics for X-γ Ray Detectors: the heritage of Franco Manfredi to current research” 

Aula Volta, University of Pavia, Italy, 5 December 2016 slide 32

STAR-X Architecture

Global 
Trigger Logic

Quadrant
Trigger Logic
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STAR-X Architecture

Calibration Network

Probe Network

Acquisition
Interface



G. Bertuccio, “Toward the Ultimate Low-Noise Front-End Electronics for X-γ Ray Detectors: the heritage of Franco Manfredi to current research” 

Aula Volta, University of Pavia, Italy, 5 December 2016 slide 34

STAR-X Architecture

Each Front-End Cell 

must exchange A/D signals

with the Back-End Blocks

and vice-versa
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Low Noise Front-End…not sufficient!

Input: Charge Sensitive Virtual Ground Node

Digital or Analog 

Signal

ΔV

���	 
 min ����������	 
 min ������� = 120 electrons   (500 eV  X-ray in GaAs)

strayCstray < 0.02 fF !

ΔV ≈ 1 Volt

Cstray

���	 � ������∆�



G. Bertuccio, “Toward the Ultimate Low-Noise Front-End Electronics for X-γ Ray Detectors: the heritage of Franco Manfredi to current research” 

Aula Volta, University of Pavia, Italy, 5 December 2016 slide 36

Low Noise Front-End…not sufficient!

Input: Charge Sensitive Virtual Ground Node

���	������� ≪ ������	������� ≪ ��� = 16 electrons r.m.s.

stray nStringent constraints on Cstray and vn

Cstray

���	������� � ��������

Noisy DC 

Voltage
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Power and I/O Lines

RPC r,c+1RPC r,c

Power supply - Analog 1

Ground - Analog

Test input

End of Conversion

Output Enable

Test Enable bit (16 lines)

Power Supply – Digital

Ground - Digital

Column select bit (16 lines)

Shaping Time (3 lines)

Input Pads area (no lines)

Trigger output (16 lines)

Voltage Reference bus 3

Analog Output 

Start signal

Power supply - Analog 2

Ground - Analog

Preamp. disable (16 lines)

Pre feedback control

Voltage Reference bus 2

Threshold level
Voltage Reference bus 4 

Voltage Reference bus1

Disc Disable (16 lines)

Signal Selection

Disc Fine tuning bit (48 lines)

Inputs: Charge Sensitive Virtual Ground Node
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Power and I/O Lines

End of Conversion

Output Enable

Test Enable bit (16 lines)

Power Supply – Digital

Ground - Digital

Column select bit (16 lines)

Shaping Time (3 lines)

Input Pads area (no lines)

Trigger output (16 lines)

Voltage Reference bus 3

Analog Output 

Start signal

RPC r,c+1RPC r,c

Power supply - Analog 1 Power supply - Analog 2

Ground - Analog

Ground - Analog

Preamp. disable (16 lines)

Test input
Pre feedback control

Voltage Reference bus 2

Threshold level
Voltage Reference bus 4 

Voltage Reference bus1

Disc Disable (16 lines)

Signal Selection

Disc Fine tuning bit (48 lines) 

Inputs: Charge Sensitive Virtual Ground Node

Lines with switching

activity during acquisition

( up to 106 input signals per second

on the full pixel matrix)
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Power and I/O Lines

End of Conversion

Output Enable

Test Enable bit (16 lines)

Power Supply – Digital

Ground - Digital

Column select bit (16 lines)

Shaping Time (3 lines)

Input Pads area (no lines)

Trigger output (16 lines)

Voltage Reference bus 3

Analog Output 
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Power supply - Analog 1 Power supply - Analog 2

Ground - Analog

Ground - Analog

Preamp. disable (16 lines)

Test input
Pre feedback control

Voltage Reference bus 2

Threshold level
Voltage Reference bus 4 

Voltage Reference bus1

Disc Disable (16 lines)

Signal Selection

Disc Fine tuning bit (48 lines) 

Inputs: Charge Sensitive Virtual Ground Node

Current mode

Trigger transmission
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STAR-X Architecture

The heritage of Franco Manfredi:
How to design a minimum noise front-end

a fundamental step…

The step forward in current research:
How to maintain the minimum noise 

within complex A/D systems
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Wafer Photo

STAR-X Chip Size:

1.87 cm x 1.62 cm

3 cm2 area
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STAR-X  DASIC

noise estimation from peak w idth
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Toward The Ultimate Low-Noise 

Front-End Electronics

two examples:

�A Complex, High Functionality, Ultra Low-Noise ASIC

�An Ultimate-Low Noise Fully Integrated 

CMOS Charge Sensitive Preamplifier
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Ultimate Low Noise Charge Sensitive Amplifier needed!

Detector with

sub- electron noise 

(Fano limited)

at room temperature
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2007: a breakthrough in CMOS CSA
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The ultimate CMOS low noise challenge

Is one electron noise CMOS Charge Amplifier possible ?
from 3 to 1 electron  r.m.s.

small numbers, a Big step
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The ultimate CMOS low noise challenge

Is one electron noise CMOS Charge Amplifier possible ?
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Study of CMOS Low Frequency Noise
Measuring system User Interface
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Experimental data and analysis
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Low Frequency Noise of Transistors
The heritage of Franco Manfredi and of his Research Group: 

the development of Instrumentation for accurate measurement of the noise spectral density
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CMOS CSA: what possible ENC?

ENC < 1 e- r.m.s.

Predicted for Cinput < 100 fF

(Pixel & Drift Detectors)

Prediction based on

experimental data 

IEEE Trans. Nucl. Science 56, 2009
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1/f & white noise optimization
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SIRIO Charge Sensitive Amplifier

� Optimized for Silicon Drift Detectors  (CDET ≤ 0.1pF)

� Designed for X-ray Spectroscopy:  from 50 eV to 50 keV

SIRIO

Technology: AMS CMOS  0.35 µm

4 metals / 2 Poly / High Resistive Poly

VDD = 3.3V

Size: 530 µm x 450 µm 
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SIRIO: measured ENC

ENCmin= 0.92 electron r.m.s. 

ENCmin= 1.18 

electron r.m.s. 

G. Bertuccio et al., 2014 IEEE Nuclear Science Symposium and Medical Imaging Conference
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Franco Manfredi and Emilio Gatti

Politecnico di Milano

4th October 2012 

Scientific life dedicated to

the design of Low Noise

Front-End Electronics

for Radiation Detectors

Inventor of the 

Charge Sensitive Amplifier

and of the

Silicon Drift Detector
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Today 2016: SIRIO and SDD
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    165eV

13 mm2 FBK & INFN Trieste SDD

and SIRIO-3 CSA

+ 20 °C

G. Bertuccio et al. IEEE TNS, 63, 2016

Highest Energy Resolution reached at Room Temperature

with a semiconductor detector of large area 

7.4 electrons r.m.s.
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Gerard

Lutz
Franco 

Manfredi
Giuseppe

Bertuccio

Marco

Sampietro

At the 7th Pisa Meeting on Advanced Detectors

25 - 31 May 1997, Isola d’Elba, Italy

But the main Heritage which Franco Manfredi

trasmitted to all his collaborators

is the passion for the design of 

low-noise front-end electronics for radiation detectors 

Two examples of 

results of the 

research in last years 

has been shown here…

the cultural heritage of 

Franco Manfredi

is within these results. 

Conclusion


