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NON-VOLATILE SEMICONDUCTOR 
MEMORY DEVICE WITH ALTERNATIVE 

METAL GATE MATERIAL 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

[0001] Priority is claimed to Korean PatentApplication No. 
10-2004-0080354, ?led on Oct. 8, 2004, in the Korean Intel 
lectual Property O?ice, the disclosure of Which is incorpo 
rated herein in its entirety by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to non-volatile semi 
conductor memory devices including charge trap ?ash 
memory and ?oating gate ?ash memory devices, as Well as to 
methods of making non-volatile semiconductor memory 
devices. 

DESCRIPTION OF RELATED ART 

[0003] Non-volatile memory devices are electronic 
memory devices that retain their content When external poWer 
is removed. Semiconductor non-volatile memory devices 
typically include a charge trapping layer in Which charges are 
trapped betWeen a gate and a channel region of a transistor. 
The trapped charges create a threshold voltage difference in 
the channel region. The threshold voltage Vth varies depend 
ing on Whether the non-volatile memory device is in the 
program state Wherein charges are injected into the charge 
trapping layer, or in an erase state Wherein electrons leave the 
charge trapping layer. This in turn varies the gate voltage (V th) 
level for alloWing current to conduct through the channel. As 
can be seen, operation of non-volatile semiconductor 
memory devices are realiZed by the concept of the threshold 
voltage Vth being varied by charges trapped in or stored in a 
charge trapping layer. 
[0004] One type of non-volatile memory devices is ?ash 
memory. Flash memory devices can be further divided into 
?oating gate ?ash memory and charge trap ?ash memory. In 
?oating gate memory devices, a ?oating gate of a metal layer 
or a metal-like layer has been used as the charge storage layer. 
In charge trap memory devices, such as in semiconductor 
oxide-nitride-oxide-semiconductor (SONOS) memory 
devices, a charge trapping dielectric layer is used. 
[0005] Essentially, the memory SONOS cells is a conven 
tional NMOS transistor, but With a gate dielectric of a thermal 
oxide layer of around 2 nm thickness, a silicon nitride layer of 
about 5 nm thickness and a second oxide layer With a thick 
ness of betWeen 5 and 10 nm. At a positive gate bias, electrons 
can tunnel from the substrate through the ultra thin oxide 
layer (an exemplary tunneling layer) to the nitride layer (an 
exemplary charge trapping layer) Where they are sub se 
quently trapped. Silicon nitride, for example, has an intrinsic 
property of trapping electrons. Due to the trapped and nega 
tive charge, the threshold voltage of the transistor increases. 
LikeWise, the threshold voltage can be decreased With a nega 
tive voltage on the gate, thereby expelling electrons from the 
nitride layer. Thus, the SONOS-type memory cell is one type 
of charge trap ?ash memory device Where the data state of the 
memory cell can be determined by the operational character 
istics due to the amount of charge stored in the charge trap 
ping layer. 
[0006] A draWback of these types of memory devices 
results from a characteristic relatively poor erasing ef?ciency 
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that prevents them from meeting backWards compatibility 
requirements of a 10-3 second erasing time at around —3 volts 
for the threshold voltage Vth (V)). The knoWn charge trap 
?ash memory devices have this problem by reason of elec 
trons back tunneling through the blocking layer. Electronic 
back tunneling causes the erase threshold voltage Vth to not 
drop off su?iciently or su?iciently quickly in knoWn SONOS 
devices. For example, the erase threshold voltage Vth state in 
knoWn devices typically should drop from about 1 volt to 
about —3 volts during the desired erase time of about 10'3 
seconds. The erase threshold voltage Vth state that may con 
tinue to drop or even may increase, especially When the gate 
bias is about —17 volts to a —l5 volts. 
[0007] As the design rules for non-volatile memory devices 
decrease substantially, particularly With reference to smaller 
siZe cells, it is more important to improve erase e?iciency. To 
improve the erase ef?ciency, the present inventors have 
explored improving electron back tunneling characteristics 
that contribute to the degradation of the erase e?iciency. 
[0008] During an erase operation, as a voltage is applied to 
the gate, a back tunneling of electrons located betWeen the 
gate and charge trapping layer are moved from the gate to the 
charge trapping layer. This back tunneling means that elec 
trons are provided to the charge trapping layer from the con 
trol gate thereby reducing or sloWing the drop in population of 
electrons, resulting in lengthened erase operation and other 
Wise loWering the erase ef?ciency. 
[0009] FIG. 1 schematically illustrates a non-volatile ONO 
stack ?ash memory device. It includes a silicon substrate 10 
having a source region 1011 and a drain region 10b With a 
channel region 100 located therebetWeen. Above the channel 
region 100 is a dielectric layer 11 of silicon dioxide SiO2 
(“O”), a charge trapping layer 12 of silicon nitride SiN (“N”) 
and another dielectric layer (“0”) of SiO2 for example as the 
blocking layer 13. The control gate 14 includes either N+ 
polysilicon With a Work function of 4.1 eV or p+ polysilicon 
With a Work function of 5.1 eV, in this example. See, US. Pat. 
No. 6,509,282. Polysilicon is used as a control gate rather 
than metal because of the propensity of silicon dioxide to 
form silicide When exposed to metal. That is, the combination 
of metal and silicon tends to be unstable. 
[0010] FIG. 2 illustrates several SONOS type ?ash memory 
structures that have relatively thick high K dielectric layers to 
purportedly achieve better programming. 
[0011] FIG. 3 illustrates a hybrid of the ?rst tWo ?gures as 
to the polysilicon-HfO2 (high K material) stack. As reported in 
E. Cartier et al., “Systemic Study of pFET Vt With Hf-Based 
Gate Stacks With Poly-Si and FUSI Gates,” VLSI 2004-VLSI 
Technology/Circuits Symposium, IEEE, June, 2004, the per 
ceived problem With this structure is the apparent effect of 
Fermi level pinning in the HfO2. 
[0012] As illustrated in FIG. 4, the Fermi level position 
varies for the 4.5 nm SiO2 according to annealing temperature 
but not so for the high K materials HfO2 of 4 nm or 4 nm of 
HfO2 With 1 nm SiON. As the annealing temperature of a 4 nm 
thick layer of HfO2 is increased from about 600 degrees C. to 
about 1000 degrees C., the Fermi level position of p+ poly 
silicon initially increases from about 0.3 to about 0.4 or 0.5 
and then decreases back to about 0.3. A 4.5 nm layer of silicon 
dioxide at the same annealing temperatures has a Fermi level 
position that decreases from about 0 (the intrinsic level) to 
about —0.6, Which is the original value of p+ poly-Si gate. 
[0013] Accordingly, materials With high K are not compat 
ible With a gate that is formed of p+ poly-silicon regardless of 
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the annealing temperature used for the material because of the 
back tunneling effect. The back tunneling effect results in 
relatively poor erasing e?iciency. It thus appears that Fermi 
level pinning occurs interferes in this structure at least With 
respect to its usefulness in a charge trapping dielectric non 
volatile memory device. Hence, there is still a need for reduc 
ing back tunneling through the blocking dielectric in ?oating 
gate-type and charge trap-type non-volatile memory devices. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a method of manu 
facturing a non-volatile memory device With a control metal 
gate having a Work function Which effectively offers a rela 
tively large barrier height so that electron back tunneling 
through the blocking dielectric is effectively suppressed. 
[0015] One exemplary embodiment of the present inven 
tion is a non-volatile semiconductor memory device Which 
includes a substrate having a source region, a drain region and 
a channel region provided betWeen the source region and the 
drain region. A gate stack located above the channel region 
includes a sequential stack of a tunnel layer, a charge trapping 
layer, a blocking layer and a control gate, Wherein the tunnel 
dielectric is adjacent to the channel region. The control gate is 
metal gate comprised of a metal having a speci?c metal Work 
function equal or greater than 4.4 eV When the blocking layer 
includes SiO2. 
[0016] This type of non-volatile semiconductor memory 
device can be a ?oating gate memory device Wherein the 
charge trapping layer is a ?oating gate. Alternatively. The 
non-volatile semiconductor memory device can be a charge 
trap ?ash memory device Wherein the charge trapping layer is 
a charge trapping dielectric. 
[0017] Exemplary embodiments include a gate stack com 
prises a multiple layer stack selected from a group of multiple 
layer stacks consisting of: O/SiN/SiO2/M, O/H/SiO2/M, 
H/H/SiO2/M, or H/SiN/SiO2/M, Where O is an oxide mate 
rial, H is a high K material and M is a metal having the speci?c 
Work function. 
[0018] In still another exemplary embodiment. The non 
volatile semiconductor memory device includes a substrate 
having a source region, a drain region and a channel region 
provided betWeen the source region and the drain region, as in 
the ?rst embodiment. It also includes a gate stack located 
above the channel region, Wherein the gate stack has a 
sequential stack of a tunnel layer, a charge trapping layer, a 
blocking layer and a control gate, Wherein the tunnel dielec 
tric is adjacent to the channel region. The control gate is metal 
gate comprised of a metal having a speci?c metal Work func 
tion in the range of equal or greater than 4.9 eV to equal or less 
than 5.5 eV, When the blocking layer is a high K dielectric 
having a dielectric value above 4.2. This device can be a 
?oating gate memory device With a ?oating gate type charge 
trapping layer, or a charge trap ?ash memory device With a 
charge trapping dielectric layer. 
[0019] In this variation of the present invention, the gate 
stack comprises a multiple layer stack selected from a group 
of multiple layer stacks consisting of: O/N/O/M, O/N/H/M, 
O/H/H/M, O/H/O/M, H/H/H/M, or H/N/H/M, Where O is an 
oxide material, N is SiN, H is a high K material having a 
dielectric value above 4.1 and M is a metal having the speci?c 
Work function. 
[0020] In yet another aspect of the present invention, a 
?oating gate non-volatile semiconductor memory device 
includes a substrate having a source region, a drain region and 
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a channel region provided betWeen the source region and the 
drain region. A gate stack is located above the channel region 
Wherein the gate stack includes a sequential stack of a tunnel 
layer, a ?oating gate layer, a blocking layer and a control gate 
and the tunnel dielectric is adjacent to the channel region. In 
this aspect, the control gate is a metal gate comprised of a 
metal having a speci?c metal Work function in the range of 
equal or greater than 4.9 eV to equal or less than 5 .5 eV, When 
the tunnel layer is a high K dielectric. 
[0021] An example of this aspect of the invention includes 
a gate stack having a multiple layer stack selected from a 
group of multiple layer stacks consisting of: H/N/O/ M, H/N/ 
H/M, H/H/H/ M, or H/H/O/M Where O is an oxide material, N 
is SiN, H is a high K material and M is a metal having the 
speci?c Work function. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

[0022] The above, and other features and advantages of the 
present invention, Will become more readily apparent by the 
folloWing description of exemplary embodiments, to Which 
the present invention is not limited, With reference to the 
attached draWings. 
[0023] FIG. 1 illustrates a conventional non-volatile 
memory structure. 
[0024] FIG. 2 illustrates variations on the non-volatile 
memory structure of FIG. 1 With reference to the gate stack. 
[0025] FIG. 3 illustrates a polisilicon/HfO2 stack structure. 
[0026] FIG. 4 illustrates a problem as to Why the conven 
tional structure of FIG. 3 may not Work. 
[0027] FIG. 5 illustrates an exemplary ?oating gate stack 
non-volatile memory device. 
[0028] FIG. 6 illustrates an exemplary charge trap ?ash 
memory non-volatile memory device. 
[0029] FIG. 7 graphically illustrates the effect of the inven 
tion on barrier height. 
[0030] FIG. 8 illustrates the band gap versus dielectric con 
stant for various oxides. 
[0031] FIG. 9 illustrates the band alignment for various 
oxides. 
[0032] FIG. 10 illustrates metal Work function versus 
dielectric constant. 
[0033] FIG. 11 illustrates programming characteristics. 
[0034] FIGS. 12(a), 12(1)) and 12(0) illustrate the erasing 
characteristics —l0 volts bias —l2 volts bias and —I4 volts 
bias, respectively. 
[0035] FIG. 13 illustrates the voltage threshold versus erase 
time of an O/SiN/H/M charge trapping non-volatile memory 
device in accordance With an exemplary embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0036] The present invention Will noW be described more 
fully With reference to the accompanying draWings, in Which 
exemplary embodiments of the invention are shoWn. The 
invention may, hoWever, be embodied in many different 
forms and should not be construed as being limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the concept of the invention to 
those skilled in the art. 
[0037] FIG. 5 illustrates a ?oating gate stack-type non 
volatile memory 50, Which includes a substrate 51 made of, 
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for example, silicon. Other materials for the substrate 51 can 
be used, but silicon is currently the most common. In the 
substrate 51 are formed a source 5111 and a drain 51b betWeen 

Which is formed a channel region 510. It should be noted that, 
in this instance, the term “substrate” should be interpreted 
broadly to include Wafers or other forms of sub strates Whether 
rigid or ?exible, and also including embodiments in Which 
various additional layers have been deposited or groWn. The 
substrate 51 and source, drain and channel regions 51a-51c 
can be formed in any suitable manner. 

[0038] Above the channel region 510 is formed the gate 
stack 56. The gate stack 56 includes, in sequence aWay from 
the substrate 50, a tunnel layer 52, a charge trapping layer 53, 
a blocking layer 54, and a control gate 55. In the ?oating gate 
stack 56 shoWn in FIG. 5, the charge trapping layer 53 is a 
?oating gate made of a conductive material such as metal or a 
metal-like material. The tunnel layer 52 is a dielectric and the 
blocking layer 54 is also a dielectric. The frequency of elec 
trons tunneling from the control gate 55 to the ?oating gate 53 
is controlled by the charge blocking dielectric 54. 
[0039] The charge blocking dielectric 54 is preferably 
formed of a material having a high dielectric constant K, for 
example, an insulator. By considering energy bands at junc 
tion structures of the metal of the control gate 55, the dielec 
tric material of the blocking layer 54 and the ?oating gate 
forming the charge trapping layer 53, the effect of increasing 
the Work function of the metal gate layer 55 in increasing the 
barrier height of the blocking layer can be understood, as 
explained With reference to FIGS. 7(a) and 7(b), beloW. 
[0040] FIG. 6 has a similar structure to the memory device 
50 of FIG. 5, but is representative of a charge trap ?ash 
non-volatile memory device 60. Like the embodiment of FIG. 
5, the substrate 61 can be made of silicon, for example, or 
other suitable substrate materials. A source 6111 and a drain 
61b in the substrate 61 form a channel region 610 there 
betWeen. A gate stack 66 is formed over the channel region 
610. The gate stacking 66 includes, in sequence, a tunnel layer 
62, a charge trapping layer 63 in the form of a dielectric, a 
blocking layer 64, and a control gate 65. HoWever, if the 
tunnel layer 62 comprises a high-k material, then the ?oating 
gate should be a high Work-function metal or metal like 
material. 

[0041] The tunnel layer 52, 62 is preferably formed of a 
dielectric such as a thermal oxide, and even more preferably 
a dielectric is selected from the group consisting of SiO2, 
A1203, MgO, SrO, SiN, BaO, TiO, Si3N4, Ta2O5, BaTiO3, 
BaZrO, ZrO2, HfO2, A1203, Y2O3, ZrSiO, HfSiO, and 
LaAlO3 The dielectric constant of some of these materials is 
shoWn in FIG. 8 and the band alignment of some other of 
these materials is shoWn in FIG. 9. Typical thickness is in the 
range of a feW nanometers, e. g., 1-3 nm, and preferably 2 nm. 

[0042] The material for charge trapping layer 53, 63 varies 
betWeen the embodiments shoWn in FIGS. 5 and 6. In FIG. 5, 
the charge trapping layer is a ?oating gate, preferably made of 
a material selected from the group consisting of polysilicon, 
and high Work-function metals such as platinum (Pt), gold 
(Au), titanium-aluminium alloy (TiAlN), and palladium (Pd) 
or a metal composite group consisting of metal nitride, metal 
boron nitride, metal silicon nitride, metal aluminium nitride 
and metal silicide. 

[0043] High Work-function metals may be preferred even 
for trapping dielectric 63 embodiments, especially for use of 
high k as a tunneling dielectric 62. If the tunnel layer 62 
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comprises a high-k material, then the trapping dielectric gate 
63 should be a high Work-function metal or metal like mate 
rial. 

[0044] In FIG. 6, the charge trapping layer of 63 is a trap 
ping dielectric, preferably made from a material selected 
from the group consisting of SiN, Si rich SiN, Si rich SiON, 
Si rich SiOx, Ge rich GeON, Ge rich GeN, Ge rich GeO, Si 
incorporated into GeO, Si incorporated into GeON, Si incor 
porated into GeN, Si incorporated into GeO, Ge incorporated 
into SiN. The trapping dielectric can be made of materials 
identi?ed by either of the folloWing formulas: 1. M1 incorpo 
rated M2N, Ml incorporated M2ON, Ml incorporated M2Ox, 
Wherein M 1 and M2 are different and M 1 and M2 are metals, Si 
or Ge, and 2. M rich MNx, M rich MON, M rich MOx, 
Wherein M is metal, Si or Ge. 

[0045] The blocking layer 54, 64 is also a dielectric. The 
blocking dielectric 54, 64 is preferably a thermal oxide, and 
more preferably selected from a group of dialects consisting 

of SiO2, A1203, MgO, SrO, SiN, BaO, TiO, Si3N4, Ta2O5, 
BaTiO3, BaZrO, ZrO2, HfO2, A1203, Y2O3, ZrSiO, HfSiO, 
and LaAlO3. 
[0046] The control gate 55, 65 is a conductive material, 
preferably a metal, having a speci?c Work function With more 
than 4.9 eV. 

[0047] As explained With reference to FIGS. 7a and 7b, by 
increasing an absolute value of the Work function of the 
control gate, a difference betWeen the Fermi energy (E F) of 
the metal gate layer 55, 65, for instance, and a conduction 
energy level (Ec) of the blocking dielectric layer 54, 64 
increases relatively and, accordingly, it is possible to decrease 
the probability that electrons tunnel through the charge block 
ing layer 54, 64. As is illustrated in FIGS. 7(a) and 7(b), the 
energy band diagram of FIG. 7(a) illustrates a conventional 
n+-polysilicon gate structure. Electrons from the control gate 
can tunnel through the blocking oxide to the charge storage 
dielectric via FoWler-Nordheim (FN) tunneling. In contrast, 
as illustrated in FIG. 7(b), the energy band diagram of an 
alternative gate material in accordance With the present dis 
closure has a relatively larger electrical Work function, result 
ing in a higher barrier height. Electrons from the gate must 
tunnel through the entire Width of the blocking layer 54, 64 
via FoWler-Nordheim tunneling. FoWler-Nordheim tunneling 
is de?ned as the current ?oWing across a MOS structure, for 
instance, at the high electric ?eld in an oxide. The probability 
of FoWler-Nordheim tunneling has a relation to the Width 
through Which electrons tunnel. In most instances, this is 
thought of as the oxide thickness, as illustrated With respect to 
FIG. 2, for instance. The present embodiments disclosed 
herein, hoWever, institutes longer FoWler-Nordheim tunnel 
ing through the selective use of high K materials and metals 
having high Work function. 
[0048] Hence, by increasing the absolute value of the Work 
function of a metal control gate, a difference betWeen the 
Fermi energy (E F) of the metal gate layer 55, 65, for instance, 
and the blocking dielectric layer 54, 64 increases, relatively. 
As the Work function (I) of the metal goes up (and conse 
quently the Fermi level Efof the metal goes doWn), the barrier 
height of the junction increases thereby decreasing the pos 
sibility of electrons tunneling through the charge blocking 
layer 54, 64. Consequently, it is possible to decrease the 
possibility of electrons tunneling through the charge blocking 
layer by selection of the dielectric layer of the blocking layer 
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54, 64 and the metal of the control gate 55, 65. In the disclosed 
embodiments of the present invention, electron back tunnel 
ing can be suppressed. 
[0049] It should be noted that Work function is generally 
de?ned as the minimum potential that the mo st loosely bound 
valence electrons in a solid must possess to be released to an 
outer vacuum When the kinetic energy is Zero at ab solute Zero 

(0° C.). 
[0050] Ofthe possible metals that couldbe used as a control 
gate, the folloWing are listed along With their Work function in 
brackets Hf [3.9], Zr [4.05], Ta [4.25], Al [4.28], Nb [4.3], 
Ti[4.33], W [4.55], Mo [4.6], Ru [4.71],Au [5.1], Ni [5.15], lr 
[5.27] and Pt [5.65]. Of these, high Work function metals 
Would be preferred as materials used in these types semicon 
ductor devices. It also should be noted that by high K dielec 
tric, it is generally understood to mean that K is greater than or 
equal to 4.0 (SiOZ), and preferably higher than the K value of 
polysilicon (4.1). 
[0051] FIG. 8 illustrates the dielectric constant versus band 
gap for various oxides, including SiO2, A1203, MgO, HfO2, 
SrO, SiN, Ta2O5, BaO, and TiO2. Of these, the intrinsic 
characteristics of charge trapping in the SiN are ideal for a 
charge trap ?ash memory device such as illustrated as 
memory device 60 of FIG. 6. 
[0052] FIG. 9 illustrates the band alignment energy (eV) for 
various oxides Where the conduction band offset of the oxide 
is shoWn as positive valence values and the valence band 
offset of oxides is shoWn as the negative values, of course, of 
various materials. 
[0053] It should be evident from FIG. 8 that as the band gap 
of the oxide decreases With increases in the dielectric con 
stant. The conduction band offset of the oxide is normally 
proportional to the band gap of the oxide. Equations not 
accounting for an electron back tunneling effect can be shoWn 
as folloWs: 

Metal Work—Function:7.8—0.85*Barrier Height 

Metal Work—Function:6.85—0.25*Band Gap 

Thus, increasing barrier height has a direct relation to the 
band gap by selection of a metal Work function. 
[0054] FIGS. 10 and 11 illustrate a principal characteristic 
of the present disclosure. As illustrated in FIG. 10, the metal 
Work functions of various blocking oxides are shoWn versus 
dielectric constant. Here, SiO2 and A1203 are illustrated as 
forming to a trend-line for the metal Work function the barrier 
height of the blocking oxide decreases as the metal Work 
function increases. For better program/erase characteristics, 
high k blocking dielectrics are preferred. As a consequence, 
higher Work-function metal gates are preferably used When 
high k blocking dielectrics are used. 
[0055] FIG. 11 illustrates the programming characteristics 
of an exemplary embodiment Where the barrier height of a 
gate/SiO2 blocking layer is illustrated. The barrier height of 
3.1 eV for polysilicon/SiO2 (add 1 eV to graph values to 
barrier heights shoW in the insert to represent the metal Work 
function of 4.1 eV) for n+ polysilicon is demonstrated With 
the metal Work function equal to 4.1 eV. Also, shoWn as the 
barrier height of 3.6 eV or metal Work function of 4.6 eV and 
a barrier height of 4.1 eV for a metal Work function of 5.1 eV. 
As illustrated in FIG. 11, variations occur as to 14 volt, 12 volt 
and 10 volt applied at the voltage shift Vth for the various 
levels. Similarly, FIGS. 12(a), 12(1)) and 12(c) shoW erasing 
characteristics of —10 bias, —12 bias and —14 bias, respec 
tively, for the same barrier heights. As can be seen, for an 
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erase time of 10'3 (sec), embodiments of the present inven 
tion appear to achieve through simulation programs the 
desired goal of a negative 3 volt threshold voltage particularly 
for negative 12 and negative 14 voltage biases. It should be 
noted that the threshold voltage Vth equals the ?at band volt 
age VFB plus 0.5 volts in the exemplary embodiments of the 
present invention. 
[0056] FIG. 13 is a graph of an exemplary O/N/H/M stack 
structure shoWing the threshold Vth (V) versus erase time. The 
vertical chain-link line illustrates the erase time desired and 
demanded by industry. The horiZontal dashed line illustrates 
the desired voltage threshold for erasing the non-volatile 
memory. As illustrated in FIG. 13, these desired results can be 
achieved for the various embodiments of the present inven 
tion according to computer simulations. 

[0057] Speci?cally, When the blocking layer is principally 
comprised of SiO2, the speci?c metal Work function of a 
metal should be equal or greater than 4.4 eV. When the block 
ing layer is of a different high K dielectric, i.e., a dielectric 
having a value of greater than 4.1, a speci?c metal Work 
function of the control gate should be found in the range equal 
to or greater than 4.9 eV equal to or less than 5.5 eV, the upper 
limit for metals. It should be noted that these values are plus 
or minus 0.2 eV in most instances to re?ect that some Fermi 
level pinning may occur due to impurities at the interface of 
the blocking layer 54, 64 and the metal control gate 55, 65. 

[0058] With respect to another ?oating gate embodiment, 
the ?oating gate 52 is a metal gate comprised of a metal 
having a speci?c metal Work function of equal or greater than 
4 .9 eV When the tunnel layer is a high K dielectric. In this Way, 
the erase and programming steps can be better controlled by 
increasing the barrier height of for electrons tunneling 
through the tunnel layer. For taking advantage of good reten 
tion property for use in high Work-function ?oating gate and 
of good programming/erasing properties of high k tunneling 
layer, high Work-function metal ?oating gate is preferred for 
this embodiment. 

[0059] As should be clear from the above, the relatively 
recent introduction of high K dielectrics is gate dielectrics in 
the community as meant, until noW, O/N/O devices Were 
mainly used for SONOS-type ?ash memory device applica 
tions. By using p+ polysilicon gates and relatively thick 
blocking oxides, erasing problems could be mitigated. HoW 
ever, further scaling as design rules are reduced is inevitable, 
thereby increasing the demand for high K dielectric materials. 
A problem is that high K dielectrics are not compatible With 
p+ polysilicon due to the Fermi pinning effect as explained 
above, and regardless of the annealing temperature. Embodi 
ments of the present invention avoid these problems by using 
a metal gate. For improving erasing e?iciency and preventing 
electron backed tunneling, a high Work-function metal gate is 
used. 

[0060] It is predicted that a metal gate having a metal Work 
function of 4.6 eV for O/N/O devices Will meet the speci? 
cations for sub 52 or 57 nm ?ash memory devices Without 
demonstrating any signi?cant electron backed tunneling 
effect in a given erasing bias condition. A metal gate having a 
metal Work function of 5.1 eV or O/N/H (Where H stands for 
high K dielectric) should meet the speci?cation of sub 52 or 57 
nm ?ash memory devices and should not shoW any signi?cant 
electron backed tunneling effect for a given erasing bias con 
dition. Hence, embodiments of the present invention can 
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greatly mitigate the electron backed tunneling effect Which is 
known to have been a serious problem for SONOS devices 
and the like. 
[0061] According to simulations of embodiments of the 
present invention, a non-volatile semiconductor memory 
should have a program speed of 20 micro seconds at 17 V 
(With the threshold volt shift (Vth) going from —3V to 1V). 
The erase speed should be at 2 milliseconds at 18V (With the 
threshold volt shift (V th) going from 1V to —3V). The on-cell 
current is preferably greater than 500 nA. The endurance (the 
change in the threshold volt shift) Would be less than 0.3V at 
100,000 cycles (for the program state). The cycling cell cur 
rent Would be greater than 350 nA at 100,000 cycles, and the 
retention (the change in the threshold volt shift) Would be less 
than 0.3V at 250 degrees C. for 2 hours. Finally, the read 
disturb (the change in the threshold volt shift) Would be less 
than 1V at 100,000 read cycles and at 10,000 program/erase 
cycles. 
[0062] The present invention has been described by Way of 
exemplary embodiments, to Which is not limited. Variations 
and modi?cations Will occur to skilled artisans Without 
departing from the scope of the present invention. For 
instance, embodiments of the present invention can achieve 
more scaling While maintaining or improving erase e?iciency 
as compared the prior art, regardless of Whether the high 
Work-function metal gate is on an O/N/O, high K stack of an 
O/N/H, O/H/H. O/H/O or H/H/H sequence in trapping dielec 
tric embodiments, or O/FG/H, O/FG/O or H/FG/H sequence 
in ?oating gate (FG) embodiments. 
What is claimed is: 
1. A non-volatile semiconductor memory device, compris 

ing: 
a substrate, said substrate including a source region, a drain 

region and a channel region provided betWeen said 
source region and said drain region; and 

a gate stack located above said channel region, said gate 
stack including a sequential stack of a tunnel layer, a 
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charge trapping layer, a charge blocking layer and a 
control gate, Wherein said tunnel layer is adjacent to said 
channel region, 

Wherein said control gate is metal gate comprised of a 
metal having a speci?c metal Work function equal or 
greater than 4.4 eV Wherein the blocking layer includes 
SiO2, 

Wherein the memory device is a ?oating gate memory 
device and the charge trapping layer is a ?oating gate, 
and 

Wherein said ?oating gate is a metal gate comprised of a 
metal having a speci?c metal Work function equal or 
greater than 4.9 eV, and Wherein the tunnel layer is a 
high-k dielectric. 

2. The non-volatile semiconductor memory device of 
claim 1, Wherein said gate stack comprises a multiple layer 
stack selected from a group of multiple layer stacks consist 
ing of: O/SiN/SiO2/M, O/H/SiO2/M, H/H/SiO2/M, or H/SiN/ 
SiOZ/M, Where O is an oxide material, H is a high K material 
and M is a metal having said speci?c Work function. 

3. The non-volatile semiconductor memory device of 
claim 1, Wherein said tunnel layer is a dielectric selected from 
the group consisting of SiO2, A1203, MgO, SrO, SiN, BaO, 
TiO, Si3N4, Ta2O5, BaTiO3, BaZrO, ZrO2, HfO2, A1203, 
Y2O3, ZrSiO, HfSiO, and LaAlO3. 

4. The non-volatile semiconductor memory device of 
claim 1, Wherein said ?oating gate comprising a material 
selected from the group consisting of polysilicon, platinum 
(Pt), gold (Au), titanium-aluminium alloy (TiAlN), and pal 
ladium (Pd) and a metal composite group consisting of metal 
nitride, metal boron nitride, metal silicon nitride, metal alu 
minium nitride and metal silicide. 

5. The non-volatile semiconductor memory device of 
claim 1, Wherein said substrate is a Si substrate. 

* * * * * 


