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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	
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		REDSOX	collaboration		
state	of	the	art	SDD	

Un	poco	di	storia	

Familiarizziamo	con	il	principio	

ALICE	più	di	1	m2		

raggi	X	di	bassa	energia	
• Gli	sviluppi	per	SorgenA	di	Luce	Avanzata	

• Gli	sviluppi	per	il	passaggio	a	6”	e	la	tecnologia	LOFT	

	
	

 

 INFN Trieste 
FBK Trento  
Elettra Sincrotrone Trieste 
INAF IASF INFN Roma 2 
INFN INAF Bologna 
INFN Pavia 
INFN TIFPA Trento 
ICTP Mlab Trieste 
INFN Firenze Labec 
Poli Milano El.&Det. 
 
 

2nd	Meeting		
on	Silicon	Drift	
Detectors	for	Low	
Energy	X-Ray	
Applications		
9-11	May	2016,		
Palazzo	Natta,	
	COMO		
	
	
	



continuous	flow	of	front	edge	developments	in	two	
technologically	hungry	scientific	fields		

Developing	state	of	the	art	
Detector	technology	extra	

low	leakage	current	

Highly	specialized	
preamplifiers	&	dedicated	

VLSI	developments		

High	Energy	resolution	for	
low	energy	X-rays	

time	resolved		X-ray	
Astrophysics		

energy	range	<<	5	KeV	

pixelized	imaging	capable	
detectors		

Large	area	low	power	
consumption	low	number	of	

read-out	channels	high	
efficiency	

Advanced	light	Sources	

energy	range	<<	5	KeV			

fast,	excellent	E	resolution	
performances	at	room	

temperatures			

extreme	high	energy	
resolution		

Fast	evolving	custom	design	
for	detectors	and	electronics	

allows	unbeatable	
performances		

8/30/16 6 International conference on SESAME                                         
Veli Losinj, 30/08/2016 



Foreword:		
•  E.	Ga&	and	P.	Rehak	have	proposed	Silicon	Dri8	Detectors	(SDD)	in	1983.	It	is	

now	33	years	that	this	very	versaAle	and	elegant	device	evolves	in	different	

direcAons.	The	SDD	operaAon	principle	has	given	rise	to	the	development	of	a	

variety	of	soluAons	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	large	area	SDD,	for	par2cles	tracking	in	a	high	mul2plicity	

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

made	opera2ve	in	the	internal	tracking	system	of	the	LHC-ALICE	experiment,	

demonstra3ng	the	possibility	of	industrial	mass	produc3on	with	high	produc3on	

yield.		

•  Far	from	being	exhausted,	large	area	SDD’s		conAnue	to	evolve.		
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1983 

PAVEL REHAK 
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The First Large-area Silicon Drift Detector (1991 )  

1991 

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



Silicon	DriX	Detectors	(SDD)	Basic	Principle		

•  due	to	their	collecAon	electrode	geometry,	anodes,	SDD	have	excellent	noise	
performance	and	are	well	suited	for	low-energy	X-ray	spectroscopy	applicaAons.		

n-side	

p-side	

divider	

anodes	

oxide	(SiO2)	

		metal						

depleMon	
potenMal	-U	

dri8	
potenMal	

anode	 dri8	distance	

Drift 
region 

Anodes 
collection
s region 
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ALICE-ITS-SDD	

   

 

 

 

 
 

 

260 detectors (∼1.37 m2) operational in LHC since 2007 .  
Manufactured by Canberra  in collaboration with INFN-Ts. 

• production yield  better than 60%(>90% for last batches)

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. 
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PAUL BURGER 



Wafer type: 
Ø 5”  Neutron Transmutation Doped  

<111> 3 kΩ·cm, thickness 300 µm
Area:

Ø  Sensitive: 7.02 × 7.53  ≈ 53 cm2, 
divided in 2 drift regions

Ø  total: 7.25 × 8.76 cm2, (ratio = 
0.83)

Each drift region:
Ø  has a length of 35 mm 
Ø  has 291 cathodes biased by an 

integrated voltage divider
Ø  has 256 anodes – pitch of 294 µm
Ø  has 3 lines of 33 MOS charge 

injectors for the drift velocity 
calibration

Guard region:
Ø  independent voltage dividers
Integrated dividers:
Ø  Equivalent resistance of all voltage 

dividers Rtot = 4781 kΩ
Each anode:
Ø  has a very small capacitance of 

~100 f F
Ø  reads an area of 10 mm2

 SDD for LHC-ALICE experiment 

Specs  for the detector : 

Ø  HV bias: -2.4 kV,  8V/cathode  E = 670 V/cm

Ø  35mm in a drift time of 4.3 µs,  vd  = 8 µm/ns

Ø  total current on the voltage dividers ~0.48 mA

Ø  on board power consumption: 1.15 W
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SDD	layout	details	and	terminology	

n-side	

p-side	

Integrated	voltage	
divider	(implanted	
resistors)	

Anodes	

“push-up”	
cathodes	
(W1,	W2)	

DriX	cathodes	
(C0	…	C291)	

DriX	cathodes	
(C0	…	C291)	

guard	
cathodes	

GRID	electrode	
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SDD sensor 

30 

Central 
Cathode 
at -HV 

Edrift 

Edrift 

Voltage divider 

vd (e-) 

vd (e-) 

256x2 Anodes 

Hybrid with front-end electronics (4 
pairs of ASICs) 

ßHV, MV 
supply 

ßLV supply 
ß Commands 
ß Trigger 
    Data à 

70
.2

 m
m

 

291 Drift cathodes 
120 µm

 pitch
 

294 µm pitch 

Electron potential in  
linear SDD  
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27 Sept 2007: Central tracker installation finished 
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Drift distance (mm) 
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• anode axis (Z) 
• drift-time axis (R-Φ) 

test beam data 

The spatial precision  

along the drift direction, is better than 30 µm  over the whole detector 
surface.  

The precision along the anode, is better than 30 µm  over 94% of the 
detector surface and reaches 60 µm  close to the anodes, where a fraction 
of clusters affects only one anode.  

 The average values are 35 µm  x 25 µm  respectively. 

.	
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16/5/2011

Pb-Pb 2.76 TeV

Layer 3 - Ladder 7 - Module 2

High multiplicity two coordinates delivered 
Clean! 
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Alice SDD detection system run active time  
since 2016 year beginning 
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suitable for low-energy X-ray spectroscopy applications:  

+ anode capacitance is about 50 fF,  

+ 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. 

Each anode sees a 10 mm2 surface - the 
reported current values correspond to 4 anodes 
read-out together 
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PROBING SPACETIME AND MATTER UNDER EXTREME CONDITIONS 

The strong force determines the state of nuclear 
matter - from atomic nuclei to neutron stars. 

 
It is a major problem within modern physics. 

PROGRESS IS DRIVEN 
BY LABORATORY 
EXPERIMENT AND 
ASTROPHYSICAL 
OBSERVATION. 

LOFT DENSE MATTER THEME 



PROBING SPACETIME AND MATTER UNDER EXTREME CONDITIONS 

LOFT SCIENCE 

LOFT ADDRESSES THE COSMIC 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”) 

Probe the state of matter at supra 
nuclear densities in Neutron Stars  

(“Dense Matter”) 



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

REVIEWS OF MODERN PHYSICS, VOLUME 88, APRIL–JUNE 2016  
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Hypothetical states of matter accessed by neutron stars 
and current or planned laboratory experiments  

8/30/16 44 International conference on SESAME                                         
Veli Losinj, 30/08/2016 



PROBING SPACETIME AND MATTER UNDER EXTREME CONDITIONS 

THE LOFT APPROACH 

		Good Energy Resolution 
(XMM-class)  

Large Collecting Area  
 

LHC SDD Detectors Heritage 

Microchannel Plate Collimators 

200 eV 

LOFT-M3 
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PROBING SPACETIME AND MATTER UNDER EXTREME CONDITIONS 

THREE POSSIBLE MISSION APPROACHES  

LOFT  
Large Observatory For x-

ray Timing (ESA) 

  

eXTP 
enhanced X-ray Timing and  
Polarization mission (CAS) 

  

Bright sources: Large Collimated Area 

  

Weak/soft sources: Collimated  
Area + Telescopes. 

And Polarimeter 
  

LOFT-P  
LOFT-Probe 

(NASA) 

  



PROBING SPACETIME AND MATTER UNDER EXTREME CONDITIONS 



PROBING SPACETIME AND MATTER UNDER EXTREME CONDITIONS 

Pixel SDD 



PROBING SPACETIME AND MATTER UNDER EXTREME CONDITIONS 

LOFT-P 

LAD Modules (122) 

10 WFMs 

Credits: NASA/MSFC and ACO 



PROBING SPACETIME AND MATTER UNDER EXTREME CONDITIONS 

LOFT-P 



PROBING SPACETIME AND MATTER UNDER EXTREME CONDITIONS 

LOFT PATHFINDER 

LOFT-pathfinder 
1-m2 experiment on ISS (Russian segment) to be launched in 2020  



PROBING SPACETIME AND MATTER UNDER EXTREME CONDITIONS 

PROGRAMMATICS 

eXTP 
•  Pre-selected in China, currently in phase 0/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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FBK Trento Low leakage current 

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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room temperature state of the art, our collaboration 

8/30/16 79 



8/30/16 International conference on SESAME                                         
Veli Losinj, 30/08/2016 81 



8/30/16 International conference on SESAME                                         
Veli Losinj, 30/08/2016 83 



8/30/16	
85	

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



8/30/16	
86	

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



8/30/16	
87	

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



Al-Mg-Si-O-Na spectrum of a soybean root section 
acquired with the new TwinMic detector system.  

TwimMic	(Elettra)	beam	line	
maps	of	a	soybean	root	section		

acquired	with	the	new	detector	system,		
realized	within	the	REDSOX	collaboratio		

Al Mg Si 

O Na 
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Our		INFN	collaboration	specialized	in	the	development	of	state	of	the	
art	Silicon	Drift	Detectors	will	carry	out	the	work	for	SESAME			

Un	poco	di	storia	

Familiarizziamo	con	il	principio	

ALICE	più	di	1	m2		

raggi	X	di	bassa	energia	
• Gli	sviluppi	per	SorgenA	di	Luce	Avanzata	

• Gli	sviluppi	per	il	passaggio	a	6”	e	la	tecnologia	LOFT	
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Outline 
1) front edge unique results  
2) working principle 
3) SESAME detector 
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The new detectors for XAFS beamlines 
at... 

ELETTRA 
Trieste - Italy 

SESAME 
Amman - Jordan 
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YURI 
EVANGELISTA 

INFN TS 
10-11  FEB 2016 

TROOM CHARACTERIZATION 

ENC	vs	τ	@	18°	C	
Trapezoidal	shaping	(flat-
top	200ns)	
Pulse	amplitude		4.98	keV	
(eq.).	
	
Ileak	from	reset	ramp	~3	
pA.	



Prototype – 2 : work in progress  

l  A single module of Front End Electronics representative of 
the final version 

 
  

l  Tungsten collimator 100 micron thick 
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SESAME  XAFS and µ-XAFS  
(X-ray absorption fine structures),  

 Paleolithic paintings from caves in Spain 

among the XAFS applications: cultural 
heritage,  
environmental analysis 
 

XAFS beam-line combines X-ray 
absorption 
spectroscopy and X-ray diffraction 
to provide chemically specific 
structural information of 
materials. 
 Journal of Physics: Conference Series 689  (2016) 012017 
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SESAME Prototype - 0 :  the first beam test at XAFS Elettra 
The prototype comprises: 
 

 1 SDD with 8 cells mounted on a 
font end electronics (by INFN-Ts) 
Signal output unplified pre-
amplifier ramp 
 
 
 
 
 
 
 
 
 
back end electronics equipped 
with 8 ADCs for each independent 
channel and an FPGA  (by Elettra)  

 
 

Front end front side 
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Thank you  
for your attention  
vacchi@ts.infn.it 


