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(57) ABSTRACT 
An improved processing technique results in a structure 
which maximizes contact area by eliminating a Sidewall 
Spacer used to form LDD regions. A Sacrificial Spacer is 
provided during processing to form the LDD regions, and is 
then removed prior to further processing of the device. A 
Sidewall spacer is then formed in a Self-aligned contact from 
a later deposited oxide layer used as an interlevel dielectric. 
This leaves only a Single oxide Sidewall spacer alongside the 
gate electrode, maximizing the Surface area available for the 
Self-aligned contact itself. 
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SACRIFICIAL SPACER FOR INTEGRATED 
CIRCUIT TRANSISTORS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates generally to the for 
mation of integrated circuit structures, and more Specifically 
to a technique for forming Self-aligned contacts and inte 
grated circuit devices. The technique is particularly adapted 
for use with very Small device geometries. 
0003 2. Description of the Prior Art 
0004 AS feature sizes continue to shrink for semicon 
ductor integrated circuit devices, certain Structures become 
more difficult to perform. One of these is an electrical 
contact to a Substrate, usually made by a polycrystalline 
Silicon interconnect lead. In order to perform contact Struc 
tures having minimum resistance, it is desirable to make the 
contact as large as possible. However, continually shrinking 
sizes make this a goal which is difficult to reach. 
0005. Self-aligned structures have been used in the for 
mation of better contacts. However, at continually shrinking 
device sizes, even Self-aligned contacts have problems. 
0006 An example of a structure showing the type of 
problems found even with self-aligned is given in FIG. 1. A 
substrate 10 contains field oxide regions 12, 14 which define 
an active region between them. Within the active region, a 
transistor is formed by a gate electrode 16. The gate elec 
trode 16 includes a gate oxide layer on the Surface of a 
substrate 10, with a doped polycrystalline silicon layer 20 
above it. This is all that is required to define a gate electrode, 
but many structures also contain a Silicide layer 22 to 
improve conductivity, and a cap oxide layer 24 to protect the 
gate electrode. 
0007 Sidewall oxide spacers 26 are formed alongside the 
electrode 16, and are used in the formation of LDD regions 
28. Highly doped source/drain regions 30 are formed outside 
the LDD regions as is known in the art. 
0008 An oxide layer 32 is formed over the entire device, 
and an opening 34 is formed in it to create a contact to one 
of the source drain regions 30. Oxide layer 32 is a conformal 
oxide layer deposited as known in the art, and is often 
referred to as an interpoly oxide (IPO) layer. When IPO layer 
32 is etched within the opening 34, a sidewall region 36 
remains alongside Sidewall spacer 26. Sidewall region 36 
has a thickness approximately equal to the deposited thick 
ness of IPO layer 32. 
0009 Sidewall region 36 causes a smaller surface area to 
be available for contact to the source drain region 30. 
Because the devices are typically made as Small as possible, 
it is not desirable to increase the Surface area of the Source 
drain region 30 to Simply provide a more area for the 
contact. However, it is not realistic to try to remove the 
sidewall region 36; over etching or use of a wet etch will 
tend to damage the Substrate as well as Surrounding oxide 
regions. Thus, the Space available for contact is made 
smaller by the area taken up by the sidewall region 36. 
0010. It would be desirable to provide a processing 
method, and a resulting Structure, which maximize the 
Substrate Surface area available for a Self-aligned contact. It 
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would further be desirable for a method to produce such 
Structure to be compatible with presently available proceSS 
ing techniques, and to be available without adding to pro 
cessed complexity. 

SUMMARY OF THE INVENTION 

0011. An improved processing technique results in a 
Structure which maximizes contact area by eliminating a 
Sidewall Spacer used to form LDD regions. A Sacrificial 
Spacer is provided during processing to form the LDD 
regions, and is then removed prior to further processing of 
the device. A Sidewall Spacer is then formed in a Self-aligned 
contact from a later deposited oxide layer used as an 
interlevel dielectric. This leaves only a Single oxide Sidewall 
Spacer alongside the gate electrode, maximizing the Surface 
area available for the Self-aligned contact itself. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself however, as well as a preferred mode of use, and 
further objects and advantages thereof, will best be under 
stood by reference to the following detailed description of an 
illustrative embodiment when read in conjunction with the 
accompanying drawings, wherein: 

0013) 
0014 FIGS. 2 through 9 illustrate a preferred process 
for forming an improved contact in accordance with the 
present invention; and 

FIG. 1 is a prior art structure; 

0015 FIG. 10 is an illustration depicting an alternative 
technique for forming the preferred Structure. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0016. The process steps and structures described below 
do not form a complete process flow for manufacturing 
integrated circuits. The present invention can be practiced in 
conjunction with integrated circuit fabrication techniques 
currently used in the art, and only So much of the commonly 
practiced process StepS are included as are necessary for an 
understanding of the present invention. The figures repre 
Senting cross-sections of portions of an integrated circuit 
during fabrication are not drawn to Scale, but instead are 
drawn So as to illustrate the important features of the 
invention. 

0017. The following description illustrates use of the 
present invention in conjunction with a typical CMOS 
device. It will be appreciated by those skilled in the art that 
this invention can be used with either n-channel or p-channel 
alone. 

0018 Referring to FIG. 2, within a substrate 40 are 
formed field oxide regions 42, 44, 46. Active region 48, 
formed between field oxide regions 42 and 44, will be used 
for fabrication of an n-channel field effect device. Active 
region 50 will be used for formation of a p-channel field 
effect device. 

0019. A thermal gate oxide layer 52 is grown over the 
device as known in the art. Gate oxide layer 52 may be 
grown using any known techniques, including formation of 
an oxide-nitride-oxide layer if desired. Polycrystalline sili 
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con layer 54 is then deposited over the device, and doped to 
provide a desired conductivity. Doping of polycrystalline 
Silicon layer 54 may be done by implant, or using any other 
technique known in the art. 
0020. In order to increase conductivity of the gate elec 
trodes, a silicide layer 56 may be formed over the polycrys 
talline layer 54 as known in the art. Any of the several well 
known techniques for forming a refractory metal Silicide 
layer 56 may be used. A protective cap oxide layer 58 is then 
formed over the device, resulting in the Structure shown in 
FIG. 2. Processing to this point is conventional. 
0021 Referring to FIG. 3, the stack just formed is 
patterned and etched to define gate electrodes 60 and 62. 
Photo resist layer 64 is formed over the p-channel region 50 
in order to protect it during the next few processing Steps. A 
blanket N- implant is then made over the device, forming 
LDD regions 66. Photo resist layer 64 protects the p-channel 
regions 50 from this implant. The N- implant is the standard 
LDD implant well known in the art, and can be, for example, 
an implant of phosphorus at a dose of 1-10x10"/cm and 
implant energy of 5-40KV. 
0022. The processing steps shown in FIG. 3 are also 
essentially conventional. As shown in FIG. 4, however, the 
method of the present invention now begins to diverge from 
Standard processing techniques. A conformal polymer layer, 
or amorphous carbon layer, is formed over the entire device, 
and anisotropically etched back. This results in the forma 
tion of Sidewall Spacer region 68 along Side gate electrode 60 
and photoresist layer 64. The sidewall spacer 68 alongside 
the gate electrode 60 will function as sacrificial sidewall 
Spacers to be removed shortly. 
0023 The polymer which is used for layer 68 can be 
parylene, or any Similar carbon-based polymer which can be 
deposited conformally in a plasma. AS described above, a 
layer of amorphous carbon or other material which can be 
ashed may also be used. In the remainder of this description, 
it will be understood that such layers are included when the 
term polymer layer is used. 
0024. In addition to deposition properties, the preferred 
properties of a polymer layer include a goodblocking ability 
for the following implant Step, and the ability to be easily 
removed when photoresist layer 64 is removed. The polymer 
layer is preferably deposited to a depth of approximately 
1000-2000 angstroms, resulting in sidewall spacers 68 hav 
ing a width of approximately 1000-2000 angstroms. This 
defines the width of the LDD regions following the next 
implant Step. The polymer should be deposited at a low 
temperature, preferably less than approximately 130 C., to 
prevent damage to the resist layer 64. 
0.025. After deposition and etch back of the polymer layer 
to form sidewall regions 68, an N+ implant of arsenic or 
other Suitable dopant is made over the device, forming 
heavily doped Source/drain regions 70. Typically, the arsenic 
is implanted at a dose of approximately 3x10"/cm, and an 
energy of approximately 40KV. Source/drain regions 70 are 
Spaced from the Side of the gate electrode 60 of approxi 
mately the thickness of sidewall spacer 68, as known in the 
art. At this time, formation of the n-channel device in active 
region 48 has been completed. 
0026. In order to form the p-channel device, it is neces 
sary to remove photoresist layer 64. This is typically done by 
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ashing, followed by a short clean up using a chemical Such 
as piranha. These Standard cleanup Steps will remove all 
traces of the polymer Sidewall regions 68, So that no Sidewall 
regions remain alongside the gate electrode 60. 
0027. Referring to FIG. 5, photoresist layer 72 is depos 
ited over the wafer and patterned, as known in the art, to 
cover active region 48 and expose active region 50. If p-type 
LDD regions are desired, in a manner Similar to that 
described in connection with FIG. 3, a blanket implant of 
boron is made to form lightly doped drain region 74 for the 
p-channel device. Typical implants are made at a dose of 
1-10x10"/cm, and implant energy of 5-30KV. A conformal 
polymer layer is then formed over the device in the same 
manner as described previously, preferably to a thickness of 
approximately 1000 angStroms, and anisotropically etched 
back to form sidewall regions 76. Sidewall regions 76 
alongside gate electrode 62 are then used as Spacers for the 
high dosage boron to implant form P+ Source/drain regions 
78. A typical dosage for the boron implant is 3x10"/cm at 
an energy of 5-30KV. Once source drain region 78 are 
formed, photoresist layer 72 and sidewall region 76 are 
removed by ashing and cleanup as previously described. 
0028 Referring to FIG. 7, the device now includes gate 
electrodes 60 and 62, neither of which have sidewall spacers 
of any type. However, the desired LDD structures have been 
formed through the use of Sacrificial polymer Spacers as 
described above. A conformal dielectric layer 80 is depos 
ited over the entire device. This layer 80 is used as the 
interpoly oxide (IPO) layer. IPO layer 80 is preferably 
undoped oxide deposited to a thickness of approximately 
1000-2000 angstroms. 
0029) Referring to FIG. 8, the IPO layer 80 is patterned 
and etched with a photoresist layer (not shown) to form 
contact openings 82 and 84. Tolerances for formation of 
these openings is not critical; both of them are Self-aligned 
with respect to the gate electrodes 60 and 62. That portion 
of the IPO layer 80 which lies within openings 82, 84, 
alongside the edges of electrodes 60, 62, remains behind as 
sidewall regions 86,88. The sidewall spacers 86, 88 perform 
isolation functions for the respective gate electrodes 60, 62. 
For any particular transistor, either, both, or neither Source/ 
drain region may have a Self-aligned contact formed at this 
time. However, even if a Source/drain contact is formed at a 
later stage, the sidewall spacers 86, 88 will be formed by the 
IPO layer 80 if such contact is adjacent the gate electrode. 
0030) Referring to FIG. 9, a polycrystalline silicon layer 
is deposited, patterned, and etched as known in the art to 
form conductive poly electrodes 90, 92. As seen in FIG. 9, 
sidewall spacers 86, 88 isolate gate electrodes 60, 62, 
respectively, from interconnect leads 90, 92. It will also be 
appreciated that the contacts to the underlying Substrate 40 
are separated from electrodes 60, 62 only by the thickness of 
spacers 86, 88. Thus, as opposed to the prior art structure 
seen in FIG. 1, the use of a sacrificial layer for the LDD 
Sidewall Spacers allows the contact to be brought closer to 
gate electrodes 60, 62. 
0031. The structure resulting from the method described 
above is essentially the same transistor Structure as widely 
available on devices made according to known CMOS 
processing techniques. However, the Sidewall Spacers along 
Side the gate electrodes are narrower, due to the removal of 
the Spacers used to form the LDD regions. This gives a 
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larger contact region, thus reducing contact resistance, or 
closer spacing of elements which can be used to shrink the 
overall size of the device. 

0032. Also, those skilled in the art will appreciate that the 
method described herein uses less masking Steps than is 
typical for CMOS process. Usually, all sidewall spacers are 
formed after both P- and N- LDD implants, requiring 
masking for both the LDD and source/drain implants. The 
method of the present invention disposes of the Sidewalls 
used to form LDD regions, So only a single mask is needed 
for both the LDD and source/drain implants. This saves two 
masking Steps over typical prior art techniques. 
0.033 While the invention has been particularly shown 
and described with reference to a preferred embodiment, it 
will be understood by those skilled in the art that various 
changes in form and detail may be made therein without 
departing from the Spirit and Scope of the invention. 
What is claimed is: 

1. A method for forming a Semiconductor integrated 
device Structure, comprising the Steps of 

forming a gate electrode on a Surface of a Substrate; 
implanting impurities into the substrate to form LDD 

regions adjacent the gate electrode, 
forming temporary Sidewalls alongside the gate electrode 

and on the Substrate Surface; 
implanting impurities in to the Substrate to form heavily 

doped Source/drain regions on either side of the gate 
electrode and Spaced therefrom; and 

removing the temporary Sidewalls. 
2. The method of claim 1, wherein the step of forming 

temporary Sidewalls comprises the Step of forming tempo 
rary Sidewalls from a polymer material. 

3. The method of claim 2, wherein the polymer is 
parylene. 

4. The method of claim 1, wherein the sidewalls are 
formed by the steps of: 

depositing a conformal layer over the device; and 
anisotropically etching back the conformal layer. 
5. The method of claim 4, wherein the conformal layer has 

a thickness of approximately 1000-2000 angstroms. 
6. The method of claim 4, wherein the conformal layer 

comprises a polymer material which is removable by a 
proceSS used to remove photoresist. 

7. The method of claim 1, further comprising the step of: 
forming a conformal oxide layer over the gate electrode 

after the temporary Sidewalls have been removed. 
8. The method of claim 7, further comprising the steps of: 
defining a contact region over a Source/drain region and a 

portion of the gate electrode, and 
etching the conformal oxide within the contact region to 

expose a portion of the Substrate Surface, wherein a 
Sidewall of oxide remains alongside the gate electrode 
within the contact region. 

9. The method of claim 8, wherein the conformal oxide is 
undoped. 

10. The method of claim 8, wherein the conformal oxide 
layer is deposited to a thickness of approximately 1000-2000 
angStroms. 
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11. The method of claim 1, wherein the gate electrode is 
formed by the steps of: 

forming a gate oxide on the Substrate Surface, 
forming a polycrystalline Silicon layer on the gate oxide; 
forming a protective oxide layer over the polycrystalline 

Silicon layer; and 
etching the gate oxide, polycrystalline Silicon, and pro 

tective oxide layers to define the gate electrode. 
12. The method of claim 11, further comprising the step 

of: 

forming a Silicide layer on the polycrystalline Silicon layer 
before forming the protective oxide layer. 

13. The method of claim 1, wherein the step of forming 
temporary Sidewalls comprises the Step of forming tempo 
rary Sidewalls from amorphous carbon. 

14. The method of claim 4, wherein the conformal layer 
comprises a carbon material which is removable by a 
process used to remove photoresist. 

15. A method for forming transistors in a CMOS inte 
grated circuit device, comprising the Steps of: 

forming first and Second gate electrodes over first and 
Second active regions of a Substrate, respectively; 

forming a first resist layer over the Second active region; 
implanting impurities into the first active region to form 
LDD regions adjacent the first gate electrode, 

forming a first conformal temporary layer over the first 
active region, first gate electrode, and the first resist 
layer; 

etching back the first temporary layer to form Sidewalls 
alongside the first gate electrode, 

implanting impurities into the first active region to form 
heavily doped Source/drain regions Space from the first 
gate electrode, 

removing the first resist layer and the temporary Side 
walls, 

forming a Second resist layer over the first active region; 
implanting impurities into the Second active region to 

form LDD regions adjacent the Second gate electrode, 
forming a Second conformal temporary layer over the 

Second active region, Second gate electrode, and the 
Second resist layer; 

etching back the Second temporary layer to form Sidewalls 
alongside the Second gate electrode, 

implanting impurities into the Second active region to 
form heavily doped Source/drain regions Space from the 
Second gate electrode; and 

removing the Second resist layer and the Sidewalls along 
Side the Second gate electrode. 

16. The method of claim 15, further comprising the steps 
of: 

depositing a conformal oxide layer over the gate elec 
trodes and the active regions, 

defining a contact region over at least one of the Source/ 
drain regions, and 
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etching the conformal oxide within the contact region to 
expose a portion of the Substrate, wherein a Sidewall is 
formed alongside a gate electrode within the contact 
region. 

17. The method of claim 15, wherein the first and second 
gate electrodes are formed by the Steps of 

forming a gate oxide on the Substrate Surface, 
forming a polycrystalline Silicon layer on the gate oxide; 
forming a protective oxide layer over the polycrystalline 

Silicon layer; and 
etching the gate oxide, polycrystalline Silicon, and pro 

tective oxide layers to define the first and Second gate 
electrodes. 

18. The method of claim 17, further comprising the step 
of: 

forming a Silicide layer on the polycrystalline Silicon layer 
before forming the protective oxide layer. 

19. The method of claim 15, wherein the first and second 
polymer layers each have a thickness of approximately 
1000-2000 angstroms. 

20. The method of claim 15, wherein the conformal 
temporary layers are formed from a polymer. 

21. The method of claim 20, wherein the conformal 
temporary layers are formed from parylene. 

22. The method of claim 15, wherein the conformal 
temporary layers are formed from amorphous carbon. 

23. A transistor Structure in an integrated circuit device, 
comprising: 

a Substrate having a Surface, 
a gate electrode on the Substrate Surface, 
lightly doped LDD regions in the Substrate adjacent the 

gate electrode; and 
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heavily doped Source/drain regions in the Substrate adja 
cent the LDD regions; 

wherein the gate electrode does not have Sidewall Spacers 
alongside Vertical portions thereof. 

24. A transistor Structure in an integrated circuit device, 
comprising: 

a Substrate having a Surface; 
a gate electrode on the Substrate Surface; 
lightly doped LDD regions in the Substrate adjacent the 

gate electrode; and 
heavily doped Source/drain regions in the Substrate adja 

cent the LDD regions; 
a conformal oxide layer of a Selected thickness covering 

a portion of the gate electrode and a portion of one of 
the Source/drain regions, 

a Sidewall oxide region alongside a vertical Sidewall of 
the gate electrode, formed from the same material as 
the conformal oxide layer, and having a thickness 
Substantially the same as the Selected thickness. 

25. The structure of claim 24, wherein the gate electrode 
comprises: 

a gate oxide layer on the Substrate Surface; 
a doped polycrystalline Silicon layer on the gate oxide 

layer; and 
a protective oxide layer over the polycrystalline Silicon 

layer. 
26. The Structure of claim 21, further comprising: 
a Silicide layer between the polycrystalline Silicon layer 

and the protective oxide layer. 

k k k k k 


