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The European X-ray free electron laser Ses12- Dose Dependence of Defects  \easurements were done after annealing oron profile from process simulatio

(XFEL) will generate ultra short, coherent e N oren at 80 °C for 10 minutes:
extremely intense X-ray flashes. It will open | T**'27 |-& N (EEe=0.462eV)
up new research topics for scientists, such T e
as mapping the atomic details of viruses, ]
deciphering the molecular composition of

cells and movies of molecular transitions.
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* Density of fixed oxide charges and 3
dominant interface traps (E.-E;= 0.391 eV, 1+10% em™ =2
0.462 eV and 0.598 eV) saturates at dose
between 10 MGy and 100 MGy.

o Saturation value of the fixed oxide

1.5e+12 - 1-10'5 cm-3
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During 3 years of XFEL operation, the 12 . ity ~ 2 81012 om-2
keV X-rays will result in a radiation charge density ~ 2.8x10™ cm™.

exposure of the detectors of up to 1 GGy o1 » Extracted parameters will be used in E-field vs. dose

dose, which represents a major challenge. 00w o teoddews  1e0s Qypansys TCAD simulation with the aimto |, Oxide thickness: 300 um * Gap: 20 ym
optimize sensor design for XFEL.
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The task is to characterize the radiation Fig 4. Dose dependence of defects * Metal overhang: 5 um - Voltage: 500 V
induced surface charges for different X-ray 0Gy 100kGy
doses, study their influence on the . . I
serformance f)f sensors, and optimize the Influence on electric properties of segmented sensors
design of sensors for the XFEL.

S see L Device under investigation:

: ] 2” BN - Thickness: 285 um -« Orientation: <100> |
X-ray induced damage |
e Pitch: 80 ym « Gap: 62 ym

X-rays produce electron-hole pairs in SiO, R » Oxide: 200 / 300 nm SiO, + 50 nm SigN, , T—
by breaking Si-O bonds. Some of the » Coupling: AC - Doping: 8x10'" cm3 IMGy A
generated charge carriers recombine, but N
most Of them either reaCh the tOp Of the Dose Dependence of Total Capacitance Dose Dependence of Leakage Current
SiO,, or the Si-SiO, interface. Once holes & T T Before adiation B P H
come close to the Si-SiO, interface, a 1| oty || ey £
fraction of them will be trapped close to the 1.5e+21- 3e-071

interface, and produce radiation induced e _
positive fixed oxide charges and interface | = qe.o]
traps, which cause new energy levels | = '
distributed throughout the silicon band gap
and whose occupation therefore depends
on band bending.
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« Example: gap 20 ym < Overhang 5 ym
 Junction depth: 1.2 ym vs. 2.4 um
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| ] ‘K E » Full depletion voltage V4, changes with irradiations.
Gate | 5\  Leakage current Ileakage “linearly” increases with bias voltage and no saturation is observed )
/ () e hole wrapping ear even above full depletion voltage. Ileakage depends on interface trap density N, and
of fixed oxide charges . . . o . . .
/ Ty = depleted area Ay, at the Si-SIiO, interface. ; ° “ Vonagerv
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Fig 1. Formation of X-ray induced damage Optlmlzatlon of sensor design
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One of the detectors under development for the XFEL is the Adaptive Gain Integrating Pixel
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Determination of Detector (AGIPD), which consists of a classical hybrid pixel array with readout ASICs bump- |
. bonded to a silicon sensor with pixels of 200 x 200 ym?. The expected dynamic range, from _ /f’”
concentration of defects single photon counting to 105 12 keV photons/pixel/pulse, is a challenge for the design of ﬂ _ | _ _
silicon sensors and front end electronics. Vottage(v]
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Fig 2. TDRC spectrum and calculated distribution _ _
of interface states density for 5 MGy MOS Sharp corner depletion region bondary

. Fixed oxide charges and interface traps | — Nigh électric field

Conclusions
cause shift of CV curves. From shift of | Negatively charged accumulation layer _

CV curves — fixed oxide charge density — not fully depleted surface
(once D, distribution is known). — high electric field (over short path)
— charge loss

S — Surface current o< depleted area Ay,

« 2.4 um junction: no breakdown up to 1000 V

 The density of fixed oxide
charges and interface traps

R saturates at high dose.
[ at the Si-SiO, interface .
For simulat ; » X-ray induced surface damage
12q0°4 | tooktz L or simulation we need: . .
& RS T 1. Oxide charge density distribution e e CausSes Shlf? of full depletion
: o 2. Energy distribution of interface states voltage and increase of leakage
§ e0a0" SO% o maduion, 3. Oxide thichness current In  p*n segmented
| LIS S - 4. Realistic doping profile
B, PINS P detectors.
TR T s s b o » Deep junction and small gap

Gate voltage [V]

Fig 3. Capacitance-Voltage measurement show better performance.




