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outline

Few introductory remarks

The due historical framing

Our daily SDD; working principle

tracking & ALICE detector more than 1 m2 since 2007
Large Area & soft X-rays:

Towards X-ray astrophysics
X-ray astronomy LOFT et.al.

Some recent results

G. Zampa presentation at this conference
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what’'s new?

Know-how diffusion;
parallel developments;
efficiency & optimizatin;

large impact

International conference on SESAME
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continuous flow of front edge developments in two
technologically hungry scientific fields

\
-
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Foreword:

E. Gatti and P. Rehak have proposed Silicon Drift Detectors (SDD) in 1983. It is
now 33 years that this very versatile and elegant device evolves in different
directions. The SDD operation principle has given rise to the development of a

variety of solutions adapted to very challenging specific needs.

All this was made possible by the planar technology introduced by J. Kemmer

dedicated to the field of high performance detectors.

The first larqge area SDD, for particles tracking in a high multiplicity

environment, was published in 1990, while in 2007 more than 1 m2 of SDD was

made operative in the internal tracking system of the LHC-ALICE experiment,

demonstrating the possibility of industrial mass production with high production

yield.

Far from being exhausted, large area SDD’s continue to evolve.

International conference on SESAME
Veli Losinj, 30/08/2016




PAVEL REHAK

) 50, 1p-STATE

Emilio
Gatti

The Quest

for Low-Noise
Processing of
Random Signals,
Integrated Circuits,
and Nuclear Science

BROOKHRUEN  FeqtureS Media & Communications Office

News Releases | Features | Photos | Videos | Fact Sheets | Lab History | Contacts

. ‘ - & By Satya Shanmugham | December 19, 2008
4 ottobre 2012 e 25th Anniversary of Rehak's and Gatti's Innovative
In occasione dell'uscita del numero speciale a lul dedicato, Detector

alla presenza ¢ in onore di Emilio Gatti
Erik H.M. Heijne terra il seminario:

Brookhaven's Instrumentation Division
develops state-of-the-art instrumentation
required for experimental research

POLITECNICO O LANO
grecene Lo programs at BNL and throughout the

'magins and lmag'naﬁon- oy world. Much of their work is focused on
‘ - detectors that track particles after a
the use of nanoelectronics for parﬁcle X E collision or detectors that identify the
) energy and location of absorbed x-rays.
h slcs ex eriments B Some of the current silicon detector
p y p :3:::":‘:".:‘10. o developments are for RHIC and ATLAS

upgrades, NSLS and NSLS-II, and NASA

Maggion dettagh 1000 CHponiil ol SR0. www. del polimiie INFORMATIONT
missions, to name a few.




.
Dr. Josef Kemmer

KETEK

Creative Detector Solutions

HOME PRODUCTS COMPANY DOWNLOADS NEWS CONTACT Q

1980 Publishes planar technology with ion implantation in Nuclear Instruments and
Methods (NIM)

HISTORY

Development of the planar technology for the fabrication of silicon radiation detectors by Dr.
Josef Kemmer at the Technical University of Munich (TUM).

Fabrication of the first SDDs by Dr. Josef Kemmer at the TUM utilizing the planar process.
The detector principle was proposed by Emilio Gatti from Politecnico di Milano and Pavel Rehak
from Brookhaven National Laboratory.

Formation of Ketek GmbH by Dr. Josef Kemmer.

Main business of KETEK is technology transfer to industry and to research institutes.
Contribution to some of the world's most advanced detector projects in high energy physics and
space research like XMM Newton.

Development and launch of the first generation of commercial SDD modules. Introduction of
KETEK SDD to the XRF and EDX market within a strong co-operation with Rontec.

Development of monolithic and discrete multi-channel SDD systems.

Manufacturing and delivery of the 1000th commercial SDD Presentation of the 3rd generation of
SDD with an energy resolution < 128eV at Mn Ka.

Inituation of the electronic product line with the KETEK Analytical X-ray Acquisition System
(AXAS) with own development and production.

The MER-Rover in NASA's Mars Lander carries six KETEK alpha particle detectors and a customized
SDD.




PATENT Josef KEMMER 1980

.
United States Patent [ 11 4,442,592
Kemmer [45] Apr. 17, 1984
[54] PASSIVATED SEMICONDUCTOR PN [56] References Cited
O O RIS HE U.S. PATENT DOCUMENTS
PRODUCTION THEREOF 3,769,109 10/1973 MacRae etal. ............ 148/1.5X
3,891,468 6/1975 Itoetal ... 148715
[76] Inventor: Josef Kemmer, No. 41 D,
Hauptstrasse, 8041 Haimhausen, Primary Examiner—Brian E. Hearn
Fed. Rep. of Germany Assistant Examiner—David A. Hey
Attorney, Agent, or Firm—John C. Smith, Jr.
(21] Appl. No.: 225,069 7 48
pl. L 2
[22] Filed:  Jan. 14, 1981 57 ABSTRACT
. . . A passivated semiconductor pn junction is provided
[30] Foreign Application Prierity Dats which has a high electric strength, one area being heav-
Jan. 31, 1980 [DE] Fed. Rep. of Germany ....... 3003391 ily doped and being very thin, in particular for radiation
3 detectors. The pn junction has an edge zone at which a
[51] Int. CLY .o HO1L 31/18 ¢ ;
[52] US. Ch oo 29/572; 29/576 B; depletion zone (surface channel) is provided underneath
29/578; 148/1.5; 148/187  |the passivation layer.
[58] Field of Search ................... 148/1.5, 187; 29/571,
29/572, 569 R, 576 B, 578; 156/643, 662 12 Claims, 2 Drawing Figures
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p .
erformance of the UA6 large-area silicon drift chamber prototype

Nuclear Instruments and Methods in Physics Research A306 (1991) 187-193

North-Holland
A. Vacchi

Y, USA
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depletion
potential

oxide (SiO,)

SDD have excellent noise

anodes

potential

drift distance
ibapt d@we@nerggﬁwrfay spectroscopy applications.

Veli Losinj, 30/08/20
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The linear SDD signal and charge diffusion

The charge cloud has a Gaussian shape. Its width depends
on the drift time which, for a constant electric field, is a
linear function of the drift distance:

D = kLllu diffusion coefficient
q
v=ul  drift velocity
= L drift time

‘,’
: k,T X , k.T s
o=2Dt+o; = [2-~2—u.-—+0, = [2-2—-x+0,
0 \/ q H E 0 \/ gE 0

For low energy X-ray photons it is possible to take o, = 0

* Measuring the charge cloud lateral dimension it is possible to derive the drift length with a coarse
resolution

- Several anodes (N) are involved in the signal acquisition: the electronic noise contribution to the
energy resolution is multiplied by VN

* For the best energy resolution the anode pitch should be large in order to have at most 2 anodes
integrating the charge

* For imaging purposes the anode pitch should be small to better estimate the drift distance from the
signal shape at the anodes (no prompt trigger with photons!!!) )
INFN

Nazionale
g di Fisica Nudleare



ALICE-ITS-SDD

) !

sproduction yield better than 60%

260 detectors ( ) operational in LHC since 2007 .
Manufactured by Canberra in coIIaboratlon W|th INFN-Ts.

THE ALICE DETECTOR@ ‘)&

N\

1. ITS
2. FMD , TO, VO

3. TPC

4, TRD

5. TOF

6. HMPID

7. EMCAL

8. PHOS CPV

9. MAGNET

10. ACORDE

11. ABSORBER

12. MUON TRACKING
13. MUON WALL

14, MUON TRIGGER
15. DIPOLE

16. PMD

Nuclear collisions at the LHC have allowed experimenters to study strongly interacting matter in
unprecedented conditions of temperature and density and with a much enhance range of probes unveiling

new features of the quark-gluon plasma in these extreme conditions.

8/30/16 International conference on SESAME
Veli Losinj, 30/08/2016




A. Rashevsky et al. | Nuclear Instruments and Methods in Physics Research A 461 (2001) 133-138

Fig. 2. Details of the H.V. integrated divider region: (1) drift
cathode; (2) guard cathode; (3) divider resistor for the drift
cathodes; (4) divider resistor for the guard cathodes.

mental conditions, if one does not foresee special
solutions in the detector design to attenuate this
influence [4,5]. From this point of view, in case of
the SDD, the punch-through phenomenon is the
most critical. When the voltage difference between
adjacent p* cathodes reaches a critical value Up, a

Fig. 1. Picture showing a SDD of the design ALICE-D1B. The
numbers correspond to (1) sensitive area; (2) guard area.

www.elsevier.nl/locate/nima

Characteristics of the ALICE

A. Rashevsky®*, V. Bonvicini?, P. Burger®, F
R. Hernandez-Montoya®', A. Kolojvari®
C. Piemonte?, F. Tosello®, A.

one di Trieste, ¢c/o Area di Ricerca, Palaz:z
b Canberra Semiconductor, NV,
CINFN Sezione di To

For the ALICE Coll

(SDD) with an active area of 7.0 x 7
Ystem. The development of the SDD



@S SDD for LHC-ALICE experiment

A\

»>5” Neutron Transmutation Doped
<111> 3 kQ-cm, thickness 300 um

divided in 2 drift regions
> total: 7.25 x 8.76 cm?, (

) charge injectors (

> Sen _ _ = | drift direction [

drift cathodes e il
|| drift direction [ |

has a length of 35 mm
has 291 cathodes biased by an

integrated voltage divider L
ividers

has 256 anodes - pitch of 294 um i :
has 3 lines of 33 MOS charge : -"x‘ : ‘ L - —
injectors for the drift velocity sl - I

calibration

independent voltage dividers

Equivalent resistance of all voltage > HV bias: -2.4 kV, 8V/cathode E =670 V/cm

dividers R,,, = 4781 kQ : e
ot > 35mm in a drift time of 4.3 us{v, = 8 um/ns

has a very small capacitance of > total current on the voltage dividers ~0.48 mA

~

reads an area of 10 mm2 >
International conference on SESAME
Veli Losinj, 30/08/2016




SDD layout details and terminology

guard /

cathodes /

\\\ |-

Integrated voltage g
divider (implanted
resistors)

International conference on SESAME
Veli Losinj, 30/08/2016

Drift cathodes
(CO...C291)

n-side
Anodes

GRID electrode

Drift cathodes
(CO ... C291)

p-side
“push-up”

cathodes
(W1, W2)




S D D SenSOr 291 Drrift ca}hodes

Voltage divider

Central
Cathode
at -HV

yoyud wm oz}

<HYV, I\/IV

Potential energy (V)

////il"/////
i)
'”””""////

<LV supply Ly
<Commands a oL 0’;,///
i : & = /'/, /;////l*' ///5//,
<Trigger . ,%/,, //,,

I,"/"I

S e / /
Data - B |
‘ i \ 7
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27 Sept 2007: Central tracker installation finished

International conference on SESAME
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The spatial precision
along the drift direction, is better than 30 ym over the whole detector
surface.

The precision along the anode, is better than 30 um over 94% of the
detector surface and reaches 60 um close to the anodes, where a fraction

of clusters affects only one anode.

The average values are 35 um x 25 ym respectively.
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High multiplicity two coordinates delivered
Clean!

ALICE performance [ ayer 3- Ladder 7 - Module 2
16/5/2011
Pb-Pb 2.76 TeV
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Alice SDD detection system run active time

since 2016 year beginning

Duration
4000
3597 3601
00 3440
3189
2975 2947
o 2858 2759
2614

%00 2433 2436

ﬂ 2154
C

3 2000 1826 x
T 1551 S

1500 1326

1160
1000
709
500
145
0
. » ") .
A
A 13/06/16 Caterina Deplano
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suitable for low-energy X-ray spectroscopy applications:

+ anode capacitance is about 50 {F,

+ the leakage current at the anode measured at room temperature is very low.

This allows a very-low noise contribution from the front-end electronics.

More than two order of magnitudes larger sensitive area than standard spectroscopic SDDs,
this detector can open the way to application areas of the X-ray spectroscopy that require

wide surface coverage.

Anode current (A)

Each anode sees a 10 mm? surface - the
reported current values correspond to 4 anodes

read-out together

0 5 10 15 20 25 30 35 40 45 50 55 60 65
Anode number




LOFT concept

http://www.isdc.unige.ch/loft/

MARCO FEROCI
INAF, ROME

LUIGI STELLA
INAF, ROME

ANDREA VACCHI
INFN, TRIESTE

ON BEHALF OF THE LOFT CONSORTIUM
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The strong force determines the state of nuclear
matter - from atemic nuclei*to neutron stars.

It is a major problem within modern physics.




LOFT SCIENCE

Cosmic Vision

LOFT ADDRESSES THE CoOsMIC VISION THEME
“Matter Under Extreme Conditions”

Probe gravity theory in the very strong
field environment of Black Holes
("Strong Gravity”)

Probe physics of hundreds of galactic
and bright extragalactic cosmic sources
("Observatory Science”)




Measuring the neutron star equation of state using
X-ray timing

1| OUTER CRUST

NUCLEI
ELECTRONS

INNER CRUST

NUCLEI
ELECTRONS
SUPERFLUID NEUTRONS

CORE

SUPERFLUID NEUTRONS
SUPERCONDUCTING PROTONS
HYPERONS?

DECONFINED QUARKS?
COLOR SUPERCONDUCTOR?

International conference on SESAME
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AN Hypothetical states of matter accessed by neutron stars
EARLY UNIVERSE @and current or planned laboratory experiments
Other Heavy
LHC  on Collisions Quark gluon
plasma
100 -
>
[O)
S 10-
o
>
[
@ Hadronic
g matter
— 0.1+
0.01 -
0.001
0 1 2

Baryon Chemical Potential (GeV)



LOFT-M3_§ il SDD Detectors Heritage
RXTE ] ; 5

AstroSat
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THREE POSSIBLE MISSION APPROACHES

Large Observatory For x- enhanced X-ray Timing and

ray Timing (ESA) LO(IIZ\ITA—Eer)be Polarization mission (CAS)

Weak/soft sources: Collimated
Area + Telescopes.
And Polarimeter




| Soft Focusing Array

LAD Payload 11 arrays: focal length 4.5m,
40 arrays SDD Diameter 450 mm, SDD
Energy band:2-50 keV Energy band: 0.5-20 keV
Collimated FOV 1deg FWHM FOV:12 arcmin

Time resolution: 1us
Energy res.: 200eV@ 6keV
Sensitivity :0.01 uCrab (10%s)
Effective area:3.4m2@6keV

Time resolution: 10 us

Energy res.: 180eV@6keV
Angular resolution: 1 arcmin
Sensitivity :0.16uCrab (10%s)
Effective area: 6500cm2@6keV
0.9 m? between 1-2 keV

AN

WFM

3 arrays, SDD

Energy band:2-50 keV
FOV:1.33PI

Time resolution:2 us
Energy resolution:

Polarimetry Focusing Array
2 arrays focal length 4.5 m,
diameter 450 mm

Energy band: 2-10 keV
FOV:12 arcmin

Time resolution: 500us 300eV@6keV

,E\:Zr%ﬁi:skﬁﬁ?:? 16 gz\l{csec Angular resolution:4.5 arcmin
' Sensitivity : 3uCrab (2x104s)

Sensitivity : 5 uCrab (10%s) . ! '
Effective area:250cm?@2keV Effective area: 170cm“@6keV




Pixel SDD

» SFA for spectroscopic and timing measurement with

imaging capability.

Focal length

45m

Area

>500 cm? @ 6 keV, 1 module
>6000 cm? @ 2-6 keV, in total

Energy range |0.5~20 keV

Field of View |+/-6 arcmin
Angular res. HEW=<1’, W90<3’
Energy res. <180eV@6keV
Timing res. 10 us

= Al

El Contact
Bl sio,

3 nSi (bulk)

n* implants (anodes)
[ p* implants (cathodes)

COVER

X-ray optics

RTINS
FPD

* The baseline for the SFA focal plane detector (FPD) is a 7 pixels
SDD. The pixel size shall not exceed 3'.
* It is agreed that the baseline FEE is based on discrete

components. , ,
ANTANTAN 7 instead of 19 pixels




NASA/MSFC and ACO
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LOFT PATHFINDER

—

LOFT-pathfinder
1-m?2 experiment on ISS (Russian segment) to be launched in 2020

Rotary pointing system on the Russian
segment of the ISS

At the moment the Canadian telescopes successively operates




ROGRAMMATICS

eXTP

* Pre-selected in China, currently in phase O/A. Possible
selection in 2016 or 2017, for a launch in 2024-2025.
Participation of the whole LOFT consortium + INAF/OAB +
MPE.

LOFT-P
* Preparation activities for the Decadal Survey 2020. NASA/

MSFC-funded mission study currently ongoing. Probe-class.
Possible notional mission call end-2016/early-2017. Real
mission call early-2020’s. Launch in late-2020’s.

MVN-M2 on ISS

« Experiment led by IKI (Academy of Sciences, Moscow). PI:
M. Pavlinski. ROSCOMOS industrial partner: Energya.
Approved and funded in Russia. Phase 0/A/B1: Jan 2016 -
Nov 2017. Launch end-2020.
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Anode Anode:
* n+ doped

Wiiiiie / ))))))) rexchout slectronics

ant nngs

Drift field
Frontcontact/ T Substrate:
X-rays ‘n doped
Drift cathodes: * fully depleted

* p+ doped

* negative rings
polarization voltage,
decreasing from the
edge to the anode

Entrance window:
* p+ doped
* negative polarization voltage
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4.5E-11 -
4.0E-11 1
& 3.5E-11 1
3.0E-11 1
2.5E-11 1
2.0E-11 1
1.5E-11 1 1.86E-11
1.0E-11 1
5.0E-12 -
0.0E+00

= Anode Current/ Area 20.0 C

Anode Current (A/lcm*2

90 -100 -110 -120 -130 -140 -150 -160 -170
BiasN Voltage (V)

The SDD, with an active area of 13 mm,
has been manufactured by optimizing the
production processes in order to reduce the

anode current, successfully reaching
leakage current densities between
19 pA/cm and 25 pA/cm at 20 C.
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Figure 6 “Fe acquired at +20°C amd optimum peaking time (1.4 ps).
The pulser line width is 64 eV FWHM, corresponding to 7.4 electrons
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Figure 7. “Fe acquired at -28°C and optimum peaking time (19.2 ps)..
The pulser line width is 29 eV FWHM, corresponding to 3.3 electrons
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The X-Gamma-rays spectrometer (XGS)

SDD scintillator a¢’ 12
1a00; A ar s 10 2006 kaV
Y 1200f \ }‘i 2
o ‘ gO,B
moo: ' _"-; 4.012 keV
- § 800} 206
X 600 f Peu 504 o
3 CsI(TI) wl. > 300 eV FWHM
: 02 6.018 keY )
Direct Scintillation zoo;; 1 L , \ on A kou *oos ey
detectionin Si light detection 04 05 06 ‘: Lo ’ ‘ : * Enetg_?(ke\/) : 10 .
Energy band (keV) 2-20000
Detection principle Siswitch
Low-energy detector Silicon Drift Detector
High energy detector CsI(T])
Separation of energy losses in Si and Pulse shape analysis
CsI(T])
Number of modules 25
Size of each module (mm?) 130x130x100
Lateral passive shielding/module 0.5 mm W
Slat collimator/module 0.5 mm W
Overall collimator FOV (FWHM)
Average useful area ~2000

in the SXI FOV (cm?)







XGS — X and Gamma-ray Spectrometer
detection principle
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acquired with the new TwinMic detector systemYeli Losinj, 30/U8
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Our INFN collaboration specialized in the development of state of the
art Silicon Drift Detect
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TROOM CHARACTERIZATION

SHIPS Bcevem
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SAME xars-Beamline (ROBL-ESRF)

Beamline Components set up in lab
Under Test with ESRF experts

o provide chemically specific
tructural information of
aterials.

ournal of Physics: Conference Series 689 (2016) 012017

among the XAFS applications: cultural
heritage,
== environmental analysis
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he prototype comprises:

1 SDD with 8 cells mounted on a
font end electronics (by INFN-TSs)
Signal output unplified pre-

amBI-IﬂlenEI'LIT-"B‘I 11 l'l

Front end front side

.:.’.’.?{". 000006 ':' :

l:sa;

-
——

back end electronics equipped
with 8 ADCs for each independent
channel and an FPGA (by Elettra)
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