
US 20050118829A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0118829 A1 
(19) United States 

Lee et al. (43) Pub. Date: Jun. 2, 2005 

(54) METHOD FOR FABRICATING 
SEMICONDUCTOR DEVICE 

Publication Classi?cation 

(51) Int. Cl.7 ................................................ .. H01L 21/302 

(75) Inventors: Sung-Kwon Lee, Ichon-shi (KR); (52) US. Cl. ............................................................ .. 438/714 
Min-Suk Lee, Ichon-shi (KR) 

(57) ABSTRACT 

CPrreSpOndenCe Address: Disclosed is a method for fabricating a semiconductor 
Finnegan, Henderson, Farabow, d . h . 1 h 1 f d b 1 
Garrett & Dunner LIL-P- 'CVICC avmg at east one contact 0 es orme y emp oy 
1300 I Street N W’ mg a self-aligned contact (SAC) etching process. The con 
Washin ton 260056315 (Us) tact holes are formed through the shortened number of 

g ’ sequential steps by using different process recipes. First, an 
anti-re?ective coating (ARC) layer formed on a substrate 

(73) Assignee_ HYNIX SEMICONDUCTOR INC structure prepared sequentially With a substrate, conductive 
' ' structures, an etch stop layer and an inter-layer insulation 

(21) APPL No. 10/878 289 layer is etched by employing an etch gas of CF4, O2, CO and 
’ Ar. Then, a portion of an inter-layer insulation layer is 

(22) Filed; Jun_ 29, 2004 etched With use of an etch gas of CF4 and 02. The rest 
portion of the inter-layer insulation layer is subsequently 

(30) Foreign Application Priority Data etched by using a different etch gas of C4136, CHZFZ, O2 and 
Ar to thereby form at least one contact hole exposing the 

Nov. 28, 2003 ..................................... .. 2003-85816 etch stop layer. 

"—'1 

49 49 49 : 49 
I 
I 

—1 
_, M 45B 43 ~ | 

44A I 42- : 
4] v" —'—-! V 

G5 G4 G3 G2 : 
l 
l "‘ 40 
l 
l 
l 

s m _ 
i 7'‘ V 



Patent Application Publication Jun. 2, 2005 Sheet 1 0f 9 US 2005/0118829 A1 

FIG. 1A 
(PRIOR ART) 
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FIG. 2 
(PRIOR ART) 
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FIG. 3A 
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FIG. 5E 
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FIG. 6A 
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METHOD FOR FABRICATING SEMICONDUCTOR 
DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method for 
fabricating a semiconductor device; and, more particularly, 
to a method for forming a self-aligned contact in a semi 
conductor device. 

DESCRIPTION OF RELATED ARTS 

[0002] Typically, a semiconductor device is formed With a 
number of unit device elements. As a semiconductor device 
has been highly integrated, siZes of such unit device ele 
ments as transistors and capacitors have proportionally 
decreased. Particularly, in a dynamic random access 
memory (DRAM) device, decrease in a design rule has led 
to decrease in siZes of semiconductor devices formed in 
cells. For instance, a lineWidth of a current DRAM device is 
formed in a siZe less than 0.1 pm, and more eXtremely, the 
required doWn-siZe of the lineWidth is less than 80 nm. 
Therefore, there are numerous dif?culties to advance the 
development of a DRAM device With the required siZe of the 
lineWidth. 

[0003] If a photolithography process using a light source 
of ArF having a Wavelength of 193 nm is applied in a 
semiconductor device having a lineWidth less than 80 nm, it 
is additionally necessary to suppress a photoresist from 
being deformed during an etching process performed under 
the target of providing a precisely shaped pattern and a 
vertical etch pro?le. Therefore, a current focus of the semi 
conductor technology is to develop a process recipe of the 
etching process that satis?es both the requirements for 
achieving the above described target and for suppressing the 
pattern deformation. 

[0004] MeanWhile, acceleration in the scale of integration 
in a semiconductor device brings out a need to form various 
device elements of the semiconductor device in stacks. One 
eXample of this stack structure is a contact plug. 

[0005] For forming such a contact plug, a landing plug 
contact (LPC) is commonly formed since the LPC has a 
bottom portion Which makes a Wide contact Within a mini 
mum area and a top portion Which is Wider than the bottom 
portion to increase a contact margin. 

[0006] A self-aligned contact (SAC) etching process is 
adopted to form a LPC betWeen structures having a high 
aspect ratio. The SAC etching process is a method of 
forming a contact by performing an etching process to a 
bottom structure having a speci?c etch selectivity ratio. 
Generally, the SAC etching process uses different etch 
selectivity ratios betWeen nitride and oXide. 

[0007] Detailed description on the SAC etching process is 
disclosed in US. Pat. No. 4,992,848 issued to Gen M. Chin 
on Feb. 12, 1991, entitled “Self-Aligned Technology,” and in 
an article by Y. Kohyama, entitled “A Fully Printable, 
Self-Aligned and PlanariZed Stacked Capacitor DRAM Cell 
Technology for 1 G bit DRAM and Beyond,”Digest of 
Technical Papers, 17-18, (1997). HoWever, as the scale of 
integration of a semiconductor device has increased, there 
has been a vigorous study on photolithography using a light 
source of ArF. HoWever, a photoresist for use in an ArF 
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photolithography device has a Weaker tolerance to an etch 
ing process compared With a photoresist for use in a KrF 
photolithography device. 

[0008] FIGS. 1A and 1B are micrographs of scanning 
electron microscopy (SEM) shoWing defective ArF photo 
resist patterns caused by a SAC etching process. 

[0009] Referring to FIG. 1A, a plurality of bar type 
patterns formed by an ArF photolithography process become 
Wiggled, and a reference numeral 10A denotes the Wiggled 
photoresist pattern. Also, referring to FIG. 1B, a plurality of 
bar type patterns formed by an ArF photolithography pro 
cess become striated, and a reference numeral 10B denotes 
the striated photoresist pattern. These shoWn pattern defor 
mation problems of Wiggling and striation are caused by 
characteristics of the ArF photoresist. 

[0010] To solve these problems, a SAC etching process 
using a gas of C4F6 is suggested. Especially, ?uorocarbons 
for easily producing polymers, especially those ?uorocar 
bons having a loW ratio of ?uorine to carbon, are used to 
minimiZe damage to a pattern during a SAC etching process 
and to compensate a gate hard mask Which may be damaged 
during the SAC etching process. Among those ?uorocar 
bons, CSF8 and C4F6 are in a current focus. For instance, 
When a magnetically enhanced reactive ion etching 
(MERIE) apparatus is employed for the SAC etching pro 
cess, a gas of C4F6 is used for obtaining such effects. This 
SAC etching process performed by using the C 4F6 gas at the 
MERIE apparatus is described in US. Pat. No. 6,174,451 
issued to R. Hung et al. on Jan. 16, 2001, entitled “Oxide 
Etch Process Using HeXa?uorobutadiene and Related 
Unsaturated Hydro?uorocarbons” and in US. Pat. No. 
6,387,287 issued to R. Hung et al. on May 14, 2002, entitled 
“Process for Etching Oxide Using HeXa?uorobutadiene and 
Manifesting Wide Process WindoW.” Herein, the US. Pat. 
No. 6,174,451 and the US. Pat. No. 6,387,287 are referred 
to as a cited reference 1 and a cited reference 2, respectively. 

[0011] FIG. 2 is a ?oWchart shoWing detailed steps 
involved in the SAC etching process described in the cited 
references 1 and 2. 

[0012] As shoWn, the SAC etching process according to 
the cited references 1 and 2 includes a main etching step 
S20, an over-etching step S21, an ashing process S22 and an 
etch stop layer removing step S23. At the main etching step 
S20, an oXide layer is etched until a gate hard mask of a gate 
structure is eXposed by using a photoresist pattern as an etch 
mask. At this time, C4F6 and Ar gases are used as an etch gas 
for the SAC etching process. Then, at the over-etching step 
S21, the remaining portion of the oXide layer is etched again 
by using C4F6, CHZF2 and Ar. At the ashing process S22, the 
photoresist pattern is removed by using 02, and at the etch 
stop layer removing step S23, the etch stop layer made of a 
nitride-based material is removed by using a gas of CH2F2, 
O2 and Ar. 

[0013] MeanWhile, in the cited references 1 and 2, since 
the SAC etching process proceeds under a high poWer over 
1500 W and an electrode temperature greater than a room 
temperature, it is possible to employ this process recipe in a 
KrF photolithography process. HoWever, it may be practi 
cally impossible to employ this process recipe in an ArF 
photolithography process Which should be carried out at a 
loW poWer in order to prevent the pattern deformation. 
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[0014] In US. Pat. No. 6,362,109 issued to Yungsang Kim 
et al. on Mar. 26, 2002, entitled “Oxide/Nitride Etching 
Having High Selectivity to Photoresist,” the use of a mixed 
etch gas of C4136, CHZFZ, O2 and CO is described. This 
process recipe is applicable to a KrF photolithography 
process With use of a high poWer greater than 1500 W. 
However, it may be practically difficult to employ this 
process recipe in an ArF photolithography process, Which 
should be carried out at a loW poWer in order to prevent the 
pattern deformation. 

[0015] Also, etching an oxide layer With use of a ?uoro 
carbon gas containing ?uorine and carbon in a ratio of less 
than 2 to 1, e.g., C4136, is introduced in US. Pat. No. 
6,326,307 issued to R. A. Lindley on Dec. 4, 2001, entitled 
“Plasma Pretreatment of Photoresist in an Oxide Etch Pro 
cess.” When the oxide layer is etched, a plasma pretreatment 
proceeds prior to performing a main etching process in order 
to minimiZe striation. HoWever, this process recipe is also 
applicable to a KrF photolithography process With use of 
high poWer. HoWever, it may be difficult to employ this 
process recipe in an ArF photolithography process, Which 
should be carried out at a loW poWer in order to prevent the 
pattern deformation. 

[0016] FIGS. 3A and 3B are micrographs of SEM respec 
tively shoWing a cross-sectional vieW and a top vieW of a 
substrate structure obtained after an anti-re?ective coating 
layer formed on an inter-layer insulation layer is etched by 
using an etch gas of CHF3, CF4 and O2, or an etch gas of 
C4136, O2 and Ar. This etching process is carried out for 
approximately 55 seconds. Also, the above etch gas is 
obtained by mixing approximately 40 sccm of CHE3 gas, 
approximately 10 sccm of CF4 gas and approximately 8 
sccm of O2 gas. At this time, a poWer of approximately 300 
W and a chamber pressure of approximately 50 mTorr are 
provided along With maintaining an electrode temperature 
and a temperature of inner Walls of a chamber at approxi 
mately 15° C. and approximately 60° C., respectively. As 
shoWn, under this process recipe, photoresist patterns 
become deformed more frequently. 

SUMMARY OF THE INVENTION 

[0017] It is, therefore, an object of the present invention to 
provide a method for fabricating a semiconductor device 
capable of preventing pattern deformation even if an ArF 
photolithography process is applied during a self-aligned 
contact (SAC) process. 

[0018] In accordance With an aspect of the present inven 
tion, there is provided a method for fabricating a semicon 
ductor device, including the steps of: (a) forming a plurality 
of conductive structures on a substrate; (b) forming an etch 
stop layer on a substrate structure including the substrate and 
the conductive structures; (c) forming an inter-layer insula 
tion layer on the etch stop layer; (d) sequentially forming an 
anti-re?ective coating layer and a photoresist pattern on the 
inter-layer insulation layer; (e) etching the anti-re?ective 
coating (ARC) layer by employing the photoresist pattern as 
an etch mask along With use of an etch gas of CF4, O2, CO 
and Ar; etching a portion of the inter-layer insulation 
layer by employing the photoresist pattern and the ARC 
layer as an etch mask along With use of an etch gas of CF4 
and O2; (g) etching the inter-layer insulation layer by 
employing the photoresist pattern and the ARC layer as an 
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etch mask along With use of an etch gas of C4136, CHZFZ, O2 
and Ar to thereby form at least one contact hole exposing the 
etch stop layer; and (h) removing the exposed etch stop 
layer. 
[0019] In accordance With another aspect of the present 
invention, there is provided a method for fabricating a 
semiconductor device, including the steps of: (a) forming a 
plurality of conductive structures on a substrate; (b) forming 
an etch stop layer on a substrate structure including the 
conductive structures and the substrate; (c) forming an 
inter-layer insulation layer on the etch stop layer; (d) sequen 
tially forming an anti-re?ective coating (ARC) layer and a 
photoresist pattern on the inter-layer insulation layer; (e) 
etching the ARC layer and a portion of the inter-layer 
insulation layer by employing the photoresist pattern as an 

etch mask along With use of an etch gas of CF4 and O2; etching the inter-layer insulation layer by employing the 

photoresist pattern and the ARC layer as an etch mask along 
With use of an etch gas of C4136, CHZFZ, O2 and Ar to thereby 
form at least one contact hole exposing the etch stop layer; 
and (g) removing the exposed etch stop layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The above and other objects and features of the 
present invention Will become better understood With 
respect to the folloWing description of the preferred embodi 
ments given in conjunction With the accompanying draW 
ings, in Which: 

[0021] FIG. 1A is a micrograph of scanning electron 
microscopy (SEM) shoWing a defect in a photoresist pattern 
for use in ArF photolithography caused by a self-aligned 
contact (SAC) process; 

[0022] FIG. 1B is a micrograph of SEM shoWing another 
defect in a photoresist pattern for use in ArF photolithog 
raphy caused by a SAC etching process; 

[0023] FIG. 2 is a ?oWchart shoWing sequential steps of 
a conventional SAC etching process; 

[0024] FIGS. 3A and 3B are micrographs of SEM respec 
tively shoWing a cross-sectional vieW and a top vieW of a 
substrate structure obtained after an anti-re?ective coating 
layer formed on an inter-layer insulation layer is etched by 
employing a conventional process recipe; 

[0025] FIG. 4 is a top vieW shoWing a layout of a 
semiconductor device obtained after a SAC etching process 
for forming a landing plug contact in accordance With a 
preferred embodiment of the present invention; 

[0026] FIGS. 5A to 5E are cross-sectional vieWs shoWing 
a method for fabricating a semiconductor device in accor 
dance With the preferred embodiment of the present inven 
tion; 
[0027] FIGS. 6A and 6B are micrographs of SEM respec 
tively shoWing a cross-sectional vieW and a top vieW of a 
substrate structure obtained after an anti-re?ective coating 
layer is formed With employing predetermined process reci 
pes in accordance With the preferred embodiment of the 
present invention; and 

[0028] FIG. 7 is a micrograph of SEM shoWing a top vieW 
of a substrate structure obtained after a Wet cleaning process 
folloWed by a contact hole formation process is performed 
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With use of predetermined process recipes in accordance 
With the preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] Amethod for fabricating a semiconductor device in 
accordance With a preferred embodiment of the present 
invention Will be described in detail With reference to the 
accompanying draWings. 
[0030] FIG. 4 is a diagram shoWing a layout of a semi 
conductor device obtained after a self-aligned contact (SAC) 
etching process. 

[0031] As shoWn, a plurality of gate electrodes G1 to G5 
are arranged in a uniform distance. In a crossing direction to 
the gate structures G1 to G5, a plurality of T-type landing 
plugs LP1 to LP7 are formed by arranging a set of contact 
hole C1 to C17 in the form of T. Herein, the reference 
numerals from LP1 to LP7 represent a ?rst to a seventh 
landing plugs, respectively. Each of the ?rst to the seventh 
landing plugs LP1 to LP7 includes three contact holes. For 
instance, in the ?rst landing plug LP1, contact holes for 
storage node contacts are denoted as C1 and C4, While a 
contact for a bit line contact is denoted as C13. That is, 
reference denotations C1 to C12 represent contact holes for 
storage node contacts, While reference denotations C13 to 
C17 represent contact holes for bit line contacts. 

[0032] MeanWhile, although not illustrated, an inter-layer 
insulation layer is formed on the gate structures G1 to G5 
disposed betWeen each tWo of the ?rst to the seventh landing 
plugs LP1 to LP7. 

[0033] Hereinafter, detailed description on a method for 
fabricating a semiconductor device Will be provided With 
reference to FIGS. 5A to SE shoWing cross-sectional vieWs 
of FIG. 4 taken along a direction of a line A-A‘ and a line 
B-B‘. 

[0034] Aplurality of gate structures G2 to G5 are formed 
on a substrate 40 provided With various device elements. 
Each of the gate structures G2 to G5 includes a gate hard 
mask 43, a gate conductive layer 42 and a gate insulation 
layer 41. 

[0035] Herein, the gate insulation layer 41 is made of a 
typical oXide-based material such as silicon oXide. The gate 
conductive layer 42 is made of a material selected in single 
or in combination from a group consisting of polysilicon, 
tungsten (W), tungsten nitride (WNX) and tungsten silicide 
(Wso 
[0036] The gate hard mask 43 serves a role in preventing 
the gate conductive layer 42 from being damaged in the 
course of forming contact holes by etching a subsequent 
inter-layer insulation layer. Thus, the gate hard mask 43 is 
made of a material having a highly different etch selectivity 
from the above mentioned inter-layer insulation layer. For 
instance, if the inter-layer insulation layer is made of an 
oXide-based material, the gate hard mask 43 is made of a 
nitride-based material such as silicon nitride (SiN) or silicon 
oXynitride (SiON). If the inter-layer insulation layer is made 
of a polymer-based loW dielectric material, the gate hard 
mask 43 is made of an oXide-based material. 

[0037] Although not illustrated, impurity diffusion regions 
such as source/drain junctions are formed in the substrate 40 
disposed betWeen each tWo of the gate structures G2 to G5. 
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[0038] More speci?c to the formation of the impurity 
diffusion regions, impurities are ?rst implanted into the 
substrate 40 through an ion implantation process performed 
in alignment to the gate structures G2 to G5. A plurality of 
spacers are formed on sideWalls of the gate structure G2 to 
G5. Then, another ion implantation process is performed to 
form lightly doped drain (LDD) structures. Herein, more 
detailed descriptions on the respective ion-implantation pro 
cesses for forming the LDD structures and the impurity 
diffusion regions and the spacer formation process are 
omitted. 

[0039] An etch stop layer 44 for protecting the substrate 
40 against damages occurring during a self-aligned contact 
(SAC) etching process is formed on the above resulting 
substrate structure. At this time, the etch stop layer 44 is 
preferably formed along a pro?le of the gate structures G2 
to G5 and is made of a nitride-based material such as silicon 
nitride or silicon oXynitride. At this time, a preferable 
thickness of the etch stop layer 44 ranges from approxi 
mately 50 A to approximately 500 

[0040] NeXt, the aforementioned inter-layer insulation 
layer 45 is formed on the etch stop layer 44. Herein, the 
inter-layer insulation layer 45 is made of an oXide-based 
material selected in single or in combination from a group 
consisting of borophosphosilicate glass (BPSG), borophos 
phosilicate glass (BSG), phosphosilicate glass (PSG), tetra 
ethylorthosilicate (TEOS), high density plasma (HDP) 
oxide, spin on glass (SOG) and advanced planariZation layer 
(APL). 
[0041] Then, an anti-re?ective coating layer 46 is formed 
on the inter-layer insulation layer 45. The anti-re?ective 
coating layer 46 is formed for the purpose of preventing 
formation of an undesired pattern, caused by scattering 
re?ection generated because the inter-layer insulation layer 
45 has a high indeX of re?ection, during a photo-exposure 
process for forming a pattern and of improving adhesion 
betWeen the inter-layer insulation layer 45 and a photoresist 
Which Will be used later. Thus, the anti-re?ective coating 
layer 46 is formed betWeen the photoresist and the inter 
layer insulation layer 45. Also, the anti-re?ective coating 
layer 46 is made of an organic-based material having a 
similar etch characteristic to the photoresist. That is, the 
anti-re?ective coating layer 46 and the photoresist can be 
removed by oXygen plasma. Depending on the purpose of a 
process, the formation of the anti-re?ective coating layer can 
be omitted. 

[0042] The aforementioned photoresist is formed on the 
anti-re?ective coating layer 46 by employing a spin on 
coating method. The photoresist is selectively photo-eX 
posed With use of a predetermined reticle (not shoWn) for 
de?ning a Width of a contact hole and an ArF or F2 
photolithography device. Then, a developing process makes 
photo-exposed portions or non-photo-eXposed portions 
remain, and etch remnants are removed by a subsequent 
cleaning process, thereby forming a photoresist pattern 47 
for forming a landing plug contact. 

[0043] Also, it is also possible to form a hard mask 
betWeen the inter-layer insulation layer 45 and the photore 
sist pattern 47, or betWeen the inter-layer insulation layer 45 
and the anti-re?ective coating layer 46. At this time, the hard 
mask is formed With one of a nitride-based insulating 
material and a conductive material such as tungsten or 
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polysilicon. In case of using the nitride-based insulating 
material, the hard mask preferably has a thickness ranging 
from approximately 300 A to approximately 2000 A. 

[0044] Referring to FIG. 5B, the anti-re?ective coating 
layer 46 shoWn in FIG. 5A is etched by using the photoresist 
pattern 47 as an etch mask, so that a patterned anti-re?ective 
coating layer 46A is formed. At this time, such a gas of CF4, 
CO, 02 and Ar is used as an etch gas, and this etching 
process proceeds at a poWer loWer than the poWer used in a 
KrF photolithography process. 

[0045] Aprocess recipe employed in the KrF photolithog 
raphy process is provided in Table 1 beloW. 

TABLE 1 

Process 

Recipe C4F6 O2 Ar CF4 Pressure PoWer 
Steps (sccm) (sccm) (sccm) (sccm) (mTorr) 

Anti-Refective 100 100 300 
Coating Layer 
Etching process 
Main Etching 34 23 700 60 1800 

process 

[0046] As shoWn, the KrF photolithography process uses 
a high poWer of approximately 300 W and approximately 
1800 W in the step of etching the anti-re?ective coating 
layer and in the step of main etching process, respectively. 

[0047] HoWever, the preferred embodiment exempli?es 
the use of CF4/CO/O2/Ar gas Which provides effects of 
minimiZing incidences of striation on patterns and maximiZ 
ing a critical dimension (CD) of a bottom of an opening. 

[0048] Referring to FIG. 5C, a portion of the inter-layer 
insulation layer 45 is etched With use of the photoresist 
pattern 47 and the patterned anti-re?ective coating layer 46A 
as an etch mask. A reference numeral 48 denotes this partial 
etching of the inter-layer insulation layer 45 proceeding in 
vertical to the substrate 40, thereby providing a vertical etch 
pro?le. This vertical etch pro?le is advantageous in maxi 
miZing the CD of the bottom of the opening. Also, a 
reference numeral 45A denotes a remaining inter-layer insu 
lation layer 45A. 

[0049] Especially, for a preferable etch process recipe, 
CF4 gas and 02 gas are provided in a range from approxi 
mately 50 sccm to approximately 150 sccm and in a range 
from approximately 1 sccm to approximately 5 sccm, 
respectively. Also, the partial etching process proceeds 
under a poWer ranging from approximately 300 W to 
approximately 700 W and a pressure ranging from approxi 
mately 10 mTorr to approximately 50 mTorr. At this time, a 
temperature of an electrode ranges from approximately 0° C. 
to approximately 20° C., and a temperature of inner Walls of 
a chamber ranges from approximately 40° C. to approxi 
mately 60° C. 

[0050] Referring to FIG. 5D, the remaining inter-layer 
insulation layer 45A is etched With use of the photoresist 
pattern 47 and the patterned anti-re?ective coating layer 46A 
as an etch mask, thereby forming a plurality of contact holes 
49 exposing the etch stop layer 44 disposed betWeen each 
tWo of the gate structures G2 to G5. This etching process is 
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the step of the main etching process. Herein, a reference 
numeral 45B denotes a patterned inter-layer insulation layer 
after the step of the main etching process. 

[0051] At this time, a gas of C4136, 02, Ar, and CHZO2 is 
used as an etch gas. Since the poWer used in this main 
etching process is loWer than the above described partial 
etching process, the loss of the gate hard mask 43 and the 
etch stop layer 44 are minimiZed. 

[0052] More speci?c to a preferable process recipe of the 
main etching process, C4136 gas, 02 gas, Ar gas and CHZF2 
gas are provided in a range from approximately 5 sccm to 
approximately 15 sccm, in a range from approximately 2 
sccm to 6 sccm, in a range from approximately 500 sccm to 
1500 sccm, and in a range from approximately 2 sccm to 
approximately 5 sccm, respectively. At this time, a poWer 
ranging from approximately 500 W to approximately 1000 
W is used, and a chamber of Which inner Wall temperature 
ranges from approximately 40° C. to approximately 60° C. 
is supplied With a pressure ranging from approximately 50 
mTorr to approximately 100 mTorr. Also, a temperature of 
an electrode ranges from approximately 0° C. to approxi 
mately 20° C. 

[0053] Referring to FIG. 5E, the exposed etch stop layer 
44 is removed to expose the impurity diffusion regions. At 
this time, the etch stop layer 44 disposed on sideWalls of the 
gate structures G2 to G5 remains as a spacer denoted With 
a reference numeral 44A. Particularly, the removal of the 
exposed etch stop layer 44 proceeds by using an etch gas of 
C4136, O2 and Ar in order to minimiZe the shrinkage of the 
CD of the contact holes 49. 

[0054] More speci?c to a preferable etch process recipe 
for the removal of the exposed etch stop layer 44, C4136 gas, 
02 gas andAr gas are proved in a range from approximately 
5 sccm to approximately 15 sccm, in a range from approxi 
mately 2 sccm to approximately 6 sccm and in a range from 
approximately 100 sccm to approximately 200 sccm, respec 
tively. Also, a poWer of approximately 500 W and approxi 
mately 1000 W are provided to a chamber of Which inner 
Wall temperature ranges from approximately 40° C. to 
approximately 60° C. At this time, the chamber is also 
provided With a pressure ranging from approximately 20 
mTorr to approximately 50 mTorr. Also, a temperature of an 
electrode ranges from approximately 0° C. to approximately 
20° C. 

[0055] Next, the photoresist pattern 47 is removed by 
employing a typical photoresist stripping process. If the 
anti-re?ective coating layer 46 is made of an organic-based 
material Which is also used for forming the photoresist 
pattern 47, the patterned anti-re?ective coating layer 46A is 
also removed through the photoresist stripping process or an 
ashing process. 

[0056] AfterWards, a Wet cleaning process is performed 
With use of a cleaning solution such as buffered oxide 
etchant (BOE) or hydro?uoric acid in order to secure 
the CD of the contact holes 49 and remove etch remnants 
from the SAC etching process and a blanket etch process. 
Preferably, the Wet cleaning process is carried out for 
approximately 1 second to approximately 200 seconds. In 
case of using HF as the cleaning solution, it is preferable to 
use diluted HF, obtained by mixing HF and Water in a ratio 
of approximately 1 part of HF to approximately 50 parts to 
approximately 500 parts of Water. 
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[0057] Although not illustrated, a conductive material for 
forming a plug is ?lled into the contact holes 49. Then a 
chemical mechanical polishing (CMP) process is performed 
until the gate hard mask 43 is exposed. From this CMP 
process, a plurality of plugs each being electrically con 
nected With the impurity diffusion regions of the substrate 40 
are formed and the gate hard mask 43 is planariZed. 

[0058] The conductive material for forming the plugs is 
made of polysilicon Which is most commonly used. Also, it 
is possible to use a barrier metal layer of Ti and TiN along 
With polysilicon. It is still possible to use tungsten instead of 
polysilicon. 
[0059] Also, the above described preferred embodiment of 
the present invention exempli?es the case of forming the 
contact holes With use of a magnetically enhanced reactive 
ion etching (MERIE) apparatus. HoWever, it is still possible 
to proceed the above described sequential steps at a capaci 
tive coupled plasma (CCP) etching apparatus. Especially, 
the CCP apparatus alloWs the above partial etching of the 
inter-layer insulation layer and the etching of the anti 
re?ective coating layer to be performed concurrently or 
in-situ. 

[0060] FIGS. 6A and 6B are micrographs of scanning 
electron microscopy (SEM) respectively shoWing a cross 
sectional vieW and a top vieW of a substrate structure 
obtained after an anti-re?ective coating layer is formed With 
employing process recipes in accordance With the preferred 
embodiment of the present invention. 

[0061] More speci?c to the process recipes, one process 
recipe is a case of using an etch gas of CF4, CO, O2 and Ar, 
and the other process recipe is a case of using an etch gas of 
CF4 and O2. In case of using the former etch gas, a plasma 
etching process is employed With use of a mixed gas of CF4, 
CO, O2 and Ar. At this time, the CF4, CO, O2 and Ar gases 
are supplied With predetermined amounts of approximately 
80 sccm, approximately 20 sccm, approximately 20 sccm, 
and approximately 150 sccm, respectively. Also, the plasma 
etching process proceeds at a chamber pressure of approxi 
mately 50 mTorr and a poWer of approximately 300 W along 
With maintaining an electrode temperature and a temperature 
of inner Walls of a chamber at approximately 20° C. to 
approximately 50° C., respectively. Under these conditions, 
the plasma etching process is carried out for approximately 
30 seconds. 

[0062] AlloWable ranges of the above described process 
recipe can be de?ned as folloWs. The CF4 gas, the CO gas, 
the O2 gas and Ar gas are supplied in a range from approxi 
mately 40 sccm to approximately 100 sccm, in a range from 
approximately 10 sccm to approximately 50 sccm, in a range 
from approximately 10 sccm to approximately 30 sccm and 
in a range from approximately 100 sccm to approximately 
200 sccm, respectively. Also, the chamber pressure and the 
poWer are supplied in a range from approximately 30 mTorr 
to approximately 70 mTorr and in a range from approxi 
mately 200 W to approximately 400 W, respectively. Also, 
the temperature of the electrode and that of the inner Walls 
are maintained in a range from approximately 0° C. to 
approximately 20° C. and in a range from approximately 40° 
C. to approximately 60° C., respectively. The etch time can 
be varied depending on a thickness of the anti-re?ective 
coating layer. 
[0063] In case of using the latter etch gas, a plasma etching 
process is employed With use of the etch gas of CF4 and O2 
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obtained by mixing approximately 100 sccm of the CF4 gas 
and approximately 3 sccm of the O2 gas, respectively. At this 
time, a chamber pressure, a poWer, an electrode temperature 
and a temperature of inner Walls of a chamber are main 
tained at approximately 25 mTorr, approximately 500 W, 
approximately 20° C. and approximately 50° C., respec 
tively. 
[0064] AlloWable ranges of the above described process 
recipe can be de?ned as folloWs. The CF4 gas and the O2 gas 
are in range from approximately 60 sccm to approximately 
140 sccm and in a range from approximately 2 sccm to 
approximately 5 sccm, respectively. Also, the camber pres 
sure, the poWer, the electrode temperature and that of the 
inner Walls are maintained in a range from approximately 10 
mTorr to approximately 50 mTorr, in a range from approxi 
mately 400 W to approximately 600 W, in a range from 
approximately 0° C. to approximately 20° C., and in a range 
from approximately 40° C. to approximately 60° C., respec 
tively. The etch time can be varied depending on a thickness 
of the anti-re?ective coating layer. 

[0065] As shoWn in FIGS. 6A and 6B, compared With the 
conventional method as described in FIGS. 3A and 3B, 
there are less shrunken or broken photoresist patterns by 
employing the above tWo described process recipes. 

[0066] FIG. 7 is a micrograph of SEM shoWing a top vieW 
of a substrate structure obtained after a Wet cleaning process 
folloWed by a contact hole formation process With employ 
ing process recipes in accordance With the preferred embodi 
ment of the present invention. At this time, a magnetically 
enhanced ion etching (MERIE) apparatus is used, and the 
cleaning process proceeds for approximately 100 seconds by 
using a diluted HF-based cleaning solution. 

[0067] As shoWn, a plurality of gate structures G are 
arranged With a predetermined distance, and in a crossing 
direction to the gate structures G, there is an inter-layer 
insulation layer ILD patterned by performing a SAC etching 
process. Among a plurality of contact holes P and Q con?ned 
betWeen the patterned inter-layer insulation layers ILD, a 
group of the contact holes P are arranged in a crossing 
direction to another group of the contact holes Q With the 
gate structure G in betWeen these groups. Particularly, the 
formerly mentioned contact holes P are regions to Which bit 
lines Will be contacted, While the latterly contact holes Q are 
regions to Which storage nodes Will be contacted. 

[0068] In more detail of the process recipes for forming 
the above substrate structure, at the step of forming an 
anti-re?ective coating layer, an etch gas of Ar, CF4, O2 and 
CO is used. At this time, the used amount of Ar, CF4, O2 and 
CO are approximately 500 sccm, approximately 80 sccm, 
approximately 20 sccm, and approximately 20 sccm, respec 
tively. Also, a chamber pressure, a poWer, an electrode 
temperature, and a temperature of inner Walls of a chamber 
are maintained at approximately 50 mTorr, approximately 
300 W, approximately 15° C., and approximately 50° C., 
respectively. 
[0069] At the step of selectively etching the inter-layer 
insulation layer ILD under the purpose of obtaining a 
vertical etch pro?le, an etch gas of CF4 and O2 is used. At 
this time, approximately 100 sccm of CF4 gas and approxi 
mately 3 sccm of O2 gas are used. Also, a chamber pressure, 
a poWer, and an electrode temperature are maintained at 
approximately 25 mTorr, approximately 500 W and approxi 
mately 15° C., respectively. 
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[0070] At the step of removing the inter-layer insulation 
layer, Which is called a main etching step, an etch gas of 
C4136, CH2F4, Ar and O2 is used. At this time, approximately 
10 sccm of C4136 gas, approximately 3 sccm of CHZF4 gas, 
approximately 400 sccm of Ar gas, and approximately 4 
sccm of 02 gas are used. Also, a chamber pressure, a poWer 
and an electrode temperature are maintained at approxi 
mately 70 mTorr, approximately 600 W and approximately 
15° C., respectively. 

[0071] At the step of removing an etch stop layer, an etch 
gas of C4136, Ar and 02 are used. This etch gas is obtained 
by mixing approximately 10 sccm of C4136 gas, approxi 
mately 400 sccm of Ar gas and approximately 4 sccm of 02 
gas, respectively. Also, a chamber pressure, a poWer and an 
electrode temperature are maintained at approximately 70 
mTorr, approximately 600 W and approximately 15° C., 
respectively. 
[0072] Compared With the conventional SAC etching pro 
cess along With use of a KrF photoresist, the SAC etching 
process employed for forming a ?ne pattern With use of the 
ArF photoresist can be performed With the decreased num 
ber of steps in accordance With the preferred embodiment of 
the present invention. Also, an electrode and inner Walls of 
a chamber are maintained With predetermined temperatures 
in accordance With the preferred embodiment of the present 
invention. Thus, it is possible to control generation of 
polymers during the SAC etching process and minimiZe 
pattern deformation. As a result of these effects, it is further 
possible to make an improvement on yields of semiconduc 
tor devices. 

[0073] Although the preferred embodiment of the present 
invention exempli?es the use of T-type photoresist pattern 
for the SAC etching process, it is still possible to use a line 
type photoresist pattern or a hole type photoresist pattern for 
the SAC etching process. Also, in addition to the contact 
hole formation betWeen the gate structures, the SAC etching 
process can be applied to a storage node contact hole 
formation process or a via hole formation process. In addi 
tion, the contact hole pattern as described in the preferred 
embodiment of the present invention can be used to form a 
metal Wire contact, a bit line contact, a storage node contact 
and a contact pad. 

[0074] The present application contains subject matter 
related to the Korean patent application No. KR 2003 
0085816, ?led in the Korean Patent Of?ce on Nov. 28, 2003, 
the entire contents of Which being incorporated herein by 
reference. 

[0075] While the present invention has been described 
With respect to certain preferred embodiments, it Will be 
apparent to those skilled in the art that various changes and 
modi?cations may be made Without departing from the spirit 
and scope of the invention as de?ned in the folloWing 
claims. 

What is claimed is: 
1. A method for fabricating a semiconductor device, 

comprising the steps of: 

(a) forming a plurality of conductive structures on a 
substrate; 

(b) forming an etch stop layer on a substrate structure 
including the substrate and the conductive structures; 
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(c) forming an inter-layer insulation layer on the etch stop 
layer; 

(d) sequentially forming an anti-re?ective coating layer 
and a photoresist pattern on the inter-layer insulation 
layer; 

(e) etching the anti-re?ective coating (ARC) layer by 
employing the photoresist pattern as an etch mask 
along With use of an etch gas of CF4, 02, CO and Ar; 

(f) etching a portion of the inter-layer insulation layer by 
employing the photoresist pattern and the ARC layer as 
an etch mask along With use of an etch gas of CF4 and 

02; 
(g) etching the inter-layer insulation layer by employing 

the photoresist pattern and the ARC layer as an etch 
mask along With use of an etch gas of C4136, CHZFZ, O2 
and Ar to thereby form at least one contact hole 
exposing the etch stop layer; and 

(h) removing the exposed etch stop layer. 
2. The method of claim 1, Wherein the step (d) proceeds 

by employing an ArF photolithography process. 
3. The method of claim 1, Wherein the steps from (e) to 

(h) proceed by using a magnetically enhanced reactive ion 
etching (MERIE) apparatus. 

4. The method of claim 1, Wherein the steps from (e) to 
(h) proceed by using a capacitive coupled plasma (CCP) 
etching apparatus. 

5. The method of claim 1, Wherein the ARC layer is made 
of an organic-based material. 

6. The method of claim 1, Wherein the step (e) proceeds 
by employing a process recipe of providing the etch gas of 
CF4, CO, 02 and Ar With a respective predetermined amount 
ranging from approximately 40 sccm to approximately 100 
sccm, ranging from approximately from 10 sccm to approxi 
mately 50 sccm, ranging from approximately 10 sccm to 
approximately 30 sccm, and ranging from approximately 
100 sccm to approximately 200 sccm along With mainte 
nance of a chamber pressure ranging from approximately 30 
mTorr to approximately 70 mTorr, a poWer ranging from 
approximately 200 W to approximately 400 W, an electrode 
temperature ranging from approximately 0° C. to approxi 
mately 20° C. and a temperature of inner Walls of a chamber 
ranging from approximately 40° C. to approximately 60° C. 

7. The method of claim 1, Wherein the inter-layer insu 
lation layer is made of an oxide-based material. 

8. The method of claim 1, Wherein the step proceeds 
by employing a process recipe of providing the etch gas of 
CF4, and 02 With a respective predetermined amount rang 
ing from approximately 50 sccm to approximately 150 sccm 
and ranging from approximately from 1 sccm to approxi 
mately 5 sccm along With maintenance of a chamber pres 
sure ranging from approximately 10 mTorr to approximately 
50 mTorr, a poWer ranging from approximately 300 W to 
approximately 700 W, an electrode temperature ranging 
from approximately 0° C. to approximately 20° C. and a 
temperature of inner Walls of a chamber ranging from 
approximately 40° C. to approximately 60° C. 

9. The method of claim 1, Wherein the step (g) proceeds 
by employing a process recipe of providing the etch gas of 
C4136, 02, Ar and CHZF2 With a respective predetermined 
amount ranging from approximately 5 sccm to approxi 
mately 15 sccm, ranging from approximately from 2 sccm to 
approximately 6 sccm, ranging from approximately 500 
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sccm to approximately 1500 sccm and ranging from 
approximately 2 sccm to approximately 5 sccm along With 
maintenance of a chamber pressure ranging from approxi 
mately 50 mTorr to approximately 100 mTorr, a poWer 
ranging from approximately 500 W to approximately 1000 
W, an electrode temperature ranging from approximately 00 
C. to approximately 20° C. and a temperature of inner Walls 
of a chamber ranging from approximately 40° C. to approxi 
mately 60° C. 

10. The method of claim 1, Wherein the photoresist pattern 
is formed in one of T-type, line type and hole type. 

11. The method of claim 1, Wherein the conductive 
structure is one of a gate structure, a bit line structure and a 
metal Wire. 

12. A method for fabricating a semiconductor device, 
comprising the steps of: 

(a) forming a plurality of conductive structures on a 
substrate; 

(b) forming an etch stop layer on a substrate structure 
including the conductive structures and the substrate; 

(c) forming an inter-layer insulation layer on the etch stop 
layer; 

(d) sequentially forming an anti-re?ective coating (ARC) 
layer and a photoresist pattern on the inter-layer insu 
lation layer; 

(e) etching the ARC layer and a portion of the inter-layer 
insulation layer by employing the photoresist pattern as 
an etch mask along With use of an etch gas of CF4 and 

02; 
(f) etching the inter-layer insulation layer by employing 

the photoresist pattern and the ARC layer as an etch 
mask along With use of an etch gas of C4136, CHZFZ, O2 
and Ar to thereby form at least one contact hole 
exposing the etch stop layer; and 

(g) removing the exposed etch stop layer. 
13. The method of claim 12, Wherein the step (d) proceeds 

by employing an ArF photolithography process. 
14. The method of claim 12, Wherein the steps from (e) to 

(g) proceed at a CCP etching apparatus. 
16. The method of claim 12, Wherein the ARC layer is 

made of an organic-based material. 
17. The method of claim 12, Wherein the step (e) of 

etching the ARC layer proceeds by employing a process 
recipe of providing the etch gas of CF4 and 02 With a 
respective predetermined amount ranging from approxi 
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mately 60 sccm to approximately 140 sccm and ranging 
from approximately from 2 sccm to approximately 5 sccm 
along With maintenance of a chamber pressure ranging from 
approximately 10 mTorr to approximately 50 mTorr, a 
poWer ranging from approximately 400 W to approximately 
600 W, an electrode temperature ranging from approxi 
mately 0° C. to approximately 20° C. and a temperature of 
inner Walls of a chamber ranging from approximately 40° C. 
to approximately 60° C. 

18. The method of claim 12, Wherein the inter-layer 
insulation layer is made of an oxide-based material. 

19. The method of claim 12. Wherein the step (e) of 
etching the portion of the inter-layer insulation layer pro 
ceeds by employing a process recipe of providing the etch 
gas of CF4, and 02 With a respective predetermined amount 
ranging from approximately 50 sccm to approximately 150 
sccm and ranging from approximately from 1 sccm to 
approximately 5 sccm along With maintenance of a chamber 
pressure ranging from approximately 10 mTorr to approxi 
mately 50 mTorr, a poWer ranging from approximately 300 
W to approximately 700 W, an electrode temperature rang 
ing from approximately 0° C. to approximately 20° C. and 
a temperature of inner Walls of a chamber ranging from 
approximately 40° C. to approximately 60° C. 

20. The method of claim 12, Wherein the step proceeds 
by employing a process recipe of providing the etch gas of 
C4136, 02, Ar and CHZF2 With a respective predetermined 
amount ranging from approximately 5 sccm to approxi 
mately 15 sccm, ranging from approximately from 2 sccm to 
approximately 6 sccm, ranging from approximately 500 
sccm to approximately 1500 sccm and ranging from 
approximately 2 sccm to approximately 5 sccm along With 
maintenance of a chamber pressure ranging from approxi 
mately 50 mTorr to approximately 100 mTorr, a poWer 
ranging from approximately 500 W to approximately 1000 
W, an electrode temperature ranging from approximately 0° 
C. to approximately 20° C. and a temperature of inner Walls 
of a chamber ranging from approximately 40° C. to approxi 
mately 60° C. 

21. The method of claim 12, Wherein the photoresist 
pattern is formed in one of T-type, line type and hole type. 

22. The method of claim 12, Wherein the conductive 
structure is one of a gate structure, a bit line structure and a 
metal Wire. 

23. The method of claim 12, Wherein the steps from (e) to 
(g) proceed at a MERIE apparatus. 

* * * * * 


