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AGENDA 

•!Un poco di storia 
•!Come funziona 
•!ALICE più di 1 m2  

•!raggi X di bassa energia 

•!Gli sviluppi per: 

a)! X-ray astronomy 
LOFT 

b)! Sorgenti di Luce 

o! Syncrotrone 

o! FEL 

Andrea Vacchi                Napoli 24 gennaio 2013 
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First Large area SDD for tracking applications  1987 
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1987 Milano Politecnico          first large area SDD   
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The Linear Silicon Drift Detector – working principle!

drift direction [µm]!
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particle trajectory!

•! designed to provide unambiguous 2D tracking of 
ionizing particles with very good resolution in a 
high-multiplicity environment with a very limited 
number of channels!

•! linearly scaling potentials are applied to drift 
cathodes to generate a constant electric field 
parallel to the detector surface directed outwards an 
array of anodes!•! the first coordinate is determined by the center of 
gravity of the signal at the anodes!

•! the second coordinate (drift axis) is determined 
measuring the time required by the electron cloud to 
reach the anodes!

d!

•! for high position resolution the electric field must be very uniform ! Neutron Transmutation Doped substrates!
•! for Floating Zone material ! corrections must be applied to the reconstructed position (e.g. lookup tables) ! 

precise characterization of every single detector !!!!

FZ! NTD!
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injector lines close-up 
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Unique feature   Point like charge injectors>  continuous on line 
calibration!

anodes 

time  

µµ !! T-2.5 

vd = µµ x E 

Monitoring vd fluctuations 
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Drift values as a function of the anode number of one half 
module; each point represents the result of the fit on the three 
corresponding injectors. 
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Wafer type: !
"! 5”  Neutron Transmutation Doped  

<111> 3 k""cm, thickness 300 
µm!

Area:!
"! Sensitive: 7.02 # 7.53  # 53 cm2, 

divided in 2 drift regios!
"! total: 7.25 # 8.76 cm2, (ratio = 

0.83)!
Each drift region:!
"! has a length of 35 mm !
"! has 291 cathodes biased by an 

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

injectors for the drift velocity 
calibration!

Guard region:!
"! independent voltage dividers!

Integrated dividers:!
"! Equivalent resistance of all voltage 

dividers Rtot = 4781 k$!
Each anode:!
"! has a very small capacitance of 

~100 fF!
"! reads an area of 10 mm2!

ALICE-D4 SDD for the LHC-ALICE experiment !

Maximum ratings for the detector bias: !
"! HV bias: -2.4 kV,  8V/cathode  E = 670 V/cm!
"! for a drift time of 4.3 µs,  vd  = 8 µm/ns!
"! total current on the voltage dividers ~0.48 mA!
"! on board power consumption: 1.15 W!

for a maximum drift time of 4.3 µs (vd  = 8 µm/ns)!
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Approximately 300 Alice-D4 units have been produced for ALICE by Canberra, 
and tested, integrated and calibrated by INFN-Ts and then delivered to the 
ALICE experiment. 

It is worth noticing that 
after finishing the early 
learning phase, the 
Canberra foundry 
has been able to 
manufacture the Alice-
D4 with production 
yields up to 80%. A 
key feature if one 
assumes to 
manufacture thousands 
of detectors. 
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260 detectors ($$1.37 m2) operational in LHC. Manufactured by 
Canberra  under design, control and test by INFN-Ts. 

•!600 detectors realized and tested for 
compliance with specifications!

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

NNuucclleeaarr  ccoolllliissiioonnss  aatt  tthhee  LLHHCC  hhaavvee  aalllloowweedd  eexxppeerriimmeenntteerrss  ttoo  ssttuuddyy  ssttrroonnggllyy  
iinntteerraaccttiinngg  mmaatttteerr  iinn  uunnpprreecceeddeenntteedd  ccoonnddiittiioonnss  ooff  tteemmppeerraattuurree  aanndd  ddeennssiittyy  aanndd  wwiitthh  
aa  mmuucchh  eennhhaannccee  rraannggee  ooff  pprroobbeess  uunnvveeiilliinngg  nneeww  ffeeaattuurreess  ooff  tthhee  qquuaarrkk--gglluuoonn  ppllaassmmaa  
iinn  tthheessee  eexxttrreemmee  ccoonnddiittiioonnss..  7F8GF7H# 8d#
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27 Sept 2007: Central tracker installation finished 
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all silicon, 6 layers 

low mass: 8 % X0 

SPD        2.3 % 
SDD        2.4 % 
SSD        1.7 % 
structure 1.3 % 

layer 
type R 

[cm] 
area 
[m2] 

chan-
nels 

occu-
pancy 

%_R!" %_Z 

1 pixels 
SPD 

4  0.07 3.3 M 2.1 
12 µm 100 µm 

2 8  0.14 6.6 M 0.6 

3 drift 
SDD 

15  0.42 43 k 2.5 
35 µm 25 µm 

4 24  0.89 90 k 1 

5 double 
sided 
strip 
SSD 

38  2.2 1.1 M 4 
20 µm 830 µm 

6 43  2.8 1.5 M 3.3 

specials 

SPD:  fastOR trigger 

SDD:  &E signal 

SSD :  &E signal 
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•!anode axis (Z) 
•!drift-time axis (R-'') 

The space precision  

along the drift direction, is better than 38 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. 

R#
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220ALICE performance
16/5/2011

Pb-Pb 2.76 TeV

Layer 3 - Ladder 7 - Module 2

Clean! 
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ALICE assembly line at INFN Trieste 
laboratories 
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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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XDXL: first production batch. Wafer diameter 4” / thickness 450 !m  
Material FZ-silicon ("=7-9 k#•cm). 
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7-hexagon mosaic 
Area: 7 ## 26.4 mm2 

9-square mosaic 
Area: 9 ## 26.4 mm2 

10-hexagon mosaic 
Area: 10 ## 26.4 mm2 
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DOWN half 
DOWN half 

UP half 
UP half 

I,&&J(#3K-K#E+(<)*<#L%+#:M:2NO<M@%:##&%//,;%+,A%"############K,$%/(###8G#=<"",(%#8P7H#>,&&J(Q*)R("L"R(*#7F8GF7H# GP#



-(+)*#$+%*%*f$<#+?"#h(*J#-iz#S8P7PT#

1#("(A,/#+?"#h,)#"<&<)),+f#*%#<>,/?,*<#*J<#L,;+(&,A%"#$+%&<))#,"'#9,*J<+#*J<#("L%+.,A%"#
+<p?(+<'#*%#%$A.(0<#*J<#'<*<&*%+#("#*J<#L%//%h("9#(*<+,A%")#

EJ<#h,L<+#&%.$+()<)[#

•! D"<#@MM#J,>("9#*J<#),.<#/,f%?*#%L#12345NMG#;?*#%"/f#H8#,"%'<)#L%+#<,&J#)('<#S1237T#

•! D"<#@MM#J,>("9#*J<#"<h#;(,)("9#)&J<.<#L%+#(.$+%><'#$%h<+#&%")?.$A%"^#,"'#@(N@(D8#
("*<+L,&<#.("(.(0<'#("#%"<#J,/L#%L#*J<#'<*<&*%+#*%#+<'?&<#)?+L,&<#/<,W,9<#,"'#(.$+%><#
'<*<&A%"#<`&(<"&f#,*#/%h#<"<+9f#S1238T#

•! _<g,9%",/#,"'#)p?,+<#)("9/<N,"%'<#@MM)#J,>("9#)<")(A><#,+<,)#%L#7P#,"'#8c#..8#S,"'#
,++,f)T#^#%"<#m0(9N0,9C#@MM#hJ<+<#*J<#'+(e#&,*J%'<)#*J<.)</><)#,+<#*J<#>%/*,9<#'(>('<+#

•! E<)*#'(%'<)#

4” wafers!
450 "m thick!

n-side! p-side!

I,&&J(#3K-K#E+(<)*<#L%+#:M:2NO<M@%:##&%//,;%+,A%"############K,$%/(###8G#=<"",(%#8P7H#>,&&J(Q*)R("L"R(*#7F8GF7H# G7#



V%h<+#&%")?.$A%"#+<'?&A%"#

•! if#+<.%>("9#*J<#9?,+'#>%/*,9<#'(>('<+)#(*#()#$%))(;/<#*%#("&+<,)<#*J<#+<)()*,"&<#%L#
*J<#'+(e#%"<R#EJ<#9?,+'#&,*J%'<)#,+<#*J<"#&%""<&*<'#*%#*J<#'+(e#'(>('<+#!#/%h<+#
$%h<+#&%")?.$A%"#S9%,/[#7F7P#h+*#12345NMGT#

{! 2,)*#L<h#&,*J%'<)#"%*#&%""<&*<'#*%#("*<9+,*<'#>%/*,9<#'(>('<+#*%#,))<))#("|?<"&<#
%L#'(>('<+#"%()<#%"#*J<#'<*<&*%+#$<+L%+.,"&<#

ALICE-D4! NEW GEOMETRY!

I,&&J(#3K-K#E+(<)*<#L%+#:M:2NO<M@%:##&%//,;%+,A%"############K,$%/(###8G#=<"",(%#8P7H#>,&&J(Q*)R("L"R(*#7F8GF7H# G8#



1238[#\+)*#:N+,f#*<)*#h(*J#,#cc-<#)%?+&<#

•! s<,)?+<.<"*)#*,W<"#h(*J#*J<#),.<#'()&+<*<#
L+%"*N<"'#</<&*+%"(&)#?)<'#L%+#*J<#12345#@MM#
&J,+,&*<+(0,A%"#

•! M?<#*%#.<&J,"(&,/#&%")*+,(")#*J<#,"%'<#h(+<#
;%"'("9#,+<#,#;(*#/%"9<+#!#)/(9J*/f#J(9J<+#)*+,f#
&,$,&(*,"&<#,*#*J<#("$?*#

5"<+9f#}1M4#?"(*)~#5"<+9f#}1M4#?"(*)~#

@("9/<N,"%'<#<><"*#)$<&*+?.#,*#P#�4^#Ä)J,$<+#x#H#Å)#I,&&J(#3K-K#E+(<)*<#L%+#:M:2NO<M@%:##&%//,;%+,A%"############K,$%/(###8G#=<"",(%#8P7H#>,&&J(Q*)R("L"R(*#7F8GF7H# GG#



I,&&J(#3K-K#E+(<)*<#L%+#:M:2NO<M@%:##&%//,;%+,A%"############K,$%/(###8G#=<"",(%#8P7H#>,&&J(Q*)R("L"R(*#7F8GF7H# Gc#



Ti X-ray tube CaF2 Crystal 
   (45.37° Bragg  
      diffraction  
         of 4.5 keV) 

Capillary plate (1/100) 

2-axis adjustable W 
slit 

Constant speed movement 
of the SDD 
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1/24/13 

The ASIC for SDDs 

Packaged ASIC 32 ch (200 mm 
pitch)      dimension in mm 
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A mission proposal selected by ESA  
as a candidate Cosmic Vision M3 mission   

devoted to X-ray timing  
and designed to investigate  

the space-time around collapsed objects   
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cX#

LAD 

WFM 

Solar Array 

Bus 

folded 

Industrial study by Thales 
Alenia Space – Italia 

(design confirmed by ESA-
CDF) 
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A LOFT in the sky could be not the weirdest idea that man conceived 

Federer and Agassi playing at the Jumeirah Hotel in Dubai 
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LOFT (Large area Observatory For x-ray Timing)  
is an innovative mission concept for the next generation of X-ray timing 
experiments. Recent developments in the field of Silicon detectors allowed to 
design a realistic observatory devoted to X-ray timing studies with an  
        effective area around 13 m2,       in the energy range 2–30 keV 

Key properties of the detectors, 
demonstrated in our laboratory includes 
an energy resolution better than 500 eV 
at room temperature with a time 
resolution better than 10 µs, 

LOFT  will allow unprecedented fast and 
accurate time variability studies related 
to accreting collapsed objects 

A timing observatory in the 10 m2 class 
has important diagnostic potential for 
open problems in fundamental physics, 
such as strong gravity effects, the 
measurement of the mass of black holes 
and neutron stars, the equation of state 
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•! 5`&(<"0,#p?,"A&,##~ 17% più alta a 4.5 keV rispetto alle SDD di ALICE 
•! Passo anodico di 970 !m per limitare il numero di canali che integrano il segnale (max. 2) 
•! 4%")?.%#'(#$%*<"0,#7F7P#+()$<Z%#,//<#@MM#'(#12345#
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•! 1+<,#)<")(;(/<#'(#GcRB#&.8#
•! 5`&(<"0,#p?,"A&,##~ 17% più alta a 4.5 keV rispetto alle SDD di ALICE 
•! Passo anodico di 145 !m (294 !m  in ALICE) per massimizzare la risoluzione spaziale lungo gli anodi 
•! 4%")?.%#'(#$%*<"0,#7F7P#+()$<Z%#,//<#@MM#'(#12345#
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•! 1$$/(&,A%"#%L#*J<#@MM)#*%#)%e#:N+,f#,)*+%$Jf)(&)#<g$<+(.<"*)#("#)$,&<#+<p?(+<)#*J<#'<>(&<)#*%#)?)*,("#)<><+<#
<">(+%".<"*#&%"'(A%")^#<R9R#(*#J,)#*%#;<#,;/<#*%#)?+>(><#%+;(*,/N'<;+()#,"'#.(&+%.<*<%+(*<#(.$,&*)#h(*J%?*#&,?)("9#
$+%;/<.)#*%#*J<#'<*<&*%+#)f)*<.#S_I#$%h<+#)?$$/f#()#&%..%"#*%#)<><+,/#'<*<&*%+)T 

•! A preliminary test at room temperature was carried out at the dust accelerator facility of the Max Planck Institute of 
Nuclear Physics in Heidelberg, Germany (July 18th, 2012) 

•! After shooting more than 100 aluminum particles (size between 0.1 and 4.2 !m, velocity in the range 1.1 ÷ 34 km/s, 
in inverse proportion to the size) an increase of 6 !A on the HV bias (17%) and of few nA in the total leakage current 
of the detector was observed, showing the sturdiness of the SDD#

•! Specific tests will be carried out to assess the impact of debris bombardment on the SDD performance I,&&J(#3K-K#E+(<)*<#L%+#:M:2NO<M@%:##&%//,;%+,A%"############K,$%/(###8G#=<"",(%#8P7H#>,&&J(Q*)R("L"R(*#7F8GF7H# dP#
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H8#L+%"*N<"'#&J,""</)#

*<)*#&<//#

•! D$A.(0<'#L%+#,#HcP#L-#,"%'<#&,$,&(*,"&<#S2D-EN21M#$(*&J#%L#~1mm), and a maximum leakage current 
of 10 pA, with a power consumption of only 418 !W/ch 

•! The ASIC has a multiplexed analog output, the integration of the ADC is already being studied 
•! Measurements made with the single-channel test cell using the test input (no detector connected) 
•! Tests of the whole chip is under way#

K\]^T'K@0/'4&9R!,5,FB':*,3'
IA#4*$+@$9*,/B#4&3#<'

•! HD\]'_3'`'\D\a'
•! T'3&4+5'
•! 1'(,5B'
•! R$FR"*&#'(,5B'
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_<g,9%",/#@MM#,++,f#

•! Discrete front-end electronics 
•! JFETs placed closer to the anodes than 

the ALICE-D4/ALI2 setup 
•! Plastic cover to protect the detector and 

the JFETs 
•! Very high leakage current: 23 pA at -10 °C 

but lower input capacitance 
•! The measurement show an excess noise 

at tsh = 3 us (from the parallel and series 
noise extraction) probably coming from the 
100 V power supply 

•! Bonding is very challenging 

Note da TS 
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FBK Run-2. Central detector: XDXL-1 
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