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(57) ABSTRACT 

Methods of manufacturing insulating materials and semi 
conductor devices incorporating ?lms having high dielectric 
constants are disclosed, in Which the high-dielectric constant 
material is deposited on a semiconductor surface that has 
been treated to prevent the formation of interfacial oxide 
betWeen the semiconductor substrate and the high dielectric 
constant material. The methods of this invention involve 
implantation of nitrogen ions through the sacri?cial oxide 
layer, thereby forming a nitrided silicon substrate under 
neath the sacri?cial oxide. The sacri?cial oxide can then 
removed, and thereafter layers of high dielectric constant 
materials can be deposited on the nitrided silicon substrate 
Without the formation of interfacial oxide. Manufacturing 
devices using the methods of this invention can result in the 
formation of an overall insulating ?lm having a dielectric 
constant that more closely re?ects the dielectric constant of 
the high-dielectric constant material. Therefore, the insulat 
ing ?lms made using the methods of this invention can be 
made thinner than conventional insulating ?lms, thus per 
mitting the manufacture of semiconductor products having 
increasing device density and increasing ef?ciency, and 
decreasing manufacturing costs. 
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GATE INSULATOR PROCESS FOR NANOMETER 
MOSFETS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to the manufacture of semi 
conductor devices, particularly devices having a nitrided 
silicon substrate manufactured by nitrogen ion implantation 
and having high dielectric constant insulators. 

[0003] 2. Description of Related Art 

[0004] As semiconductor devices are made smaller to 
accommodate desired increases in device density, it is desir 
able to decrease the dimensions of the insulating elements in 
the devices. Particularly, the minimum dimensions of metal 
on silicon ?eld effect transistors (“MOSFETS”) in semicon 
ductors can be limited by the requirements for effective 
insulation, or “gate insulation” betWeen the silicon substrate 
and gates. For example, in non-volatile memory devices, the 
gate insulator prevents charge leakage from occurring 
betWeen the gate and the substrate. Typically, an insulator 
such as SiO2 is used to provide the gate, and is called “gate 
oxide.” HoWever, the minimum thickness of the insulating 
layers can be determined in part by the dielectric constant of 
the insulating material. Therefore, as semiconductor device 
density increases and device dimensions become smaller, it 
becomes increasingly useful to provide insulating materials 
that have high insulating capability. Recently, materials 
having high insulating capability and high capacitance have 
become available, and have been used to provide alterna 
tives to SiO2 as gate insulators. 

[0005] A. Semiconductor Device Manufacture 

[0006] The manufacture of semiconductor devices is typi 
cally carried out by creating areas of isolation or insulation 
on a semiconductor substrate, such as silicon, and then 
forming active devices betWeen the areas of electrical iso 
lation. The semiconductor substrate can typically be a 
p-doped substrate, although one can alternatively use an 
n-doped substrate. Insolation areas can be manufactured, by 
Way of example, using ShalloW Trench Isolation (“STI”), 
Whereby areas of electrical isolation are formed by inscrib 
ing trenches in the silicon substrate and then ?lling the 
trenches With an insulating material, including, by Way of 
example only, a silicon oxide. The prior art methods of 
manufacturing devices using STI are depicted in FIGS. 1-3. 
FIG. 1 depicts a semiconductor Wafer 100 comprised of a 
silicon substrate 104 and having a layer of pad oxide (“Pox”) 
108 formed thereon. The pad oxide can be formed by Way 
of example, by dry oxidation of silicon in the presence of 
oxygen (O2) at a temperature of about 950° C. for about 30 
minutes. FIG. 2 depicts the semiconductor Wafer shoWn in 
FIG. 1, but after the layer of pad oxide 108 is formed, a 
photoresist mask (not shoWn) is applied to the substrate and 
a layer of nitride 112 is deposited over the Wafer, leaving 
those areas uncovered Where shalloW trenches are to be 
formed. FIG. 3 depicts the same semiconductor Wafer as in 
FIGS. 1 and 2, but after a shalloW trench 116 has been 
formed in the substrate betWeen the areas having the nitride 
layers 112. The nitride layer 112 can act as an etch-stop layer 
to prevent the removal of substrate 104 during the formation 
of shalloW trenches, thus providing for localiZed areas of 
electrical isolation. Subsequently, the shalloW trenches are 
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?lled With a dielectric material such as silicon dioxide, and 
thereafter the nitride layer 112 is removed, thereby exposing 
the layer of pad oxide 108. 

[0007] The next step in semiconductor device manufac 
ture is typically the deposition of a layer of insulating 
material or gate insulator on the pad oxide. Gate insulating 
layers are typically made of SiO2 and after formation of a 
gate insulator, the manufacture of semiconductor devices 
involves the deposition of a conductive material on top of 
the insulating material, thereby forming a “gate” structure 
Which forms part of the active device elements. Because the 
dielectric constant of SiO2 is about 3.9, and other materials 
can have dielectric constants higher than that of SiO2, it can 
be desirable to incorporate other, high-dielectric constant 
materials into gate insulators. 

[0008] B. High-Dielectric Constant Insulators 

[0009] One indicator of a material’s ability to act as an 
electrical insulator is the dielectric constant (“K”). The 
dielectric constant is a measure of the ability of an insulator 
to prevent the discharge of electric current betWeen conduc 
tive elements through the insulator. Better insulators have 
higher dielectric constants. The dielectric constant is quan 
ti?ed by comparing the insulating ability of an insulating 
material to the insulating ability of air, Which has a dielectric 
constant de?ned to be 1.0. The commonly used dielectric 
material, silicon dioxide (SiO2) has a dielectric constant of 
about 3.9. High dielectric constant materials are herein 
de?ned to have dielectric constants of greater than 3.9. In 
contrast, insulators having dielectric constants of less than 
3.9 are herein considered to be loW dielectric constant 
insulators. 

[0010] Examples of high dielectric constant materials 
include tantalum pentoxide (TaZOS), aluminum oxide 
(A1203), silicon nitride (Si3N4), Zirconium dioxide (ZrOZ), 
titanium dioxide (TiOZ), barium-strontium-titanium oxide 
(“EST”), and lead-Zirconium-titanium oxide (“PZT”), 
although other materials can also be used. Tantalum pen 
toxide has a dielectric constant of about 30, and therefore, is 
a useful material because it can be made into an insulating 
layer having high capacitance. Other materials, having 
dielectric constants up to about 200 are knoWn in the art, and 
can be desirably used as gate insulators. 

[0011] High-dielectric constant materials are desired for 
use as insulators because of the possibility that the increased 
dielectric constant and capacitance can permit the use of 
thinner layers of insulating materials, permitting device 
dimensions to be smaller than previously possible using 
more conventional insulators. Therefore, to take advantage 
of high-dielectric constant materials, instead of depositing 
SiO2 as the gate oxide, more recent manufacturing methods 
have incorporated high dielectric constant materials. Unfor 
tunately, conventional manufacturing methods involving 
high dielectric constant insulators can suffer from the prob 
lem of interfacial oxide formation betWeen the silicon sub 
strate and the high dielectric material. 

[0012] C. Sacri?cial Oxide and Interfacial Oxide Layers 

[0013] Silicon Wafers, as depicted in FIG. 1, typically can 
have a thin layer of oxide 108 on the surface. This layer of 
oxide can be termed “sacri?cial oxide” or “pad oxide.” As 
depicted in FIG. 4, With the deposition of the high dielectric 
constant material 132, a layer of silicon oxide 110 (“inter 
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facial oxide”) can form under the high dielectric constant 
material. The interfacial oxide can have the structural for 
mula SiXOy, Where X and y are not necessarily integers. 
Although the interfacial oxide can be thin, it can provide an 
oxide equivalent thickness of about 10 Oxide equivalent 
thickness (“Oxeq”) of an insulating layer X, is de?ned as the 
thickness of a layer of SiO2 suf?cient to provide the same 
accumulation capacitance as the insulating layer X. Oxeq can 
be calculated from the thickness of the insulating layer, T, 
and dielectric constant of the insulator, K, according to the 
formula: 

Oxeq : 

[0014] HoWever, like conventional gate oxide, interfacial 
oxide has a dielectric constant of about 3.9. Thus, the 
conductive layer of the gate structure is separated from the 
silicon substrate by the layer of high dielectric constant 
material and the interfacial oxide Which underlies the high 
dielectric constant layer. 

[0015] Nevertheless, as device dimensions are reduced, 
and as the thickness of the high dielectric constant layer is 
reduced, the capacitance of the insulator should remain at a 
high, desirable level. Unfortunately, the formation of a layer 
of interfacial oxide during deposition of the high-dielectric 
constant material can result in the formation of a mixed 
insulating layer. This mixed layer can have a capacitance 
less than that of the high dielectric constant material alone. 
This is because the capacitance of the total insulating layer 
can be determined by the capacitances of both the high 
dielectric constant material and of the oxide. The total 
capacitance (“Cmm”) of such a mixed layer of high dielectric 
constant (“Hi-K”) material and an oxide such as SiO2 can be 
related to each other as follows: 

1 l l 
_ — + —, 

Ctotal Coxide CHM 

[0016] Wherein COxide is the capacitance of the oxide layer 
and CHi_K is the capacitance of the high-dielectric constant 
material. For mixed insulators as depicted in FIG. 4, com 
prising both high dielectric constant material 132 and inter 
facial oxide 110, the presence of SiO2 effectively decreases 
the gate oxide equivalent thickness of the combined insu 
lating layer. The interfacial oxide can offset the gate oxide 
equivalent thickness of the high dielectric constant material, 
and thereby decreasing the capacitance of the mixed insu 
lating layer compared to the same thickness of high dielec 
tric constant material alone. Using conventional manufac 
turing methods the promise of thin, high dielectric constant 
layers has been dif?cult to realiZe. Therefore, to provide thin 
insulating layers comprising high dielectric constant mate 
rials, it is desirable to be able to deposit the high dielectric 
constant materials While limiting the groWth of interfacial 
layers of silicon oxides. 

[0017] D. Dopant Diffusion 

[0018] Device reliability can be degraded if dopants such 
as boron penetrate into the gate oxide regions. For example, 
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such penetration can occur if a p-type dopant is introduced 
into a conductive polysilicon layer over a gate oxide layer. 
Gate oxide is relatively permeable to boron atoms, and thus, 
With the thermal cycling that occurs during subsequent 
semiconductor manufacturing steps, there can be opportu 
nity for dopant atoms to diffuse from the doped polysilicon 
regions and into the gate oxide regions. Diffusion of boron 
atoms can degrade the insulating properties of the gate oxide 
and prevent adequate charge from being stored in the gate, 
and can result in leakage currents from the gate to the 
substrate. Moreover, as device dimensions are reduced to 
meet the demands of smaller, faster semiconductor devices, 
the problems associated With dopant diffusion can become 
greater. Therefore, it can be desirable to limit the diffusion 
of boron and/or other dopant atoms from polysilicon gates 
into the underlying gate oxide regions. 

[0019] Another object of this invention is the manufacture 
of semiconductor devices comprising insulators having 
increased capacitance. 

[0020] Another object of this invention is the manufacture 
of semiconductor devices having decreased gate insulator 
thickness. 

SUMMARY OF THE INVENTION 

[0021] This invention addresses the above problems 
caused by interfacial oxide by providing a nitrided silicon 
substrate under the pad or sacri?cial oxide layer. This 
nitrided silicon substrate can be provided by the implanta 
tion of nitrogen ions through the pad oxide or sacri?cial 
oxide layer and into the silicon layer. By providing such a 
nitrided silicon substrate, subsequent exposure of the semi 
conductor Wafer to oxidating conditions suitable for depo 
sition of high dielectric constant insulators can result in 
reduced groWth of interfacial oxide compared to groWth of 
insulating layers Without the nitrided silicon substrate. The 
sacri?cial oxide layer can be subsequently etch off, revealing 
the underlying nitrided silicon substrate, thereby permitting 
the deposition of high dielectric constant material directly on 
the nitrided silicon substrate With little intervening interfa 
cial oxide. 

[0022] Thus, one aspect of this invention is the implanta 
tion of nitrogen ions through a sacri?cial oxide layer to form 
an implanted nitride, and subsequent removal of the sacri 
?cial oxide layer. 

[0023] An additional aspect of this invention is the depo 
sition of a layer of high dielectric constant material on an 
exposed nitrided silicon substrate, thereby resulting in an 
insulating layer having less interfacial oxide underneath. 

[0024] A further aspect of this invention is the manufac 
ture of semiconductor devices having high dielectric con 
stant insulating layers With reduced interfacial oxide. 

[0025] Another aspect of the invention is the manufacture 
of semiconductor devices having different types of insulat 
ing layers in different regions of the semiconductor Wafer. 

BRIEF DESCRIPTION OF THE FIGURES 

[0026] This invention Will be described With respect to the 
particular embodiments thereof. Other objects, features and 
advantages of the invention Will become apparent With 
reference to the speci?cation and draWings in Which: 

[0027] FIG. 1 depicts a semiconductor Wafer of the prior 
art having a layer of silicon oxide. 
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[0028] FIG. 2 depicts a prior art semiconductor Wafer 
depicted in FIG. 1 and having a patterned layer of nitride on 
the surface of the oxide layer. 

[0029] FIG. 3 depicts the prior art Wafer shoWn in FIG. 2, 
but additionally having shalloW trenches inscribed in the 
Wafer. 

[0030] FIG. 4 depicts a prior art semiconductor Wafer 
having a layer of high dielectric constant material deposited 
on the top of an oxide layer. 

[0031] FIG. 5 depicts an embodiment of this invention, 
shoWing a semiconductor Wafer as shoWn in FIG. 3, but 
additionally having the nitride layer removed in preparation 
for nitrogen ion implantation of the methods of this inven 
tion. 

[0032] FIG. 6 depicts the Wafer as shoWn in FIG. 5, 
Wherein nitrogen ions are being implanted in the silicon 
substrate beneath the layer of surface oxide. 

[0033] FIG. 7 depicts the Wafer as shoWn in FIGS. 5-6, 
having a layer of liner oxide deposited on the surfaces of the 
Wafer. 

[0034] FIG. 8 depicts the Wafer as shoWn in FIGS. 5-7, 
having the shalloW trenches ?lled With ?eld oxide and 
removal of the sacri?cial oxide. 

[0035] FIG. 9 depicts the Wafer as shoWn in FIGS. 5-8, 
having a layer of high dielectric constant material deposited 
on top of the Wafer. 

[0036] FIG. 10 depicts the Wafer as shoWn in FIG. 3, 
having a layer of liner oxide deposited on the surfaces of the 
shalloW trench. 

[0037] FIG. 11 depicts the Wafer as shoWn in FIG. 10, 
having the shalloW trenches ?lled With ?eld oxide. 

[0038] FIG. 12 depicts the Wafer as shoWn in FIGS. 10-11, 
after planariZation. 

[0039] FIG. 13 depicts the Wafer as shoWn in FIGS. 10-12 
during implantation of nitrogen ions under the layer of 
sacri?cial oxide. 

[0040] FIG. 14 depicts the Wafer as shoWn in FIGS. 
10-13, after removal of the sacri?cial oxide. 

[0041] FIG. 15 depicts the Wafer as shoWn in FIGS. 
10-14, after deposition of a layer of high dielectric constant 
material on the nitrided silicon substrate. 

[0042] FIG. 16 depicts another embodiment of this inven 
tion, comprising a semiconductor Wafer having tWo regions, 
one having a photoresist mask, and the other having no 
photoresist mask in preparation for nitrogen ion implanta 
tion. 

[0043] FIG. 17 depicts the semiconductor Wafer as shoWn 
in FIG. 16, during implantation of nitrogen ions under the 
sacri?cial oxide regions of the non-masked portion of the 
Wafer. 

[0044] FIG. 18 depicts the Wafer as shoWn in FIGS. 
16-17, after stripping the photoresist layer and planariZation. 

[0045] FIG. 19 depicts the Wafer as shoWn in FIGS. 
16-18, after formation of a layer of high dielectric constant 
material on the region that had nitrogen ion implantation and 

Jan. 24, 2002 

after formation of a mixed insulator on the region of the 
Wafer that had been masked With photoresist material. 

DETAILED DESCRIPTION 

[0046] This invention includes methods for the formation 
of a nitrided silicon substrate. The term “nitrided silicon 
substrate” means a silicon nitride region positioned under 
neath an existing sacri?cial oxide region on a semiconductor 
substrate. The term “silicon substrate” means the area of a 
Wafer underneath any layer of oxide, including sacri?cial 
oxide or pad oxide. One Way of manufacturing nitrided 
silicon substrate is via the implantation of N+ ions through 
the sacri?cial oxide layer and into the silicon substrate. The 
implanted nitride layer then can act as an etch-stop, so that 
subsequent etching of the sacri?cial oxide region can be 
accomplished more completely, thereby exposing the under 
lying nitrided silicon substrate. Subsequently, high-dielec 
tric constant layers can be formed on the nitrided silicon 
substrate While minimiZing the formation of interfacial 
oxide. This process thereby minimiZes the gate oxide 
equivalent thickness of the high-dielectric constant layers 
and therefore permits effective gate insulation With thinner 
layers of material. In such a fashion, the problems associated 
With interfacial oxide can be minimiZed. Additionally, N+ 
implantation can be carried out in a regional fashion, thereby 
permitting the manufacture of semiconductor Wafers having 
areas of implanted nitride and other areas not having 
implanted nitride. Such regional implantation can permit the 
manufacture of a variety of different gate oxide and dielec 
tric materials on the same Wafer, thereby permitting the 
manufacture of a variety of different types of semiconductor 
devices on a single Wafer. 

[0047] The methods of this invention can be advanta 
geously used in the manufacture of any type of semicon 
ductor device having an insulating layer. Moreover, the type 
of electrical isolation used is not critical, and can be either 
shalloW trench isolation (“STI”) or Local Oxidation of 
Silicon (“LOCOS”). Although both types of electrical iso 
lation can be used, examples beloW refer to the STI type of 
isolation. 

[0048] A. Nitrogen Ion Implantation Before Deposition of 
Trench-Filling Oxide In Manufacture of STI 

[0049] To manufacture semiconductor devices having a 
nitrided silicon substrate formed under the sacri?cial oxide 
layer, N+ ion implantation can be used. In the Figures that 
folloW, like numbers refer to like elements. FIGS. 5-9 depict 
the manufacture of semiconductor Wafers using nitrogen ion 
implantation before the deposition of trench ?lling oxide. In 
this embodiment, semiconductor Wafers are provided having 
a p-type dopant, although Wafers having n-type dopants can 
be treated as advantageously as Wafers having p-type 
dopants. Semiconductor Wafers typically can have a layer of 
sacri?cial oxide having a thickness of about 150 A on the 
silicon substrate surface. In general, to make the nitrided 
silicon substrate of this invention, the sacri?cial oxide 
coated substrate can be implanted With nitrogen ions (N+) 
using an ion beam implantation method. The energy of the 
ion implantation can be adjusted to provide suf?cient pen 
etration of N+ ions through the sacri?cial oxide region and 
into the underlying silicon substrate region to form nitrided 
silicon substrate. 

[0050] FIG. 5 depicts a semiconductor Wafer 100 com 
prising a silicon substrate 104 and having a layer of sacri 
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?cial oxide 108 thereon. Shallow trenches 116 are inscribed 
in the silicon substrate 104 as part of the formation of STI. 
FIG. 6 depicts the implantation of nitrogen ions (N+) in the 
Wafer. Some of the N+ ions penetrate the oxide layer 108 and 
become lodged in the silicon substrate 104 under sacri?cial 
oxide layer 108, thereby forming a nitrided silicon substrate 
136. Other N+ ions are directed doWnWards into the shalloW 
trenches, Where they penetrate into the silicon substrate 104 
on the sideWalls and/or at the bottom of shalloW trench 116, 
thereby forming nitrided silicon substrate at the silicon 
surface Within the shalloW trench. 

[0051] The depth of the region of nitrided silicon substrate 
can be suf?cient to provide etch-stop functions. Typically, 
for sacri?cial oxide thicknesses in the range of about 40 A 
to about 200 A, the depth of the nitrided silicon substrate can 
be in the range of about 1 A to about 500 A, alternatively 
about 150 HoWever, if the desired conditions of subse 
quent oxide etching are high, as When it is desirable to 
remove a thick oxide layer, or if the removal rates of the 
oxide layer are high, the depth of the nitrided silicon 
substrate can be greater than about 500 A, and can be as high 
as about 1500 A. Thus, the depth of the nitrided silicon 
substrate can be varied to accommodate a variety of etching 
conditions by selecting the energy used for ion implantation. 

[0052] To obtain a nitrided silicon substrate having a 
desired depth and implanted dose of N+ ions, it can be 
desirable to select an ion implantation beam energy suf? 
cient to penetrate through the sacri?cial oxide layer. Typi 
cally, higher energies can be used if the sacri?cial oxide 
thickness is greater. By Way of example, for a sacri?cial 
oxide layer having a thickness of about 40 A, an ion beam 
energy of about 5 KeV to about 10 KeV can be used. 
Alternatively, for a sacri?cial oxide thickness of about 200 
A, an ion beam energy of about 20 KeV to about 50 KeV can 
be used. It can be desirable to select ion beam energies 
sufficiently loW to limit the implantation of N+ ions to areas 
near the surface of the silicon substrate, thereby minimiZing 
the depth of the nitrided silicon substrate and consequently, 
minimiZing the possible damage to the nitrided silicon 
substrate caused by the N+ implantation. By maintaining 
such a relatively shalloW nitrided silicon substrate, subse 
quent etching aWay of the nitrided silicon substrate, if 
desired, can be carried out more ef?ciently and more rapidly 
than for deeper nitrided silicon substrates. Therefore, device 
dimensions can be minimiZed, and the time necessary for 
manufacturing processes can be minimiZed. 

[0053] Suf?cient ions can be implanted to reach an ion 
concentration Within the silicon substrate in the range of 
about 1013 ions/cm3 to about 1018 ions/cm3, or in an alter 
native embodiment in the range of about 1015 ions/cm3 to 
about 1016/cm3. Expressing ion implantation as an ion 
implantation dose per unit area, implantation can be in the 
range of about 1013 ions/cm2 to about 1015 ions/cm2. 
Increasing N+ ion concentration can result in a nitrided 
silicon substrate having high mechanical strength and/or 
chemical resistance, thereby providing greater polish-stop 
and/or etch-stop properties. Moreover, increasing the N+ 
concentration in the silicon substrate can decrease the sub 
sequent groWth of the interfacial oxide layer, Whereas 
decreasing the N+ concentration can increase the subsequent 
groWth of the interfacial oxide layer. HoWever, if the depth 
of the nitrided silicon substrate is too great, or if the ion 
implantation energy is too high, defects in the device can 
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appear. Therefore, one can select the conditions of ion 
implantation necessary to manufacture nitrided silicon sub 
strates having desired depth, mechanical strength, and 
chemical resistance, While minimiZing undesired manufac 
turing defects. Thus, using the methods of this invention, 
one can produce nitrided silicon substrates having a desired 
ability to regulate subsequent interfacial oxide groWth dur 
ing the deposition of the high-dielectric constant material. 

[0054] After N+ ion implantation, subsequent processing 
steps can then be carried out to complete the manufacture of 
gate structures. FIG. 7 depicts an additional step in semi 
conductor manufacture according to the methods of this 
invention. A layer of liner oxide 140 is formed on top of the 
nitride layer and Within the shalloW trench 116. The liner 
oxide can be made using methods knoWn in the art, includ 
ing but not limited to dry oxidation in the presence of 02 at 
a temperature of about 950° C. for about 30 minutes. The 
liner oxide 140 can form the surface for subsequent depo 
sition of ?eld oxide Within shalloW trench 116. 

[0055] FIG. 8 depicts the semiconductor Wafer as shoWn 
in FIG. 7, but after ?lling the shalloW trenches With ?eld 
oxide 120. The ?eld oxide used can be selected to minimiZe 
the Within-trench stress. By Way of example, high density 
plasma vapor deposition (HDPCVD) can be used to deposit 
a layer of oxide derived from tetraethylorthosilicate 
(“TEOS”) according to methods described in co-pending 
patent application titled: Process for Manufacturing ShalloW 
Trenches Filled With Dielectric Material Having LoW 
Mechanical Stress, Inventor, Hyeon-Seag Kim et al., Ser. 
No.: 09/240,560, ?led Jan. 29, 1999, incorporated herein 
fully by reference. Additionally, layers of TEOS O3 can be 
deposited Within the shalloW trenches as described in the 
above-referenced patent application. After the deposition of 
trench-?lling material 120 the surface portion of oxide layer 
140 of FIG. 7 is etched aWay and the surface is planariZed, 
revealing the nitrided silicon substrate. 

[0056] FIG. 9 depicts the semiconductor Wafer as shoWn 
in FIGS. 7-8, but having a layer of high dielectric constant 
material 144 deposited on top of the planariZed surface of 
the Wafer. In this embodiment of the invention, the high 
dielectric constant layer is deposited directly on the nitrided 
silicon substrate 136, so that there is minimal interfacial 
oxide present. This result is accomplished because the 
groWth rate of interfacial oxide on a nitrided silicon surface 
is substantially less than the groWth rate of oxide on bare 
silicon. Thus, the presence of the nitrided silicon substrate 
can decrease the groWth of interfacial oxide. By removing 
the sacri?cial oxide layer 108, there is little residual oxide 
present to initiate oxide groWth. Therefore, the capacitance 
of the insulating layer of high dielectric constant material 
144 re?ects the dielectric constant of the high dielectric 
constant material, and the capacitance is not limited by the 
presence of the relatively loWer dielectric constant interfa 
cial oxide of the prior art methods. 

[0057] The high dielectric constant materials desirable for 
use With the methods of this invention include tantalum 
pentoxide (TaZOS), aluminum oxide (A1203), silicon nitride 
(Si3N4), Zirconium dioxide (ZrOZ), titanium dioxide (TiOZ), 
barium-strontium-titanium oxide (“BST”), and lead-Zirco 
nium-titanium oxide (“PZT”), although other materials can 
also be used. Tantalum pentoxide has a dielectric constant of 
about 30, and therefore, is useful high because it can be 
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made into an insulating layer having high capacitance. Other 
materials, having dielectric constants up to about 200, are 
known in the art and can be desirably used in the methods 
of this invention. Therefore, it is possible to make ?lms 
comprising mixtures of these high-dielectric constant mate 
rials and conventional insulating materials such as SiO2, 
thereby producing ?lms having dielectric constants interme 
diate betWeen that of SiO2 and that of the high-dielectric 
constant material. Therefore, methods that can be used to 
form high dielectric constant layers are of increasing value 
in semiconductor manufacturing. 

[0058] B. Nitrogen Implantation After Deposition of 
Trench Filling Oxide For STI 

[0059] FIGS. 10-15 depict an alternative embodiment of 
this invention, Wherein the N+ ion implantation can be 
performed after deposition of trench-?lling oxide. FIG. 10 
depicts a semiconductor Wafer comprised of a silicon sub 
strate 104. As in FIG. 3, a layer of sacri?cial oxide 108 is 
formed on the surface of the substrate 104. Alayer of nitride 
112 is deposited on the surface of sacri?cial oxide layer 108, 
and shalloW trenches 116 are formed. Subsequently, a layer 
of liner oxide 140 is formed Within shalloW trenches 116 by 
methods knoWn in the art, including but not limited to dry 
oxidation in the presence of 02 at a temperature of about 
950° C. for about 30 minutes. After its formation, liner oxide 
140 and sacri?cial oxide 108 cover respective portions of the 
silicon substrate 104. 

[0060] FIG. 11 depicts a Wafer as shoWn in FIG. 10, but 
after the ?lling of the shalloW trenches depicted in FIG. 12 
(116) With ?eld oxide 120. Liner oxide layer 140 provides an 
interface betWeen ?eld oxide region 120 and the silicon 
substrate 104. Trench ?lling oxide can be deposited using 
HDPCVD or TEOS/O3 methods, depending on the desired 
mechanical stress Within the shalloW trench. Alternatively, 
one can deposit alternating layers of HDPCVD oxide and 
TEOS/O3 to fashion trench-?lling oxides having minimal 
mechanical stress (see co-pending patent application 
entitled: Process for Manufacturing ShalloW Trenches Filled 
With Dielectric Material Having LoW Mechanical Stress, 
Inventor, Hyeon-Seag Kim et al., Ser. No.: 09/240,560, ?led 
Jan. 29, 1999, incorporated herein fully by reference). By 
minimiZing the mechanical stress Within the shalloW 
trenches, feWer defects form and the device reliability and 
the functional lifetimes of the semiconductor devices 
increases. Using the methods of this embodiment, the side 
Wall of the shalloW trench is not as uniform as those depicted 
for the previous embodiment shoWn in FIGS. 5-9, but are 
improved compared to prior art methods. 

[0061] FIG. 12 depicts the Wafer as shoWn in FIGS. 10-11, 
but after the nitride layer 112 has been etched aWay and the 
surface of the Wafer planariZed using chemical mechanical 
planariZation. Sacri?cial oxide layer 108 and ?eld oxide 120 
are depicted as co-planar, With liner oxide 140 providing an 
interface betWeen ?eld oxide 120 and silicon substrate 104. 

[0062] FIG. 13 depicts the Wafer as shoWn in FIGS. 
10-12, but during N+ implantation. N+ ions (N+) are 
directed doWnWards toWard the Wafer and penetrate the pad 
oxide layer 108. After penetrating the sacri?cial oxide layer 
108, the N+ ions penetrate the surface of the silicon substrate 
104, Where they form the nitrided silicon substrate 136. In 
this embodiment, ?eld oxide region 120 is suf?ciently thick 
so that N+ ions do not substantially penetrate through layer 
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120. Thus, the nitrided silicon substrate 136 does not extend 
to the bottom of the shalloW trench. Furthermore, because 
the ?eld oxide region 120 has already been formed before 
the N+ implantation, the sideWalls of the ?lled trench are not 
as vertical as in the previously described embodiment as 
depicted in FIGS. 5-9 and in section A above. 

[0063] FIG. 14 depicts the semiconductor Wafer shoWn in 
FIGS. 10-13, but after etching aWay the sacri?cial oxide 
layer 108 and the top portion of ?eld oxide region 120. 
Because the implanted nitrided silicon substrate 136 acts as 
an etch-stop, the etching of the sacri?cial oxide 108 is shoWn 
to be substantially complete, thus exposing the nitrided 
silicon substrate 136 for further processing, such as the 
deposition of a high-dielectric constant material. 

[0064] FIG. 15 depicts the semiconductor Wafer as shoWn 
in FIGS. 10-14, but after the formation of a high dielectric 
constant layer 144. As in the previous embodiment (FIG. 9), 
the high dielectric constant layer does not have an underly 
ing layer of interfacial oxide present. Thus, the dielectric 
constant and therefore the capacitance of the high dielectric 
constant layer is greater than that obtained using prior art 
methods that result in a mixed high dielectric constant/oxide 
insulating layer (FIG. 4). 
[0065] Thus, for both of the embodiments described in 
section Aabove and section B herein, the formation of a high 
dielectric constant layer can be carried out in a fashion that 
minimiZes the groWth of interfacial oxide. By using the N+ 
ion implantation methods of this invention, one can provide 
thin insulating layers having higher gate equivalent oxide 
thickness and having a dielectric constant that more closely 
re?ects the dielectric constant of the high dielectric constant 
material. Furthermore, semiconductor devices can be made 
incorporating the methods of this invention that are of 
smaller siZe, higher device density, better reliability, and 
longer lifetimes that can be obtained using conventional 
high dielectric constant methods. 

[0066] C. Use of N+ Implantation to Decrease Dopant 
Diffusion 

[0067] Nitrogen ion implantation methods of this inven 
tion can provide bene?ts by decreasing the diffusion of 
boron, other p-type dopants, or n-type dopants. In conven 
tional methods for forming logic devices, a substrate is 
overlain With an insulating layer of gate oxide. A layer of 
conductive material, typically a layer of polysilicon can be 
formed on top of a gate oxide layer, thereby forming a gate 
structure. In certain embodiments, the polysilicon gate can 
be doped With p-type dopants such as boron. After formation 
of a doped polysilicon layer, hoWever, successive manufac 
turing steps involving heating steps can cause boron or other 
dopant atoms to diffuse from the polysilicon gate into the 
gate oxide. Boron atoms and/or other dopant atoms can alter 
the charge retention characteristics of the gate. By Way of 
example, if boron is the dopant, boron atoms can diffuse into 
the gate oxide region, and thereby permitting charge loss 
from the gate through the gate oxide region. This charge loss 
can result in poor device reliability and short device life 
times. 

[0068] HoWever, using the N+ implantation method for 
forming implanted nitrided silicon substrate, some of the 
implanted but un-reacted N+ ions can diffuse upWards from 
the silicon substrate into the gate oxide region. The presence 
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of N+ ions in the gate oxide region can inhibit the diffusion 
of boron atoms from penetrating into the gate oxide region 
from a doped polysilicon gate above the gate oxide region. 
By Way of example, Liu et al. “High Performance 0.2 pm 
CMOS With 25 A Gate Oxide GroWn on Nitrogen Implanted 
Si Substrates” IEDM 19.2.1 (1996), incorporated herein 
fully by reference, found that boron in a polysilicon layer did 
not diffuse through an oxide layer and past the furthest 
extent of N+ ion diffusion from the substrate into a gate 
oxide region. 

[0069] By implanting N+ ions according to the methods of 
this invention, dopant diffusion into the gate region having 
high-dielectric constant materials can be decreased by 
effects similar to those described above for conventional 
gate oxides. In devices manufactured With high-dielectric 
constant materials Without implanted N+ ions, the problem 
of dopant diffusion can be more pronounced than that 
observed for conventional gate oxide materials. This may be 
because as the thickness of high-dielectric constant insula 
tors can be reduced compared to the thicknesses of layers of 
conventional gate oxide insulators, the distance through 
Which dopant ions must diffuse to cause device reliability 
problems can be less than the diffusion distance for conven 
tional gate oxide insulators. Thus, Without the N+ diffusion 
into the gate oxide layer, reductions in device reliability can 
be greater for devices incorporating thin layers of high 
dielectric constant materials. 

[0070] Therefore, the ability of implanted N+ ions to 
diffuse after implantation and deposition of high-dielectric 
constant materials into the gate oxide region can be particu 
larly desirable in situations Wherein the thickness of the 
high-dielectric constant material is reduced to accommodate 
decreased device dimensions made possible by the use of 
high-dielectric constant insulators. 

[0071] D. Regional N+ Implantation 

[0072] In addition to providing the overall advantages of 
N+ ion implantation described above, the methods of this 
invention can be applied to the manufacture of semiconduc 
tor devices having different types of gate oxide structures 
formed on the same semiconductor Wafer. 

[0073] FIGS. 16-19 depict an embodiment of this inven 
tion Wherein certain regions are made having high dielectric 
constant layers and other regions are made having conven 
tional gate oxide structures. 

[0074] FIG. 16 depicts a semiconductor Wafer having a 
region 146 on the left side of the ?gure, and a region 147 on 
the right side of the ?gure. The entire Wafer has been 
prepared as described above in Section A, up to and includ 
ing the step shoWn in FIG. 12. Subsequently, a photoresist 
layer 148 is deposited in region 147, thereby preventing N+ 
ions from being subsequently implanted in region 147. In 
contrast, region 146 is not masked With photoresist layer 
148. 

[0075] FIG. 17 depicts the semiconductor Wafer shoWn in 
FIG. 16 during N+ ion implantation. In region 146, N+ ions 
penetrate through sacri?cial oxide layer 108 and penetrate 
into the silicon substrate 104 Where they interact With silicon 
atoms to form an implanted nitride layer 136. HoWever, in 
region 147, the photoresist layer 148 prevents the N+ ions 
from penetrating through to the silicon layer, and thus, no 
implanted nitride layer is formed in region 147. 
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[0076] FIG. 18 depicts the same Wafer as shoWn in FIGS. 
1-17, except that photoresist layer 148 and the sacri?cial 
oxide layer have been etched off. In region 146, the 
implanted nitrided silicon substrate 136 is present at the 
Wafer surface, Whereas in region 147 no implanted nitrided 
silicon substrate is present and the ?eld oxide 120 and 
silicon substrate 104 are exposed. 

[0077] FIG. 19 depicts the same Wafer as shoWn in FIGS. 
16-18, except for the further formation of gate insulating 
regions. In region 146, a high dielectric constant layer 144 
is deposited directly upon the implanted nitrided silicon 
substrate 136. In region 147, the gate insulator comprises an 
interfacial oxide 110 With a layer of high dielectric constant 
material 144 deposited thereon. Alternatively, the gate insu 
lator in region 147 can be any conventional gate oxide 
material, such as by Way of example, SiO2. 

[0078] E. Manufacture of Semiconductor Devices Incor 
porating N+ Implanted Nitrided Silicon Substrate 

[0079] Application of the regional N+ implantation With 
conventional dielectric materials having a K of about 3.9, it 
can be desirable to provide a gate oxide thicknesses of about 
30 A—about 150 A, depending on the type of semiconduc 
tor device being manufactured. For manufacturing volatile 
memory devices, the conventional gate oxide can have a 
thickness in the range of about 50 A to about 60 A, for logic 
devices the gate oxide thicknesses can have a thickness in 
the range of about 30 A to about 45 A, and for non-volatile 
memory devices the gate oxide layers can have a gate oxide 
thickness in the range of about 80 A to about 150 

[0080] Providing dielectric materials having increased K 
can permit the reduction in the thickness of the equivalent 
gate oxide. By Way of example, the deposition of a material 
having a K of about 20 can permit the deposition of a gate 
insulating layer having a thickness of about 10 Moreover, 
the deposition of a material having a K of about 50 can 
permit the deposition of gate insulating layers of about 5 A, 
and the deposition of a material having a K of about 200 can 
permit the deposition of gate insulating layers of about 1 A 
and still provide adequate insulating ability. 

[0081] The types of semiconductor devices manufactured 
using the methods of this invention are not limited. Rather, 
erasable, programmable, read only memory (“EPROM”) 
devices can be made that use loW poWer by incorporating N+ 
and high-dielectric constant materials. Alternatively, high 
poWer EPROMs can be made incorporating SiO2 or other 
loW K material as the gate insulator. Furthermore, improved 
tunneling oxide layers can be made that incorporate high 
dielectric constant materials deposited using N+ implanted 
nitrided silicon substrate. 

[0082] After the deposition of insulating materials accord 
ing to the methods of this invention, completion of the 
manufacture of semiconductor devices can be carried out 
using methods knoWn in the art. Any typically used con 
ductive material can be used as the gate conductor. For 
example, the conductive material can be polysilicon, plati 
num, WSi, Co, TiN2 or RuO2. After manufacturing the gate 
structure, metal vias and plugs, lines, passivation layers and 
other components of semiconductor products can be made 
using methods knoWn in the art. 

[0083] Using the regional implantation methods described 
above, one can manufacture semiconductor devices of dif 
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ferent types on the same Wafer. For example, it is possible 
to manufacture semiconductor systems on a single semicon 
ductor chip that comprise ?ash EEPROM devices, volatile 
memory devices, non-volatile memory devices and/or small, 
high-speed logic devices in different combinations and con 
?gurations. 
[0084] The speci?c embodiments of the invention 
described herein are intended to be exemplary only. Other 
embodiments of this invention are possible, and all are 
considered to be part of this invention. 

Industrial Applicability 

[0085] The methods of this invention are useful in the 
manufacture of semiconductor devices having improved 
electrical properties and reduced feature siZes due to the 
decreased thickness of interfacial oxide layers. Semiconduc 
tor devices incorporating the improved methods have better 
performance, longer useful lifetimes, and are less expensive 
to manufacture. 

I claim: 
1. Amethod for forming a semiconductor insulating layer, 

comprising the steps of: 
providing a semiconductor Wafer having a silicon sub 

strate and having a layer of sacri?cial oxide thereon; 

implanting nitrogen ions through said sacri?cial oxide 
layer and into said silicon substrate; 

removing said sacri?cial oxide layer; and 
depositing a layer of high-dielectric constant insulating 

material on said implanted nitrided silicon substrate. 
2. The method of claim 1, Wherein after said step of 

providing a semiconductor Wafer, further comprising the 
steps of 

forming a patterned barrier layer on said sacri?cial oxide 
layer; and 

forming shalloW trenches. 
3. The method of claim 2, Wherein after the step of 

implanting further comprising the step of ?lling said shalloW 
trenches With an insulating material. 

4. The method of claim 3, Wherein after the step of 
deposition said layer of high dielectric constant insulating 
material, further comprising forming a gate structure on said 
high-dielectric constant insulating material. 

5. The method of claim 1, Wherein said step of implanting 
nitrogen ions comprises using ion beam implantation. 

6. The method of claim 5, Wherein said ion beam implan 
tation is carried out using an energy in the range of about 5 
KeV to about 50 KeV. 

7. The method of claim 5, Wherein said ion beam implan 
tation implants nitrogen ions in a concentration in the range 
of about 1013 ions/cm3 to about 1018 ions/cm. 

8. The method of claim 5, Wherein said ion beam implan 
tation implants nitrogen ions at a dose of about 1013 ions/ 
cm2 to about 1015 ions/cm2. 

9. The method of claim 1, Wherein the high-dielectric 
constant insulating layer comprises a material having a 
dielectric constant in the range of greater than about 4 to 
about 200. 

10. The method of claim 1, Wherein the high-dielectric 
constant insulating layer comprises a material selected from 
the group consisting of Ta2O5, A1203, Si3N4, ZrO2, TiO2, 
barium-strontium-titanium oxide and lead-Zirconium-tita 
nium oxide. 
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11. The method of claim 1, Wherein the depth of said 
nitrided silicon substrate is in the range of about 1 A to about 
1500 A. 

12. The method of claim 1, Wherein said step of removing 
said oxide layer is carried out by etching. 

13. The method of claim 1, Wherein said semiconductor 
Wafer has at least tWo regions, each of said regions having 
a layer of sacri?cial oxide thereon, and Wherein nitrogen ion 
implantation is carried out in one region of said semicon 
ductor Wafer, and nitrogen ion implantation is not carried out 
in another of said regions of said semiconductor Wafer. 

14. The method of claim 1, further comprising the step of 
forming a layer of conductive material on the surface of the 
high dielectric constant insulating material. 

15. The method of claim 14, Wherein said conductive 
material is selected from the group consisting of polysilicon, 
platinum, WSi, Co, TiN2 and RuO2. 

16. A method for manufacturing a semiconductor device, 
comprising the steps of: 

providing a semiconductor Wafer comprising a silicon 
substrate having a layer of sacri?cial oxide thereon; 

forming shalloW trenches on said Wafer; 

?lling said trenches With an oxide insulating material 
thereby forming ?eld oxide regions; 

implanting nitrogen ions through said sacri?cial oxide, 
thereby forming an implanted nitrided silicon substrate; 

removing said sacri?cial oxide; and 

forming gate insulators betWeen said ?eld oxide regions. 
17. The method of claim 16, Wherein said step of implan 

tation nitrogen ions comprises using ion beam implantation. 
18. The method of claim 17, Wherein said step of ion 

beam implantation is carried out at an energy in the range of 
about 5 KeV to about 50 KeV. 

19. The method of claim 17, Wherein said ion beam 
implantation implants nitrogen ions in a concentration in the 
range of about 1013 to about 1018 ions/cm3. 

20. The method of claim 17, Wherein said ion beam 
implantation implants nitrogen ions at a dose in the range of 
about 1013 ions/cm2 to about 1015 ions/cm2. 

21. The method of claim 16, Wherein said step of forming 
gate insulators comprises deposition of an insulating mate 
rial having a high dielectric constant. 

22. The method of claim 21, Wherein said insulating 
material has a dielectric constant in the range of about 4 to 
about 200. 

23. The method of claim 21, Wherein the high-dielectric 
constant insulating layer comprises a material selected from 
the group consisting of Ta2O5, A1203, Si3N4, ZrO2, TiO2, 
barium-strontium-titanium oxide and lead-Zirconium-tita 
nium oxide. 

24. The method of claim 16, Wherein the depth of said 
nitrided silicon substrate is in the range of about 1 A to about 
1500 A. 

25. The method of claim 1, further comprising the step of 
forming a layer of conductive material on the surface of the 
high dielectric constant insulating material. 

26. The method of claim 14, Wherein said conductive 
material is selected from the group consisting of polysilicon, 
platinum, WSi, Co, TiN2 and RuO2. 


