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(57) ABSTRACT 

Structures and methods for novel DRAM technology com 
patible non volatile memory cells is provided. A non Volatile 
memory cell Structure is provided which includes a dynamic 
random access memory (DRAM) transistor. The non volatile 
memory cell includes a dynamic random access memory 
(DRAM) capacitor separated by an insulator layer from the 
DRAM transistor. An electrical via couples a first plate of 
the DRAM capacitor through the insulator layer to a gate of 
the DRAM transistor. 

The novel DRAM technology compatible non volatile 
memory cells can be fabricated on a DRAM chip with little 
or no modification of the DRAM optimized process flow. 
The novel DRAM technology compatible non volatile 
memory cells operate with lower programming Voltages 
than that used by conventional non volatile memory cells, 
yet still hold sufficient charge to withstand the effects of 
parasitic capacitances and noise due to circuit operation. 
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DRAM TECHNOLOGY COMPATIBLE NON 
VOLATILE MEMORY CELLS 

RELATED APPLICATIONS 

0001) (This section will be completed as the additional 
titles are finalized) This application is related to the co-filed 
and commonly assigned applications, attorney docket num 
ber 303.582us1, entitled “Applications for Dram Technol 
ogy Compatible EEPROM Cells,” by Eugene H. Cloud and 
Wendell P. Noble, attorney docket number 303.583us1, 
entitled “Dram Technology Compatible Processor/Memory 
Chips,” by Leonard Forbes, Eugene H. Cloud, and Wendell 
P. Noble, and attorney docket number 303.584us1, entitled 
“ConstructuDram Technology Compatible Non Volatile 
Memory Cells,” by Wendell P. Noble and Eugene H. Cloud 
which are hereby incorporated by reference and filed on 
even day herewith. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to semicon 
ductor integrated circuits and, more particularly, to dynamic 
random access memory (DRAM) technology compatible 
non Volatile memory cells. 

BACKGROUND OF THE INVENTION 

0003. With the increasing array density of successive 
generations of DRAM chips, the attractiveness of merging 
other functions onto the DRAM proceSS chip also increases. 
However, any Successful merged technology product must 
be cost competitive with the existing alternative of combin 
ing Separate chips at the card or package level, each being 
produced with independently optimized technologies. Any 
Significant addition of process Steps to an existing DRAM 
technology in order to provide added functions Such as high 
speed logic, SRAM or EEPROM becomes rapidly cost 
prohibitive due to the added proceSS complexity cost and 
decreased yield. Thus, there is a need for a means of 
providing additional functions on a DRAM chip with little 
or no modification of the DRAM optimized process flow. 
0004 Among the desired additional functions, incorpo 
rating non volatile memory capability into a DRAM proceSS 
flow is one area for which the differences between the 
Separately optimized technologies is the greatest. Electroni 
cally erasable and reprogrammable read only memory 
(EEPROM) cells represent one form of nonvolatile memory. 
EEPROM cells can be electrically programmed, erased, and 
reprogrammed. The typical EEPROM cell consists of a 
MOSFET with two stacked gates, a floating gate directly 
over the device channel and a control gate atop and capaci 
tively coupled to it. Since the floating gate is electrically 
isolated, any charge Stored on the floating gate is trapped. 
Storing Sufficient negative charge on the floating gate will 
SuppreSS the creation of an inversion channel between 
Source and drain of the MOSFET. Thus, the presence or 
absence of charge on the floating gate represents two distinct 
data States. Or the level of change represents a plurality of 
data States. 

0005 Typically, EEPROM cells are selectively pro 
grammed by hot electron injection which places a negative 
charge on a floating gate during a write. The EEPROM cells 
are selectively erased by Fowler-Nordheim tunneling which 
removes the a charge from the floating gate. During a write, 
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a high programming Voltage is placed on the control gate. 
This forces an inversion region to form in the p-type 
Substrate. The drain Voltage is increased to approximately 
half the control gate voltage (6 volts) while the Source is 
grounded (0 volts), increasing the Voltage drop between the 
drain and Source. In the presence of the inversion region, the 
current between the drain and Source increases. The result 
ing high electron flow from Source to drain increases the 
kinetic energy of the electrons. This causes the electrons to 
gain enough energy to overcome the outside barrier and 
collect on the floating gate. 
0006 After the write is completed, the negative charge on 
the floating gate raises the cells threshold Voltage (Vt) 
above the wordline logic 1 voltage. When a written cell's 
wordline is brought to a logic 1 during a read, the MOSFET 
in the EEPROM cell will not turn on. Sense amps detect and 
amplify the cell current, and output a 0 for a written cell. 
0007. The floating gate can be erased by grounding the 
control gate and raising the Source Voltage to a Sufficiently 
high positive Voltage to transfer electrons out of the floating 
gate to the Source terminal of the transistor by tunneling 
through the insulating gate oxide. After the erase is com 
pleted, the lack of charge on the floating gate lowers the 
cell's Vt below the wordline logic 1 voltage. Thus when an 
erased cells wordline is brought to a logic 1 during a read, 
the transistor will turn on and conduct more current than a 
written cell. Some EEPROM cells use FowlerNordheim 
tunneling for writes as well as erase. 
0008. The EEPROM cells can be selectively repro 
grammed in the same manner as described above, Since the 
Fowler-Nordheim tunneling process is nondestructive. The 
programming and erasure Voltages which effect Fowler 
Nordheim tunneling are higher than the Voltages normally 
used in reading the memory. Thus the FowlerNordheim 
tunneling effect is negligible at the lower Voltages used in 
reading the memory, allowing a EEPROM cell to maintain 
its programmed State for years if Subjected only to normal 
read cycles. 
0009. The programming voltages required for EEPROM 
operation pose an additional problem to merging EEPROM 
and DRAM chip technologies. The EEPROM cell includes 
a capacitor plate which must be fabricated with a large 
enough area to retain a charge Sufficient to withstand the 
effects of parasitic capacitances and noise due to circuit 
operation. The increased cell array density found on DRAM 
chips places significant constraints on the size of the 
EEPROM capacitor plate. Typically, Smaller cell designs 
necessitate increasing programming Voltages in order to 
retain required capacitance levels. Increasing the program 
ming Voltage, however, increases the power dissipation and 
future generations of EEPROM cells will require lower 
power dissipation. 

0010 Modern DRAM technologies are driven by market 
forces and technology limitations to converge upon a high 
degree of commonality in basic cell Structure. For the 
DRAM technology generations from 4 Mbit through 1 Gbit, 
the cell technology has converged into two basic structural 
alternatives, trench capacitor and Stacked capacitor. A 
method for utilizing a trench DRAM capacitor technology to 
provide a compatible EEPROM cell has been described in 
U.S. Pat. No. 5,598.367. A different approach is needed for 
Stacked capacitors however. 
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0.011 Thus, there is a need for novel DRAM technology 
compatible non volatile memory cells. It is desirable that 
such DRAM technology compatible non volatile memory 
cells be fabricated on a DRAM chip with little or no 
modification of the DRAM optimized process flow. It is 
further desirable that such DRAM technology compatible 
non volatile memory cells operate with lower programming 
Voltages than that used by conventional non Volatile memory 
cells, yet still hold sufficient charge to withstand the effects 
of parasitic capacitances and noise due to circuit operation. 

SUMMARY OF THE INVENTION 

0012. The above mentioned problems for merging other 
functions onto the DRAM chip as well as other problems are 
addressed by the present invention and will be understood 
by reading and Studying the following Specification. The 
present invention includes a compact non volatile memory 
cell Structure formed using a Stacked DRAM capacitor 
technology. 
0013 In one embodiment a non volatile memory cell 
Structure is provided. The non volatile memory cell includes 
a dynamic random access memory (DRAM) transistor. The 
non volatile memory cell includes a dynamic random acceSS 
memory (DRAM) capacitor separated by an insulator layer 
from the DRAM transistor. An electrical via couples a first 
plate of the DRAM capacitor through the insulator layer to 
a gate of the DRAM transistor. 
0.014. In another embodiment, an array of non volatile 
memory cells is provided. The array of non Volatile memory 
cells includes a number of non volatile memory cells. Each 
non Volatile memory cell includes a metal oxide Semicon 
ductor field effect transistor (MOSFET) formed in a semi 
conductor SubStrate. Each non volatile memory cell includes 
a Stacked capacitor which has a bottom plate, a capacitor 
dielectric, and a top plate. The Stacked capacitor is formed 
in a subsequent layer above the MOSFET and is separated 
from the MOSFET by an insulator layer. An electrical 
contact couples the bottom plate of the Stacked capacitor to 
a gate of the MOSFET through the insulator layer. A 
Wordline is coupled to the top plate of the Stacked capacitor 
in the number of non volatile memory cells. A bit line is 
coupled to a drain region of the MOSFET in the number of 
non volatile memory cells. And, a Sourceline is coupled to a 
Source region of the MOSFET in the number of non volatile 
memory cells. 
0.015. In another embodiment, a method for forming a 
non volatile memory cell on a DRAM chip is provided. The 
method includes forming a metal oxide Semiconductor field 
effect transistor (MOSFET) in a substrate on the DRAM 
chip. The method includes forming a Stacked capacitor 
above a gate of the MOSFET using a DRAM process. The 
stacked capacitor is separated from the MOSFET by an 
insulator layer. An electrical contact is formed using a 
DRAM proceSS Such that the electrical contact couples a 
bottom plate of the Stacked capacitor to the gate of the 
MOSFET through the insulator layer. 
0016. In another embodiment, a method for operating a 
memory cell is provided. The method includes controlling a 
charge placed on a gate of a metal oxide Semiconductor field 
effect transistor (MOSFET) and placed on a bottom plate of 
a Stacked capacitor which is coupled to the gate by an 
electrical contact through an insulator layer. Controlling the 
charge placed on the gate and on the bottom plate regulates 
a threshold voltage (Vt) for the memory cell. 
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0017. These and other embodiments, aspects, advan 
tages, and features of the present invention will be set forth 
in part in the description which follows, and in part will 
become apparent to those skilled in the art by reference to 
the following description of the invention and referenced 
drawings or by practice of the invention. The aspects, 
advantages, and features of the invention are realized and 
attained by means of the instrumentalities, procedures, and 
combinations particularly pointed out in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1A is a perspective view, illustrating one 
embodiment of a non Volatile memory cell according to the 
teachings of the present invention. 
0019 FIG. 1B, illustrates an alternative embodiment of 
the DRAM capacitor shown in FIG. 1A. 
0020 FIG. 1C, illustrates another alternative embodi 
ment of the DRAM capacitor shown in FIG. 1A. 
0021 FIG. 2 is a perspective view illustrating a non 
Volatile memory array according to the teachings of the 
present invention. 
0022 FIG. 3 is a block diagram illustrating an electronic 
System according to the teachings of the present invention. 
0023 FIG. 4 illustrates, in flow diagram form, a method 
for forming a non volatile memory cell on a DRAM chip 
according to the teachings of the present invention. 
0024 FIG. 5 illustrates, in flow diagram form, a method 
for forming a non volatile memory array on a DRAM chip. 
0025 FIG. 6 illustrates, flow diagram form, a method for 
operating a memory device according to the teachings of the 
present invention. 
0026 FIG. 7 illustrates, in flow diagram form, a method 
for programming a memory device according to the teach 
ings of the present invention. 
0027 FIG. 8 illustrates, in flow diagram form, another 
method for programming a memory device according to the 
teachings of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0028. In the following detailed description of the inven 
tion, reference is made to the accompanying drawings which 
form a part hereof, and in which is shown, by way of 
illustration, Specific embodiments in which the invention 
may be practiced. In the drawings, like numerals describe 
Substantially Similar components throughout the Several 
views. These embodiments are described in Sufficient detail 
to enable those skilled in the art to practice the invention. 
Other embodiments may be utilized and Structural, logical, 
and electrical changes may be made without departing from 
the Scope of the present invention. The terms wafer, chip, 
and Substrate used in the following description include any 
Structure having an exposed Surface with which to form the 
integrated circuit (IC) structure of the invention. The term 
Substrate is understood to include Semiconductor wafers. 
The term Substrate is also used to refer to Semiconductor 
Structures during processing, and may include other layers 
that have been fabricated thereupon. Both wafer, chip, and 
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Substrate include doped and undoped Semiconductors, epi 
taxial Semiconductor layerS Supported by a base Semicon 
ductor or insulator, as well as other Semiconductor Structures 
well known to one skilled in the art. The term conductor is 
understood to include Semiconductors, and the term insula 
tor is defined to include any material that is less electrically 
conductive than the materials referred to as conductors. The 
following detailed description is, therefore, not to be taken 
in a limiting Sense, and the Scope of the present invention is 
defined only by the appended claims, along with the full 
Scope of equivalents to which Such claims are entitled. 

0029. In particular, an illustrative embodiment of the 
present invention includes a non Volatile memory cell. The 
non volatile memory cell includes a dynamic random acceSS 
memory (DRAM) transistor. The non volatile memory cell 
includes a dynamic random access memory (DRAM) 
capacitor separated by an insulator layer from the DRAM 
transistor. An electrical via couples a first plate of the 
DRAM capacitor through the insulator layer to a gate of the 
DRAM transistor. 

0.030. In another embodiment of the present invention a 
non volatile random access memory (NVRAM) is provided. 
The NVRAM includes a metal oxide semiconductor field 

effect transistor (MOSFET) formed in a substrate. The 
NVRAM includes a stacked capacitor formed according to 
a dynamic random access memory (DRAM) process in a 
Subsequent layer above the MOSFET. The stacked capacitor 
is separated from the MOSFET by an insulator layer. An 
electrical contact couples a bottom plate of the Stacked 
capacitor to a gate of the MOSFET. In one embodiment, the 
electrical contact includes a polysilicon plug and the bottom 
plate of the Stacked capacitor is cup shaped having interior 
walls and is separated by a dielectric layer from a top plate 
of the Stacked capacitor. The dielectric layer is conformal to 
the bottom plate and the top plate is conformal to the 
dielectric layer. A portion of the top plate is located within 
the interior walls of the bottom plate. 

0031. In another embodiment of the present invention, an 
EEPROM cell is provided. The EEPROM cell includes a 
metal oxide semiconductor field effect transistor (MOSFET) 
formed in a semiconductor Substrate. The MOSFET has a 
gate Separated by a gate oxide from a channel region. The 
channel region couples a first diffused region to a Second 
diffused region. The EEPROM cell includes a stacked 
capacitor formed according to a dynamic random acceSS 
memory (DRAM) process in a subsequent layer above the 
MOSFET and separated from the MOSFET by an insulator 
layer. An electrical via couples a bottom plate of the Stacked 
capacitor through the insulator layer to the gate of MOSFET. 
In one embodiment, the Stacked capacitor includes a double 
sided Stacked type capacitor Structure having at least one 
roughened Surface. In an alternative embodiment, the 
Stacked capacitor includes a fin type capacitor Structure. The 
gate oxide has a thickness of less than 100 Angstroms (A). 
The Stacked capacitor includes a top plate Separated from the 
bottom plate of the capacitor by a capacitor dielectric. The 
bottom plate of the Stacked capacitor comprises a floating 
gate for the EEPROM cell and the top plate comprises a 
control gate for the EEPROM cell. In one embodiment, a 
capacitive coupling ratio (C1/C2) of a capacitance between 
the-control gate and the floating gate (C1) to a capacitance 
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between the floating gate and the channel region (C2) is 
greater than 1.9. The capacitor dielectric has a thickness of 
less than 100 A. 

0032. In another embodiment, a non volatile memory 
array is provided. The non volatile memory array includes a 
number of non volatile memory cells. Each non volatile 
memory cell includes a metal oxide Semiconductor field 
effect transistor (MOSFET) formed in a semiconductor 
Substrate. Each non Volatile memory cell includes a Stacked 
capacitor which has a bottom plate, a capacitor dielectric, 
and a top plate. The Stacked capacitor is formed in a 
Subsequent layer above the MOSFET and is separated from 
the MOSFET by an insulator layer. An electrical contact 
couples the bottom plate of the Stacked capacitor to a gate of 
the MOSFET through the insulator layer. A wordline is 
coupled to the top plate of the Stacked capacitor in the 
number of non volatile memory cells. A bit line is coupled 
to a drain region of the MOSFET in the number of non 
Volatile memory cells. And, a Sourceline is coupled to a 
Source region of the MOSFET in the number of non volatile 
memory cells. The non Volatile memory array is formed on 
a DRAM chip. In one embodiment, the non volatile memory 
array includes an array of electrically erasable and program 
mable read only memories (EEPROMs). In an alternative 
embodiment, the non volatile memory array includes an 
array of flash memory cells. 

0033. In another embodiment of the present invention, an 
electronic System is provided. The electronic System 
includes a processor and a dynamic random acceSS memory 
(DRAM) chip. A system bus couples the processor to the 
DRAM chip. The DRAM chip includes a non volatile 
memory array. The non Volatile memory array includes a 
number of non volatile memory cells. Each non volatile 
memory cell includes a metal oxide Semiconductor field 
effect transistor (MOSFET) formed in a semiconductor 
Substrate. Each non Volatile memory cell includes a Stacked 
capacitor. The Stacked capacitor has a bottom plate, a 
capacitor dielectric, and a top plate. The Stacked capacitor is 
formed in a subsequent layer above the MOSFET and is 
separated from the MOSFET by an insulator layer. Each non 
Volatile memory cell includes an electrical contact coupling 
the bottom plate of the Stacked capacitor to a gate of the 
MOSFET through the insulator layer. A wordline is coupled 
to the top plate of the Stacked capacitor in the number of non 
Volatile memory cells. A bit line is coupled to a drain region 
of the MOSFET in the number of non volatile memory cells. 
And, a Sourceline is coupled to a Source region of the 
MOSFET in the number of non volatile memory cells. 

0034. In another embodiment of the present invention, a 
method for forming a non volatile memory cell on a DRAM 
chip is provided. The method includes forming a metal oxide 
semiconductor field effect transistor (MOSFET) in a sub 
strate on the DRAM chip. The method includes forming a 
stacked capacitor above a gate of the MOSFET using a 
DRAM process. The Stacked capacitor is separated from the 
MOSFET by an insulator layer. An electrical contact is 
formed using a DRAM process such that the electrical 
contact couples a bottom plate of the Stacked capacitor to the 
gate of the MOSFET through the insulator layer. 

0035) In another embodiment, a method for forming a 
non volatile memory array on a DRAM chip is provided. 
The method includes forming a plurality of metal oxide 
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semiconductor field effect transistors (MOSFETs) in a semi 
conductor Substrate on the DRAM chip. The method 
includes forming a plurality of Stacked capacitors in an 
insulator layer above a gate for each of the plurality of 
MOSFETs using a DRAM process technology. A bottom 
plate for each of the plurality of Stacked capacitors is 
electrically coupled to the gates of each of the plurality of 
the MOSFETs using a contact plug formed according to a 
DRAM process technology. The method includes coupling a 
Wordline to the top plate for each of the Stacked capacitors 
in the plurality of Stacked capacitors. Abit line is coupled to 
a drain region for each of the MOSFETs in the plurality of 
MOSFETs. The method further includes coupling a source 
line a source region for each of the MOSFETs in the 
plurality of MOSFETs. 

0036). In another embodiment, a method for operating a 
memory cell is provided. The method includes controlling a 
charge placed on a gate of a metal oxide Semiconductor field 
effect transistor (MOSFET) and placed on a bottom plate of 
a Stacked capacitor which is coupled to the gate by an 
electrical contact through an insulator layer. Controlling the 
charge placed on the gate and on the bottom plate regulates 
a threshold voltage (Vt) for the memory cell. 
0037. In another embodiment of the present invention, a 
method for operating a memory device is provided. The 
method includes placing a charge on a gate of a metal oxide 
semiconductor field effect transistor (MOSFET) and placing 
a charge on a bottom plate of a Stacked capacitor. The 
stacked capacitor is separated from the MOSFET by an 
insulator layer and an electrical contact couples the bottom 
plate of the stacked capacitor to the gate of the MOSFET 
through the insulator layer. The method includes applying a 
potential to a top plate of the Stacked capacitor. The method 
further includes detecting a current flow between a first 
diffused region and a second diffused region in the MOS 
FET. 

0.038. In another embodiment of the present invention, a 
method for programming a memory device is provided. The 
method includes grounding a Source region for a metal oxide 
semiconductor field effect transistor (MOSFET). A control 
gate Voltage is applied to a top plate of a Stacked capacitor 
formed in an insulator layer Separating the Stacked capacitor 
from the MOSFET. The stacked capacitor includes a bottom 
plate Separated by a capacitor dielectric from the top plate. 
The bottom plate is electrically coupled by an electrical via 
through the insulator layer to a gate of the MOSFET. The 
method further includes applying a drain Voltage of approxi 
mately half the control gate Voltage to a drain region of the 
MOSFETsuch that an electrical charge is placed on the gate 
of the MOSFET and the bottom plate of the stacked capaci 
tor. 

0039. In another embodiment of the present invention, 
another method for programming a memory device is pro 
Vided. The method includes applying a Voltage potential to 
a Source region for a metal oxide Semiconductor field effect 
transistor (MOSFET). The method includes grounding a top 
plate of a Stacked capacitor formed in an insulator layer 
which separates the stacked capacitor from the MOSFET. 
The Stacked capacitor includes a bottom plate Separated by 
a capacitor dielectric from the top plate. The bottom plate is 
electrically coupled by an electrical via through the insulator 
layer to a gate of the MOSFET. The method further includes 
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disconnecting a drain region of the MOSFET from a voltage 
Supply Such that the method removes an electrical charge 
from the gate of the MOSFET and removes an electrical 
charge from the bottom plate of the Stacked capacitor. 
0040 FIG. 1A is a perspective view, illustrating one 
embodiment of a non volatile memory cell 100, a non 
volatile random access memory (NVRAM) 100, an electri 
cally erasable and programmable read only memory cell 
(EEPKOM) 100, or FLASH memory cell, according to the 
teachings of the present invention. The non Volatile memory 
cell structure 100 includes a MOSFET 110 and a capacitor 
120 fabricated using conventional DRAM process steps. In 
one embodiment, the MOSFET 110 includes an n-channel 
metal oxide semiconductor (NMOS) transistor 110 formed 
in a semiconducting substrate 111. The MOSFET 110 
includes a gate 112 Separated by a gate oxide 113 from a 
channel region 114 of the MOSFET 110. In one embodi 
ment, the gate oxide 113 has a thickness of less than 100 
Angstroms (A) and acts as a tunneling oxide. Gate 112 
includes a polysilicon gate 112, a polycide gate 112, Salicded 
gate Structure, or other conductive gate material as known to 
one of ordinary skill in the art of DRAM transistor fabrica 
tion. The channel region 114 couples a first diffused region 
115 to a second diffused region 116. The DRAM transistor 
is formed according to a conventional, DRAM optimized 
process flow, as is known to those of ordinary skill in the art 
of DRAM chip fabrication. 
0041 As shown in FIG. 1A, the capacitor 120 is formed 
in a Subsequent layer above the MOSFET 110. The capacitor 
120 is separated from the transistor by an insulator layer 
132. Capacitor 120 includes a bottom plate 121 and a top 
plate 123 which is separated from the bottom plate 121 by 
a dielectric layer or a control gate insulator, or capacitor 
dielectric 122. The bottom plate 121 Serves as a Storage node 
121 and the top plate Serves as a plate capacitor 123 for the 
capacitor 120. The bottom plate 121 comprises a floating 
gate 121 for the non volatile memory cell 100 which is 
connected through 130 to gate 112. Entire stack 121,130 and 
112 is a floating gate. The top plate 123 comprises a control 
gate 123 for the non volatile memory cell 100. In one 
embodiment, shown in FIG. 1A, capacitor 120 includes a 
stacked capacitor which is cup shaped 120. The bottom plate 
121 has interior walls 121A and exterior walls 121B. The 
capacitor dielectric 122 is conformal to the interior walls 
121A and the exterior walls 121B of the bottom plate 121. 
The top plate 123 is conformal to the capacitor dielectric 
122. A portion of the top plate 123 is located within and 
opposes the interior walls 121A of the bottom plate 121, 
Separated therefrom by the capacitor dielectric 122. A por 
tion of the top plate 123 is locate outside of and opposes the 
exterior walls 121B of the bottom plate 121, separated 
therefrom by the capacitor dielectric 122. In one embodi 
ment, the capacitor dielectric has a thickness of less than 100 
Angstroms (A). 
0042. In an alternative embodiment, shown in FIG. 1 B, 
the capacitor includes a fin type Stacked capacitor Structure 
120'. capacitor 120"includes a bottom plate 121' and a top 
plate 123' which is separated from the bottom plate 121' by 
a dielectric layer, or capacitor dielectric 122". The bottom 
plate 121' Serves as a storage node 121' and the top plate 
serves as a plate capacitor 123' for the capacitor 120". The 
bottom plate 121' has interior walls 121A" and exterior walls 
121B'. The capacitor dielectric 122 is conformal to the 
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interior walls 121A and the exterior walls 121B' of the 
bottom plate 121". The top plate 123' is conformal to the 
capacitor dielectric 122". A portion of the top plate 123' is 
located within and opposes the interior walls 121A of the 
bottom plate 121', Separated therefrom by the capacitor 
dielectric 122". A portion of the top plate 123' is locate 
outside of and opposes the exterior walls 121B' of the 
bottom plate 121', Separated therefrom by the capacitor 
dielectric 122. In one embodiment, the capacitor dielectric 
has a thickness of less than 100 Angstroms (A). 
0043. In another alternative embodiment, shown in FIG. 
1C, the capacitor includes a double Sided Stacked type 
capacitor Structure having at least one roughened Surface 
121". Capacitor 120" includes a bottom plate 121" and a top 
plate 123" which is separated from the bottom plate 121" by 
a dielectric layer, or capacitor dielectric 122". The bottom 
plate 121" Serves as a Storage node 121" and the top plate 
serves as a plate capacitor 123" for the capacitor 120". The 
bottom plate 121" has interior walls 121A" and exterior 
walls 121B". The capacitor dielectric 122" is conformal to 
the interior walls 121A" and the exterior walls 121B" of the 
bottom plate 121". The top plate 123" is conformal to the 
capacitor dielectric 122". A portion of the top plate 123" is 
located within and opposes the interior walls 121A" of the 
bottom plate 121", separated therefrom by the capacitor 
dielectric 122". A portion of the top plate 123" is locate 
outside of and opposes the exterior walls 121B" of the 
bottom plate 121", separated therefrom by the capacitor 
dielectric 122". In one embodiment, the capacitor dielectric 
has a thickness of less than the equivalent of 100 Angstroms 
(A) of SiO. 
0044) Other known structures for stacked capacitors are 
included within the Scope of the present invention for 
comprising capacitor 120. The capacitor 120 is formed 
according to a conventional, DRAM optimized process flow, 
as is known to those of ordinary skill in the art of DRAM 
chip fabrication. In one embodiment, a TEOS layer, or 
O-TEOS layer is used to form the insulator layer 132, or 
interlayer dielectric 132, Separating the capacitor 120 from 
the MOSFET 110. Other insulator layers such as silicon 
dioxide (SiO2) or silicon-nitride (SiN) may similarly be 
substituted as the insulator layer 132. 
0045. As shown in FIG. 1A, an electrical via 130, or 
electrical contact 130, or plug couples the bottom plate 121, 
or first plate 121, of the capacitor 120 through the insulator 
layer 132 to the gate 112 of the MOSFET 110. In one 
embodiment, the electrical contact 130 includes a polysili 
con plug 130. Other electrical contacts 130 of suitable 
conductivity may similarly be employed to form the elec 
trical contact 130 between the bottom plate 121 and the gate 
112 through the insulator layer 132. To form the electrical 
contact 130 through the insulator layer 132, a photoresist 
layer, or other Suitable mask, is deposited on the insulator 
layer patterned and exposed to form an opening in the mask 
above the gate 112 of the MOSFET 110. A DRAM etch 
proceSS is used to create a contact opening through the 
insulator layer 132 to the gate 112 of the MOSFET 110. 
In-one embodiment, the DRAM etch process includes a 
reactive ion etch (RIE). Other suitable etches may similarly 
be employed. A first level interconnection to the gate 112 of 
the MOSFET 110 is made to form the electrical contact 130 
through the insulator layer. In one embodiment, the electri 
cal via 130, or electrical contact 130, is formed using an 
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Aluminum (Al) reflow process and Titanium/Titanium-Ni 
tride (Ti/TiN) as a barrier metal to enhance electromigration 
and StreSSmigration resistance in contrast to conventional Al 
deposition. Alternatively, electrical contact is formed using 
DRAM chemical vapor deposition (CVD) to create a con 
ductive connection between the bottom plate 121 of the 
capacitor 120 and the gate 112 of the MOSFET 110 through 
an opening in the insulator layer 132. In this manner, non 
volatile memory cell 100, shown in FIG. 1A, is formed 
entirely according to an optimized process flow. Thus, the 
lengthy process Steps associated with conventional non 
Volatile memory cell fabrication is avoided. Also, the non 
volatile memory cell 100 structure of the present invention 
is achievable in the high density DRAM fabrication format 
of 256 Mbit DRAMs and beyond. 

0046) The non volatile memory cell 100 of the present 
invention may provide a greater capacitive coupling ratio 
(C1/C2) than conventional non volatile memory cells. The 
capacitive coupling ratio (C1/C2) is measured as the ratio 
between the capacitance of the control gate to the floating 
gate (C1) and the capacitance of the floating gate to the 
channel region (C2). The capacitive coupling ratio may also 
be expressed as the ratio of the capacitance between the 
control gate to the floating gate (C1) and the capacitance of 
the floating gate to either the first diffused region or the 
second diffused region (C2). Conventional non volatile 
memory cells have a capacitive coupling ratio (C1/C2) in the 
range from 0.6 to 1.0. However, the inherently high capaci 
tor Surface area of the capacitor 120, included as part of the 
non volatile cell 100 of the present invention, may provide 
a capacitive coupling ratio (C1/C2) many times this. 
0047 FIG. 2 is a perspective view illustrating a non 
volatile memory array 200 according to the teachings of the 
present invention. The non volatile memory array 200 
includes a number of non volatile memory cells, shown 
generally as 218A and 218B. Each non volatile memory cell, 
200A, 200B etc., includes a metal oxide semiconductor field 
effect transistor (MOSFET), shown in FIG. 2 as 210A and 
210B, formed in a semiconductor Substrate 211. Each MOS 
FET is structured and formed as described above in con 
nection with FIG. 1A. Each non volatile memory cell, 
218A, 218B etc., includes a capacitor, shown in FIG. 2 as 
220A and 220B which is fabricated using conventional 
DRAM process Steps. Each capacitor is structured and 
formed as described in detail above in connection with 
FIGS. 1A, 1B, or IC. As shown in FIG. 2, the capacitors, 
220A, 220B, etc., are formed in a subsequent layer above the 
MOSFETs, 210A, 210B, etc. respectively. The capacitors, 
220A, 220B, etc., are separated from the MOSFETs, 210A, 
210B, etc., by an insulator layer 232. An electrical contact 
couples a bottom plate, 221A, 221B, etc., of each capacitor, 
220A, 220B, etc., to a gate, 212A, 212B, etc., for each 
MOSFET, 210A, 210B, etc., located beneath the capacitors, 
220A, 220B, etc. In FIG. 2 the electrical contacts are shown 
as 230A and 230B respectively. The electrical contacts, 
230A, 230B, etc., are structured and formed as described 
above in detail in connection with FIG. 1A. The electrical 
contacts, 230A, 230B, etc., couple a bottom plate, 221A, 
221B, etc., in each capacitor, 220A, 220B, etc., to the gate, 
212A, 212B, etc., for each MOSFET, 210A, 210B, etc., 
through the insulator layer 232. The insulator layer 232 
includes an insulator layer 232 as described in detail above 
in connection with FIG. 1A. 
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0.048. A top plate 223, shown as a continuous top plate in 
FIG. 2, serves as a wordline, and control gate 223, for each 
of the number of non volatile memory cells, 218A, 218B, 
etc., in the non volatile memory array 200. Abit line, shown 
in FIG. 2 as 219A or 219B, couples to a drain region, 21.6A 
or 216B, of the MOSFET in the number of non volatile 
memory, 218A, 218B, etc., in the non volatile memory array 
200. In one embodiment, the bit line, 219A or 219B, couples 
the drain region, 216A or 216B, of the MOSFET in a 
direction orthogonal to the control gate 223 and couples the 
drain region, 216A or 216B, to other drain regions for 
MOSFETs, not shown, in a direction perpendicular to the 
vertical plane. A sourceline, shown in FIG. 2 as 217A or 
217B, couples to a source region, 215A or 21 SB, of the 
MOSFET in the number of non volatile memory cells, 218A, 
218B, etc., in the non volatile memory array 200. In one 
embodiment, the sourceline, 217A or 217B, couples the 
source region, 215A or 215B, of the MOSFET in a direction 
orthogonal to the control gate 223 and couples the Source 
region, 215A or 215B, to other source regions for MOS 
FETs, not shown, in a direction perpendicular to the Vertical. 
The non volatile memory array 200 may be formed on a 
DRAM chip 211, or other devices. 
0049. In one embodiment, the non volatile memory array 
200 includes an array of electrically erasable and program 
mable read only memories (EEPROMs). In an alternative 
embodiment, the non volatile memory array 200 includes an 
array of flash memory cells. The inherently high capacitor 
Surface area of the capacitors, 220A, 220B, etc., included as 
part of the non volatile memory array 200 of the present 
invention, provides a capacitive coupling ratio Superior to 
that found in convention non volatile memory arrayS. 
0050 FIG. 3 is a block diagram illustrating an electronic 
System 300 according to the teachings of the present inven 
tion. The electronic system 300 includes a processor 310 and 
a dynamic random access memory (DRAM) chip 320. A 
system bus 330 couples the processor 310 to the DRAM chip 
320. The system bus 330 includes any system bus 330 
suitable for transferring data between the processor 310 and 
the DRAM chip 320. The DRAM chip 320 includes a non 
Volatile memory array as described in detail in connection 
with FIG. 2. 

0051 FIG. 4 illustrates, in flow diagram form, a method 
for forming a non volatile memory cell on a DRAM chip 
according to the teachings of the present invention. The 
method includes forming a metal oxide Semiconductor field 
effect transistor (MOSFET) in a substrate on the DRAM 
chip 410. The method includes forming a Stacked capacitor 
above a gate of the MOSFET using a DRAM process such 
that the Stacked capacitor is separated by an insulator layer 
from the MOSFET 420. The method further includes form 
ing an electrical contact using a DRAM process Such that the 
electrical contact couples a bottom plate of the Stacked 
capacitor to the gate of the MOSFET through the insulator 
layer 430. In one embodiment, forming the electrical contact 
includes forming a polysilicon plug. In one embodiment, 
forming a MOSFET in a substrate on the DRAM chip 
includes forming an n-channel metal oxide Semiconductor 
(NMOS) transistor. In one embodiment, forming a stacked 
capacitor includes forming a Stacked capacitor having a 
cup-shaped bottom plate with interior walls, a capacitor 
dielectric conformal to the bottom plate, and a top plate 
conformal to the capacitor Such that a portion of the top plate 
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is located within the interior walls of the bottom plate. The 
method of FIG. 4 thus provides a non volatile memory cell 
with an inherently high capacitor Surface area for retaining 
charge. The novel non volatile memory cell operates at 
lower programming Voltages yet still affords a greater 
capacitive coupling ratio than conventional non volatile 
memory cells. 
0052 FIG. 5 illustrates, in flow diagram form, a method 
for forming a non volatile memory array on a DRAM chip. 
The method includes forming a plurality of metal oxide 
semiconductor field effect transistors (MOSFETs) in a semi 
conductor Substrate on the DRAM chip 510. The method 
includes forming a plurality of Stacked capacitors in an 
insulator layer above a gate for each of the plurality of 
MOSFETs using a DRAM process technology 520. The 
method includes electrically coupling a bottom plate for 
each of the plurality of Stacked capacitors to the gates of 
each of the plurality of the MOSFETs using a contact plug 
formed according to a DRAM process technology 530. A 
Wordline is coupled to and formed by the top plate for each 
of the Stacked capacitors in the plurality of Stacked capaci 
tors 540. A bit line is coupled to a drain region for each of 
the MOSFETs in the plurality of MOSFETs 550. The 
method further includes coupling a Sourceline a Source 
region for each of the MOSFETs in the plurality of MOS 
FETs 560. In one embodiment, forming a plurality of 
Stacked capacitors includes forming a plurality of Stacked 
capacitors each having a cup-shaped bottom plate with 
interior walls, a capacitor dielectric conformal to the bottom 
plate, and a top plate conformal to the capacitor, and wherein 
a portion of the top plate is located within the interior walls 
of the bottom plate. 

Method of Operation 
0053. The operation of the novel non volatile memory 
cells of the present invention is explained in reference to 
FIG. 2. Programming the novel non volatile memory cells, 
218A, 218B, etc., can be achieved through the use of hot 
electron injection. By this method, the wordline 223 is 
brought to a high programming Voltage, e.g. 2xVcc. This 
forces an inversion region to form in the channel regions, 
shown in FIG.2 as 214A and 214B, of unprogrammed cells. 
A Voltage of approximately half the wordline 223 voltage is 
placed on the bit line, 219A and/or 219B which are coupled 
to drain regions, 21.6A and/or 216B, of the MOSFETs in the 
number of non volatile memory cells, 218A, 218B, etc., of 
the non volatile memory array 200. The sourcelines, shown 
in FIG.2 as 217A and 217B, which are coupled to the source 
regions, 215A and 215B, of the MOSFETs in the non 
volatile memory array 200 are held at ground. This increases 
the Voltage drop between the Source regions, 215A and 
215B, and the drain regions, 21.6A and 216B, for the number 
of non volatile memory cells, 218A, 218B, etc., in the non 
volatile memory array 200. In the presence of the inversion 
region, the current between the Source regions, 215A and 
215B, and the drain regions, 21.6A and 216B, respectively 
increases. The resulting high electron flow from the Source 
regions, 215A and 215B, and the drain regions, 21.6A and 
216B, increases the kinetic energy of the electrons. This 
causes the electrons to gain enough energy to overcome the 
gate oxides, 213A and 213B respectively, collect on the 
gates, 212A and 212B. The gates, 212A and 212B, are 
coupled by the electrical contacts, 230A and 230B respec 
tively, to the bottom plates, 221A and 221B, for the capaci 
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tors, 220A and 220B, in each of the number of non volatile 
memory cells, 218A, 218B, etc., of the non volatile memory 
array 200. The electrons are thus trapped on the bottom 
plates, 221A and 221B, for the capacitors, 220A and 220B. 

0054. After the programming is completed, the negative 
charge on the gates, 212A and 212B, the electrical contacts, 
230A and 230B, and the bottom plates, 221A and 221B, for 
the capacitors, 220A and 220B, in each of the number of non 
volatile memory cells, 218A, 218B, etc., of the non volatile 
memory array 200 raises a threshold voltage (Vt) for each of 
the number of non volatile memory cells, 218A, 218B, etc., 
of the non volatile memory array 200 above the wordline 
223 logic “1” voltage. When a programmed cell's wordline 
223 is brought to a logic “1” during a read, the non Volatile 
memory cells, 218A, 218B, etc., will not turn on. Sense 
amps, not shown detect and amplify the cell current, and 
output a 0 for a written, or “programmed' cell. 

0.055 The negative charge on the gates, 212A and 212B, 
the electrical contacts, 230A and 230B, and the bottom 
plates, 221A and 221B, for the capacitors, 220A and 220B, 
can be erased by grounding the Wordline/control gate 223 
and raising the sourcelines, 217A and 217B, which are 
coupled to the source regions, 215A and 21 SB, of the 
MOSFETs in the non volatile memory array 200 to a 
Sufficiently high positive Voltage to transfer electrons out of 
the gates, 212A and 212B, the electrical contacts, 230A and 
230B, and the bottom plates, 221A and 221B, for the 
capacitors, 220A and 220B to the source regions, 215A and 
215B, of the MOSFETs by tunneling through the gate 
oxides, 213A and 213B respectively. After the erase is 
completed, the lack of charge on the gates, 212A and 212B, 
the electrical contacts, 230A and 230B, and the bottom 
plates, 221A and 221B, for the capacitors, 220A and 220B, 
lowers the threshold voltage (Vt) for each of the number of 
non volatile memory cells, 218A, 218B, etc., of the non 
volatile memory array 200 below the wordline 223 logic “1” 
voltage. Thus when the wordline 223 of an erased non 
volatile memory cell, 218A, 218B, etc., wordline is brought 
to a logic “1” during a read, the non Volatile memory cell, 
218A, 218B, etc., will turn on and conduct more current than 
a programmed non volatile memory cell, 218A, 218B, etc. 
Sense amps, not shown, detect and amplify the current 
conducted through the non volatile memory cell, 218A, 
218B, etc., and output a logic “1” for an unprogrammed, or 
unwritten, cell. In one embodiment, the method of operation 
for Fowler Nordheim erase functions is reversed and utilized 
to program the non volatile memory cells, 218A, 218B, etc. 
AS is appreciated by those skilled in the art, the non Volatile 
memory array 200 will be complemented with other logic 
architectures to attain high random access memory (RAM) 
read performance. 

0056 FIG. 6 illustrates, in flow diagram form, a method 
for operating a memory device according to the teachings of 
the present invention. The method includes placing a charge 
on a gate of a metal oxide Semiconductor field effect 
transistor (MOSFET) and placing a charge on a bottom plate 
of a Stacked capacitor where the Stacked capacitor is sepa 
rated from the MOSFET by an insulator layer, and where an 
electrical contact couples the bottom plate of the Stacked 
capacitor to the gate of the MOSFET through the insulator 
layer 610. The method includes applying a potential to a top 
plate of the stacked capacitor 620. The method further 
includes detecting a current flow between a first diffused 
region and a second diffused region in the MOSFET 630. 
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0057 FIG. 7 illustrates, in flow diagram form a method 
for programming a memory device according to the teach 
ings of the present invention. The method includes ground 
ing a Source region for a metal oxide Semiconductor field 
effect transistor (MOSFET) 710. The method includes 
applying a control gate Voltage to a top plate of a Stacked 
capacitor formed in an insulator layer Separating the Stacked 
capacitor from the MOSFET where the stacked capacitor 
includes a bottom plate Separated by a capacitor dielectric 
from the top plate, and where the bottom plate is electrically 
coupled by an electrical via through the insulator layer to a 
gate of the MOSFET 720. The method further includes 
applying a drain Voltage of approximately half the control 
gate voltage to a drain region of the MOSFET such that an 
electrical charge is placed on the gate of the MOSFET and 
the bottom plate of the stacked capacitor 730. 
0.058 FIG. 8 illustrates, in flow diagram form, a method 
for programming a memory device according to the teach 
ings of the present invention. The method includes applying 
a Voltage potential to a Source region for a metal oxide 
semiconductor field effect transistor (MOSFET). 810. The 
method includes grounding a top plate of a Stacked capacitor 
formed in an insulator layer Separating the Stacked capacitor 
from the MOSFET where the stacked capacitor includes a 
bottom plate Separated by a capacitor dielectric from the top 
plate, and where the bottom plate is electrically coupled by 
an electrical via through the insulator layer to a gate of the 
MOSFET 820. The method further includes disconnecting a 
drain region of the MOSFET from a voltage supply such that 
an electrical charge is removed from the gate of the MOS 
FET and removed from the bottom plate of the stacked 
capacitor 830. 

Conclusion 

0059) Thus, structures and methods for novel DRAM 
technology compatible non volatile memory cells has been 
provided. The novel DRAM technology compatible non 
volatile memory cells can be fabricated on a DRAM chip 
with little or no modification of the DRAM optimized 
process flow. The novel DRAM technology compatible non 
Volatile memory cells operate with lower programming 
Voltages than that used by conventional non Volatile memory 
cells, yet still hold sufficient charge to withstand the effects 
of parasitic capacitances and noise due to circuit operation. 
Hence, the requirements of low power densely packed 
integrated circuits is realized for Smaller, portable devices 
which utilize non volatile memory cells. 
0060. It is to be understood that the above description is 
intended to be illustrative, and not restrictive. Many other 
embodiments will be apparent to those of skill in the art 
upon reviewing the above description. The Scope of the 
invention should, therefore, be determined with reference to 
the appended claims, along with the full Scope of equivalents 
to which Such claims are entitled. 

What is claimed is: 
1. A non volatile memory cell Structure, comprising: 
a transistor, 
a capacitor, and 

a vertical electrical via which couples a first plate of the 
capacitor through an insulator layer to a gate of the 
transistor. 
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2. The non volatile memory cell structure of claim 1, 
wherein the transistor includes an n-channel metal oxide 
semiconductor (NMOS) transistor. 

3. The non volatile memory cell structure of claim 1, 
wherein the transistor includes a transistor formed in a 
Semiconductor Substrate including a channel and a first and 
a Second diffused region in the Semiconductor Substrate, and 
wherein a gate for the transistor is separated from the 
channel by a gate oxide. 

4. The non volatile memory cell structure of claim 3, 
wherein the capacitor includes a Stacked capacitor formed in 
a Subsequent layer above the transistor and Separated from 
the transistor by the insulator layer. 

5. The non volatile memory cell structure of claim 4, 
wherein the first plate of the Stacked capacitor is cup shaped 
and is separated by a dielectric layer from a Second plate of 
the capacitor. 

6. A Stacked non volatile random access memory 
(NVRAM), comprising: 

a metal oxide semiconductor field effect transistor (MOS 
FET) formed in a substrate; 

a Stacked capacitor formed according to a dynamic ran 
dom access memory (DRAM) process in a Subsequent 
layer above the MOSFET and separated from the 
MOSFET by an insulator layer; and 

an electrical contact coupling a bottom plate of the 
stacked capacitor to a gate of the MOSFET. 

7. The NVRAM of claim 6, wherein the electrical contact 
includes a polysilicon plug. 

8. The NVRAM of claim 6, wherein the bottom plate of 
the Stacked capacitor is cup shaped having interior walls and 
is separated by a dielectric layer from a top plate of the 
capacitor. 

9. The NVRAM of claim 8, wherein the dielectric layer is 
conformal to the bottom plate, and wherein the top plate is 
conformal to the dielectric layer, a portion of the top plate 
being located within the interior walls of the bottom plate. 

10. The NVRAM of claim 8, wherein the bottom plate 
Serves as a Storage node, and wherein the top plate Serves as 
a plate conductor for the Stacked capacitor. 

11. The NVRAM of claim 6, wherein the NVRAM 
includes an electrically erasable and programmable read 
only memory (EEPROM). 

12. The NVRAM of claim 6, wherein the NVRAM 
includes a flash memory cell. 

13. An EEPROM cell, comprising: 

a metal oxide semiconductor field effect transistor (MOS 
FET) formed in a semiconductor substrate, wherein the 
MOSFET includes a gate separated by a gate oxide 
from a channel region, and wherein the channel region 
couples a first diffused region to a Second diffused 
region; 

a Stacked capacitor formed according to a dynamic ran 
dom access memory (DRAM) process in a Subsequent 
layer above the MOSFET and separated from the 
MOSFET by an insulator layer; and 

an electrical via coupling a bottom plate of the Stacked 
capacitor through the insulator layer to the gate of 
MOSFET 
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14. The EEPROM cell of claim 13, wherein the stacked 
capacitor includes a double Sided Stacked type capacitor 
Structure having at least one roughened Surface. 

15. The EEPROM cell of claim 13, wherein the stacked 
capacitor includes a fin type capacitor Structure. 

16. The EEPROM cell of claim 13, wherein the gate oxide 
has a thickness of less than the equivalent of 100 A of SiO. 

17. The EEPROM cell of claim 13, wherein the stacked 
capacitor includes a top plate Separated from the bottom 
plate of the capacitor by a capacitor dielectric, and wherein 
the bottom plate of the Stacked capacitor comprises a 
floating gate for the EEPROM cell, and wherein the top plate 
comprises a control gate for the EEPROM cell. 

18. The EEPROM cell of claim 17, wherein a capacitive 
coupling ratio (C1/C2) of a capacitance between the control 
gate and the floating gate (C1) to a capacitance between the 
floating gate and the channel region (C2) is greater than 1.0. 

19. The EEPROM cell of claim 17, wherein a capacitive 
coupling ratio (C1/C2) of a capacitance between the control 
gate and the floating gate (C1) to a capacitance between the 
floating gate and either the first diffused region or the Second 
diffused region (C2) is greater than 1.0. 

20. The EEPROM cell of claim 17, wherein the capacitor 
dielectric has a thickness of less than the equivalent of 100 
A of SiO. 

21. A non Volatile memory array, comprising: 
a number of non volatile memory cells wherein each non 

Volatile memory cell includes: 
a metal oxide Semiconductor field effect transistor 
(MOSFET) formed in a semiconductor substrate; 

a Stacked capacitor having a bottom plate, a capacitor 
dielectric, and a top plate, wherein the Stacked 
capacitor is formed in a Subsequent layer above the 
MOSFET, and wherein the stacked capacitor is sepa 
rated from the MOSFET by an insulator layer; and 

an electrical contact coupling the bottom plate of the 
stacked capacitor to a gate of the MOSFET through 
the insulator layer; 

a wordline coupled to the top plate of the Stacked capaci 
tor in the number of non volatile memory cells; 

a bit line coupled to a drain region of the MOSFET in the 
number of non Volatile memory cells, and 

a sourceline coupled to a source region of the MOSFET 
in the number of non volatile memory cells. 

22. The non volatile memory array of claim 21, wherein 
the non volatile memory array is formed on a DRAM chip. 

23. The non volatile memory array of claim 21, wherein 
the electrical contact includes a polysilicon plug. 

24. The non volatile memory array of claim 21, wherein 
the bottom plate of the Stacked capacitor is cup shaped 
having interior walls. 

25. The non volatile memory array of claim 24, wherein 
the capacitor dielectric is conformal to the bottom plate, and 
wherein the top plate is conformal to the capacitor dielectric, 
a portion of the top plate being located within the interior 
walls of the bottom plate. 

26. The non volatile memory array of claim 21, wherein 
the gate of the MOSFET serves as a floating gate, and 
wherein the top plate of the Stacked capacitor Serves as a 
control gate in the number of non volatile memory cells. 
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27. The non volatile memory array of claim 21, wherein 
the array of non volatile memory cells includes an array of 
electrically erasable and programmable read only memories 
(EEPROMs). 

28. The non volatile memory array of claim 21, wherein 
the array of non volatile memory cells includes an array of 
flash memory cells. 

29. An electronic System, comprising: 
a proceSSOr, 

a dynamic random access memory (DRAM) chip; and 
a System buS coupling the processor to the DRAM chip, 

wherein the DRAM chip includes a non volatile 
memory array, and wherein the non volatile memory 
array includes: 
a number of non volatile memory cells wherein each 
non volatile memory cell includes: 
a MOSFET formed in a semiconductor Substrate; 
a Stacked capacitor, wherein the Stacked capacitor is 

separated from the MOSFET by an insulator layer; 
and 

an electrical contact coupling a bottom plate of the 
stacked capacitor to a gate of the MOSFET 
through the insulator layer; 

a wordline coupled to a top plate of the Stacked 
capacitor in the number of non volatile memory 
cells, 

a bit line coupled to a drain region of the MOSFET in 
the number of non volatile memory cells, and 

a sourceline coupled to a source region of the MOSFET 
in the number of non volatile memory cells. 

30. The electronic system of claim 29, wherein the 
electrical contact includes a polysilicon plug. 

31. The electronic system of claim 29, wherein the 
Stacked capacitor includes a double Sided Stacked type 
capacitor Structure having at least one roughened Surface. 

32. The electronic system of claim 29, wherein the 
Stacked capacitor includes a fin type capacitor Structure. 

33. The electronic system of claim 29, wherein the 
MOSFET includes a gate oxide which has a thickness of less 
than the equivalent of 100 A of SiO. 

34. The electronic system of claim 29, wherein the top 
plate of the Stacked capacitor Serves as a control gate, and 
wherein a gate for the MOSFET serves as a floating gate for 
the number of non volatile memory cells. 

35. The electronic system of claim 34, wherein a capaci 
tive coupling ratio (C1/C2) of a capacitance between the 
control gate and the floating gate (C1) to a capacitance 
between the floating gate and a channel region (C2) of the 
MOSFET is greater than 1.0 in the number of non volatile 
memory cells. 

36. A method for forming a non volatile memory cell on 
a DRAM chip, comprising: 

forming a metal oxide Semiconductor field effect transis 
tor (MOSFET) in a substrate on the DRAM chip; 

forming a stacked capacitor above a gate of the MOSFET 
using a DRAM process, wherein the Stacked capacitor 
is separated by an insulator layer from the MOSFET; 
and 
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forming an electrical contact using a DRAM process Such 
that the electrical contact couples a bottom plate of the 
stacked capacitor to the gate of the MOSFET through 
the insulator layer. 

37. The method of claim 36, whereinforming an electrical 
contact includes forming a polysilicon plug. 

38. The method of claim 36, wherein forming a MOSFET 
includes forming an n-channel metal oxide Semiconductor 
(NMOS) transistor. 

39. The method of claim 36, wherein forming a stacked 
capacitor includes forming a Stacked capacitor having a 
cup-shaped bottom plate with interior walls, a capacitor 
dielectric conformal to the bottom plate, and a top plate 
conformal to the capacitor, and wherein a portion of the top 
plate is located-within the interior walls of the bottom plate. 

40. A method for forming a non volatile memory array on 
a DRAM chip, comprising: 

forming a plurality of metal oxide Semiconductor field 
effect transistors (MOSFETs) in a semiconductor Sub 
strate on the DRAM chip; 

forming a plurality of Stacked capacitors in an insulator 
layer above a gate for each of the plurality of MOS 
FETs using a DRAM process technology; 

electrically coupling a bottom plate for each of the 
plurality of Stacked capacitors to the gates of each of 
the plurality of the MOSFETs using a contact plug 
formed according to a DRAM proceSS technology; 

coupling a wordline to the top plate for each of the Stacked 
capacitors in the plurality of Stacked capacitors; 

coupling a bit line to a drain region for each of the 
MOSFETs in the plurality of MOSFETs; and 

coupling a Sourceline a Source region for each of the 
MOSFETs in the plurality of MOSFETs. 

41. The method of claim 40, wherein forming a plurality 
of Stacked capacitors includes forming a plurality of Stacked 
capacitors each having a cup-shaped bottom plate with 
interior walls, a capacitor dielectric conformal to the bottom 
plate, and a top plate conformal to the capacitor, and wherein 
a portion of the top plate is located within the interior walls 
of the bottom plate. 

42. A method for operating a memory cell, comprising: 
controlling a charge placed on a gate of a metal oxide 

semiconductor field effect transistor (MOSFET) and 
placed on a bottom plate of a Stacked capacitor which 
is coupled to the gate by an electrical contact through 
an insulator; and 

wherein controlling the charge placed on the gate and din 
the bottom plate regulates a threshold voltage (Vt) for 
the memory cell. 

43. The method of claim 42, wherein the method further 
includes: 

applying a potential to a top plate of the Stacked capacitor; 
and 

detecting a current flow between a first diffused region 
and a second diffused region in the MOSFET. 

44. A method for operating a memory device, comprising: 
placing a charge on a gate of a metal oxide Semiconductor 

field effect transistor (MOSFET) and placing a charge 
on a bottom plate of a Stacked capacitor, wherein the 
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stacked capacitor is separated from the MOSFET by an wherein an electrical charge is placed on the gate of the 
insulator layer, and wherein an electrical contact MOSFET and the bottom plate of the stacked capacitor. 
couples the bottom plate of the Stacked capacitor to the 46. A method f devi gate of the MOSFET through the insulator layer; melnod IOr programming a memory deVIce, com 

prising: 
applying a potential to a top plate of the Stacked capacitor; 

and applying a voltage potential to a Source region for a metal 
id iconductor field effect transistor (MOSFET): detecting a current flow between a first diffused region oxide Semiconductor field effect transistor ( ); 

and a Second diffused region in the MOSFET grounding a top plate of a Stacked capacitor formed in an 
45. A method for programming a memory device, com- insulator layer Separating the Stacked capacitor from 

prising: the MOSFET, wherein the stacked capacitor includes a 
grounding a Source region for a metal oxide Semiconduc- bottom plate Separated by a capacitor dielectric from 

tor field effect transistor (MOSFET); the top plate, and wherein the bottom plate is electri 
cally coupled by an electrical via through the insulator 

applying a control gate Voltage to a top plate of a Stacked layer to a gate of the MOSFET; 
capacitor formed in an insulator layer Separating the 
stacked capacitor from the MOSFET, wherein the 
Stacked capacitor includes a bottom plate Separated by 
a capacitor dielectric from the top plate, and wherein 

disconnecting a drain region of the MOSFET from a 
Voltage Supply; and 

the bottom plate is electrically coupled by an electrical wherein an electrical charge is removed from the gate of 
via through the insulator layer to a gate of the MOS- the MOSFET and removed from the bottom plate of the 
FET; Stacked capacitor. 

applying a drain Voltage of approximately half the control 
gate voltage to a drain region of the MOSFET; and k . . . . 


