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(57) ABSTRACT 

A method of fabricating an integrated circuit device storage 
cell may include forming a channel region comprising a semi 
conductor material doped to a first conductivity type; forming 
a store gate structure comprising a semiconductor material 
doped to a second conductivity type in contact with the chan 
nel region; and forming a control gate terminal from at least a 
portion of a semiconductor layer deposited on a substrate 
Surface in contact with the channel region, the portion of the 
semiconductor layer being doped to the second conductivity 
type. 
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SEMCONDUCTOR DEVICE STORAGE CELL 
STRUCTURE, METHOD OF OPERATION, 
AND METHOD OF MANUFACTURE 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 1 1/799,572 filed on May 1, 2007, the contents 
of which are incorporated by reference herein. 

TECHNICAL FIELD 

0002. The present invention relates generally to electronic 
storage devices, and more particularly to storage cells for 
storing data in a semiconductor integrated circuit device. 

BACKGROUND OF THE INVENTION 

0003. An important feature of many integrated circuit (IC) 
devices can be the ability to store a data value. Numerous 
examples of conventional storage devices are known, includ 
ing nonvolatile storage devices and volatile storage devices. 
Volatile storage devices can include static random access 
memories (SRAMs) as well as dynamic RAMs (DRAMs). 
DRAMs are often preferred in many applications due to their 
lower power consumption and smaller cell size. 
0004. A typical conventional DRAM cell includes a 
metal-oxide-semiconductor (MOS) pass transistor and a stor 
age capacitor. A DRAM capacitor can have many configura 
tions. As but one example, a DRAM capacitor can be a 
“trench” capacitor formed in a substrate. Thus, in such 
arrangements substrate area must be dedicated for both the 
storage capacitor and the corresponding pass transistor. Alter 
natively, capacitors can be formed over a substrate, including 
capacitor-over-bit line architectures, in which the capacitor 
extends over a bit connected to each cell of a column, and 
bit-line-over-capacitor architectures, in which the capacitors 
extends below the bit lines of each column. A drawback to 
such arrangements can be the complexity involved in manu 
facturing the capacitor structures. For devices having capaci 
tors formed over a substrate, a cell must still include a contact 
location to connect one plate of the capacitor to the corre 
sponding pass transistor. 
0005 For DRAM memory cells, a charge state of the 
capacitor corresponds to the data value stored. However, 
because charge can leak from a DRAM capacitor, such cells 
require a periodic “refresh”. This is one drawback to DRAM 
memories, the need to refresh data values periodically in 
order to ensure data values are not lost. 
0006) Another type of memory cell, capable of storing 
multilevel analog information is disclosed in "Multilevel 
Random-Access Memory Using One Transistor Per Cell'. 
IEEE Journal of Solid-State Circuits, Vol. SC-11, No. 4, 
August 1976, by Heald et al. 

BRIEF SUMMARY OF THE INVENTION 

0007. The present invention may include a semiconductor 
device having at least one storage cell, comprising a storegate 
structure formed from a semiconductor material doped to a 
first conductivity type and in contact with a channel region 
comprising a semiconductor material doped to a second con 
ductivity type; at least a first source/drain region and a second 
source/drain region separated from one another by the chan 
nel region; and a control gate structure, comprising a semi 
conductor layer doped to the first conductivity type and 
formed over a substrate surface, the control gate structure 

Jun. 17, 2010 

being in contact with the channel region; wherein the store 
gate is formed on the substrate surface. 
0008. The present invention may also include a semicon 
ductor device, comprising: at least one storage cell, compris 
ing a store gate structure formed from a semiconductor mate 
rial doped to a first conductivity type and in contact with a 
channel region comprising a semiconductor material doped 
to a second conductivity type; at least a first source/drain 
region and a second source/drain region separated from one 
another by the channel region; and a control gate structure. 
comprising a semiconductor layer doped to the first conduc 
tivity type and formed over a substrate surface, the control 
gate structure being in contact with the channel region; 
wherein the control gate structure is formed adjacent to the 
store gate structure in a direction parallel to the substrate 
Surface 
0009. The invention may further include an integrated cir 
cuit operating method, comprising the steps of storing a first 
predetermined value in at least a first storage cell by applying 
a first gate voltage to a gate terminal of the first storage cell 
and a first source voltage to a source of the storage cell, the 
gate terminal comprising a semiconductor material doped to 
a first conductivity type and formed on a substrate surface, the 
first gate and source voltages creating a punchthrough Voltage 
through a semiconductor region of a second conductivity type 
that charges a store gate comprising a semiconductor material 
doped to the first conductivity type; and determining the data 
value stored in the storage cell according to the magnitude of 
a current flowing through a channel region of the first storage 
cell, the channel region comprising a semiconductor material 
doped to the second conductivity type that is adjacent to the 
store gate. 
0010. The invention may also include a method of fabri 
cating an integrated circuit device storage cell, comprising: 
forming a channel region comprising a semiconductor mate 
rial doped to a first conductivity type; forming a store gate 
structure comprising a semiconductor material doped to a 
second conductivity type in contact with the channel region; 
forming a control gate terminal from at least a portion of a 
semiconductor layer deposited on a substrate surface in con 
tact with the channel region, the portion of the semiconductor 
layer being doped to the second conductivity type. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIGS. 1A to 1C are various views showing a storage 
cell according to a first embodiment of the present invention. 
0012 FIGS. 2A to 2C are various views showing a storage 
cell according to a second embodiment of the present inven 
tion. 
0013 FIGS. 3A and 3B are views showing a storage cell 
according to a third embodiment of the present invention. 
0014 FIGS. 4A and 4B are views showing a storage cell 
according to a fourth embodiment of the present invention. 
0015 FIGS.5A and 5B are views showing a storage cell 
according to a fifth embodiment of the present invention. 
0016 FIGS. 6A and 6B are views showing a storage cell 
according to a sixth embodiment of the present invention. 
0017 FIGS. 7A and 7B are views showing a storage cell 
according to a seventh embodiment of the present invention. 
0018 FIGS. 8A and 8C are various views showing a stor 
age cell according to an eighth embodiment of the present 
invention. 
0019 FIGS. 9A and 9B are schematic diagram represen 
tations of storage cells like those shown by FIGS. 1A to 7B. 
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0020 FIGS. 10A and 10B are schematic diagram repre 
sentations of storage cells like those shown by FIGS. 8A to 
8C. 

0021 FIGS. 11A and 11B are symbolic representations of 
storage cells according to the various embodiments. 
0022 FIGS. 12A and 12B show write operations for one 
value according to an embodiment. 
0023 FIG.13 shows a write de-select operation according 
to an embodiment. 

0024 FIG. 14 shows a store operation for one value 
according to an embodiment. 
0025 FIG. 15 shows a write operation for another value 
according to an embodiment. 
0026 FIG. 16 shows a store operation for another value 
according to an embodiment. 
0027 FIGS. 17A and 17B show read operations according 
to an embodiment. 

0028 FIGS. 18A and 18B show read de-select operations 
according to an embodiment. 
0029 FIG. 19 shows a store operation for one value 
according to another embodiment. 
0030 FIG. 20 shows a store operation for another value 
according to another embodiment. 
0031 FIG. 21 shows a store operation for one value 
according to yet another embodiment. 
0032 FIG. 22 shows a write operation for another value 
according to another embodiment. 
0033 FIG. 23 shows a store operation for another value 
according to yet another embodiment. 
0034 FIGS. 24A to 24D show write, write de-select and 
store operations according to another embodiment. 
0035 FIGS. 25A to 25D show write, write de-select and 
store operations according to still another embodiment. 
0036 FIG. 26 shows a memory device according to an 
embodiment. 

0037 FIG. 27 shows a memory device according to 
another embodiment. 

0038 FIG. 28 shows a memory device according to 
another embodiment. 

0039 FIG. 29 shows a sense block that can be included in 
embodiments of the invention. 

0040 FIG. 30 is a schematic diagram showing one 
example of sense amplifier that can be included in the 
embodiments. 

0041 FIG. 31 is a schematic diagram showing a memory 
device having a column decoder according to an embodi 
ment. 

0042 FIG. 32 is a schematic diagram of a storage cell 
according to an alternate embodiment of the invention. 
0043 FIG.33 is a side cross sectional view showing one 
example of a storage cell like that shown in FIG. 32. 
0044 FIGS. 34A to 34C are schematic diagrams showing 
a refresh operation according to an embodiment. 
0045 FIG. 35 is a timing diagram showing refresh timing 
according to an embodiment. 
0046 FIG. 36A to 36G are side cross sectional views 
showing manufacturing methods according to embodiments. 
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0047 FIGS. 37A to 37C are various views showing a 
storage cell according to yet another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0048 Various embodiments of the present invention will 
now be described in detail with reference to a number of 
drawings. The embodiments show structures, methods of 
operation, and methods of manufacture for a storage cell that 
can require a less frequent refresh operation, can be compact 
in size, and does not include a contact for a capacitor. 
0049 Referring now to FIGS. 1A to 1C, a storage cell 
according to a first embodiment is shown in a series of views, 
and designated by the general reference character 100. FIG. 
1A is a top plan view of storage cell 100. FIG. 1B is a side 
cross sectional view taken along line B-B of FIG.1A. FIG.1C 
is a side cross sectional view taken along line C-C of FIG. 1A. 
0050. As shown in the various views, a storage cell 100 can 
include a control gate 102, a store gate 104, a first source? 
drain 106-0, a second source? drain 106-1, and a channel 
region 108. A storage cell 100 can be formed in a substrate 
110, and can be bounded by an isolation structure 112. 
0051. A control gate 102 can be patterned from a semi 
conductor layer formed on a surface of a substrate 110, and 
can be doped to one conductivity type (in this example, 
n-type). In the particular example shown, controlgate 102 can 
extend over, and be in physical contact with channel region 
108 between opposing ends of isolation structure 112. 
0.052 Astore gate 104 can be formed from a semiconduc 
tor material doped to a same conductivity type as control gate 
102, and can be separated from control gate 104 by a semi 
conductor material of opposite doping type (in this case 
p-type channel 108). Further, a store gate 104 can be adjacent 
to a channel region 108, and thus can vary the resistance of 
channel region 108 according to the amount of charge stored 
by Store gate 104. In such an arrangement, a store gate 104 
may retain charge longer than a typical DRAM capacitor cell, 
as the region is surrounded by oppositely doped semiconduc 
tor material. Thus, a refresh operation can occur with less 
frequency than a conventional DRAM, allowing for higher 
performance and/or lower power consumption. 
0053. In the very particular example of FIGS. 1A to 1C, 
store gate 104 can be highly doped n-F region within, and 
Surrounded by a p-type Substrate area that includes channel 
region 108. However, as will be noted before, the present 
invention should not be limited to a particular conductivity 
type device, and can include devices having n-channel con 
figurations, as well. 
0054 First and second source/drains (106-0 and 106-1) 
can be doped to a conductivity type opposite to that of control 
gate 102, and separated from one another by channel region 
108. In the very particular example of FIGS. 1A to 1C, first 
and second source/drains (106-0 and 106-1) can be patterned 
from a semiconductor layer formed on a Surface of a substrate 
110, and preferably patterned from the same layer as control 
gate 102. 
0055. In such an arrangement, a storage cell 100 can be 
conceptualized as including a junction field effect transistor 
(JFET) having a channel between first source/drain 106-0 and 
second source/drain 106-1, the conductivity of which can be 
controlled by a potential applied to control gate 102, the 
amount of charge stored on store gate 104, or both. 
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0056. It is noted that in a storage cell JFET as discussed 
above, one source/drain terminal (i.e., the first or second) can 
function as a transistor Source, while another source/drain 
terminal (i.e., the second or first) can function as a transistor 
drain. However, the functionality of the terminal can depend 
upon which direction current is flowing, and hence can vary 
according to application and/or architecture in which Such a 
storage cell is employed. Thus, the term “source/drain” is 
intended to convey this variability. 
0057. In a preferred embodiment, a storage cell 100 can be 
composed of doped silicon sections. In particular, a substrate 
110 can be a monocrystalline silicon substrate that includes a 
relatively lightly doped channel region 108 and heavily doped 
store gate 104 region. In addition, control gate 102 and first 
and second source/drains (106-0 and 106-1) can include 
heavily doped polycrystalline silicon (polysilicon) or amor 
phous silicon. In Such an arrangement, a control gate 102 and 
source/drains (106-0 and 106-1) may also include portions of 
the substrate directly below resulting from outdiffusion of 
dopants. That is, in the very particular example of FIGS. 1A 
to 1C, a control gate 102 can include a very shallow, heavily 
doped n-F region extending into substrate 110. Similarly, 
source/drains (106-0 and 106-1) can include very shallow, 
heavily doped p-- region extending into Substrate 110. 
0058 As noted above, while FIGS. 1A to 1C show a stor 
age cell having a p-channel JFET configuration, other 
embodiments can include an n-channel JFET configuration 
having conductivity types opposite to that shown in FIGS. 1A 
to 1C. 

0059. It is noted that the arrangement of FIGS. 1A to 1C 
can provide a compact cell size, as the storage structure (e.g., 
store gate 104) is formed below the transistor structure. This 
is in contrast to trench type DRAMs in which a pass transistor 
is typically positioned adjacent to the capacitor in a Substrate. 
Further, no contact area needs to be designated for connection 
to the storage structure, as in the case of a conventional 
capacitor over/under bit line arrangement. In addition, con 
trol terminals (i.e., control gate, source, drain) for the JFET 
device can be formed by a patterned layer (e.g., polysilicon), 
rather than diffused areas in a substrate. 
0060 Referring now to FIGS. 2A to 2C, a storage cell 
according to a second embodiment is shown in a series of 
views, and designated by the general reference character 200. 
FIGS. 2A to 2C show the same general views as FIGS. 1A to 
1C. Further, a storage cell 200 can include some of the same 
general structures as storage cell 100. Accordingly, like struc 
tures will be referred to by the same reference character but 
with the first digit being a '2' instead of a “1”. 
0061 Storage cell 200 can differ from that of FIGS. 1A to 
1C in that a store gate 204 is not completely surrounded by 
oppositely doped semiconductor material, and can abut iso 
lation structure 212. Suchanarrangement can resultingreater 
charge leakage than the embodiment of FIGS. 1A to 1C, but 
may still provide for slower refresh rates than conventional 
DRAMs. In addition, a storage cell 200 may be more easily 
manufactured, by requiring fewer masks, or may provide 
more uniform performance as a storage gateposition 204 may 
vary less according to mask alignment. 
0062) While FIGS. 2A to 2C show a storegate 204 that can 
contact all sides of isolation structure 212, alternate arrange 
ments can include a store gate contacting only one portion of 
an isolation structure. 
0063 Referring now to FIGS. 3A and 3B, a storage cell 
according to a third embodiment is shown in a series of views, 
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and designated by the general reference character 300. FIGS. 
3A and 3B show the same general views as FIGS. 1A and 1B. 
Further, a storage cell 300 can include some of the same 
general structures as storage cell 100. Accordingly, like struc 
tures will be referred to by the same reference character but 
with the first digit being a '3' instead of a “1”. 
0064 Storage cell 300 can differ from that of FIGS. 1A to 
1C, in that a position of control gate 304 can be different. In 
the case of FIGS. 1A to 1C, a control gate 104 is situated 
between first and second source/drains (106-0 and 106-1) in a 
direction parallel to a surface of substrate 110 (considered 
herein the lateral direction). In the arrangement of FIGS. 3A 
and 3B, a control gate 304 is not situated between source/ 
drains (306-0 and 306-1), but rather to one side of both such 
structures in the lateral direction. 
0065. In an arrangement like that of FIGS. 3A and 3B, 
conductivity of a channel region 308 may not be affected by 
control gate 302, but varied according the amount of charge 
on store gate 304. 
0066. It is noted that a store gate 304 can have forms like 
any of those described with reference to FIGS. 1A to 2C. FIG. 
3B thus includes dashed lines showing that a store gate 304 
can extend in a lateral direction to abut with any portion or all 
of isolation structure 312. 
0067. While the above embodiments have shown arrange 
ments in which a store gate can be included formed within a 
substrate, entirely below a substrate surface, other embodi 
ments can include store gates at or above a Substrate surface. 
Various examples will now be described. 
0068 Referring now to FIGS. 4A and 4B, a storage cell 
according to a fourth embodiment is shown in a series of 
views, and designated by the general reference character 400. 
FIGS. 4A and 4B show the same general views as FIGS. 3A 
and 3B. Further, a storage cell 400 can include some of the 
same general structures as storage cell 300. Accordingly, like 
structures will be referred to by the same reference character 
but with the first digit being a “4” instead of a "3. 
0069 Storage cell 400 can differ from that of FIGS. 3A 
and 3B, in that a store gate 404 may not be completely below 
a Surface of substrate 410. In such an arrangement, a channel 
408 can exist below store gate 404. 
(0070 Referring now to FIGS.5A and 5B, a storage cell 
according to a fifth embodiment is shown in a series of views, 
and designated by the general reference character 500. FIGS. 
5A and 5B show the same general views as FIGS. 4A and 4B. 
Further, a storage cell 500 can include some of the same 
general structures as storage cell 500. Accordingly, like struc 
tures will be referred to by the same reference character but 
with the first digit being a “5” instead of a “4”. 
(0071 Storage cell 500 can differ from that of FIGS. 4A 
and 4B, in that a store gate 504 may extend above a surface of 
substrate 510. In one particular arrangement, a store gate 504 
can be patterned from a semiconductor layer formed on a 
surface of a substrate 510, and is preferably patterned from 
the same layer as control gate 502 and/or source/drains (506-0 
and 506-1). 
0072 Referring now to FIGS. 6A and 6B, a storage cell 
according to a sixth embodiment is shown in a series of views, 
and designated by the general reference character 600. FIGS. 
6A and 6B show the same general views as FIGS. 1A and 1B. 
Further, a storage cell 600 can include some of the same 
general structures as storage cell 100. Accordingly, like struc 
tures will be referred to by the same reference character but 
with the first digit being a “6” instead of a “1”. 
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0073 Storage cell 600 can differ from that of FIGS. 1A 
and 1B, in that a store gate 604 and channel 608 may be 
formed over a surface of substrate 610. In one particular 
arrangement, a controlgate 602, Store gate 604, Source? drains 
(606-0 and 606-1), and channel region 608 can all be portions 
of a semiconductor layer formed over a Surface of a substrate 
610. 

0074. While the arrangement of FIGS. 6A and 6B show a 
storage cell that can beformed on a Surface with a single layer, 
other embodiments can utilize multiple layers. One possible 
example of such an arrangement is shown in FIGS. 7A and 
TB. 

0075 Referring now to FIGS. 7A and 7B, a storage cell 
according to a seventh embodiment is shown in a series of 
views, and designated by the general reference character 700. 
FIGS. 7A and 7B show the same general views as FIGS. 6A 
and 6B. Further, a storage cell 700 can include some of the 
same general structures as storage cell 600. Accordingly, like 
structures will be referred to by the same reference character 
but with the first digit being a “7” instead of a “6”. 
0076 Storage cell 700 can differ from that of FIGS. 6A 
and 6B, in that a store gate 704 can be formed in a substrate 
710, in an arrangement similar to that of FIG. 4B. However, 
source/drains (706-0 and 706-1) and channel region 708 can 
be portions of a first semiconductor layer formed over a 
surface of a substrate 710, with channel region 708 being in 
contact with store gate 704. In addition, a control gate 702 can 
be formed from a portion of a second semiconductor layer 
formed over the first semiconductor layer. 
0077 Referring now to FIGS. 8A to 8C, a storage cell 
according to an eighth embodiment is shown in a series of 
views, and designated by the general reference character 800. 
FIGS. 8A to 8C show the same general views as FIGS. 1A to 
1C. Further, a storage cell 800 can include some of the same 
general structures as storage cell 100. Accordingly, like struc 
tures will be referred to by the same reference character but 
with the first digit being an “8” instead of a “1”. 
0078 Storage cell 800 can differ from that of FIGS. 1A to 
1C in that it can include a discharge channel 814. A discharge 
channel 814 can be formed from a semiconductor material 
formed between a store gate 804 and a bulk portion 816. A 
discharge channel 814 can be lightly doped to the same con 
ductivity type as a store gate 804. A bulk portion 816 can be 
doped to the same conductivity type as store gate 804, but at 
a higher concentration than that of discharge channel 814. A 
bulk portion 816 can be a starting monocrystalline substrate, 
or can be a well formed within a substrate by a doping step, 
Such as an ion implantation step. 
0079. As will be described in more detail below, a dis 
charge channel 814 can serve to discharge store gate 804 to 
bulk portion 816. Discharge channel 814 can operate as the 
channel of a JFET device (oriented in the vertical direction). 
When charge is to be preserved on store gate 804, a discharge 
channel 814 can be non-conducting. When a store gate 804 is 
to be discharged, discharge channel 814 can be conducting. 
The State of discharge channel 814 (i.e., conducting/non 
conducting) can be controlled by application of Voltages to 
either or both of source/drains 806-0, 806-1. 
0080. As in the cases of the embodiments above, while 
FIGS. 8A to 8C show storage cells having a p-channel JFET 
configuration with an n-channel Vertical discharge JFET 
other embodiments can include an n-channel JFET configu 
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ration with a p-channel vertical discharge JFET, by switching 
the conductivity types of regions to types opposite to that 
shown in FIGS. 8A to 8C. 

0081. It is noted that in structures like those shown in 
FIGS. 1A to 8C, storage cell structures can be repeated adja 
cent to one another to provide compact memory arrays. For 
example, in the case of storage cell 100 shown in FIGS. 1A to 
1C, controlgate 102 can be one a contiguous structure extend 
ing across multiple storage cells to form a common word line. 
Similarly, either or both of source/drains (106-0 and/or 106 
1) can extend in a similar fashion to provide a common source 
line orbit line formultiple storage cells. Such an arrangement 
can provide for compact arrays designs. 
I0082) Of course, in alternate embodiments, a control gate 
and/or source/drain need not extend over an isolation struc 
ture, and can be formed entirely within an active area region. 
Such structures can then be connected to other structures by 
one or more layers of contacts, vias and/or interconnect wir 
ings. 
I0083) Referring now to FIGS. 9A and 9B, storage cells 
according to embodiments shown above are represented in 
schematic diagram form. FIG. 8A shows a p-channel varia 
tion of a storage cell 900, and FIG. 8B shows an n-channel 
variation of a storage cell 950. Schematic diagram 900 can 
correspond to structures shown in FIGS. 1A to 7B, and stor 
age cell 900 includes labels to corresponding structures, with 
the first digit being a “9” instead of any of 1 to 7. Storage cell 
950 can correspond to the structures of FIGS. 1A to 7B, but 
with opposite conductivities. 
I0084. Referring now to FIGS. 10A and 10B, schematic 
diagrams of storage cells according to other embodiments are 
shown. FIG. 10A shows a p-channel variation of a storage cell 
1000, and FIG. 10B shows an n-channel variation of a storage 
cell 1050. Schematic diagram 1000 can correspond to struc 
tures shown in FIGS. 8A to 8C. Thus, storage cell 1000 
includes labels to corresponding structures, with the first digit 
being a “10” instead of any of an “8”. Storage cell 1050 can 
correspond to the structures of FIGS. 8A to 8C, but with 
opposite conductivities. 
I0085 FIG. 11A shows a schematic symbol for a p-channel 
storage cell according to embodiments described herein and 
equivalents. FIG. 11B shows a schematic symbol for an 
n-channel storage cell according to embodiments described 
herein and equivalents. 
0086. While the above embodiments have described stor 
age cells according to various embodiments, other embodi 
ments can include storage cell operating methods. Particular 
embodiments directed to various operations will now be 
described. 

I0087. A write method according to an embodiment can 
include applying a Voltage to a control gate that results in 
"punchthrough' to a store gate. That is, a Voltage can be 
applied to a controlgate that causes a depletion region to form 
in an oppositely doped region between a control gate and 
store gate. Such a Voltage is Sufficient to cause the depletion 
region to extend to the store gate (the punchthrough state) 
creating a conductive channel from the control gate to the 
store gate. As a result, a store gate can be charged according 
to the potential applied to the control gate. 
I0088. In the embodiments described herein, a storage cell 
having a store gate charged by a punchthrough write opera 
tion that results in an increase of channel resistance will be 
considered to store a value “0”. A storage cell having a dis 
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charged store gate resulting in lower channel resistance than 
charged store gate will be considered to store a value “1”. 
I0089 Referring now to FIGS. 12A and 12B, one very 
particular example of a “write O’ operation for storage cell 
like that of FIGS. 1A to 1C is shown in a series of side cross 
sectional views. The storage cell shown and corresponding 
structures are labeled with the same reference characters at 
FIG. 1B. 
0090 FIG. 12A shows a storage cell 100 just prior to 
punchthrough. Because storage cell 100 is an n-channel type, 
a positive Voltage can be applied to n-type control gate 102 to 
create a depletion region 1200-0 within channel region 108, 
while a negative Voltage can be applied to second source? 
drain region 106-1. A control gate Voltage at this time can be 
less than that required for punchthrough, thus a depletion 
region 1200-0 does not yet extend to a store gate 104. 
0091 FIG. 12B shows a storage cell 100 in a punch 
through state. A control gate 102 and source Voltage is now 
sufficient to create depletion region 1200-1 that extends 
through channel region 108 to store gate 104. Consequently, 
store gate 104 can be charged (in this case to a more positive 
potential). 
0092. In the particular example of FIGS. 12A and 12B, 
during such a write operation, first source/drain 106-0 and 
second source/drain 106-1 can be maintained at potentials or 
states that can enable punchthrough to occur at a desired 
control gate Voltage. 
0093. The example of FIGS. 12A and 12B sets forth par 
ticular Voltages and states for a Write operation, with punch 
through control gate Voltage being about +5.0 V, a source 
being about -5.0 V, and a drain maintained at 0 V or placed 
into a high impedance state. However, Such particular poten 
tials are provided by way of example only. One skilled the art 
would recognize punchthrough Voltages will vary according 
to any of doping concentrations, storage cell dimensions, 
particular source? drain states or potentials, as well as other 
factors. 
0094. Of course, a write operation like that shown in FIGS. 
12A and 12B could be implemented in the same general 
fashion for storage cells having other structures described 
herein, and equivalents. As but one example, in an n-channel 
storage cell, a negative Voltage would be applied to a control 
gate. 
0095 While embodiments of the present invention can 
include methods for writing one data state (e.g., a “0”) to a 
storage cell, it may also be desirable to “de-select other 
storage cells from Such a write operation, to thereby enable 
different values to be written into a row of storage cells having 
a common control gate. A possible write de-select operation 
will now be described. 
0096. A write de-select operation according to an embodi 
ment can include applying a same control gate Voltage as a 
write “0” operation. However, fields can be created that pre 
vent significant amounts of charge from accumulating on a 
store gate or prevent a depletion region from reaching a store 
gate. 
0097. Referring now to FIG. 13, a particular example of 
possible “write 1 de-select operation for a storage cell like 
that of FIGS. 1A to 1C is shown in a side cross sectional view. 
The structures of the storage cell shown are labeled with the 
same reference characters as FIG. 1B. 
0098. As in the “write 1 operation described above, a 
positive Voltage can be applied to n-type control gate 102 to 
create a depletion region within channel region 108. How 
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ever, at the same time, a potential applied to source 106-1 is 
insufficient to allow charge to accumulate on storegate 104 or 
is not sufficient to allow a depletion region 1300-0 to reach 
store gate 104. 
(0099. The example of FIG. 13 sets forth particular volt 
ages and states for a write 0 de-select operation, with punch 
through control gate Voltage being about +5.0 V, a source 
being driven to a de-select voltage of 0 V, while a drain is 
maintained at 0 V or placed into a high impedance state. 
However, such particular potentials are provided by way of 
example only. One skilled the art would recognize that a 
punchthrough suppression voltage would vary according to 
any of doping concentrations, storage cell dimensions, and/ 
or to particular source/drain states or potentials. 
0100. In this way, a data value (e.g., “O”) can be selectively 
written to storage cells. 
0101 While embodiments of the present invention can 
include methods for selectively writing one data value (e.g., a 
“0”), embodiments of the present invention can also include 
methods for storing Such a data State. 
0102. A store operation according to an embodiment can 
include applying Voltages to a control gate, source and drain, 
that can tend to preserve a charge state of a store gate. 
0103 Referring now to FIG. 14, an example of a store 
operation for a storage cell like that of FIGS. 1A to 1C is 
shown in a series of side cross sectional views. The storage 
cell shown and corresponding structures are labeled with the 
same reference characters as FIG. 1B. 
0104 FIG. 14 can represent a storage cell following a 
write “0” operation, like that shown in FIGS. 12A and 12B. A 
voltage applied to control gate 102 can be less than that for 
punchthrough. As a result, a charge placed on store gate 104 
can create a depletion region 1400 that extends into channel 
region 108. Such a depletion region 1400 can increase a 
channel resistance over that resulting from a discharged store 
gate. 
0105. The example of FIG. 14 shows particular voltages 
and States for a store operation. A control gate Voltage can be 
about +1.0 V, a source being driven to OV, and a drain can be 
maintained at 0 V or placed into a high impedance state. 
However, such particular potentials are provided by way of 
example only. 
0106 While embodiments of the present invention can 
include methods for writing one data state (e.g., a “0”), other 
embodiments can include methods for writing the opposite 
data state (e.g., a “1”). 
0107. A write 1 operation according to an embodiment can 
include forward biasing a pnjunction created by a store gate, 
and a channel region and source (or drain). A resulting for 
ward biased pn junction can create a discharge path that 
allows charge to transfer away from the store gate. 
(0.108 Referring now to FIG. 15, one very particular 
example of a “write 1 operation for a storage cell like that of 
FIGS. 1A to 1C is shown in a side cross sectional view. The 
storage cell shown and corresponding structures are labeled 
with the same reference characters as FIG. 1B. 
0109. In the write operation of FIG. 15, a voltage can be 
applied to second source/drain 106-1 that forward biases a pn 
junction created by a store gate 104 (in part of junction) and a 
channel 108 and second source/drain 106-1 (p part of junc 
tion). This can create charge travel path 1502. As a result, 
assuming a storage cell 100 previously stored a value “0”, a 
depletion region created by store gate 102 can shrink from a 
previous state 1400 to a “store 1” state 1500. 
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0110. The example of FIG. 15 shows particular voltages 
and States for a write 1 operation. A control gate Voltage can 
be about 0 V, a drain can be maintained at 0 V or placed into 
a high impedance state, while a source can be driven to a 
Voltage sufficient to forward bias the pn junction, which in 
this example is +1.0 V. However, such particular potentials 
are provided by way of example only. 
0111. Of course, a write operation like that shown in FIG. 
15 could be implemented in the same general fashion for 
storage cells having other structures described herein, and 
equivalents. As but one example, in an n-channel storage cell, 
a negative Voltage could be applied to a source or drain to 
create a desired forward bias condition. 
0112 Embodiments of the invention can also include a 
store operation for value “1”. FIG. 16 shows such an opera 
tion. FIG.16 can include the same items as FIG. 14. However, 
a store gate 104 does not produce a significant depletion 
region extending into channel region 108. 
0113. While embodiments of the invention can include 
write, write de-select, and store operations, the embodiments 
can also include read operations. 
0114. In a read operation according to an embodiment, a 
potential can be created between a source and drain. A result 
ing current flowing between the source and drain can be 
measured. If a channel resistance is relatively high, resulting 
in less current, a storage cell can be understood to store a 
value “0”, as a store gate depletion region will extend into the 
channel region. If a channel resistance is relatively low, 
resulting in more current, a storage cell can be understood to 
store a value “1”, as a store gate will create essentially no 
depletion region within the channel region. 
0115 Referring now to FIG. 17A a read operation for a 
storage cell storing a value '0' is shown in a side cross 
sectional view. FIG.17A shows storage cell like that of FIGS. 
1A to 1C, thus like structures are labeled with the same 
reference characters as FIG. 1B. 
0116. In the read operation of FIG. 17A, a first source/ 
drain node 106-0 can be placed at a higher potential than a 
second source/drain node 106-1. A control gate 104 can 
receive a Voltage that can additionally limit current through a 
channel region 108. As shown FIG. 17A, a channel region 108 
can include a resistance Rich. Because store gate 104 is 
charged and creates a depletion region 1400, resistance Rich 
can be relatively high, and draw a current Io. 
0117 The example of FIG. 17A shows a control gate 
voltage from 0 to +1.0 V, a drain voltage of +0.5 V, and a 
source voltage of OV. However, such particular potentials are 
provided by way of example only. At the same time, it is noted 
that a drain potential must not exceed the forward bias poten 
tial of the pnjunction created by drain 106-0, channel 108 and 
store gate 104, or store gate 104 can discharge. 
0118 Referring now to FIG. 17B, a read operation for a 
storage cell storing a value '1' is shown in a side cross 
sectional view. FIG. 17B shows storage cell like that of FIGS. 
1A to 1C, thus like structures are labeled with the same 
reference characters as FIG. 1B. 
0119) The read operation of FIG. 17B includes the same 
application of potentials as FIG.17A. However, because store 
gate 104 is not charged, essentially no depletion region 1500 
extends into channel region 108, and resistance Rch can be 
relatively low, and draw a current I, which can be detectably 
larger than current Io. 
0120 In this way a stored data value can be determined 
according to a variation in channel resistance. 
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I0121 While embodiments of the present invention can 
include methods for reading a data state from a storage cell, it 
can be desirable to "de-select a storage cell from a read 
operation, to thereby enable different values to be read from 
storage cells having a common drain and/or source connec 
tion. 
0.122 A read de-select operation according to an embodi 
ment can include preventing or significantly reducing a cur 
rent from flowing through a channel of a de-selected Storage 
cell. Thus, a de-selected Storage cell can draw an insignificant 
amount of current in a read operation. 
(0123 Referring now to FIGS. 18A and 18B, two particular 
examples of possible “read de-select operations for a storage 
cell like that of FIGS. 1A to 1C are shown in side cross 
sectional views. The storage cell shown and corresponding 
structures are labeled with the same reference characters as 
FIG. 1B. 
0.124 FIG. 18A shows a first example of a read de-select 
operation. As is the case of a selected Storage cell like that of 
FIGS. 17A and 17B, a first source/drain node 106-0 can be 
placed at a bias potential and control gate 104 can receive a 
Voltage that can additionally limit current through a channel 
region 108. However, unlike the arrangement of FIGS. 17A 
and 17B, a second source/drain node 106-1 can be placed into 
a high impedance state. As a result, little or no current can 
flow through a channel region 108. Accordingly, the de-Se 
lected storage cell 100 can contribute little or no current when 
a storage cell connected to a same drain node is selected for a 
read operation. 
0.125 FIG. 18B shows a second example of a read de 
select operation. As is the case of a selected storage cell like 
that of FIGS. 17A and 17B, a first source/drain node 106-0 
can be placed at a bias potential and second source/drain node 
106-1 can be placed at ground, creating a potential across a 
channel region 108. To limit current through channel region 
108, a de-select gate Voltage can be applied to control gate 
104. A de-select Voltage can result in a depletion layer being 
formed in channel region 108, thereby significantly reducing 
current drawn by the deselected cell. 
0.126 The example of FIG. 18B shows a control gate de 
select voltage of about +3.0 V. However, such a particular 
potential is provided by way of example only. Agate de-select 
Voltage can vary according to doping and storage cell size. 
However, a control gate de-select voltage should be of suffi 
ciently small enough in magnitude to prevent punchthrough. 
I0127. In this way, a data value can be selectively read from 
storage cells. 
I0128. The various operations shown in FIGS. 12A to 18B 
are described with reference to a structure like that shown in 
FIG. 1A to 1C.. However, the same or similar operations can 
occur for other described structures. A few possible examples 
will now be described. 
I0129. A store operation for structures like that shown in 
FIGS. 2A to 2C are shown in FIGS. 19 and 20. The storage 
cell shown and corresponding structures are labeled with the 
same reference characters at FIG. 2B. 
0.130 FIG. 19 can represent a storage cell following a 
write “0” operation, like that shown in FIGS. 12A and 12B. 
Charge placed on Store gate 204 can create a depletion region 
1900 that extends into channel region 208. Such a depletion 
region 1400 can increase a channel resistance over that result 
ing from a discharged store gate. 
I0131 Referring to FIG. 20, a store operation for a value 
“1” like that of FIG. 19 is shown in the same view. Because 
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store gate 104 is discharged, a channel resistance can be lower 
than that resulting from a charged store gate. 
(0132 For a structure like that shown in FIGS. 2A to 2C, 
write 0 operations, write 0 de-select operations, and write 1 
operations can occur the same ways as described above. 
0.133 Store operations and write operations for a structure 
like that shown in FIGS. 8A to 8C are shown in FIGS. 21 to 
23. It will be recalled that storage cell 800 includes a dis 
charge channel 814 that extends from a store gate 804 to a 
bulk portion 816. 
0134 Referring now to FIG. 21, an example of a store 
operation for a storage cell like that of FIGS. 8A to 8C is 
shown in a series of side cross sectional views. The storage 
cell shown and corresponding structures are labeled with the 
same reference characters as FIG. 8B. 

0135 FIG. 21 can represent a storage cell following a 
write “0” operation, like that shown in FIGS. 12A and 12B. 
Charge placed on Store gate 804 can create a depletion region 
2100 that extends into channel region 808. Such a depletion 
region 2100 can increase a channel resistance over that result 
ing from a discharged store gate. At the same time, store 
potentials applied at first and/or second source/drains (806-0 
and 806-1) can ensure that discharge path 814 remains 
pinched off. That is, the potential of p-type region containing 
channel 808 can deplete discharge path 814, and thus place it 
in a high resistance State that can prevent store gate 804 from 
discharging to bulk portion 816. 
0136. The example of FIG. 21 shows the application of a 
store voltage of 0 V to first and second source/drains (806-0 
and 806-1). However, such a particular potential is provided 
by way of example only. Sucha store Voltage can vary accord 
ing to doping, storage cell size, and discharge channel size. 
For example, a negative Voltage might also be suitable for 
maintaining a discharge channel in the off (i.e., non-conduct 
ing) state. 
0.137 According to one embodiment, a write “1” opera 
tion can include enabling a discharge path between a store 
gate and a bulk portion in which the storage cell is formed. 
Such a discharge path allows the store gate to discharge to the 
bulk portion. This is in contrast to the approach shown in FIG. 
15, in which forward biases apnjunction that includes a store 
gate. 
0138 Referring now to FIG.22, an example of a write “1” 
operation for a storage cell like that of FIGS. 8A to 8C is 
shown in a series of side cross sectional views. The storage 
cell shown and corresponding structures are labeled with the 
same reference characters as FIG. 8B. 

0.139. In the write operation of FIG. 22, a store voltage 
applied at a first and/or second source/drain (806-0, 806-1) 
that has previously pinched off discharge path 814, can be 
changed to enable discharge path 814. For example, in the 
case of the p-channel device illustrated, a Voltage applied to 
first and/or second source/drain (806-0, 806-1) can be 
increased. (In the case of an n-channel device a store Voltage 
would be decreased). As a result, discharge path 814 can be 
placed into a low impedance State, creating charge travel path 
2202. It is assumed that bulk portion 816 is biased to a 
potential sufficient to draw charge off of store gate 804. 
0140. The example of FIG. 22 shows particular voltages 
for a write 1 operation. A control gate Voltage can be about 0 
V, a drain and source can be switched from about 0V to about 
+0.5 V. However, such particular potentials are provided by 
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way of example only. However, source/drain Voltages should 
remain sufficiently small to prevent a forward bias condition 
with a store gate. 
0141 FIG. 23 shows a store operation for value “1” in a 
Structure like that of FIGS. 8A to 8C. FIG. 23 can include the 
same items as FIG. 21. However, a store gate 804 does not 
produce a significant depletion region into a channel 808. 
0142. As understood from the structures described above, 
other embodiments can include store gates positioned in a 
lateral direction with respect to control gate. Operations for 
such structures will now be described. 
0.143 Various operations for a storage cell structure like 
that shown in FIGS. 4A and 4B are shown in a series of side 
cross sectional views in FIGS. 24A to 24D. The storage cell 
shown and corresponding structures are labeled with the same 
reference characters as FIG. 4B. 
014.4 FIG. 24A shows a write “0” operation. Such an 
operation can be like that described above in FIG. 12B, how 
ever a punchthrough depletion region 2400-0 can extend in a 
lateral direction to store gate 404. 
(0145 FIG. 24B shows a write “0” de-select operation. 
Such an operation can be like that described above in FIG. 
13A, however a depletion region 2400-1 does not reach store 
gate 404 or the control gate and source potentials are not 
Sufficient to introduce significant amounts of charge onto 
store gate 404. 
0146 FIG. 24C shows a store “0” operation. Such an 
operation can be like that described above in FIG. 14, how 
ever a depletion region 2400-2 extends downward into chan 
nel region 408. It is understood that a store “1” operation can 
have the same configuration, but a depletion region will not 
Substantially affect the resistance of a corresponding channel 
region. 
0147 FIG. 24D shows a write “1” operation. Such an 
operation can be like that described above in FIG. 15. 
0.148. Various operations for a storage cell structure like 
that shown in FIGS.5A and 5B are shown in a series of side 
cross sectional views in FIGS. 25A to 25D. The storage cell 
shown and corresponding structures are labeled with the same 
reference characters as FIG. 5B. 

0149 FIG. 25A shows a write “0” operation. Such an 
operation can be like that described above in FIG. 12B, how 
ever a punchthrough depletion region 2500-0 can extend in a 
lateral direction to store gate 504. 
(O150 FIG. 25B shows a write “0” de-select operation. 
Such an operation can be like that described above in FIG. 
13A, however a depletion region 2500-1 does not reach store 
gate 504 or the control gate and source potentials are not 
Sufficient to introduce significant amounts of charge onto 
store gate 504. 
0151 FIG. 25C shows a store “0” operation. Such an 
operation can be like that described above in FIG. 14, how 
ever a depletion region 2500-2 extends downward into chan 
nel region 508 from above a surface of substrate 501. It is 
understood that a store “1” operation can have the same 
configuration, but a depletion region does not substantially 
affect the resistance of the channel region. 
0152 FIG. 25D shows a write “1” operation. Such an 
operation can be like that described above in FIG. 15. 
0153. In this way, storage cells that include a store gate and 
JFET with a control gate formed on a substrate surface can 
have data values selectively written by charging a store gate, 
can store such data values, and can have such data values read. 
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0154 Having described storage cell structures and meth 
ods of operation according various embodiments, embodi 
ments directed to memory device architectures including 
such storage cells will now be described. 
0155 Referring now to FIG. 26 a memory device accord 
ing to one embodiment is shown in a schematic diagram and 
designated by the general reference character 2600. A 
memory device 2600 can include a number of storage cells 
2602-(0,0) to 2602-(1,1) arranged into rows 2604-0/1 and 
columns 2606-0/1. Storage cells of a same row can have 
control gates commonly connected by a word line 2608-0 and 
2608-1. Storage cells of a same column can have drains 
commonly connected by a bit line 2610-0 and 2610-1. In the 
very particular example of FIG. 26, Storage cells of a same 
row can also have sources commonly connected by a source 
line 2612-0 and 2612-1. 
0156. A memory device 2600 can further include gate 
switch circuits 2614-0/1, source switch circuits 2616-0/1, a 
row decoder 2618, and sense blocks 2620-0/1. Gate switch 
circuits 2614-071 can receive gate Supply Voltages (Vg Sup 
plies) and selectively apply such Voltages to control gates of 
storage cells on a row-by-row basis according to control 
signals received from row decoder 2618. For example, gate 
Voltages can be applied that are Suitable for any of the opera 
tions described above, including but not limited to: a write “O'” 
operation, a write “Ode-select operation, a write “1” opera 
tion, a store operation, and a read operation. 
O157. In a similar fashion, source switch circuits 2616-0/1 
can receive source supply Voltages (Vs Supplies) and selec 
tively apply such Voltages to sources of Storage cells on a 
row-by-row basis according to control signals received from 
row decoder 2618. In addition, source switch circuits 2616 
0/1 can create a high impedance state for sources of the 
corresponding storage cells. For example, Voltages can be 
applied to the sources, or the Sources placed into a high 
impedance state suitable for any of the operations described 
above, including but not limited to: a write “0” operation, a 
write “0” de-select operation, a write “1” operation, a store 
operation, and a read operation. 
0158. A row decoder 2618 can receive address values 
ADD as well as control values CTRL, and in response thereto, 
control the operation of gate switch circuits 2614-0/1 and 
source switch circuits 2616-0/1. More particularly, according 
to such received values, a row decoder 2618 can distinguish 
between types of row operations, allowing writes to one row, 
while write de-selecting other rows and/or allowing reads 
from one row, while read de-selecting other rows. 
0159. Sense blocks 2620-0/1 can each be connected to a 
corresponding bit line 2610-0/1 and can sense a current flow 
ing through such a bit line, to thereby determine a state of a 
selected storage cell. In addition, each sense block 2620-0/1 
can receive drain Supply Voltages (Vd Supp) and selectively 
apply Such voltages to drains of storage cells on a column 
by-column basis according to column control values CTRLC. 
In addition, sense blocks 2620-071 can create a high imped 
ance State for drains of corresponding storage cells is required 
by an operation. 
0160 In this way, storage cells can be arranged into an 
array to form a memory device. 
0161 Referring now to FIG. 27 a memory device accord 
ing to another embodiment is shown in a schematic diagram 
and designated by the general reference character 2700. A 
memory device 2700 can include many of the same general 
circuit sections as that of FIG. 26, accordingly, like sections 
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are referred to by the same reference character but with the 
first two digits being “27” instead of “26”. 
(0162 Memory device 2700 can differ from that of FIG. 26 
in that storage cells of a same column can have sources 
commonly connected by a source line 2712-0 and 2712-1, 
rather than storage cells of the same row. 
(0163. In addition, source switch circuits 2716-0/1 can be 
controlled by a source control circuit 2722. A source control 
circuit 2722 can receive control values CTRLS, and in 
response thereto, control source switch circuits 2716-0/1. 
According to such received values, a Source control circuit 
2722 can distinguish between column operations, allowing 
writes to one column, while write de-selecting other columns 
and/or allowing reads from one column, while read de-select 
ing other columns. 
0164 Referring now to FIG. 28 a memory device accord 
ing to another embodiment is shown in a schematic diagram 
and designated by the general reference character 2800. A 
memory device 2800 can include many of the same general 
circuit sections as that of FIG. 27, accordingly, like sections 
are referred to by the same reference character but with the 
first two digits being “28” instead of “27”. 
(0165 Memory device 2800 can differ from that of FIG. 27 
in that storage cells from multiple rows and columns can have 
Sources commonly connected to a common Source 2824. 
rather than storage cells of the same column. Such an arrange 
ment can allow storage cells to be written to in a group 
fashion. Even more particularly, a write “1” operation can 
executed simultaneously on multiple rows and columns in a 
similar fashion to a “flash” erase, commonly employed in 
electrically erasable programmable read only memory (EE 
PROM) type devices. 
0166. Of course, while the above memory device embodi 
ments have shown arrays with p-channel type storage cells, 
alternate embodiments can include n-channel type storage 
cells. 
0167. In this way, storage cells can be arranged into an 
array to form various memory device architectures, including 
those that can access storage cells in a row-by-row basis, 
column-by-column basis, or multiple row and column basis. 
0168 Referring now to FIG. 29, one example of a sense 
block that can be included in the embodiments of FIGS. 26-28 
is shown in a block Schematic diagram and designated by the 
general reference character 2900. A sense block 2900 can 
include a drain switch circuit 2902 and a sense amplifier 2904 
connected to a bit line 2906. A drain switch circuit 2902 can 
receive drain Supply Voltages (Vd Supp) and selectively apply 
such voltages to bit line 2906 according to control signals 
CTRLD. For example, voltages can be applied to or a high 
impedance State created that are suitable for any of the opera 
tions described above, including but not limited to: a write “O'” 
operation, a write “Ode-select operation, a write “1” opera 
tion, a store operation, and a read operation. 
0169. A sense amplifier 2904 can determine a read data 
value D based on a current drawn by bit line 2906. One 
example of a sense amplifier circuit that can be included in a 
sense block like that of FIG. 29 is shown in a schematic 
diagram in FIG. 30. 
0170 Referring now to FIG. 30, a sense amplifier circuit 
3000 is shown with reference to a selected storage cell 3002. 
A selected storage cell 3002 can draw a current Isense that can 
vary according to a stored data state. Current Isense can flow 
through a bit line 3004. In the particular example shown, a 
sense amplifier circuit 3000 can include a load 3006 and an 
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amplifier 3008. A load 3006 can be an active or passive load, 
and can be connected directly, or by way of a switch to bit line 
3004. Amplifier 3008 can have one input connected to load 
3006 at node 3010 and another input that receives a reference 
voltage Vref. A reference voltage Vref can be generated with 
a Voltage reference circuit, or can be based on a current drawn 
by another storage cell operating as a "dummy’ storage cell. 
When a current Isense is of sufficient magnitude (e.g., Storage 
cell 3002 stores a “1”), a potential at node 3010 with vary 
from voltage Vref, resulting in amplifier 3008 outputting one 
value (e.g., 1). When a current Isense is below a certain 
magnitude (e.g., storage cell 3002 stores a “0”), a potential at 
node 3010 with vary from voltage Vref in the opposite direc 
tion, resulting in amplifier 3008 outputting another value 
(e.g., 0). 
0171 While memory devices according to the embodi 
ments can include bit lines each connected to a corresponding 
sense block, one sense block can be shared among multiple 
bits lines. One such arrangement is shown in FIG. 31. 
0172 Referring now to FIG. 31 a memory device accord 
ing to another one embodiment is shown in a schematic 
diagram and designated by the general reference character 
3100. A memory device 3100 can include many of the same 
general circuit sections as that of FIG. 26, accordingly, like 
sections are referred to by the same reference character but 
with the first two digits being “31” instead of “26”. 
(0173 Memory device 3100 shows a column decoder cir 
cuit 3126. A column decoder circuit 3126 can selectively 
connect a bit line (e.g., 3110-0 or 3110-1) to a sense block 
3120 according to address values COLADD. 
0.174. In this way a memory device can share a sense block 
among multiple columns. 
(0175 While the above embodiments have shown a 
memory device in which storage cells are composed of single 
JFET type devices, alternate embodiments can include stor 
age cells having both store devices and pass devices. One 
particular example of such an arrangement is shown in FIGS. 
32 and 33. 
0176 Referring now to FIG. 32, a storage cell according to 
one embodiment is shown in a schematic diagram and desig 
nated by the general reference character 3200. A storage cell 
3200 can include a storage device 3202 and a pass device 
3204. A storage device 3202 can include any of the storage 
structures described above and equivalents. Thus, a storage 
device 3202 can provide a current path having a resistance 
that can vary according to a stores state. 
0177. A pass device 3204 can provide a conductive path 
between a storage device 3202 and a bit line 3206 that is 
controlled according to a word line 3208. In this way, a pass 
device 3204 can isolate a storage device 3202 from a bit line 
3206. While a pass device 3204 can take a variety of forms, 
including an insulated gate field effect transistor, a pass 
device can preferably be a JFET device. One example of such 
an arrangement is shown in FIG. 33. 
(0178 FIG. 33 shows devices of a storage cell 3300 in a 
side cross sectional view. A storage cell 3300 can include a 
storage device 3302 and a pass JFET 3304. In the example 
shown, a storage device 3302 can have the same construction 
as that shown in FIGS. 1A to 1C. A pass JFET 3304 can have 
a structure like that of FIGS. 1A to 1C, but does not include a 
store gate, and has a shallower channel region. In addition, a 
pass JFET 3304 can optionally include a back gate 3305. 
0179. It is noted that in an arrangement like that of FIG.33, 
a pass JFET 3304 can include a control gate 3306 and a pass 
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channel region 3308. Thus, in such a storage cell 3300, a 
control gate 3306 may exist on a different device. At the same 
time, a channel region can include pass channel region 3308 
and store channel region 3308. 
0180. A storage device 3302 can have a write gate 3310 
that can enable write and other operations to occur to store 
gate 3312. However, alternatively, in a storage cell like that of 
FIGS. 32/33, a storage device 3302 may not include a pro 
gram gate 3310. Instead, a store gate 3312 can be written to 
value “0”, by way of a bottom gate 3314 (or bulk portion), and 
then selectively written to a value “1” via pass JFET 3304 
providing a forward biasing Voltage to either of source? drains 
3306-0 and 33.06-1. 
0181. In this way, a storage cell can include a control gate 
formed on a pass device. 
0182. As noted above, while storage cells according to the 
above embodiments can include store gates that can retain 
charge for longer periods of time than many conventional 
DRAMs, such charge cannot be retained indefinitely. Accord 
ingly, a memory device according to the embodiments can 
include refresh operations and circuits. Refresh operations 
and circuits can read a stored value, and then rewrite Such a 
value back into the storage cell. One example of a refresh 
arrangement is shown in FIGS. 34A to 34C. 
0183 Referring now to FIGS. 34A to 34C, a memory 
device 3400 is shown a schematic diagram, and can include 
some of the same items as FIG. 26, thus like items are referred 
to by the same reference character but with the first digits 
being "34" instead of "26'. Again, while p-channel storage 
cells are shown, alternate arrangements can include n-chan 
nel type storage cells. 
0.184 Referring to FIG. 34A, a refresh operation can first 
include reading and latching values stored in one row 3404-0, 
while other rows (e.g., 3404-1) are de-selected from the read 
operation. Sense blocks 3420-0 and 3420-1 can determine a 
stored value, and then Store Such values in corresponding 
latches (34.30-0 and 3430-1). In the particular example 
shown, storage cell 3402-(0,0) stores a “0”, thus such a value 
is read by sense block 3420-0 and stored by latch 3430-0. 
Similarly, storage cell 3402-(0.1) stores a “1”, thus such a 
value is read by sense block 3420-1 and stored in latch 3430 
1. Because row 3404-1 is de-selected, no values are read or 
stored for storage cells 3402-(1,0) and 3402-(1,1). 
0185. Once data values to be refreshed have been latched, 
Such values can be restored. In the particular example shown, 
Such an operation can be a two-step operation, with one data 
value being written to an entire row, and Subsequently, a 
second value being selectively written to particular cells of 
the row. 
0186 Referring to FIG. 34B, in the particular example 
shown, data values “1” can be written to all storage cells of a 
previously read (and latched) row. Such an operation can 
include any of the previously described write “1” operations. 
Because row 3404-1 is de-selected from such a write opera 
tion, data values stored within storage cells 3402-(1,0) and 
3402-(1,1) are not affected by such a step. 
0187. Referring to FIG. 34C, in the particular example 
shown, a data value “0” can be selectively written to a storage 
cell according to the data value previously latched. Thus, in 
FIG. 34C, a data value “0” can be written into a storage cell 
3402-(0,0), while storage cell 3402-(0,1) can be de-selected 
from such a write operation, and thus retain a data value “1”. 
Because row 3404-1 is de-selected, no values are written into 
storage cells 3402-(1,0) and 3402-(1,1). 
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0188 In this way, data values can be refreshed. 
0189 Refresh operations can be periodically performed 
based upon a data retention time of the corresponding storage 
cells. Refresh operations can be based on a timer circuit, or 
the like, that ensures a refresh operation occurs within a data 
retention time of a storage cell. 
(0190. Referring now to FIG. 35, a refresh operation 
according to an embodiment is shown in a timing diagram. 
Refresh operations for n+1 rows are executed according to 
refresh signals ROW0 to ROWn. All rows can refreshed 
within a time period Trefresh. A time period Trefresh can be 
larger thana time Tretain, which can representadata retention 
time of a storage cell. Preferably, a value Trefresh can be well 
within a value Tretain, to account for worst case data retention 
times of corresponding storage cells. 
0191 In this way storage cells can be periodically 
refreshed based on a data retention time. 
0.192 While embodiments of the present invention can 
include structures, circuits and operations according to the 
various embodiments, other embodiments can include meth 
ods of fabricating devices. Examples of such methods will 
now be described with reference to FIGS. 36A to 36G. 
(0193 Referring now to FIGS. 36A to 36G, methods of 
forming storage cells are shown in a series of side cross 
sectional views. FIGS. 36A to 36G show the formation of a 
storage cell having a p-channel conductivity type, however, 
alternate arrangements can form different conductivity type 
devices using dopings of opposite conductivity type. 
(0194 Referring now to FIG. 36A, an integrated circuit 
device 3600 can include a substrate having an isolation struc 
ture 3612 formed in a bulk portion 3616 that defines an active 
area for the formation of a storage cell. In one very particular 
arrangement, an isolation structure 3612 can be formed with 
shallow trench isolation (STI) techniques. Optionally, an 
active area can be subject to a Substrate (e.g., bulk) doping 
adjustment step, such as an ion implantation step. A bulk 
portion 3616 can be a semiconductor material doped to a 
conductivity type opposite to that of a channel region. Thus, 
in the example of FIG. 36A, a bulk portion 3616 can be doped 
to an n-type conductivity. 
(0195 Referring now to FIG. 36B, a storage cell channel 
region3608 can be formed. A channel region3608 can create 
a channel that can have a resistance that varies according to a 
charge of a store gate. In addition, a channel region can help 
ensure that a store gate does not contact any other oppositely 
doped semiconductor region, Such as bulk portion 3616 or a 
controlgate. In the particular example shown, a channel mask 
3660 can beformed that exposes regions where a channel is to 
be formed. Impurities can be implanted to produce a channel 
region 3608 having a desired conductivity type and concen 
tration. In the example of FIGS. 36A to 36G, a storage cell is 
of a p-channel type, thus, Such a step can include implanting 
p-type impurities. 
0196. Referring now to FIG. 36C, a method an optionally 
include forming a discharge channel 3614. In particular, a 
method can include this step to form a storage cell like that 
shown in FIGS. 8A to 8C. As noted above, a discharge chan 
nel 3614 can allow a store gate to be discharged to a bulk 
portion 3616. In the particular example shown, a discharge 
path mask 3662 can be formed that exposes regions where a 
discharge channel is to be formed. Impurities can be 
implanted to produce a discharge channel 3614 having a 
desired conductivity type and concentration. Further, implan 
tation energies can be selected to ensure that discharge chan 
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nel 3614 can be formed within the vertical extents necessary 
to extend from a bulk portion 3616 to a subsequently formed 
Store gate. 
0.197 A method can also include forming a store gate 
within a channel region. Two possible store gate formation 
steps are shown in FIGS. 36D-0 and 36D-1. 
(0198 Referring now to FIG.36D-0, a method for forming 
a store gate like that shown in FIGS. 1A to 1C is shown in a 
side cross sectional view. A store gate mask 3664 can be 
formed that exposes regions where a store gate is to be 
formed. Impurities can be implanted that produce a store gate 
3604 having a desired conductivity type and concentration. 
Implantation energies can be selected to ensure that store gate 
3604 can be formed within the necessary vertical extents. 
That is, a store gate 3604 can be formed that will not contact 
a bulk portion 3616 or a control gate. 
(0199 Referring now to FIG.36D-1, a method for forming 
a store gate like that shown in FIGS. 2A to 2C is shown in a 
side cross sectional view. FIG. 36D-1 shows the same general 
step as that shown in FIG. 36D-0, but a store gate mask 3664 
can be formed that allows a store gate to formed that can 
extend between opposing ends an isolation structure 3612. 
0200 FIGS. 36D-0 and 36D-1 also show where a dis 
charge channel 3614 can be included, if desired. 
0201 Referring now to FIG. 36E, a semiconductor elec 
trode material 3666 can be formed over a substrate. An elec 
trode material 3666 can be a material capable of forming a pn 
junction with a channel region 3608. In one particular 
example, an electrode material 3666 can be silicon, prefer 
ably polycrystalline silicon (polysilicon), formed over and in 
contact with a channel region3608. In the particular example 
of FIG. 36E, an electrode material 3666 can be doped to form 
a control gate electrode for a storage cell. Accordingly, a 
source/drain mask 3668 can be formed over portions of elec 
trode material 3666 from which a source or drain electrodes 
are to be formed. Areas exposed by source/drain mask 3668 
can be subject to an implantation step to form a control gate 
electrode having the opposite conductivity type as channel 
region 3608 (in this particular example, n-type). 
(0202 Referring to FIG. 36F, an electrode material 3666 
can be doped to form source and drain electrodes for a storage 
cell. Accordingly, a gate mask 3668 can be formed over 
portions of an electrode material 3666 from which a gate 
electrode is to be formed. Areas exposed by gate mask 3668 
can be subject to an implantation step that forms source and 
drain electrodes having the same conductivity type as the 
respective channel region 3608 (in this particular example, 
p-type). 
0203 Referring now to FIG. 36G, an electrode material 
3666 can be subject to an electrode patterning step. Such a 
step can include etching doped electrode material 3666 into 
electrode structures, and one embodiment, can be a reactive 
ion etch. In addition, a more conductive layer could beformed 
over semiconductor material 3666, such a silicide layer. This 
more conductive layer can be formed prior to, or after elec 
trodes are patterned. Subsequently, a storage cell 3600 could 
be subject to heat treatment step that can cause impurities to 
outdiffuse from electrodes into a substrate below. In the very 
particular example of FIG. 36G, an electrode patterning step 
can form a control gate 3602, a first source/drain 3606-0 and 
a second source? drain 3606-1. 

0204. In this way, storage cells that include a storegate and 
JFET device can beformed in a same substrate. Further, gate, 
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Source and drain electrodes for Such a storage cell can be 
formed with a same semiconductor layer. 
0205 While the various embodiments described above 
have shown arrangements in which source/drains include 
electrodes formed above a substrate surface. Alternate 
embodiments can include source/drains formed by diffusion 
regions within a Substrate. One Such arrangement is shown in 
FIGS. 37A to 37C. 
0206 Referring to FIGS. 37A to 37C, a storage cell 
according to another embodiment is shown in a series of 
views, and designated by the general reference character 
3700. FIGS. 37A to 37C show the same general views as 
FIGS. 1A to 1C. Further, a storage cell 3700 can include some 
of the same general structures as storage cell 100. Accord 
ingly, like structures will be referred to by the same reference 
character but with the first digits being “37” instead of a “1”. 
0207 Storage cell3700 can differ from that of FIGS. 1A to 
1C in that a first source? drain 3706-0 and second source? drain 
3706-1 can be formed by diffusion regions within substrate 
3710. As but one example, such source/drains (3706-0 and 
3706-1) can be formed by an ion implantation step that is 
self-aligned with control gate 3702. 
0208. In this way, a storage cell according to an embodi 
ment can include one or more diffused source/drains. 
0209 Reference in the description to “one embodiment' 
or “an embodiment’ means that aparticular feature, structure, 
or characteristic described in connection with the embodi 
ment is included in at least one embodiment of the invention. 
The appearance of the phrase “in one embodiment in various 
places in the specification do not necessarily all refer to the 
same embodiment. The term “to couple' or “electrically con 
nect as used herein may include both to directly and to 
indirectly connect through one or more intervening compo 
nentS. 

0210. Further it is understood that the embodiments of the 
invention may be practiced in the absence of an element or 
step not specifically disclosed. That is, an inventive feature of 
the invention may include an elimination of an element. 
0211 While various particular embodiments set forth 
herein have been described in detail, the present invention 
could be subject to various changes, Substitutions, and alter 
ations without departing from the spirit and scope of the 
invention. 

What is claimed is: 
1. A semiconductor device, comprising: 
at least one storage cell, comprising 
a store gate structure formed from a semiconductor mate 

rial doped to a first conductivity type and in contact with 
a channel region comprising a semiconductor material 
doped to a second conductivity type; 

at least a first source/drain region and a second source/drain 
region separated from one another by the channel 
region; and 

a control gate structure, comprising a semiconductor layer 
doped to the first conductivity type and formed over a 
Substrate Surface, the control gate structure being in 
contact with the channel region; wherein 

the store gate is formed on the Substrate surface. 
2. A semiconductor device, comprising: 
at least one storage cell, comprising 
a store gate structure formed from a semiconductor mate 

rial doped to a first conductivity type and in contact with 
a channel region comprising a semiconductor material 
doped to a second conductivity type; 

Jun. 17, 2010 

at least a first source/drain region and a second source/drain 
region separated from one another by the channel 
region; and 

a control gate structure, comprising a semiconductor layer 
doped to the first conductivity type and formed over a 
Substrate surface, the control gate structure being in 
contact with the channel region; wherein 

the control gate structure is formed adjacent to the store 
gate structure in a direction parallel to the Substrate 
Surface. 

3. An integrated circuit operating method, comprising the 
steps of: 

storing a first predetermined value in at least a first storage 
cell by applying a first gate Voltage to a gate terminal of 
the first storage cell and a first source Voltage to a source 
of the storage cell, the gate terminal comprising a semi 
conductor material doped to a first conductivity type and 
formed on a Substrate surface, the first gate and source 
Voltages creating a punchthrough Voltage through a 
semiconductor region of a second conductivity type that 
charges a store gate comprising a semiconductor mate 
rial doped to the first conductivity type; and 

determining the data value stored in the storage cell accord 
ing to the magnitude of a current flowing through a 
channel region of the first storage cell, the channel 
region comprising a semiconductor material doped to 
the second conductivity type that is adjacent to the store 
gate. 

4. The integrated circuit operating method of claim 3, 
wherein: 

storing the first predetermined value in the first storage cell 
further includes applying a reference Voltage to at least a 
first source/drain structure of the first storage cell, the 
first source? drain structure comprising a semiconductor 
material doped to the second conductivity type and in 
contact with the channel region of the first storage cell. 

5. The integrated circuit operating method of claim 3, 
further including: 

preventing the predetermined value from being Stored in a 
second storage cell, having the first write Voltage applied 
to its gate terminal, by applying a write inhibit Voltage to 
at least a first Source/drain region of the second storage 
cell, the first source/drain structure comprising a semi 
conductor material doped to the second conductivity 
type and in contact with the channel region of the second 
storage cell, the write inhibit Voltage preventing punch 
through from occurring between the gate terminal and a 
store gate of the second storage cell. 

6. The integrated circuit operating method of claim 3, 
wherein: 

determining the data value stored in the first storage cell 
includes applying a bias Voltage to a first source/drain 
structure of the first storage cell, the first source/drain 
structure comprising a semiconductor material doped to 
the second conductivity type and in contact with the 
channel region of the first storage cell. 

7. The integrated circuit operating method of claim 6, 
further including: 

preventing a second storage cell, having a first source/drain 
structure commonly connected to the first source/drain 
structure of the first storage cell, from adversely affect 
ing the determination of the data value stored in the first 
storage cell by placing a second source/drainstructure of 
the second storage cell into a high impedance state. 
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8. The integrated circuit operating method of claim 6. 
further including: 

preventing a second storage cell, having a first source/drain 
structure commonly connected to the first source/drain 
structure of the first storage cell, from adversely affect 
ing the determination of the data value stored in the first 
storage cell by applying a read inhibit Voltage to a gate 
terminal of the second storage cell that increases an 
impedance in a channel region of the second storage cell 
without punching through to a store gate of the second 
storage cell. 

9. The integrated circuit operating method of claim 3, 
further including: 

storing a second predetermined value in the first storage 
cell by applying a second write Voltage to at least a first 
source/drain structure of the first storage cell, the first 
Source/drain structure comprising a semiconductor 
material doped to the second conductivity type and in 
contact with the channel region of the first storage cell, 
the second write Voltage forward biasing a pnjunction 
created by the store gate, the channel region and the first 
Source/drain structure. 

10. The integrated circuit operating method of claim 3, 
further including: 

storing a second predetermined value in the first storage 
cell by applying a third write Voltage to at least a first 
source/drain structure of the first storage cell, the first 
Source/drain structure comprising a semiconductor 
material doped to the second conductivity type and in 
contact with the channel region of the first storage cell, 
the third write Voltage changing a charge path, compris 
ing a semiconductor material doped to the first conduc 
tivity type, from a pinch-off state to a conducting state. 

11. A method of fabricating an integrated circuit device 
storage cell, comprising: 

forming a channel region comprising a semiconductor 
material doped to a first conductivity type; 

forming a store gate structure comprising a semiconductor 
material doped to a second conductivity type in contact 
with the channel region; and 

forming a control gate terminal from at least a portion of a 
semiconductor layer deposited on a Substrate Surface in 
contact with the channel region, the portion of the semi 
conductor layer being doped to the second conductivity 
type. 

12 
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12. The method of claim 11, wherein: 
the Substrate comprises a semiconductor material; 
forming the channel region includes dopingaportion of the 

substrate to a predetermined depth with impurities of the 
first conductivity type; and 

forming the store gate includes doping a region within the 
channel region with impurities of the second conductiv 
ity type. 

13. The method of claim 12, further including: 
forming an isolation structure; 
forming the channel region includes forming the channel 

region within an area defined by the isolation structure; 
and 

forming the store gate includes doping a region within the 
channel region that extends from one side of the isola 
tion structure to an opposing side of the isolation struc 
ture. 

14. The method of claim 11, wherein: 
forming the store gate includes doping a region within the 

channel region with impurities of the second conductiv 
ity type, where the region is surrounded by portions of 
the channel region doped to the first conductivity type. 

15. The method of claim 11, further including: 
depositing the semiconductor layer on the Substrate Sur 

face; 
doping at least one portion of the semiconductor layer to 

the first conductivity type: 
doping at least another portion of the semiconductor layer 

to the second conductivity type; and 
patterning the semiconductor layer to form the control gate 

terminal and at least a first source? drainterminal, the first 
Source? drainterminal being doped to the first conductiv 
ity type. 

16. The method of claim 11, further including: 
forming the channel region includes doping a bulk portion 

of a semiconductor Substrate doped to the second con 
ductivity type with impurities of the first conductivity 
type; 

forming a discharge path within the channel region and in 
contact with the bulk portion by doping a portion of the 
channel region with impurities of the second conductiv 
ity type; and 

forming the store gate structure to be contact with the 
discharge path, but not in contact with the bulk portion. 

17. The method of claim 11, wherein: 
the semiconductor layer comprises silicon. 

c c c c c 


