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Silicon Drift  Detector ReDSoX
                                  Development of soft X-ray detectors

Redsox3 

2016

• Testing of sensors from 10 batches (~20 wafers each) 

manufactured at FBK on 6-inch wafers

• studies of processes and wafer properties for all batches through 

detailed measurements of test structures for each batch. 

• The selected and classified sensors were then installed in the 

experiments 

           Xafs, TwinMic, FLARES , HERMES, THESEUS 
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Redsox4 

2019 

These measurements on all Redsox batches made an important contribution to the 

development of the drift detector production process at FBK on 6-inch wafers with 

gettering and improved production yield.
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The XAFS-SESAME detector 

system was designed and 

implemented for X-ray 

Fluorescence (XRF) and XAFS 

(X-ray Absorption Fine Structure) 

experiments.The system consists of 

8 rectangular monolithic SDD 

arrays with a total sensitive area of 

570 mm²; each array has 8 square 

cells of 9 mm². The system is 

optimized to operate in the 3–30 

keV energy range. The system, 

composed of 64 fully functional 

channels, provides excellent energy 

resolution at room temperature. 

Sincrotrone light  XAFS-SESAME

Doping variation study

PT !

CA→F

PT !

F→CB
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Luce di Sincrotrone

▪ SESAME

 

▪ XAFS-AXPIDE is on the beamline of the Elettra Synchrotron

64 fully functional channels ~196 eV FWHM Fe 

Installed in Jordan in September 2019
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The resolution of the sum of the signal 

coming from all 64 channels is 162 eV.

Tcool-1µ45 -5min –Mn Kα

Tamb-1µ45 -5min –Mn Kα
The resolution of the sum of the signal 

coming from all 64 channels is 168 eV
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Luce di Sincrotrone TwinMic

Compared to the current system with 8 SDD the Redsox 4x32 system 

achieves better resolution in less time (~5 times)
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Linear Silicon Drift Detector eXTP

Large Area Silicon Drift Detectors for X-ray 

spectroscopy, timing and imaging 

• designed by INFN 

• produced by FBK  

• developed in collaboration with INAF (IAPS 

Rome, IASF Bo), FBK, PoliMi, University 

of Pavia, University of Bologna. 

• More than 10 yrs. R&D activity.
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Linear Silicon Drift Detector LAD

Lotto LOFT 2016    Standart Lotto LOFT 2018    gettering 

The prototype of the LAD detector assembly has been successfully characterized, showing an unprecedented energy 

resolution of 200 eV FWHM at 0 oC. This is the best performance achieved so far with a large-area SDD with this anode pitch
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WFM Sensor production

•  Si wafer: 6", 450 um thick, float-zone, n-type

• Resistivity: 6.5-10 kΩcm

• Processing: double-sided, FBK proprietary 

leakage reduction steps (gettering)
• Batch :   WFM221  15 wafer – 15 sensors

                    WFM231  20 wafer – 20 sensors

                    WFM241  20 wafer – 20 sensors

WFM layout
• two symmetrical drift regions HALF12 

and HALF34 with one high voltage 

cathode CO, each one defined by 292 p-type 

cathodes implanted on both sides of the wafer

• the readout n-type anodes, organized in 

two arrays along opposite ends of the 

detector. 

WFM

FBK Production

Anodes

HALF34

C0

HALF12 The challenge is to produce large area 

sensors with low leakage current and 

good yield
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WFM Sensors Parameters

Specifications
• Less than 2%  of defective anodes

Geometrical dimensions 77.08 × 72.42 mm2

Active volume 64.90 mm × 70.18 mm × 450 µm

Number of anodes 384 per half

Anode pitch 169 µm

Anode capacitance ≈ 90 fF

Drift field 360 V/cm (Bias of 1.3 kV)

Drift speed 5x105 cm/s @ 20 C, 7.6x105 cm/s @ -26 C    

Leakage current (BOL)             < 36 pA/anode (600 pA/cm2 ) 

Spatial resolution < 25 µm (anode)  < 6mm (drift)

Operative temperature                 - 26C
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Test    -    PC Board   Probe Station

384 Anodes with 169 um pitch 

The automatic scan is performed with the 50-

needles ProbeCard. There are exactly 8 positions of 

the probecard for testing all the anodes. In the first 

position anodes 1-48 are measured with two last 

needles connected to GND. Then for 6 positions of 

the probecard 48 central anodes with two outer 

needles connected to GND are measured. In the last 

position the last 48 anodes are tested with two first 

needles connected to GND. 

Scans are performed for two half-detectors HALF12 

and HALF34.
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(LEM-X) is a proposed observatory on the Moon surface for the detection of transients 

and the long-term monitoring of astrophysical sources across the whole observable sky in 

the 2 − 50 keV band. LEM-X project formerly financed by PNRR (INAF-ASI), now 

supported by ASI with industrial study for HW development and mission study

LEM-X    The Lunar Electromagnetic Monitor in X-rays
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WFM 231 W19

Two types of defects

• A     “Normal” peak, involving 8-10 Anodes

• B     “Triangle” peak, involving   80-150  Anodes

Defects of type A involve a limited number of anodes. The current generated by defects  

A diffuses while drifting toward the anodes the same way the signal charge does.

A

A

B

B
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WFM 231 W19 SCAN

    V C0 = 400V, 600V, 800V, 1100V

B

A

A B
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WFM 231 W19  Defects A and B

800 V

1300 V

- - -
- - -

+2.6 V +2.6 V

p+ p+p+

n B A

- - -

- - -

+4.3 V +4.3V

p+ p+p+

n B A

- - - - - -- - - - - -

Al

OX

Al

OX

Defect B:  extended defect in the Si-Oxide interface. Defect B enters gradually in the 

non depleted region so its efficiency at generating leakage current decreases.

Defect A: single-point defects in a Bulk. 
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Simulations. Electron Velocity in the gap region. 

OX

Al

p+

Electrons generated in proximity of the silicon-oxide interface are driven toward the non 

depleted blue region. Here they find a very low electric field and can freely diffuse along the 

cathodes over a long distance, even some centimeters. 

p+ B
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New Field plate 
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WFM 211 THE BEST WFM 231 THE BEST

WFM 241 THE BEST

WFM221  7 wafer –      1/7        (14% ) 

WFM231  20 wafer –   11/20      (55%) 

WFM241  18 wafer –   0/18        (0%) 

Limite 2500 pA/cm2

WFM211,WFM231, WFM241 Yeld
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WFM Defect study
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eXTP  WFMino LADino
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1.All Sky Monitoring:

• Variability 

• Transients 

• Long-term monitoring 

• Spectroscopy (and timing) of (very) bright sources

•  Data: photon by photon

2.Multi-messenger:

• Multi-messenger: Monitor 50% of the sky at any 
time 

• Rapid calculation and transmission of transient 
coordinates

The GECO mission is based on a solid national 

team (from INAF institutes, INFN and 

universities) and technology and on a very 

mature design, making it ideal for a national 

fast-track mission development. The scientific 

payload is based on the heritage of instruments 

studied up to phase B1 (the Wide Field 

Monitor for LOFT and eXTP)
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Progetto ADAM-PixDD 

C0

PixDD 4×4 500 μm      

Innovative pixel detectors with excellent spectroscopic performance at room temperature

The presence of “striations” on the wafers is evident.
PixDD 32x32 300 μm
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ADAM-PixDD 

C0

PixDD 16x8 300 μm

Montaggio 3D :

Small Anode – precise position 

of bump

PixDD 16x8 – Windows

IMAGING DRIFT EDGELESS ARRAY FOR X-RAYS (IDEAX) 
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BACK UP SLIDE



iWoRiD - Lisbon - Rashevskaya Irina 26
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eXTP    

WFM-Wide Field Monitor

15/07/20
20
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• Field of View: 4 steradian (at 20% response)

• Imaging, <5 arcmin angular resolution, 1 arcmin PSLA

• Energy band: 2-50 keV

• Energy resolution: 300 eV FWHM @6 keV

• Effective area: 80 cm2 @6 keV (1 unit, on axis)

• 3 units (6 cameras)

• 24 large-area SDD detectors  (637 anodes pitch 169um  x2)
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Linear Silicon Drift Detector Grande  Area

➢ p-type implants on both side of silicon with integrated voltage divider 
➢ linear electric field from a high voltage at the central cathode to low 

voltage at the edges of the detector 
➢ the line of n-type readout anodes  
➢ electron cloud, created by charge particle, drifts and diffuses laterally

➢ The central anode gives us the x coordinate 

➢ the width of the cloud gives as the y coordinate

▪ large sensitive area 

▪ small redout anodes with low capacitance

▪ reduced number of readout channels.



Risoluzione energetica 
con chip di G.Bertuccio
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Ottenuto il record di risoluzione energetica a temperatura 
ambiente senza sistemi di cooling del rivelatore:
•Front-end ASIC disegnato a PoliMI con rumore di 1.27 e- rms
•SDD esagonale con area attiva di 13 mm2 e leakage di 25 pA/cm2
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Accordo INFN-FBK
Delibera 16150 dicembre 2021
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“A conclusione delle attività, ovvero della produzione dei dispositivi, il relativo 

test con probe card in FBK ed eventualmente misure preliminari nei laboratori 

INFN, i proponenti della  attività sottomettono una relazione al GdM che a sua 

volta darà il via libera per il trasferimento fondi da INFN a FBK.”

”FBK e INFN nomineranno un responsabile ciascuno per il presente Accordo.

È inoltre istituito un gruppo di lavoro per il monitoraggio e la gestione delle attività

comuni, denominato Gruppo di Monitoraggio (GdM) la cui composizione sarà

concordata dalle Parti.” 
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