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a ?ash cell. The ?oating gate may be programmed and 
erased by the application of appropriate voltage levels to the 
?rst gate (201), source (221), and/or drain (219). The 
self-aligned nature of the second gate (213) to the ?rst gate 
(201) alloWs a very small dual-gate cell to be formed. 
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NEW POLY SPACER SPLIT GATE CELL WITH 
EXTREMELY SMALL CELL SIZE 

[0001] The present application is a continuation-in-part of 
US. application Ser. No. 09/093,841 ?led May 19, 1998, the 
complete disclosure of Which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to integrated circuits 
(“ICs”), and more particularly to a split-gate cell, as may be 
incorporated in an electronically programmable read only 
memory (EPROM). 
[0003] Integrated circuits have evolved from a handful of 
interconnected devices fabricated on a single chip of silicon 
to millions of devices. Current ICs provide performance and 
complexity far beyond What Was originally imagined. In 
order to achieve the improvements in complexity and circuit 
density, i.e., the number of devices capable of being packed 
onto a given chip area, the siZe of the smallest device 
feature, also knoWn as the device “geometry”, has become 
smaller With each generation of ICs. Currently, devices are 
being fabricated With features less than a quarter of a micron 
across. 

[0004] Increasing circuit density has not only improved 
the complexity and performance of ICs, but has also pro 
vided loWer cost parts to the consumer. An IC fabrication 
facility can cost hundreds of millions, or even billions, of 
dollars. Each fabrication facility Will have a certain through 
put of Wafers, and each Wafer Will have a certain number of 
ICs on it. Therefore, by making the individual devices of an 
IC smaller, more devices may be fabricated on each Wafer, 
thus increasing the output of the fabrication facility. 

[0005] Making devices smaller is very challenging, as 
each process used in IC fabrication has a limit. That is to say, 
a given process typically only Works doWn to a certain 
feature siZe, and then either the process or the device layout 
needs to be changed. An example of such a limit is the ability 
to align one layer of the device to a preceding layer of the 
device. 

[0006] Several photolithographic steps are commonly 
used in the fabrication sequence of an integrated circuit. 
Photolithography is a process that uses a “mask” to expose 
selected portions of the surface of the Wafer or substrate to 
light, Which is shined through the clear portions of the mask. 
The surface of the Wafer is typically coated With a photo 
resist, and after exposure of selected portions of the photo 
resist to the light, the photoresist is developed, so that a 
patterned layer of photoresist remains on the surface of the 
Wafer. Then, any one of several processes, such as an etch 
process or an implantation process, may be performed to 
create a selected pattern on or in the substrate, after Which 
process the photoresist is typically stripped. In some con 
ventional fabrication processes each layer of photoresist or 
patterned material is aligned to the layer or layers beloW it. 

[0007] FIG. 1 is a simpli?ed cross section of a split-gate 
?ash cell that illustrates hoW the need to align one layer to 
another can limit the smallest siZe of the device. A ?rst gate 
10 patterned from a ?rst layer of polysilicon is formed on the 
?eld oxide 12 of the Wafer 20. Adielectric layer 14 is formed 
over the ?rst gate and then, a second layer of polysilicon is 
formed over the Wafer and patterned to form a second gate 
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16. The second gate has a channel region 18 and an overlap 
region 22. The overlap region 22 leaves an exposed portion 
24 of the ?rst gate 10 that is not covered by the second gate 
16. 

[0008] It is important to accurately align the pattern of the 
second polysilicon layer to the pattern of the ?rst polysilicon 
layer. For example, if the exposed portion 24 of the ?rst gate 
10 is too small, the second gate 16 may completely cover the 
?rst gate 10 and cell program ef?ciency Will degrade in some 
circumstances. For example, if the ?oating gate is pro 
grammed With channel hot electrons, the hot carrier energy 
Will degrade because VDS Will be divided betWeen the ?rst 
and second polysilicon gaps. If the overlap region 22 is too 
small, the ?rst gate 10 and second gate 16 may not properly 
electrically couple, and if the channel region 18 is too small, 
the transistor may leak, or there may be no operating channel 
region at all. Therefore, When aligning the mask that Will 
de?ne the features in the second polysilicon layer, it is 
important that the edge 26 of the second gate 16 is accurately 
placed in relation to the ?rst gate 10. 

[0009] If the siZes of the ?rst gate and second gate are not 
large enough to accommodate the variation associated With 
the alignment process, some yield loss Will occur due to 
misalignment. Thus, the dimensions of the ?rst and second 
gate are typically large enough to be compatible With 
conventional photomask alignment processes and to provide 
acceptable yields. HoWever, this may result in device struc 
tures that are larger than they need to be for proper circuit 
operation. 

[0010] Therefore, it is desirable to provide a multi-gate 
cell structure that does not require multi-layer alignment of 
the gates. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides a dual-gate device 
structure With a small cell siZe. Such a dual-gate device 
structure may be used in a split-gate ?ash cell, for example. 

[0012] In an exemplary embodiment, a second gate struc 
ture is formed by depositing polysilicon over and adjacent to 
a ?rst gate structure. The second gate structure is separated 
from the ?rst gate structure by a layer of dielectric material. 
The second gate is self-aligned to the ?rst gate, so that no 
photolithographic alignment tolerance is required betWeen 
these tWo structures. The ?rst gate and second gate are 
formed on a substrate having a ?rst conductivity type. First 
and second Well regions are formed Within the substrate. 
Preferably the ?rst Well is a deep Well having a second 
conductivity type and the second Well is a shalloWer Well 
having the ?rst conductivity type. Drain and source regions 
of the second conductivity type are formed in the substrate 
proximate to the ?rst gate and second gate, separated by a 
channel region. A dielectric layer separates the ?rst gate 
from the substrate and a second dielectric layer separates the 
second gate from the substrate, and a channel region may be 
formed in the substrate beloW the gates. In one aspect, the 
source and drain regions are formed in the shalloWer Well. 

[0013] The present invention further provides exemplary 
methods of making a dual-gate device structure With a small 
cell siZe. In one exemplary method of forming a non-volatile 
memory cell, the method includes the step of providing a 
semiconductor substrate having a ?rst conductivity type. A 
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?rst region is formed in the substrate having a second 
conductivity type opposite to the ?rst conductivity type, and 
a second region is formed in the substrate having the ?rst 
conductivity type. A ?rst dielectric layer is formed on a 
surface of the semiconductor substrate. The method includes 
the step of forming a ?rst conductive layer on the ?rst 
dielectric layer, and patterning the ?rst conductive layer and 
?rst dielectric layer to form a ?rst gate structure separated 
from the semiconductor substrate by the ?rst dielectric layer, 
and to form an eXposed portion of the surface of the 
semiconductor substrate A second dielectric layer is formed 
on a sideWall of the ?rst gate structure and on the eXposed 
portion of the surface of the semiconductor substrate. The 
method includes forming a second conductive layer on the 
second dielectric layer, and patterning the second conductive 
layer to form a ?rst spacer and a second spacer. The ?rst 
spacer and the second spacer are separated from the ?rst gate 
structure by the second dielectric layer. The second spacer is 
removed. Athird region is formed in the substrate proximate 
to an opposite sideWall of the ?rst gate structure and a fourth 
region is formed in the substrate proximate to an edge of the 
?rst spacer. The third region and the fourth region are 
disposed Within the second region and have the second 
conductivity type. 

[0014] These and other embodiments of the present inven 
tion, as Well as its advantages and features are described in 
more detail in conjunction With the teXt beloW and attached 
?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a simpli?ed cross section of a split-gate 
cell With a ?rst polysilicon layer aligned to a second poly 
silicon layer; 

[0016] FIGS. 2A-2H are simpli?ed cross sections of a 
portion of an IC illustrating a series of process steps in 
accordance With one embodiment of the present invention; 

[0017] FIG. 2I depicts a simpli?ed top vieW of an IC after 
Well formation; and 

[0018] FIGS. 3A-3H are simpli?ed cross sections of a 
portion of an IC illustrating a series of process steps in 
accordance With an another embodiment of the present 
invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0019] The present invention provides a compact dual 
gate structure. Such a structure can be used in a ?ash 
memory cell, for eXample. The second gate is self-aligned to 
the ?rst gate, Which results in a close spacing of the second 
gate to the ?rst gate that is controlled by the thickness of an 
intervening dielectric layer. Both the ?rst gate and the 
second gate are polysilicon. Although the second polysilicon 
layer is generally formed after the ?rst polysilicon layer, the 
?rst and second gates are on approximately the same plane 
of the structure, or device. No photolithographic alignment 
tolerance is required betWeen the ?rst and second gates, and 
therefore the cell siZe is very small. 

[0020] It is understood that the term “polysilicon” is used 
as an eXample only and includes doped polysilicon, and that 
the ?rst or second gate may be formed from a variety of 
materials, including amorphous silicon, recrystalliZed amor 
phous silicon, silicon alloys, such as silicides, and other 
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conductive materials, or that a portion of either gate could be 
one material, With the remainder of the gate being another 
material or other materials. 

[0021] FIGS. 2A-2G are simpli?ed cross sections of a 
portion of an IC 200 after a series of process steps are used 
to form one embodiment of a device according to the present 
invention. 

[0022] FIGS. 2A and 2I are simpli?ed cross section and 
top vieWs, respectively, of a portion of a semiconductor 
Wafer 20 after Well formation. In this instance, the semicon 
ductor Wafer 20 is a p-type Wafer, but could be an n-type 
Wafer in another embodiment, With appropriate changes to 
other aspects of the device. A shalloWer Well region 230 and 
a deep Well region 232 are formed Within Wafer 20 using a 
triple Well process. In one aspect, Well regions 230, 232 are 
formed With ion implantation. The depth of Well regions 230 
and 232 can be established by controlling the implantation 
energy, and/or dopant levels and/or drive-in times. Prefer 
ably, shalloWer Well region has the same conductivity type 
as substrate 20 (shoWn as p-type in FIG. 2A), and deep Well 
region 232 has the opposite conductivity type (shoWn as 
n-type). ShalloWer Well region 230 further is positioned 
above deep Well region 232 to provide isolation thereof. By 
using shalloWer Well region 230 in this manner, a higher 
source voltage can be used during cell erase (i.e., 9V). 
Induced reliability issues, typically a concern for erase With 
hot hole injection or band-to-band injection, are removed. 
FoWler-Nordheim erase can be used, resulting in improved 
reliability. Further, IC 200 has advantages of both a stack 
gate (e. g., small cell siZe) and a split gate (e.g., no over-erase 
problem and easier for multi-level cell application). 

[0023] FIG. 2B is a simpli?ed cross section of a ?rst 
polysilicon gate 201 formed on the semiconductor Wafer 20. 
A gate dielectric layer 203 Was formed on the Wafer 20 by 
an oxidation process, but could be formed by other pro 
cesses, such as a vapor deposition process. The gate dielec 
tric layer 203 is thermally groWn silicon oXide and can be 
groWn in the presence of steam, or in the presence of a 
nitrogen source, such as ammonia. GroWing the gate dielec 
tric layer in the presence of a nitrogen source can result in 
a silicon oXy-nitride layer. It is desirable that the gate 
dielectric layer be high-quality dielectric so that it With 
stands the electric ?elds associated With use. The ?rst gate 
201 Was formed by depositing a layer of polysilicon over the 
gate dielectric layer 203 and then patterning the polysilicon. 
In some embodiments, the gate dielectric layer is not 
removed from the ?eld 205 of the Wafer 20. In other 
embodiments the polysilicon is partially alloyed With a 
silicide-forming element, such as platinum. 

[0024] FIG. 2C is a simpli?ed cross section of the portion 
of an IC 200 after a second dielectric layer 207 has been 
formed over the ?rst gate 201, including the sideWalls 209, 
211 of the ?rst gate 201 and the ?eld 205 of the Wafer 20. 
The second dielectric layer 207 is silicon oXy-nitride formed 
by a chemical vapor deposition process, but could be other 
materials, such as silicon oXide, formed by similar or 
different processes. 

[0025] FIG. 2D is a simpli?ed cross section of the portion 
of an IC 200 after a second layer of polysilicon has been 
deposited and patterned to form polysilicon spacers 213, 
215. The polysilicon spacers 213, 215 are separated from the 
sideWalls 209, 211 of the ?rst gate 201 by the second 
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dielectric layer 207, and therefore are self-aligned to the ?rst 
gate, eliminating the need for a photomask alignment tol 
erance betWeen the ?rst gate and the second gate. 

[0026] FIG. 2E is a simpli?ed cross section of the portion 
of an IC With a layer of photoresist 217 over one of the 
polysilicon spacers 213 and over a portion of the ?rst gate 
201. The photoresist 217 has been exposed With a “slop” 
mask and developed according to the pattern on the mask. A 
slop mask is a mask that does not require precise alignment 
to the existing pattern on a Wafer. The dielectric layer 207 
overlying the ?rst polysilicon layer Will serve as an etch 
barrier in a subsequent silicon etch process to protect the ?rst 
polysilicon layer When one of the second polysilicon spacers 
(i.e. 215) is stripped. In addition to the second dielectric 
layer 207 shoWn, an additional dielectric layer (not shoWn) 
may lie betWeen the second dielectric layer 207 and the ?rst 
polysilicon layer 201. The additional dielectric layer may be 
an oxide layer, for example, formed during the polysilicon 
anneal process or other process and protected by photoresist 
during the patterning of the ?rst polysilicon layer. 
[0027] FIG. 2F is a simpli?ed cross section of the portion 
of an IC after one of the polysilicon spacers has been 
removed using an etch process. The second polysilicon 
spacer forms a second gate 213. In one application, the ?rst 
gate 201 operates as a select gate, or control gate, and the 
second gate 213 operates as a ?oating gate. The ?oating gate 
preferably is programmed by channel hot electron injection 
and is erased by FoWler-Nordheim tunneling. 
[0028] FIG. 2G is a simpli?ed cross section of the portion 
of an IC With a drain region 219 that Was formed by a 
self-aligned implantation process. The drain region 219 is 
self-aligned to the sideWall 211 of the ?rst gate. A source 
region 221 is also formed by ion implantation. It is under 
stood that “source” and “drain” are terms used only as an 
example and for convenience of reference, and are not 
intended to limit hoW the device structure may operate. 
Thermal treatment after implantation drives some of the 
source implant 225 under a portion of the second gate, and 
some of the drain implant 227 under the ?rst gate. In the 
embodiment shoWn in FIG. 2G, drain region 219 and source 
region 221 are disposed Within the shalloWer Well region 
230. 

[0029] FIG. 2H is a simpli?ed cross section of an alter 
native embodiment of a portion of an IC With a drain region 
219 that Was formed by a self-aligned implantation process. 
The drain region 219 is self-aligned to the sideWall 211 of 
the ?rst gate. The ?rst gate 201 is made up of a polysilicon 
region 202 and a polycide region 204. The polysilicon 
region 202 is formed by depositing amorphous silicon, and 
then heating the amorphous silicon to form polycrystalline 
silicon, or by depositing a polysilicon material. A polycide 
region 204 is formed by depositing a layer of titanium over 
the polysilicon and heating the ?rst gate region to form 
titanium silicide. 

[0030] A source region 221 is also formed by ion implan 
tation. It is understood that “source” and “drain” are terms 
used only as an example and for convenience of reference, 
and are not intended to limit hoW the device structure may 
operate. Thermal treatment after implantation drives some 
of the source implant 225 under a portion of the second gate, 
and some of the drain implant 227 under the ?rst gate. 

[0031] FIGS. 3A-3H are simpli?ed cross sections of an 
alternative fabrication process using a polysilicon-?ll 
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method. FIG. 3A depicts the semiconductor Wafer 20 hav 
ing a shalloWer Well region 350 and a deep Well region 352 
implanted therein as previously discussed in conjunction 
With FIGS. 2A and 21. 

[0032] FIG. 3B shoWs ?eld oxide 300 groWn or deposited 
on Wafer 20, and patterned to open a trench 302 Where the 
?rst gate Will be formed. A high-quality dielectric layer 304, 
in this case silicon nitride, is deposited over the ?eld oxide 
300, bottom 308, and sideWalls 310, 312 of the trench 302. 

[0033] FIG. 3C shoWs a polysilicon layer 306 deposited 
to ?ll the trench and covering the ?eld oxide 300. The 
polysilicon is then removed from the ?eld oxide 300 along 
With the high-quality dielectric layer, leaving the trench 302 
lined With the high-quality dielectric layer 304 and ?lled 
With polysilicon 306, as shoWn in FIG. 3D. 

[0034] FIG. 3E shoWs the polysilicon ?rst gate 316 sepa 
rated from the substrate 20 by the high-quality dielectric 
layer 304, With the high-quality dielectric layer also cover 
ing the sideWalls 320, 322 of the ?rst gate 316 after the ?eld 
oxide has been stripped. A thin layer of thermal oxide 324 
is groWn on the substrate, but could be deposited as an 
alternative. Some oxide may form on the exposed portion of 
the polysilicon (not shoWn), but this oxide is easily removed 
later, if desired. 

[0035] FIG. 3F shoWs a second layer that has been 
deposited and patterned to form spacers 326, 328 separated 
from the ?rst gate 316 by the high-quality dielectric layer 
304. The spacers are formed so that the tops 330, 332 of the 
spacers are approximately the same height from the surface 
of the substrate as the top 334 of the ?rst gate. A layer of 
photoresist 336 is applied and developed to cover one of the 
polysilicon spacers (e.g., spacer 326), leaving the other 
polysilicon spacer (e.g., spacer 328) exposed so that it may 
be removed, as shoWn in FIG. 3G. A layer of dielectric 
material 327 optionally covers the exposed top surface of the 
?rst gate. This layer may be deposited, or preferably groWn 
during a thermal treatment of the ?rst gate. This layer acts 
as an etch mask for the ?rst polysilicon layer during sub 
sequent processing to remove one of the polysilicon spacers 
(i.e. 328). This dielectric layer may be left in place or 
stripped, according to the desired device con?guration. 

[0036] FIG. 3H shoWs the multiple gate structure after 
one of the polysilicon spacers has been removed, leaving the 
other polysilicon spacer as a second gate 338. The second 
gate 338 is separated from the ?rst gate 316 by the high 
quality dielectric layer 304, and is separated from the 
substrate 20 by the thin layer of thermal oxide 324. A drain 
region 340 and a source region 342 are implanted, as 
discussed above. Preferably, drain region 340 and source 
region 342 are implanted in shalloWer Well region 350 as 
shoWn in FIG. 3H. 

[0037] Examples of typical operating voltages are given in 
Table 1, beloW. The descriptions of the physical mechanisms 
used to program and erase the ?oating gate are believed to 
be accurate; hoWever, the actual physical mechanisms may 
be different or more complicated. 
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TABLE 1 

Action VGI VS VD Mechanism 

Program 5V (Vcc) 5V OV Channel hot 
electron 
program 

Erase —5V 9V 9V Fowler 
Nordheim 
Tunneling 

Read 5V (Vcc) OV 2V 

[0038] While the above is a complete description of spe 
ci?c embodiments of the present invention, various modi 
?cations, variations, and alternatives may be employed. For 
example, the present invention may be applied to other types 
of wafers, such as silicon-on-insulator wafers, or other types 
of devices with multiple polysilicon layers formed on 
approximately the same plane of a device. Other variations 
will be apparent to persons of skill in the art. These equiva 
lents and alternatives are intended to be included within the 
scope of the present invention. Therefore, the scope of this 
invention should not be limited to the embodiments 
described, and should instead be de?ned by the following 
claims. 

What is claimed is: 
1. A semiconductor device comprising: 

a substrate having a ?rst conductivity type and a substrate 
doping concentration; 

a ?rst well region disposed within the substrate, the ?rst 
well region having a second conductivity type; 

a second well region disposed within the substrate, the 
second well region having the ?rst conductivity type; 

a drain region disposed within the substrate, the drain 
region having the second conductivity type; 

a source region disposed within the substrate, the source 
region having the second conductivity type; 

a ?rst dielectric layer disposed between 

a ?rst gate and the substrate, wherein the ?rst gate has a 
?rst sidewall; 

a second gate having a second sidewall, the second gate 
being self-aligned to the ?rst gate by 

a second dielectric layer disposed between the ?rst side 
wall and the second sidewall; and 

a channel region including a ?rst portion and a second 
portion disposed in the substrate, said channel region 
disposed within the second well region and between the 
drain region and the source region, wherein the ?rst 
portion of the channel region is separated from a 
portion of the ?rst gate by the ?rst dielectric layer, and 
the second portion of the channel region is separated 
from a portion of the second gate by the second 
dielectric layer. 

2. The semiconductor device structure of claim 1 wherein 
the ?rst gate comprises polysilicon and the second gate 
comprises polysilicon. 

3. The semiconductor device structure of claim 1 wherein 
the ?rst gate comprises polycide. 

Aug. 9, 2001 

4. The semiconductor device structure of claim 1 wherein 
the second dielectric layer overlies the ?rst gate. 

5. The semiconductor device structure of claim 4 further 
comprising an additional dielectric layer, the additional 
dielectric layer being disposed between the second dielectric 
layer and the ?rst gate. 

6. The semiconductor device structure of claim 1 wherein 
the second dielectric layer comprises material selected from 
the group consisting of silicon oxide, silicon nitride, and 
silicon oxy-nitride. 

7. The semiconductor device structure of claim 5 wherein 
the additional dielectric layer comprises material selected 
from the group consisting of silicon oxide, silicon nitride, 
and silicon oxy-nitride. 

8. The semiconductor device structure of claim 1 wherein 
the ?rst portion of said channel region is longer than the 
second portion of said channel region. 

9. The semiconductor device structure of claim 1 wherein 
said ?rst gate and said second gate are in a side-by-side 
con?guration. 

10. The semiconductor device of claim 1 wherein said 
?rst sidewall and said second sidewall are generally vertical. 

11. The semiconductor device of claim 1 wherein said 
second gate has a third sidewall, said third sidewall having 
a curved shape. 

12. The semiconductor structure of claim 1 wherein the 
second gate is a ?oating gate in a memory cell. 

13. The semiconductor structure of claim 1 wherein the 
?rst dielectric layer comprises silicon oxide. 

14. The semiconductor structure of claim 1, wherein the 
second well region comprises a shallower well region. 

15. The semiconductor structure of claim 1, wherein the 
?rst well region is a deep well region below said second well 
region. 

16. The semiconductor structure of claim 1, wherein the 
second well region is disposed within the ?rst well region, 
said ?rst well region having a ?rst well region length and a 
?rst well region width that are larger than a second well 
region length and a second well region width, respectively. 

17. The semiconductor structure of claim 1, wherein the 
drain region and the source region are disposed within the 
second well region. 

18. A semiconductor device structure comprising: 

a substrate having a ?rst conductivity type and a substrate 
doping concentration; 

a deep well region disposed within the substrate, the deep 
well region having a second conductivity type; 

a shallower well region disposed within the substrate, the 
shallower well region having the ?rst conductivity 
type; 

a drain region disposed within the shallower well region, 
the drain region having the second conductivity type; 

a source region disposed within the shallower well region, 
the source region having the second conductivity type; 

a ?rst dielectric layer comprising silicon oxide disposed 
between 

a ?rst gate and the substrate, wherein the ?rst gate 
comprises polycide and has a ?rst sidewall; 
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a ?oating gate comprising polysilicon and having a sec 
ond sidewall, the second gate being self-aligned to the 
?rst gate by 

a second dielectric layer comprising silicon oXy-nitride 
disposed betWeen the ?rst sideWall and the second 
sideWall; and 

a channel region including a ?rst portion and a second 
portion disposed in the shalloWer Well region betWeen 
the drain region and the source region, Wherein the ?rst 
portion of the channel region is separated from a 
portion of the ?rst gate by the ?rst dielectric layer, and 
the second portion of the channel region is separated 
from a portion of the second gate by the second 
dielectric layer. 

19. A semiconductor device structure comprising: 

a substrate having a ?rst conductivity type and a substrate 
doping concentration; 

a ?rst Well region disposed Within the substrate, the ?rst 
Well region having a second conductivity type; 

a second Well region disposed Within the substrate, the 
second Well region having the ?rst conductivity type; 

a drain region disposed Within the substrate, the drain 
region having the second conductivity type; 

a source region disposed Within the substrate, the source 
region having the second conductivity type; 

a ?rst dielectric layer; 

a ?rst gate separated from the substrate by the ?rst 
dielectric layer, Wherein the ?rst gate has a ?rst side 
Wall and a distal surface distal from the substrate; 

a second gate having a second sideWall, the second gate 
being self-aligned to the ?rst gate by a ?rst portion of 
the ?rst dielectric layer disposed betWeen the ?rst 
sideWall and the second sideWall; and 

a channel region including a ?rst portion and a second 
portion disposed in the substrate, said channel region 
disposed Within the second Well region and betWeen the 
drain region and the source region, Wherein the ?rst 
portion of the channel region is separated from a 
portion of the ?rst polysilicon gate by a second portion 
of the ?rst dielectric layer, and the second portion of the 
channel region is separated from a portion of the 
second gate by a second dielectric layer. 

20. The semiconductor device structure of claim 19 
further comprising a dielectric layer overlying the distal 
surface of the ?rst gate. 

21. The semiconductor device structure of claim 19 
Wherein the ?rst gate comprises polysilicon and the second 
gate comprises polysilicon. 

22. The semiconductor structure of claim 19 Wherein the 
second gate is a ?oating gate in a memory cell. 

23. The semiconductor structure of claim 19 Wherein the 
?rst dielectric layer comprises material selected from the 
group consisting of silicon oXide, silicon nitride, and silicon 
oXy-nitride. 

24. The semiconductor structure of claim 19 Wherein the 
second dielectric layer comprises material selected from the 
group consisting of silicon oXide, silicon nitride, and silicon 
oXy-nitride. 
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25. A method of forming a non-volatile memory cell 
comprising steps of: 

(a) providing a semiconductor substrate having a ?rst 
conductivity type; 

(b) forming a ?rst region in the substrate having a second 
conductivity type opposite to the ?rst conductivity 
type; 

(c) forming a second region in the substrate having the 
?rst conductivity type; 

(d) forming a ?rst dielectric layer on a surface of the 
semiconductor substrate; 

(e) forming a ?rst conductive layer on the ?rst dielectric 
layer; 

(f) patterning the ?rst conductive layer and ?rst dielectric 
layer to form a ?rst gate structure separated from the 
semiconductor substrate by the ?rst dielectric layer, and 
to form an eXposed portion of the surface of the 
semiconductor substrate; 

(g) forming a second dielectric layer on a sideWall of the 
?rst gate structure and on the eXposed portion of the 
surface of the semiconductor substrate; 

(h) forming a second conductive layer on the second 
dielectric layer; 

(i) patterning the second conductive layer to form a ?rst 
spacer and a second spacer, the ?rst spacer and the 
second spacer being separated from the ?rst gate struc 
ture by the second dielectric layer; 

removing the second spacer; and 

(k) forming a third region in the substrate proximate to an 
opposite sideWall of the ?rst gate structure and a fourth 
region in the substrate proXimate to an edge of the ?rst 
spacer, the third region and the fourth region disposed 
Within the second region and having the second con 
ductivity type. 

26. The method of claim 25 further comprising a step, 
after the step (e) of forming the ?rst conductive layer, and 
prior to the step of patterning the ?rst conductive layer, 
of forming an additional dielectric layer overlying the ?rst 
conductive layer. 

27. The method of claim 25 Wherein the ?rst region is a 
deep Well region and the second region is a shalloWer Well 
region. 

28. The method of claim 25, Wherein the third region is a 
drain region and the fourth region is a source region. 

29. The method of claim 25, Wherein the ?rst region is a 
deep Well region disposed Within the substrate beloW the 
second region. 

30. The method of claim 25, Wherein the third region and 
the fourth region are disposed Within the second region. 

31. A method of forming a non-volatile memory cell 
comprising steps of: 

(a) providing a semiconductor substrate having a ?rst 
conductivity type; 

(b) forming a ?rst region in the substrate having a second 
conductivity type opposite to the ?rst conductivity 
type; 
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(c) forming a second region in the substrate having the 
?rst conductivity type; 

(d) forming a ?rst dielectric layer on a surface of the 
semiconductor substrate; 

(e) de?ning a trench in the ?rst dielectric layer; 

(f) forming a high-quality dielectric layer to line the 
trench; 

(g) forming a ?rst conductive layer over the high-quality 
dielectric layer to substantially ?ll the trench to form a 
?rst gate structure; 

(h) rernoving at least a portion of the ?rst dielectric layer 
and a portion of the ?rst conductive layer other than the 
?rst gate structure to eXpose the high-quality dielectric 
layer on a sideWall of the ?rst gate structure; 

(i) forming a second dielectric layer over the surface of 
the semiconductor substrate proximate to the sideWall 
of the ?rst gate structure; 
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forming a second conductive layer over at least the 
second dielectric layer; 

(k) patterning the second conductive layer to form a ?rst 
spacer separated from the sideWall of the ?rst gate 
structure by the high-quality dielectric layer and a 
second spacer on an opposite sideWall of the ?rst gate 
structure; 

(1) removing the second spacer; and 

(In) forming a third region in the substrate proximate to 
the opposite sideWall of the ?rst gate structure, and a 
fourth region in the substrate proximate to an edge of 
the ?rst spacer, the third region and the fourth region 
disposed in the second region and having the second 
conductivity type. 

32. The method of claim 31 Wherein the step further 
comprises forming the second dielectric layer over an 
eXposed portion of the ?rst gate. 

* * * * * 


