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Thank you!
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Preface
2022…a significant year

for 
Silicon Drift Detectors (SDDs)

100th of Emilio Gatti birthday (1922)

40th of SDD’s conception (1982)

Twofold anniversary
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 History
• the context
• conception and evolution

 Present
• state of the art
• running R&D

 Future
• Where SDDs can go
• What we could expect

Outline

Semiconductor
Drift

Detectors
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History of SDD
…a preface…
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Historical overview ?
Historical aspects

in Science and Tecnology (S&T) 
are generally neglected

Drawback of the above vision:
• The time-dimension of S&T is lost
• S&T become anonymous

(Psycological) reasons:
• Old is outdated
• New makes Old obsolete
• S&T look at the future, past doesn’t care

Actually…S&T is made by women and men in an historical context!
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What History in S&T can offer us…
To grow a consciousness on: 
• How discoveries or ideation were born…and can born
• How much new devices improve from the first prototypes!

it would be great if every conference had a historical talk!

• …is fascinating
• …young Researchers can acquire 

confidence and motivation in their work 

In addition…
to know men and women who have allowed

the current scientific context
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The birth of the
Semiconductor Drift Detectors
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1983: the SDD concept is published

E. Gatti
P. Rehak
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Pavel Rehak

1969 Ph.D. in natural sciences, University of Prague, Czechoslovakia

1972 2nd Ph.D. in high-energy physics, Scuola Normale Superiore, Pisa, Italy

1973 Kernforschungszentrum, Karlsruhe, Germany

1975 Yale University and CERN

1976 Brookhaven National Laboratory, Physics Department

1994 Brookhaven National Laboratory, Instrumentation Division

1945 - 2009
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Emilio Gatti

1946 Industrial Electrical Engineering, University of Padua, Italy

1946 - ‘48 Electrical Communication specialization, Galileo Ferraris Institute, Turin, Italy

1948 - ’57 C.I.S.E (Nuclear Science Research Centre), Milan, Italy

1951 - ’97 Politecnico di Milano, professor of Physics, professor of Electronics

1998 - 2016 Politecnico di Milano Emeritus professor

1922 - 2016
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Emilio Gatti: main inventions and contribution
1953 Added step method for single channel discriminators

1955 Charge Sensitive Preamplifier

1956 Vernier method to improve the event timing

1962 Optimum filters for radiation detectors

1962 Spectrum expander

1963 The Light Chamber

1963 Sliding scale method for A/D Conversion

1964 Statistical theory of scintillation counters

1983 The Solid State Drift Detector

1922 - 2016
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E. Gatti ideas on Mars planet exploration

Alpha Particle X-ray Spectrometer
(APXS)
 Silicon Drift Detector

 Charge Sensitive Preamplifier

 Sliding Scale ADC
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Emilio Gatti - awards
1953 Bianchi Prize – Italian Electrical Engineering Society

1968 National Prize for Physics – Angelo della Riccia Foundation

1971 Richi Prize – Italian Electrical and Electronic Engineering Society

1972 Gold Medal for School, Culture and Art  – President of the Republic

1973 Fellow of IEEE

1982 Publication Prize - Italian Electrical Engineering Society

1984 IEEE Centennial Medal

1988 Annual Merit Award  - Nuclear & Plasma Sciences Society

1995 Laurea Honoris Causa in Physics – University of Milan

1996 International Prize Gerolamo Cardano – Rotary and University of Pavia

2003 IEEE Radiation Instrumentation Outstanding Achievement Award

1922 - 2016
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1983: the concept published

E. Gatti
P. Rehak
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When and why 
an invention can born

the case of SDD’s
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from 1908 to ‘70: Ionisation Chambers

Gas filled
chamber

HV

electronics

Particle
or 

Photon
+ + + +

- - - -
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1960: something new appears…
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1960: from gases to semiconductors

Diffused
pn junction
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1968: The Multiwire Chamber

Georges Charpak
(1924-2010)

Ionization
chamber

50 μm wires (anodes)
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1969: The (gas) Drift Chamber

BEAM DRIFT SPACE

MultiWire Chamber

GRID

Georges Charpak
(1924-2010)

+ + +

- - - -
+

Nobel Prize
in Physics 1992

“for his invention and 
development of particle 
detectors, in particular 
the multiwire
proportional chamber” 
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BNL 1978-’81: Rehak works on ionization chambers
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Milano, 1978-’79: Gatti works on ionization chambers
in collaboration with 
Veliko Radeka (BNL)
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1979: a Breakthrough in semiconductor detectors

Joseph Kemmer
Univ. Munich
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1982: first Si Microstrip Detector with planar technology

Microstrip Detector
(first with planar technology)

Joseph Kemmer
Univ. Munich

Paul Burger
Enertec company

Erik Heijne
CERN

It could be called
the Solid State Multiwire Chamber

Are time and conditions ready

for a Solid State Drift Chamber?
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1982: Gatti and Rehak studied Efield in MCP
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1983: the SSD concept published

E. Gatti
P. Rehak

advantages w.r.t. Gas Drift Chambers:
reduced δ-rays

reduced ionization density fluctuation
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SDD: principle of operation
p+

n+ n- bulk

Drift time gives a coordinate

Potential
energy
of electrons

p+ (-40V)

p+ p+

n+

p+ (-27V)

p+ (-20V)
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1984: first SDD realized

Fabricated at: Lawrence Berkeley Laboratory, CA, USA
Tested at:        Brookhaven National Laboratory, NY, USA
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1985: BNL, PoliMI, Univ. Munich, LBL
Multi-anodes SDD

for 2D-position sensing

Electron drift

41
 a

no
de

s

Circular SDD 
for X-rays

300 e- r.m.s.
2.6 keV FWHM

109Cd
anode

y

x
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SDD in particle colliders
1996

AZTEC SDD
CERN – NA45/WA98

Microvertex detector 

Cylindrical 55 cm2 SDD
Radial drift: 700 V/cm 

360 anodes
Anodic
region

2001
STAR SDD

BNL – RHIC
Silicon Drift Tracker (SDT)

216 x 40 cm2 Linear SDDs
in 3 Cylindrical layers
2 x 240 anodes/SDD

1995
ALICE SDD

CERN – LHC
Silicon Vertex Tracker (SVT)

260 x 52 cm2 Linear SDDs
in 2 layers

2 x 256 anodes/SDD
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Development of SDD’s
Spiral (1989)

P-type SDD (1995) Droplet SDD (2004)

SDD Array (1994)

Controlled Drift (1997)

3’’ wafer cylindrical (1992)
360 anodes

Large Area (1991)
4 x 4 cm



Giuseppe Bertuccio,  Semiconductor Drift Detectors: history, present and future

23rd  Workshop on Radiation Imaging Detectors - iWoRiD 2022  - Riva del Garda, Italy, 26 – 30 June 2022 slide 33

Ge and Compound SDD

1996: HgI2 Drift Detector

1987: Ge Drift Detector

1998: CdZnTe Drift Detector

A key point of Drift Detector: single charge carrier induction
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Key features of SDD’s
Planar Junction SDD

DC output current 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 ÷ Detector’s Volume ÷ Detector’s Volume

Output capacitance 𝐶𝐶𝐷𝐷𝐷𝐷𝐷𝐷
÷ Detector’s Area

≈ 35 pF/cm2 (300 μm thick)

Independent of Area
< 100 fF

𝐸𝐸𝐸𝐸𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 ÷ 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 𝑛𝑛 𝐶𝐶𝐼𝐼𝐼𝐼 𝑚𝑚Minimum ENC:

𝜏𝜏𝑜𝑜𝑜𝑜𝑜𝑜 ÷
𝐶𝐶𝐼𝐼𝐼𝐼 𝑚𝑚

𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 𝑛𝑛Optimum shaping time:

𝐶𝐶𝐺𝐺 : Preamp. input FET capacitance

𝐶𝐶𝐼𝐼𝐼𝐼 = 𝐶𝐶𝐷𝐷𝐷𝐷𝐷𝐷 + 𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓/𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡: Load capacitance at Preamp. input𝐶𝐶𝐼𝐼𝐼𝐼

𝐶𝐶𝐺𝐺 = 𝐶𝐶𝐼𝐼𝐼𝐼Minimum noise for capacitive matching:

Higher resolution
@

Higher photon/particle rate

𝐶𝐶𝐼𝐼𝐼𝐼

Lower ENC
@

Shorter shaping time
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Key features of SDD’s

𝐸𝐸𝐸𝐸𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 ÷ 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 𝑛𝑛 𝐶𝐶𝐼𝐼𝐼𝐼 𝑚𝑚

𝜏𝜏𝑜𝑜𝑜𝑜𝑜𝑜 ÷
𝐶𝐶𝐼𝐼𝐼𝐼 𝑚𝑚

𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 𝑛𝑛

Minimum ENC:

Optimum shaping time:

: Load capacitance at Preamp. input

𝐶𝐶𝐺𝐺 : Preamp. input FET capacitance

𝐶𝐶𝐼𝐼𝐼𝐼

𝐶𝐶𝐺𝐺 = 𝐶𝐶𝐼𝐼𝐼𝐼Minimum noise for capacitive matching:
Lower ENC

@
Shorter shaping time

Higher resolution
@

Higher photon/particle rate

𝐶𝐶𝐼𝐼𝐼𝐼

Planar Junction SDD

DC output current 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 ÷ Detector’s Volume ÷ Detector’s Volume

Output capacitance 𝐶𝐶𝐷𝐷𝐷𝐷𝐷𝐷
÷ Detector’s Area

≈ 35 pF/cm2 (300 μm thick)

Independent of Area
< 100 fF

𝐶𝐶𝐼𝐼𝐼𝐼 = 𝐶𝐶𝐷𝐷𝐷𝐷𝐷𝐷 + 𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓/𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
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The development
of the Front-End Electronics

for SDD’s
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1987-’89: JFET and Preamp. integrated
Brookhaven – Milan – Munich collaboration
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1994: SDD with integrated JFET

Proceedings of IEDM 94-545

JFET

anode

SDD used area 
2 mm2

@ +24°C
41 e- rms

(356 eV FWHM)
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1997: SDD and CMOS preamplifier

HP CMOS  1.2 μm
AMS CMOS  1.2μm

55Fepulser

130 eV
FWHM

Intrinsic ENC = 9 e- rms
@ +25°C

With SDD: ENC = 16 e- rms
@ -70°C

176 eV
FWHM

5.9 keV
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Present & Future 
of 

Solid State Drift Detectors
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Present: many commercial SDDs available

\
Geometry: cylindrical

Area : 5 mm2 to 150 mm2

Applications: Analysis with X-rays

FWHM <130 eV @ 5.9 keV, - 35 °C
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What about today SDD R&D?
just an example…
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REDSOX:  R&D collaboration on SDDs

P.I. Andrea Vacchi, University of Udine

Bologna Univ. ELETTRA - Trieste

Pavia University Udine UniversityBologna, Milano, 
Roma, Trento, Trieste

Politecnico di Milano Univ.

FBK - Trento Bologna, RomaKIT - Karlsruhe
G. Cautero P. Bellutti M. Caselle C. Labanti, M. Feroci

A. VacchiG. BertuccioP. Malcovati

G. Baldazzi
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REDSOX: a complete flow of activities

from Design to Application

SDD 
Electrical Test

FBK, TIFPA - Trento

SDD
Manufacturing

FBK - Trento

ASICs
Design & Test

Politecnico di Milano

University of Pavia

System Assembly 
and Test

INAF Bologna, Roma, 

Trieste, Udine, PoliMi

SDD 
Design

INFN 
Trieste, Udine
FBK - Trento

High-End Prototypes Synchrotron System Space X-γ Telescopes
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SDD’s wafers

Very Large Linear SDD
76 cm2

Linear SDD

Circular SDDs

Linear SDD

SDD
8x8 array

2x5 SDD 
arrays

Large area
SDD
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REDSOX: a complete flow of activities

from Design to Application

SDD 
Electrical Test

FBK, TIFPA - Trento

SDD
Manufacturing

FBK - Trento

ASICs
Design & Test

Politecnico di Milano

University of Pavia

System Assembly 
and Test

INAF Bologna, Roma, 

Trieste, Udine, PoliMi

SDD 
Design

INFN 
Trieste, Udine
FBK - Trento

Space X-γ TelescopesSynchrotron SystemHigh-End Prototypes
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Advances in SDD: ultra low anode current
Nominal values for most processes: 100 ÷ 200 pA/cm2
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RedSoX SDD
Area: 13 mm2

Thickness: 450 µm
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Advances in energy resolution
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PixDD: Pixel drift detector
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Conventional vs. Drift Pixel
Conventional Pixel Drift Pixel

Anode

Cathodes

𝐶𝐶𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗 ≅ 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓 𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ≅ 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓
𝐼𝐼𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ≤ 1 pA @ 20°C 𝐼𝐼𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ≤ 1 pA @ 20°C

Is there any advantage with Drift Pixels?

p+

p+

p+

n+

n n

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴: 300 𝜇𝜇𝜇𝜇 × 300 𝜇𝜇𝜇𝜇
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Conventional Pixel
ASIC input

≡
pixel electrode

The whole pixel electrode
becomes

the ASIC input

𝑄𝑄𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖(𝑗𝑗) = 𝐶𝐶𝑆𝑆𝑆𝑆 � 𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑃𝑃𝑗𝑗)

𝐶𝐶𝑆𝑆 = 0.1𝑓𝑓𝑓𝑓

𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑃𝑃𝑗𝑗):𝑚𝑚𝑚𝑚 𝑡𝑡𝑡𝑡 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

𝑄𝑄𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖(𝑗𝑗)

𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑃𝑃𝑗𝑗)
= 10−16

𝐶𝐶
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

Px

𝐶𝐶𝑆𝑆𝑥𝑥

103𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒/𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 (3.6 𝑘𝑘𝑘𝑘𝑘𝑘/𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉)

Py

𝐶𝐶𝑆𝑆𝑦𝑦

Grounded metal shields on ASIC are needed
The full ASIC area is a ground plane at tens μm from pixel

𝑄𝑄𝑖𝑖𝑖𝑖𝑖𝑖

p+

n
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Drift Pixel
ASIC input

≡
Anode

Cathodes
(AC-grounded)

p+

p+

n+

n

𝑄𝑄𝑖𝑖𝑖𝑖𝑖𝑖

High Immunity
From charge injection!
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REDSOX: a complete flow of activities

from Design to Application

SDD 
Electrical Test

FBK, TIFPA - Trento

SDD
Manufacturing

FBK - Trento

ASICs
Design & Test

Politecnico di Milano

University of Pavia

System Assembly 
and Test

INAF Bologna, Roma, 

Trieste, Udine, PoliMi

SDD 
Design

INFN 
Trieste, Udine
FBK - Trento

Space X-γ TelescopesSynchrotron SystemHigh-End Prototypes
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SDDs at TwinMiC – ELETTRA Synchrotron

8 elements SDD
with 

SIRIO preamp.

Total active area 
~12 cm2

Best results: 125 - 132 eV FWHM @ 5.9 keV

Lightweight elements spectroscopy
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SESAME Synchrotron (Allan, Jordan)
XRF-XAFS beamline 8 x 8 SDDs total area 5.7 cm2

< 180 eV FWHM at 5.9 keV and +23°C

SIRIO preamp.

Single module

Output Count Rate: 1.6 Mcps/cm2
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REDSOX: a complete flow of activities

from Design to Application

SDD 
Electrical Test

FBK, TIFPA - Trento

SDD
Manufacturing

FBK - Trento

ASICs
Design & Test

Politecnico di Milano

University of Pavia

System Assembly 
and Test

INAF Bologna, Roma, 

Trieste, Udine, PoliMi

SDD 
Design

INFN 
Trieste, Udine
FBK - Trento

Space X-γ TelescopesSynchrotron SystemHigh-End Prototypes
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Semiconductor Detectors for Space Telescopes

 Operation on satellite

 Spectroscopic capability

 Imaging capability

 Timing capability

 Energy range: from keV to MeV

 Total sensitive area: > 1 m2

Requirements:
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The eXTP Space Mission

Launch date: 2027, Mission duration: 8 years

CAS, CNSA, IHEP, Tsinghua Univ., Tongji Univ., CAST, MicrosatChina
P.I. Prof. Shuang Zhang

IHEP/CAS – Beijing

Italy, Spain, Germany, France, Switzerland, Czech Republic,
Poland, Denmark, The Netherlands, Austria, TurkeyEurope   

P.I. Dr. Marco Feroci 
INAF IAPS Roma

spectral, timing and polarimetry observations
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eXTP Space Mission

Study of matter under extreme conditions of gravity, density and magnetism
For the first time: simultaneous, high-throughput spectral, timing and polarimetry observations

 Accretion physics in the strong-field regime of gravity and 
tests of General Relativity in neutron stars and black holes 
over the mass scale.

 Physics of light and matter in the presence of ultra-strong 
magnetic fields in magnetars and X-ray pulsars.

 Multi-purpose observatory and wide-field monitoring for 
transients (and e.m. counterparts of GWs). Rapid follow-up.

http://www.isdc.unige.ch/extp/ 
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eXTP Imaging System on satellite

Payload Configuration Optics Detector Effective
Area

Energy range
(keV)

SFA 9 Telescopes Nickel replica SDD 0.5 – 0.70 m2 0.5 - 10

LAD 40 Modules MCP Collimator SDD 3.4 m2 2 - 30

PFA 4 Telescopes Nickel replica Gas Pixel 
Detector 900 cm2 2 - 10

WFM 6 Cameras 1.5 Coded Mask SDD FOV > 4sr 2 - 50

SFA (Spectroscopy Focusing Array)

WFA (Wide Field Monitor)

LAD (Large Area Detector) 

PFA (Polarimetry Focusing Array)
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Two Missions for Gamma Ray Burst Study

PI : Dr. Fabrizio Fiore 
National Institute of Astrophysics (INAF)

Trieste, Italy

PI : Dr. Lorenzo Amati  
National Institute of Astrophysics (INAF)

Bologna, Italy
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Gamma Ray Burst (GRB)
hot topic in Astrophysics
Sudden and unpredictable burst of Soft γ / hard-X rays

Photon energy band: keV to MeV

Total energy: 1045 J ( 1014 TeV)

Time duration: 0.1-100 s

Huge energy flux: up to 1 GeV/cm2/s

Extragalactic origin:  neutron stars merging
black hole formation



Giuseppe Bertuccio,  Semiconductor Drift Detectors: history, present and future

23rd  Workshop on Radiation Imaging Detectors - iWoRiD 2022  - Riva del Garda, Italy, 26 – 30 June 2022 slide 64

HERMES project
High Energy Rapid Modular Ensemble of Satellites

PI : Dr. Fabrizio Fiore - INAF-OATS, Trieste, Italy
Scientific goal: Gamma-Ray Burst study

• localization (arc-min accuracy)
• timing (μs resolution)

Detection apparatus: 3U CubeSats

Orbit: equatorial 525 km altitude

Detectors: Scintillators (GAGG:Ce) + SDDs

GRB localization: triangulation

Launch: first 6 CubeSats in 2023 

Peculiarities: modularity, all sky coverage, low cost
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Cubesat
for GRB localization

CubeSat 3U
10 x 10 x 30 cm3

Energy band: 50 – 300 keV
60 GAGG read by 2 SDDs
120 SDDs organized in 12 arrays (53 cm2)
Array: 2x5 SDDs 7.4x6 mm2 (4.4 cm2)
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InfraRed Telescope 
(IRT) 0.7-1.8 µm

4x Soft X-ray Imagers 
(SXI) 300 eV – 5 keV

2x X-Gamma Ray Imaging 
Spectrometers (XGIS)
2 keV – 10 MeV
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THESEUS: the X-Gamma Ray Imaging Spectrometer
Coded mask (60x 60 cm2)

(imaging up to 150 keV)

2x X-Gamma Ray Imaging 
Spectrometers (XGIS)
2 keV – 10 MeV
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THESEUS: the X-Gamma Ray Imaging Spectrometer

SDD (TOP)
8x8 matrix 
(4x4 cm2)

CsI(Tl) 
8x8 matrix

SDD (TOP)
8x8 matrix 

X-Rayγ-Ray
Coded mask (60x 60 cm2)

(imaging up to 150 keV)
module

10 x 10 modules

12800 SDDs (each SDD: 5x5mm2) 

2x X-Gamma Ray Imaging 
Spectrometers (XGIS)
2 keV – 10 MeV
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REDSOX: a complete flow of activities

from Design to Application

SDD 
Electrical Test

FBK, TIFPA - Trento

SDD
Manufacturing

FBK - Trento

ASICs
Design & Test

Politecnico di Milano

University of Pavia

System Assembly 
and Test

INAF Bologna, Roma, 

Trieste, Udine, PoliMi

SDD 
Design

INFN 
Trieste, Udine
FBK - Trento

High-End Prototypes Synchrotron System Space X-γ Telescopes
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SDD’s future 
where to go?

what we should expect?
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Ultra low noise SDD
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Ultra low noise SDD
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25 pA/cm2 @ 0.5 kV/cm

Silicon Carbide Detector
1 pA/cm2 @ 100 kV/cm

SiC Drift Detectors 
Ultra low noise (low IDET, low CDET)

Ultra Fast (operation close to electron saturation velocity) 
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Conclusion
Solid State Drift Detectors 
a great idea…
a fascinating story…
a still amazing adventure…

Thanks to Emilio Gatti and Pavel Rehak
and to each one who is continuing their passion

E. Gatti

P. Rehak
E. GattiP. Rehak
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