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METHOD FOR FABRICATING DIFFERENT GATE 
OXIDE THICKNESS WITHIN THE SAME CHIP 

TECHNICAL FIELD 

[0001] The present invention is concerned With a method 
for simultaneously fabricating different oxide thicknesses on 
the same semiconductor substrate. The present invention is 
especially advantageous When fabricating CMOS semicon 
ductor devices and especially for providing gate oxide 
insulators of different thicknesses. 

BACKGROUND OF INVENTION 

[0002] An increasing demand exists for providing semi 
conductor chips having gate oxide layers of varying thick 
nesses. In fact, the gate oxide thickness is a major concern 
in terms of reliability considerations When providing inte 
grated circuit devices containing transistors and other circuit 
elements that operate at differing voltage levels. By Way of 
example, a relatively thin gate oxide of about 40 A is 
typically groWn in a conventional 1.8 volt, 0.25 micron 
process While a relatively thick gate oxide of about 70 A is 
groWn in a conventional 3.3 volt, 0.5 micron process. 

[0003] Device scaling trends have led to loW voltage 
operation With relatively thin gate oxides; Whereas, some 
circuit applications still require a relatively thick gate oxide, 
such as driver/receiver circuitry at the chip I/O, and some 
analog output devices. The thick oxide is necessary for the 
high voltage devices in order to ensure reliability, While the 
thin gate oxide is desirable for the relatively fast logic 
devices that use loW voltages at the gate. Use of relatively 
thick oxide for the loWer voltage transistors cause poor 
device performance and signi?cantly decrease the speed. 

[0004] Moreover, With the trend of trying to put as many 
different circuits as possible in the same chip to achieve 
more functionality and/or improved performance (such as 
Merged logic-DRAM, embedded NVM microcontrols), 
there are even more different possible combinations for 
different parts of circuits in the same chip to have different 
gate oxide thickness to achieve the optimiZed performance 
and reliability in the system level. 

[0005] One prior method of forming different gate oxide 
thickness on the same substrate involves multiple masking, 
strip, and oxide formation steps. HoWever, such approach 
typically signi?cantly increases the overall manufacturing 
cost and degrades the reliability as Well as yield due to the 
potential resist residues contamination. Besides, the oxide 
thickness control is more dif?cult because the thick oxide 
layer results from the combination of multiple oxide forma 
tion cycles. 

[0006] Another method for providing dual gate oxide 
thicknesses employs nitrogen implant for retarding the oxi 
dation rate on the thin gate oxide device component, While 
permitting a thicker oxide to groW Where the nitrogen 
implant has been blocked. HoWever, the use of nitrogen 
implant alone has resulted in certain problems. For instance, 
implanting nitrogen at high doses introduces beam damage 
in the channel region of the device. This damage in turn 
results in changes in the channel impurity distributions as 
Well as introducing silicon defects Which can degrade sub-Vt 
leakage (off current), gate oxide breakdoWn voltage as Well 
as reliability. 
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[0007] LoW dose of nitrogen implant for thin oxide With 
n-type dopant (such as As) co-implant for thick oxide is 
another approach proposed to achieve multi-gate oxide 
thickness on the Wafer. The problem With this process is that 
it depends on the dopant to enhance the oxidation rate Which 
limits the freedom of usage because the dopant at the same 
time determines the substrate concentration Which is a very 
important parameter in the device structure. 

[0008] It has also been suggested to implant relatively 
high concentrations of ?uoride ion into selected areas of a 
semiconductor substrate in order to increase or enhance 
oxide groWth in those areas. The relatively high ?uoride ion 
concentrations promote higher oxidation rates primarily 
through silicon damage. Moreover, use of ?uoride ions are 
problematic since such are not compatible, for instance, With 
boron-doped PFET gates, as currently used in advanced 
logic CMOS. In particular, ?uorine promotes penetration or 
diffusion of boron ions into the gate oxide. Accordingly, 
using ?uoride ions as discussed in US. Pat. No. 5,480,828 
is not especially suitable for advanced CMOS from a 
practical application vieWpoint. 
[0009] More recently, an improved process for simulta 
neously fabricating different oxide thicknesses on the same 
semiconductor substrate employs implanting chlorine and/or 
bromine ions into areas of a semiconductor substrate Where 
silicon oxide having the highest thicknesses is to be formed. 
This improved fabrication technique is the subject matter of 
US. patent application Ser. No. 09/090,735 ?led Jun. 4, 
1998, entitled “Method for Fabricating Different Gate Oxide 
Thicknesses Within the Same Chip” to Ronsheim and 
assigned to International Business Machines Corporation, 
the assignee of this application, disclosure of Which is 
incorporated herein by reference. 

[0010] Although this latter process represents a signi?cant 
improvement, there still exists room for improvement. 

SUMMARY OF INVENTION 

[0011] The present invention provides a process for simul 
taneously fabricating different oxide thicknesses on the same 
semiconductor substrate that overcome problems of prior 
suggested techniques. 
[0012] The present invention makes it possible to increase 
or extend the range of differences in thicknesses betWeen 
thicker and thinner silicon dioxide layers. According to the 
present invention, at least tWo different ions are used, one 
being nitrogen and the other being chlorine and/or bromine. 
The nitrogen is used in those areas Where a sloWer or 
reduced oxidation rate is desired, While chlorine and/or 
bromine is used in those areas Where a faster oxidation rate 
is desired. By employing the chlorine and bromine, the 
dosage of the nitrogen used can be loWer than that required 
by prior art processes. This in turn, signi?cantly reduces, if 
not entirely eliminates, problems discussed above due to 
nitrogen doping. 

[0013] According to the present invention, chlorine and/or 
bromine implants are employed to affect the thick oxide 
device regions, Which are the non-critical gate dielectrics 
instead of the relatively thin gate oxide regions. The thin 
gate oxide uniformity is critical especially as the oxides are 
scaled to 25 A and less. Accordingly, controlling the thick 
ness of thin gate oxide regions is achieved according to the 
present invention by employing nitrogen implants. 
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[0014] More particularly, the present invention is con 
cerned With a method for simultaneously fabricating differ 
ent oxide thicknesses on the same semiconductor substrate. 
The method of the present invention comprises forming a 
sacri?cial layer on the surface of the semiconductor. Chlo 
rine and/or bromine ions are implanted through the sacri? 
cial layer into areas of the semiconductor substrate Where 
silicon dioxide having the higher thicknesses is to be 
formed. It is preferred according to the present invention that 
the chlorine and/or bromine ions be implanted at relatively 
loW energy levels and modest dosage levels. In particular, 
the chlorine and/or bromine ions are typically implanted at 
a dose of about 2><1013 to 2><1015 atoms/cm2 and at an energy 
of about 1 to about 15 keV. 

[0015] Nitrogen ions are implanted through the sacri?cial 
layer into areas of the semiconductor substrate Where silicon 
dioxide having the thinner thicknesses is to be formed. It is 
preferred according to the present invention that the nitrogen 
ions be implanted at relatively loW energy levels and modest 
dosage levels. In particular, the nitrogen ions are typically 
implanted at a dose of about 2><1013 to about 2><1015 atoms/ 
cm2 and an energy of about 1 to about 15 keV. 

[0016] The particular sequence of the implanting steps is 
not crucial and can be carried out in any order. 

[0017] Moreover, according to the present invention, 
When more than tWo oxide thicknesses are desired, more 
than one nitrogen and/or chlorine and/or bromine implan 
tation step can be employed With different dosages of 
nitrogen and/or chlorine and/or bromine. This makes it 
possible to tailor and ?ne tune many silicon dioxide thick 
nesses as is desired on the substrate. Furthermore, if desired, 
areas of the substrate Where silicon dioxide is to be formed 
can be left undoped to achieve one more different gate oxide 
thickness. 

[0018] After the ions are implanted, the sacri?cial silicon 
dioxide layer is removed and a layer of silicon dioxide is 
then groWn by thermal oxidation on the surface of the 
semiconductor substrate. The groWth rate of the silicon 
dioxide in the regions containing the chlorine and/or bro 
mine implanted ions is greater than the groWth rate in 
regions not containing the implanted chlorine and/or bro 
mine ions and therefore the silicon dioxide layer Will be 
thicker in those areas compared to the silicon dioxide layer 
in the areas not containing the implanted chlorine and/or 
bromine ions. 

[0019] Similarly, the groWth rate of the silicon dioxide in 
the regions containing the nitrogen implanted ions is less 
than the groWth rate in regions not containing the implanted 
nitrogen ions and therefore the silicon dioxide layer Will be 
thinner in those areas compared to the silicon dioxide layer 
in the areas not containing the implanted nitrogen ions. 

[0020] In addition, the present invention is concerned With 
a semiconductor substrate having different oxide thicknesses 
thereon obtained by the above method. 

[0021] Also, the present invention is concerned With a 
semiconductor substrate having nitrogen doping in selected 
areas thereof, chlorine and/or bromine doping in other 
selected areas thereof and thermally groWn silicon oxide 
layers on the substrate having different thicknesses, Wherein 
the silicon dioxide layer in the regions located above those 
areas having the chlorine and/or bromine doping is thicker 
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than the silicon dioxide layer in areas above the semicon 
ductor substrate that do not include the chlorine and/or 
bromine doping, and Wherein the silicon dioxide layer in the 
regions located above those areas having the nitrogen dop 
ing is thinner than the silicon dioxide layer in areas above 
the semiconductor substrate that do not include the nitrogen 
doping. 
[0022] Still other objects and advantages of the present 
invention Will become readily apparent by those skilled in 
the art from the folloWing detailed description, Wherein it is 
shoWn and described only the preferred embodiments of the 
invention, simply by Way of illustration of the best mode 
contemplated of carrying out the invention. As Will be 
realiZed the invention is capable of other and different 
embodiments, and its several details are capable of modi? 
cations in various obvious respects, Without departing from 
the invention. Accordingly, the description is to be regarded 
as illustrative in nature and not as restrictive. 

SUMMARY OF DRAWINGS 

[0023] FIG. 1 is a schematic diagram of a semiconductor 
structure during the ion implantation of chlorine and/or 
bromine stage of fabrication according to the process of the 
present invention. 

[0024] FIG. 2 is a schematic diagram of a semiconductor 
structure during the nitrogen ion implantation stage of 
fabrication according to the process of the present invention. 

[0025] FIG. 3 is a schematic diagram of a semiconductor 
structure at the fabrication stage of removing a sacri?cial 
layer according to the process of the present invention. 

[0026] FIG. 4 is a schematic diagram of a semiconductor 
structure at the fabrication stage of groWing a layer of silicon 
oxide on the semiconductor substrate. 

BEST AND VARIOUS MODES FOR CARRYING 
OUT INVENTION 

[0027] In order to facilitate an understanding of the 
present invention, reference is made to the ?gures Which 
illustrate a portion of a partially fabricated integrated circuit. 
In particular, see FIG. 1 Wherein is shoWn a semiconductor 
substrate 1, Which is typically monocrystalline silicon or a 
SOI substrate (silicon on insulator). ShalloW trench isolation 
regions 2 are formed as is conventional in the art. A layer of 
sacri?cial silicon dioxide 3 is groWn on the surface of the 
semiconductor substrate, typically to a thickness of about 25 
to about 120 A, With 60 A being an example. The sacri?cial 
silicon dioxide layer is provided for cleaning the active 
silicon regions of residual nitride from the previous isolation 
process as Well as for removing the near surface silicon 
Which may have been damaged or contaminated in the 
previous processing. 
[0028] By Way of illustration only, the discussion that 
folloWs refers to a sequence Whereby chlorine and/or bro 
mine doping occurs ?rst and then nitrogen doping. It is 
understood, of course, that the sequence can be reversed. 
LikeWise, if more than one dosage of nitrogen and/or 
chlorine and/or bromine is used, any sequence of the various 
doping steps can be employed. 

[0029] Aphotoresist 6 is applied over the sacri?cial silicon 
dioxide layer and is patterned by conventional lithographic 
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technique so as to selectively open regions in the resist 
Where a thicker gate oxide is desired. 

[0030] Chlorine and/or bromine ions, and preferably chlo 
rine ions, are implanted through the sacri?cial silicon diox 
ide layer into the semiconductor substrate in the regions not 
covered by the photoresist. The ions are implanted at a 
dosage of about 2><1013 to about 2><1015 atoms/cm2 and 
preferably about 5><1013 to about 1><1015 atoms/cm2 and at 
an energy from about 1 to about 15 keV depending upon the 
thickness and preferably at an energy of about 2 to about 10 
keV of the sacri?cial oxide. In particular, the implant energy 
needed to position the implant distribution peak beloW the 
oxide/substrate interface is directly proportional to the thick 
ness of the sacri?cial oxide layer. 

[0031] For example, a 60 A sacri?cial oxide Would require 
a 5 keV implant; Whereas, a 100 A sacri?cial oxide Would 
require about 5-10 kev energy. Calculations of the mean 
range of the implanted ions are shoWn in the folloWing table. 

Implant energy Chlorine range Bromine range 
(keV) (A) (A) 

2 51 47 
5 93 79 

10 155 11s 
15 206 154 

[0032] The chlorine and/or bromine Will enhance the 
subsequent thermal oxidation rate as Well as immobilizing 
any sodium and lithium ion contamination that might be 
present in the gate. Moreover, in vieW of the relatively 
narroW implant distribution of chlorine and bromine, 
implant damage from such is con?ned to the regions of the 
subsequent thick oxide groWth and the damaged silicon Will 
be consumed in the gate oxidation process. 

[0033] As illustrated in FIG. 2, the remaining photoresist 
6 is next stripped by dissolution in a suitable solvent, and a 
photoresist 7 is applied over the sacri?cial silicon dioxide 
layer and is patterned by conventional lithographic tech 
nique so as to mask the thicker gate oxide device areas (i.e. 
Where doped With chlorine and/or bromine) and open 
regions in the resist Where a thinner gate oxide is desired. 

[0034] Nitrogen ions are implanted through the sacri?cial 
silicon dioxide layer into the semiconductor substrate in the 
regions not covered by the photoresist. The ions are 
implanted at a dosage of about 2><1013 to about 2><1015 
atoms/cm2 and preferably about 5><1013 to about 1><1015 
atoms/cm2 and at an energy from about 1 to about 15 keV 
depending upon the thickness and preferably at an energy of 
about 2 to about 10 keV of the sacri?cial oxide. In particular, 
the implant energy needed to position the implant distribu 
tion peak beloW the oxide/substrate interface is directly 
proportional to the thickness of the sacri?cial oxide layer. 

[0035] For example, a 60 A sacri?cial oxide Would require 
a 2 to 5 keV implant of nitrogen; Whereas, a 100 A sacri?cial 
oxide Would require about 10 keV energy. Calculations of 
the mean range of the implanted ions are shoWn in the 
folloWing table: 
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Implant energy Nitrogen range 
(KeV) (A) 

2 78 
5 1 61 

10 295 
15 438 

[0036] The nitrogen retards the subsequent thermal oxi 
dation rate. 

[0037] As illustrated in FIG. 3, the remaining photoresist 
7 is next stripped by dissolution in a suitable solvent. Then, 
the sacri?cial silicon dioxide layer 3 is removed such as by 
chemical etching for example in a HF solution. 

[0038] As shoWn in FIG. 4, a layer of silicon dioxide is 
then groWn on the substrate by thermal oxidation by heating 
the substrate to a temperature of from about 800° C. to about 
1000° C. and subjecting the substrate to an oxidiZing ambi 
ent such as Wet or dry O2. FolloWing oxidation, the gate 
oxide layer 4 groWn on the chlorine and/or bromine ion 
implanted portion of the substrate Will be thicker than the 
gate oxide layer 5 of the nitrogen implanted portion of the 
substrate. This is due to the fact that the chlorine and 
bromine ions cause a signi?cant increase in the groWth rate 
of the gate oxide layer groWn on the ion implanted portion, 
While the nitrogen causes a decrease in the groWth rate of the 
oxide. Thus, gate oxide layers of varying thickness are 
simultaneously formed on a single substrate. 

[0039] For example, implanting of chlorine ion at a dose 
of 2><1015 chlorine atoms/cm2 at an energy level of 10 keV 
provided an increase of about 2.2 times the thickness of the 
oxide Where nitrogen ions are implanted at a dose of about 
6><1014 atoms/cm2 at an energy level of 5 keV. 

[0040] The gate oxide for the N-implanted portions Was 
about 18 A and that for the Cl-implanted portions Was about 
40 A as determined by TEM analysis. The gate oxide groWn 
on the portions Without any implants Was about 25 A. 

[0041] Next if desired, a deposited nitride layer (not 
shoWn) can be provided over the oxide or a nitridiZation of 
the oxide may be performed using the Well-knoWn nitrid 
iZation by heating in NO or N20. 

[0042] Next the device can be subjected to conventional 
techniques to provide CMOS structures conventional in the 
art such as NMOS and PMOS devices. For example, a layer 
of polysilicon can be deposited over the gate silicon dioxide 
layers for instance to a thickness of about 1000 to about 
2000 A and then delineated to provide the desired gate 
regions. 

[0043] Next, source and drain regions can be provided 
Where necessary and a dielectric layer composed of, for 
example, borophosphosilicate glass and/or silicon dioxide 
over the semiconductor device structures can be provided. 
Openings are then made through the dielectric layer to the 
source and drain regions Within the semiconductor substrate 
Where contacts are desired. A metal layer such as aluminum 
is deposited to ?ll the contact openings and patterned. 
Finally, a passivation layer can be provided over the inte 
grated circuit. 
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[0044] The foregoing description of the invention illus 
trates and describes the present invention. Additionally, the 
disclosure shoWs and describes only the preferred embodi 
ments of the invention but, as mentioned above, it is to be 
understood that the invention is capable of use in various 
other combinations, modi?cations, and environments and is 
capable of changes or modi?cations Within the scope of the 
inventive concept as expressed herein, commensurate With 
the above teachings and/or the skill or knoWledge of the 
relevant art. The embodiments described hereinabove are 
further intended to explain best modes knoWn of practicing 
the invention and to enable others skilled in the art to utiliZe 
the invention in such, or other, embodiments and With the 
various modi?cations required by the particular applications 
or uses of the invention. Accordingly, the description is not 
intended to limit the invention to the form disclosed herein. 
Also, it is intended that the appended claims be construed to 
include alternative embodiments. 

What is claimed is: 
1. Amethod for simultaneously fabricating different oxide 

thicknesses on the same semiconductor substrate Which 
comprises: 

forming a sacri?cial silicon dioxide layer on the surface of 
a semiconductor substrate; 

implanting nitrogen ions through the sacri?cial silicon 
oxide layer into at least one ?rst area of the semicon 
ductor substrate to be oxidiZed While masking the other 
areas of the semiconductor substrate; and 

Wherein the nitrogen ions retard the oxidation rate of the 
semiconductor substrate; 

implanting second ions selected from the group consisting 
of chlorine ions, bromine ions, and mixtures thereof 
through the sacri?cial silicon dioxide layer into at least 
one second area of the semiconductor substrate to be 
oxidiZed While masking the other areas of the semi 
conductor substrate; 

and Wherein the second ions increase the oxidation rate of 
the semiconductor substrate; 

removing the sacri?cial silicon dioxide layer; 

and then groWing a layer of silicon dioxide on the surface 
of the semiconductor substrate Wherein the groWth rate 
of the silicon dioxide Will be faster in the second area 
containing the second ions; 

and Wherein the groWth rate of the silicon dioxide Will be 
sloWer in the ?rst areas containing the nitrogen ions; 

and Wherein the silicon dioxide layer Will be thicker in the 
second areas compared to the silicon dioxide in the ?rst 
areas not containing the second ions; 

and Wherein the silicon dioxide layer Will be thinner in the 
?rst areas compared to the silicon dioxide in the areas 
not containing the nitrogen ions. 
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2. The method of claim 1 Wherein nitrogen ions are 
implanted prior to implanting second ions. 

3. The method of claim 1 Wherein second ions are 
implanted prior to implanting nitrogen ions. 

4. The method of claim 1 Wherein the dosage of the 
nitrogen ions is about 2><1013 to about 2><1015 atoms/cm2. 

5. The method of claim 1 Wherein the nitrogen ions are 
implanted at an energy of about 1 to about 15 keV. 

6. The method of claim 1 Wherein the substrate is silicon 
or SOI substrate. 

7. The method of claim 1 Wherein the second ions are 
chlorine ions. 

8. The method of claim 1 Wherein the dosage of the 
second ions is about 2><1013 to about 2><1015 atoms/cm2. 

9. The method of claim 1 Wherein the second ions are 
implanted at an energy of about 1 to about 15 keV. 

10. The method of claim 1 Wherein at least one of the 
nitrogen ions and second ions are implanted in at least tWo 
different areas of at least tWo different dosages. 

11. A semiconductor device obtained by the process of 
claim 1. 

12. A semiconductor structure comprising: 

a semiconductor substrate containing selected ?rst areas 
With implanted nitrogen ions; 

selected second areas With second implanted ions selected 
from the group consisting of chlorine, bromine, and 
mixtures thereof; 

a silicon dioxide layer of differing thickness Wherein the 
dioxide layer above the portion of the substrate having 
the second implanted ion is thicker than the thickness 
of the silicon dioxide above the ?rst areas. 

13. The semiconductor structure of claim 12 Wherein the 
dosage of the nitrogen ions is about 2><1013 to about 2><1015 
atoms/cm2. 

14. The semiconductor structure of claim 12 Wherein the 
dosage of the second ions is about 2><1013 to about 2><1015 
atoms/c2. 

15. The semiconductor structure of claim 12 Wherein the 
second ions are chlorine. 

16. The semiconductor structure of claim 12 Wherein the 
substrate is silicon or SOI substrate. 

17. The semiconductor structure of claim 12 Which further 
includes silicon dioxide above areas of the semiconductor 
substrate that are non-implanted areas. 

18. The semiconductor structure of claim 12 Wherein the 
silicon dioxide layer above the portion of the substrate 
having the nitrogen implanted ion is thinner than the thick 
ness of the silicon dioxide above the areas not having the 
nitrogen implanted ions. 

19. The semiconductor structure of claim 12 Wherein the 
silicon dioxide layer above the portion of the substrate 
having the chlorine or bromine ion is thicker than the 
thickness of the silicon dioxide above the areas not having 
the chlorine or bromine implanted ions. 

* * * * * 


