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Outline of the Talk

Silicon age (after the stone and iron ages)
Silicon as the detection medium

Detector grade silicon

Simple diode silicon detectors

Introduction of planar process for Si detectors
Modern detector structures

Perspectives
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Chandra X-Ray Observatory

Crab Nebula

X-Ray (NASAICXC/SAD) g Optical (Palomar Obs,)

Infrared (W M Keck Obs.) Radio (VLAINRAD)
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Leakage Current: i =q-n /(2-7)
Where n_1 is the density of carrier in intrinsic silicon, tau Is
the life time and N _t the density of traps in silicon bulk.

n, oc exp(—E, /(2KT))
r=1/(c v, -N,)




Si(L1) detectors before 1982
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Junction detector
o Abrupt one sided junction (rectifying bias)
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Developments in silicon detectors
after 1982

1) Planar technology (from IC production)
Introduced to production of silicon detectors

2) Segmentation of the surface to form multi-
detector

3) Application of the field parallel to the
detector surface

4) Taking advantage of the field produced by
lonized impurities (donors and acceptors).

5) Implementation of transistors within detector

Planar tech. limited thickness of the detector up to .5mm



Efficiencies of planar detectors
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Silicon strip detector

T' Table 1
Readout Characteristics of the TUM - MP] - CERN silicon detectors
i H>- —'-“-D- S Material 3k @ em n-doped §i single crystal_s'
Size Zinch @, 280 pm thickness
Radiation length Ix107
. Depletion voltage 120V
BB sy Noerofe—bai
Y p'-Implantation (Boron) oranin paicte 2400
Number of strip diodes 1 200
'|:_ Si- crystal Strip pitch M pm
s (n-type) 3kQ em Length of strips 36 mm
@ Sensitive area 24% 36 mm®
Number of read out strips 240
T —— o) Bt 1m0
Wmd N lum - Aluminium Spatial accuracy 45umY 79um®
i trajectory Two particle resolution 60 ym® 17 um?
s * Central par of the detector;
® Outer parts of the detector,




New Types of Silicon Detectors

Linear silicon drift detectors mainly for position sensing

Cylindrical drift detectors with extremely small capacitance
as X-ray or optical photon detectors

Fully depleted Charge Coupled Devices (CCD)
«Controlled Drift Detectors
*EfC.



Storage of charge in bulk of silicon
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Principle of linear drift silicon
detector (mainly for position
determination)
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Linear drift detector with
segmented rectifying electrodes
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X-ray drift detector

Silicon Drift Chamber




~FOTENT 1AL

Potential within Drift Detectors
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Single sided junction FET

N-Channel JFET on Depleted N-type Silicon

Nn-+ Drain

N+ Source p+ Gate p+ Guard Ring

m—

i

- S - e

deep n channel

- deaep p weall
’ Nn-Si ' '
(deplaetad)

size & characteristics (typical):

gate length 5 LLITY
gate width 50 pm
saturation current 400 A

transconductance 400 puASN



X-ray fluorescence system

Multi Channel SDD




Applications In Art studies

XRF-Analyse (X-Ray Fluorescence)

Untersuchung eines Leichentuchs

(Antinopolis, . Jahrhundert n.Chr., Vatikanische Museen)

Fluoreszenz-Spektrum
des Ohrrings
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Photagraphie des Detektor-Moduls

Farbe besteht aus einer Mischung von Orpiment (As.S.) und Goldstaub.




The best room temp. spectrum

N

125 eV




counts

Low energy tails

Spectral Response

energy (eV)
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Fully depleted CCD

The pN-CCD on the XIVIM Observatory

MPE—XMM-LLCD
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3D View of an X-ray Active Matrix Pixel

~108 pixels gate
on 10x10cm?

read-out line

aluminum
ground plane

gate control line

charge (=2
Storage

capacitor
100pm

n- type high
resistivity silicon

conversion
point

incident X-ray

pixel's separation

g@ electrons

7

n+ implanted
layer

polyimide
insulation

p+ implanted layer

Microphotograph of a pixel



Planar view of XAPMS

li |i mi P

lg

= % ------ Il || - -1-

el %H

— N %m! = |
r .:.. h ..-
¢ N ; %:E illli i

1

)

'Il'#-uluu_zll [J 'nl-:ul.iu-ill |: '1i-|1

=

N

R




Electric field in classical XAPMS
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Electric field in new XAMPS &FDCCD
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XMM-Newton
EPIC
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AMM-NEWTON

Homepage = ESA Science missions > Our Missions > |n oparation = Observing the
yerse > XMM-Newton > Hesources > Images
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File Information
Image Archive

SDSS 1044-0125
z=5.80

Advanced Search
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in the energy band from 0.3 to 2.0 keV (U. G. Briel et al.)

surface brightness distribution after smoothing with 2-dim Gaussians
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Planar technology vs lithium

Performance of SD°

SDD Si(Li) sD’
FWHM 142 — 147 eV 127 — 135 eV
(o) 0
138 — 142 eV 130aV @ LN 124 — 132 eV
@ -20°C @ -20°C
FWHM 180ev | - 170 eV
@ 100 kcps
P/B-Ratio 3.000 — 5.000 10.000 — 20.000 6.000 — 7.000
homogenously
Active Area 5 and 10 e 10 (30, 80) mm?® | 5 mm? 10 - 30
mm2
Sensitive 0.3 mm
Thickness 0o mm 4 mm - 0.5 MM
Stability good sometimes critical op.stab. improved

radiation hard

rad.hard. improved




Summary & Conclusions

e Silicon is the 1deal detection medium from 1 eV to
10keV of photon energy

e The progress in production technology make
silicon detectors almost room temperature
detectors

* The silicon prepared by standard CMOS
processing technology may in a near future
replace several traditional detector structures



