
(19) United States 
US 2006.0003531A1 

(12) Patent Application Publication (10) Pub. No.: US 2006/0003531A1 
Chang et al. (43) Pub. Date: Jan. 5, 2006 

(54) NON-VOLATILE MEMORY AND METHOD 
OF MANUFACTURING FLOATING GATE 

(76) Inventors: Ting-Chang Chang, Hsinchu (TW); 
Shuo-Ting Yan, Tainan County (TW); 
Po-Tsun Liu, Hsinchu City (TW); 
Chi-Wen Chen, Chiayi County (TW); 
Tsung-Ming Tsai, Hsinchu City (TW); 
Ya-Hsiang Tai, Hsinchu City (TW); 
Simon-M Sze, Hsinchu City (TW) 

Correspondence Address: 
JIANQ CHYUN INTELLECTUAL PROPERTY 
OFFICE 
7 FLOOR-1, NO. 100 
ROOSEVELT ROAD, SECTION 2 
TAIPEI 100 (TW) 

(21) Appl. No.: 11/162,646 

(22) Filed: Sep. 18, 2005 

110b 
% 
OOOOOOOO66 

Related U.S. Application Data 

(62) Division of application No. 10/904.294, filed on Nov. 
3, 2004. 

(30) Foreign Application Priority Data 

Nov. 3, 2003 (TW).......................................... 92130674 
Jun. 29, 2004 (TW).......................................... 93118989 

Publication Classification 

(51) Int. Cl. 
HOIL 21/336 (2006.01) 

(52) U.S. Cl. .............................................................. 438/264 

(57) ABSTRACT 

A method of manufacturing a floating gate is provided. The 
method includes the Steps of forming a tunneling layer on a 
Substrate, and forming a film layer containing a Semicon 
ductor component on the tunneling layer. The film layer 
consists of a Semiconductor film or nano-dots. 
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NON-VOLATILE MEMORY AND METHOD OF 
MANUFACTURING FLOATING GATE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a divisional of a prior applica 
tion Ser. No. 10/904,294, filed Nov. 3, 2004, which claims 
the priority benefits of Taiwan application Serial no. 
92130674, filed Nov. 3, 2003 and Taiwan application serial 
no. 93118989, filed Jun. 29, 2004. All disclosures are 
incorporated here with by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a memory device, 
and more particularly to a non-volatile memory and a 
method of manufacturing a floating gate. 
0004 2. Description of the Related Art 
0005 Electronically erasable and programmable read 
only memory (EEPROM), among various of non-volatile 
memory devices, is Suitable of performing multiple opera 
tions of writing, read and erasure, and is non-volatile even 
when power is off. As a result, EEPROM becomes a type of 
memory device widely used in personal computers and other 
electronic equipments. 
0006. In a EEPROM, doped polysilicon is conventionally 
used for fabricating a floating gate and a control gate. A 
dielectric layer is used to Separate the floating gate from the 
control gate, while a tunneling layer is used to Separate the 
floating gate from the Substrate. When an operation of data 
writing/erasing is performed on the EEPROM, a bias volt 
age is applied on the control gate, the Source region and the 
drain region So as to inject charges into the floating gate or 
withdraw charges from the floating gate. When data is read 
from the memory, an operating Voltage is applied on the 
floating gate, and because the threshold Voltage of the 
floating gate has been changed in the earlier write/erase 
operation, the difference of the threshold Voltages can be 
used for differentiating the data value of 0 and 1. 
0007 Because the floating gate is made of a semicon 
ductor material (e.g., polysilicon), electrons injected in the 
floating gate will be uniformly distributed in the entire layer 
of the floating gate. Upon multiple operations, if defects 
exist in the tunneling oxide layer below the layer of the 
polysilicon floating gate, electric leakage may easily occur 
to affect the device reliability. As a result, the thickness of 
the tunneling oxide layer cannot be reduced and a desirable 
lower operating Voltage is hard to be obtained. 

SUMMARY OF THE INVENTION 

0008. In view of the above, the present invention is 
directed to a method of manufacturing a floating gate, which 
can be employed to enhance reliability of memory devices. 
0009. The present invention is further directed to a non 
Volatile memory to Solving the problems of that the oper 
ating Voltage is too high and that the tunneling layer is too 
thick associated with the conventional floating gate. 
0.010 To achieve the above and other objectives, the 
present invention provides a method of manufacturing a 
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floating gate. A tunneling layer is formed on a Substrate, and 
a film layer containing a Semiconductor component is then 
formed on the tunneling layer. Wherein, the film layer 
consists of Semiconductor nano-dots or film. 

0011. This invention also provides a non-volatile 
memory including a tunneling layer, a dielectric layer, a 
floating gate, a control gate, a Source region, and a drain 
region. Wherein, the tunneling layer is disposed on a Sub 
Strate; the dielectric layer is disposed between the tunneling 
layer and the dielectric layer, while the tunneling layer 
contains a Semiconductor component and consists of a 
Semiconductor nano-dot or film; the control gate is disposed 
on the dielectric layer; and the Source region and the drain 
region are disposed respectively on two sides of the control 
gate in the Substrate. 

0012. In this invention, since the nano-dots or film con 
taining a Semiconductor component is used as an charge 
Storing unit, when defects exist in the tunneling layer, only 
the charge of the nano-dots or film near the defective portion 
will be lost while the charge in other portions remains, So 
that the reliability of the device can be enhanced. In addition, 
even if the thickness of the tunneling layer is reduced, the 
reliability of the device will not be reduced, and thus the 
operating Voltage can be lowered and the Speed of write/ 
erase operation can be increased. 

0013. It is to be understood that both the foregoing 
general description and the following detailed description 
are exemplary, and are intended to provide further explana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 Preferred embodiments of the present invention 
will now be described with reference to the accompanying 
drawings. 

0015 FIG. 1 is a sectional view showing a non-volatile 
memory according to a preferred embodiment of the present 
invention. 

0016 FIG. 2 is a sectional view showing a non-volatile 
memory according to another preferred embodiment of the 
present invention. 

0017 FIGS. 3A and 3B are sectional views showing a 
method of manufacturing a non-volatile memory according 
to a first preferred embodiment of the present invention. 

0018 FIGS. 4A and 4B are sectional views showing a 
method of manufacturing another non-volatile memory 
according to the first preferred embodiment of the present 
invention. 

0019 FIGS. 5A to 5D are sectional views showing a 
method of manufacturing a non-volatile memory according 
to a Second preferred embodiment of the present invention. 

0020 FIGS. 6A to 6C are sectional views showing a 
method of manufacturing a non-volatile memory according 
to a third preferred embodiment of the present invention. 

0021 FIGS. 7A and 7B are sectional views showing a 
method of manufacturing another non-volatile memory 
according to the third preferred embodiment of the present 
invention. 
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0022 FIGS. 8A to 8C are sectional views showing a 
method of manufacturing a non-volatile memory according 
to a forth preferred embodiment of the present invention. 
0023 FIGS. 9A and 9B are sectional views showing a 
method of manufacturing another non-volatile memory 
according to the forth preferred embodiment of the present 
invention. 

0024 FIGS. 10A to 10D are sectional views showing a 
method of manufacturing a non-volatile memory according 
to a fifth preferred embodiment of the present invention. 
0.025 FIG. 11 is a photograph of a tested unit under a 
Scanning electron microScope according to experiment 1. 
0.026 FIG. 12 is an absorption spectrum of a tested unit 
obtained by using an X-ray absorption near edge Spectrom 
etry according to experiment 2. 

0027 FIG. 13 shows sketches of energy bands of write 
and erase operations when nano-dots of germanium oxide 
are used as the floating gate of the memory according to 
experiment 1. 
0028 FIG. 14 is a graph showing relationship of capaci 
tance and Voltage of the tested unit of experiment 1 through 
two-way Scan. 

0029 FIG. 15 is a photograph of a tested device under a 
Scanning electron microScope according to experiment 2. 
0030 FIG. 16 is a graph showing relationship of capaci 
tance and Voltage of the tested unit via two-way Scan of 
experiment 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.031 Reference will now be made in detail to the pre 
ferred embodiments of the invention, examples of which are 
illustrated in the accompanying drawings. 
0032 FIGS. 1 and 2 shows respectively a non-volatile 
memory according to a preferred embodiment of the present 
invention. Referring to FIG. 1, the non-volatile memory 
contains substrate 100, tunneling layer 102, dielectric layer 
104, floating gate 106, control gate 108, Source region 110a, 
and drain region 110b. 
0.033 Wherein, the Substrate 100 is, for example, a poly 
silicon Substrate. The tunneling layer 102 is disposed on the 
Substrate 100 and is made of silicon oxide or other kind of 
dielectric. The dielectric layer 104 is disposed above the 
tunneling layer 102 as dielectric layer between the gates. 
The dielectric layer 104 is made of, for example, silicon 
oxide or other kind of dielectric. 

0034. The floating gate 106 is disposed between the 
tunneling layer 102 and the dielectric layer 104. In one 
preferred embodiment as shown in FIG. 1, the floating gate 
106 consists of a film, a semiconductor film for example, 
containing a Semiconductor component. In another preferred 
embodiment as shown in FIG. 2, the floating gate 106 
consists of nano-dots 112 containing a Semiconductor com 
ponent, wherein the nano-dots 112 are, for example, Semi 
conductor oxide nano-dots or Semiconductor nano-dots. 
Here, the nano-dots refer to particles in the size of nanom 
eter. The Semiconductor components of the floating gate 106 
include Group II elements, Group III elements, Group IV 
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elements, Group V elements, Group VI elements, or com 
pounds of the above elements. Here, Group II elements 
stand for elements of Group IIB in the periodic table, 
including zinc (Zn), cadmium (Cd) and mercury (Hg); 
Group III elements stand for elements of Group IIIA in the 
periodic table, including boron (B), aluminum (Al), gallium 
(Ga), indium (In) and thallium (Tl); Group IV elements 
stand for elements of Group IVA in the periodic table, 
including carbon (C), Silicon (Si), germanium (Ge), Tin (Sn) 
and lead (Pd); Group V elements stand for VA elements in 
the periodic table, including nitrogen (N), phosphorus (P), 
arsenic (AS), antimony (Sb) and bismuth (Bi); Group VI 
elements stand for Group VIA elements in the periodic table, 
including oxygen (O), Sulfur (S), Selenium (Se), tellurium 
(Te) and polonium (Po); and the compounds of the foregoing 
elements include Semiconductor compounds of Group III 
and V elements, for example, gallium arsenide (GaAs), 
gallium phosphide (GaP), indium phosphide (InP), cadmium 
sulfide (CdS), Zinc sulfide (ZnS) or zinc selenide (ZnSe). 
0035) In addition, the control gate 108 is disposed above 
the dielectric layer 104, while the source region 110a and the 
drain region 110b are disposed respectively on two sides of 
the control gate 108 in the substrate 100. Wherein, the 
Source region 110a and the drain region 110b are, for 
example, doped regions containing n-type dopant. 

0036). In this invention, nano-dots or film containing a 
Semiconductor component is used as charge Storing unit of 
the floating gate. The nano-dots or film, Such as Semicon 
ductor oxide film, Semiconductor oxide nano-dots, or Semi 
conductor nano-dots, is of insolating and non-continuous. 
AS a result, when defects exist in the tunneling layer, only 
the charge of the nano-dots or film near the defective portion 
will be lost while the charge in other portions will remain, 
so that the reliability of the device can be enhanced. In 
addition, even if the thickness of the tunneling layer is 
reduced, the reliability of the device will not be reduced, and 
thus the operating Voltage can be lowered and the Speed of 
write/erase operation can be increased. 
0037. The aforementioned non-volatile memory is 
described with examples of memory with a staged gate 
structure. However, the memory of this invention include 
other type of memory with different Structures, Such as 
memory with Segregate gates, memory with erasing gate 
and/or Selecting gate, So long as the floating gate of this 
invention is used. 

0038. The following are some embodiments describing a 
method of manufacturing the non-volatile memory, which 
should not be construed as a limitation upon the Scope of the 
present invention. The same reference numbers are used in 
the drawings to refer the same or like parts, and description 
of these parts will be omitted for simplicity. 

First Embodiment 

0039. A first preferred embodiment of method of manu 
facturing the non-volatile memory of this invention is illus 
trated in FIGS. 3A and 3B. 

0040. Referring to FIG. 3A, a tunneling layer 202 is 
formed on a Substrate 200. The Substrate 200 is a silicon 
Substrate for example, while the tunneling layer 202 is made 
of silicon oxide or other kind of dielectric, and is formed via 
a process Such as thermal oxidation or chemical vapor 
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deposition. In this embodiment, the tunneling layer 202 of 
Silicon oxide is formed, for example, Via dry oxidative 
deposition of a film of about 5 nm in a chemical vapor 
deposition chamber at 925 C. under normal pressure. 

0041 Asemiconductor oxide layer 204 is then formed on 
the tunneling layer 202. The semiconductor oxide layer 204 
is a film used as a floating gate. Here, the Semiconductor 
oxide refers to element Semiconductor or compound Semi 
conductor. The semiconductor oxide layer 204 contains 
Semiconductor components, which include Group II ele 
ments, Group III elements, Group IV elements, Group V 
elements, Group VI elements, or compounds of the above 
elements (for example, compound Semiconductor of Group 
III and V elements, or compound semiconductor of Group II 
and VI elements). The preferred Semiconductor components 
include Ge, AS, GaAs. GaP, InP, CdS, ZnS, and ZnSe. In this 
embodiment, the semiconductor oxide layer 204 is made of 
Germanium oxide, and is formed, for example, via a proceSS 
of physical vapor deposition or chemical vapor deposition. 
The proceSS is carried out at a temperature of, for example, 
between 100 to 1000 C., and under a pressure of, for 
example, between 1 to 500 mTorr. The process of chemical 
Vapor deposition can be, for example, low-pressure chemical 
Vapor deposition, plasma enhanced chemical vapor deposi 
tion, high-density plasma chemical vapor deposition, or 
ultrahigh-vacuum chemical vapor deposition. 

0042 Next, a dielectric layer 206 is formed on the 
semiconductor oxide layer 204 to be used as dielectric layer 
between gates. The dielectric layer 206 is made of, for 
example, Silicon oxide, and is formed via a process of, for 
example, chemical vapor deposition. Of course, the dielec 
tric layer 206 can be also made of other kind of dielectric or 
composite dielectric consisting of one or more layers of 
dielectric materials (e.g., composite layers of SiO/SiN/SiO, 
or SiN/SiO). A conductive layer 208 is subsequently 
formed on the dielectric layer 206, while the conductive 
layer 208 is made of, for example, doped polysilicon, and is 
formed via a process of, for example, chemical vapor 
deposition. 

0043 Referring further to FIG. 3B, a dielectric layer 
206a, semiconductor oxide layer 204a and tunneling layer 
202a are formed after a step of patterning the conductive 
layer 208 for forming a control gate 208a, and a subsequent 
Step of removing the dielectric layer 206, the Semiconductor 
oxide layer 204 and the tunneling layer 202 that are not 
covered by the control gate 208a. Next, a source region 210a 
and a drain region 210b are formed in the Substrate 200 on 
two sides of the control gate 208a, respectively. Wherein, 
the source region 210a and the drain 210b are formed via a 
process of, for example, ion implantation for implanting 
n-type or other type of dopant. The Subsequent Steps to finish 
the process of manufacturing the memory are commonly 
known and thus are omitted here. 

0044) It is worthy of notice that the semiconductor oxide 
layer 204 can be alternatively formed such that the layer 
contains a plurality of semiconductor oxide nano-dots 300 as 
shown in FIG. 4A. The corresponding non-volatile memory 
formed via aforementioned manufacturing processes is 
shown in FIG. 4B. 
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Second Embodiment 

0045. A second preferred embodiment of method of 
manufacturing the non-volatile memory of this invention is 
illustrated in FIGS. 5A to 5D. 

0046 Referring first to FIG. 5A, a substrate 200 is 
provided and a tunneling layer 202 is formed thereon. A 
semiconductor silicide layer 400 is then formed on the 
tunneling layer 202, wherein the Semiconductor Silicide 
refers to Silicide of element Semiconductor or compound 
semiconductor. The semiconductor silicide layer 400 con 
tains Semiconductor components, for example, as described 
in the first preferred embodiment. The semiconductor sili 
cide layer 400, when made of SiGe (0<x<1), is formed 
via a process Such as physical vapor deposition or chemical 
Vapor deposition, and the proceSS is carried out at a tem 
perature of, for example, between 100 to 1000 C., and 
under a pressure of, for example, between 1 to 500 mTorr. 
The process of chemical vapor deposition can be, for 
example, low-pressure chemical vapor deposition, plasma 
enhanced chemical vapor deposition, high-density plasma 
chemical vapor deposition, ultrahigh-vacuum chemical 
Vapor deposition. In this embodiment, the Semiconductor 
silicide layer 400 is formed via a process of, for example, 
low-pressure chemical vapor deposition, while a layer of 
SiGe in a thickness of, for example, 20 nm is formed on 
the tunneling layer 202. The low-pressure chemical vapor 
deposition is carried out at about 550° C. and under about 
460 mTorr, while the process gases are SiH and GeH. 
0047 Referring to FIG. 5B, an oxidation process is then 
performed to oxidize the semiconductor silicide layer 400, 
Such that the Semiconductor component of the Silicide layer 
400 is educed and settled on the tunneling layer 202 to form 
a plurality of Semiconductor nano-dots 402. Thus, a Silicon 
oxide layer 406 is formed. The oxidation process is of, for 
example, dry oxidation or wet oxidation, and the operating 
temperature is, for example, between 700 to 1100° C. In this 
embodiment, the Semiconductor component (Ge atom) is 
educed through thermal oxidation. Particularly in a dry 
thermal oxidation process for example, the Semiconductor 
silicide layer 400 (a film of GeSi) is oxidized to form a 
dielectric layer 406 (silicon oxide), and the semiconductor 
component (Ge atom) is simultaneously educed and settled 
on the tunneling layer 202 to form Semiconductor nano-dots 
402. In this embodiment, the dry thermal oxidation process 
is carried out at about 900 C. 

0048. After the foregoing oxidation process, a thermal 
process can be further performed to reduce the partially 
oxidized semiconductor component (Ge atom) for driving 
the educing process to completion. In this embodiment, the 
thermal process is performed via rapid thermal annealing 
(RTA) at 950° C. for 30 second for example. 
0049 Referring next to FIG. 5C, an additional oxidation 
process is carried out to convert the Semiconductor nano 
dots 402 to semiconductor oxide nano-dots 408. Here, the 
Semiconductor oxide nano-dots 408 are used as a floating 
gate, and the dielectric layer 406 is used as gate partitioning 
dielectric to separate the semiconductor oxide nano-dots 408 
(floating gate) from the Subsequently formed control gate. 
This oxidation proceSS is of, for example, wet oxidation, and 
the operating temperature is about 978 C. 
0050. A conduction layer 208 is then formed on the 
dielectric layer 406. Of course, before the formation of the 
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conduction layer 208, another dielectric layer (not shown) 
can be formed on the dielectric layer 406 to be used jointly 
with the dielectric layer 406 as gate partitioning dielectric 
and to ensure the isolation between the conduction layer 208 
and the semiconductor oxide nano-dots 408. 

0051 Referring further to FIG. 5D, after the conduction 
layer 208 is patternized to form a control gate 208a, portions 
of the dielectric layer 204, the semiconductor oxide nano 
dots 408 and the tunneling layer 202 that are not covered by 
the control gate 208a are removed, and thus dielectric layer 
406a, semiconductor oxide nano-dots 408a and tunneling 
layer 202a are formed. Afterward, a source region 210a and 
a drain region 210b are formed respectively on the two sides 
of the control gate 208a in the substrate 200. The subsequent 
processes to complete the fabrication of the memory are 
commonly known and thus are omitted here for Simplicity. 

Third Embodiment 

0.052 A third preferred embodiment of method of manu 
facturing the non-volatile memory of this invention is illus 
trated in FIGS. 6A to 6C. 

0053) Referring first to FIG. 6A, a substrate 200 is 
provided, and a tunneling layer 202 is formed thereon. A 
semiconductor layer 500, a thin film, is then formed on the 
tunneling layer 202, while the semiconductor layer 500 is 
made of, for example, the components as mentioned in the 
first embodiment. In this embodiment, the semiconductor 
layer 500 is made of, for example, germanium (Ge) in a 
thickness of 1 to 10 nm, and is formed, for example, via a 
process of physical vapor deposition or chemical vapor 
deposition. The process is carried out at a temperature of, for 
example, between 100 to 1000 C., and under a pressure of, 
for example, between 1 to 500 mTorr. The process of 
chemical vapor deposition can be, for example, low-pressure 
chemical vapor deposition, plasma enhanced chemical vapor 
deposition, high-density plasma chemical vapor deposition, 
or ultrahigh-vacuum chemical vapor deposition. AS shown 
in FIG. 6A, a silicon layer 502 is consequently formed on 
the semiconductor layer 500 via a process of, for example, 
chemical vapor deposition. 
0.054 Referring next to FIG. 6B, an oxidation process is 
carried out to convert the semiconductor layer 500 and the 
silicon layer 502 to a semiconductor oxide layer 504 and a 
silicon oxide dielectric layer 506, respectively. Particularly, 
the semiconductor oxide layer 504 and the silicon oxide 
dielectric layer 506 can be formed simultaneously during 
this oxidation process. Here, the Semiconductor oxide layer 
504 is used as a floating gate, and the dielectric layer 506 is 
used as gate partitioning dielectric to Separate the Semicon 
ductor oxide layer 504 (floating gate) from a subsequently 
formed control gate. In this embodiment, the Semiconductor 
layer 500 is made of germanium (Ge), and the semiconduc 
tor oxide layer 504 formed therefrom is of germanium oxide. 
The oxidation proceSS is carried out at a temperature of, for 
example, between 700 to 1100° C. 
0055) Next, a conduction layer 208 is formed on the 
dielectric layer 506. Of course, before the formation of the 
conduction layer 208, another dielectric layer (not shown) 
can be formed on the dielectric layer 506, to be used jointly 
with the dielectric layer 506 as gate partitioning dielectric 
and to ensure the isolation of the conduction layer 208 and 
the semiconductor oxide layer 508. 
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0056 Referring further to FIG. 6C, after the conduction 
layer 208 is patternized to form a control gate 208a, portions 
of the dielectric layer 504, the semiconductor oxide layer 
504 and the tunneling layer 202 that are not covered by the 
control gate 208a are removed, and thus dielectric layer 
506a, semiconductor oxide layer 504a and tunneling layer 
202a are formed. Afterward, a source region 210a and a 
drain region 210b are formed respectively on the two sides 
of the control gate 208a in the substrate 200. The Subsequent 
processes to complete the fabrication of the memory are 
commonly known and thus are omitted here for Simplicity. 
0057. It is worthy of notice that the semiconductor oxide 
layer 500 can be alternatively formed such that the layer 
contains a plurality of semiconductor oxide nano-dots 600 as 
shown in FIG. 7A. The corresponding non-volatile memory 
formed via aforementioned manufacturing processes is 
shown in FIG. 7B. 

Fourth Embodiment 

0.058 A fourth preferred embodiment of method of 
manufacturing the non-volatile memory of this invention is 
illustrated in FIGS. 8A to 8C. 

0059 Referring first to FIG. 8A, a substrate 200 is 
provided and a tunneling layer 202 is formed thereon. A 
semiconductor layer 500, a thin film, is then formed on the 
tunneling layer 202, while the semiconductor layer 500 is 
made of, for example, the components as mentioned in the 
first embodiment. 

0060 Adielectric layer 700 is then formed on the semi 
conductor layer 500. Wherein, the dielectric layer 700 id 
made of, for example, Silicon oxide, and is formed via a 
process of, for example, chemical vapor deposition. 
0061 Referring next to FIG. 8B, an oxidation annealing 
process is performed to convert the semiconductor layer 500 
to a semiconductor oxide layer 504. Here, the semiconductor 
oxide layer 504 is used as a floating gate, and the dielectric 
layer 700 is used as gate partitioning dielectric to Separate 
the semiconductor oxide layer 504 (floating gate) from the 
Subsequently formed control gate. In this embodiment, the 
semiconductor layer 500 is made of germanium (Ge), and 
the semiconductor oxide layer 504 formed therefrom is of 
germanium oxide. The oxidation annealing proceSS is, for 
example, quartz furnace annealing or rapid thermal anneal 
ing process, and is carried out at a temperature of, for 
example, between 700 to 1100° C. 
0062 Next, conduction layer 208 is formed on the dielec 
tric layer 700. Of course, before the formation of the 
conduction layer 208, another dielectric layer (not shown) 
can be formed on the dielectric layer 700, to be used jointly 
with the dielectric layer 700 as gate partitioning dielectric 
and to ensure the isolation of the conduction layer 208 and 
the semiconductor oxide layer 700. 
0063 Referring further to FIG. 8C, after the conduction 
layer 208 is patternized to form a control gate 208a, portions 
of the dielectric layer 700, the semiconductor oxide layer 
504 and the tunneling layer 202 that are not covered by the 
control gate 208a are removed, and thus dielectric layer 
700a, semiconductor oxide layer 504a and tunneling layer 
202a are formed. Afterward, a source region 210a and a 
drain region 210b are formed respectively on the two sides 
of the control gate 208a in the substrate 200. The Subsequent 
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processes to complete the fabrication of the memory are 
commonly known and thus are omitted here for Simplicity. 

0064. It is worthy of notice that the semiconductor oxide 
layer 500 can be alternatively formed such that the layer 
contains a plurality of semiconductor oxide nano-dots 800 as 
shown in FIG. 9A. The corresponding non-volatile memory 
formed via aforementioned manufacturing processes is 
shown in FIG. 9B. 

Fifth Embodiment 

0065. A fifth preferred embodiment of method of manu 
facturing the non-volatile memory of this invention is illus 
trated in FIGS. 10A to 10D. 

0.066 Referring first to FIG. 10A, a substrate 200 is 
provided and a tunneling layer 202 is formed thereon. A 
semiconductor silicide layer 420 is then formed on the 
tunneling layer 202. Here, the semiconductor silicide refers 
to Silicide of element Semiconductor or compound Semicon 
ductor. The semiconductor silicide layer 420 is made of, for 
example, the components as mentioned in the first embodi 
ment. In this embodiment, the Semiconductor Suicide layer 
420, when made of SiGe (0<x<1), is formed via a 
process, Such as chemical vapor deposition, wherein a 
germanium Silicide layer is formed on the tunneling layer 
202 in a thickness of, for example, 20 nm. The germanium 
Silicide layer is then patternized. The low-pressure chemical 
vapor deposition is carried out at, for example, between 450 
to 650 C. and under about 460 mTorr, while the process 
gases are SiH and GeH. 

0067 Referring next to FIG. 10B, a semiconductor nano 
dots educing proceSS is performed So that the Semiconductor 
component of the semiconductor silicide layer 420 is educed 
and settled on the tunneling layer 202 to form a plurality of 
semiconductor nano-dots 402 at the time when the dielectric 
layer 424 is formed. Wherein, the dielectric layer 424 is used 
for separating the Semiconductor nano-dots 422 (floating 
gate) from a Subsequently formed control gate. In this 
embodiment, the Semiconductor component (Ge atom) is 
educed through thermal oxidation. Particularly in a dry 
thermal oxidation process for example, the Semiconductor 
silicide layer 420 (a film of GeSi) is oxidized to form a 
dielectric layer 424 (Silicon oxide), and the Semiconductor 
component (Ge atom) is simultaneously educed and Settled 
on the tunneling layer 202 to form Semiconductor nano-dots 
422. The dry oxidation process is carried out at a tempera 
ture of, for example, between 800 to 1500 C. Afterward, a 
thermal proceSS is performed to reduce the partially oxidized 
Semiconductor component (Ge atom) for driving the educing 
process to completion. The thermal process is performed via 
rapid thermal annealing (RTA) at 800-1500° C. for 
example. Of course, the Semiconductor component educing 
proceSS is not limited to thermal proceSS but can be other 
processes Such as nitrification. 

0068 Referring to FIG. 10C, a conduction layer 208 is 
then formed on the dielectric layer 424. Of course, before the 
formation of the conduction layer 208, another dielectric 
layer (not shown) can be formed on the dielectric layer 424 
to be used jointly with the dielectric layer 424 as gate 
partitioning dielectric and to ensure the isolation between 
the conduction layer 208 and the semiconductor nano-dots 
422. 
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0069. Referring further to FIG. 10D, after the conduction 
layer 208 is patternized to form a control gate 208a, portions 
of the dielectric layer 424, the semiconductor nano-dots 422 
and the tunneling layer 202 that are not covered by the 
control gate 208a are removed. Afterward, a Source region 
210a and a drain region 210b are formed respectively on the 
two sides of the control gate 208a in the substrate 200. The 
Subsequent processes to complete the fabrication of the 
memory are commonly known and thus are omitted here for 
Simplicity. 

0070. As known from the above, this invention uses 
insolating and non-continuous film containing a Semicon 
ductor component, Such as Semiconductor oxide film, Semi 
conductor oxide nano-dots, or Semiconductor nano-dots, as 
the charge-storing unit (floating gate). As a result, when 
defects exist in the tunneling layer, only the charge of the 
nano-dot or film near the defective portion will be lost while 
the charge in other portions will remain, So that the reliabil 
ity of the device can be enhanced. In addition, even if the 
thickness of the tunneling layer is reduced, the reliability of 
the device will not be reduced, and thus the operating 
Voltage can be lowered and the Speed of write/erase opera 
tion can be increased. 

0071. On the other hand, the processes as disclosed in the 
foregoing embodiments are Simple and are compatible with 
commonly used process equipments, and thus no extra 
facilities are required. In addition, the non-volatile memory 
with the gate structure of this invention can be widely used 
for fabrication of Semiconductor integrated circuits, mobile 
telephones, notebook computers, USB pocket memory, and 
IC cards. 

0072. It should be noted that the above-mentioned pro 
ceSS parameters are exemplary and should not be construed 
as limitations on the Scope of this invention. The parameters 
may be varied according to actual conditions of the pro 
CCSSCS. 

0073) Next, this invention is further described in the 
following examples of preparing tested units and performing 
tests thereon. 

0074) Experiment 1 
0075 Preparation of Tested Unit: Asilicon chip 900, after 
cleaned with a RCA cleaning agent, is oxidized to form 
silicon oxide thereon as a tunneling layer 902. A film of 
germanium Silicide is deposited on the tunneling layer 902, 
and is then converted through high-temperature oxidation 
into a silicon dioxide layer 904, while the germanium atoms 
are educed and settled on the tunneling layer 902 to form 
germanium nano-dots (not shown). Next, a high-tempera 
ture annealing Step is performed to drive the germanium 
nano-dots deducing process to completion. Another oxida 
tion proceSS is carried out to convert the germanium nano 
dots into germanium oxide nano-dots 906. Afterward, a 
control gate 907 is formed on the silicone dioxide layer 907. 
0076 FIG. 11 is a photograph of a tested unit under a 
Scanning electron microScope. AS shown in FIG. 11, the 
educed germanium oxide nano-dots 906 are 5-5.5 nm in 
diameter, and the nano-dots are Separated from each other. 
0077 FIG. 12 is an absorption spectrum of the tested unit 
obtained by using an X-ray absorption near edge Spectrom 
etry (XANES). Three types of control materials are germa 
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nium powder (curve 908), germanium oxide powder (curve 
910), and SisGeo epitaxy film (curve 912). As shown in 
FIG. 12, the X-ray absorption position for germanium oxide 
nano-dots (curve 914) is the same as that for germanium 
oxide powder (curve 910), which confirms that the nano 
dots on the tunneling layer are of germanium oxide. 
0078 FIG. 13 shows energy bands of write and erase 
operations when nano-dots of germanium oxide are used as 
the floating gate of the memory. It is known from FIG. 13 
that the charge (e), after passing the tunneling, will be 
stored at the interfacial defective spots 916 at the interfaces 
between the germanium oxide nano-dots 906 and the tun 
neling layer 902 as well as between the germanium oxide 
nano-dots 906 and the control gate 907. 
007.9 Testing of Tested Unit: FIG. 14 illustrates relation 
ship of capacitance and Voltage of the tested unit through 
two-way scan. The tested unit is scanned from 5 V to -5V 
and then Scanned backwards. For operations of electron 
injecting or erasing, the curves of capacitance verSuS Voltage 
(shown in FIG. 14) indicate that the deviation of the 
threshold voltage (i.e., memory window) can reach to 0.45 
V under an operating Voltage of 5 V. Such a deviation is big 
enough to be used for differentiating the date value 0 and 1 
of a logical circuit. Thus, the floating gate of this invention 
can be used in memory devices. 
0080 Experiment 2 
0081 Preparation of Tested Unit: Asilicon chip 920, after 
cleaned with a RCA cleaning agent, is oxidized to form 
silicon oxide thereon as a tunneling layer 922. A film of 
germanium Silicide is deposited on the tunneling layer 922, 
and is then converted through high-temperature oxidation 
into a Silicon dioxide layer 926, while the germanium atoms 
are educed and settled on the tunneling layer 922 to form 
germanium nano-dots 924. Next, a high-temperature anneal 
ing Step is performed to drive the germanium nano-dots 
deducing process to completion. A conduction layer is 
Subsequently formed on Silicon dioxide of the tunneling 
layer 922. 
0082 FIG. 15 is a photograph of a tested unit under a 
scanning electron microscope. As shown in FIG. 15, the 
educed germanium nano-dots 924 are about 5.5 nm in 
diameter. The germanium nano-dots 924 are settled on the 
tunneling layer 922 with a thickness of about 4.5 nm, and the 
germanium nano-dots 924 are separated from each other. 
Further, the germanium nano-dots 924, as deposited on the 
tunneling layer 922, have a density of about 6.2x10'/cm°. 
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0083) Testing of Tested Unit: FIG. 16 illustrates relation 
ship of capacitance and Voltage of the tested unit through 
two-way Scan. For operations of electron injecting or eras 
ing, the curves of capacitance versus Voltage (shown in FIG. 
14) indicate that the deviation of the threshold voltage can 
reach to 0.42 V under an operating voltage of 5 V. Such a 
deviation is big enough to be used for differentiating the date 
value 0 and 1 of a logical circuit. Thus, the floating gate of 
this invention can be used in memory devices. 
0084. It will be apparent to those skilled in the art that 
various modifications and variations can be made to the 
Structure and process of the present invention without 
departing from the Scope or Spirit of the invention. In view 
of the foregoing, it is intended that the present invention 
coverS modifications and variations of this invention pro 
vided they fall within the scope of the following claims and 
their equivalents. 

1. A non-volatile memory comprising: 
a tunneling layer disposed on a Substrate; 
a dielectric layer disposed over the tunneling layer; 
a floating gate disposed between the tunneling layer and 

the dielectric layer, wherein the floating gate contains a 
Semiconductor component consisting of nano-dots or a 
thin film; 

a control gate disposed on the dielectric layer; and 
a Source region and a drain region, disposed respectively 

on two sides of the control gate in the Substrate. 
2. The non-volatile memory according to claim 1, wherein 

the Semiconductor component contained in the floating gate 
is Selected from the group consisting of Group II elements, 
Group III elements, Group IV elements, Group V elements, 
Group VI elements, and compounds thereof. 

3. The non-volatile memory according to claim 1, wherein 
the Semiconductor component contained in the floating gate 
is selected from the group consisting of germanium (Ge), 
gallium arsenide (GaAs), gallium phosphide (GaP), indium 
phosphide (InP), cadmium sulfide (CdS), Zinc sulfide (ZnS), 
and Zinc Selenide (ZnSe). 

4. The non-volatile memory according to claim 1, wherein 
the floating gate consists of Semiconductor oxide film, 
Semiconductor oxide nano-dots, or Semiconductor nano 
dots. 


