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On 8 December 2009, Emilio Gatti and | celebrated the 50 years of scien- I 4E£tures | gave. He would sit among the students, listening and adding

EmiIiO - | dific cooperation and a very nice friendship. Everything began when | was a conmgnts and remarks. | have to admit that it was not a fully relaxing ex-
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Lstu dent of physics at the University of Rome. At the beginning of 1959, | was
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of my thesis. It became clear to me that | would have never been a good
physicist without a sound background in instrumentation techniques. | had
read a couple of Prof. Gatti's papers, and they convinced me that the best
school to approach the instrumentation techniques would be Prof. Gatti's.

So, shortly after graduation, | asked Prof. Gatti for an appointment, and
| went to Milan to meet him. | intended to ask him about a possible job
opening in his group. He offered me a position of junior assistant, which
| accepted with enthusiasm. | began working at the Polytechnic of Milan
in the final days of December 1959. | soon realized what an extraordinary
leader Emilio Gatti was. Reporting to him was, indeed, very stimulating.

He taught me how to analyze the beha\nor of a circuit, and at that time
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perience Yog me because | was always afraid of disappointing him. How-
ever, | conside? myself very lucky for the opportunity I've been given, that
is, learning to Ieacﬁmd\er the criticism of Prof. Gatti.

Prof. Gatti had a noticekle influence on the research directions I've
pursued, for instance by lrans%m'ng his passion for the noise problems
to me. My career continued at the Potylechnic of Milan, where in 1976
| became full professor. Two years afterwatdg Llefl the Polytechnic and
moved to the University of Pavia as a professor of\electronics. However,
Emilio and | continued our scientific cooperation. We*have worked to-
gether on several subjects. After | had moved to Pavia, we Vised \10 meet
whenever possible, and weekends, holidays and evenings were godd op-
portunities for working. Our callaboration kept going on even when

moved to Lawrence Berkeley Nalional Laboratory. All I can say is that |
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On 8 December 2009, Emilio Gatti and I celebrated the 50 years of scien-

tific cooperation and a very nice friendship. Everything began when I was a
student of physics at the Umversnty of Rome. At the begmmng of 1959, | was
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which he had been teachmg for years, to a course in physics, which was

much more demanding in terms of workload for a professor. He asked
me to teach one of the courses in nuclear electronics. | was too young fo
be fully independent in such a task, and because of this, Prof. Gatti had
to assure the faculty that he would maintain responsibility for the courses
in nuclear electronics. He did this, in my case, by attending nearly all the
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became a proressor of nuclear e\ectromcs He was professar in two
more [talian universities, Milan and Pavia, until 1997, when he joined
the Lawrence Berkeley National Laboratory in Berkeley, California, as
a senior staff scientist. His primary research interests include low noise
circuits and systems and front-end circuits based on low-noise mono-
lithic technologies. Part of his activity was done in collaboration with
Brookhaven National Laboratory of Upton, New York, and Max Planck
Institute of Munich, Germany. He has published more than 100 papers
in international journals.
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On 8 December 2009, Emilio Gatti and | celebrated the 50 years of scien-
tific cooperation and a very nice friendship. Everything began when | was a
student of physics at the University of Rome. At the beginning of 1959, | was
working on a coincidence spectrometer for nuclear physics, the subject
of my thesis. It became clear to me that | would have never been a good
physicist without a sound background in instrumentation techniques. | had
read a couple of Prof. Gatti's papers, and they convinced me that the best
school to approach the instrumentation techniques would be Prof. Gatti's.
So, shortly after graduation, | asked Prof. Gatti for an appointment, and
| went to Milan to meet him. | intended to ask him about a possible job
opening in his group. He offered me a position of junior assistant, which
| accepted with enthusiasm. | began working at the Polytechnic of Milan
in the final days of December 1959. | soon realized what an extraordinary
leader Emilio Gatti was. Reporting to him was, indeed, very slimulaii_ng._
He taught me how to analyze the behavior of a-cireut, ad afthat time
| realized that-shere-is Sofmething ;ddicting in the study of a circuit. That

~ Taddiction” accompanied me throughout my professional life, and | be-

came convinced that circuit design would be my future.

lectures | gave. He would sit among the students, listening and adding
comments and remarks. | have to admit that it was not a fully relaxing ex-
perience for me because | was always afraid of disappointing him. How-
ever, | consider myself very lucky for the opportunity I've been given, that
is, learning to teach under the criticism of Prof. Gatti.

Prof. Gatti had a noticeable influence on the research directions I've
pursued, for instance by transferring his passion for the noise problems
to me. My career continued at the Polytechnic of Milan, where in 1976
| became full professor. Two years afterwards | left the Polytechnic and
moved to the University of Pavia as a professor of electronics. However,
Emilio and | continued our scientific cooperation. We have worked to-
gether on several subjects. After | had moved to Pavia, we used to meet
whenever possible, and weekends, holidays and evenings were good op-

_ portunities for working. Our collaboration kept going on even when |

\
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Iam very proud of the decision | made when | was still a student to join | N

Prof. Gatti's group. To Emilio Gatti goes my gratitude for all | have learned
licom him, o both professional and human standpoints,

All I can say is that |
am very proud of the decision | made when | was still a student to join

Prof. Gatti’s group. To Emilio Gatti goes my gratitude for all | have learned
from him, on both professional and human standpoints.

—Pier F. (Franco) Mantredi
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Emilio Gatti Research Group 1n 90
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at a Conference...
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1983: My first knowledge of Prof. Franco Manfredi

as student of nuclear engineering at Politecnico di Milano

P. F. MANFREDI
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June 1994

coming back from Isola d’Elba
Conference “Frontier Detectors for Frontier Ph

F. Manfredi Z. Li (BNL) G. Bertuccio
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On 8 December 2009, Emilio Gatti and | celebrated the 50 years of scien-
tific cooperation and a very nice friendship. Everything began when | was a
student of physics at the University of Rome. At the beginning of 1959, | was
working on a coincidence spectrometer for nuclear physics, the subject
of my thesis. It became clear to me that | would have never been a good

physicist without a sound background in instrumentation techniques, lhad ~

read a couple of Prof. Gatti's papers, and they convinced preThat the best
school to approach the instrumentation teﬂ1dqﬁe?wvuld be Prof. Gatti's.

So, shortly after gradualion Jaskéd Prof. Gatti for an appointment, and
| went to Mﬂan).o—me'et him. | intended to ask him about a possible job
oym’lg’ln This group. He offered me a position of junior assistant, which
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in the final days of December 1959. | soon realized what an extraordinary
leader Emilio Gatti was. Reporting to him was, indeed, very stimulating.

He taught me how to analyze the behavior of a circuit, and at that time
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lectures | gave. He would sit among the students, listening and adding
comments and remarks. | have to admit that it was not a fully relaxing ex-
perience for me because | was always afraid of disappointing him. How-
ever, | consider myself very lucky for the opportunity I've been given, that
is_leamning to teach under the criticism of Prof. Gatti. _

Prof. Gatti had a noticeable influence on the research directions I've I\

] pursued, for instance by transferring his passion for the noise problems
to me. My career continued at the Polytechnic of Milan, where in 1976
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moved to the University of Pavia as a professor of electronics. However,
Emilio and | continued our scientific cooperation. We have worked to-
gether on several subjects. After | had moved to Pavia, we used to meet
whenever possible, and weekends, holidays and evenings were good op-
portunities for working. Our collaboration kept going on even when |
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Prof. Gatti had a noticeable influence on the research directions I've

pursued, for instance by transferring his passion for the noise problems

to me.

'

which he had been teaching for years, to a course in physics, which was
much more demanding in terms of workload for a professor. He asked
me to teach one of the courses in nuclear electronics. | was too young fo
be fully independent in such a task, and because of this, Prof. Gatti had
to assure the faculty that he would maintain responsibility for the courses
in nuclear electronics. He did this, in my case, by attending nearly all the
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became a professor of nuclear electronics. He was professor in two
more [talian universities, Milan and Pavia, until 1997, when he joined
the Lawrence Berkeley National Laboratory in Berkeley, California, as
a senior staff scientist. His primary research interests include low noise
circuits and systems and front-end circuits based on low-noise mono-
lithic technologies. Part of his activity was done in collaboration with
Brookhaven National Laboratory of Upton, New York, and Max Planck
Institute of Munich, Germany. He has published more than 100 papers
in international journals.
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Franco Manfredi
and the electronics

for X-y ray spectroscopy




1978: Preamplifier for X-Ray

NUCLEAR INSTRUMENTS AND METHODS 156 (1978) 553-557 ; © NORTH-HOLLAND PUBLISHING CO.

X-RAY PREAMPLIFIER EMPLOYING PULSED DRAIN FEEDBACK

C. BUSSOLATI, P. F. MANFREDI, D. MARIOLI

Politecnico di Milano, Sez. di Brescia, I.N.F.N., Sez. di Milano, lialy
and

R. KRASOWSKI

Academy of Mining and Metallurgy, Cracow, Poland
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1995: RTSD Conference Scientific Committee

Room Temperature Semiconductor X- and y-Ray Detectors,
Associated Electronics and Applications

Nuclear Instruments and Metheds in Physics Research A 380 (1996) 308-311
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| ASSOCIATED ELECTRONICS AND APPLICATIONS
! ELSEVIER

Piq - . . . 1
-based monolithic pr 1 metry applications
Proceedings of the 9th International Workshop on JFET ba d 0 1 p eamp lﬁCI’S fOl’ SpCCtl'O tl'y pp at

Room Temperature Semiconductor X- and y-Ray Detectors, i* iali
Associated Electronics and Applications RE. Manfredi”, V. Re, V. SpeZIall

Grenoble, France, September 18-22, 1995 Dipartimento di Elettronica, Universita di Pavia, via Ferrata 1. 27100, Pavia, haly’

Editors
] M. CUZIN
| R.B. JAMES

¢ P.F. MANFREDI

|
‘ l P. SIFFERT
i

e s

Lesualiien

ENC {e rmns]

i

NORTH-HOLLAND

DI MILANO .
Aula Volta, University of Pavia, Italy, 5 December 2016 slide 11 (@93




1995: RTSD Conference

Invited talk asked by Franco Manfredi

Nuclear Instruments and Methods in Physics Research A 380 (1996) 301-307
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[ ASSOCIATED ELECTRONICS AND APPLICATIONS

Proceedings of the 9t Intemational Workshop Criteria of choice of the front-end transistor for low-noise

Room Temperature Semiconductor X- and y-Ray Detectors,

Creccblo, Freca s preamplification of detector signals at sub-microsecond shaping
times for X- and y-ray spectroscopy

M G. Bertuccio, A. Pullia, G. De Geronimo
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Comparative Study of Noise Performace of
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Fig. 3. Equivalent noise charge contribution due to the 1/f series noise (A,=1).
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AToM CMOS ASIC applied to X-Ray Detectors

H NUCLEAR

L? . INSTRUMENTS
Bl & METHODS
Presented at ;g% I PHYSICS
RESEARCH
1 999 RTSD ELSEVIER Nuclear Instruments and Methods in Physics Research A 458 (2001) 382-391 SectonA
www.elsevier.nl/locate/nima
Conference

1in Vienna

Noise limits of AToM, al28 channel CMOS readout chip in
applications with room temperature high granularity detectors

P.F. Manfredi*”, L. Ratti®?, V. Re®™*  N.A. Roe", V. Speziali®"

CMOS 0.8um
128 channels

analog processing and A/D conversion
Designed for Si microstrip in
HEP application
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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

Astrophysics | = ¥ Material study Works of arts
" : analysis

&
0 1 2 3 4 5 6 7 8
Energy (keV)

X-y ray telescopes ,h = ? 2 X-Ray fluorescence analysis
Universe and planetary explorations

Quality assurance WERE

Medical urltv (Food, Elect.ronics, recycling
BT Pharma, Tire...)
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Electronics for X-Ray Detectors

Where 1s the challenge?

Readout
Electronics

Q+E
Photon /éph Ny, +Q- E.p
(energy £, )

<— Rectifying Junction

\
Depleted Region . e+ holes «<— Semiconductor

- eec O|| //,
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Electronics for X-Ray Detectors: Where 1s the Challenge?

Number of e-h pairs
generated in Silicon
1M lons, Alphas

~
500k : .
Particles in

100k High energy physics
25k ™

10k
5k

VERY SMALL SIGNALS !

AE,, <<1keV = AN,_p K270

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

Number of e-h pairs
generated in Silicon
1M lons, Alphas

~
500k _ .
Particles in

100k High energy physics
25k ™

10k
5k

VERY SMALL SIGNALS !

AE,, <<1keV = AN,_p K270

High Resolution in
Charge Measurements needed

100eV  1keV  10keV 100keV 1MeV  10MeV

A

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

DETECTORS

Semiconductors Types

=IIM w

DASIC more than ASIC

Detector and Application Specific IC
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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

At 3% MIgeR G. Bertuccio, “Toward the Ultimate Low-Noise Front-End Electronics for X-y Ray Detectors:
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STAR-X

A Large Format X-Ray Detector Readout DASIC

\\\\\\\\k
\\\ esa Supervision

Project Management

ThalesAIeﬂla &

—~ Space Readout System Design

DASIC Designer Groups
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Front-End Electronics Design Back end Electronics Design

Giuseppe Bertuccio Piero Malcovati
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STAR-X DASIC

for GaAs pixel detector for X-ray Imaging with Space Telescopes

GaAs detector 32 x 32 pixels
Pixel size: 250 um X 250 um
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X-Ray Energy Range
500 eV - 50keV (120 to 12k electrons )
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Front-End: The Readout Pixel Cell (RPC)

Power Supplies Voltage References
Van1 Van2 Vdig t-selection Vref-N1 Vref-N2 Vref-S Vrefsh
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Front-End: The Readout Pixel Cell (RPC)

Analog Section

Power Supplies Voltage References Signal Ground
Vv t-selection Y Vref-N1 Vref-N2 Vref-S Vrefsh ANG DIG

|
:

y
Feedback
network Outputl
Enablel
) Gate |
Pole-zero . Peak Output

cancellation Buffer
network Stretcher

A

Test sDiscriminator
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B— A
>o Trigger

Amplitude Output
,| Discriminator . = i m

/DAC\

/
Digital / Mixed signal Section \ &

Threshold Start
Disable Disable Tuning Level
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Readout Pixel Cell Layout

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

Amplitude
Discriminator
37 uWw

Shaper 1st
98 uw

Charge
Preamplifier
115 uWw

Input Pad
=35 um

'\J\.D\\1l“ S e e e e e
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B R R
b SR m\‘ﬁ

Total Power Consumption: 483 uW

Output Buffer
49 uw
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Peak
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35 uw

DC stabilizer

Shaper 2nd
71 uw

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

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




RPC Equivalent Noise Charge

&)
o

room temperature

detector Measurement

made on a
test chip with
a single isolated

i 1| Readout Pixel Cell
W

no detector

AN
(@)
T

cooled detector — 26 ¢ r.m.s]

N
o

ENC ( electronsr.m.s.)
w
o

1 2 3 4 5 6 7 8910
Peaking time (us)

—
o

Front-End Electronics Noise
15.7 electrons r.m.s @ 3 us peaking time

o ld IS8 lgel G. Bertuccio, “Toward the Ultimate Low-Noise Front-End Electronics for X-y Ray Detectors: the heritage of Franco Manfredi to current research”
UL
s2rn) DI MILANO .
4 Aula Volta, University of Pavia, Italy, 5 December 2016 slide 27 (9%



REGISTER
WRITE/READ 4
QUADRANT 0 —]

STAR-X Architecture

CALIERATION
SIGNALS

L
Q
L
=
Q
o
o
<
=
o

I N S F—

v
CALIBRATION
QT L NETWORK
apci||[lo O} 1O

Quadrant 0

16 x 16
RPCs

L] 255 |

Quadrant 1

16 x 16
RPCs

0

O

L

PMA & CONFIG_IF

> REGISTER
WRITE/READ

CLK |«
REC |

PMA & CONFIG_IF

-

Ul Ll

Quadrant 2
16 X 16

RPCs
L]
vy

PROBE
NETWORK

O

Quadrant 3

16 X 16
RPCs

[l

=

vy

PMA & CONFIG_IF

ACQUISITION‘_ N
.1

I/F

[ TRIGGER
TRIG_ACK
P DATA READY
NEXT

10
# ENERGY

‘ FIFO

# POSITION
10

REGISTER

- WRITE/READ
QUADRANT

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

AR NI el G. Bertuccio, “Toward the Ultimate Low-Noise Front-End Electronics for X-y Ray Detectors: the heritage of Franco Manfredi to current research”
DI MILANO




REGISTER
WRITE/READ 4
QUADRANT 0 —]

STAR-X Architecture
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STAR-X Architecture

CALIERATION
SIGNALS

64 ADCs
10 bits Wilkinson
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STAR-X Architecture

CALIBRATION |

RPC Configuration Registers
/ y
RiTEREAD <1 oot Wy - > RTEREAD
o O] O "

] ADC1

! Quadrant 0 Quadrant 1

: 16 x 16 16 x 16

_ . 41— TRIG_ACK
jADCis| ] 255 []) | J_ ADC16 ACQUI:?'T'ON P DATA READY
lancis | Ol (O 1| apc1el B
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Quadrant 2 Quadrant 3 '

16 X 16 16 X 16 !
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-
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STAR-X Architecture

Quadrant

Trigger Logic _Global _
Trigger Logic

RECISTER / p REGISTER

WRITE/READ 4 WRITE/READ
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STAR-X Architecture

CALIERATION
SIGNALS

Calibration Network Acquisition

N ===== Interface
WRITE/READ ek REGISTER
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STAR-X Architecture

CALIERATION
SIGNALS

v
REGISTER CALIBRATION REGISTER
WRITE/READ 4 QTL NETWORK »
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] 25 [ |0 J. ACQUI:?ITION B  DATA READY
O O] [0 ] <

NEXT
w
Muadrant 9 | Muiadrant 2 = 10
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I.ow Noise Front-End...not sufficient!

Digital or Analog
Signal

AV

=
S

e

S g R

Cepay <0.02 fF !
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I.ow Noise Front-End...not sufficient!

o

Z"?z\/ Noisy DC

Voltage

dinj(noise) = Cstray Un

e
\\\\k\'\\\\t\\

| Input: Charge Sensitive Virtual Ground Node

Qinjnoise) < ENC =16 electrons r.m.s.

Stringent constraints on C . and v,
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DI MILANO N .
Aula Volta, University of Pavia, Italy, 5 December 2016




Power and I/0O Lines

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

- Start signal
— End of gonversion
\ Output Enable
Trigger output (16 lines)
Power Supply — Digital
Ground - Digital
Disc Disable (16 lines)

Signal Selection

Threshold level

Voltage Reference bus 4

Disc Fine tuning bit (48 lines)
Voltage Reference bus 3

ORI i \Preamp. disable (16 lines)
] Shaping Time (3 lines)
— Voltage Reference bus 2

=
)

Test Enable bit (16 lines)
Voltage Reference busl
Input Pads area (no lines)
Pre feedback control

Column select bit (16 lines)
Ground - Analog

\\ Test input

Ground - Analog
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Lines with switching

Power and I/O Lines activity during acquisition

(up to 108 input signals per second
on the full pixel matrix)

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

- Start signal
— End of gonversion <:|

o Output Enable
Trigger output (16 lines)
Power Supply — Digital
Ground - Digital

Disc Disable (16 lines)

Signal Selection
Threshold level

Voltage Reference bus 4

Disc Fine tuning bit (48 lines)
Voltage Reference bus 3
Preamp. disable (16 lines)
Shaping Time (3 lines)
Voltage Reference bus 2

Test Enable bit (16 lines)
Voltage Reference busl
Input Pads area (no lines)

7

]
977

N g s
\G Teszmzutl Pre feedback control
round- Analog Column select bit (16 lines) <:|

Ground - Analog
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Power and I/0O Lines

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

Start signal
End of Conversion

Output Enable
Trigger output (16 lines)

Current mode
Trigger transmission

Threshold level
Voltage Reference bus 4

Disc Fine tuning bit (48 lines)
Voltage Reference bus 3

ORI i \Preamp. disable (16 lines)
] Shaping Time (3 lines)
— } Voltage Reference bus 2

=
)

Test Enable bit (16 lines)
Voltage Reference busl
LN . Input Pads area (no lines)
\ Test input Pre feedback control

TRl - Ll Column select bit (16 lines)
Ground - Analog
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STAR-X Architecture

CALIERATION
SIGNALS

v
REGISTER
WRITE/READ 4 QTL cﬁé'fwnﬁgg"
QUADRANT O |
anci||[ o O} (O

Quadrant 0 Quadrant 1

16 x 16 16 x 16

nocs| 25 ) |0 Clmocte| | gL | Acausmont,  TRE-ACK,
UF

|| apc1s | Ol [O 1|/ anc1s < NEXT

10

The heritage of Franco Manfredi: » Eneroy

# POSITION

How to design a minimum noise front-end 10
a fundamental step... I

- WRITE/READ
QUADRANT

> REGISTER
WRITE/READ

g
25

I N S F—

O

PMA & CONFIG_IF
PMA & CONFIG_IF

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:
1.87cm x 1.62 cm
3 cm?area
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STAR-X DASIC

Packaged

User Interface

CUMULATED)
+-SPECTRUM
COUNTS
MAP

ThalesAlen

SELECTED
SPECTRUM
WINDOW

L
BELRRLLERLLL LR

DATA ANALYSIS
WINDOW (OFF)

noise estimation from peak w idth

=)

3

Rows (11032)

Columns (1t032)
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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

AR NI el G. Bertuccio, “Toward the Ultimate Low-Noise Front-End Electronics for X-y Ray Detectors:
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Silicon Carbide Pixel Detector

]

S
>

<
p—
C
o
—
| —
>
&)
(O]
(@)
4]
X
ay)
O,
-l

<I>=3.4fA (2 pA/cm?)
SN

Current Density [A/cm

1-11-21-31-42-12-22-32-43-13-23-33-44-14-24-34-4
Pixel number

G. Bertuccio et al. IEEE Trans. Nucl. Sci. 53, 2006
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The SiC detector’s noise

ENCU pogi) = 241 1 o [PA] N Tpearc ls] [ ramas.]

Qo
o'

o
(o)

©
~

o
N

*
=
S
%,
c
o
]
O
Q<
o)
O
Z
L

1-1 1-2 1-3 1-4 2-1 2-2 2-3 2-4 3-1 3-2 3-3 3-4 4-1 4-2 4-3 4-4
Pixel ( row-column)
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The SiC detector’s noise

ENC [ ,u1) = 2\/ILeak | pA] \/Tpeak lus] [e” rm.s.]

r shaping)

20 us peaking time (triangula

T T T T T T

T T

T

Qo
o'

ENC = 0.5 £ 0.1 electrons r.m.s.

o
(o)

©
~

o
N

Detector with
sub- electron noise
(Fano limited)
at room temperature

Ultimate Low Noise Charge Sensitive Amplifier needed!
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2007: a breakthrough in CMOS CSA

Available online at www.sciencedirect.com NUCLEAR
Pt INSTRUMENTS
& METHODS

"+, ScienceDirect IN PHYSICS

RESEARCH

Section A

Nuclear Instruments and Methods in Physics Research A 579 (2007) 243-246
www.elsevier.com;locate/nima

Progress in ultra-low-noise ASICs for radiation detectors

Giuseppe Bertuccio™*, Stefano Caccia®®

Politecnico di Milano, Department of Electronics Engineering and Information Science, P.za L. da Vinci 32, 20133 Miluno, ltaly
>National Institute of Nuclear Physics, INFN sez.. Milano, Italy

ENC [e r.m.s.]

o

Technology
CMOS 0.35um (AMS)

3us 10us
Peaking Time
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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

gt 3% IgeR G. Bertuccio, “Toward the Ultimate Low-Noise Front-End Electronics for X-y Ray Detectors: the heritage of Franco Manfredi to current research”
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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

ENC#, + ENC§, + ENCf3 + ENCf, + ENCic + ENCig + ENCi, + ENCig + ENCR,

Noise

1+41+1+1+1+1+1+1+1=+9=3electrons r.m.s.
removed

l -55%

ENCrorar = V1+1+1+1+T+T+1T+1+1 =4 =2electronsr.m.s.

l 50 %

ENCrora, = V1 + 1 +t=+1 +1+1+1+1+1 =1 = 1.4 electrons r.m.s.

l 50 %

ENCrora, = V1+% +1+3 +4+1++3+1++1 = V1 = 1 electrons r.m.s.
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The 1/f noise limit...

CMOS CSA : SIRIO 1 (2007)

T=+22°C

?
=
()
O
Z
L
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Study of CMOS Low Frequency Noise

Measuring system User Interface

Remote System Control 2

f Timer Paling  Time Delay Fiker  Minimal N, take Decision  Num. of Valid Element  Valid Average
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10,000 u
180000
1.510

Tollerance

Walt

Amp. 1[5
Ohm 2

Walt

Precision: 3 j| | Source Meter Current Compl. 100m & H DeltaVdd 10m W |
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PMOS 300 /04 Iy,i= 10044

—v— |D=300uA

4 Dati sperimentali
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—*—1,=30uA ]
—=— 1 =10pA

bl
~

L:
¢ . 0.7pm
_-Y . 1.2um
,/,o/ 2um
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f[Hz]
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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

AI P ‘ Review of
Scientific Instruments

Extremely low-noise amplifier for interfacing active devices to instruments for spectral analysis

P. F. Manfredi!, V. Speziali' and F. Svelto!
Rev. Sci. Instrum. 65, 3848 (1994); http://dx.doi.org/10.1063/1.1145176

PROCEEDINGS
SUPPLEMENTS

ELSEVIER Nuclear Physics B (Proc. Suppl.) 44 (1995) 599-606

Instrumentation for High Accuracy Noise Characterisation of Front-End Devices
in Detector Applications

V. Re and F. Svelto

107 108

. . . . Frequency [Hz
Dipartimento di Elettronica, Universita di Pavia, Via Abbiategrasso 209, 27100 Pavia, [taly, and y_[Mz]

INFNI SeZ]O]]e dl M]iano‘ Vla Celorlﬂ 16’ 20]33 rIEEE TRANSACTIONS ON NUCLEAR SCIENCE. VOL. 49. NO. 3. JUNE 2002 1281

Instrumentation for Noise Measurements on CMOS
Transistors for Fast Detector Preamplifiers

M. Manghisoni, L. Ratti, V. Re, and V. Speziali
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CMOS CSA: what possible ENC?

IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 56, NO. 3, JUNE 2009

Noise Minimization of MOSFET Input Charge
Amplifiers Based on Ay and AN 1/ f Models

Giuseppe Bertuccio and Stefano Caccia

— — —— ————10mA 310mm
[ P-channel MOSFET :
L o=1.36x107

8

7.
6

5.
4.
3.
2.

a
E
w
c
<)
5
1}
Q
o
&
O
=
L

Fig. 8. Ap-type MOSFETSs: minimum ENC'y /¢ calculated as a function of the
load capacitance C'y, at the preamplifier input (13a). Also, the MOSFETS bias
current /i, (13b) and its optimum gate width obtained by setting C' = C'1 g,
are shown . (33). The parameters for the evaluation are shown in Table 1.

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

ENC<1e-rm.s.

Predicted for C. <100 fF

input
(Pixel & Drift Detectors)

Prediction based on
experimental data

IEEE Trans. Nucl. Science 56, 2009
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1/f & white noise optimization

ENC* = ENC,, + ENC{) s + ENC;

for p-MOSFET input (Au 1/f noise model)

Current

CG/CIL

IEEE Trans. on Nuclear Science, Vol. 56, 2009, pp. 1511
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SIRIO Charge Sensitive Amplifier

'TecHno'Io_gy-: AMS CMOS 035 um . _

4 metals / _2_.P01Iy./ High Resi:s;'_tivé"'PqI_-y'. -__- : e
v - ., | | - . .
Size: 530 um x 450 ym '

» Optimized for _S'i'llitdon -D"rjif't_',D.'ete"ctbrs [Ch < 0.1pF)-

e Designed for X-ray Sp.eétro,éc'opy: -frbm-SO eV to 50 keV

P
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SIRIO: measured ENC

G. Bertuccio et al., 2014 IEEE Nuclear Science Symposium and Medical Imaging Conference
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ENC_..=0.92 electron r.m.s.
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Intrinsic noise (no detector) @ -30°C

-30°C Energy in Silicon (eV)
10 20 30 40 50 60 70 80 90

1400 £ 10 e 20 e
1200 | (37.eV) (74 eV)

1000 Threshold

4 e

800 |
(15 eV)

600 |
400 | °

200F

ok

10 15 20
Injected electrons

ENC=0.89 e r.m.s.
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Franco Manfredi and Emilio Gatti

On 8 December 2009, Emilio Gatti and | celebrated the 50 years of scien-

tific cooperation and a very nice friendship.

Politecnic Milano
4th October|2012

Scientific life dedicated to Inventor of the
the design of Low Noise Charge Sensitive Amplifier
Front-End Electronics and of the
for Radiation Detectors Silicon Drift Detector
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Today 2016: SIRIO and SDD

13 mm? FBK & INFN Trieste SDD
| and SIIRI_O—$ CSA |

|
- Noise corner

165eV +20°C

Pulser

136 eV

64 eV FWHM—

FWHM
- 6.49 keV

7.4 electrons r.m.s.

Energy (keV)

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

Highest Energy Resolution reached at Room Temperature
with a semiconductor detector of large area
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C | . At the 7t Pisa Meeting on Advanced Detectors
onciusion 25 -31 May 1997, Isola d’Elba, Italy

Marco
Two examples of Gerard o _ .5 Sampietro

Manfredi

Giuseppe
Bertuccio

results of the Lutz

research in last years -

\\f_; '

has been shown here... |

the cultural heritage of
Franco Manfredi

is within these results.

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
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