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(57) ABSTRACT 

Anon-volatile memory device has a channel region between 
source/drain regions, a ?oating gate, a control gate, a ?rst 
dielectric region between the channel region and the ?oating 
gate, and a second dielectric region between the ?oating gate 
and the control gate. The ?rst dielectric region includes a 
high-K material. The non-volatile memory device is pro 
grammed and/ or erased by transferring charge between the 
?oating gate and the control gate via the second dielectric 
region. 
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Fig. 1 
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Fig. 2 
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Fig. 4A 

lnterdifiusion Barrier SiOZ filler layer 252A 

/ 238 

Hard Mask Booster Hard Mask 
241 A Metal 241 A 

Fin 
250A 

Poly-Silicon 
Contrl Gate 236A 

Poly-Silicon 
Contrl Gate 236A 

dielectric 234A II II dielectric 234A 

Floating Gate 
232A 

Floating Gate 
232A 

Hi-K dielectric 230A Hi-K dielectric 230A 

\ / 
/ "1* 224A Nitride Spacers 244A 224A 

Nitride Spacers 244A 
P-WeII 220A 



Patent Application Publication Nov. 2, 2006 Sheet 6 0f 15 US 2006/0245245 A1 

Fig. 6 302 

304 

Fig. 7 

308 306 304 

W2 W1 



Patent Application Publication Nov. 2, 2006 Sheet 7 0f 15 US 2006/0245245 A1 

Fig. 9 
perform implants and associated 

anneals of the triple well 
\ v 

y 402 deposit control gate 

deposit High-K material layer \444 

\404 . " . .. 
y deposit hard mask (typically silicon 

nitride) 
deposit ?oating gate material layer \446 

V 

deposit photoresist and use 
' photolithography to pattern photoresist 

deposit hard mask layer into strips that are perpendicular to 
NAND chains in order to define the 

\408 WOl'd lines 
V \ 

deposit photoresist and use 448 
photolithography to form strips of " 

photoresist to define Chains etch the entire stack dOWn to to \ layer, or alternatively, continue to etch 

v 410 through High-K layer to remove it, too, 

etch through IaVers and part of from the regions between word lines 
substrate to form NAND chains \45O 

\ v 

412 deposit and/or grow sidewall oxide 
V 

\ 
fill trench with oxide " 452 

\414 implant to create source/drain regions 
V 

polish down to floating gate material \454 
layer it 

\416 anneal the implanted species 
7 \ 

deposit or grow oxide v 456 

\ isotropically deposit and anisotropically 
v 418 etch side-wall material to form side wall 

optionally anneal to density Spacers 

\ \458 
440 



Patent Application Publication Nov. 2, 2006 Sheet 8 0f 15 

Fig. 10A Q 

Fig. 108 '1, 

US 2006/0245245 A1 

I 
) 

P-well 20 

I I 
3 ) 

N-well 22 
1 1 
t i 

P substrate 18 
I I 
i i 

‘, 
High-K 30 l 

) 

P-well 2O 

1 I 
) I 

N-well 22 

P substrate 18 



Patent Application Publication Nov. 2, 2006 Sheet 9 0f 15 

Fig. 10C 

Fig. 10D 

Floating Gate 32 

US 2006/0245245 A1 

‘IN 

High-K 30 

P-WeII 2O 

N-WeII 22 

P substrate 18 

dielectric 34 

Floating Gate 32 

High-K 30 

P-WeII 2O 

N-WeII 22 

P substrate 18 



Patent Application Publication Nov. 2, 2006 Sheet 10 0f 15 

Fig. 10E 

W40 

US 2006/0245245 A1 

WN 38 

Control Gate 36 

dielectric 34 

Floating Gate 32 

High-K 30 

P-WeII 2O 

N-WeII 22 

P substrate 18 



Patent Application Publication Nov. 2, 2006 Sheet 11 0f 15 US 2006/0245245 A1 
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NON-VOLATILE MEMORY CELL USING HIGH-K 
MATERIAL AND INTER-GATE PROGRAMMING 

[0001] This application is a divisional of US. patent 
application Ser. No. 10/762,181, “Non-Volatile Memory 
Cell Using High-K Material and Inter-Gate Programming,” 
?led Jan. 21, 2004, inventors Nima Mokhlesi and Jeffrey W. 
LutZe, incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to non-volatile 
memory devices. 

[0004] 2. Description of the Related Art 

[0005] Semiconductor memory devices have become 
more popular for use in various electronic devices. For 
example, non-volatile semiconductor memory is used in 
cellular telephones, digital cameras, personal digital assis 
tants, mobile computing devices, non-mobile computing 
devices and other devices. Electrical Erasable Program 
mable Read Only Memory (EEPROM) and ?ash memory 
are among the most popular non-volatile semiconductor 
memories. 

[0006] Typical EEPROMs and ?ash memories utiliZe a 
memory cell With a ?oating gate that is provided above a 
channel region in a semiconductor substrate. The ?oating 
gate is separated from the channel region by a dielectric 
region. For example, the channel region is positioned in a 
p-Well betWeen source and drain regions. A control gate is 
provided over and separated from the ?oating gate. The 
threshold voltage of the memory cell is controlled by the 
amount of charge that is retained on the ?oating gate. That 
is, the level of charge on the ?oating gate determines the 
minimum amount of voltage that must be applied to the 
control gate before the memory cell is turned on to permit 
conduction betWeen its source and drain. 

[0007] Some EEPROM and ?ash memory devices have a 
?oating gate that is used to store tWo ranges of charges and, 
therefore, the memory cell can be programmed/erased 
betWeen tWo states (eg a binary memory cell). A multi-bit 
or multi-state ?ash memory cell is implemented by identi 
fying multiple, distinct threshold voltage ranges Within a 
device. Each distinct threshold voltage range corresponds to 
predetermined values for the set of data bits. The speci?c 
relationship betWeen the data programmed into the memory 
cell and the threshold voltage levels of the cell depends upon 
the data encoding scheme adopted for the cells. For 
example, US. Pat. No. 6,222,762 and US. patent applica 
tion Ser. No. 10/461,244, “Tracking Cells For A Memory 
System,” ?led on Jun. 13, 2003, both of Which are incor 
porated herein by reference in their entirety, describe various 
data encoding schemes for multi-state ?ash memory cells. 
To achieve proper data storage for a multi-state cell, the 
multiple ranges of threshold voltage levels should be sepa 
rated from each other by su?icient margin so that the level 
of the memory cell can be read, programmed or erased in an 
unambiguous manner. 

[0008] When programming typical prior art EEPROM or 
?ash memory devices, a program voltage is applied to the 
control gate and the bit line is grounded. Electrons from the 
channel are injected into the ?oating gate. When electrons 
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accumulate in the ?oating gate, the ?oating gate becomes 
negatively charged and the threshold voltage of the memory 
cell as seen from the control gate is raised. 

[0009] Typically, the program voltage Vpgm applied to the 
control gate is applied as a series of pulses. The magnitude 
of the pulses is increased With each successive pulse by a 
predetermined step size (eg 0.2 v). In the periods betWeen 
the pulses, verify operations are carried out. That is, the 
programming level of each cell of a group of cells being 
programmed in parallel is read betWeen each programming 
pulse to determine Whether it is equal to or greater than each 
individual cell’s targeted verify level to Which it is being 
programmed. One means of verifying the programming is to 
test conduction at a speci?c compare point. The cells that are 
veri?ed to be su?iciently programmed are locked out, for 
example, by raising the bit line voltage from 0 to Vdd to stop 
the programming process for those cells. The above 
described programming technique, and others described 
herein, can be used in combination With various self boost 
ing techniques, for example, as described in US. patent 
application Ser. No. 10/379,608, titled “Self Boosting Tech 
nique,” ?led on Mar. 5, 2003, incorporated herein by refer 
ence in its entirety. Additionally, an e?icient verify technique 
can be used, such as described in US. patent application Ser. 
No. 10/314,055, “Smart Verify for Multi-State Memories,” 
?led Dec. 5, 2002, incorporated herein by reference in its 
entirety. 

[0010] Typical prior art memory cells are erased by raising 
the p-Well to an erase voltage (eg 20 volts) and grounding 
the control gate. The source and drain are ?oating. Electrons 
are transferred from the ?oating gate to the p-Well region and 
the threshold voltage is loWered. 

[0011] There is a trend to make smaller and smaller 
non-volatile memory devices. As devices become smaller, it 
is anticipated that the cost per bit of a memory system Will 
be reduced. As the channel siZe is reduced, the capacitive 
coupling betWeen the channel and the ?oating gate needs to 
be increased in order to maintain the gate’s in?uence over 
the channel. One Way to achieve this is to reduce the 
effective thickness of the dielectric region betWeen the 
channel and the ?oating gate. Thinner e?‘ective gate oxide 
thicknesses Will maintain the dominance of the gate to 
channel capacitance over other parasitic capacitances to the 
channel such as those of the drain, source and substrate. 
OtherWise, the source, drain, and/or substrate (i.e. P-Well 
region for N-channel devices fabricated in a triple Well) 
regions Will have too much in?uence over the channel. 
HoWever, if the thickness of the channel dielectric region 
becomes too small, the electric ?eld from a charged ?oating 
gate can cause electrons to leak from the ?oating gate across 
the channel dielectric region and into the channel, source, or 
drain. In some cases, if the dielectric region is not thick 
enough, direct tunneling occurs When no tunneling is 
desired. Thus, there is a need to shrink device siZe of 
non-volatile memory devices, Without suffering from the 
effects of thin dielectric regions. 

SUMMARY OF THE INVENTION 

[0012] The present invention, roughly described, pertains 
to non-volatile memory devices, including EEPROMS, ?ash 
memory and other types of non-volatile memory. One 
embodiment of the non-volatile memory device includes a 
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channel region between source/drain regions, a ?oating gate, 
a control gate, a ?rst dielectric region betWeen the channel 
region and the ?oating gate, and a second dielectric region 
betWeen the ?oating gate and the control gate. The ?rst 
dielectric region includes a high-K material (and, maybe, 
other materials). When operating one embodiment of the 
above described non-volatile memory device, the non-vola 
tile memory device is programmed and/or erased by trans 
ferring charge betWeen the ?oating gate and the control gate 
via the second dielectric region (i.e. the inter-gate dielectric 
region). In one example implementation, the non-volatile 
memory device is programmed and/or erased by tunneling 
betWeen the ?oating gate and the control gate via the second 
dielectric region. 

[0013] In one embodiment of the present invention, the 
non-volatile storage device is a ?ash memory device (eg 
binary ?ash memory device or multi-state ?ash memory 
device). In other embodiments, the device is a different type 
of non-volatile memory device. 

[0014] One or more of the non-volatile memory devices 
can be used in a system that includes a control circuit for 
operating the non-volatile memory devices. For example, a 
control circuit can include (individually or in combination) 
a controller, a state machine, decoders, drivers, sense ampli 
?ers, other logic, subsets of the above and/or combinations 
of the above. 

[0015] These and other objects and advantages of the 
present invention Will appear more clearly from the folloW 
ing description in Which the preferred embodiment of the 
invention has been set forth in conjunction With the draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a tWo-dimensional block diagram of one 
embodiment of a ?ash memory cell according to the present 
invention. 

[0017] FIG. 2 is a three dimensional draWing of a pair of 
four Word line long portions of tWo NAND strings according 
to one embodiment of the present invention. 

[0018] FIG. 3 is a tWo-dimensional block diagram of a 
second embodiment of a ?ash memory cell according to the 
present invention. 

[0019] FIG. 4 is a tWo-dimensional block diagram of a 
third embodiment of a ?ash memory cell according to the 
present invention. 

[0020] FIG. 4A is a tWo-dimensional block diagram of a 
fourth embodiment of a ?ash memory cell according to the 
present invention. 

[0021] FIG. 5 depicts a program/verify voltage signal 
applied to a selected Word line. 

[0022] FIGS. 6-8 depict threshold voltage distributions 
for a non-volatile memory device according to one embodi 
ment of the present invention. 

[0023] FIG. 9 is a ?oW chart describing one embodiment 
of the front end of a process for manufacturing the memory 
cell of FIG. 1. 

[0024] FIGS. 10A-F depict the non-volatile memory 
device of FIG. 1 at various stages of the process described 
in FIG. 9. 
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[0025] FIG. 11 is a block diagram of one example of a 
memory system that can be used to implement the present 
invention. 

[0026] FIG. 12 illustrates an example of an organization 
of a memory array. 

[0027] FIG. 13 is a ?oW chart describing one embodiment 
of a process for programming non-volatile memory devices. 

[0028] FIG. 14 is a ?oW chart describing one embodiment 
of a process for reading non-volatile memory devices. 

DETAILED DESCRIPTION 

[0029] FIG. 1 is a tWo-dimensional block diagram of one 
embodiment of a ?ash memory cell according to the present 
invention. Although a ?ash memory cell is discussed, other 
types of non-volatile memory can also be used in accordance 
With the present invention. The memory cell of FIG. 1 
includes a triple Well comprising a P substrate, a N-Well and 
a P-Well 20. The P substrate and the N-Well are not depicted 
in FIG. 1 in order to simplify the draWing; hoWever, they are 
depicted in another draWing described beloW. Within P-Well 
20 are N+ diffusion regions 24, Which serve as source/drains. 
Whether N+ diffusion regions 24 are labeled as source 
regions or drain regions is someWhat arbitrary; therefore, the 
N+ diffusion source/drain regions 24 can be thought of as 
source regions, drain regions, or both. 

[0030] BetWeen N+ diffusion regions 24 is the channel 16. 
Above channel 16 is dielectric area 30. Above dielectric area 
30 is ?oating gate 32. The ?oating gate, under loW voltage 
operating conditions associated With read or bypass opera 
tions, is electrically insulated/isolated from channel 16 by 
dielectric area 30. Above ?oating gate 32 is dielectric area 
34. Above dielectric area 34 is a poly-silicon layer of control 
gate 36. Above poly-silicon layer 36 is a conductive barrier 
layer 138 made of Tungsten Nitride (WN). Above barrier 
layer 138 is a loW resistivity metal gate layer 40 made of 
Tungtsen. WN layer 38 is used to reduce the inter-di?‘usion 
of Tungsten into the poly-silicon layer of control gate 36, 
and also of silicon into Tungsten layer 40. Note that, in one 
embodiment, control gate 36 consists of layers 36, 38, and 
40 as they combine to form one electrode. In other embodi 
ments, a single metal layer, or multiple metal layers Without 
using a poly control gate sub-layer 36 can be used. Dielectric 
30, ?oating gate 32, dielectric 34, poly-silicon layer of 
control gate 36, WN layer 38 of control gate, and Tungsten 
metal layer 40 of control gate comprise a stack. An array of 
memory cells Will have many such stacks. 

[0031] Various siZes and materials can be used When 
implementing the memory cell of FIG. 1. In one embodi 
ment, dielectric 30 is 14 nm and includes a high-K material. 
In other embodiments, dielectric 30 can be 8 nm-l5 nm. 
Examples of high-K materials that can be used in dielectric 
30 include Aluminum Oxide Al2O3, Hafnium OxideHfO2, 
Hafnium Silicate HfSiOX, Zirconium Oxide, or laminates 
and/or alloys of these materials. Other high-K materials can 
also be used. 

[0032] Use of high-K dielectric materials betWeen the 
crystalline silicon channel, and a poly gate typically creates 
tWo interfacial layers above and beloW the high-K material 
itself. These interfacial layers are composed of SiO2, or 
Silicon Oxy-nitride (SiON), With some fraction of metal 
atoms that may have diffused from the high-K material 
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itself. These interfacial layers are usually formed naturally 
and not intentionally, and in many applications these inter 
facial layers are undesirable, as their dielectric constant 
tends to be substantially loWer than the dielectric constant of 
the high-K material. In the present application, because the 
high-K dielectric is substantially thicker than that used for 
gate dielectrics of advanced MOS logic transistors, an 
interfacial layer that is 1 nm thick or even thicker may not 
only be tolerable, but also a Welcome feature. This Will 
especially be the case if the loWer K interfacial layer 
provides higher mobility for channel electrons, and/or 
higher immunity to leakage currents because of the higher 
energy barrier (bottom of the conduction band o?‘set) that 
the interfacial layer may offer. Higher energy barriers reduce 
the possibility of electron injection into the high-K dielectric 
by both direct tunneling, and FoWler-Nordheim (FN) tun 
neling. Silicon nitride or other inter-diffusion barrier insu 
lators and oxygen diffusion barrier insulators may also be 
deposited or groWn at the interface of silicon and high-K 
material in order to impede inter-diffusion of various atoms 
across material boundaries and/or impede further groWth of 
interfacial silicon oxide layers. ToWard these ends, in some 
embodiments, layers of silicon oxide and/or silicon nitride 
may be intentionally groWn and/or deposited to form part of 
the interfacial layers above and/or beloW the high-K dielec 
tric(s). 
[0033] Floating gate 32 is 20 nm and is typically made 
from poly-silicon that is degenerately doped With n-type 
dopants; hoWever, other conducting materials, such as met 
als, can also be used. Dielectric 34 is 10 nm and is made of 
SiO2; hoWever, other dielectric materials can also be used. 
Control gate sub layer 36 is 20 nm and is made from 
poly-silicon; hoWever, other materials can also be used. The 
WN conducting diffusion barrier layer 38 is 4 nm thick. 
Tungsten metal control gate layer 40 is 40 nm thick. Other 
siZes for the above described components can also be 
implemented. Additionally, other suitable materials, such as 
replacing W/WN With Cobalt Silicide, can also be used. The 
?oating gate and the control gate can also be composed of 
one or more layers of poly-silicon, Tungsten, Titanium, or 
other metals or semiconductors. 

[0034] As mentioned above, dielectric 30 includes a 
high-K material. A “high-K material” is a dielectric material 
With a dielectric constant K greater than the dielectric 
constant of silicon dioxide. The dielectric constant K of 
silicon dioxide is in the range 3.9 to 4.2. For the same actual 
thickness, a high-K material Will provide more capacitance 
per unit area than silicon dioxide (used for typical dielectric 
regions). In the background discussion above, it Was stated 
that as channel siZe becomes smaller, the thickness of the 
dielectric region betWeen the channel and the ?oating gate 
should be reduced. What is learned is that it is the effective 
thickness that must be reduced because it is the effective 
thickness that determines the control of the ?oating gate 
over the channel. Effective thickness is determined as fol 
loWs: 

AcmalThic/cness 
E 1' Th' k = — 
?eclve [C "655 actualK/SiliconDioxideK 

Where Actual Thickness is the physical thickness of the 
dielectric region, actualK is the dielectric constant for the 
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material used in the dielectric region and SiliconDioxideK is 
the dielectric constant for SiO2. 

[0035] A high-K material Will have an effective thickness 
that is loWer than its actual thickness. Therefore, a high-K 
material can be used With a smaller channel siZe. The smaller 
effective thickness accommodates the smaller channel siZe, 
alloWing the gate to maintain the appropriate in?uence over 
the channel. The larger actual thickness of a high-K material 
helps prevent the leakage discussed above. 

[0036] In one embodiment, the programming and erasing 
is performed by transferring charge betWeen ?oating gate 32 
and control gate 36, across dielectric 34. This is advantagous 
because the programming mechanism (e.g. tunneling) is 
noW not so burdened With strong coupling. Rather, the 
strong steering function is placed betWeen the ?oating gate 
and the channel, matching the strong channel coupling 
dictate for scaled channels. Thus, the memory cell of FIG. 
1 has interchanged dielectric roles. Namely, a high-K dielec 
tric and associated steering function placed betWeen ?oating 
gate 32 and channel 16, and non-scaled doWn tunnel oxide 
(e.g. ~>85 A, targeted toWards high reliability, minimal 
leakage current) betWeen control gate 36 and ?oating gate 
32. Thus, in some embodiments, dielectric 34 serves as the 
tunnel oxide. 

[0037] Some advantages Which may be realiZed With some 
embodiments of the above described memory cell includes 
the ability to properly scale the device; Wear associated With 
program/erase can be con?ned to the inter-gate region (aWay 
from the channel), Which can increase endurance; loWer 
program/erase voltages and/ or higher reliability by using 
thicker dielectrics; and the elimination of the need to aggres 
sively scale tunnel oxide of traditional NAND (or ?ash 
memories With other architectures such as NOR). A designer 
of a memory cell according to the present invention should 
be mindful of GIDL and a loWer control gate coupling ratio 
(less Qfg, stronger magni?cation of channel noise and larger 
manifestations of cell-to-cell variations). 

[0038] In one embodiment, the memory cell of FIG. 1 is 
a NAND type ?ash memory cell. In other embodiments, 
other types of ?ash memory cells can be used. FIG. 2 is a 
three dimensional draWing of tWo NAND strings 80 and 82 
according to one embodiment of the present invention. FIG. 
2 depicts four memory cells on strings 80 and 82; hoWever, 
more or less than four memory cells can be used. For 
example, typical NAND strings consist of 16, 32 or 64 
NAND cells in series. Other siZes of NAND strings can also 
be used With the present invention. Each of the memory cells 
has a stack as described above With respect to FIG. 1. FIG. 
2, further depicts N-Well 22 beloW P-Well 20, the bit line 
direction along the NAND string and the Word line direction 
perpendicular to the NAND string. The P-type substrate 
beloW the N-Well is not shoWn in the FIG. 2. In one 
embodiment, the control gates form the Word lines. In 
another embodiment, the control gate poly-silicon layer 36, 
WN layer 38 and Tungsten layer 40 form the Word lines or 
control gates. In many embodiments, a Silicon Nitiride layer 
42 is above the Tungsten layer 40, and serves as a hard mask 
for etching the multiple gate stacks to form individual Word 
lines. Another purpose of the nitride (or other material) hard 
mask is to provide a thickening of the spacers that are 
formed on the side Walls of the stacks by moving the 
thinning regions of the spacers further aWay from the control 
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conducting Word lines and placing the thinning portions of 
the spacers vis-a-vis the nitride hard mask residing on top of 
the upper-most control gate sub-layer (see the thinning of the 
spacers depicted in FIG. 3). 

[0039] FIG. 3 depicts a second embodiment of a memory 
cell. The memory cell of FIG. 3 includes a triple Well 
comprising a P substrate, a N-Well and a P-Well 120. The P 
substrate and the N-Well are not depicted in FIG. 3 in order 
to simplify the draWing. Within P-Well 120 are N+ diffusion 
regions 124, Which serve as source/drains. BetWeen N+ 
diffusion regions 124 is the channel 116. Above the channel 
is dielectric area 130. Above dielectric area 130 is ?oating 
gate 132. Above ?oating gate 132 is dielectric area 134. 
Above dielectric area 134 is control gate composed of 
poly-silicon layer 136, conductive barrier layer 138 made of 
Tungsten Nitride (WN), and a loW resistivity layer 140 made 
of Tungtsen. Above the loW resistivity layer 140 made of 
Tungtsen is a hard mask 42 that is made, for example, of 
Silicon Nitride. P-Well 120, N+ diffusion regions 124, 
dielectric 130, ?oating gate 132, dielectric 134, control gate 
136, WN layer 138, Tungsten layer 140 and hard mask 142 
are similar to that of FIG. 1. 

[0040] Dielectric 130, ?oating gate 132, dielectric 134, 
poly-silicon 136, WN layer 138, Tungsten layer 140, and 
hard mask Silicon Nitride (Si3N4) layer 142 form a stack. 
The memory cell of FIG. 3 also includes oxide spacers 143 
along the sides of the stack. In one embodiment, oxide 
spacers 143 are tapered so that they are thinner at the top of 
Silicon Nitride (Si3N4) layer 142 than they are at dielectric 
130. In another embodiment, the entire stack, including 
oxide spacers 143, are trapezoidal (tapered toWard the top), 
Which helps the dielectric 130 provide more coupling in 
comparison to dielectric 134 Which Would form a smaller 
area capacitor due to the trapezoidal shape of the stack. A 
cross section of such an embodiment is depicted in FIG. 4A, 
and discussed beloW. The ratio of the areas of the bottom 
dielectric 130 to the top dielectric 134 increases With the 
thickness of the ?oating gate 132 for a ?xed tapered angle. 

[0041] In some embodiments, betWeen oxides spacers of 
neighboring stacks are epitaxially groWn silicon regions 144 
(e.g., positioned over N+ diffusion regions 124). The utili 
Zation of such epitaxially groWn raised source/drain regions 
obviates the implanted source/drain regions underneath 
them, increasing the effective channel length of the device in 
keeping With the dictates of proper scaling of MOS devices. 
This reduces punch through and improves the sub-threshold 
sWing of the NAND devices. The issues arising from o?‘set 
source/drain diffusion regions that degrade the endurance 
characteristics of standard NAND device should not arise 
here as the tunneling and the associated charge trapping have 
been moved from the channel dielectric to the inter-gate 
dielectric. The epitaxially groWn silicon regions 144 also 
provides extra capacitance betWeen the ?oating gate and the 
channel/source/drain, reducing the high voltage require 
ments for program and erase operations. It is desired to have 
the ?oating gate more capacatively coupled to the channel 
than the control gate. In some implementations, there is a 
goal to maximiZe the voltage drop across dielectric 134 and 
have less of a voltage drop across dielectric 130. By using 
the high-K material in dielectric 130 in combination With the 
epitaxially groWn silicon regions 144, the coupling betWeen 
?oating gate 132 and channel 166 is increased. Yet another 
bene?t derived from epitaxially groWn source/ drain regions 
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is their capability to reduce the capacitive coupling betWeen 
neighbor ?oating gates on neighbor Word lines by shielding 
these ?oating gates from one another. This effect is a major 
problem resulting in eroded threshold sensing margins. This 
effect Was ?rst published in May 2002 issue of IEEE 
Electron Device Letters, Vol. 23, No. 5, page 264 by 
Jae-Duk Lee, et. al. in an article titled: “Effects of Floating 
Gate Interference on NAND Flash Memory Cell Operation”. 
Also see US. Pat. Nos. 5,867,429 and 5,930,167, Which 
patents are incorporated herein by reference in their entirety. 

[0042] The article titled “A Novel Gate-Offset NAND Cell 
(GOC-NAND) Technology Suitable for High-Density and 
LoW-Voltage-Operation Flash Memories” by Shinji Satoh, 
et. al. published in the Technical Digest of 1999 IEDM 
(section 11, number 2, page 275) discusses the issue of 
parasitic cells formed in the off-set region of GOC-NAND 
devices that impact the cycling endurance of cells through 
trap-up occurring in the oxide residing above these parasitic 
cells. While this is a serious issue plaguing the conventional 
implementation of GOC-NAND, the gate-offset embodi 
ments of the present invention should not suffer from this 
issue because the tunneling action should be con?ned to the 
inter-gate dielectric. 

[0043] FIG. 4 depicts another embodiment of a memory 
cell according to the present invention. The memory cell of 
FIG. 4 includes a triple Well comprising a P substrate, a 
N-Well and a P-Well 220. The P substrate and the N-Well are 
not depicted in FIG. 4 in order to simplify the draWing. 
Within P-Well 220 are N+ di?‘usion regions 224, Which serve 
as source/drains. BetWeen N+ di?‘usion regions 224 is the 
channel 216. Above the channel is the channel dielectric 
230. Above channel dielectric 230 is ?oating gate 232. 
Above ?oating gate 232 is inter-gate dielectric 234. Above 
inter-gate dielectric 234 is control gate composed of poly 
silicon 236, the inter-di?‘usion barrier layer 238 made of 
Tungsten Nitride (WN), and the loW resistivity metal layer 
240 made of Tungtsen. P-Well 220, N+ diffusion regions 
224, dielectric 230, ?oating gate 232, dielectric 234, control 
gate 236, WN layer 238 and Tungsten layer 240 are similar 
to that of FIG. 1. 

[0044] High-K channel dielectric 230, ?oating gate 232, 
inter-gate dielectric 234, loWer control gate 236, WN barrier 
layer 238 and Tungsten layer 240 form a stack. The memory 
cell of FIG. 4 also includes a 1 nm to 8 nm thick deposited 
oxide layer 242 surrounding the top and sides of the stack, 
as Well as covering the source/ drain diffusion regions. Along 
the sides of the stack, adjacent and outside of oxide layer 
242, are spacers 244. The spacers can be of varying height. 
In one embodiment, spacers 244 are high enough to be 
adjacent dielectric 230 and part of the ?oating gate 232. In 
some embodiments, the spacers are naturally tapered so that 
the Width of spacers 244 are narroWer near the top of ?oating 
gate 232 than the Width of the spacers near the bottom of 
dielectric 230. Spacers are generally created by isotropically 
depositing the material that is to form the spacer, and then 
anisotrpically etching the material aWay, leaving only the 
naturally tapered spacers on the sideWalls of the preexisting 
steps. Spacers 244 serve to prevent the bottom of the ?oating 
gate from being rounded by oxidation. In one embodiment, 
the spacers are made of Silicon Nitride; hoWever, other 
materials can also be used. 

[0045] FIG. 4A illustrates an embodiment With trapeZoi 
dally formed stacks. The memory cell of FIG. 4A includes 




















