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(57) ABSTRACT 

A memory cell that includes tWo control gates disposed 
laterally between tWo ?oating gates Where each ?oating gate 
is capable of holding data. The memory cell is formed by 
placing a ?rst polysilicon on a substrate of semiconductor 
material, on Which a Well is placed. The control gates are 
preferably formed by a Damascene process, in Which a ?rst 
polysilicon is removed after forming tWo ?oating gates, and 
a second polysilicon is placed between these tWo ?oating 
gates. An anisotropic etching is later done on the second 
polyilicon to form tWo control gates. 
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NON-VOLATILE ELECTRICALLY ALTERABLE 
MEMORY CELL FOR STORING MULTIPLE DATA 

AND MANUFACTURING THEREOF 

RELATED APPLICATION 

[0001] This application is related to the US. patent appli 
cation Ser. No. 10/801,789, Non-Volatile Electrically Alter 
able Memory Cell for Storing Multiple Data and an Array 
Thereof, ?led on Mar. 16, 2004, Which disclosure is incor 
porated herein in its entirety by this reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to logic gate struc 
tures, and particularly, to an electrically erasable and pro 
grammable read-only memory (EEPROM) and to Flash 
EEPROMs employing ?oating gate structures, and more 
speci?cally, to a self-aligned manufacturing process thereof. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Electrically erasable and programmable non-vola 
tile semiconductor devices, such Flash EEPROMs are Well 
knoWn in the art. One type of Flash EEPROM employs 
metal-oxide-semiconductor (MOS). ?oating gate devices. 
Typically, electrical charge is transferred into an electrically 
isolated (?oating) gate to represent one binary state While an 
uncharged gate represents the other binary state. The ?oating 
gate is generally placed above and betWeen tWo regions 
(source and drain) spaced-apart from each other and sepa 
rated from those regions by a thin insulating layer, such as 
a thin oxide layer. An overlying (control) gate is disposed 
above the ?oating gate provides capacitive coupling to the 
?oating gate, alloWing an electric ?eld to be established 
across the thin insulating layer. “Carriers” from a channel 
region under the ?oating gate are tunneled through the thin 
insulating layer into the ?oating gate to charge the ?oating 
gate. The presence of the charge in the ?oating gate indicates 
the logic state of the ?oating gate, i.e., 0 or 1. 

[0006] Several methods can be employed to erase the 
charge in a ?oating gate. One method applies ground poten 
tial to tWo regions and a high positive voltage to the 
overlying gate. The high positive voltage induces charge 
carriers, through the FoWler-Nordheim tunneling mecha 
nism, on the ?oating gate to tunnel through an insulating 
layer that separates the overlying gate and the ?oating gate 
into the overlying gate. Another method applies a positive 
high voltage to a source region and grounds the overlying 
gate. The electric ?eld across the layer that separates the 
source region and the ?oating gate is su?icient to cause the 
tunneling of electrons from the ?oating gate into the source 
region. 
[0007] Typically, the induction and elimination of electri 
cal charges from the ?oating gate depends on the voltage 
applied to the control gate and induced into the ?oating gate. 
The coupling ratio betWeen a control gate and a ?oating gate 
is important because it determines the voltage induced to the 
?oating gate. The coupling ration depends on the exposure 
betWeen these tWo gates. Memory cells With long tall gates 
facing each other are desired because of good coupling ratio; 
hoWever, they are di?icult to manufacture. Therefore, it is to 
this manufacturing process the present invention is primarily 
directed to. 
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SUMMARY OF THE INVENTION 

[0008] In one aspect, the invention is a non-volatile 
memory that includes a ?rst trench isolation region, a second 
trench isolation region apart from the ?rst trench isolation 
region, a control gate having a ?rst Width, a ?rst ?oating gate 
having a second Width, and a second ?oating gate having a 
third Width, Wherein the control gate being placed betWeen 
the ?rst and second ?oating gates and the ?rst Width of the 
control gate and the second and third Widths of the ?rst and 
second ?oating gates being de?ned by the ?rst and second 
trench isolation regions. 

[0009] In another aspect, the invention is a self-aligning 
method for de?ning the Width of an active region of a 
non-volatile memory device using a mask, Wherein the 
active region includes a control gate and tWo ?oating gates. 
The method includes the steps of forming a ?rst and a 
second ?eld isolation regions using the mask, and forming 
an active region of a non-volatile memory device betWeen 
the ?rst and second ?eld isolation regions, the active region 
having a Width de?ned by the ?rst and second ?eld isolation 
regions, Wherein the Width of the active region further 
de?nes a Width of the control gate and each of the tWo 
?oating gates. 

[0010] In yet another aspect, the invention is a self-aligned 
method for de?ning a channel length of a ?oating gate in a 
semiconductor structure, Wherein the semiconductor struc 
ture includes a polysilicon layer, a plurality of blocks of a 
sacri?cial material on the top of the polysilicon layer, and a 
layer of oxide material covering the semiconductor struc 
ture. The method includes the steps of etching the oxide 
material to form a gate mask that has a length and etching 
the sacri?cial material and the polysilicon layer to form a 
?oating gate under the gate mask, Wherein the ?oating gate 
having a channel length de?ned by the length of the gate 
mask. 

[0011] In yet another aspect, the invention is a self-aligned 
method for manufacturing an electrically alterable memory 
device on a semiconductor material composed of a structure 
of a ?rst semiconductor layer doped With a ?rst dopant in a 
?rst concentration and a second semiconductor layer on the 
top of the ?rst semiconductor layer doped With a second 
dopant in a second concentration, the second dopant having 
an opposite electrical characteristic than the ?rst dopant, the 
second semiconductor layer having a top side. The method 
includes the steps of groWing a layer of tunnel oxide or an 
insulating material on the top side of the second semicon 
ductor layer, depositing a layer of a conductive material, 
such as a ?rst polysilicon layer, on the tunnel oxide layer, 
forming a plurality of shalloW trench regions along a ?rst 
direction, depositing a layer of a sacri?cial material, such as 
a silicon nitride layer, on the top of the ?rst polysilicon layer, 
and etching the silicon nitride layer to form a plurality of 
isolation channels along a second direction that is substan 
tially perpendicular to the ?rst direction. TWo adjacent 
isolation channels delimits one block of silicon nitride and 
each block of silicon nitride has tWo lateral sides, a top, and 
a bottom, and extends substantially from the top of the 
silicon nitride to the top of the ?rst polysilicon layer. The 
method further includes the steps of forming tWo gate masks 
along tWo lateral sides of each block of silicon nitride, 
etching the ?rst polysilicon at the bottom of each isolation 
channel to extend the isolation channel to the tunnel oxide. 
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TWo adjacent isolation channels delimit one block of ?rst 
polysilicon located under one block of silicon nitride. The 
method is folloWed by ?lling the isolation channels up to the 
top of the silicon nitride layer With an oxide, etching each 
block of silicon nitride to form a plurality of control chan 
nels, etching the center of each block of ?rst polysilicon to 
extend the bottom of each control channel to the tunnel 
oxide, and ?lling each control channel With a second con 
ductive material, such as a second polysilicon. The step 
etching the center of each block of the ?rst polysilicon 
leaves tWo lateral blocks of ?rst polysilicon under tWo gate 
masks, and tWo lateral blocks of the ?rst polysilicon serves 
as ?oating gates While the second polysilicon serves as 
control gate. 

[0012] In yet another aspect the invention is an electrically 
alterable memory device. The memory device includes a 
?rst semiconductor layer doped With a ?rst dopant in a ?rst 
concentration, a second semiconductor layer on top of the 
?rst semiconductor layer, doped With a second dopant that 
has an opposite electrical characteristic than the ?rst dopant, 
the second semiconductor layer having a top side, and tWo 
spaced-apart di?‘usion regions embedded in the top side of 
the second semiconductor layer. Each diffusion region is 
doped With the ?rst dopant in a second concentration greater 
than the ?rst concentration, and the tWo diffusion regions 
including a ?rst diffusion region and a second diffusion 
region, Wherein a ?rst channel region de?ned betWeen the 
?rst di?‘usion region and the second diffusion region. The 
memory device further includes a ?rst ?oating gate having 
a ?rst side, a second side, and a ?rst height and is comprised 
of a conductive material, and a second ?oating gate having 
a ?rst side, a second side, and a second height and is 
comprised of a conductive material. The ?rst ?oating gate is 
disposed adjacent the ?rst diffusion region and above the 
?rst channel region and separated therefrom by a ?rst 
insulator region, the ?rst ?oating gate capable of storing 
electrical charge. The second ?oating gate is disposed adja 
cent the second di?‘usion region and above the ?rst channel 
region and separated therefrom by a second insulator region, 
the second ?oating gate capable of storing electrical charge. 
A ?rst control gate and second control gate are disposed 
betWeen the ?rst ?oating gate and second ?oating gate. The 
?rst control gate has a third height and is comprised of a 
conductive material. The ?rst control gate is disposed lat 
erally adjacent the ?rst ?oating gate and separated therefrom 
by a ?rst vertical insulator layer and above the ?rst channel 
region and separated therefrom by a third insulator region. 
The second control gate has a fourth height and is comprised 
of a conductive material. The second control gate is disposed 
laterally adjacent the second ?oating gate and the ?rst 
control gate and separated from the second ?oating gate by 
a second vertical insulator layer and separated from the ?rst 
control gate by an oxide layer deposited betWeen tWo control 
gates. The second control gate is placed above the ?rst 
channel region and separated therefrom by the third insula 
tor region. 

[0013] The present invention is therefore advantageous 
because it enables manufacturing of multi-data memory 
cells. Other advantages and features of the present invention 
Will become apparent after revieW of the hereinafter set forth 
Brief Description of the DraWings, Detailed Description of 
the Invention, and the Claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a top plan vieW of a plurality of memory 
strings according to one embodiment of the invention. 

[0015] FIGS. 2-15 illustrate structures of a memory cell 
during different manufacturing stages. 

[0016] FIG. 16 illustrates an alternate embodiment of the 
invention. 

[0017] FIG. 17 illustrates yet another alternate embodi 
ment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] Three electrically programmable and erasable non 
volatile memory strings are shoWn in FIG. 1. Each memory 
string 100 includes an active region 106 running vertically 
and a plurality of control gates 102 running horizontally 
across multiple memory strings. The active region other than 
gate areas is heavily doped With a ?rst dopant. The control 
gate is formed by polysilicon or other suitable material. A 
plurality of ?oating gates 104 are disposed adjacent to the 
control gate 102 and over the active region 106. Each control 
gate 102 is surrounded by tWo ?oating gates 104 on tWo 
sides. 

[0019] The combination of tWo ?oating gates 104 sur 
rounding one control gate 102 over one area of the active 
region 106 forms a memory cell 103. Each memory cell 103 
stores tWo data, one on each ?oating gate 104. Each memory 
string 100 may have many memory cells 103. The memory 
cells 103 on a memory string 100 are delimited by a ?rst 
select gate 116 and a second select gate 120. The ?rst select 
gate 116 and the second select gate 120 run horiZontally over 
all memory strings 100 and over the active region 106. The 
area of the active region 106 not covered by the ?oating 
gates 104, the control gates 102, and the select gates 114, 
116, 118, 120 are doped diffusion regions. A vertical con 
nector 121 connects the active region 106 to a bit line 110 
that runs vertically through multiple memory strings 100. 

[0020] Each memory string 100 is connected to an adja 
cent memory string 100 through the active region 106. The 
separation of memory cells 103 in one memory string 100 
from memory cells 103 of an adjacent memory string 100 
may be accomplished through an isolation layer 122, such as 
localiZed oxidation (LOCOS), recessed LOCOS, mini-LO 
COS isolation, ?eld implant isolation, thick ?eld oxide 
isolation, shalloW trench isolation (STI), deep trench isola 
tion, full oxide isolation, and other suitable available meth 
ods. The isolation layers 122 used to separate active regions 
106 may be interconnected instead of discrete elements. In 
some embodiment (not shoWn), the isolation layers 122 can 
surround an entire active region. A plurality of memory 
strings 100 may form a high density memory array. Each of 
memory strings 100 may be formed through the manufac 
turing process of the present invention, Which is described 
herein. 

[0021] Typically, a memory cell manufacturing starts from 
a silicon Wafer, a cross section of Which is shoWn in FIG. 2. 
The cross section 200 shoWs a semiconductor substrate 202 
and a Well 204 on the top of the substrate 202. The substrate 
is doped With a ?rst dopant, Which can be either N type or 
P type. The Well 204 is formed by doping the substrate With 
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a second dopant With an electrical characteristic that is 
opposite of the ?rst dopant. After the substrate 202 and Well 
204 are formed, a layer of tunnel oxide 206 is grown on the 
top of the Well 204. 

[0022] After the tunnel oxide 206 is grown, a layer of ?rst 
polysilicon 302 is deposited on the top of the tunnel oxide 
206 as shoWn in FIG. 3. The ?rst polysilicon 302 is later 
used for forming ?oating gates. FIG. 4 illustrates formation 
of shalloW trench isolation (STI) regions 402 that are used 
to isolate memory cells of adjacent memory strings 100. The 
STI regions 402 are formed by etching out on a ?rst 
direction a region the ?rst polysilicon 302, the tunnel oxide 
206, and partially into the Well 204. The resulting STI region 
402 extends from the top of the ?rst polysilicon 302 into the 
Well 204. The STI regions 402, also knoWn as ?eld isolation 
regions, may be interconnected at their ends. In some 
situations, the STI regions 402 may be interconnected at 
both of their ends and completely surround transistor ele 
ments implemented at the later stages. After etching the STI 
regions 402, a liner oxidation is groWn over the surface of 
the STI regions 402 so the silicon surface is protected from 
the next step of ?eld implant. The ?eld implant provides 
additional doping to the bottom of the STI regions 402 and 
serves to isolate adjacent memory cells. The etching of the 
STI regions and ?eld implant could be done through any of 
processes knoWn to those skilled in the art. Although, STI is 
illustrated in FIG. 4 and used in the description, it is 
understood that other isolation techniques, such as deep 
trench isolation, can also be used. Deep trench isolation 
Would be formed by etching into the substrate 202. 

[0023] After the liner oxidation, the STI regions 402 are 
?lled With oxide 502, as shoWn in FIG. 5, through high 
density plasma (HDP) oxide deposition. The oxide 502 may 
also be deposited through either a chemical vapor deposition 
(CVD) or Silicon Glass (SG) deposition. Materials other 
than Silicon Glass may also be used for the deposition. The 
oxide deposition process is folloWed by an anneal process, 
in Which the temperature is raised to relieve stress in the 
structure resulting from the deposition process. The excess 
of oxide 502 are removed through either a chemical 
mechanical polishing (CMP) process or planariZation etch 
ing process, and the resulting structure is shoWn in FIG. 6. 

[0024] Though etching of the STI regions 402 and subse 
quent ?lling With oxide 502 has been described above, it is 
appreciated by those skilled in the art that other methods, 
such as those listed in paragraph [0020], may be used. 

[0025] FIG. 7 shoWs a layer of silicon nitride (SiN) 702 
being deposited on top of the polished surface. The silicon 
nitride is a sacri?cial material that is deposited and etched to 
provide insulation. The SiN layer 702 covers the oxide 502 
in the STI regions 402 and the ?rst polysilicon layer 302. 
After the SiN layer 702 is deposited, the next step is to etch 
the SiN layer 702 along a second direction that is perpen 
dicular to the ?rst direction of the STI regions 402. The 
etching of the SiN layers 702 forms a plurality of isolation 
channels 802. Each isolation channel 802 extends from the 
top of the SiN layer 702 to the top of the ?rst polysilicon 
302. The etched SiN layer 702 is shoWn in FIG. 8. On the 
top of the SiN layer 702 is deposited a layer of spacer oxide 
902 as shoWn in FIG. 9. Another anisotropic etching opera 
tion removes the excess of the spacer oxide leaving a layer 
attached to the lateral side of the SiN 702, extending from 
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the top of the SiN 702 to the top of the ?rst polysilicon 302, 
forming gate masks (oxide edges) 1002 as shoWn in FIG. 
10. The gate masks 1002 have a length 1004 and serve as 
self-aligned guides for the next step, polysilicon etching. 
The ?rst polysilicon 302 is etched along the second direction 
as the SiN 702 layer extending the isolation channels 802 
from the top of the SiN 702 to the tunnel oxide layer 206 as 
shoWn in FIG. 10. At the bottom of the isolation channels 
802, source and drain implants 1006 are formed. The source 
and drain implants 1006 are done by doping and leaving the 
bottom of the isolation channels 802 With an appropriate 
dopant, Which is different from the second dopant used for 
doping the Well. 

[0026] After the source and drain implants are done, 
another layer of liner oxide is groWn over the entire structure 
including the top of the SiN 702 and the lateral surface of the 
?rst polysilicon 302. The isolation channels 802 are then 
?lled up With an oxide 1102 through the HDP process. The 
oxide 1102 provides reinforcement to the ?rst polysilicon 
302 that Will be used as ?oating gates. After the HDP 
process, another CMP process is performed to produce a 
plain surface as shoWn in FIG. 11. The removal of the ?rst 
polysilicon from the isolation channels 802 and subsequent 
?lling out the isolation channels 802 With oxide is knoWn as 
Damascene process. 

[0027] The remaining SiN 702 betWeen oxide edges (gate 
masks) 1002 is noW removed through an etching process to 
expose the ?rst polysilicon 302. The exposed ?rst polysili 
con 302 is removed by anisotropic etching, Which removes 
only material in doWnWard direction along the oxide edges 
1002. This removal of the ?rst polysilicon 302 leaves a thin 
block 1208 of the ?rst polysilicon 302 under each gate mask 
1002, as shoWn in FIG. 12, Which Will be used as ?oating 
gates of the resulting memory cell. The length 1210 of the 
channel of the resulting ?oating gates are de?ned by the 
length 1004 of the gate mask 1002. The removal of the ?rst 
polysilicon 302 is a delicate operation and generally tends to 
Weaken the resulting block 1208 of the ?rst polysilicon 302, 
and sometimes even causes crumbling of the ?rst polysilicon 
302. HoWever, because of the previous step for the Dama 
scene process shoWn in FIGS. 10 and 11, the resulting block 
1208 of the ?rst polysilicon 302 is reinforced. The result of 
etching out the SiN 702 and the ?rst polysilicon underneath 
is a plurality of control channels 1204 shoWn in FIG. 12. 

[0028] A layer of oxide-nitride-oxide (ONO) is deposited 
on the entire structure, and then removed With anisotropic 
etching, leaving only a vertical layer of ONO 1202 attached 
to the side Wall of the oxide edges 1002 as shoWn in FIG. 
12. The tunnel oxide 206 at the bottom of the channel 1204 
is also removed exposing the Well layer 204. After etching 
the ONO, a high voltage threshold voltage (HV Vt) implant 
is formed. Dopants are implanted to the Well layer 204 at the 
bottom of the channels 1204. The concentration of dopants 
modi?es the threshold voltage of the resulting memory cell. 
After HV Vt implant, a gate oxides 1206 is groWn at the 
bottom of the channels 1204. 

[0029] FIG. 13 illustrates the channels 1204 ?lled With 
deposition of a second polysilicon layer 1302. The second 
polysilicon 1302 is doped With dopants to increase its 
conductivity so later it can be used as control gates for the 
resulting memory cells. After doping, the second polysilicon 
1302 is polished by the CMP process or planariZation 
etching and the resulting structure is shoWn in FIG. 14. 
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[0030] FIG. 14 illustrates three memory cells (not to 
scale), each memory cell composed of one control gate 1402 
and tWo ?oating gates 1404a, 1404b. A ?rst ?oating gate 
1404a of polysilicon material is placed above a channel 
region 1406 and adjacent diffusion region 1006a. The ?rst 
?oating gate 1404a may overlap slightly With the diffusion 
region 1006a; hoWever, excessive overlapping may reduce 
the length of the channel region 1406. The ?rst ?oating gate 
1404a is separated from the channel region 1406 by a tunnel 
oxide 206. The thickness of the tunnel oxide 206 should be 
thin enough to alloW removal of electrons from the ?rst 
?oating gate 1404a under the FoWler-Nordheim tunneling 
mechanism, but thick enough to prevent the occurrence of a 
leakage current betWeen the ?rst ?oating gate 1404a and the 
Well 204. In one embodiment the thickness of the tunnel 
oxide 206 is betWeen 60 Angstroms and 110Angstroms. The 
length of the tunnel oxide 206 under the ?rst ?oating gate 
1404a can be smaller than one lambda, Where the lambda is 
de?ned by the technology used. For example, if the tech 
nology uses 0.18 pm, then one lambda is de?ned as 0.18 pm. 
A second ?oating gate 1404b of polysilicon material is 
similarly placed. 

[0031] A control gate 1402 is placed above a channel 
region 1408, laterally betWeen the ?rst ?oating gate 1404a 
and the second ?oating gate 1404b. The control gate 1402 is 
separated from the ?rst ?oating gate 1404a by a ?rst vertical 
insulating layer 1202a and from the second ?oating gate 
104!) by a second vertical insulating layer 1202b. The 
control gate 1402 is separated from the channel region 1408 
by the gate oxide 1206. The thickness of the gate oxide 1206 
should be thick enough to sustain the stress from the control 
gate’s 1402 voltage variation. The voltage at the control gate 
1402 may vary during operation of the memory cell and 
cause stress on the gate oxide 1206, thus leading to the 
deterioration of the gate oxide 1206. The control gate 1402 
is connected to control gates in other memory cells in 
different memory strings. The entire structure is ?nally 
covered by a layer of oxide 1502 as shoWn in FIG. 15. 

[0032] In an alternative embodiment, in the process 
described above, the oxide 502 and the silicon nitride 702 
are interchangeable and the resulting memory cells Would 
also be operational as described above. In yet another 
alternative embodiment, the process described above is 
equally applicable for manufacturing of N-channel devices 
instead of P-channel devices as described above. 

[0033] The ?rst ?oating gate 1404a has a ?rst height 
measured from its bottom edge to its top edge and the second 
?oating gate 1404b has second height also measured from its 
bottom edge to its top edge. The control gate 1402 has a third 
height measured from its bottom edge to its top edge. The 
?rst height, the second height, and the third height may be 
identical or may be different. The ?rst height and the second 
height may be taller or shorter than the third height. The 
?oating gates preferably have height that is larger than their 
Width. Being a shape that is tall provides more area exposed 
to the control gate and thus alloWing more voltage from the 
control gate be induced to the ?oating gates. Though a 
?oating gate has a slender pro?le, its structure is reinforced 
by the oxide deposition 1102. 

[0034] The coupling e?fect depends on the thickness of the 
layers 1202a, 1202b separating the control gate 1402 from 
the ?oating gates 1404a, 1404b and the area on each ?oating 
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gate 1404a, 1404b exposed to the coupling effect. The 
coupling effect can be easily increased by increasing the area 
of the ?oating gates 1404a and 1404b exposed to the control 
gate 1402, and the area of the ?oating gates 1404a and 
1404b exposed to the control gate 1402 may be increased by 
increasing the height of the control gate 1402 and the height 
of the ?oating gates 1404a and 1404b. Acapacitor is formed 
betWeen the control gate 1402 and each ?oating gate 1404a, 
1404b. If the layer 1202a, 1202b separating the control gate 
1402 and the ?oating gate 1404a, 1404b is too thin, a 
leakage current may occur betWeen the ?oating gate 1404a, 
1404b and the control gate 1402 When the ?oating gate 
1404a, 1404b is charged With electrons. If the layer 1202a, 
1202b is too thick, the coupling ratio may be loW, resulting 
in a loW voltage in the ?oating gate. One Workable coupling 
ratio is betWeen 50%-80%, i.e., 10 V applied to the control 
gate 1402 results in 5 V to 8 V induced in the ?oating gate 
1404a, 1404b. The combination of the control gate 1402, the 
?oating gates 1404a, 1404b, and the diffusion regions 
1006a, 1006b forms a control transistor. The control tran 
sistor is capable of holding tWo data independently, one in 
each ?oating gate 1404a, 1404b. Each ?oating gate 1404a, 
1404b may be independently programmed and capable of 
store multi-bits of data as described in the related U.S. patent 
application Ser. No. 10/81,789. FIG. 16 is another repre 
sentation of the control transistor described above. 

[0035] FIG. 17 is another embodiment 1700 of the present 
invention. In this embodiment 1700, the previously single 
piece control gate 1402 formed by the second polysilicon is 
etched through the anisotropic process. TWo blocks of the 
control gates 1702a and 1702b are formed With one channel 
1704 separating them. The channel 1704 is later ?lled With 
a dielectric oxide. TWo capacitors are formed in FIG. 17. 
One capacitor is formed by the control gate 1702a, the 
?oating gate 1706a and the isolation layer that separates 
them. Another capacitor is formed by the control gate 1702b, 
the ?oating gate 1706b and the isolation layer that separates 
them. Each capacitor forms a memory cell. The control gate 
1702a faces the ?oating gate 1706a, and the control gate 
1702b faces the ?oating gate 1706b. An additional di?‘usion 
region is placed in the Well 204 and betWeen the tWo control 
gate 1702a and 1702b. 

[0036] In another embodiment, the ?oating gates have 
L-shape pro?le. One side of the ?oating gate faces a control 
gate 1702 and other side faces a layer of shielding oxide. The 
shielding oxide is a dielectric material and has loW (k) 
capacitance dielectric value. The shielding oxide layer 
serves as a shield that reduces infringing effect from adjacent 
memory cells. The “leg” portion of the L-shape ?oating gate 
provides an adequate gate over the tunnel oxide. Other 
shapes of the ?oating, such as triangle, may also be used to 
achieve the effect of reducing in?uence of adjacent memory 
cells. In a memory cell With triangle-shaped ?oating gates, 
an oxide layer of opposite triangle shape can be placed 
adjacent to the ?oating gates and to provide the isolating 
e?fect. 

[0037] The memory cells described herein can be easily 
programmed With the operating voltages described in the 
related U.S. patent application Ser. No. 10/801,789. 
Although, the present application is described for Flash 
EEPROMs, it is understood that the invention is equally 
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applicable for one-time-programmable (OTP) memories, 
multiple-time-programmable (MTP) memories, and other 
non-volatile memories. 

[0038] While the invention has been particularly shoWn 
and described With reference to a preferred embodiment 
thereof, it Will be understood by those skilled in the art that 
various changes in form and detail may be made Without 
departing from the spirit and scope of the present invention 
as set forth in the following claims. Furthermore, although 
elements of the invention may be described or claimed in the 
singular, the plural is contemplated unless limitation to the 
singular is explicitly stated. 

What is claimed is: 
1. A non-volatile memory device comprising: 

a ?rst trench isolation region; 

a second trench isolation region apart from the ?rst trench 
isolation region; 

a control gate having a ?rst Width; 

a ?rst ?oating gate having a second Width; and 

a second ?oating gate having a third Width, Wherein the 
control gate being placed betWeen the ?rst and second 
?oating gates and the ?rst Width of the control gate and 
the second and third Widths of the ?rst and second 
?oating gates being de?ned by the ?rst and second 
trench isolation regions. 

2. The non-volatile memory device of claim 1, Wherein 
the ?rst trench isolation region and the second trench 
isolation region are interconnected. 

3. A self-aligning method for de?ning the Width of an 
active region of a non-volatile memory device using a mask, 
Wherein the active region includes a control gate and tWo 
?oating gates, comprising the steps of: 

forming a ?rst and a second ?eld isolation regions using 
the mask; and 

forming an active region of a non-volatile memory device 
betWeen the ?rst and second ?eld isolation regions, the 
active region having a Width de?ned by the ?rst and 
second ?eld isolation regions, 

Wherein the Width of the active region further de?nes a 
Width of the control gate and each of the tWo ?oating 
gates. 

4. The self-aligning method of claim 3, further comprising 
the step of connecting the ?rst isolation region to the second 
isolation region. 

5. A self-aligned method for de?ning a channel length of 
a ?oating gate in a semiconductor structure, Wherein the 
semiconductor structure includes a polysilicon layer, a plu 
rality of blocks of a sacri?cial material on the top of the 
polysilicon layer, and a layer of oxide material covering the 
semiconductor structure, comprising the steps of: 

etching the oxide material to form a gate mask, the gate 
mask having a length; and 

etching the sacri?cial material and the polysilicon layer to 
form a ?oating gate under the gate mask, Wherein the 
?oating gate having a channel length de?ned by the 
length of the gate mask. 
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6. A self-aligned method for manufacturing an electrically 
alterable memory device on a semiconductor layer having a 
top side, comprising the steps of: 

groWing an insulating layer on the top side of the semi 
conductor layer; 

depositing a ?rst conductive layer on the insulating layer, 
the ?rst conductive layer having a top side; 

forming a plurality of trench isolation regions along a ?rst 
direction, a trench isolation region extending doWn 
Wardly into the semiconductor layer; 

depositing a layer of a sacri?cial material on the top side 
of the ?rst conductive layer, the layer of the sacri?cial 
material having a top side; 

etching the layer of the sacri?cial material to form a 
plurality of isolation channels along a second direction, 
tWo adjacent isolation channels delimiting a block of 
the sacri?cial material, the block of the sacri?cial 
material having tWo lateral sides, a top, and a bottom; 

forming tWo gate masks along tWo lateral sides of the 
block of the sacri?cial material, one gate mask on each 
lateral side; 

etching the ?rst conductive layer to extend the plurality of 
isolation channels to the insulating layer, tWo adjacent 
isolation channels delimiting a block of the ?rst con 
ductive layer, the block of the ?rst conductive layer 
being located under the block of the sacri?cial material; 

etching the block of the sacri?cial material to form a 
control channel; 

etching the block of the ?rst conductive layer to form tWo 
lateral blocks of the ?rst conductive layer under tWo 
gate masks, the tWo lateral blocks include a ?rst lateral 
block and a second lateral block; and 

?lling the control channel With a second conductive layer. 
7. The method of claim 6, further comprising the step of 

extending the isolation channel to the semiconductor layer. 
8. The method of claim 6, further comprising the step of 

etching anisotropically the second conductive layer to form 
a ?rst block and a second block of the second conductive 
layer, the ?rst block of the second conductive layer facing 
the ?rst block of the ?rst conductive layer and the second 
block of the second conductive layer facing the second block 
of the ?rst conductive layer. 

9. The method of claim 8, further comprising the step of 
forming a diffusion region on the semiconductor layer and 
betWeen tWo blocks of the second conductive layer. 

10. The method of claim 6, further comprising the step of 
depositing an oxide layer to cover the entire memory device. 

11. The method of claim 6, Wherein the second conductive 
layer having a Width de?ned by tWo adjacent isolation 
channels. 

12. The method of claim 6, Wherein the insulating layer is 
tunnel oxide. 

13. The method of claim 6, Wherein the ?rst conductive 
layer is a ?rst polysilicon and the second conductive layer is 
a second polysilicon. 

14. The method of claim 6, Wherein the sacri?cial material 
is silicon nitride. 
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15. The method of claim 6, wherein the step of forming 
a plurality of trench isolation regions along a ?rst direction 
further comprises the steps of: 

etching a trench channel extending from the top of the ?rst 
conductive layer into a second semiconductor layer; 
and ?lling the trench channel With an oxide. 

16. The method of claim 15, Wherein the step of ?lling the 
trench channel is done through a high density plasma oxide 
deposition. 

17. The method of claim 15, Wherein the step of ?lling the 
trench channel is done through a chemical vapor deposition. 

18. The method of claim 15, Wherein the step of ?lling the 
trench channel is done through a silicon glass deposition 
process. 

19. The method of claim 15, Wherein the step of ?lling the 
trench channel is done through a spin-on-glass deposition 
process. 

20. The method of claim 15, further comprising the step 
of polishing the oxide in the trench channel through a 
chemical mechanical polishing process. 

21. The method of claim 6, Wherein the step of forming 
a plurality of trench isolation regions along a ?rst direction 
further comprises the steps of: 

etching a trench channel extending from the top of the ?rst 
conductive layer into the semiconductor layer; and 

?lling the trench channel With an oxide. 

22. The method of claim 6, further comprising the step of 
groWing a liner oxide over the trench isolation regions. 

23. The method of claim 6, Wherein the trench isolation 
region having a bottom, and further comprising the step of 
performing ?eld implants on the bottom of the trench 
isolation region. 

24. The method of claim 6, further comprising the step of 
groWing a layer of oxide spacer on the top of the isolation 
channels. 

25. The method of claim 24, further comprising the step 
of etching anisotropically the layer of oxide spacer. 

26. The method of claim 6, further comprising the step of 
forming a diffusion region at the bottom of an isolation 
channel by doping the bottom of the isolation channel With 
a ?rst dopant. 

27. The method of claim 26, further comprising the step 
of groWing a layer of liner oxide. 

28. The method of claim 6, further comprising the steps 
of: 

etching the insulating layer to extend the control channel 
to a second semiconductors layer; and 

performing a high voltage threshold implant on the bot 
tom of the control channel. 

29. The method of claim 6, further comprising the step of 
groWing a gate oxide on the bottom of the control channel. 

30. An electrically alterable memory device, comprising: 

a ?rst semiconductor layer doped With a ?rst dopant in a 
?rst concentration; 

a second semiconductor layer on top of the ?rst semicon 
ductor layer, doped With a second dopant that has an 
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opposite electrical characteristic than the ?rst dopant, 
the second semiconductor layer having a top side; 

tWo spaced-apart diffusion regions embedded in the top 
side of the second semiconductor layer, each di?‘usion 
region doped With the ?rst dopant in a second concen 
tration greater than the ?rst concentration, the tWo 
diffusion regions including a ?rst diffusion region and 
a second diffusion region, and a ?rst channel region 
de?ned betWeen the ?rst diffusion region and the 
second diffusion region; 

a ?rst ?oating gate having a ?rst side, a second side, and 
a ?rst height and comprised of a conductive material, 
the ?rst ?oating gate disposed adjacent the ?rst diffu 
sion region and above the ?rst channel region and 
separated therefrom by a ?rst insulator region, the ?rst 
?oating gate capable of storing electrical charge; 

a second ?oating gate having a ?rst side, a second side, 
and a second height and comprised of a conductive 
material, the second ?oating gate disposed adjacent the 
second diffusion region and above the ?rst channel 
region and separated therefrom by a second insulator 
region, the second ?oating gate capable of storing 
electrical charge; 

a ?rst control gate having a third height and comprised of 
a conductive material, the ?rst control gate disposed 
laterally adjacent the ?rst ?oating gate, the ?rst control 
gate separated from the ?rst side of the ?rst ?oating 
gate by a ?rst vertical insulator layer, the ?rst control 
gate further being above the ?rst channel region and 
separated therefrom by a third insulator region; and 

a second control gate having a fourth height and com 
prised of a conductive material, the second control gate 
disposed laterally adjacent the second ?oating gate and 
the ?rst control gate, the second control gate separated 
from the ?rst side of the second ?oating gate by a 
second vertical insulator layer and separated from the 
?rst control gate by an oxide layer deposited betWeen 
tWo control gates, the second control gate further being 
above the ?rst channel region and separated therefrom 
by the third insulator region. 

31. The memory device of claim 30, further comprising a 
third diffusion region. 

32. The memory device of claim 30, Wherein the ?rst 
dopant having a P-type characteristic and the second dopant 
having an N-type characteristic. 

33. The memory device of claim 30, Wherein the ?rst 
dopant having an N-type characteristic and the second 
dopant having a P-type characteristic. 

34. The memory device of claim 30, Wherein the ?rst 
insulator region having a thickness that alloWs tunneling of 
charge betWeen the ?rst ?oating gate and the ?rst channel 
region. 

35. The memory device of claim 30, Wherein the third 
insulator region having a thickness that alloWs tunneling of 
charge betWeen the second ?oating gate and the ?rst channel 
region. 
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36. The memory device of claim 35, Wherein the thickness 
of the third insulator region is betWeen 60 Angstroms and 
110 Angstroms. 

37. The memory device of claim 30, Wherein the ?rst 
vertical insulator is made from an oxide-nitride-oxide hav 

ing a thickness that provides capacitance betWeen the ?rst 
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?oating gate and the control gate, and the ?rst vertical 
insulator preventing leakage betWeen the ?rst ?oating gate 
and the control gate. 

38. The memory device of claim 30, further comprising 
tWo shielding oxide layers, each shielding oxide layer placed 
adjacent to the second side of a ?oating gate. 

* * * * * 


