Index

1. Poster at 1% MC-PAD training event:

“Preliminary study of electrical characteristics of microstrip sensors”

2. Talk at Deutsche Physikalische Gesellschaft meeting:

“Characterization and spice simulation of a single-sided, p+ on n silicon
microstrip sensor before and after 12 keV X-ray irradiation”

3. A short proposal for the usage of white X-ray source at

DORIS Il beamline F4



Preliminary study of electrical characteristics of

microstrip sensors

Jiaguo Zhang*
Institute for Experimental Physics
University of Hamburg

* email: jlaguo.zhang@desy.de
(Started on 16t July, 2009; topic: optimized design of hybrid pixel sensors)

Introduction Results for microstrip sensors
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As preparation for the development of silicon detectors for the harsh
radiation environment at the European XFEL (up to 1 GGY 12 keV
X-rays) p+ on n silicon microstrip detectors were characterized as func-
tion of dose. The measurements, which include dark current, coupling
capacitance, interstrip capacitance and interstrip resistance, are com-
pared to a detailed SPICE model, so that the performance for particle
detection can be estimated.
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Introduction

Next generation light source European X-ray Free Electron Laser (XFEL):

*  Opportunities: single molecule imaging, movies of chemical reactions,
exploration of material science, etc.

«  Challenges: integrated dose ~ 10° Gy for E ~ 12 keV.

photon

Main effects on silicon sensors @ XFEL:

* No bulk damage for E, ,,, <300 keV.
« Surface damage: oxide charges + interface traps
= high electric field — breakdown

— increase of leakage current — noise + power dissipation

Will standard Si sensors work in XFEL environment?

*  Check performance of available sensors and compare to simulations

e  Perform microscopic studies on surface radiation damage, with the aim
to understand sensor properties on basis of microscopic radiation effects

J. Zhang, University of Hamburg 3 DPG Spring Meeting, Bonn 2010



Test sensor and photon irradiation

k 80 um S

250%%"&;1'—' SI0,+Si,N; =
nm e 60 pm --------- > =

285 UM n-substrate’

Haiiaa
Fig 1. Side view of the test sensor

Fig 2. Top view of the test sensor

J. Zhang, University of Hamburg 4

p* on n Si strip sensor:

* <100> n-substrate

* High resistivity: 2 - 5 kQ-cm
 Thickness: 285 =10 um

* Active area: 0.62 cm?

* “Oxide”: 200 nm S10,+50 nm S1;N,
e Strip length: 7.8 mm

* Strip pitch: 80 um

* Strip number: 98

* Typical energy is 12 keV (I' ~10 keV)
* Dose rate in Si0,: 200 kGy/s
* Results for doses:

1 MGy, 10 MGy, 100 MGy

DPG Spring Meeting, Bonn 2010



Macroscopic characteristics: Total capacitance

CV curve analysis - three stages:
@ Viias < Vinerge (= 6V), strips are depleted individually
@V = Vpias = Vgep sensor partially depleted, 1/C* increases linearly with Vi,

merge bias
@ Viias™> Vep» fully depleted, C = constant.
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Fig 3. Measured CV curves for different doses Fig 4. Simulated CV curves for different oxide charge densities

* Because of surface charges, V, increases after irradiations!
* From simulation, V., changes with increasing oxide charge density N,

J. Zhang, University of Hamburg 5 DPG Spring Meeting, Bonn 2010



Macroscopic characteristics: Total capacitance

Accumulated electrons delay increase of depletion depth.

accumulated electrons
depleted surface area undepleted region

| Capacitance Frequency Dependence (10 MGy) |
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Fig 5. Simulated electrons density distribution Fig 6. Measured CV curves frequency response

* High frequency — low capacitance
* Interface traps are responsible for the change of C with frequency

J. Zhang, University of Hamburg 6 DPG Spring Meeting, Bonn 2010



Macroscopic characteristics: Leakage current

After
irradiation

Al Al

Ileakage = Ibulk T Isurface .

surface

leakage -

( N\

Ibulk depends on depleted volume of the sensor, and

life time of charge carriers in bulk
No change due to X-ray irradiation.

. J

(. )

L ace depends on interface trap density N;, and

Si-SiO, interface depleted area Sy,
Changes with X-ray irradiation.

J. Zhang, University of Hamburg 7 DPG Spring Meeting, Bonn 2010



Macroscopic characteristics:

Leakage current
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Fig 8. Simulated Si-SiO, interface depleted area

* Decrease of .. With dose — interface trap density N;
* Increase of I, With bias voltage — Si-SiO, interface depleted area Sy,

* Ileakage

/S4ep = 10 pA/cm? agrees with measurements on gated diodes

More details on TCAD simulation please refer to Ajay’s talk.
J. Zhang, University of Hamburg
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Spice simulation

Spice model: based on RC network Y

Aluminum —
Sio, —>

Implantation—>

n bulk
substrate

%Cbulk — Rbqu Cbulk:— Rbulk Cbulk — Rbulk

Fig 9. RC network of the strip sensor
* 10 parameters: Cbulk? 1{bulkﬁ Cintﬂ Rinv C09 Rstrip? Cmet’ Rmet’ Cs’ Rbias
« Able to simulate capacitance and resistance frequency response — C(f) & R(f)
* In this simulation, 5 strips and 100 cells are used ~ 80 um/cell

1) M.M. Angarano, et al. Nucl. Instru. & Methods, Vol. 428, No.2, 1999
J. Zhang, University of Hamburg 9 DPG Spring Meeting, Bonn 2010



Compare spice simulation to measurements
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Because of the presence of interface traps, this simple model won’t work for irradiated sensor.

*) Series mode

J. Zhang, University of Hamburg
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Summary:
* Detailed characterization of p* on n Si strip sensor for 0, 1, 10 and 100 MGy
— Data described by Spice model for 0 MGy
— Irradiation
——) Increase of N, — Change of depletion voltage
——) Change of N;, — Change of leakage current
Changes can be described by ISE-TCAD simulation

* Tentative conclusion: p* on n sensor can work up to dose ~ 100 MGy
Thanks for your attention!

J. Zhang, University of Hamburg 11 DPG Spring Meeting, Bonn 2010



Proposal for DORIS Il beamline F4

The next generation light source European X-ray Free Electron Laser (XFEL)
provides a lot of opportunities for scientific research, for example, deciphering
the molecular composition of cells, taking three-dimensional images of the
nano world, filming chemical reactions and studying the processes in the
interior of planets, and so on. Science at European XFEL requires precise pixel
detectors which need to withstand an integrated dose of up to ~ 1 GGy of 12
keV X-ray (10'® photons/pixel) for three-year operation [1, 2]. The final goal of
the present work is to develop radiation hard silicon pixel sensor for Adaptive

Gain Integrating Pixel Detector (AGIPD) at XFEL [3].

In XFEL environment, no bulk damage happens to the silicon sensor of
Adaptive Gain Integrating Pixel Detector for photon energy lower than 300 keV.
Surface damage dominates the change of properties of silicon sensor. Oxide
charges and interface traps will be built-up in the SiO; and Si-SiO; interface,
respectively. The former induces high electric filed in the sensor, which may
lead to breakdown; whereas the latter increases leakage current, which may
generate power dissipation and introduce noise in the read-out signal.
Therefore, both microscopic radiation damage study and macroscopic

property investigation should be performed for sensor design of AGIPD.

For the last past year 2009, we finished systematic study of a p* on n silicon
microstrip sensor. This microstrip sensor was irradiated by 12 keV X-ray
(imitation of XFEL environment) with 1, 10 and 100 MGy high doses at DESY
DORIS 1l beamline F4. The results have been analyzed and compared to
TCAD simulation. The experimental results can be reproduced by simulation,
which gives us confidence to “predict” macroscopic behaviors of silicon sensor

for other designs.
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The above totally new (at least beyond our imaginations) example is the
measured and simulated CV curve of the silicon microstrip sensor before and
after irradiations. An obvious behavior — increase of full depletion voltage — can
indicate an

be observed, which may increase of substrate doping

concentration by normal formulas. But surface charges have no the ability to



change “bulk” doping concentration from the understanding of surface
radiation damage. TCAD simulation reproduced the measured CV curve and
gave the answer why the full depletion voltage changes with irradiation doses
(one un-depleted region close to the Si-SiO, interface forms due to the

attraction of positive oxide charges in the SiO, dielectric layer).

After the detailed investigations of p* on n silicon sensor, a study on n* on n
silicon sensor is expected. The will-be tested n* on n structures include NMOS
transistors and 6 by 6 pixel sensors. The NMOS transistors are used to
observe p-spray charges as function of dose, which probably give an indication
that how large dose to use for the design of new AGIPD detector if n* on n
sensor is chosen as the final fabricated sensor; the 6 by 6 pixel sensors will be
used to investigate inter-pixel isolation — including inter-pixel resistance and

capacitance (if possible, it is hard to measure due to very small value).

After completely comparing advantages and disadvantages of p*on n and n*
on n silicon sensors, a conclusion on sensor design will be draw from radiation
hardness point of view. And suggestion on sensor fabrication can be provided

according to these studies.
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