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(57) ABSTRACT 

Disclosed is a method for forming a semiconductor device; 
and, more particularly, to a method for forming a semicon 
ductor device With loW parasite capacitance by using an air 
gap and a self-aligned contact plug formed by a selective 
epitaxial groWing method. A method for forming a semi 
conductor according to the present invention comprises the 
steps of: forming Word lines over a semiconductor substrate, 
Wherein a plurality of contact areas are formed betWeen the 
Word lines; forming epitaxial layers for contact plugs on the 
contact areas, thereby forming a resulting structure; forming 
air gaps on non-contact areas on Which the epitaxial layers 
is not formed, by depositing an interlayer insulation layer on 
the resulting structure; and patterning the interlayer insula 
tion layer so as to expose the epitaxial layers. Accordingly, 
the present invention using the air gap as a gap ?lling 
materials reduces the parasite capacitance loaded on a bit 
line and omits an additional gap ?lling process. 
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METHOD FOR FORMING SEMICONDUCTOR 
DEVICE HAVING LOW PARASITE CAPACITANCE 
USING AIR GAP AND SELF-ALIGNED CONTACT 

PLUG 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method for 
forming a semiconductor device; and, more particularly, to 
a method for forming a semiconductor device With loW 
parasite capacitance by using an air gap and a self-aligned 
contact plug formed by a selective epitaxial groWing 
method. 

DESCRIPTION OF THE PRIOR ART 

[0002] Generally, the refresh time, Which is one of the 
most important features in semiconductor memory device, 
may be determined by a leakage current Which is caused by 
a drain damage and this drain damage is often generated at 
the time of forming a charge storage node contact for 
electrically connecting the charge storage electrode to the 
drain of a transistor. The resolution of current lithography 
techniques may prevent a misconnection in 16M DRAM 
manufacturing processes or less, Which may be caused by an 
undesired connection to other layers at sideWalls of a contact 
hole, but the space betWeen the contact hole and adjacent 
conducting layers in an interlayer insulating layer becomes 
narroWer With the development of the integrated circuits. 

[0003] The contact is minimiZed in order to solve the 
abovementioned problem and this problem may be solved 
someWhat by modifying the exposure method in a step-and 
repeat projection equipment (i.e., stepper), modifying mask 
to de?ne the contact hole region, or using a self-aligned 
contact (hereinafter, referred to as SAC). 

[0004] The most highlighted process is a nitride barrier 
SAC (hereinafter, referred to as NBSAC) process, in Which 
a nitride layer is used as an etching barrier layer When an 
oxide layer is etched for forming the contact hole. The 
NBSAC process may be divided into tWo etching processes, 
i.e., oxide and nitride etching processes. In the oxide etching 
process, polymer-inducing gases, such as C3138 and C4138, are 
have been used in order to improve a selective etching rate 
to the nitride layer. The C3138 and C4138 gases induce a lot of 
polymer and then a high selective etching rate to the nitride 
layer may be obtain, but these gases may provoke a problem 
in that the oxide layer Within the contact hole is not removed 
completely because the polymer may cause an etching stop 
of the oxide layer. Since the selective etching rate to the 
nitride layer and the etching stop of the oxide layer Within 
the contact hole are contrary to each other, reappearance of 
the semiconductor devices may deteriorate and a process 
WindoW of the contact hole may be narroW. 

[0005] To make the process WindoW broad, the processing 
conditions for etching the oxide layer is controlled by a 
polymer decreasing method. Accordingly, in the case Where 
the oxide layer etching process is carried out by the polymer 
decreasing method, it requires that the nitride layer should 
be thick. HoWever, the increase of the thickness of the nitride 
layer causes the contact area to be diminished and an 
isotropic etching process is applied to the nitride layer in 
order to make up for the diminution of the contact area. 

[0006] Further, since the oxide layer under the nitride 
layer is used as an electrical insulating layer, the etching 
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process requires that the oxide layer should be controlled by 
a high selective etching rate in order not to be damaged and 
a portion of a semiconductor substrate may be exposed at the 
time of etching an oxide layer in a periphery circuit area, the 
oxide etching process to minimiZe the loss of the exposed 
semiconductor substrate is required. 

[0007] HoWever, a conventional ion induced etcher to etch 
the nitride layer may not obtain such a high selective etching 
rate in the isotropic etching process. The recently high 
lighted radical etcher using the etchants, such as NF3 and 
CF4 and SP6, provides an isotropic etching process and a 
high selective etching rate to the oxide layer, but it does not 
provide a high selective etching rate to a silicon layer (i.e., 
silicon Wafer) because the etching process uses the ?uorine 
bearing etchants. Also, the etching rate of the radical etching 
equipment is determined by the coherence of the oxide, 
nitride and silicon layers because these etchants may etch all 
of the oxide, nitride and silicon layers. That is, in the case 
Where the oxide layer, nitride layer and silicon layer may be 
placed in the order of coherence, it is impossible to obtain 
a high selective etching rate to a silicon layer because the 
silicon layer is etched most rapidly. 

[0008] As a result, the conventional NBSAC process is not 
sufficient for a high selective etching rate and it is more 
difficult to obtain a processing margin in etching the oxide, 
nitride and silicon layers With the decrease of the yield of the 
semiconductor devices. 

SUMMARY OF THE INVENTION 

[0009] It is, therefore, an object of the present invention to 
provide a method for forming self-aligned contacts using a 
selective epitaxial groWing method. 

[0010] It is another object of the present invention to 
provide a method for improving electrical characteristics of 
a semiconductor device by reducing parasite capacitance. 

[0011] In the present invention, a contact plug is formed 
on a contact area using a selective epitaxial groWing method 
and a self-aligned contact Which is formed by a selective 
etching rate betWeen an epitaxial layer and an oxide layer. 

[0012] In accordance With an aspect of the present inven 
tion, there is provided a method for forming a semiconductor 
comprising the steps of: forming Word lines over a semi 
conductor substrate, Wherein a plurality of contact areas are 
formed betWeen the Word lines; forming epitaxial layers for 
contact plugs on the contact areas, thereby forming a result 
ing structure; forming air gaps on non-contact areas on 
Which the epitaxial layers is not formed, by depositing an 
interlayer insulation layer on the resulting structure; and 
patterning the interlayer insulation layer so as to expose the 
epitaxial layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Other objects and aspects of the present invention 
Will become apparent from the folloWing description of the 
embodiments With reference to the accompanying draWings, 
in Which: 

[0014] FIGS. 1A and 1B are cross-sectional vieWs illus 
trating a method for forming a self-aligned contact With an 
air gap according to the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0015] Hereinafter, the present invention Will be described 
in detail referring to the accompanying drawings. 

[0016] FIGS. 1A and 1B illustrate a method for forming 
a self-aligned contact With an air gap according to the 
present invention. 

[0017] First, referring to FIG. 1A, ?eld oxide layers 13 are 
formed in a semiconductor substrate 11 in order to de?ne 
active regions and ?eld regions (non-active regions). A 
conduction layer 15 for a gate electrode is formed on the 
semiconductor substrate 11 and a mask insulation layer 17, 
such as a nitride or oxide layer, is formed on the conduction 
layer 15. The mask insulation layer 17 and the conduction 
layer 15 are patterned in a predetermined siZe and an 
amorphous carbon layer for spacers 19 are formed on 
sideWalls of the mask insulation layer 17 and the conduction 
layer 15, thereby exposing portions of the semiconductor 
substrate 11 betWeen the patterned stacks. At this time, the 
spacers 19 are made of as an oxide or nitride layer. 

[0018] Referring to FIG. 1B, epitaxial layers 23 for a 
contact plug are formed on the exposed portion of the 
semiconductor substrate 11 by the selective epitaxial groW 
ing method. In the selective epitaxial groWing method, the 
epitaxial layers 23 are formed only on the semiconductor 
substrate 11, such as a silicon or silicon-germanium layer, 
because the mask insulation layer 17 and the spacers 19 
function as barriers to epitaxial groWing. In the preferred 
embodiment, an insulation layer or a nitride layer (not 
shoWn) as a barrier layer to the epitaxial groWth is formed 
on non-contact areas and this barrier layer is removed after 
forming the epitaxial layers 23. 

[0019] After removing the barrier layer to the epitaxial 
groWth, an interlayer insulation layer 25, an oxide layer, is 
formed on the resulting structure though the PECVD 
(Plasma Enhanced Chemical Vapor Deposition) method. 
When the interlayer insulation layer 25 is formed by the 
PECVD method, the non-contact areas betWeen the Word 
lines (the conduction layer 15 for a gate electrode) are ?lled 
With an air gap 21 because the PECVD method has a demerit 
in topology of the interlayer insulation layer 25. It is quite 
different from What is required in the general semiconductor 
processing techniques. Especially, in the PECVD method 
according to the present invention, the loW poWer of RF bias 
is kept for poor topology of the interlayer insulation layer 
25. The use of the air gap 21 may remove a gap ?lling 
process required in a conventional semiconductor process 
ing method. In DRAM memory devices, this air gap 21 may 
reduce parasite capacitance. Typically, in the case Where an 
oxide layer or a nitride layer, Which has higher dielectric 
constant than the air, is used a gap ?lling materials, these 
materials may increase the parasite capacitance and require 
much more refresh operations of memory devives. HoWever, 
since the present invention uses the air gap 21 as a gap ?lling 
materials, the parasite capacitance loaded on a bit line may 
be reduced and an additional gap ?lling process is not 
required. 

[0020] After forming the interlayer insulation layer 25 
having poor topology, the interlayer insulation layer 25 is 
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patterned using an etching mask (not shoWn) so that the top 
surface 27 of the epitaxial layers 23 is exposed betWeen the 
patterns formed by the interlayer insulation layer 25. At this 
time, although the patterns of the interlayer insulation layer 
25 are misaligned, an undesired interconnection of the 
conduction layer 15 and the folloWing conduction layer for 
a charge storage electrode may be prevented. 

[0021] On the other hand, the interlayer insulation layer 25 
is etched by carbon and ?uorine-bearing gases and particu 
larly, C2F6, C3F8, C4F8, C5F8, C4F6 and their mixtures may 
be used for a high selective etching rate to the interlayer 
insulation layer 25 against the interlayer insulation layer 25. 
Also, C, H and F-bearing gases, such as CH3F, CHZFZ, 
CZHFS, C3H2F6 and their mixtures, may be used to increase 
the selective etching rate to the interlayer insulation layer 25. 
In the preferred embodiment, an inert gas, such as Ar or He, 
may be contained to stabiliZe plasma While the interlayer 
insulation layer 25 is etched and the isotropic dry-etching 
process is applied to the interlayer insulation layer 25 to 
remove polymer Which may cause the epitaxial layers 23 to 
be damaged. 

[0022] As apparent from the above, the present invention 
may omit an additional gap ?lling process With an epitaxial 
layer groWth of a charge storage electrode. Accordingly, this 
reduced parasite capacitance improves operation speed of 
the memory devices and the epitaxial layer provides suf? 
cient processing margin Which increases the yield of the 
semiconductor memory devices. 

[0023] Although the preferred embodiments of the inven 
tion have been disclosed for illustrative purposes, those 
skilled in the art Will appreciate that various modi?cations, 
additions and substitutions are possible, Without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims. 

What is claimed is: 

1. Amethod for forming a semiconductor, comprising the 
steps of: 

forming a plurality of Word lines over a semiconductor 
substrate spaced a distance from one another for pro 
viding a plurality of plugs each betWeen tWo adjacent 
Word lines and de?ning contact and non-contact areas; 

forming an epitaxial layer in the plug in the contact area 
and an air gap in the plug in the non-contact area; and 

forming an interlayer insulation layer over the plurality of 
Word lines and exposed portions of the semiconductor 
substrate exposing at least a part of the epitaxial layer 
in each plug in the contact area. 

2. The method as recited in claim 1, Wherein the interlayer 
insulation layer includes PECVD (Plasma Enhanced Chemi 
cal Vapor Deposition) With loW poWer of RF bias. 

3. The method as recited in claim 1, Wherein the step of 
forming an interlayer insulation layer includes etching by C 
or F-bearing gas plasma. 

4. The method as recited in claim 3, Wherein the step of 
forming an interlayer insulation layer includes etching With 
a gas selected from the group consisting of CZFG, C3F8, 
C4F8, CSF8 and C4F6 or a mixture thereof. 
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5. The method as recited in claim 1, Wherein the step of 
forming an interlayer insulation layer includes etching by C, 
H or F-bearing gas plasma. 

6. The method as recited in claim 5, Wherein the C, H or 
F-bearing gas includes one selected from the group consist 
ing of CH3F, CHZFZ, CZHF5 and C3H2F6 or a mixture 
thereof. 

7. The method as recited in claim 3, Wherein the C or 
F-bearing gas plasma contains an inert gas. 
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8. The method as recited in claim 1, Wherein the step of 
forming an interlayer insulation layer includes isotropic 
dry-etching. 

9. The method as recited in claim 1, further comprising 
forming a spacer on each sideWall of each Word line. 

10. The method as recited in claim 9, Wherein the spacer 
includes an oXide or nitride layer. 

* * * * * 


