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(57) ABSTRACT 

A very thin semiconductor film is used for channels of 
Semiconductor memory elements Such that leak currents are 
reduced by the quantum-mechanical containment effect in 
the direction of film thickness. The amount of electrical 
charge accumulated in each charge accumulating region is 
used to change conductance between a Source and a drain 
region of each read transistor Structure. The conductance 
change is utilized for data Storage. The thickness of the 
channel of the write transistor Structure is preferably no 
more than 5 nm. According to one embodiment, the channel 
of the write transistor is formed by a semiconductor film 
deposited on a Surface interSecting a principal plane of the 
Substrate. 
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FIG. 10 
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FIG. 16 
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GAIN CELLTYPE NON-VOLATILE MEMORY 
HAVING CHARGE ACCUMULATING REGION 
CHARGES OR DISCHARGED BY CHANNEL 

CURRENT FROM ATHIN FILMI CHANNEL PATH 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a semiconductor 
element and a Semiconductor device. 

0003 2. Description of the Related Art 
0004 MOSFETs (metal-oxide-semiconductor field effect 
transistors) are normally placed in an off-state to prevent 
currents from leaking by means of pnjunctions. The primary 
causes of leak currents include Subthreshold currents and 
reversed carrier recombination. Such currents are Small but 
not negligible; they determine the data holding time of 
DRAMs (dynamic random access memories) and define 
their refresh cycles. Schemes proposed So far to minimize 
leak currents include the reduction of crystal defects with 
waferS Subject to epitaxial growth, and complete depletion 
in the off-state by use of SOI (silicon on insulator) wafers. 
0005 There has been proposed a memory element struc 
ture called gain cells capable of operating as DRAM cells 
with reduced Stored charges. The proposed Structure 
involves electrically charging a memory node via a write 
transistor So that the Stored charge in the node causes a 
separately provided read transistor to vary its threshold 
Voltage, which represents a piece of data Stored. Related 
conventional techniques include a structure using polycrys 
tal silicon for write transistors as disclosed by H. Shichijo et 
al., Conference on Solid State Device and Materials, pp. 
265-268, 1984; and a structure using polycrystal silicon for 
read transistors as proposed by S. Shukuri et al., IEEE 
International Electron Devices Meeting, pp. 1006-1008, 
1992. 

0006 Other conventional techniques related to this 
invention include a single electronic memory utilizing poly 
crystal silicon as depicted by K. Yano et al., IEEE Interna 
tional Electron Devices Meeting, pp. 541-544, 1993, as well 
as by Ishii et at., IEEE International Solid-State Circuits 
Conferences, pp. 266-267, 1996. In the proposed electronic 
memory, polycrystal Silicon thin films are used concurrently 
to form channels as current paths and Storage regions for 
capturing electrons. A piece of data is retained when elec 
trons captured by a Storage region change the latter's thresh 
old Voltage. What characterizes this technique is that a few 
electrons are enough to Store one bit of data. Electrons are 
injected into a given Storage region by applying a Voltage of 
12 V through 15 V to a gate electrode. To discharge the 
Stored electrons requires applying a Voltage of -10 V 
through -15 V to the gate electrode. The use of polycrystal 
Silicon grains permits formation of a structure effectively 
smaller than the fabricated size. Memory elements in this 
Structure are capable of operating at room temperature. A 
Single transistor constitutes each memory element. 
0007. One of the guides to MOSFET micro-fabrication is 
the Scaling law. According to this principle, reduction of the 
Size to 1/K requires multiplying the Substrate density by a 
factor of K. However, raising the Substrate density narrows 
the depletion layer width and increases leaks from junctions. 
A solution to this problem involves the use of an SOI 
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Substrate for a complete depletion in the off-State. In that 
case, leak currents Sill flow illustratively because of the 
reversed carrier recombination, although the currents are 
Smaller than in ordinary Substrates. At very advanced levels 
of micro-fabrication, uneven positions of impurities in chan 
nels can trigger the flow of leak currents. Efforts to design 
for a high threshold Voltage can be defeated by a current path 
being formed at a Voltage lower than the threshold Voltage 
due to the uneven presence of impurities, with the current 
path condoning a flow of leak currents. 
0008 Ever-finer structures of memory cells in DRAMs, 
flash memories and other types of memories have translated 
into smaller memory cell areas than ever before. The trend 
has made it possible to implement ever-greater memory 
capacities. In particular, DRAMs with one transistor and one 
capacitor making up their basic Structure have gained wide 
Spread acceptance as a memory device offering both high 
Speed performance and high degrees of integration. The 
growing Scale of memories, however, requires longer refresh 
cycles. The trend thus presents a need for a low-leak FET 
structure. For the DRAMs, a simple-minded drive for more 
advanced micro-fabrication aimed at Smaller memory cell 
areas entails narrowing areas of capacitors, reducing capaci 
tance values of the capacitors and lowering their Stored 
charges. Meanwhile, data lines are generally extended as the 
memory size increases. Since the data lines are Subject to 
charging and discharging operations and should also be 
resistant to noise, the amount of Stored charges cannot be too 
low. Hence the problem of having to devise for each new 
generation of DRAMs a novel scheme for building a three 
dimensional capacitor Structure or for enhancing the dielec 
tric constant of capacitor insulating films. 
0009. One solution to the above problem is not directly to 
charge or discharge the data lines using cumulative charges 
but to accumulate electrical charges near transistor channels 
So as to vary the threshold Voltage of transistors for data 
Storage. Because the Solution allows the data lines to be 
charged and discharged using drain currents of transistors, 
the problem above is bypassed and memory elements are 
easily reduced in size. The conventional three-transistor type 
DRAM has been proposed on the basis of the solution 
above. The three-transistor type DRAM needs to make its 
refresh cycle shorter than before because its amount of 
cumulative charges is smaller than in ordinary DRAMs. The 
refresh cycle is required to be shortened progressively the 
higher the degree of integration. This, it can be expected, 
will eventually result in another problem. 
0010) The EEPROM and flash memory are other memory 
elements that have electrical charges Stored in the vicinity of 
transistor channels to vary the transistor threshold Voltage 
for data retention. In operation, a high Voltage is applied to 
a tunnel insulating film in order to inject electrons or holes 
into a floating gate. One disadvantage of this type of 
memory is that it takes time to write or read data because 
currents are made to flow through the insulating films. Since 
the operating Voltage is high, it is necessary to prepare 
peripheral circuits of high dielectric Strengths. Such periph 
eral circuits tend to occupy wider areas. In order to ensure 
reliable data retention under high-voltage application, the 
tunnel insulating film must at least have a thickness of a little 
less than 10 nm. That means the tunnel insulating film 
cannot be made thinner than that size while the elements are 
being Scaled down, So that the short channel effect is getting 
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more and more pronounced. Furthermore, the amount of 
currents flowing through tunnels varies considerably 
depending on the insulating film thickneSS and on the 
presence or absence of traps. This leads to significant 
variations in characteristics between memory elements. 
0011. It is therefore an object of the present invention to 
provide a Semiconductor element operating on a threshold 
Voltage controlling method not resorting to low leaks or to 
impurity injection; a Scaled-down Semiconductor memory 
device which uses Such Semiconductor elements and is 
capable of ensuring a Sufficiently long refresh cycle for 
high-Speed write operations, and a Semiconductor device 
comprising Such elements. 

SUMMARY OF THE INVENTION 

0012. The invention envisages reducing leak currents and 
controlling a threshold Voltage by taking advantage of the 
quantum-mechanical containment effect brought about in 
the direction of film thickness by use of a very thin semi 
conductor Structure for channels. 

0013 In carrying out the invention, there is typically 
provided a Semiconductor element comprising a transistor 
structure having a source region 200; see FIG. 23, a drain 
region 201, a channel region 202 for connecting the Source 
region 200 and the drain region 201, and a control electrode 
203 for controlling conductance of the channel region 202, 
wherein an average thickness of the channel region 202 is 5 
nm at most. This semiconductor element is typically con 
stituted as shown in FIG. 23 but is not limited thereby. 
0.014. In carrying out the invention, there is also provided 
a Semiconductor memory element wherein conductance 
between the Source and drain of a read transistor is varied 
depending on the amount of Stored electrical charges, the 
conductance variation being used to retain a piece of data, 
and wherein a channel of a transistor for electrically charg 
ing or discharging a charge accumulating region is made of 
a Semiconductor 5 nm or less in thickness. This structure 
enables both high-Speed data write performance and pro 
longed data retention. The thickness of transistor channels 
may be minimized as desired So long as film defects do not 
become apparent during fabrication processes. 
0.015. In carrying out the invention, there is also provided 
a Semiconductor element comprising: a read transistor Struc 
ture made of a Source region 7; See FIG. 1, a drain region 
8, a Semiconductor region 8 for interconnecting the Source 
region 7 and the drain region 8, and a control electrode 5 for 
controlling conductance of the Semiconductor region 6; a 
charge accumulating region 1 located near the Semiconduc 
tor region 6 for interconnecting the Source region 7 and the 
drain region 8; and a write transistor structure 1, 2, 3, 5 for 
either electrically charging or electrically discharging the 
charge accumulating region 1; wherein an amount of elec 
trical charges Stored in the charge accumulating region 1 
changes conductance between the Source region 7 and the 
drain region 8 in the read transistor Structure, the conduc 
tance change being used for data Storage; and wherein a 
channel of the write transistor Structure is made of a Semi 
conductor 5 nm at most in average thickness. This Semi 
conductor element is typically constituted as shown in FIG. 
1 but is not limited thereby. 
0016. The electrical conductivity of low-dimensional 
Systems was heretofore discussed with a view to improving 
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system mobility but was never talked about in terms of 
reducing leak currents in the off-state. To the inventors of 
this invention, it was not clear at the outset that with Such a 
thin Semiconductor film, the leak currents could be made 
Smaller. To prove that the leak currents were actually 
reduced, the inventors experimentally fabricated Semicon 
ductor transistors, one of which is shown in FIGS. 20A and 
20B. FIG. 20A is a cross-sectional view of the semicon 
ductor transistor, and FIG. 20B is a top view of the same 
transistor. The experimentally fabricated transistor included 
a source region 103, a drain region 105 and a control 
electrode 106 made of n-type polycrystal silicon. A channel 
104 in the Semiconductor was a non-doped polycrystal 
Silicon film with an average thickness of 3 nm. The channel 
was deposited in an amorphous State and crystallized later 
by a heating process. The channel thin line was 0.1 micron 
wide and 0.3 microns long, and the thickness of a gate oxide 
film in the transistor was 25 nm. FIG. 21A shows how a 
drain current varied when a drain Voltage of the experimen 
tal Semiconductor transistor was fixed to 1 V and its gate 
voltage was changed. FIG. 21B depicts how the drain 
current of the transistor varied over time when the drain 
Voltage was fixed to 1 V and the gate Voltage was fixed to 
-0.5 V. Currents were measured by use of the HP4156 
Parameter Analyzer available from Hewlett-Packard Co., 
and measurements were taken in the “long” measurement 
mode at room temperature. The measuring increment of the 
analyzer was 10 fa, and the measurements fluctuated 
between 0 and -10 fa. In view of the behavior of the current 
values, the fluctuating measurements were judged to repre 
Sent not true currents but ambient noise. In other words, the 
leak currents were less than 10 fa. Further comparisons 
were made of leak currents between transistorS fabricated 
experimentally with their average channel thickneSS Varied 
from 3 nm to 5 nm to 8 nm. On transistors of each channel 
thickness, leak currents were measured when the drain 
Voltage was set for 1 V and the gate Voltage was Set to be 1.5 
V lower than a threshold voltage Vth for a drain current of 
1 p.A. Six transistors of each film thickness type were 
measured for leak currents, and the measurements were 
averaged and illustrated graphically in FIG. 39. As shown in 
FIG. 39, most measurements came below the measurable 
limit for the film thicknesses of 3 nm and 5 nm, while leak 
currents became measurable for the film thickness of 8 nm, 
rising by one order of magnitude. The results indicate that 
the film thickness is preferably less than 8 nm. Unlike the 
well-known Single electronic memory constituted by poly 
crystal Silicon, the experimentally fabricated transistors 
operated on a voltage as low as +3 V or less. Whereas 
relatively thick gate oxide films (25 nm thick each) were 
used in the experiments, Smaller operating Voltages permit 
the use of a thinner film in view of dielectric strength. In 
Such a case, the transistors can operate on a Still lower 
Voltage than ever. These preliminary considerations under 
taken by the inventors formed a basis for conceiving this 
invention. 

0017. The invention also proposes a novel gain cell 
Structure comprising: a Substrate; a read transistor having a 
Source region and a drain region formed illustratively as 
diffusion regions in the Substrate, and a channel region for 
interconnecting the Source region and the drain region; a 
charge accumulating region located near the channel region; 
and a write transistor for either electrically charging or 
electrically discharging the charge accumulating region; 
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wherein at least part of a channel of the write transistor is 
formed by a Semiconductor film deposited on a Surface 
intersecting a principal plane (the widest Surface) of the 
Substrate. 

0.018. In the gain cell structure above, the write transistor 
can be constituted without recourse to a diffusion layer. In a 
preferred Structure, the Semiconductor film is arranged to 
have an average thickness of 8 nm or leSS and more 
preferably under 5 nm when deposited on a Side of a 
construct formed in a convex fashion on the principal plane 
of the Substrate. A minimum film thickness may be deter 
mined as desired So long as film defects do not become 
apparent. Advantageous characteristics are available when 
the film thickness is 3 nm. The side of the construct is 
illustratively perpendicular to the principal plane of the 
Substrate. The construct may double as a control electrode 
for the channel. The Source and drain regions of the write 
transistor may be formed by films Stacked on the principal 
plane of the Substrate. In this structure, the current flowing 
through the channel of the write transistor passes along the 
Surface of the Semiconductor film constituting the channel 
and in an approximately perpendicular relation to the prin 
cipal plane of the Substrate. 
0019. In carrying out the invention, there is also provided 
a Semiconductor memory element comprising: a Substrate; a 
read transistor having a Source region and a drain region 
formed in the Substrate, and a channel region for intercon 
necting the Source region and the drain region; a charge 
accumulating region located near the channel region; and a 
write transistor for either electrically charging or electrically 
discharging the charge accumulating region; wherein a 
Source region, a drain region and a channel of the write 
transistor are formed by films deposited on a principal plane 
of the Substrate, the Source region and the drain region being 
Spaced apart horizontally over the principal plane of the 
substrate. With this structure, the film making up the channel 
of the write transistor is constituted by a Semiconductor 
preferably 8 nm or less and more preferably under 5 nm in 
average thickness. A minimum film thickneSS may be deter 
mined as desired So long as film defects do not become 
apparent. Advantageous characteristics are available when 
the film thickness is 3 nm. Preferably, the films constituting 
the Source and drain regions of the write transistor are each 
arranged to be thicker than the film making up the channel 
of the write transistor. In Such a constitution, the current 
flowing through the channel of the write transistor passes 
along the Surface of the Semiconductor film constituting the 
channel and in an approximately perpendicular relation to 
the principal plane of the Substrate. 
0020. Other objects, features and advantages of the 
invention will become more apparent upon a reading of the 
following description and appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 Preferred embodiments of the present invention 
will be described in detail with reference to the following 
figures wherein: 
0022 FIG. 1 is a cross-sectional view of a semiconductor 
memory element practiced as a fourth embodiment of this 
invention; 
0023 FIG. 2 is a schematic view of a mask pattern for 
fabricating Semiconductor memory elements of the fourth 
embodiment; 
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0024 FIG. 3 is a schematic view of a wiring pattern for 
constituting a memory cell array comprising Semiconductor 
memory elements of the fourth embodiment; 
0025 FIGS. 4A and 4B are schematic views of array 
Structures comprising Semiconductor memory elements of 
the fourth embodiment; 

0026 FIG. 5 is a schematic view of another array struc 
ture comprising Semiconductor memory elements of the 
fourth embodiment; 

0027 FIG. 6 is a block diagram of a semiconductor 
memory device based on the fourth embodiment; 
0028 FIG. 7 is a cross-sectional view of a semiconductor 
memory element practiced as a fifth embodiment of the 
invention; 

0029 FIG. 8A is a cross-sectional view taken in parallel 
with a channel of a write transistor in a Semiconductor 
memory element practiced as a Seventh embodiment of the 
invention; 

0030 FIG. 8B is a cross-sectional view taken in parallel 
with a channel of a read transistor in the Semiconductor 
memory element as the Seventh embodiment; 
0031 FIG. 9 is a top view of the semiconductor memory 
element as the Seventh embodiment; 

0032 FIG. 10 is a block diagram of a semiconductor 
memory device practiced as a sixth embodiment of the 
invention; 
0033 FIG. 11 is a circuit diagram for explaining a refresh 
operation of the Semiconductor memory device as the Sixth 
embodiment; 

0034 FIG. 12A is a schematic view showing a channel 
of a write transistor in a Semiconductor memory element 
practiced as an eighth embodiment of the invention; 
0035 FIG. 12B is a top view of the semiconductor 
memory element as the eighth embodiment; 
0036 FIG. 13 is a block diagram of a semiconductor 
memory device based on the eighth embodiment; 
0037 FIG. 14 is a cross-sectional view of a semicon 
ductor memory element practiced as a tenth embodiment of 
the invention; 
0038 FIG. 15 is a top view sketching wiring of the 
Semiconductor memory element as the tenth embodiment; 
0039 FIG. 16 is a block diagram of a semiconductor 
memory device based on the tenth embodiment; 
0040 FIG. 17A is a cross-sectional view of a semicon 
ductor memory element practiced as an eleventh embodi 
ment of the invention; 

0041 FIG. 17B is a top view of the semiconductor 
memory element as the eleventh embodiment; 

0042 FIG. 18 is a cross-sectional view of a semicon 
ductor memory element practiced as a twelfth embodiment 
of the invention; 

0043 FIG. 19 is a cross-sectional view depicting another 
element Structure of the Semiconductor memory element as 
the twelfth embodiment; 
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0044 FIG. 20A is a cross-sectional view of an experi 
mental transistor Studied prior to creation of this invention; 
004.5 FIG. 20B is a top view of the experimental tran 

Sistor; 
0.046 FIG. 21A is a graphic representation showing 
drain current variations with respect to a gate Voltage in the 
experimental transistor; 
0047 FIG. 21B is a graphic representation illustrating 
leak current variations over time in the experimental tran 
Sistor; 
0.048 FIG. 22 is a top view of a semiconductor memory 
element practiced as a ninth embodiment of the invention; 
0049 FIG. 23 is a cross-sectional view of a semicon 
ductor element practiced as a first embodiment of the 
invention; 
0050 FIG. 24 is a mask pattern for fabricating semicon 
ductor elements of the first embodiment; 
0051 FIG. 25A is a circuit diagram of an inverter circuit 
contained in a Semiconductor device comprising Semicon 
ductor elements of the first embodiment; 
0.052 FIG. 25B is a circuit diagram of a NAND circuit 
included in the Semiconductor device comprising Semicon 
ductor elements of the first embodiment; 
0.053 FIG. 26A is a cross-sectional view of a semicon 
ductor element practiced as a second embodiment of the 
invention; 
0.054 FIG. 26B is a circuit diagram of a semiconductor 
device comprising Semiconductor elements of the Second 
embodiment; 
0055 FIG. 27A is a cross-sectional view of a memory 
cell Structure of a Semiconductor memory device practiced 
as a third embodiment of the invention; 
0056 FIG.27B is a circuit diagram of the semiconductor 
memory device as the third embodiment; 
0057 FIG. 28A is a cross-sectional view of a semicon 
ductor memory element practiced as a thirteenth embodi 
ment of the invention; 
0.058 FIG. 28B is a top view of two semiconductor 
memory elements of the thirteenth embodiment, arranged 
side by side; 
0059 FIG. 29A is a circuit diagram of a semiconductor 
memory element of the thirteenth embodiment correspond 
ing to the element shown in FIG. 28A, 
0060 FIG. 29B is a circuit diagram of semiconductor 
memory elements of the thirteenth embodiment correspond 
ing to the elements shown in FIG. 28B; 
0061 FIG. 30 is a cross-sectional view depicting another 
element Structure of the Semiconductor memory element as 
the thirteenth embodiment; 

0.062 FIG. 31 is a cross-sectional view of a semicon 
ductor memory element practiced as a fourteenth embodi 
ment of the invention; 

0.063 FIG. 32 is a cross-sectional view of a semicon 
ductor memory element practiced as a fifteenth embodiment 
of the invention; 
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0064 FIG.33A is a cross-sectional view taken in parallel 
with a channel of a write transistor in a Semiconductor 
memory element practiced as a sixteenth embodiment of the 
invention; 
0065 FIG.33B is a cross-sectional view taken in parallel 
with a channel of a read transistor in the Semiconductor 
memory element as the Sixteenth embodiment; 
0066 FIG. 34A is an equivalent circuit diagram of a unit 
Structure corresponding to the first embodiment; 
0067 FIG. 34B is a circuit diagram of an array structure 
of the first embodiment corresponding to the array Structure 
in FIG. 4A; 
0068 FIG. 35A is an equivalent circuit diagram of an 
array Structure of the first embodiment corresponding to the 
array structure in FIG. 4B; 
0069 FIG. 35B is a circuit diagram of an array structure 
of the first embodiment corresponding to the array Structure 
in FIG. 5; 
0070 FIG. 36A is an equivalent circuit diagram of a unit 
Structure according to the eighth embodiment; 
0071 FIG. 36B is a circuit diagram illustrating how a 
Source region is shared by adjacent cells in the unit memory 
structure of the eighth embodiment in FIG. 12B; 
0072 FIG. 37 is a top view of a memory mat of a 
Semiconductor memory device practiced as a Seventeenth 
embodiment of the invention; 
0073 FIG. 38 is an equivalent circuit diagram of the 
memory mat of the Semiconductor memory device as the 
Seventeenth embodiment; and 
0074 FIG. 39 is a graphic representation showing the 
dependencies of leak currents on channel film thicknesses in 
the experimental transistorS Studied prior to creation of this 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Embodiment 

0075 Semiconductor elements and semiconductor 
devices Specifically embodying the invention are described 
below. FIG. 23 is a cross-sectional view of a semiconductor 
element practiced as the first embodiment of the invention. 
Using an SOI Substrate, the Semiconductor element includes 
a source region 300, a drain region 201 and a channel 202 
made of single crystal and deposited on an SiO film 204. 
The source 200 and drain 201 are n-type regions of high 
impurity density. The channel 202 is a p-type channel 4 nm 
in average thickness, thinner than the source 200 or drain 
201 region. A control electrode 203 is constituted by n-type 
polycrystal silicon of high impurity density. The channel 202 
is isolated from the control electrode 203 by a gate insulating 
film 205 composed of an SiO film. 
0076. The first embodiment is the same as the common 
n-channel MOS in that application of a positive Voltage to 
the control electrode 203 turns on the transistor to permit a 
current flow between the Source 200 and the drain 201. The 
first embodiment is equivalent to a Semiconductor element 
made of an SOI substrate with a thicker channel film in that 
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the channel 202 is completely depleted in the off-state. What 
characterizes the first embodiment is an extended band gap 
brought about by the quantum-mechanical containment 
effect through the thin film of the channel 202. This makes 
it possible to reduce leak currents to an extent greater than 
through the complete depletion. Furthermore, a Suitable 
selection of the film thickness allows the threshold voltage 
to be controlled independently of the impurity density in the 
channel. Because the beneficial effect of the channel being 
made of a very thin film is uniformly felt all over the 
channel, any leak path that may derive from uneven pres 
ence of impurities in the thin channel is prevented from 
occurring. A p-channel transistor may be implemented in a 
Similar structure wherein the Source and drain are p-type 
regions while the channel is an n-type channel. The control 
electrode may remain the same n-type or may be replaced by 
a p-type electrode. A non-doped channel may be used 
alternatively to control the threshold voltage in terms of film 
thickness. It should be noted that the resistance becomes 
higher the thinner the film. These n- and p-channel transis 
tors may be combined suitably to form a CMOS circuit. 
FIG. 25A is a circuit diagram of an inverter circuit based on 
the first embodiment. This configuration combines a p-chan 
nel transistor 206 with an n-channel transistor 207. A High 
and a Low input turn off the p-channel transistor 206 and the 
n-channel transistor 207 respectively to minimize any 
punch-through current; the resulting leak current translates 
conversely into a punch-through current. With the first 
embodiment, the reduced leak current helps reduce power 
dissipation. FIG.25B is a circuit diagram of a NAND circuit 
based on the first embodiment. The punch-through current of 
this configuration is also reduced in like manner, and the 
same applies to other CMOS circuits. 
0.077 Below is a description of how the first embodiment 
is fabricated. FIG. 24 is a mask pattern used in lithography 
to fabricate semiconductor elements of the first embodiment. 
A thin film SOI substrate is first used to dry-etch the silicon 
around an active region 208 with a photo-resist used as a 
mask. The resulting grooves Surrounding the active region 
are filled with an insulating film to achieve flatness. With the 
Silicon Surface Subjected to Sacrificial oxidation, an SiN 
film is deposited. The SiNa film is dry-etched using a 
photo-resist as a mask in order to remove the SiNa film 
from a channel region 209. An ensuing oxidation proceSS 
oxidizes only those portions where the SiN film pattern is 
absent. Then with the SiN film removed, arsenic (AS) or 
phosphorus (P) ions are implanted to produce an n-type 
Source region 200 and an n-type drain region 201. At this 
point, the Source and drain regions of the p-channel transis 
tor are covered with a resist. After the Source and drain 
regions of the n-channel transistor are covered with a resist, 
boron (B) ions are implanted to bring about a p-type Source 
region and a p-type drain region for the p-channel transistor. 
The channel portion at this point is covered with an oxide 
film and is thus impervious to the implantation of impurities. 
0078. The oxide film is thereafter wet-etched, whereby 
the channel portion 202 is made into a thin film. After the 
Surface is Subjected to Sacrificial oxidation and after the 
active region of the p-channel transistor is covered with a 
resist, boron (B) ions are implanted to adjust the impurity 
density in the channel of the n-channel transistor. Likewise, 
after the active region of the n-channel transistor is covered 
with a resist, arsenic (AS) ions are implanted to adjust the 
impurity density in the channel of the p-channel transistor. 
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With the sacrificial oxide film removed, an oxidation process 
is carried out to form a gate insulating film 205. Further 
more, n-type polycrystal Silicon is deposited and dry etching 
is carried out with a resist pattern 210 used as a mask to form 
a control electrode 203. An SiO film is then deposited to 
achieve flatness, followed by contact and wiring processes. 
Alternatively, non-doped polycrystal Silicon may be depos 
ited to form the control electrode portions, and a different 
type of impurities may be introduced into the control elec 
trodes of n- and p-channel transistors with a resist used as a 
mask. AS another alternative, a thin Silicon film of a uniform 
thickness may be prepared in advance, and Silicon, another 
Semiconductor, Silicide or metal may be Stacked over the 
Source and drain regions to reduce resistance. Since the film 
for channel formation may have the same thickness over the 
entire Surface of the wafer, it is easy to monitor the channel 
film thickness during fabrication. 

Second Embodiment 

007.9 FIGS. 26A and 26B show a semiconductor ele 
ment practiced as the Second embodiment of the invention. 
FIG. 26A is a cross-sectional view of the semiconductor 
element. Unlike the first embodiment that had the Source 
200, drain 201 and channel 202 formed on the SOI substrate 
Surface, the Second embodiment has a Source 208, a drain 
209 and a channel 210 formed by polycrystal silicon depos 
ited on an, SiO layer 214. The source 208 and drain 209 are 
n-type regions of high impurity density. The channel 210 is 
made of a non-doped polycrystal silicon film 3 nm in 
average thickness. The channel portion is deposited in an 
amorphous State and crystallized later by a heating process. 
As opposed to the first embodiment in which a thicker 
silicon film was thinned down to form the channel, the 
second embodiment need only have a thin film deposited for 
channel formation and thus entails simpler fabrication pro 
cesses. The Second embodiment is equivalent to the first 
embodiment in that all channels are depleted in the off-State 
and that the potential in the film is raised by the quantum 
mechanical containment energy in the direction of film 
thickness due to a very Small film thickness. Furthermore, 
because the potential in the thin film region varies signifi 
cantly even with slight film thickneSS changes, the potential 
distribution within the film is altered not uniformly but 
randomly. As a result, a plurality of low-potential portions in 
the film in the nonconductive State are disconnected by 
high-potential regions. In addition, grain boundaries of 
polycrystal films act as potential barriers. On the other hand, 
it should be noted that grain boundaries can let leak currents 
pass through. Circuits may be formed using the Surface of a 
silicon Substrate 213. It is also possible for transistors on the 
Substrate Surface and transistors of the Second embodiment 
to be positioned in Vertically Stacked relation. Such a Stacked 
makeup helps reduce the chip area. The Silicon Substrate 213 
may be an SOI substrate. Transistors of the first embodiment 
may be formed on the Surface of an SOI substrate for use in 
combination with elements of the second embodiment. In 
the same Structure as that of n-channel transistors, changing 
the type of impurities implements p-channel transistors as 
well. These elements may be used to constitute an SRAM 
(static random access memory) whose circuit diagram is 
shown in FIG. 26B. Because the transistors are of a low-leak 
type, the punch-through current of memory cells is reduced 
and So is power dissipation. The other effects of the Second 
embodiment are the same as those of the first embodiment. 
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In transistors utilizing the surface of an SOI substrate in the 
first embodiment, the Source and drain regions may be 
formed by Single crystal Silicon and the channel portions by 
polycrystal Silicon as in the Second embodiment. In Such a 
case, the Silicon of the channel portions is removed during 
fabrication while the Source and drain regions are left intact, 
before a thin film is again deposited for channel formation. 
The processes involved are Simpler and better Suited to 
control channel film thickness than the processes of the first 
embodiment whereby the thicker film was thinned down. 

Third Embodiment 

0080 FIGS. 27A and 27B depict a memory cell structure 
of a Semiconductor memory device practiced as the third 
embodiment of the invention. FIGS. 27A and 27B are a 
croSS-Sectional view and a circuit diagram of the memory 
cell structure respectively. The transistor of the first embodi 
ment is used as a Switching transistor 216 of a DRAM as the 
third embodiment. Generally, the DRAM retains data by 
accumulating electrical charges in each of its capacitorS 215. 
The charges gradually dissipate in the form of leak currents 
through the Switching transistor. To hold its data, today's 
common DRAM has its charges refreshed in cycles of 
slightly less than one second. The third embodiment affords 
a prolonged refresh cycle because of reduced leak currents 
through transistors. That in turn lowers the refresh frequency 
and decreases power dissipation for data retention. At the 
Same time, the frequency of contention between acceSS and 
refresh operations is also lowered, which reduces the aver 
age access time. Although the third embodiment has its 
capacitors 215 built in a three-dimensional structure for 
enhanced capacity, other Suitable Structures may be adopted 
instead. A material of a high dielectric constant may be used 
to form a capacitor insulating film 217. 

Fourth Embodiment 

0081 FIGS. 1 through 6 show the fourth embodiment of 
this invention. FIG. 1 is a cross-sectional view of a semi 
conductor memory element practiced as the fourth embodi 
ment of the invention. In the memory element, a Source 1, 
a drain 2 and a control electrode 5 of a write transistor are 
made of n-type polycrystal Silicon of high impurity density. 
A channel3 is constituted by a non-doped polycrystal Silicon 
film 3 nm in average thickness. The channel 3 is isolated 
from the control electrode 5 by a gate insulating film 4 made 
of an SiO film. The source 1 of the write transistor doubles 
as a charge accumulating region. A Source 7 and a drain 8 of 
a read transistor are n-type regions of high impurity density 
formed in a p-type silicon Substrate. The control electrode 5 
of the read transistor, shared by the write transistor, forms a 
channel path by controlling potential on the Substrate Surface 
through capacitive coupling via the charge accumulating 
region 1. While the names “source” and “drain” are used to 
refer to the Specific regions in the fourth embodiment, these 
names may be Switched in the case of the write transistor 
because the latter is a path transistor. Whereas in the fourth 
and Subsequent embodiments, the diffusion layer Structure is 
adopted as the Simplest of Structures for Simplifying fabri 
cation processes, this is not limitative of the invention. 
Alternatively, more complicated Structures may be used to 
provide against the Short channel effect. 
0082 In the fourth and Subsequent embodiments, elec 
trons are used as carriers. However, this is not limitative of 
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the invention, and positive holes may be used instead as 
carriers. Where carriers are positive holes, the relations in 
magnitude between different Voltages and the directions of 
currents are altered. 

0083) What follows is a description of how the memory 
element of the fourth embodiment works. A write operation 
to the element is performed by bringing the drain 2 of the 
write transistor High or Low according to the piece of data 
to be written thereto and by changing the potential of the 
control electrode 5 to put the write transistor in the conduc 
tive State. The number of electrons found in the charge 
accumulating region 1 when the drain 2 is Set for the High 
level is Smaller than when the drain2 is set for the Low level. 
Because the transistor is used to inject or discharge electrons 
to or from each charge accumulating region, the applied 
Voltage is arranged to be lower in the fourth embodiment 
than in EEPROMs or flash memories. The configuration also 
permits high-Speed write and delete operations of data. 
Stored electrons are retained by lowering the potential of the 
control electrode 5 and by putting the write transistor in the 
nonconductive State. At this point, the channel made of a 
very thin Semiconductor film Surrounded by an insulating 
film is completely depleted. The potential in the film is 
raised by the quantum-mechanical containment energy in 
the direction of film thickness due to the reduced film 
thickness. 

0084. Furthermore, because the potential in the thin film 
region varies appreciably even with slight film thickness 
changes, the potential distribution within the film is altered 
not uniformly but randomly. As a result, a plurality of 
low-potential portions in the film in the nonconductive State 
are disconnected by high-potential regions. In addition, 
grain boundaries of polycrystal films act as potential barri 
erS. For these reasons, the memory element of the fourth 
embodiment has less leak currents in the write transistor for 
better data retention than in the simple SOI (silicon on 
insulator) structure wherein only the complete depletion is 
taken advantage of for the same purpose. This particular 
effect becomes apparent where the Silicon channel thickness 
is reduced to 5 nm or less. The effect is derived conceivably 
from the fact that film thickness variations entail thinner 
portions about 3 nm in thickness, bringing the level of the 
potential barrier by the containment energy to as high as the 
level of the thermal energy at room timperature. In practice, 
a particularly pronounced effect was observed when the film 
thickness was set for about 3 mm. AS discussed earlier in the 
Summary of the invention, the effect of reduced leak curents 
was confirmed experimentally when the film thickness was 
5 nm or less. This is a phenomenon brought to light for the 
first time by the inventors of this invention. Heretofore, 
TFTs (thin film transistors) based on polycrystal silicon were 
thought to have large leak currents. Different numbers of 
electrons in the charge accumulating region 1, it was 
observed, correspond to different threshold voltages of the 
read transistor. Thus a piece of data held by a memory 
element is read out by detecting the magnitude of the current 
flowing through the read transistor under a predetermined 
voltage condition. Unlike DRAMs, the fourth embodiment 
has a data item retrieved from each memory element not in 
terms of Stored charges but in the form of drain currents 
through the read transistor. As a result, the reduced element 
dimensions do not lead to an appreciably lowered amount of 
Signal in each element. This renders the fourth embodiment 
conducive to Scaling down the device size. In the fourth 



US 2005/0205921 A1 

embodiment, each read transistor and the paired write tran 
Sistor share a control electrode. For that reason, the ponten 
tial of the control elecdtrode 5 for a read operation is set to 
be lower than the potential for a write operation. As a read 
condition, the threshold Voltage of the write transistor needs 
to be set to a sufficiently high level so that the retained 
charges are held at least for a predetermined period of time. 
With the fourth embodiment, the potential of the control 
electrode 5 is set for 5 V to write data and for 2 V to read 
data. After the read operation, the data in question may be 
refreshed as needed since part of the Stored charges may 
have been lost during the reading depending on the threshold 
voltage established. The fourth embodiment of the invention 
is thus conducive to desired Scaling and permits designing of 
greater capacity and longer data retention time the higher the 
level of micro-fabrication. AS Such, the fourth embodiment 
is applicable not only to main memories but also to memory 
chips for recording Sound, Still pictures and moving pictures. 
It is also possible to integrate logic functions and Semicon 
ductor memory devices as the fourth embodiment on the 
Same wafer in order to boost data transfer Speeds and to 
reduce fabrication costs. In that case, unlike conventional 
wafer makeups that mix CMOSs and DRAMs, the inventive 
configuration requires no new material for fabricating 
capacitor insulating films or electrodes of memory elements. 
This simplifies the fabrication processes involved. 
0085. Described below are typical processes for fabricat 
ing the fourth embodiment. FIG. 2 is a schematic view of a 
mask pattern used in lithography to fabricate semiconductor 
memory elements of the fourth embodiment. Etching is first 
performed with a photo-resist used as a mask 46. The 
resulting grooves are filled with insulators to prepare an 
active region Surrounded by the mask pattern 46 on the 
surface of a P-type substrate 6. The substrate may alterna 
tively be an SOI substrate. The surface is oxidized to form 
a gate insulating film 9 of a read transistor 7 nm thick. An 
n-type polycrystal Silicon film is then deposited and Sub 
jected to etching with a photo-resist used as a mask 10, 
whereby a charge accumulating region 1 is formed. With the 
charge accumulating region 1 used as a mask, arsenic (AS) 
or phosphorus (P) ions are implanted to form a Source 7 and 
a drain 8 of the read transistor. After the implanted ions are 
activated by a heating process, an SiO2 film is deposited, 
followed by depositing of an n-type polycrystal Silicon film. 
Then an EB (electron beam) resist is used as a mask to form 
holes each penetrating the polycrystal Silicon film of the 
drain 2 as well as the SiO film to reach the charge accu 
mulating region 1. Although Square holes are adopted by the 
fourth embodiment, any other hole shape may be used 
instead. Even where the mask pattern is arranged to be 
Square or rectangular, the resist pattern has its corners more 
or less rounded. That means the actual hole pattern tends to 
be cylindrical or oval-shaped. An amorphous Silicon film 3 
nm in thickness and an SiO film 10 nm thick are further 
deposited and Subjected to annealing, whereby the amor 
phous Silicon is crystallized. With a photo-resist used as a 
mask 12, the SiO film and polycrystal silicon film are 
etched to form the drain 2 of each write transistor. An SiO, 
film 5 nm thick is then deposited as a gate insulating film 4, 
followed by depositing of an n-type polycrystal Silicon film. 
With a photo-resist used as a mask 13, the polycrystal Silicon 
film is etched to form the control electrodes 5. The thickness 
of the gate insulating film 4 for the write transistor, 12 nm 
in this example, is obtained by Subtracting the amount of 
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wear in a Washing proceSS from the Sum of the two SiO2 
films Stacked following the depositing of the amorphous 
Silicon. In the known Single electron memory utilizing 
polycrystal Silicon, the gate insulating film generally has a 
thickness of 25 nm to ensure a Sufficient dielectric Strength 
in the face of 15 V or higher voltages resulting from write 
and delete operations. Because the fourth embodiment per 
mits low-voltage operations, a thinner gate insulating film 
arrangement may be used to enhance transistor performance. 

0086) Another SiO film is then deposited to achieve 
flatness, followed by contact and wiring processes. AS 
described, although the fourth embodiment adopts a three 
dimensional Structure, the fabrication does not involve any 
lithography process in the presence of Vertically Staggered 
components. FIGS. 3, 4A, 4B and 5 are top views of wiring 
in effect when memory elements of the fourth embodiment 
are arrayed into memory cell arrays. FIG. 3 shows wiring of 
a unit structure, while FIGS. 4A, 4B and 5 depict wiring of 
array Structures. Each control electrode 5 is connected to a 
write/read word line 40, the drain 8 of each read transistor 
to a read data line 41, and the drain 2 of each write transistor 
to a write data line 42. FIG. 34A is an equivalent circuit 
diagram of a unit structure corresponding to the first 
embodiment. In this structure, the Source 1 of each write 
transistor is connected via a node DD 267 to the charge 
accumulating region 1 of the corresponding read transistor; 
the drain 2 of each write transistor is connected via a node 
AA268 to a write data line 266; and the control electrode 5 
of each write transistor is connected via a node BB 233 to 
a word line 264. The Source 223 of each read transistor is 
connected via a node FF 235 to a source line; the drain 8 of 
the read transistor is connected via a node EE 270 to a read 
data line 265; and the control electrode 5 of the read 
transistor is connected via a node CC 272 to the word line 
264. Where a memory cell array is constituted, the array area 
is affected Significantly not only by the area of each element 
used but also by the number of lines installed. In this respect, 
the element structure of the fourth embodiment having the 
control electrode 5 shared by the read and write transistors 
proves to be effective as well. In the fourth embodiment, the 
direction of the channel current through the read transistor is 
arranged to be in parallel with the direction of the read word 
line 40. However, this is not limitative of the invention, and 
other directional arrangements may be adopted instead. Still, 
the directional arrangement of the fourth embodiment per 
mits sharing of diffusion layers of read transistors in a 
plurality of memory elements arrayed in the direction of the 
read data lines, thereby reducing the number of contacts for 
connecting the drains 8 of the read transistors with the read 
data lines 41. FIG. 4A shows a memory cell array wherein 
unit Structures are arranged in a horizontally Symmetrical 
fashion. That is, the write data lines 107 are arranged in pairs 
and so are the read data lines 108. The layout permits sharing 
of Source regions between the paired read data lines 108, 
which contributes to reducing the array area. FIG. 34B is an 
equivalent circuit diagram of the layout. A unit cell Structure 
is shown enclosed by an ellipse. The fourth embodiment 
does not explicitly indicate Source lines because the diffu 
Sion layers of Source regions in different rows are shared and 
used as Source lines of read transistors. In practice, the word 
lines need to be contacted in increments of a Suitable line 
count and connected to metal wiring. Obviously, the Source 
region of the read transistor in each cell may be contacted 
and connected to a metal Source line. The latter arrangement, 
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at the expense of a considerably increased area, offers the 
advantage of reducing resistance So that a large read tran 
Sistor current may be employed to carry out high-speed read 
operations. Unlike the configuration of FIG. 4A in which 
the elements are arranged in a horizontally Symmetrical 
manner, the layout of FIG. 4B involves repeating the same 
structure. That is, the read data line 109 and write data line 
110 are repeated one after another. An equivalent circuit 
diagram of the layout is shown in FIG. 35A. This structure 
affords Stable read performance at the expense of a slightly 
enlarged area because, unlike in the Structure of FIG. 4A, 
the Source regions cannot be shared between adjacent col 
umns. The stable performance is attributable to the fact that 
the read data lines are spaced apart in FIG. 4B while they 
are contiguous to one another and are thus Vulnerable to 
fluctuations of the potential in the adjacent lines in the 
structure of FIG. 4A. The read operation may be stabilized 
alternatively by fixing the potential of every other write data 
line. In the array structure of FIG. 5, cells 111 and 112 
belonging to contiguous read data lines 114 and 115 share a 
write data line 113. Every second cell belongs to the same 
word line. This Structure, with a slightly reduced memory 
density, is nevertheless conducive to having the read data 
lines constituted in a back-to-back data line arrangement that 
provides large noise margins. An equivalent circuit diagram 
of the structure is shown in FIG. 35B. 

0.087 FIG. 6 is a block diagram of a semiconductor 
memory device including memory cell arrays of the fourth 
embodiment. This is a nonvolatile semiconductor memory 
device that does not perform refresh operations. With a write 
transistor threshold value set for a sufficiently high level, the 
memory retains its data when power is removed. Obviously, 
it is also possible to hold data by utilizing a backup power 
Supply that fixes the word line potential to a holding Voltage. 
The latter option provides better data holding stability and 
helps reduce the write Voltage. AS another alternative, the 
data retention period may be set for Several weeks to Several 
months. In Such cases, the memory device is refreshed only 
upon power-up or before power is removed. That kind of 
design is effective in reducing power dissipation and is 
particularly Suited for applications of portable, battery 
driven devices. Data input and output operations are carried 
out serially via a shift register 77. The fourth embodiment 
permits Setting of a larger write transistor-ON current when 
designed as a volatile memory than when designed to be a 
nonvolatile Storage. The Volatile memory design provides 
high-Speed write performance. The Volatile or nonvolatile 
memory design may be combined with the random or Serial 
data acceSS arrangement in any way desired. 

Fifth Embodiment 

0088 FIG. 7 shows a semiconductor memory element 
practiced as the fifth embodiment of the invention. The 
memory element has a write and a read transistor. The write 
transistor is composed of a Source (charge accumulating 
region) 116, a drain 117, a control electrode 119 and a 
channel 118; the read transistor is constituted by a source 
120, a drain 122, a control electrode 119 and a channel 121. 
The channel 118 of the write transistor is made of a 
polycrystal Silicon film 3 nm in average thickness containing 
boron (B). As in the first embodiment, the control electrode 
119 is shared by the write and read transistors. The relations 
of Voltages applied for element operations are also the same 
as those in the first embodiment. With the fourth embodi 
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ment, it is necessary to make holes each reaching the charge 
accumulating region 1. That means each charge accumulat 
ing region 1 is required to be greater in area than each of 
these holes. To meet the requirement may illustratively 
involve forming the Source 7 and drain 8 in Self-aligning 
relation to the charge accumulating region 1. In Such a case, 
it is difficult to form read transistors that have a short 
channel length each. With the fifth embodiment, by contrast, 
a reduced size of the charge accumulating region 116 
permits the forming of read transistors having a Small area 
and a large ON-current. It should be noted, however, that the 
channel 118 and control electrode 119 of the write transistor 
are difficult to fabricate because of their Staggered Structures. 

Sixth Embodiment 

0089 FIG. 10 shows a semiconductor memory device 
practiced as the sixth embodiment of the invention. The 
memory cell Structure of this device is basically the same as 
the array structure of the fourth embodiment shown in FIG. 
5, except that the channel of the write transistor in each 
memory element of the Sixth embodiment is a polycrystal 
Silicon film 4.5 nm in average thickness. The resistance in 
effect when transistors are on is reduced to permit high 
Speed write operations. With its reduced resistance Shorten 
ing the data retention time, the Sixth embodiment functions 
as a volatile memory. With this embodiment, data input and 
output operations are carried out randomly by use of a 
column decoder 83. 

0090 How the sixth embodiment as a volatile random 
access memory is refreshed is described below with refer 
ence to FIG. 11. In a refresh or a read operation, a Voltage 
amplified by a Sense amplifier appears on a read data line 79. 
This Voltage is the reverse of the Voltage applied to a write 
data line 80 in a write operation. Opening a Switch 82 writes 
to the write data line 80 the data rendered the same as those 
Supplied in the write operation because of the intervention of 
an inverter 78. Closing the Switch 82 to feed a write pulse 
to a word line 81 enables another write operation. 

Seventh Embodiment 

0091 FIGS. 8A, 8B and 9 depict the seventh embodi 
ment of this invention. FIG. 8A is a cross-sectional view 
taken on a Section showing a write transistor comprising a 
Source 21, a drain 23, a channel 22 and a control electrode 
24, as well as a read transistor including a control electrode 
28 and a channel 26. FIG. 8B is a cross-sectional view taken 
on a section perpendicular to the section of FIG. 8A and 
indicating a read transistor with a Source 25 and a drain 27. 
The Source 21 of the write transistor doubles as a charge 
accumulating region of this memory element. Also illus 
trated is an element isolating region 29 made of an insulator. 
0092 Unlike the fourth or the fifth embodiment, the 
Seventh embodiment has no region shared by the write and 
read transistors, nor does this embodiment adopt a three 
dimensional Structure. As a result, the area occupied by the 
elements tends to be extensive. Still, the degree of freedom 
is considerable when it comes to establishing operating 
Voltages. Another advantage is simplified fabrication pro 
ceedings. Specifically, the common fabrication configura 
tion for MOS devices may be refitted with a minimum of 
modifications to produce the seventh embodiment. The 
Seventh embodiment is thus well Suited for getting its logic 
and memory portions formed on the same wafer. 
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0093. Described below is how a memory element of the 
Seventh embodiment works. A piece of data is written to a 
given memory element by driving High or Low the potential 
of the drain 23 in the write transistor and by altering the 
potential of the control electrode 24 to put the write tran 
Sistor in the conductive State. The Stored electrons are 
retained by lowering the potential of the control electrode 24 
and by putting the write transistor in the nonconductive 
State. Different numbers of electrons in the charge accumu 
lating region 21 correspond to different threshold Voltages of 
the read transistor. Thus a piece of data held by a memory 
element is read out by detecting the magnitude of the current 
flowing through the read transistor under a predetermined 
Voltage condition. In the read operation, the potential of the 
control electrode 24 is left low. As a result, with only a 
limited Voltage applied between the Source 21 and the drain 
23, the retained data remain intact when read out. 
0094 FIG. 9 is a top view of wiring over a memory 
element of the Seventh embodiment as included in a memory 
cell array. A unit cell is shown in FIG. 9. The drain 23 of the 
write transistor is connected to a write data line 126, and the 
Source 25 and drain 27 of the read transistor are connected 
respectively to a source line 127 and a read data line 123. 
The control electrode 28 of the read transistor is connected 
to a read word line 125, and the control electrode 24 of the 
write transistor is connected to the write word line 126. The 
seventh embodiment provides different lines to all of the 
Source 25, drain 27 and control electrode 28 of the read 
transistor, as well as to the drain 23 and control electrode 24 
of the write transistor. Alternatively, Some of the lines may 
be shared by components to reduce the occupied area. For 
example, the word line may be shared by the control 
electrodes to provide the same electrical connections as 
those in the fourth embodiment. 

0.095. During fabrication, the charge accumulating region 
21 of the read transistor is formed simultaneously with the 
drain region 23 of the write transistor, followed by the 
channel 22. At the time of channel formation, an Sithin film 
and an SiO, thin film are first deposited illustratively to 4 nm 
and 10 nm thick respectively. With a resist used as a mask, 
the deposited SiO film is then wet-etched. After the resist is 
removed, the film Structure is oxidized in an O. plasma 
atmosphere. This type of oxidation, unlike high-temperature 
oxidation, is slow to progreSS and thus Suitable for oxidizing 
in a well-controlled manner a film of less than 10 nm in 
thickness (typically about 7 nm). The oxidation process 
oxidizes all Sithin film portions where the SiO film was 
removed by wet-etching. In other words, those portions that 
have been masked by the SiO film left over from the 
wet-etching remain unoxidized. This method of channel 
formation causes less damage to the read transistor than if 
the Si thin film is dry-etched. The method also permits 
minimizing wear on the source 21 and drain 23 of the write 
transistor. After a gate insulating film for the write transistor 
is deposited, the control electrode 28 of the read transistor 
and the control electrode 24 of the write transistor are 
formed. 

Eighth Embodiment 
0096 FIGS. 12A and 12B depict the eighth embodiment 
of this invention. The eighth embodiment differs from the 
Seventh embodiment in terms of channels and wiring of 
write transistors. 
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0097 FIG. 12A is a top view of a channel portion of a 
write transistor in the eighth embodiment in effect before the 
control electrode of the write transistor is formed. A Source 
48 and a drain 49 are the same in structure as those in the 
third embodiment, but a channel 47 is composed of silicon 
crystal grains each 4 nm in average diameter and arranged 
two-dimensionally. In a write operation, a Voltage is applied 
to the control electrode to lower the potential of the channel 
47. The tunnel effect allows carriers to pass through the 
crystal grains. When a piece of data is to be held, the crystal 
grains are depleted and a potential barrier is formed by the 
grains to prevent carrier leaks. The channel Structure of the 
eighth embodiment is noted for its ability to permit quality 
control through parameters that are observable two-dimen 
Sionally Such as crystal grain sizes and inter-grain distances. 
This Structure makes quality control easier than other Struc 
tures that require film thickneSS-based quality control. The 
channel Structure of the eighth embodiment may be applied 
to channels of write transistors in other embodiments of this 
invention. Furthermore, the polycrystal silicon thin film 
discussed in connection with the fourth embodiment may be 
used in the channel structure of the write transistor for the 
eighth embodiment. FIG. 12B is a top view of wiring over 
a memory array comprising memory elements of the eighth 
embodiment. In the case of the fourth embodiment, the drain 
23 of the write transistor was shown separated from the drain 
27 of the read transistor; for the eighth embodiment, these 
drains are electrically connected by metal wiring. Specifi 
cally, the drain 49 of the write transistor and a drain 54 of 
the read transistor are both connected to a write/read data 
line 55; a control electrode 52 of the read transistor is 
connected to a read word line 53 and a control electrode 50 
of the write transistor is connected to a write word line 51. 
When the word lines are thus provided in pairs, there is no 
possibility of leak currents getting larger in the write tran 
Sistor at the time of a write operation. 
0098 FIG. 36A is an equivalent circuit diagram of a unit 
cell Structure pursuant to the above connective relations of 
the eighth embodiment. A source 48 of a write transistor is 
connected via a node A1274 to a charge accumulating region 
48 of a read transistor; a drain 49 of the write transistor is 
connected via a node A2275 to a data line 55; and a control 
electrode 50 of the write transistor is connected via a node 
A3276 to a write word line 51. A Source 54A of the read 
transistor is connected via a node A4227 to a Source line; a 
drain 54 of the read transistor is connected via a node A5278 
to the data line 55; and a control electrode 53 of the read 
transistor is connected via a node A6279 to a read word line 
53. In a write operation, the data line 55 is driven either High 
or Low depending on the piece of data to be written, and the 
write word line 51 is brought High. At this point, the read 
word line 53 is driven Low to turn off the read transistor. In 
a read operation, the data line 55 is precharged to a potential 
higher than 0 V before the read word line 53 is brought High. 
At this point, the write word line 51 is driven Low to turn 
off the write transistor. In the read operation, the potential of 
the data line 55 drops more precipitously when that data line 
is driven High than when the line is brought Low. Through 
amplification by a Sense amplifier, the data line potential is 
thus raised to a level corresponding to the reverse of the data 
in effect at the time of the write operation. The density of 
configured memory cells is also affected by the number of 
lines required. Having the data line 55 arranged to be shared 
between write and read operations reduces the number of 
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lines and thereby enhances recording density. In the Struc 
ture of FIG. 12B, the source region 54A of the read 
transistor may be shared by an adjacent cell to reduce the 
occupied area. FIG. 36B is a circuit diagram of cell arrays 
using Such a layout. A unit cell Structure is shown enclosed 
by a circle 280, and the source line 281 is shown to be shared 
between cells. 

0099 FIG. 13 is a block diagram of a semiconductor 
memory device utilizing memory cells of FIGS. 12A and 
12B as its basic elements. Rotating the configuration in FIG. 
12B by 90 degrees gives the layout of FIG. 13. In terms of 
refresh operations, the eighth embodiment with its shared 
use of data lines differs fundamentally from the fourth 
embodiment. Specifically, in a read operation, the eighth 
embodiment gets retrieved data amplified as the reverse of 
the data that were written previously. In a rewrite operation, 
the data line Settings are used unmodified. That means the 
data Stored in each cell are reversed in polarity every time 
they are refreshed. A counter is thus provided to count the 
number of times each word line is selected. When a piece of 
data is to be read out, the corresponding word line Selection 
count being odd or even is logically operated with the 
retrieved data, and the result of the logical operation is 
output to the outside. Alternatively, the source line 281 may 
be driven High to retrieve the data having the same polarity 
as in the preceding write operation. The refresh cycle is one 
hour. Any acceSS is Suppressed upon each refresh operation, 
which delays access Speed. Whereas it is common practice 
to refresh DRAMs at intervals of several to dozens of 
microSeconds, the eighth embodiment has a refresh cycle of 
as long as one hour. The reduced refresh frequency affords 
low power dissipation. Limited access delays attributable to 
refresh operations repeated at very long intervals permit 
high-Speed performance. 

Ninth Embodiment 

0100 FIG. 22 shows a semiconductor memory element 
practiced as the ninth embodiment of the invention. With the 
ninth embodiment, one element stores two-bit data. The 
memory cell structure is the same as that in FIG. 12B, 
except that the channel is made of a polycrystal Silicon film 
3 nm thick. A drain 149 of a write transistor and a drain 154 
of a read transistor are both connected to a write/read data 
line 155. A control electrode 152 of the read transistor is 
connected to a read word line 153, and a control electrode 
150 of the write transistor is connected to a write word line 
151. 

0101) How the ninth embodiment works will now be 
described. It is assumed that the two-bit data to be written 
represent 0, 1, 2 and 3. A piece of data is written by feeding 
the data line 155 with a potential corresponding to the data 
in question and by applying a pulse to the write word line 
151. Unlike the one-bit data write operation, the two-bit data 
write operation involves feeding one of four potentials to the 
data line 155. Each of the potentials has a different amount 
of Stored charges. On a flash memory, So-called verify 
operations are carried out to check and adjust Stored data 
during multivalued Storage operations. The verification is 
needed because the amount of Stored charges, given the 
Same pulses, Still varies with characteristic variations 
between elements. With the inventive memory element, the 
potential supplied to the data line 155 is reflected unmodi 
fied in the amount of Stored charges. As a result, there is few 
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variations in the quantity of Stored charges between memory 
elements. This means the Verify operation is not needed or 
may be carried out but over a time period much shorter than 
usual. A read operation takes place in two stages. First, the 
data line 155 is precharged and a predetermined read poten 
tial is fed to the read word line 153 which is sensed to check 
if the piece of data is 0, 1, 2 or 3. Then the data line 155 is 
again precharged and a potential either higher or lower than 
the read potential depending on the result of the check is 
supplied to the read word line 153 which is sensed to 
distinguish 0 and 1, or 2 and 3. There are only limited 
margins for memory elements Such as those of conventional 
DRAMs that use Stored charges in charging or discharging 
data lines. Because each read operation is destructive, the 
above-described two-stage read operation is not feasible and 
Some other Schemes are needed in its place. For these 
reasons, the ninth embodiment is particularly advantageous 
as a memory element for multivalued Storage. 

0102) The inventive arrangement above is not limited to 
Structures wherein the drain regions of the write and read 
transistor are shared therebetween. Although the ninth 
embodiment is designed to accommodate two-bit data, this 
is not limitative of the invention which also applies to other 
multivalued Storage Schemes. 

Tenth Embodiment 

0.103 FIG. 14 is a cross-sectional view of a semicon 
ductor memory element practiced as the tenth embodiment 
of the invention. In terms of croSS-Sectional views, the tenth 
embodiment is similar to the first embodiment but works in 
a manner different from the latter. Thus where memory 
elements are arranged into memory cell arrays, the elements 
making up the ninth embodiment are interconnected differ 
ently from those constituting the first embodiment. 

0104. In the tenth embodiment, the source (charge accu 
mulating region) 14, drain 15, control electrode 18 and 
channel 16 of the write transistor correspond exactly to their 
counterparts in the first embodiment. As in the fourth and the 
fifth embodiments, the Source (charge accumulating region) 
14, drain 15 and control electrode 18 of the write transistor 
are constituted by polycrystal silicon while the channel 16 is 
made of a non-doped polycrystal Silicon film 3 nm in 
average thickness. The source 19 and drain 20 of the write 
transistor correspond to their counterparts in the first 
embodiment, except that the control electrode 15 doubles as 
the drain 15 of the write transistor. In the tenth embodiment, 
an SiNa film 17 is deposited after the read transistor is 
formed. That is because amorphous Silicon Subsequently 
deposited on the SiN film is controlled more easily than on 
other films in terms of film thickness for the formation of 
write transistor channels. 

0105 The memory element of the tenth embodiment 
Works in the same manner in the write operation as its 
counterpart of the fourth embodiment. In a read operation, 
the potential of the control electrode 18 for the write 
transistor is held low to keep the write transistor in the 
nonconductive State. In that State, the potential of the control 
electrode 15 for the read transistor is raised. At this point, the 
threshold Voltage varies depending on the number of elec 
trons Stored in the charge accumulating region 14. Because 
the potential of the control electrode 5 for the write operation 
by the first embodiment is set to be higher than the potential 
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of the control electrode 5 for the read operation, there is a 
possibility that the read transistor in the write operation is 
placed in an enhanced ON-state, which can trigger a current 
flow. In another possibility, the write transistor may be 
Slightly turned on under a read condition, which may cause 
the stored charges to be lost. With the tenth embodiment, the 
control electrode 18 of the write transistor is independent of 
the control electrode 15 of the read transistor. The arrange 
ment places the read transistor in a high-resistance State for 
the write operation and puts the write transistor in a high 
resistance State for the read operation. 

0106 FIG. 15 is a top view showing wiring of memory 
elements of the tenth embodiment arranged into a memory 
cell array. A control electrode 18 of a write transistor is 
connected to a write word line 43; a drain 20 of a read 
transistor is connected to a read data line 44; and a drain 15 
of the write transistor is connected to a write data line/read 
word line 45. This configuration differs from that of the first 
embodiment in that the write word line 43 is positioned in 
parallel with the read data line 44. FIG. 16 is a block 
diagram of a Semiconductor memory device having a 
memory cell array composed of memory cells of the tenth 
embodiment as basic elements. This is a memory Structure 
for Serial access. This configuration has the write word lines 
43 intersecting perpendicularly with the read word lines 45, 
and includes an input register and an output register. AS 
Such, the Structure is Suitable for handling large-scale matrix 
data. It is also possible to utilize a decoder in order to 
implement random access input or output. 

Eleventh Embodiment 

0107 FIGS. 17A and 17B depict a semiconductor 
memory element practiced as the eleventh embodiment of 
the invention. FIG. 17A is a cross-sectional view of this 
Semiconductor memory element in which a Source 32, a 
drain 30, a channel 31 and a control electrode 33 of a write 
transistor are the same in Structure as their counterparts in 
the fourth embodiment. The read transistor is structurally 
different. That is, a control electrode 32 of each read 
transistor doubles as its charge electrode region; there is no 
other control electrode for the read transistor. A change in 
conductance between a source 34 and a drain 36 of the read 
transistor reflecting the amount of Stored charges is read out 
in a read operation. In that case, the read transistor in 
question can Stay on depending on its contents, which is 
detrimental to controlling a matrix-type Storage configura 
tion. That bottleneck is bypassed by installing another 
transistor to be selected for a read operation. The added 
transistor comprises a source 36, a drain 38, a channel 37 
and a control electrode 39, and is made to conduct upon read 
operation. FIG. 17B is a top view of the semiconductor 
memory element as the eleventh embodiment. The view 
includes wiring for a matrix formation. All wires associated 
with the Source region 34 are omitted and only contact holes 
34A are indicated. An active region 37A is shown enclosed 
by thick lines. The drain region 30 and control electrode 33 
of each write transistor are connected to a write data line 
30A and a write word line 33A respectively, and the drain 
region 38 and control electrode 39 of each read transistor are 
connected to a read data line 38A and a read word line 39A 
respectively. At the expense of its expanded area because of 
the presence of its added transistors, the eleventh embodi 
ment is far easier to fabricate than the fourth embodiment. 
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0108) As opposed to the first through the seventh embodi 
ments wherein the control electrode of each read transistor 
is Set for capacitive coupling via the charge accumulating 
region to control the potential of the channel region, the 
eleventh embodiment has the channel region directly con 
trolled in potential by use of the control electrode. This 
makes it easier for the eleventh embodiment to operate on a 
lower Voltage than the other embodiments. 

Twelfth Embodiment 

0109 FIG. 18 shows a semiconductor memory element 
practiced as the twelfth embodiment of this invention. The 
memory element of FIG. 18 has a write transistor and a read 
transistor. The write transistor includes a Source (charge 
accumulating region) 56, a drain 58, a control electrode 59 
and a channel 57; the read transistor comprises a source 60, 
a drain 62, a control electrode 58 and a channel 61. The 
channel 57 of the write transistor is made of a polycrystal 
Silicon film 3 nm in average thickness containing boron (B). 
AS with the seventh embodiment, the drain 58 of the write 
transistor doubles as the control electrode 58 of the read 
transistor. The Voltages to be applied for operations are also 
the same as those used in the seventh embodiment. For the 
Seventh embodiment, it is necessary to make holes each 
reaching the charge accumulating region 14. That means 
each charge accumulating region 14 is required to be greater 
in area than each of these holes. To meet the requirement 
may illustratively involve forming the source 19 and drain 
20 of the read transistor in self-aligning relation to the 
charge accumulating region 14. In Such a case, it is difficult 
to form read transistors that have a short channel length 
each. With the twelfth embodiment, by contrast, a reduced 
Size of the charge accumulating region 14 permits the 
forming of read transistors having a Small area and a large 
ON-current. A memory element of a similar structure is 
shown in FIG. 19 wherein a drain 65 of each write transistor 
is flanked by channels 64. The configuration of FIG. 19 is 
similar to that of the fifth embodiment but assigns different 
roles to its components. That means ways to control the 
components are different. Because the width of channels 64 
is doubled in the same structure as that of FIG. 18, the 
structure of FIG. 19 has a larger ON-current for its write 
transistors and thus permits write and delete operations at 
higher speed. 

Thirteenth Embodiment 

0110 FIGS. 28A and 28B show semiconductor memory 
elements practiced as the thirteenth embodiment of the 
invention. FIG. 28A is a cross-sectional view of one Such 
memory element, and FIG. 28B is a top view (layout view) 
of a two-cell structure having memory elements of FIG. 
28A arranged side by side. The thirteenth embodiment 
utilizes an SOI Substrate. Each write transistor made of a 
Source 218, a drain 219, a channel 220 and a control 
electrode 221 is structurally the same as its counterpart in the 
first embodiment. A Source 222, a drain 223, a channel 224, 
a charge accumulating region 225 and a control electrode 
226 constitute each read transistor. Of the components of the 
read transistor, the Source 223, drain 222, channel 224 and 
charge accumulating region 225 are the same in Structure as 
their counterparts in the first embodiment. In the thirteenth 
embodiment, the control electrode 221 of the write transistor 
is electrically connected to the control electrode 226 of the 



US 2005/0205921 A1 

read transistor. This type of wiring takes up leSS area than a 
disconnected wiring arrangement. AS with the first fourth 
embodiment, the thirteenth embodiment causes the charge 
accumulating region 225 to be electrically charged or dis 
charged via each write transistor, and allows data to be 
retrieved as a threshold Voltage change in each read tran 
sistor. The thirteenth embodiment takes up wider area than 
the fourth embodiment utilizing a three-dimensional Struc 
ture, but is noted for a larger read transistor current and 
faster read operations-thanks to the use of a Single crystal 
Substrate. Because of its ability to minimize variations in 
read and write transistor characteristics, the thirteenth 
embodiment offers more stable performance than other 
configurations. The thirteenth embodiment is suitable for 
operating on a lower Voltage because there is no need to 
determine Voltage Settings by taking Voltage margins into 
consideration. Threshold Voltages may vary between the 
write and the read transistors. For example, the threshold 
Voltage for the write transistor may be set to be higher than 
that for the read transistor So as to reduce leak currents. The 
surface of the SOI substrate may be utilized for the forma 
tion of logic circuits. Furthermore, as shown in FIG. 30, the 
channel 237 of each read transistor may be formed by a film 
thicker than that which constitutes the channel of each write 
transistor. This configuration allows a larger channel current 
to flow through the read transistor while Suppressing leak 
currents in the write transistor. FIGS. 29A and 29B show 
equivalent circuits of the thirteenth embodiment. FIG. 29A 
depicts an equivalent circuit of the unit cell Structure shown 
in FIG. 28A. In this circuit, the Source 218 of the write 
transistor is connected via a node D 231 to the charge 
accumulating region 225 of the read transistor; the drain 219 
of the write transistor is connected via a node A232 to a 
write data line 230; and the control electrode 221 of the write 
transistor is connected via a node B 233 to a word line 227. 
The Source 223 of the read transistor is connected via a node 
F 235 to a Source line; the drain 223 of the read transistor is 
connected via a node E 234 to a read data line 228; and the 
control electrode 226 of the read transistor is connected via 
a node C 236 to the word line 227. FIG. 29B illustrates an 
equivalent circuit having two cells of FIG. 28B arranged 
side by side. 

Fourteenth Embodiment 

0111 FIG. 31 is a cross-sectional view of a semiconduc 
tor memory element practiced as the fourteenth embodiment 
of the invention. This structure is similar to that of the 
eleventh embodiment; a Source 239, a drain 238 and a 
channel 240 of each write transistor are made of polycrystal 
silicon. Unlike the eleventh embodiment, the fourteenth 
embodiment does not have the control electrode in the 
elevated position. As with the eleventh embodiment, the 
fourteenth embodiment comprises write transistors each 
having its Source 239 also acting as a charge accumulating 
region 239; read transistors each comprising a Source 241, a 
drain 242 and a channel 243; and Selection transistors each 
including a Source 242, a drain 244, a channel 245 and a 
control electrode 246. In the fourteenth embodiment, a 
diffusion layer 250 is used in place of gate electrodes. The 
fourteenth embodiment requires a fewer number of fabrica 
tion steps than the structure of FIGS. 17A and 17B and is 
thus conducive to being formed into a memory device at 
lower costs. In particular, the fourteenth embodiment is 
Suited for use in a hybrid mounting configuration involving 
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logic portions because the embodiment implements a 
memory function by simply having a common MOS struc 
ture Supplemented with channels 240. 

Fifteenth Embodiment 

0112 FIG. 32 is a cross-sectional view of a semiconduc 
tor memory element practiced as the fifteenth embodiment 
of the invention. AS in the fourteenth embodiment, a Source 
248, a drain 247 and a channel 249 of each write transistor 
are made of polycrystal silicon and a diffusion layer 250 acts 
as control electrodes. Each read transistor comprises a 
Source 250, a drain 251, a channel 252, a charge accumu 
lating region 248 and a control electrode 248. In the struc 
ture of the Seventh embodiment as shown in FIGS. 8A and 
8B, the control electrode 24 of the write transistor must be 
separated from the control electrode 28 of the read transistor 
to prevent short-circuiting when these electrodes are formed 
in the same fabrication Step. By contrast, the fifteenth 
embodiment has no need for Such clearance and thus con 
Stitutes a memory cell Structure taking up leSS area than other 
StructureS. 

Sixteenth Embodiment 

0113 FIGS. 33A and 33B are cross-sectional views of 
Semiconductor memory elements practiced as the Sixteenth 
embodiment of the invention. This embodiment utilizes an 
SOI substrate. FIG. 33A is a cross-sectional view taken on 
a Section showing a write transistor comprising a Source 254, 
a drain 255, a channel 256, a first control electrode 257 and 
a Second control electrode 262, as well as a read transistor 
including a control electrode 261 and a channel 260. FIG. 
33B is a cross-sectional view taken on a Section perpen 
dicular to the section of FIG. 33A and indicating a read 
transistor with a source 258 and a drain 259. The Source 254, 
drain 255, channel 256 and first control electrode 257 of the 
write transistor, as well as the control electrode 261 of the 
read transistor are made of polycrystal Silicon. The Second 
control electrode 262 of the write transistor, and the Source 
258, drain 259 and channel 260 of the read transistor are 
formed by single crystal silicon of the substrate. The six 
teenth embodiment is characterized in that the channel 256 
of each write transistor has a double-gate Structure made up 
of the first and second control electrodes 257 and 262. This 
Structure increases the capacities of the control electrodes 
and channels 256 and is thus conducive to minimizing leak 
currents through the write transistors. In addition, the Six 
teenth embodiment allows a larger ON-current to flow 
through each write transistor, executing write operations at 
a higher speed than before. 

Seventeenth Embodiment 

0114 FIG. 37 shows a semiconductor memory device 
practiced as the Seventeenth embodiment of the invention. 
The unit structure of a memory element of this device is the 
same as that in FIG. 1 of the fourth embodiment. Whereas 
the fourth embodiment had the write data line separated 
from the read data line, the Seventeenth embodiment con 
nects the two lines. Depicted in FIG. 37 is part of a cell array 
having unit Structures arranged in a three-row three-column 
matrix. Portions 282 and 283 enclosed by broken lines 
represent a unit Structure each. Although only a few ele 
ments are shown here for purpose of Simplification and 
illustration, numerous elements are provided in practice to 
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make up a memory array component (called a memory mat). 
Unlike the configurations in FIGS. 4A, 4B and 5 of the 
fourth embodiment, the seventeenth embodiment has the 
drain 285 of each read transistor shared by memory elements 
belonging to the same column, and uses a diffusion layer for 
wiring. AS Such, the Seventeenth embodiment takes up leSS 
cell area than other configurations. Each Source 284 is 
connected via the diffusion layer to the memory elements 
that belong to the same column. A control electrode 290 
shared by a write transistor and a read transistor is connected 
to the memory elements belonging to the same row. The 
drain 286 of each write transistor is connected to the 
memory elements belonging to the same column, and is 
further connected via a contact hole 287 to the drain 285 of 
a read transistor at a memory mat edge. In large-scale circuit 
integration arrangements, the diffusion layer wiring and 
polycrystal Silicon wiring generally have Such high resis 
tance levels that they must be backed with metal wiring. By 
contrast, the Seventeenth embodiment need only prepare 
metal wiring acting both as read data lines and as write data 
lines. This translates into a limited wiring area. At another 
edge of the memory mat, contact holes 288 are provided 
corresponding to Sources 284 of read transistors and are 
connected to a metal Source line 289. Because the contact 
holes 287 and 288 corresponding to the source and drain 
regions of the same element are provided at a different edge 
of the memory mat, enough room is provided to accommo 
date the contact holes while the column-to-column spacing 
need not be prolonged. An equivalent circuit of this structure 
is shown in FIG. 38. Alternatively, the source region of each 
read transistor may be shared by adjacent rows to reduce the 
area. This arrangement produces a laterally Symmetrical 
mirrored arrangement of memory elements. 
0115 Furthermore, the drain region of each read transis 
tor may also be shared by adjacent columns. This constitutes 
a minimal Structure in which it is impossible to perform a 
write and a read operation Simultaneously to and from 
adjacent elements that belong to the same row. In Such a 
case, the operations need to be carried out Separately on 
every Second column. The Seventeenth embodiment is 
designed to have the data lines and control electrodes shared 
between the write and read transistors and thus takes up a 
very Small area. 
0116. It should be noted that the seventeenth embodiment 
has leSS Voltage and threshold value margins necessary for 
stable performance than other embodiments wherein the 
components are separated. A top priority of the Seventeenth 
embodiment is to reduce the device area, with one contact 
hole 287 shared by a plurality of memory elements. Alter 
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natively, a contact hole may be furnished to each memory 
element or to each group of a Small number of memory 
elements. Although this alternative requires providing an 
extended wiring pitch between data lines or between word 
lines, the arrangement constitutes a memory device fit for 
high-speed performance because of reduced high-resistance 
wiring portions. 

0117. As described and according to the invention, there 
are provided Semiconductor elements Subject to a threshold 
Voltage controlling method other than those based on low 
leak currents or on the implantation of impurities. Such 
Semiconductor elements are used to form Semiconductor 
memory elements that are Suitable for use in Scaled-down 
Structures and are conducive to high-Speed write operations 
thanks to a Sufficiently prolonged refresh cycle. These 
Semiconductor memory elements are in turn used to consti 
tute a Suitable Semiconductor memory device. 
0118 AS many apparently different embodiments of this 
invention may be made without departing from the Spirit and 
Scope thereof, it is to be understood that the invention is not 
limited to the Specific embodiments thereof except as 
defined in the appended claims. 

1-47. (canceled) 
48. A Semiconductor element comprising a transistor 

having a Source region, a drain region, a channel region for 
connecting Said Source region and Said drain region, and a 
control electrode for controlling conductance of Said channel 
region; 

wherein an average thickness of Said channel region is 5 
nm at moSt. 

49. A Semiconductor device according to claim 48, com 
prising a plurality of Said transistors in two types, one type 
of Said transistor including an n-type Source region and an 
n-type drain region, the other type of Said transistor includ 
ing a p-type Source region and a p-type drain region. 

50. A Semiconductor element according to claim 48, 
wherein one end of either Said Source region or Said drain 
region of Said transistor is connected to a data line; 

wherein another end of either Said Source region or Said 
drain region of Said transistor is connected to a capaci 
tor, 

wherein a gate electrode of Said transistor is connected to 
a word line; and 

wherein a piece of data is Stored by electrical charges 
Stored in Said capacitor. 
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