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METHOD AND STRUCTURE FOR AN IMPROVED 
FLOATING GATE MEMORY CELL 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to semicon 
ductor integrated circuits. More particularly, it pertains to a 
method and structure for an improved ?oating gate memory 
cell. 

BACKGROUND OF THE INVENTION 

[0002] Modern integrated circuit technology relies on 
transistors and memory cells to formulate vast arrays of 
functional circuits. The complexity of these circuits requires 
the use of an ever increasing number of linked transistors 
and memory cells. As the number of transistors and memory 
cells required increases, the surface area that can be dedi 
cated to a single component dWindles. Today, also, high 
reliability is needed in each component to reduce the amount 
of redundancy needed to guarantee proper operation. Addi 
tionally, it is desired to have uniformity among memory cells 
to facilitate uniform erasure and avoid charge leakage for 
such memory devices. Thus, it is desirable to construct 
integrated circuit components Which have higher reliability 
and greater uniformity that can accommodate higher density 
arrangement on the surface of the silicon chip. 

[0003] Non volatile ?oating gate tunneling oxide (FLO 
TOX) devices, i.e. FLOTOX transistors, offer the prospect 
of very high density memory cell structures. Flash memories 
are one form of FLOTOX devices and electronically eras 
able and programmable read only memories (EEPROMs) 
are another. Due to their high density nature, memories 
formed With FLOTOX transistors have the potential of 
replacing hard storage disk drives in computer systems. The 
advantages to this substitution Would be in replacing a 
complex and delicate mechanical system With a rugged and 
easily portable small solid-state non-volatile memory sys 
tem. There is also the possibility that given more speed of 
operation, particularly in the erase operation, that FLOTOX 
transistors might be used to replace dynamic random access 
memories (DRAMs). Thus, FLOTOX transistors might 
eventually have the ability to ?ll all memory needs in future 
computer systems. 

[0004] In operation, FLOTOX transistors can be electroni 
cally programmed, erased, and reprogrammed. In FLOTOX 
transistors a ?oating gate is electrically isolated and any 
charge stored on the ?oating gate is trapped. Storing suf? 
cient charge on the ?oating gate Will make it more dif?cult 
to form an inversion channel betWeen the source and drain 
of the FLOTOX transistor. Thus, the presence or absence of 
charge on the ?oating gate represents tWo distinct data 
states. 

[0005] Typically, FLOTOX transistors are selectively pro 
grammed, or “Written to,” by hot electron injection Which 
places a charge on a ?oating gate during a Write. The 
FLOTOX transistors are selectively erased by FoWler-Nor 
dheim tunneling Which removes the charge from the ?oating 
gate. During a Write, a high programming voltage is placed 
on a 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 While the source 
is grounded, increasing the voltage drop betWeen the drain 
and source. In the presence of the inversion region, the 
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current betWeen the drain and source increases. The result 
ing high electron ?oW 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 ?oating gate. 

[0006] After the Write is completed, the negative charge on 
the ?oating gate raises the transistor’s threshold voltage (VT 
) above the Wordline logic 1 voltage. When a Written 
transistor’s Wordline is brought to a logic 1 during a read, the 
transistors Will not turn on. Sense ampli?ers detect and 
amplify the transistor current, and output a logic 0 for a 
Written transistor. 

[0007] The ?oating gate can be unprogrammed, or 
“erased,” by grounding the control gate and raising the 
source voltage to a suf?ciently high positive voltage to 
transfer electrons out of the ?oating gate to the source 
terminal of the transistor by tunneling through the insulating 
gate oxide. After the erase is completed, the lack of charge 
on the ?oating gate loWers the cell’s VT beloW the Wordline 
logic 1 voltage. Thus When an erased cell’s Wordline is 
brought to a logic 1 during a read, the transistor Will turn on 
and conduct more current than a Written cell. Some ?ash 
devices use FoWler-Nordheim tunneling for Write as Well as 
erase. 

[0008] One of the present hurdles in reducing the siZe of 
the FLOTOX transistor is related to the creation of the 
?oating polysilicon gate and the shalloW trench isolation 
region betWeen adjacent FLOTOX transistors. Typically, the 
shalloW trench isolation and the ?oating polysilicon gate are 
de?ned using tWo different lithography masks. Because of 
potential errors in the alignment of these tWo layers, the cell 
design must include extra area for the overlap of the ?oating 
polysilicon gate With the shalloW trench isolation. In addi 
tion, the process steps required to form the shalloW trench 
isolation, along With the processing steps betWeen the for 
mation of the shalloW trench isolation region and the groWth 
of the tunnel oxide/deposition of the ?oating polysilicon 
gate, create the potential for the thinning of the tunnel oxide. 

[0009] Thinning of the tunnel oxide can lead to at least tWo 
performance problems. A ?rst problem is erase uniformity. 
Flash memory is not erased on a cell by cell basis, but rather 
on a block by block basis. Because a large number of cells 
are erased at the same time, it is important that all of the cells 
Within each block erase at close to the same rate. Any 
variation in ?eld edge thinning Will increase the cell to cell 
erase distribution. A second problem is data retention. The 
thinning of the tunnel oxide, at the ?eld edges, can create 
localiZed tunneling at the these regions. Because of the 
higher ?elds and density of charge during erase, in these 
regions, long term data retention can become a problem. 

[0010] Another problem arises When the device siZe is 
reduced, the gate coupling ratio (GCR) decreases. The 
surface area of the tWo gates is reduced When the overall siZe 
of the device is reduced. The GCR is a factor of the surface 
area of the tWo gates and is thereby decreased as the surface 
area of the gates diminishes. In order to overcome this loss 
in GCR, the periphery transistors must operate at higher 
voltage levels. If the loss of gate coupling is large enough, 
this may require the periphery transistors to operatate near 
their breakdoWn levels. 

[0011] One method used to recover surface area lost as the 
overall device siZe is reduced is described in “A Novel 
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High-Density 5F2 NAND STI Cell Technology Suitable for 
25 6Mbit and 1Gbit Flash Memories”, K. ShimiZu, K. Narita, 
H. Watanabe, E. Kamiya, T. Yaegashi, S. Aritome and T. 
Watanabe, 1997 IEDM 271-274. The method used Was to 1) 
deposit a second polysilicon layer over the ?rst polysilicon 
?lm, 2) a thin layer of silicon-nitride is then deposited over 
the second polysilicon layer, 3) a lithography level is then 
used to pattern the silicon nitride ?lm only, 4) a second layer 
of silicon nitride is then deposited over the patterned silicon 
nitride ?lm, 5) the second layer of silicon nitride next 
receives a blanket directional etch to form 2Dd layer silicon 
nitride spacers on the patterned edges of the 1St layer of 
silicon nitride, 6) the ?nal silicon nitride structure is than 
used as an etch mask to etch/remove the second polysilicon 
?lm over the shalloW trench isolation, and 7) the silicon 
nitride mask is removed. The ?nal outcome of all of the 
above processing is the addition of an extension over a 
certain percent of the shalloW trench isolation. This process 
alloWs for very small gaps betWeen the ?oating polysilicon 
gate, cell to cell. This leads to an increase in surface area 
betWeen the ?oating gate and the control gate, With no 
increase in surface area betWeen ?oating gate and the silicon 
substrate. The net result is increased coupling of the control 
gate to the ?oating gate. The problem With this approach is 
that the process becomes very complex. The process 
requires tWo additional silicon-nitride depositions, one addi 
tional lithography step, tWo additional silicon-nitride etch 
steps, one additional polysilicon etch step and ?nally the 
removal of the silicon-nitride mask. 

[0012] Thus, What is needed is a method and apparatus for 
creating integrated circuit components Which have higher 
reliability and greater uniformity and that can accommodate 
a higher density arrangement on the surface of the silicon 
chip Without a loss in gate coupling ratio and With a 
simpli?ed fabrication process. 

[0013] For the reasons stated above, and for other reasons 
stated beloW Which Will become apparent to those skilled in 
the art upon reading and understanding the present speci? 
cation, it is desirable to develop a method and structure for 
improved FLOTOX transistors. 

SUMMARY OF THE INVENTION 

[0014] The above mentioned problems With non volatile 
FLOTOX transistors and other problems are addressed by 
the present invention and Will be understood by reading and 
studying the folloWing speci?cation. Amethod and structure 
for an improved ?oating gate memory cell are provided. The 
present invention capitaliZes on a single step process for 
de?ning a shalloW trench isolation (STI) region and ?oating 
gate that aligns the edges of each With the other. This 
alignment alloWs for a signi?cant reduction in the siZe of 
each memory cell that correspondingly increases the density 
of memory cells in a particular area of a memory system. 
The alignment also facilitates an improved edge pro?le of 
the ?oating gate polysilicon that correspondingly increases 
data retention due to the elimination of localiZed tunneling 
at the ?eld isolation edge. Additionally, the alignment pro 
vides for greater erase uniformity by reducing variations due 
to tunnel oxide thinning at the edge of the ?eld isolation 
uniformity. 

[0015] The present invention also employs techniques to 
increase the area of the top side of the ?oating gate. The area 
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increase is needed to compensate for the loss in area due to 
the reduced siZe of the memory cell that correspondingly 
reduces the gate coupling ratio (GCR) betWeen the ?oating 
gate and the control gate. The techniques include using 
hemispherical grain (HSG) polysilicon or Wings on the top 
surface of the ?oating gate. Either HSG polysilicon or Wings 
Will increase the surface area of the top side of the ?oating 
gate. The increased area maintains or improves the GCR 
betWeen the ?oating gate and the control gate of the memory 
cell, thus, alloWing the memory cell to function at reason 
able signal levels. 

[0016] In particular, one embodiment of the present inven 
tion includes a non volatile memory cell. The non volatile 
memory cell includes a substrate and a ?rst insulating layer 
formed on the substrate. The memory cell also includes a 
shalloW trench isolation region having Walls that form an 
edge in the substrate and a ?rst conducting layer having an 
edge and formed on the ?rst insulating layer Where the edge 
of the ?rst conducting layer is aligned With the edge of the 
substrate formed by the Walls of the shalloW trench isolation 
region. The memory cell further includes a second insulating 
layer formed on the ?rst conducting layer and a second 
conducting layer formed on the ?rst insulating layer. 

[0017] In another embodiment of the present invention, a 
method for forming a non volatile memory cell is provided. 
The method includes forming a tunnel oxide layer on a 
substrate. Forming a ?rst conducting layer on the tunnel 
oxide layer having an edge. Forming a shalloW trench 
isolation region having Walls that form edges in the substrate 
such that the edge of the ?rst conducting layer is aligned 
With one of the edges of the substrate and Where the shalloW 
trench isolation region isolates the non volatile memory cell. 
Forming an insulating layer on the ?rst conducting layer and 
forming a second conducting layer on the insulating layer. 

[0018] 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 

[0019] FIG. 1A is a cross-sectional vieW taken illustrating 
non-volatile ?oating gate tunneling oxide (FLOTOX) tran 
sistor taken along cut line 1A-1A of FIG. 2 according to the 
teachings of the present invention. 

[0020] FIG. 1B is a cross-sectional vieW illustrating a 
different perspective of the embodiment of the FLOTOX 
transistors shoWn in FIG. 1A and taken along cut line 1B-1B 
of FIG. 2. 

[0021] FIG. 2 is a perspective vieW illustrating one 
embodiment of an array of FLOTOX transistors as fabri 
cated for a more complex system according to the teachings 
of the present invention. 

[0022] FIG. 3 is a block diagram illustrating an embodi 
ment of a memory array according to the teachings of the 
present invention. 
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[0023] FIG. 4 is a block diagram illustrating an embodi 
ment of an information handling system according to the 
teachings of the present invention. 

[0024] FIGS. 5A-5F illustrate an embodiment of a process 
of fabrication for a non volatile ?oating gate tunneling oXide 
(FLOTOX) transistor according to the teachings of the 
present invention. 

DETAILED DESCRIPTION 

[0025] 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, speci?c 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. 

[0026] The terms Wafer and substrate used in the folloW 
ing description include any structure having an eXposed 
surface With Which to form the integrated circuit (IC) 
semiconductor Wafers. The term substrate is also used to 
refer to semiconductor structures during processing, and 
may include other layers that have been fabricated there 
upon. Both Wafer and substrate include doped and undoped 
semiconductors, epitaXial semiconductor layers supported 
by a base semiconductor or insulator, as Well as other 
semiconductor structures Well knoWn to one skilled in the 
art. The term conductor is understood to include semicon 
ductors, and the term insulator is de?ned 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 de?ned only by the 
appended claims, along With the full scope of equivalents to 
Which such claims are entitled. 

[0027] The term “horizontal” as used in this application is 
de?ned as a plane parallel to the conventional plane or 
surface of a Wafer or substrate, regardless of the orientation 
of the Wafer or substrate. The term “vertical” refers to a 
direction perpendicular to the horiZonal as de?ned above. 
Prepositions, such as “on”, “upper,”“side” (as in “side 
Wall”), "higher,”“loWer,”“over” and “under” are de?ned 
With respect to the conventional plane or surface being on 
the top surface of the Wafer or substrate, regardless of the 
orientation of the Wafer or substrate. 

[0028] Throughout this speci?cation the designation “n+” 
refers to semiconductor material that is heavily doped n-type 
semiconductor material, e. g., monocrystalline silicon or 
polycrystalline silicon. Similarly, the designation “p+” 
refers to semiconductor material that is heavily doped p-type 
semiconductor material. The designations “n—” and “p—” 
refer to lightly doped n and p-type semiconductor materials, 
respectively. 

[0029] FIG. 1A is a cross-sectional vieW, taken along cut 
line 1A-1A shoWn in FIG. 2, illustrating one embodiment of 
non volatile ?oating gate tunneling oXide (FLOTOX) 
transistors50A and 50B, non volatile memory cells 50A and 
50B, according to the teachings of the present invention. The 
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FLOTOX transistor 50A is a non volatile memory cell 
structure Which has a ?oating gate 104A that can be elec 
trically programmed, erased, and reprogrammed. Flash 
memory is one form of non volatile memory Which imple 
ments ?oating gates. Electronically erasable and program 
mable read only memories (EEPROMs) are another form. 
Both types are recogniZed by those of ordinary skill in the 
art. FIG. 1A illustrates that FLOTOX transistor 50A 
includes a body region 101 as part of a substrate 100. 
Substrate 100 includes bulk semiconductor starting material, 
semiconductor-on-insulator (SOI) starting material, or SOI 
material that is formed from a bulk semiconductor starting 
material during processing. Using bulk silicon processing 
techniques, the body region 101 is single crystalline silicon 
(Si) Which has been doped With a p-type dopant to form an 
p-type body region. In an alternative embodiment, the body 
region 101 is single crystalline silicon (Si) Which has been 
doped With an n-type dopant to form an n-type body region. 
The FLOTOX transistor 50A includes a ?rst source/drain 
region 120A and a second source/drain region 122 Which are 
formed in the body region 101 portion of the substrate 100. 
The body region 101 separates the ?rst source/drain region 
120A from the second source/drain region 122. In one 
embodiment the ?rst source/drain region 120A includes a 
source region and the second source/drain region 122 
includes a drain region. The ?rst and second source/drain 
regions, 120A and 122 are formed of single crystalline 
silicon (Si) that has been doped With an n-type dopant to 
form n+ ?rst and second source/drain regions, 120A and 
122. In an alternate embodiment, the ?rst and second 
source/drain regions, 120A and 122, are formed of single 
crystalline silicon (Si) Which has been doped With p-type 
dopant to form a p+ ?rst and second source/drain regions, 
120 and 122A. Achannel region 124A is located in the body 
region 101 of the substrate 100 betWeen the ?rst and second 
source/drain regions, 120A and 122. The FLOTOX transis 
tor 50A includes electrical contacts 103 Which couple to the 
?rst and second source/drain regions, 120A and 122. In one 
embodiment, shoWn in FIG. 1A, a second FLOTOX tran 
sistor 50B is located adjacent to FLOTOX transistor 50A. 
FLOTOX transistor 50B is similar to FLOTOX transistor 
50A in sharing body region 101 and has channel region 
124B and ?rst source/drain region 120B that are substan 
tially the same as 124A and 120A. In one embodiment, 
shoWn in FIG. 1A, FLOTOX transistors 50A and 50B share 
a common electrical contact 103 for second source/drain 
regions 122. In one embodiment, the common electrical 
contact 103 is a common drain 103. 

[0030] The FLOTOX transistor 50A further includes an 
insulator layer 120a, or a tunnel oXide layer 102A, for 
eXample silicon dioxide (SiOZ), located on the substrate 
surface 150. The tunnel oXide layer 102A constitutes a ?rst 
dielectric layer. The tunnel oXide layer covers the body 
region. In one embodiment, the tunnel oXide layer 102A 
eXtends over portions of the ?rst and second source/drain 
regions, 120A and 122A respectively. The location of the 
tunnel oXide layer 102A on the substrate surface 150 con 
stitutes a ?rst interface. A ?rst gate 104A is located on the 
tunnel oXide layer 102A. The ?rst gate 104A is a ?rst 
conductive layer and serves as the ?oating gate 104A. In one 
embodiment, the ?rst gate 104A is a polysilicon layer. In one 
embodiment, the ?rst gate 104A has a top surface that is 
non-uniform. In one embodiment, the non-uniform surface 
is made of hemispherical grain (HSG) polysilicon. In 
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another embodiment, the non-uniform surface includes 
Wings. The ?rst gate 104A forms a second interface in 
combination With the tunnel oxide layer 102A. A second 
insulating layer 106A is positioned on top of the ?rst gate 
104A. The second insulating layer 106A constitutes a second 
dielectric layer. In one embodiment, the second insulating 
layer 106A is an oxide-nitride-oxide (ONO) stack layer. The 
second insulating layer 106A forms a third interface in 
combination With the ?rst gate 104A. Asecond gate 108A is 
further included in the FLOTOX transistor. The second gate 
108A is a second conductive layer 108A, Which serves as a 
control gate 108A. The second gate 108A is located on the 
insulator layer 106A. The union betWeen the second gate 
108A and the insulator layer 106A forms a fourth interface. 
In one embodiment, the second gate 108A is a polysilicon 
layer. In one embodiment, as shoWn in FIG. 1A, there is a 
FLOTOX transistor 50B is adjacent to, and substantially the 
same as, FLOTOX transistor 50A With corresponding fea 
tures 102B, 104B, 106B, and 108B. 

[0031] FIG. 1B, taken along cut line 1B-1B shoWn in 
FIG. 2, is a cross sectional vieW of FLOTOX transistors 50 
shoWn in FIG. 1A according to the teachings of the present 
invention. FIG. 1B illustrates shalloW trench isolation (STI) 
regions 112 and a hemispherical grain (HSG) polysilicon 
structure 110 of the FLOTOXs according to the teachings of 
the present invention. In a substrate 100, a body region 101 
is included and is the same as that described above for FIG. 
1A. The FLOTOXs have a ?rst insulating layer 102, or 
tunnel oxide layer 102, that is on the substrate 100 surface 
and the body region 101. The tunnel oxide layer 102 
constitutes a ?rst dielectric layer and in one embodiment is 
silicon dioxide (SiOZ). A ?rst gate 104 is located on the 
tunnel oxide layer 102 for each FLOTOX. The ?rst gate 104 
is a ?rst conductive layer and serves as the ?oating gate 104. 
In one embodiment, the ?rst gate 104 is a polysilicon layer. 
Asecond insulating layer 106 is positioned on top of the ?rst 
gate 104. The second insulating layer 106 constitutes a 
second dielectric layer. In one embodiment, the second 
insulating layer 106 is an oxide-nitride-oxide (ONO) stack. 
A second gate 108 is further included in the FLOTOX 
transistor. The second gate 108 is a second conductive layer 
108, Which serves as a control gate 108. The second gate 108 
is located on the second insulating layer 106. In one embodi 
ment, the second gate 108 is a polysilicon layer. 

[0032] In one embodiment, the top surface of the ?rst gate 
104 is modi?ed to increase the surface area on the top 
surface Without increasing a Width W of the ?rst gate 104. 
This increase in surface area increases the gate coupling 
ratio (GCR) betWeen the ?rst gate 104 and the second gate 
108. In one embodiment, the modi?cation to the top surface 
of the ?rst gate 104 includes hemispherical grain (HSG) 
polysilicon 110 that forms a top portion 110 and a top 
surface 110 of the ?rst gate 104. The HSG polysilicon 110 
increases the surface area of the top surface of the ?rst gate 
104. In another embodiment, shoWn in FIG. 1C, the modi 
?cation to the top surface of the ?rst gate 104 is the addition 
of Wings 111 next to the shalloW trench isolation 112. In one 
embodiment, the Wings 111 are formed from the same 
material as the ?rst gate. The Wings also increase the surface 
area of the top surface of the ?rst gate 104. These increases 
in surface area increase the gate coupling ratio (GCR) 
betWeen the ?rst gate 104 and the second gate 108. 
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[0033] Additionally, shalloW trench isolation (STI) 
regions 112 are located in the body region 101 of the 
substrate 100 and extend to the top of the ?rst gates 104 and 
are ?lled by a trench oxide 113. In one embodiment, the 
trench oxide 113 is silicon dioxide (SiOZ). According to the 
teachings of the present invention, the shalloW trench iso 
lation regions 112 include trench Walls 114 Which form 
edges 116 to the body region 101 in the substrate 100. Also, 
according to the teachings of the present invention, the 
trench Walls 114 form edges 118 to the ?rst gates 104 such 
that the edges 116 and edges 118 are aligned. The aligned 
edges alloW for the individual FLOTOX device siZe to be 
reduced since the ?rst gates 104 do not How over the shalloW 
trench isolation regions 112. In one embodiment, according 
to the teachings of the present invention, device siZe is less 
than 0.4 pm2 thus alloWing more FLOTOX devices to be 
formed using the same substrate 200. The novel FLOTOX 
structure of the present invention, thus, improves the edge 
pro?le of the ?oating gate polysilicon that increases data 
retention due to the elimination of localiZed tunneling at 
edges 116 and 118. The novel FLOTOX structure of the 
present invention also provides for greater erase uniformity 
by reducing variations due to tunnel oxide thinning at edges 
116 and 118. 

[0034] FIG. 2 illustrates a top angle perspective of one 
embodiment of an array of ?oating gate tunnel oxide (FLO 
TOX) transistors 205, or an array of memory cells 205 
according to the present invention. As shoWn in FIG. 2, a 
series of ?rst insulating layers 202 are shoWn on the body 
region 201, one for each active region 240. In one embodi 
ment, the ?rst insulating layers 202 are tunnel oxide layers 
202 and are silicon dioxide (SiOZ). Each tunnel oxide layer 
202, the substrate 200, and the body region 201 are sub 
stantially the same as those described in reference to FIGS. 
1A, 1B and 1C. On top of each tunnel oxide layer 202 is a 
?rst gate 204. In one embodiment, each ?rst gate 204 is 
polysilicon. In one embodiment, the ?rst gate 204 is a 
conducting layer and is a ?oating gate 204. In one embodi 
ment, the top surface of the ?rst gate 204 is modi?ed to 
increase the surface area by making it non-uniform. In one 
embodiment, the non-uniform surface includes hemispheri 
cal grain (HSG) polysilicon as a top surface for the ?rst gate 
204, as shoWn in FIG. 1B. In another embodiment, Wings 
next to the isolation trench 212 are used to increase the 
surface area as described in connection With FIG. 1C. A 
second insulating layer 206 is located on the surface of the 
?rst gate 204. In one embodiment, the second insulating 
layer 206 is an oxide-nitride-oxide (ONO) stack. A second 
gate 208 is located on top of the second insulating layer 206. 
In one embodiment, the second gate 208 is polysilicon. In 
one embodiment, the second gate 208 is a conducting layer 
and is a control gate. 

[0035] An isolation region 230 is shoWn in FIG. 2 sepa 
rating the active regions 220. The isolation region 230 is a 
shalloW trench isolation (STI) region formed in the body 
region 201 of the substrate 200. According to the teachings 
of the present invention, the shalloW trench isolation region 
230 includes trench Walls 214 Which form edges 216 to the 
body region 201 in the substrate 200. Also, according to the 
teachings of the present invention, the trench Walls 214 form 
edges 218 to the ?rst gates 204 such that the edges 216 and 
edges 218 are aligned. The STI region 230 is ?lled With an 
insulator. In one embodiment, the insulator is silicon dioxide 
(SiOZ). The aligned edges alloW for the individual FLOTOX 



US 2002/0094636 A1 

device size to be reduced since the ?rst gates 204 do not ?oW 
over the shallow trench isolation regions 230. In one 
embodiment, according to the teachings of the present 
invention, device siZe is less than 0.4 pmz, thus, alloWing 
more FLOTOX devices to be formed using the same sub 
strate 200. The novel FLOTOX structure of the present 
invention, thus, improves the edge pro?le of the ?oating gate 
polysilicon that increases data retention due to the elimina 
tion of localiZed tunneling at the ?eld isolation edge. The 
novel FLOTOX structure of the present invention also 
provides for greater erase uniformity by reducing variations 
due to tunnel oXide thinning at the edge of the ?eld isolation. 

[0036] The array of FLOTOXs 205 also has a series of 
drain regions 220 and source regions 222. In one embodi 
ment, as shoWn in FIG. 2, each drain region 220 is separated 
and electrically isolated from adjacent drain regions 220 by 
the shalloW trench isolation regions 230. In one embodi 
ment, as shoWn in FIG. 2, all of the source regions 222 of 
the array of FLOTOXs 205 are coupled to each other and 
form a continuous source junction 222. In another embodi 
ment, the source regions 222 of at least siXteen FLOTOX’s 
205 are coupled together to form a source rail 222. 

[0037] While only tWo active regions 240 are shoWn in 
FIG. 2, one skilled in the art Will recogniZe the repeatable 
structure shoWn and that any number of active regions 240 
separated by shalloW trench isolation regions 230 can be 
used in an array, hence, the details of a longer array are not 
disclosed in the present application. 

[0038] FIG. 3 is a block diagram illustrating one embodi 
ment of a memory array of FLOTOXs 301, or memory 
device 301 according to the teachings of the present inven 
tion. The memory array 301 is comprised of an array of non 
volatile memory cells 330 Which includes a number of 
individual FLOTOX transistors 300. Each FLOTOX tran 
sistor 300 includes the non volatile memory cell described 
above in conjunction With FIGS. 1A, 1B and 1C. The 
memory array 330 includes a number of Wordlines, a num 
ber of bitlines, and a number of sourcelines. In one embodi 
ment, there are N roWs of Wordlines WLO, WL1 . . . WLN_1, 
WLN_ Each of the N roWs of Wordlines couples to the second 
conductive layer, or control gate, for a number of FLOTOX 
transistors 300 in the roW. In analogous fashion, array 330 
has M columns of bitlines BLO, BL1 . . . BLM_1, BLM. Each 
of the M columns of bitlines couples to the second source/ 
drain region, or drain region, for a number of FLOTOX 
transistors 300 in the column. This embodiment further 
includes X columns of sourcelines SL0, SL1, . . . SLX_1, 
SLX. Each of the X sourcelines couples to the ?rst source/ 
drain region, or source region, for a number of FLOTOX 
transistors 300 in the column. It should be noted the numbers 
represented by the variable X, M, and N may be the same or 
different. 

[0039] The N roWs of Wordlines WLO, WL1 . . . WLN_1, 
WLN are coupled to Wordline drivers 310 and communicate 
With the control gates to selectively read, program, erase, or 
reprogram the FLOTOX transistors 300. The M columns of 
bitlines are coupled to a number of sense ampli?ers 303 and 
serve to transport bits of data information to and from the 
number of FLOTOX transistors 300 of the memory array 
301. A number of bitline drivers 305 are coupled to the 
number of sense ampli?ers 303. The X columns of source 
lines SL0, SL1, . . . SLX_1, SLX are used to couple a poWer 
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supply 320 (VDD) to the number of FLOTOX transistors 
300 in the memory array 301. The read, program and 
unprogram operations for a non volatile memory cell, of 
Which ?ash memory is one form and EEPROMS are another, 
are Well knoWn by those of ordinary skill in the art. The 
actual steps in such processes do not form part of the present 
invention and thus are not recited in detail here. 

[0040] FIG. 4 is a block diagram illustrating one embodi 
ment of an information handling system 400 according to 
teachings of the present invention. FIG. 4 illustrates that 
information handling system 400 includes a memory array 
of FLOTOXs 430, or memory device 430. The memory 430 
includes the memory array including the novel FLOTOX 
structure provided and described above in connection With 
FIG. 3. The information handling system 400 further 
includes a processor 404. The processor 404 couples to the 
memory 430 via a bus 410. Processors 404 and buses 410 are 
Well knoWn to those of ordinary skill in the art. These 
processors 404 and buses 410 are commercially available in 
many suitable forms for implementation With the present 
invention. Those skilled in the art Will recogniZe and be able 
to employ such suitable devices With the present invention. 
As such, a detailed description of these processors 404 and 
buses 410 is not provided here. 

[0041] FIGS. 5A-5F illustrate an embodiment of a process 
of fabrication for a non volatile ?oating gate tunneling oXide 
(FLOTOX) transistor, or non volatile memory cell, accord 
ing to the teachings of the present invention. The standard 
FLOTOX transistor includes a source, a drain, and a body 
region all formed Within a substrate. The body region 
separates the source and drain regions. These regions are 
covered by a tunnel dielectric. A ?oating gate is located on 
the tunnel dielectric. Further, a control gate is located on the 
?oating gate. A second dielectric layer is interposed betWeen 
and separates the control gate and the ?oating gate. Standard 
FLOTOX transistor formation, of this sort, is generally 
knoWn by those of ordinary skill in the art. Therefore, for 
succinctness, FIGS. 5A-5F illustrate only the manner in 
Which the ?oating gate and shalloW trench isolation are 
formed and other relevant steps surrounding this formation 
Without speci?c details as to hoW this region is mask de?ned 
or hoW other portions of the Wafer are protected using 
standard materials and methods. 

[0042] FIG. 5A illustrates the structure after the folloWing 
series of processing steps. A ?rst insulating layer 520 is 
formed on the surface of substrate 510. In one embodiment, 
the substrate 510 is single crystalline silicon (Si) Which has 
been doped With p-type dopant to form an p-type body 
region 512, or p-Well 512. In this embodiment, the substrate 
510 has been doped With p-type dopant to form p+ source/ 
drain regions. In another embodiment, the substrate 510 is 
single crystalline silicon (Si) Which has been doped With a 
n-type dopant to form a n-type body region 512, or n-Well 
512. In this embodiment, the substrate 510 has been doped 
With an n-type dopant to form a n+ source/drain regions. In 
one embodiment the ?rst insulating layer 520 is a tunnel 
oXide layer and is formed on the body region 512. The tunnel 
oXide layer 520 is deposited to an appropriate thickness for 
the type of FLOTOX transistor desired. In one eXample, if 
the FLOTOX is of the ?ash memory type, the oXide layer 
520 Will typically have a thickness of less than 120 Ang 
stroms If, hoWever, the FLOTOX is of the electronically 
erasable and programmable read only memory (EEPROM) 
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type the tunnel oxide layer 510 Will typically have a thick 
ness of 150 A or greater. In another embodiment, the ?rst 
insulating layer is 85 A to 120 A thick, eg 105 A thick. In 
one embodiment, the ?rst insulating layer 520 is SiO2. In 
one embodiment, the ?rst insulating layer 520 is formed 
through thermal oxidation by exposing the substrate 510 to 
oxygen at a temperature betWeen 750 C and 1200 C, 
preferably at a temperature of 800 C for 1 hour. In another 
embodiment, the ?rst insulating layer 520 is formed by 
exposing the substrate 510 to oxygen plus Water vapor at a 
temperature betWeen 750 C and 1200 C, eg at a tempera 
ture of 800 C for 1 hour. Next, a ?rst conducting layer 530 
is formed on the ?rst insulating layer. In one embodiment, 
the ?rst conducting layer 530 is a ?rst gate. In another 
embodiment, the ?rst conducting layer 530 is a ?oating gate. 
In one embodiment, the ?rst conducting layer 530 is a 
polysilicon layer 530. In one embodiment, the ?rst conduct 
ing layer 530 is betWeen 300 A and 2000 A thick, e. g. about 
900 A thick. In one embodiment, the polysilicon layer 530 
is formed through decomposition of SiH4 at a temperature 
betWeen 525 C and 650 C, eg 625 C. Apad oxide layer 540 
is then formed on the ?rst conducting layer 530. In one 
embodiment, the pad oxide layer 540 is SiO2. In one 
embodiment, the pad oxide layer 540 is 50 A to 200 A thick, 
eg about 100 A thick. In one embodiment, the pad oxide 
layer 540 is formed through thermal oxidation by exposing 
the conducting layer 530 to oxygen at a temperature betWeen 
750 C and 1200 C, eg at a temperature of 800 C for 1 hour. 
In another embodiment, the pad oxide layer 540 is formed 
by exposing the conducting layer 530 to oxygen plus Water 
vapor at a temperature betWeen 750 C and 1200 C, eg at a 
temperature of 800 C for 1 hour. A nitride layer 550, eg 
Si3N4, is formed on the pad oxide layer 540. In one 
embodiment, the nitride layer is 500 A to 2000 A thick, eg 
about 900 A thick. In one embodiment, the nitride layer 550 
is formed by depositing nitride using the chemical process 
3SiH4+4NH3—>Si3N4=12H2 at a temperature betWeen 650 
C and 900 C, eg 700 C. The structure is noW as it appears 
in FIG. 5A. 

[0043] FIG. 5B illustrates the structure after the next 
series of processing steps. ShalloW trench isolation (STI) 
regions 570 and ?oating gates 560 are formed. In one 
embodiment the STI regions 570 and ?oating gates 560 are 
formed through etching. To form the STI regions 570 and 
?oating gates 560, the nitride layer 550, pad oxide layer 540, 
?rst conducting layer 530, ?rst insulating layer 520 and 
substrate 510 are etched. The etching can again be done 
through any suitable method, such as Wet chemical etching 
or dry etching. In one embodiment, the shalloW trench 
isolation regions 570 are etched to a depth in the substrate 
of betWeen 1000 A and 5000 A, eg about 3000 Accord 
ing to the teachings of the present invention, etching the STI 
regions 570 and ?oating gates 560 creates trench Walls 514 
that form edges 516 to body region 512 in substrate 510. 
Also, according to the teachings of the present invention, 
trench Walls 514 form edges 518 to ?oating gates 560 such 
that edges 516 and edges 518 are aligned. The aligned edges 
alloW for the individual FLOTOX transistor siZe to be 
reduced since ?oating gates 560 do not ?oW over STI 
regions 570. In one embodiment, according to the teachings 
of the present invention, the FLOTOX device is formed to 
a siZe less than 0.4 pmz, thus, alloWing more FLOTOX 
devices to be formed using the same substrate 510. Addi 
tionally, ?oating gates 560 and shalloW trench isolation 
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regions 570 are de?ned in a single step lithography process, 
eg photolithography. This single step creates a structure 
Where edges 518 of ?oating gates 560 and edges 516 of STI 
regions 570 are self-aligned. The structure is noW as shoWn 
in FIG. 5B. 

[0044] FIG. 5C shoWs the structure after the next 
sequence of processing steps. Oxide liners 572 are formed 
on shalloW trench isolation regions 570 and the edges 518 of 
?oating gates 560. In one embodiment, the oxide liners 572 
are SiO2. In one embodiment, oxide liners 572 are formed to 
a thickness of betWeen 50 A and 600 A, eg 150 In one 
embodiment, the oxide liner 572 is formed through thermal 
oxidation by exposing the structure to oxygen at a tempera 
ture betWeen 750 C and 1200 C, eg at a temperature of 
1050 C for 18 minutes. In another embodiment, oxide liners 
572 are formed by exposing the structure to oxygen plus 
Water vapor at a temperature betWeen 750 C and 1200 C, eg 
at a temperature of 1050 C for 18 minutes. Next, isolation 
?elds 574 are formed in substrate 510 beloW shalloW trench 
isolation regions 570. In one embodiment, the isolation 
?elds 574 contains 5e11 to 5e12 ions/cm2, e.g. 1.7e12 
ions/cm2. The structure is noW as shoWn if FIG. SC. 

[0045] FIG. 5D illustrates the structure after the next 
sequence of processing steps. Trench oxides 580 are formed 
in shalloW trench isolation regions 570. In one embodiment, 
trench oxides 580 are SiO2. Trench oxides 580 are formed 
through any suitable process, such as chemical vapor depo 
sition (CVD). In one embodiment, trench oxides 580 are 
formed to a thickness betWeen 2000 A to 10000 A, eg 6500 
A. Next, upper surfaces 555 of the structure are planariZed 
to nitride layers 550. In one embodiment, upper surfaces 555 
are planariZed through the process of chemical mechanical 
polishing/planariZation (CMP). CMP is Well knoWn in the 
art and is, therefore, not described in detail here. The 
structure is noW as shoWn is FIG. 5D. 

[0046] FIGS. 5E-I and 5E-2 represents the structure fol 
loWing the next sequence of processing steps. Nitride layer 
550 is removed. In one embodiment, nitride layers 550 is 
removed using H3PO4 at 140 C to 180 C. Next, pad oxide 
layer 540 is removed. Pad oxide layer 540 is removed using 
any suitable process, such as using a solution of HF and H20 
in a ratio of 25: 1, HzOzHF. In one embodiment, the surface 
area of the top surface of the ?rst conducting layer 530 is 
increased. In one embodiment, shoWn in FIG. 5E-1, the 
surface area is increased using hemispherical grain (HSG) 
polysilicon layers 590 selectively formed on the ?oating 
gates 560. In one embodiment, the HSG polysilicon layers 
590 are formed through loW pressure chemical vapor depo 
sition (LPCVD) by decomposition of SiH4 at a temperature 
betWeen 525 C and 650 C, eg about 570 C. In another 
embodiment, shoWn in FIG. 5E-2 the surface area is 
increased using conducting Wings formed on ?oating gates 
560. In one embodiment, the conducting Wings are formed 
by depositing a blanket layer of polysilicon on ?oating gates 
560 and etching the neWly formed layer back to form the 
conducting Wings. The blanket layer of poly-silicon can be 
deposited using any suitable deposition process, such as 
chemical vapor deposition (CVD). The blanket layer can be 
etched through any suitable etching process, such as Wet 
chemical etching or dry etching. The increased surface area 
of the top surface of the ?oating gates 560 results in an 
improved gate coupling ratio (GCR). The structure 500 is 
noW as it appears in FIGS. 5E-1 and 5E-2. 












