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SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of an application Ser.
No. 11/309,696, filed on Sep. 15, 2006, now pending, which
claims the priority benefit of Taiwan application serial no.
95126166, filed on Jul. 18, 2006. The entirety of each of the
above-mentioned patent applications is hereby incorporated
by reference herein and made a part of this specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a semiconductor
device. More particularly, the present invention relates to a
semiconductor device having a sensing memory device.
[0004] 2. Description of Related Art

[0005] Along with the development of the communication
technology and the popularity of the Internet, the require-
ments of the people on the communication and process of the
information especially on the audio-visual data transmission
of great capacity and quick transmission speed are acceler-
ated. On the other aspect, under the global competition, the
work environment is not limited to the office, but anywhere in
the world at any time, at this point, a great deal of information
is needed to support this action and decision. Therefore, the
requirements on the portable digital apparatus including the
mobile platforms such as a digital notebook computer/NB, a
personal digital assistant/PDA, an electronic book/e-book, a
mobile phone and a digital camera/DSC is increasing signifi-
cantly. Thus, the requirements on the storage apparatuses for
accessing the above digital products increase significantly as
well.

[0006] Since 1990, the semiconductor storage-based
memory is developed, which now becomes a new technology
of'the storage medium. In order to satisfy the requirements on
the continuous increasing of memory along with the storage
or transmission of a great deal of data, developing a new type
of the memory device is of great importance and value.

SUMMARY OF THE INVENTION

[0007] Inview ofthis, an objective of the present invention
is to provide a semiconductor device, which can be applied in
volatile and non-volatile memories.

[0008] Another objective of the present invention is to pro-
vide a semiconductor device, which has a simple structure,
thus making the memory have a higher integration.

[0009] The present invention provides a semiconductor
device, which includes a substrate and a sensing memory
device. The substrate includes a metal-oxide-semiconductor
transistor having a gate. The sensing memory device is dis-
posed on the gate of the metal-oxide-semiconductor transis-
tor and includes a first conductive layer, a second conductive
layer, a charge trapping layer, a first dielectric layer and a
second dielectric layer. The second conductive layer is cov-
ering the first conductive layer. The charge trapping layer is
disposed between the first conductive layer and the second
conductive layer, wherein the first conductive layer has a
sensing region therein when charges stored in the charge
trapping layer, and the sensing region is adjacent to the charge
trapping layer. The first dielectric layer and the second dielec-
tric layer are respectively disposed between the charge trap-
ping layer and the first conductive layer and between the
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charge trapping layer and the second conductive layer,
wherein a third dielectric layer is disposed between the gate
and the sensing memory device.

[0010] Inview ofthe above, the semiconductor device pro-
vided by the present invention has not been found in the
conventional technology, and it has a simple structure, thus
improving the integration of the memory. Furthermore, the
semiconductor device provided by the present invention may
be applied in volatile and non-volatile memories.

[0011] In order to make the aforementioned and other
objectives, features and advantages of the present invention
comprehensible, preferred embodiments accompanied with
figures are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0013] FIG. 1isacross-sectional view ofa sensing memory
device according to a first embodiment of the present inven-
tion.

[0014] FIG. 2 is a cross-sectional view of the sensing
memory device according to a second embodiment of the
present invention.

[0015] FIG. 3 is a cross-sectional view of the sensing
memory device according to a third embodiment of the
present invention.

[0016] FIG. 4 is a cross-sectional view of the sensing
memory device according to a forth embodiment of the
present invention.

[0017] FIG. 5 is a cross-sectional view of the semiconduc-
tor device according to a fifth embodiment of the present
invention.

[0018] FIG. 6 is a cross-sectional view of the semiconduc-
tor device according to a sixth embodiment of the present
invention.

[0019] FIG. 7 is a cross-sectional view of the semiconduc-
tor device according to a seventh embodiment of the present
invention.

[0020] FIG. 8 is a cross-sectional view of the semiconduc-
tor device according to a eighth embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

[0021] FIG. 1isacross-sectional view ofa sensing memory
device according to a first embodiment of the present inven-
tion.

[0022] Referring to FIG. 1, the sensing memory device 102
is disposed on a substrate 100. The sensing memory device
102 includes a conductive layer 104, a conductive layer 106
and a charge trapping layer 108. Furthermore, a dielectric
layer 110 can be disposed between the sensing memory
device 102 and the substrate 100 for electrically isolating the
sensing memory device 102 and the substrate 100, thereby
preventing the current from flowing to the substrate 100 when
measuring the resistance of the sensing memory device 102.
The material ofthe dielectric layer 110 is, for example, silicon
dioxide, and the forming method thereof is, for example,
implanting oxygen ions on the substrate 100 in the way of
ion-implantation, and then performing a thermal process for
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the substrate 100, or utilizing the method of chemical vapor
deposition, or using an SOI substrate to form the dielectric
layer 110.

[0023] The conductive layer 104 is disposed on the sub-
strate 100. The material of the conductive layer 104 is a
conductive material such as metal, metal compound or semi-
conductor (for example doped poly-silicon).

[0024] The conductive layer 106 covers the two side walls
and the upper surface of the conductive layer 104. The mate-
rial of the conductive layer 106 is a conductive material such
as metal, metal compound or semiconductor.

[0025] The charge trapping layer 108 is disposed between
the conductive layer 104 and the conductive layer 106. The
charge trapping layer 108 is, for example, a silicon nitride
layer, a doped poly-silicon layer, an aluminum oxide layer, a
hafnium dioxide layer or a nanocrystalline layer.

[0026] Furthermore, a dielectric layer 112 and a dielectric
layer 114 are respectively disposed between the charge trap-
ping layer 108 and the conductive layer 104 and between the
charge trapping layer 108 and the conductive layer 106, so as
to ensure the charge conservation of the sensing memory
device 102.

[0027] The simple structure of the sensing memory device
102 effectively improves the integration of the memory. Fur-
thermore, the sensing memory device 102 can not only be
applied in the volatile memory, but can also be applied in the
non-volatile memory (for example a dynamic random access
memory).

[0028] When the sensing memory device is programmed,
the conductive layer 104 and the conductive layer 106 are
both applied with a bias, and the charge is trapped in the
charge trapping layer 108 by the F-N tunneling effect.

[0029] For being affected by the charges stored in the
charge trapping layer 108, the conductive layer 104 forms a
sensing region 116 in the region adjacent to the charge trap-
ping layer 108. When the material of the conductive layer 104
is semiconductor, after being affected by the charges stored in
the charge trapping layer 108, the conductive layer 104 forms
a depletion region or an accumulation region in the region
adjacent to the charge trapping layer 108, so as to form the
sensing region 116. When the material of the conductive layer
104 is metal or metal compound, the charge distribution state
of'the conductive layer 104 is affected by the charges stored in
the charge trapping layer 108, so as to form the sensing region
116. Therefore, the resistance of the conductive layer 104
changes for being affected by the charges stored in the charge
trapping layer 108.

[0030] Therefore, whether or not there are charges stored in
the charge trapping layer 108 can be determined by measur-
ing the current of the conductive layer 104 or between the
conductive layer 104 and the conductive layer 106. If the
current changes for being affected by the sensing region 116,
this indicates that there are charges stored in the charge trap-
ping layer 108. On the contrary, if it is measured that the
current of the conductive layer 104 or between the conductive
layer 104 and the conductive layer 106 has no change, this
indicates that there are no charges in the charge trapping layer
108.

[0031] Afterthe charges stored in the charge trapping layer
108 being erased by the F-N tunneling effect, the sensing
region 116 no longer exists, and the resistance of the conduc-
tive layer 104 recovers to the original state.
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[0032] FIG. 2 is a cross-sectional view of the sensing
memory device according to a second embodiment of the
present invention.

[0033] Referring to FIGS. 1 and 2 at the same time, a
sensing memory device 202 in FIG. 2 is almost the same as
the sensing memory device 102 in FIG. 1, the difference
there-between lies in that, a conductive layer 206 of the sens-
ing memory device 202 covers the two side walls, the upper
surface and the lower surface of the conductive layer 104, so
that a sensing region 216 of the sensing memory device 202
has a wider sensing range, and the performance is more
preferable than the sensing memory device 102.

[0034] FIG. 3 is a cross-sectional view of the sensing
memory device according to a third embodiment of the
present invention. FIG. 4 is a cross-sectional view of the
sensing memory device according to a forth embodiment of
the present invention.

[0035] Referring to FIGS. 1, 2, 3 and 4 at the same time,
sensing memory devices 302, 402 in FIGS. 3 and 4 are almost
the same as the sensing memory devices 102,202 in the FIGS.
1 and 2 respectively, and the difference there-between lies in
that, conductive layers 318,418 are respectively disposed in
the sensing memory devices 302, 402. The material of the
conductive layers 318, 418 is metal, metal compound or semi-
conductor.

[0036] If the resistances of the conductive layers 318, 418
are less than that of the conductive layer 104 when charge
trapping layer 108 was charged, in the sensing memory
devices 302, 402, dielectric layers 320, 420 are respectively
disposed between the conductive layer 104 and the conduc-
tive layers 318, 418, so as to prevent the charges from flowing
to the conductive layers 318, 418. Furthermore, if the resis-
tances of the conductive layers 318,418 are larger than that of
the conductive layer 104 when charge trapping layer 108 was
charged, it is not necessary to dispose the dielectric layers
320, 420 between the conductive layer 104 and the conduc-
tive layers 318, 418 respectively.

[0037] Whenthere are charges stored in the charge trapping
layer 108, the charges in the conductive layers 318, 418 and
the charges of the charge trapping layer 108 produce a clip-
ping effect to the charge distribution in the conductive layer
104, so as to further enhance the sensing intensity of the
sensing regions 116, 216 more effectively.

[0038] FIG. 5 is a cross-sectional view of the semiconduc-
tor device according to a fifth embodiment of the present
invention. FIG. 6 is a cross-sectional view of the semiconduc-
tor device according to a sixth embodiment of the present
invention. FIG. 7 is a cross-sectional view of the semiconduc-
tor device according to a seventh embodiment of the present
invention. FIG. 8 is a cross-sectional view of the semiconduc-
tor device according to an eighth embodiment of the present
invention.

[0039] Referring to FIGS. 1 and 5 at the same time, the
sensing memory device in FIG. 5 is the same as the sensing
memory device 102 in FIG. 1, the difference there-between
lies in that, the substrate 100 in FIG. 5 has a metal-oxide-
semiconductor transistor 522 having a gate 524, the sensing
memory device 102 is disposed on the gate 524, and a dielec-
tric layer 526 is disposed between the sensing memory device
102 and the gate 524.

[0040] Sincethe sensing memory device 102 is disposed on
the metal-oxide-semiconductor transistor 522, the integration
of the memory is further improved. Likewise, the sensing
memory devices 202, 302 and 402 in FIGS. 2, 3 and 4 also can
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be disposed on the metal-oxide-semiconductor transistor 522
(as shown in FIGS. 6, 7 and 8), so as to improve the integra-
tion, which will not be described in detail herein.

[0041] In view of the above, the present invention has at
least the following advantages.

[0042] 1. The semiconductor device provided by the
present invention has a simple structure, and can effectively
improve the integration of the memory when being used in the
manufacture of the memory.

[0043] 2. The semiconductor device provided by the
present invention can be applied in volatile and non-volatile
memories.

[0044] Though the present invention has been disclosed
above by the preferred embodiments, they are not intended to
limit the present invention. Anybody skilled in the art can
make some modifications and variations without departing
from the spirit and scope of the present invention. Therefore,
the protecting range of the present invention falls in the
appended claims and their equivalents.

What is claimed is:

1. A semiconductor device, disposed on a substrate, com-
prising:

a substrate, comprising a metal-oxide-semiconductor tran-

sistor having a gate; and

a sensing memory device, disposed on the gate of the

metal-oxide-semiconductor transistor and comprising:

a first conductive layer;

a second conductive layer, covering the first conductive
layer;

a charge trapping layer, disposed between the first con-
ductive layer and the second conductive layer,
wherein the first conductive layer has a sensing region
therein when charges stored in the charge trapping
layer, and the sensing region is adjacent to the charge
trapping layer; and

a first dielectric layer and a second dielectric layer
respectively disposed between the charge trapping
layer and the first conductive layer and between the
charge trapping layer and the second conductive
layer, wherein a third dielectric layer is disposed
between the gate and the sensing memory device.

2. The semiconductor device as claimed in claim 1,
wherein the second conductive layer covers the two side walls
and the upper surface of the first conductive layer.

3. The semiconductor device as claimed in claim 1,
wherein the second conductive layer covers the two side
walls, the upper surface and the lower surface of the first
conductive layer.
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4. The semiconductor device as claimed in claim 1,
wherein the substrate comprises a substrate of silicon on
insulation (SOI).

5. The semiconductor device as claimed in claim 1,
wherein the material of the first conductive layer comprises
metal, metal compound or semiconductor.

6. The semiconductor device as claimed in claim 1,
wherein the material of the second conductive layer com-
prises metal, metal compound or semiconductor.

7. The semiconductor device as claimed in claim 1,
wherein the charge trapping layer comprises a silicon nitride
layer, a doped poly-silicon layer, an aluminum oxide layer, a
hafnium dioxide layer or a nanocrystalline layer.

8. The semiconductor device as claimed in claim 1, further
comprising a third conductive layer disposed in the first con-
ductive layer.

9. The semiconductor device as claimed in claim 8,
wherein the second conductive layer covers the two side walls
and the upper surface of the first conductive layer.

10. The semiconductor device as claimed in claim 8,
wherein the second conductive layer covers the two side
walls, the upper surface and the lower surface of the first
conductive layer.

11. The semiconductor device as claimed in claim 8,
wherein the resistance of the third conductive layer is larger
than that of the first conductive layer when charge trapping
layer was charged.

12. The semiconductor device as claimed in claim 8, when
the resistance of the third conductive layer is less than that of
the first conductive layer when charge trapping layer was
charged, the sensing memory device further comprising a
fourth dielectric layer disposed between the first conductive
layer and the third conductive layer.

13. The semiconductor device as claimed in claim 8,
wherein the substrate comprises a substrate of silicon on
insulation (SOI).

14. The semiconductor device as claimed in claim 8,
wherein the material of the first conductive layer comprises
metal, metal compound or semiconductor.

15. The semiconductor device as claimed in claim 8,
wherein the material of the second conductive layer com-
prises metal, metal compound or semiconductor.

16. The semiconductor device as claimed in claim 8,
wherein the material of the third conductive layer comprises
metal, metal compound or semiconductor.

17. The semiconductor device as claimed in claim 8,
wherein the charge trapping layer comprises a silicon nitride
layer, a doped poly-silicon layer, an aluminum oxide layer, a
hafnium dioxide layer or a nanocrystalline layer.
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