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A high permittivity tunneling dielectric is used in a ?ash 
memory cell to provide greater tunneling current into the 
?oating gate With smaller gate voltages. The ?ash memory 
cell has a substrate With source/drain regions. The high-k 
tunneling dielectric is formed above the substrate. The high-k 
tunneling dielectric can be deposited using evaporation tech 
niques or atomic layer deposition techniques. The ?oating 
gate is formed on top of the high-k dielectric layer With an 
oxide gate insulator on top of that. A polysilicon control gate 
is formed on the top gate insulator. 
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FLASH MEMORY HAVING A 
HIGH-PERMITTIVITY TUNNEL 

DIELECTRIC 

RELATED APPLICATION 

[0001] This Application is a Divisional of US. application 
Ser. No. 1 1/ 209,128, titled “FLASH MEMORY HAVING A 
HIGH-PERMITTIVITY TUNNEL DIELECTRIC,” ?led 
Aug. 22, 2005 (Allowed), Which is a Divisional of US. appli 
cation Ser. No. 10/739,253, ?led Dec. 18, 2003, now US. Pat. 
No. 7,157,769 issued on Jan. 2, 2007, Which are commonly 
assigned and incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The present invention relates generally to memory 
devices and in particular the present invention relates to ?ash 
memory device architecture. 

BACKGROUND OF THE INVENTION 

[0003] Memory devices are typically provided as internal, 
semiconductor, integrated circuits in computers or other elec 
tronic devices. There are many different types of memory 
including random-access memory (RAM), read only memory 
(ROM), dynamic random access memory (DRAM), synchro 
nous dynamic random access memory (SDRAM), and ?ash 
memory. One type of ?ash memory is a nitride read only 
memory (NROM). NROM has some of the characteristics of 
?ash memory but does not require the special fabrication 
processes of ?ash memory. NROM integrated circuits can be 
implemented using a standard CMOS process. 
[0004] Flash memory devices have developed into a popu 
lar source of non-volatile memory for a Wide range of elec 
tronic applications. Flash memory devices typically use a 
one-transistor memory cell that alloWs for high memory den 
sities, high reliability, and loW poWer consumption. Common 
uses for ?ash memory include personal computers, personal 
digital assistants (PDAs), digital cameras, and cellular tele 
phones. Program code and system data such as a basic input/ 
output system (BIOS) are typically stored in ?ash memory 
devices for use in personal computer systems. 
[0005] The performance of ?ash memory transistors needs 
to increase as the performance of computer systems 
increases. To accomplish a performance increase, the transis 
tors can be reduced in siZe. This has the effect of increased 
speed With decreased poWer requirements. 
[0006] HoWever, a problem With decreased ?ash memory 
siZe is that ?ash memory cell technologies have some scaling 
limitations. For example, stress induced leakage typically 
requires a tunnel oxide above 60 A. This thickness results in 
a scaling limit on the gate length. Additionally, this gate oxide 
thickness limits the read current and may require large gate 
Widths. 
[0007] For the reasons stated above, and for other reasons 
stated beloW Which Will become apparent to those skilled in 
the art upon reading and understanding the present speci?ca 
tion, there is a need in the art for a more scalable, higher 
performance ?ash memory transistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 shoWs a cross-sectional vieW of a ?ash 
memory cell transistor of the present invention. 
[0009] FIG. 2 shoWs an energy-band diagram in accor 
dance With a Write operation to the transistor structure of FIG. 
1. 
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[0010] FIG. 3 shoWs an energy-band diagram in accor 
dance With an erase operation from the transistor structure of 
FIG. 1. 
[0011] FIG. 4 shoWs a plot of tunneling current dependence 
on barrier height for various electric ?elds in accordance With 
the transistor structure of FIG. 1. 
[0012] FIG. 5 shoWs a block diagram of an electronic sys 
tem of the present invention. 

DETAILED DESCRIPTION 

[0013] In the folloWing detailed description of the inven 
tion, reference is made to the accompanying draWings that 
form a part hereof and in Which is shoWn, by Way of illustra 
tion, speci?c embodiments in Which the invention may be 
practiced. In the draWings, like numerals describe substan 
tially similar components throughout the several vieWs. 
These embodiments are described in suf?cient detail to 
enable those skilled in the art to practice the invention. Other 
embodiments may be utiliZed and structural, logical, and 
electrical changes may be made Without departing from the 
scope of the present invention. The folloWing detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present invention is de?ned only by the 
appended claims and equivalents thereof. 
[0014] FIG. 1 illustrates a cross-sectional vieW of a ?ash 
memory cell transistor of the present invention. The transistor 
is comprised of tWo source/drain regions 101 and 102 in a 
silicon substrate 111. Which region 101 or 102 functions as 
source and Which functions as drain is determined by the 
direction of operation of the transistor. 
[0015] In one embodiment, the source/drain regions 101 
and 102 are n+ doped regions in a p-type substrate 111. An 
alternate embodiment may use p+ doped source/ drain regions 
in an n-type substrate. The present invention is not limited to 
any one conductivity type for the source/drain regions or the 
substrate. 
[0016] A high-permittivity (high-k) tunnel gate dielectric 
103 is formed on top of the substrate 111 betWeen the source/ 
drain regions 101 and 102. A polysilicon ?oating gate layer 
105 is formed on top of the tunnel gate dielectric layer 103.An 
interpoly oxide insulator layer 107 is formed on top of the 
?oating gate 105. A polysilicon control gate 109 is formed on 
top of the oxide insulator 107. 
[0017] In one embodiment, a high dielectric constant is 
considered to be a dielectric constant that is greater than that 
of SiO2. In one embodiment, LaAlO is used as the high-k 
tunneling gate dielectric 103 instead of the prior art SiO2 
tunneling gate dielectric. Alternate embodiments use other 
dielectrics having other dielectric constants. These dielectric 
materials include Si3N4, A1203, Y2O3, La2O3, Ta2O3, TiO2, 
HfO2, ZrO2, or other high dielectric constant materials. The 
characteristics of these materials are Well knoWn to those 
skilled in the art and are not discussed further. 
[0018] The LaAlO dielectric material is a high-k tunneling 
dielectric that has a band gap of 6.6 eV and a conduction band 
offset of 2.1 eV. Both of these are smaller than the prior art 
SiO2. Even though the barrier height of the LaAlO dielectric 
is less than that of SiO2 (i.e., 3.2 eV), the leakage current 
resulting from tunneling is still loW enough to meet the 
requirements of intrinsic storage of non-volatile memory. 
[0019] The loWer tunneling barrier height of high-k dielec 
tric gate insulators provides larger tunneling current into the 
?oating gate 105 With a smaller gate voltage. Additionally, 
larger tunneling current out of the ?oating gate is accom 
plished With smaller control gate 109 voltages. 
[0020] Another advantage of high-k gate insulators is that 
smaller Write and erase voltages are necessary due to the 
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reduced thickness of the SiO2 layer 107 between the control 
gate 109 and the ?oating gate 105. This layer can be made less 
than 15 A thick. Additional advantages include increased cell 
current With respect to prior art ?ash memory cells, transistors 
can be scaled beloW 50 nm, drain tum-on, short-channel 
effects, and punchthrough are substantially eliminated. 
[0021] In one embodiment, the high-k gate dielectric layer 
103 of FIG. 1 is fabricated using atomic layer deposition 
(ALD). As is Well knoWn in the art, ALD is based on the 
sequential deposition of individual monolayers or fractions of 
a monolayer in a Well controlled manner. Gaseous precursors 
are introduced one at a time to the substrate surface and 
betWeen the pulses the reactor is purged With an inert gas or 
evacuated. 
[0022] In the ?rst reaction step, the precursor is saturatively 
chemisorbed at the substrate surface and during subsequent 
purging the precursor is removed from the reactor. In the 
second step, another precursor is introduced on the substrate 
and the desired ?lms groWth reaction takes place. After that 
reaction, byproducts and the precursor excess are purged 
from the reactor. When the precursor chemistry is favorable, 
one ALD cycle can be performed in less than one second in a 
properly designed ?oW-type reactor. 
[0023] ALD is Well suited for deposition of high-k dielec 
trics such as AlOx, LaAlO3, HfAlO3, Pr2O3, Lanthanide 
doped TiOX, HfSiON, ZriSniTi4O ?lms using TiCl4 or 
TiI4, ZrON, HfOZ/Hf, ZrAlxOy, CrTiO3, and ZrTiO4. 
[0024] The most commonly used oxygen source materials 
for ALD are Water, hydrogen peroxide, and oZone. Alcohols, 
oxygen and nitrous oxide have also been used. Of these, 
oxygen reacts poorly at temperatures beloW 600° C. but the 
other oxygen sources are highly reactive With most of the 
metal compounds listed above. 
[0025] Source materials for the above-listed metals 
include: Zirconium tetrachloride (ZrCl4) for the Zr ?lm, tita 
nium tetraisopropoxide (Ti(OCH(CH3)2)4) for the Ti ?lm, 
trimethyl aluminum (Al(CH3)3) for the Al ?lm, chromyl 
chromide (CrO2Cl2) for the Cr ?lm, praseodymium chloride 
(PrCl3) for the Pr ?lm, and hafnium chloride (HfCl4) for the 
Hf ?lm. Alternate embodiments use other source materials. 
[0026] Thin oxide ?lms are deposited at a temperature that 
is high enough such that, When it is adsorbed to the substrate 
surface, the vaporiZed source material reacts With a molecular 
layer of a second source material or that the vaporiZed source 
material becomes absorbed and reacts With the second source 
material directed to the substrate surface in the subsequent 
step. On the other hand, the temperature should be loW 
enough such that thermal breakdown of the source material 
does not occur or that its signi?cance in terms of the total 
groWth rate of the ?lm is very small. Regarding the above 
listed metals, the ALD process may be carried out at a tem 
perature range of approximately ZOO-600° C. Alternate 
embodiments use other temperature ranges. 
[0027] In another embodiment of the ?ash memory transis 
tor of the present invention illustrated in FIG. 1, the high-k 
dielectric layer 103 can be fabricated using evaporation tech 
niques. Various evaporation techniques are subsequently 
described for the high dielectric constant materials listed 
above. 
[0028] Very thin ?lms of TiO2 can be fabricated With elec 
tron-gun evaporation from a high purity TiO2 slug (e. g., 
99.9999%) in a vacuum evaporator in the presence of an ion 
beam. In one embodiment, an electron gun is centrally 
located toWard the bottom of the chamber. A heat re?ector and 
a heater surround the substrate holder. Under the substrate 
holder is an oZoniZer ring With many small holes directed to 
the Wafer for uniform distribution of oZone that is needed to 
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compensate for the loss of oxygen in the evaporated TiO2 
?lm. An ion gun With a fairly large diameter (3-4 in. in 
diameter) is located above the electron gun and argon gas is 
used to generate Ar ions to bombard the substrate surface 
uniformly during the ?lm deposition to compact the groWing 
TiO2 ?lm. 
[0029] A tWo-step process is used in fabricating a high 
purity HfO2 ?lm. This method avoids the damage to the 
silicon surface by Ar ion bombardment, such as that encoun 
tered during Hf metal deposition using dc sputtering. A thin 
Hf ?lm is deposited by simple thermal evaporation. In one 
embodiment, this is by electron-beam evaporation using a 
high purity Hfmetal slug (e.g., 99.9999%) at a loW substrate 
temperature (e.g., l50°-200° C.). Since there is no plasma and 
ion bombardment of the substrate (as in the case of sputter 
ing), the original atomically smooth surface of the silicon 
substrate is maintained. The second step is oxidation to form 
the desired HfO2. 
[0030] The ?rst step in the deposition of CoTi alloy ?lm is 
by thermal evaporation. The second step is the loW tempera 
ture oxidation of the CoTi ?lm at 4000 C. Electron beam 
deposition of the CoTi layer minimizes the effect of contami 
nation during deposition. The CoTi ?lms prepared from an 
electron gun possess the highest purity because of the high 
purity starting material. The purity of Zone-re?ned starting 
metals can be as high as 99.999%. Higher purity can be 
obtained in deposited ?lms because of further puri?cation 
during evaporation. 
[0031] A tWo step process in fabricating a high-purity ZrO2 
?lm avoids the damage to the silicon surface by Ar ion bom 
bardment. A thin Zr ?lm is deposited by simple thermal 
evaporation. In one embodiment, this is accomplished by 
electron beam evaporation using an ultra-high purity Zr metal 
slug (e.g., 99.9999%) at a loW substrate temperature (e.g., 
l50°-200° C.). Since there is no plasma and ionbombardment 
of the substrate, the original atomically smooth surface of the 
silicon substrate is maintained. The second step is the oxida 
tion to form the desired ZrO2. 
[0032] The fabrication of YZO3 and Gd2O3 ?lms may be 
accomplished With a tWo step process. In one embodiment, an 
electron gun provides evaporation of high purity (e.g., 
99.9999%) Y or Gd metal folloWed by loW-temperature oxi 
dation technology by microWave excitation in a Kr/O2 mixed 
high-density plasma at 4000 C. The method of the present 
invention avoids damage to the silicon surface by Ar ion 
bombardment such as that encountered duringY or Gd metal 
deposition sputtering. A thin ?lm of Y or Gd is deposited by 
thermal evaporation. In one embodiment, an electron-beam 
evaporation technique is used With an ultra-high purity Y or 
Gd metal slug at a loW substrate temperature (e. g., l50°-200° 
C.). Since there is no plasma or ion bombardment of the 
substrate, the original atomically smooth surface of the sili 
con substrate is maintained. The second step is the oxidation 
to form the desiredY2O3 or Gd2O3. 
[0033] The desired high purity of a PrO2 ?lm can be accom 
plished by depositing a thin ?lm by simple thermal evapora 
tion. In one embodiment, this is accomplished by an electron 
beam evaporation technique using an ultra-high purity Pr 
metal slug at a loW substrate temperature (e.g., l50°-200° C.). 
Since there is no plasma and ion bombardment of the sub 
strate, the original atomically smooth surface of the silicon 
substrate is maintained. The second step includes the oxida 
tion to form the desired PrO2. 
[0034] The nitridation of the ZrO2 samples comes after the 
loW-temperature oxygen radical generated in high-density 
Krypton plasma. The next step is the nitridation of the 
samples at temperatures >700o C. in a rapid thermal anneal 
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ing setup. Typical heating time of several minutes may be 
necessary, depending on the sample geometry. 
[0035] The formation of a YiSiiO ?lm may be accom 
plished in one step by co-evaporation of the metal (Y) and 
silicon dioxide (SiO2) Without consuming the substrate Si. 
Under a suitable substrate and tWo-source arrangement, 
yttrium is evaporated from one source, and SiO2 is from 
another source. A small oxygen leak may help reduce the 
oxygen de?ciency in the ?lm. The evaporation pressure ratio 
rates can be adjusted easily to adjust the YiSiiO ratio. 
[0036] The prior art fabrication of lanthanum aluminate 
(LaAlO3) ?lms has been achieved by evaporating single crys 
tal pellets on Si substrates in a vacuum using an electron 
beam gun. The evaporation technique of the present invention 
uses a less expensive form of dry pellets of A1203 and La2O3 
using tWo electron guns With tWo rate monitors. Each of the 
tWo rate monitors is set to control the composition. The com 
position of the ?lm, hoWever, can be shifted toWard the A1203 
or La2O3 side depending upon the choice of dielectric con 
stant. After deposition, the Wafer is annealed ex situ in an 
electric fumace at 700° C. for ten minutes in N2 ambience. In 
an alternate embodiment, the Wafer is annealed at 800°-900o 
C. in RTA for ten to ?fteen seconds in N2 ambience. 
[0037] FIG. 2 illustrates an energy-band diagram in accor 
dance With a Write operation in the transistor structure of FIG. 
1 While FIG. 3 is the energy-band diagram for an erase opera 
tion. The diagrams shoW the conduction band edge, EC, and 
the valence band edge, EV. BetWeen E C and EVis the band gap 
Where there are no states for electrons. The energy barrier, (I), 
is the discontinuity in the conduction bands. 
[0038] The high-k tunnel gate dielectric of the present 
invention reduces the barriers betWeen the substrate and gate 
insulator and/or betWeen the ?oating gate and the gate insu 
lator. FIG. 4 illustrates a plot of tunneling current dependence 
on barrier height for various electric ?elds in accordance With 
the transistor structure of FIG. 1. This plot shoWs that the 
tunneling current at a ?xed electric ?eld can be increased by 
orders of magnitude as a result of reducing the barriers. 
[0039] In the speci?c case of FoWler-Nordheim tunneling, 
the expression that describes the conduction in the insulator is 
J:AE2exp(—B/E) Where I is the current density in amps/cm2, 
E is the electric ?eld in the insulator in volts/ cm andA and B 
are constants for a particular insulator. The constants depend 
on the effective mass and the electron barrier energy of the 
insulator and are scaled With the barrier energy, (I), as A<><(1/ 
61>) and Bo<((I>)3/2. 
[0040] For the case of the commonly used gate insulator, 
SiO2, the equation above renders A(SiO2iSi):5.5><l0_l6 
amps/volt2 and B(SiO2iSi):7.07><l07 V/cm. If a neW barrier 
of <):l.08 eV is utiliZed, likely values for A and B can be 
extrapolated from the above equations. In this case, A((I>:l. 
08 eV):l .76><l0_l5 amps/volt2 and B((I>:l .08 eV):l .24><l07 
V/ cm. 

[0041] Curves of J versus the barrier energy, F, are shoWn in 
FIG. 4 for several values of E. For a given tunneling current, 
loWer barriers require loWer electric ?elds. As an example, an 
SiO2 barrier of 3.2 eV has an electric ?eld of 6><l06 V/cm 
While for the same tunneling current, a high-k dielectric With 
a 1.08 eV barrier requires only an electric ?eld of 7><l05 
V/cm. If the thicknesses of the tWo dielectrics are the same 
then the voltage required Will be about 8.6 times less for the 
same current. If the high-k dielectric has a dielectric constant 
of 28, then the equivalent oxide thickness (EOT) Will be 7 
times less than the actual thickness of the high-k dielectric. 
[0042] The ?ash memory transistors of the present inven 
tion can thus be designed With very small equivalent oxide 
thicknesses and scaled into the 50 nm dimensions Without 
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drain turn-on problems, short-channel effects, and punch 
through. Additionally, retention times Will decrease due to 
more thermal excitation and emission of electrons over the 
smaller barriers. 
[0043] FIG. 5 illustrates a functional block diagram of a 
memory device 500 that can incorporate the ?ash memory 
cells of the present invention. The memory device 500 is 
coupled to a processor 510. The processor 510 may be a 
microprocessor or some other type of controlling circuitry. 
The memory device 500 and the processor 510 form part of an 
electronic system 520. The memory device 500 has been 
simpli?ed to focus on features of the memory that are helpful 
in understanding the present invention. 
[0044] The memory device includes an array of ?ash 
memory cells 530 that can be ?oating gate ?ash memory 
cells. The memory array 530 is arranged in banks of roWs and 
columns. The control gates of each roW of memory cells is 
coupled With a Wordline While the drain and source connec 
tions of the memory cells are coupled to bitlines. As is Well 
knoWn in the art, the connection of the cells to the bitlines 
depends on Whether the array is a NAND architecture or a 
NOR architecture. 
[0045] An address buffer circuit 540 is provided to latch 
address signals provided on address input connections A0-Ax 
542. Address signals are received and decoded by a roW 
decoder 544 and a column decoder 546 to access the memory 
array 530. It Will be appreciated by those skilled in the art, 
With the bene?t of the present description, that the number of 
address input connections depends on the density and archi 
tecture of the memory array 530. That is, the number of 
addresses increases With both increased memory cell counts 
and increased bank and block counts. 
[0046] The memory device 500 reads data in the memory 
array 530 by sensing voltage or current changes in the 
memory array columns using sense/buffer circuitry 550. The 
sense/buffer circuitry, in one embodiment, is coupled to read 
and latch a roW of data from the memory array 53 0. Data input 
and output buffer circuitry 560 is included for bi-directional 
data communication over a plurality of data connections 562 
With the controller 510). Write circuitry 555 is provided to 
Write data to the memory array. 
[0047] Control circuitry 570 decodes signals provided on 
control connections 572 from the processor 510. These sig 
nals are used to control the operations on the memory array 
530, including data read, data Write, and erase operations. The 
control circuitry 570 may be a state machine, a sequencer, or 
some other type of controller. 
[0048] The ?ash memory device illustrated in FIG. 5 has 
been simpli?ed to facilitate a basic understanding of the fea 
tures of the memory. A more detailed understanding of inter 
nal circuitry and functions of ?ash memories are knoWn to 
those skilled in the art. 

CONCLUSION 

[0049] In summary, the ?ash memory transistors of the 
present invention use a high-k tunnel gate dielectric to enable 
the transistor to be reduced in siZe Without performance prob 
lems. The high-k dielectric enables smaller Write and erase 
voltages to be used and eliminates drain turn-on problems, 
short-channel effects, and punchthrough. The high-k dielec 
tric can be deposited either With an evaporation process or an 
atomic layer deposition process. 
[0050] The ?ash memory cells of the present invention may 
be NAND-type cells, NOR-type cells, or any other type of 
?ash memory array architecture. 
[0051] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those of 
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ordinary skill in the art that any arrangement that is calculated 
to achieve the same purpose may be substituted for the spe 
ci?c embodiments shoWn. Many adaptations of the invention 
Will be apparent to those of ordinary skill in the art. Accord 
ingly, this application is intended to cover any adaptations or 
variations of the invention. It is manifestly intended that this 
invention be limited only by the following claims and equiva 
lents thereof. 
What is claimed is: 
1. A method for fabricating a ?ash memory cell, the method 

comprising: 
creating a plurality of source/ drain regions by doping por 

tions of a substrate; 
forming an atomic layer deposition (ALD) tunnel dielec 

tric layer With an atomic layer deposition technique on 
the substrate substantially betWeen the plurality of 
source/drain regions, the ALD tunnel dielectric layer 
having a dielectric constant that is higher than silicon 
dioxide; 

depositing a ?oating gate on the evaporated tunnel dielec 
tric layer; 

depositing an oxide insulator material on the ?oating gate; 
and 

forming a control gate on the oxide insulator material. 
2. The method of claim 1 Wherein forming anALD tunnel 

gate insulator comprises depositing one of AlOX, LaAlO3, 
HfAlO3, Pr2O3, Lanthanide-doped TiOx, HfSiON, ZriSni 
Ti4O ?lms using TiCl4 or Til4, ZrON, HfOZ/Hf, ZrAlXOy, 
CrTiO3, or ZrTiO4. 

3. A method for fabricating a memory device on a sub 
strate, the memory device having a plurality of memory cells, 
the method comprising: 

doping a source region and a drain region into the substrate 
for each memory cell; 

forming a tunnel dielectric layer over the substrate sub stan 
tially betWeen each pair of source and drain regions, 
each tunnel dielectric layer having a barrier height that is 
less than silicon dioxide; 

forming a ?oating gate over each tunnel dielectric layer; 
forming a gate insulator over each ?oating gate; and 
forming a gate over each gate insulator. 
4. The method of claim 3 Wherein the tunnel dielectric layer 

comprises a high permittivity gate dielectric. 
5. The method of claim 4 Wherein the tunnel dielectric layer 

has a band gap of 6.6 eV and a conduction band offset of 2.1 
eV. 

6. The method of claim 3 Wherein the tunnel dielectric layer 
is formed using atomic layer deposition using sequential 
deposition of individual monolayers or fractions of a mono 
layer Where gaseous precursors are introduced one at a time to 
the substrate. 

7. The method of claim 3 Wherein the ?oating gate com 
prises a polysilicon layer. 
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8. The method of claim 3 Wherein the gate insulator com 
prises an interpoly oxide insulator layer. 

9. The method of claim 3 Wherein the tunnel dielectric layer 
is less than 15 A thick. 

10. A method for fabricating a memory device, the method 
comprising: 

forming a pair of source/drain regions in the substrate for 
each memory cell of the memory device; 

forming a tunnel dielectric With atomic layer deposition, 
using an oxygen source of one of hydrogen peroxide, 
oZone, or nitrous oxide, over the substrate and substan 
tially betWeen each pair of source/drain regions, each 
tunnel dielectric layer having a barrier height that is less 
than silicon dioxide and is comprised of a metal com 
pound; 

forming a ?oating gate over each tunnel dielectric; 
forming a gate insulator over each ?oating gate; and 
forming a gate over each gate insulator. 
11. The method of claim 10 Wherein the tunnel dielectric is 

formed by a plurality of reaction steps, including a ?rst pre 
cursor that is saturatively chemisorbed at the substrate sur 
face, in a ?oW-type reactor. 

12. The method of claim 11 and further including purging 
the ?rst precursor and introducing a second precursor that is 
introduced on the substrate for ?lms groWth reaction. 

13. The method of claim 12 and further including purging 
byproducts and the second precursor. 

14. The method of claim 10 Wherein the tunnel dielectric is 
formed from one of source materials: Zirconium tetrachloride 

(ZrCl4) for a Zr ?lm, titanium tetraisopropoxide (Ti(OCH 
(CH3)2)4) for a Ti ?lm, trimethyl aluminum (Al(CH3)3) for an 
Al ?lm, chromyl chromide (CrO2Cl2) for a Cr ?lm, praseody 
mium chloride (PrCl3) for a Pr ?lm, and hafnium chloride 
(HfCl4) for an Hf ?lm. 

15. The method of claim 14 Wherein thin oxide ?lms are 
deposited on the substrate at a temperature that is high enough 
such that it is absorbed to the substrate surface. 

16. The method of claim 15 Wherein vaporiZed source 
material reacts With a molecular layer of a second source 
material. 

17. The method of claim 16 Wherein the vaporized source 
material becomes absorbed and reacts With the second source 
material directed to the substrate surface in a subsequent 
fabrication step. 

18. The method of claim 10 Wherein each memory cell is 
scaled beloW 50 nm. 

19. The method of claim 10 Wherein the oxygen sources 
further comprise Water and alcohols. 

20. The method of claim 10 Wherein tunnel dielectric mate 
rials include one of Si3N4, Al2O3,Y2O3, La2O3, Ta2O3, TiO2, 
HfO2, ZrO2. 


