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SAKDINAN NAEOSUPHAP : STUDY OF HIGH RESISTIVITY
SILICON WAFERS FOR ALICE PIXEL DETECTORS
THESIS ADVISOR : ASST. PROF. CHINORAT KOBDAJ, Ph.D.

97 PP.

HIGH RESISTIVITY SILICON WAFER/DIODE CHARACTERIZATION/A
LARGE ION COLLIDER EXPERIMENT/MONOLITHIC ACTIVE PIXEL
SENSOR/ALICE PIXEL DETECTOR SENSOR/ ELECTRON RADIATION/
GAMMA RADIATION/C-V CHARACTERIZATION /XRD

Suranaree University of Technology (SUT) collaborates with Thai Micro
Electronic Center (TMEC), and A Large Ion Collider Experiment (ALICE) to
collaborate to develop a new silicon sensor for the Inner Tracking System (ITS)
for particle tracking in high energy physics. In this project, the ALICE new sensor
is requested to be 50 microns thick, the reason is to reduce its material budget that
relates directiy to the thickness of the sensor. Consequently, there use ultrathin
silicon wafers with 25 microns thickness and high resistivity. Before using the
wafers, the doping concentration and epitaxial layer depth are measured using
Spreading Resistance Profiling (SRP) and Scanning Electron Microscope (SEM).
After wafer characterization, our results show that it can obtain high resistivity
wafers up to 1.6 kQ-cm that has an epitaxial layer of 25 microns to be starting
materials for ALICE PlIxel DEtector (ALPIDE) sensor. In addition, one of the
design goals for ALPIDE sensor is to operate inside a high radiation environment
above 2700 krad before deterioration. Since these sensors will be required to
operate inside very harsh radiation environments, all sensors used must be able to
tolerate high levels of radiation. Therefore, materials found inside silicon detectors,

such as SiOy and Si, must be carefully studied for their irradiation effects.



IV

To study and optimization the electrical properties changes of sensor before
and after irradiation, we created the simplest semiconductor detector as a reverse-
biased diode called perimeter diode (Dp) and area diode (D) from a standard
wafer. This study focuses on CMOS diodes in two different designs. Besides, we
studied the radiation effect in terms of the micro-structure on the high resistivity
silicon wafer and Si/SiOy wafers.

In this work, we considerd two aspects, structural and electrical changes,
after irradiated with 10 MeV electron and gamma source with different adsorption
doses rate. To study the electrical changes after irradiation Dp and Dy CMOS
diodes were characterized by current-voltage (I-V) and capacitance-voltage (C-V)
characteristics with a temperature of 300 K°. Microstructure defects and structural
changes from the irradiation effect of high resistivity Si(100) and Si(100)/SiO,
wafers have been characterized by X-ray Diffraction (XRD) and Atomic Force
Microscopy (AFM). The I/V results show increasing in leakage currents and the C/
V results show a slightly decreasing in capacitance of Dp and Dy CMOS diodes. In
addition, the effective doping concentration (Neff) and damage coefficient of both
diodes had calculated. Our XRD results show some reductions in the crystalline
size of the standard Si/SiO, wafers. But there is no change in the high resistivity
silicon wafers. From AFM results show different defects in the surface of both in

standard Si/SiOq and high resistivity silicon wafers.
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