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In modern society, with electronic means of information
transmission, people can transfer a large amount of information content
in a short period of time, which makes information communication more
convenient. However, high-speed communication is limited by the size
of memory. Therefore, the development of memory technologies
becomes important. Among them, the floating gate memory with
inserting quantum dots in floating gate, whose fabrication process is
compatible with conventional silicon semiconductor process, have better
storage capability of charges and reliability. This project will focus on
new quantum dots memory. However, repeated writing and erasing will
cause reliability degradation. If operating in a high temperature working
environment, this performance degradation may be accelerated.
Therefore, improving the memory write-erase characteristics is an
important issue in this field.

This project is to use an accurate semiconductor electrical



measurement system to clarify the main cause of memory deterioration.
Through the capacitance measurement system, the performance of
memory window and reliability are analyzed. Based on the result, the
applied voltage for the capacitance measurement will be varied for
observating its influence on writing and erasing characteristics.
Moreover, to observe high-temperature memory reliability, the
measurement system is combined with a temperature control system for
simulating different operation environments. As to the material analyses,
many instruments, such as transmission electron microscope (TEM),
scanning electron microscope (SEM), Photoluminescence (PL), and
Raman spectrometer, are used for observation of its microstructures,
characteristics of energy band, elemental composition, and atomic
bonding, respectively. Finally, through the above measurements, the
model is proposed for explanation of deterioration of device
performance and reliability and developing a memory with good

stability of performance of writing and erasing.
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Pulse Generator
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Switch Mainframe
Agilent B2201.A

LCR Meter
Agilent 42940

Agilent B1500A

Switch Mainframe
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Temperature controller
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Digital-Scope
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Digital Storage
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Thermal Controller Agilent DSOY064A
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Value/Remark

property hematite magnetite maghemite
molecular formula a-Fe,03 Fe;04 y-Fe,05
crystal structure rhombohedral, hexagonal cubic cubic or tetrahedral
density (g/em’) 5.26 5.18 487
melting point (°C) 1350 1583—1597
boiling point (°C) 2623
color red black reddish-brown
hardness 6.5 5.5 5
type of magnetism weakly ferromagnetic or ferrimagnetic ferrimagnetic
antiferromagnetic

Curie temperature (K) 956 850 820—986
saturation magnetization, o, at 300 K 03 92-100 60—80

(AmYkg)
standard free energy of formation, =742.7 =1012.6 =711.1

AG! (kV/mol)
heat of decomposition (kJ/mol) 461.4 605 457.6

B120. FesO, ~ a -Fe,0sfc v -Fe,0s6158 & L 45 14 [12]

SN _re.0;

2
B121. FesO, ~ a -Fe,0sr v -Fe,03:++TEM F[14]

FeCl, cthanol solution | +|  Propylene oxide | 7108
c A
¥ /|
Heating at boiling point fm*w*" 7‘18‘9 [\
3 3lb WA
Fe;0; containing soluti < s / \\
€404 containing solution > s Mww/\ﬁ‘ i
3 > s ||
& 2 \
Centrifugation Drying T é a 7108 \\‘*4
150 °C, i WVW\N /7\\‘
Wet gel a-Fe,04 M [\l
708.6 \
Drying at 100 °C \
20 30 40 50 60 70 740 750 750 720

Xerogel Binding Energy (eV)

26 /degrees

B122. (a)FesO0s ~ (b) @ -Fe,05fr(c) 7 -Fe,05914 & ~ XRD£2 XPS [14]
F Y4B ¢ 5 EA48 7 (magnetite, FesO4) ~ # 4% 7 (hematite, «
-Fe,03) oz 4 7 (maghemite, 7 -Fe,03)= 48 » H 4 32 4% |4 [21]4c ]
PR rR R E R ABFH AL &
@ A ZEE e YR BT USRI REE T -

Hehg Y4 D o 4p 8 endEaT % [22]
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n-Si Formation of Fe,0; QDots on p-Si wafer
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Deposition of n-Si by sputtering
Tunneling SiO,

Deposition of Ni by E-beam with patterning

p-Si wafer s
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