
US 20020137276A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0137276 A1 

Park (43) Pub. Date: Sep. 26, 2002 

(54) 

(75) 

(73) 

(21) 

(22) 

(30) 

Mar. 23, 2001 

METHOD FOR FORMING CONTACT 
HAVING LOW RESISTIVITY USING 
POROUS PLUG AND METHOD FOR 
FORMING SEMICONDUCTOR DEVICES 
USING THE SAME 

Inventor: Hee-Sook Park, Seoul (KR) 

Correspondence Address: 
MARGER JOHNSON & McCOLLOM, RC. 
1030 SW. Morrison Street 
Portland, OR 97203 (US) 

Assignee: Samsung Electronics Co., Ltd., SuWon 
city 

Appl. No.: 10/103,942 

Filed: Mar. 22, 2002 

Foreign Application Priority Data 

(KR) ......................................... .. 01-15248 

222 

Publication Classi?cation 

(51) Int. Cl? ................... .. H01L 21/8242; H01L 21/44; 
H01L 21/4763 

(52) Us. 01. .......................................... .. 438/241; 438/637 

(57) ABSTRACT 
A method for forming a contact of a semiconductor device 
is disclosed. A?rst interlevel dielectric (ILD) layer is formed 
on a conductive region, e.g., an active region. The ?rst ILD 
layer is etched to form a ?rst contact hole therein to expose 
the conductive region. The ?rst contact hole is ?lled With a 
porous layer having a high etch selectivity With respect to 
the ?rst ILD layer to form a porous plug therein. Next, a 
second ILD layer is formed overlying the porous plug. The 
second ILD layer is etched to form a second contact hole 
therein to expose the porous plug. The porous plug in the 
?rst contact hole is removed. The ?rst and second contact 
holes are ?lled With a conductive material to form a contact 
plug. During this contact formation process, the active 
region or the conductive region of the semiconductor sub 
strate can be protected With the porous plug. Thus, the 
electrical characteristics degradation caused by dopant dif 
fusion resulting from a thermal process during contact 
formation can be avoided. 
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METHOD FOR FORMING CONTACT HAVING 
LOW RESISTIVITY USING POROUS PLUG AND 
METHOD FOR FORMING SEMICONDUCTOR 

DEVICES USING THE SAME 

[0001] This application claims priority from Korean 
Patent Application No. 2001-15249, ?led on Mar. 23, 2001, 
the contents of Which are incorporated herein by reference in 
their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a method for 
manufacturing a semiconductor device and, more particu 
larly, to a method for forming a contact of a semiconductor 
memory device and method for forming a semiconductor 
device using the same. 

[0004] 2. Description of the Related Art 

[0005] As semiconductor memory devices become highly 
integrated, it becomes more dif?cult to provide interconnec 
tions therein. Speci?cally, a voltage must be applied to a gate 
electrode, a source/drain, and a bulk substrate to drive a 
transistor. To realiZe this, a contact hole must be formed in 
each terminal, and metal interconnections are also required. 

[0006] HoWever, along With an increase in the integration 
density of the semiconductor memory devices, the design 
rule decreases, and the siZe of the contact hole becomes 
smaller. In particular, in case of a semiconductor memory 
device having a stack-type capacitor, as the siZe of the chip 
is reduced, the height of the capacitor is inevitably 
increased. The depth of the contact hole is also increased. As 
a result, the contact hole is incompletely formed, or the 
contact resistance increases. 

[0007] One conventional approach to overcome this prob 
lem is to employ a tWo-step process to form a contact 
connected to active regions of a semiconductor substrate. 
This conventional method for forming a contact Will be 
described With reference to FIGS. 1A through 1C. 

[0008] First, referring to FIG. 1A, a ?rst interlevel dielec 
tric (ILD) layer 110 is formed on a semiconductor substrate 
100. Then, a ?rst contact hole 112 for opening an active 
region 102 of the semiconductor substrate 100 is formed. 

[0009] Next, referring to FIG. 1B, a lower contact plug 
114 is formed by ?lling the ?rst contact hole 112 With a 
conductive material. Subsequently, a second ILD layer 120 
is formed on the ?rst ILD layer 110 and on the loWer contact 
plug 114. The second ILD layer 120 is etched to form a 
second contact hole 122 for opening the loWer contact plug 
114. 

[0010] Next, referring to FIG. 1C, an upper contact plug 
130 is formed by ?lling the second contact hole 122 With a 
conductive material, thereby forming contact plugs 114 and 
130 for connecting a metal interconnection (not shoWn) on 
the second ILD layer 120 to the active region 102 on the 
semiconductor substrate 100. 

[0011] HoWever, this method for forming a contact has 
several draWbacks such as ones described beloW. Although 
not shoWn, semiconductor devices such as a capacitor, a bit 
line contact, and a contact for forming a capacitor, are 
formed in the ?rst and second ILD layers 110 and 120, and 
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thermal processes With a long processing time is required 
during the fabrication of a contact. One example of such 
thermal processes is an annealing process for activating 
dopants. Another example is an annealing process per 
formed during the deposition of a capacitor dielectric layer, 
in the case of using a doped polysilicon as a contact material 
for forming a contact connected to a capacitor electrode. As 
a result, dopants from the active region 102 of the semicon 
ductor substrate 100, especially, p-type dopants, are diffused 
and escape through the loWer contact plug 114. This sig 
ni?cantly deteriorates the electrical characteristics of the 
active region 102, i.e., a transistor. This phenomenon 
becomes severe When the contact plug is formed of a metal. 
Furthermore, diffusion of dopants occurs more remarkably 
When an ohmic layer (not shoWn) formed of silicide is 
interposed betWeen the active region and the contact plug. 

[0012] Each memory block forming a memory device in a 
semiconductor memory device can be divided into a cell 
region and a peripheral circuit region. In general, dopants 
must be doped onto an active region of the cell region and 
onto an active region of the peripheral circuit region. Thus, 
if the contact is formed on the active region of the peripheral 
circuit region, there is a signi?cant deterioration of the 
electrical characteristics caused by the diffusion of dopants. 
If a thermal process at a temperature of greater than 650° C. 
With a long processing time is performed during the forma 
tion of a device of the cell region during the formation of the 
contact of the peripheral circuit region, the contact resistance 
greatly increases and this makes it almost impossible to form 
the proper contact. 

SUMMARY OF THE INVENTION 

[0013] To solve the above problems, the present invention 
provides a method for forming a contact in Which the 
electrical characteristics of a contact is not deteriorated by a 
thermal process during contact formation. 

[0014] The present invention also provides a method for 
forming a semiconductor device, using the method for 
forming a contact. 

[0015] In accordance With an embodiment of the present 
invention, a ?rst interlevel dielectric (ILD) layer is formed 
on a semiconductor substrate. The ?rst ILD layer is etched 
to form a ?rst contact hole to expose an active region of the 
semiconductor substrate. The ?rst contact hole ?lled With a 
porous layer such as a porous oxide layer having a high etch 
selectivity With respect to the ?rst ILD layer to form a 
porous plug such as a porous oxide plug. Asecond ILD layer 
is formed on the semiconductor substrate on Which the 
porous oxide plug is formed. The second ILD layer is etched 
to form a second contact hole to expose an upper portion of 
the ?lled ?rst contact hole. The porous oxide layer ?lled in 
the ?rst contact hole is removed, and the ?rst and second 
contact holes are ?lled With a conductive material to form a 
contact plug. 

[0016] In accordance With another embodiment of the 
present invention, a cell region and a peripheral circuit 
region are de?ned by a ?eld oxide layer and an active region 
on a semiconductor substrate. A transistor is formed on 
active regions of the cell region and the peripheral circuit 
region. A ?rst interlevel dielectric (ILD) layer is formed on 
the semiconductor substrate on Which the transistor is 
formed. Abit line and a bit line contact connected to a source 
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or drain region of the transistor formed on the cell region 
through the ?rst ILD layer are formed. A second ILD layer 
is formed on the semiconductor substrate on Which the bit 
line is formed. Acontact for a capacitor electrode connected 
to the source or drain region of the transistor formed on the 
cell region is formed through the ?rst and second ILD layers. 
A ?rst contact hole to expose the active region of the 
peripheral circuit region or a gate electrode of the transistor 
is formed through the ?rst and second ILD layers. The ?rst 
contact hole is ?lled With a porous layer such as a porous 
oXide layer having a high etch selectivity With respect to the 
?rst and second ILD layers. A capacitor connected to the 
contact for a capacitor electrode is formed on the second 
ILD layer of the cell region. A third ILD layer is formed on 
the semiconductor substrate on Which the capacitor is 
formed. A second contact hole for opening an upper portion 
of the ?rst contact hole of the peripheral circuit region is 
formed through the third ILD layer of the peripheral circuit 
region. The porous layer in the exposed ?rst contact hole is 
removed. 

[0017] The eXposed ?rst and second contact holes are 
?lled With a conductive material to form a contact of the 
peripheral circuit region. 

[0018] According to yet another embodiment of the 
present invention, a cell region and a peripheral circuit 
region are de?ned by a ?eld oXide layer and an active region 
on a semiconductor substrate. A transistor is formed on 
active regions of the cell region and the peripheral circuit 
region. A ?rst interlevel dielectric (ILD) layer is formed on 
the semiconductor substrate on Which the transistor is 
formed. A bit line contact connected to a source or drain 
region of the transistor formed on the cell region through the 
?rst ILD layer is formed. A ?rst contact hole for opening the 
active region of the peripheral circuit region or a gate 
electrode of the transistor through the ?rst ILD layer. The 
?rst contact hole is ?lled With a porous layer such as a 
porous oXide layer having a high etch selectivity With 
respect to the ?rst ILD layer. Abit line connected to the bit 
line contact on the cell region is formed. A second ILD layer 
is formed on the semiconductor substrate on Which the bit 
line is formed. A contact for forming a capacitor connected 
to the source or drain region of the cell region through the 
?rst and second ILD layers is formed. Acapacitor connected 
to the contact for a capacitor is formed on the cell region. A 
third ILD layer is formed on the semiconductor substrate on 
Which the capacitor is formed. A second contact hole to 
eXpose an upper portion of the ?rst contact hole of the 
peripheral circuit region is formed through the second and 
third ILD layers of the peripheral circuit region. The porous 
layer in the ?rst contact hole is removed. The ?rst and 
second contact holes from Which the porous layer is 
removed are ?lled With a conductive material to form a 
contact of the peripheral circuit region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The above objectives and advantages of the present 
invention Will become more apparent by describing in detail 
preferred embodiments thereof With reference to the 
attached draWings in Which: 

[0020] FIGS. 1A through 1C are sectional vieWs illus 
trating the step of forming a contact according to the prior 
art; 
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[0021] FIGS. 2A through 2F illustrate a method for 
forming a contact having loW resistivity using a porous 
oXide plug according to an embodiment of the present 
invention; 
[0022] FIG. 3A is a graph illustrating a thermal stress 
hysteresis loop of nanoglass used in the embodiment of the 
present invention, 

[0023] and FIG. 3B is a graph illustrating a thermal stress 
hysteresis loop of a conventional chemical vapor deposition 
(CVD) oXide layer used as an interlevel dielectric (ILD) 
layer; 

[0024] FIGS. 4A through 4F are sectional vieWs illus 
trating a method for forming a semiconductor device using 
the method for forming a contact, according to another 
embodiment of the present invention; and 

[0025] FIGS. 5A through 5D are sectional vieWs illus 
trating a method for forming a semiconductor device using 
the method for forming a contact, according to yet another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] The present invention Will be described more fully 
hereinafter With reference to the accompanying draWings in 
Which preferred embodiments of the invention are shoWn. 
Terms such as “?rst” and “second” of a ?rst material layer 
or a second material layer, used in preferred embodiments to 
be described later, are used to classify each material layer 
only in one embodiment, and even though the same terms 
such as the ?rst material layer or the second material layer, 
are used in another embodiment, this does not necessarily 
refer to the same material layer as With the previous embodi 
ment. 

[0027] A method for forming a contact according to one 
embodiment of the present invention Will be described With 
reference to FIGS. 2A through 2F. 

[0028] Referring to FIG. 2A, a ?rst interlevel dielectric 
(ILD) layer is formed on an active region 202 of a semi 
conductor substrate 200. Preferably, the ?rst ILD layer 210 
is a compact and solid oXide layer. The ?rst ILD layer 210 
may be formed by a conventional chemical vapor deposition 
(CVD) method, or a compact and hardened glass layer 
manufactured by a spin on glass (SOG) method. For 
eXample, the ?rst ILD layer 210 may be a high-density 
plasma (HDP) layer, a plasma enhanced-tetraethylorthosili 
cate (PE-TEOS) layer, or an undoped silicate glass (USG) 
layer. 

[0029] Referring back to FIG. 2A, the ?rst ILD layer 210 
is etched to form a ?rst contact hole 212 to eXpose the active 
region of the semiconductor substrate 200. This processing 
step can be performed by a conventional photolithography 
and etching process. That is, a photoresist pattern (not 
shoWn) for opening a portion corresponding to the ?rst 
contact hole 212 is formed on the ?rst ILD layer 210. Then, 
the ?rst ILD layer 210 is etched to form the ?rst contact hole 
212, using the photoresist pattern as an etching mask. 
Preferably, this etch step is performed by reactive ion 
etching (RIE) such that the ?rst ILD layer 210 is selectively 
etched With respect to the active region 202 (doped silicon) 
of the semiconductor substrate 200. 
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[0030] Subsequently, referring to FIG. 2B, the photoresist 
pattern (not shown) is removed, and a porous dielectric layer 
such as a porous oxide layer 214 having a high etch 
selectivity With respect to the ?rst ILD layer 210 is formed 
on the ?rst ILD layer 210 and Within the ?rst contact hole 
212. Here, the “etch selectivity” of B to Ais the ratio of etch 
speeds and is expressed in the ratio of an etch speed of B: 
an etch speed of A. “High etch selectivity” means that the 
etch speed of B is faster than the etch speed of A. 

[0031] The porous oxide layer 214 having a high etch 
selectivity is used as a material for ?lling the ?rst contact 
hole 212 so that the porous oxide layer 214 is etched faster 
than that of a peripheral layer such as the ?rst ILD layer 210 
and is selectively removed in a subsequent etch process. The 
porous oxide layer 214 can be formed by a chemical vapor 
deposition (CVD) method, or a spin on glass (SOG) method. 

[0032] An oxide layer formed by a conventional CVD 
method in semiconductor processes is formed as a compact 
layer. HoWever, by adjusting the deposition condition, a 
porous oxide layer having high porosity and small density 
that is appropriate for use in an oxide layer of the embodi 
ment can be formed. That is, the density of a deposited layer 
can be reduced by changing the ?oW, pressure, and tem 
perature of a source gas. Preferably, the CVD method for 
forming the porous oxide layer is performed under a pres 
sure of 01-10 Torr, at a temperature of 50-600° C., and at a 
radio frequency (RF) poWer of 50-700 W. Here, tetramethyl 
silane (TMS), tetra?uoro silane, trimethyl?uoro silane, or 
dimethyldi?uoro silane is used as a source gas, and the How 
of the source gas 1-5000 sccm, and oxygen (O2) and 
hydrogen (H2) are used as a reactive gas, and the How of the 
reactive gas is 100-5000 sccm. 

[0033] The porous oxide layer formed by the CVD method 
can be formed of a material selected from the group con 
sisting of SiO2, SiOF, SiOC, and SiOCH. In particular, the 
oxide layer (for example, a SiOF layer, a SiOC layer, and a 
SiOCH layer) containing carbon (C) or ?uorine of the 
porous oxide layer has a greater porosity than that of a layer 
only formed of silicon dioxide (SiOZ). 

[0034] Both organic SOG such as silane, and inorganic 
SOG such as silsesquioxane, hydrogen silsesquioxane can 
be used in the SOG method for forming a porous dielectric 
layer such as the porous oxide layer 314. That is, the organic 
SOG material such as nanoglass manufactured by Allied 
Signal, or SiLK manufactured by DoW Corning, can be used, 
and the inorganic SOG material such as XLK manufactured 
by DoW Corning, can be used. Spin coating is preferably 
performed at 1000-5000 rpm, and at room temperature. 
Next, a ?rst thermal treatment of the layer coated by the 
SOG method is performed at a temperature of 0-100° C. for 
3-10 minutes. Next, a second thermal treatment is performed 
so that the porous oxide layer (214 or 214‘) has suf?cient 
strength to endure the stress occurring in a subsequent 
process. Since the strength of the glass porous oxide layer 
formed by the SOG method is very Weak, it is preferable to 
undergo a hardening process as described above. The second 
thermal treatment can be performed by processes such as 
baking, rapid thermal processing (RTP), or annealing, at a 
temperature of 200-1000° C. For example, baking can be 
performed at a temperature of 200-1000 ° C. for 30-60 
minutes, or RTP can be performed for 10 seconds to 10 
minutes, or annealing can be performed for 30-60 minutes. 
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The second thermal treatment can be performed in an 
atmosphere of oxygen (O2) and hydrogen (H2), or nitrogen 
(N2), and also in a vacuum state. In the second thermal 
treatment, the porous oxide layer formed by the SOG 
method has a predetermined strength, impurities contained 
in a dispersion solvent (menstruum) are removed, or pores 
are easily formed. The porous oxide layer formed by the 
SOG method can be formed of a material selected from the 
group consisting of SiO2, SiOC, and SiOCH. 

[0035] Also, a silica gel such as xerogel or aerogel can be 
used as the porous oxide layer for the present invention. 
Here, xerogel or aerogel is a glass layer Whose main 
component is silica (SiOZ), and is classi?ed by its density. 
Xerogel has a density of about 0.2-1.0 g/cm3, and aerogel 
has a density less than 0.2 g/cm3. In vieW of the fact that the 
density of a quartZ as a monocrystalline of SiO2 is about 2.6, 
xerogel and aerogel have very high porosity, and thus are 
appropriate for the porous oxide layer for an embodiment of 
the present invention. The xerogel or aerogel can be formed 
by using the CVD method or SOG method. 

[0036] As described above, the ?rst ILD layer 210 formed 
by the conventional method is a compact and solid oxide 
layer, Whereas the porous oxide layer of an embodiment of 
the present invention has high porosity. Thus, dry- or Wet 
etching speeds are very fast, and it is easy to selectively 
remove the porous oxide layer 214 in a subsequent etching 
process. This is because the area of the porous oxide layer 
214 in contact With a chemical etchant or an etching gas is 
large because of the pores formed in the porous oxide layer 
214. Further, if the pores create open porosity, the etchant or 
the etching gas can penetrate into the porous oxide layer 214 
more easily, thereby improving the etching characteristics. 

[0037] Preferably, the porous oxide layer 214 Withstands 
thermal stress caused by frequent thermal processes per 
formed during the conventional semiconductor fabrication 
processes. FIG. 3A is a graph illustrating a thermal stress 
hysteresis loop of nanoglass as one of the porous oxide 
layers used according to an embodiment of the present 
invention, and FIG. 3B is a graph illustrating a thermal 
stress hysteresis loop of a conventional chemical vapor 
deposition (CVD) oxide layer used as an interlevel dielectric 
(ILD) layer Where (1) is a plasma-enhanced CVD oxide 
layer, and (2) is a high-density CVD oxide layer. The 
thermal hysteresis loop illustrates thermal stress occurring 
When repeatedly periodically raising and loWering the tem 
perature at a predetermined temperature interval. FIGS. 3A 
and 3B illustrate variations in thermal stress When the 
processes raising the temperature and loWering the tempera 
ture of nanoglass are repeated tWice at room temperature to 
600° C. More speci?cally, the internal area of the hysteresis 
loop by a ?rst cycle of raising the temperature and loWering 
the temperature, Which is performed once, is very narroW. 
Thus, it is knoWn that nanoglass is hardly transformed by 
thermal stress occurred by raising and loWering the tem 
perature in one cycle. Also, a cycle of the internal area (the 
internal area is a degree of transformation of a material 
caused by thermal stress) of the hysteresis loop by a second 
cycle of raising the temperature and loWering the tempera 
ture, Which are performed tWice, is almost similar to the 
internal area of the hysteresis loop by the cycle of raising the 
temperature and loWering the temperature, Which are per 
formed ?rst. There is no difference in each temperature 
When comparing stress during the raising, i.e., ramp up of 
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the temperature and lowering of the temperature, and thus, 
even if the cycle is repeated several times, the initial thermal 
stress characteristics do not vary much. On the other hand, 
a conventional CVD oxide layer used as an interlevel 
dielectric (ILD) layer has the thermal stress characteristics 
different from FIG. 3A. That is, the conventional CVD 
oXide layer used as the ILD layer does not form a thermal 
stress cycle With respect to thermal variation. 

[0038] Referring to FIG. 2C, the porous oXide layer 214 
formed on the ?rst ILD layer 210 is removed, thereby 
forming a porous oXide plug 214‘ for ?lling only inside the 
?rst contact hole 212. This step can also be performed by a 
chemical mechanical polishing (CMP) process. Alterna 
tively, this step can also be performed by an etch-back 
process if the strength of the porous oXide layer is not 
sufficient to Withstand the CMP process. 

[0039] Referring to FIG. 2D, 21 second ILD layer 220 is 
formed by the conventional CVD method on a semiconduc 
tor substrate 200 having the porous oXide plug 214‘ formed 
therein. The second ILD layer 220 is preferably a compact 
and solid oXide layer such as the ?rst ILD layer 210, as 
described above. Subsequently, a photoresist pattern (not 
shoWn) for opening the porous oXide plug 214‘ by a con 
ventional photolithography process is formed on the second 
ILD layer 220, and the second ILD layer 220 is etched to 
eXpose the porous oXide plug 214‘, using the photoresist 
pattern as an etching mask. Thus, a second contact hole 222 
is formed. Here, although not shoWn, an etch stopper (not 
shoWn) having an etch selectivity different from that of the 
second ILD layer can be interposed betWeen the second ILD 
layer 220 and the ?rst ILD layer 210. That is, an etch stopper 
(not shoWn) having an etch selectivity With respect to the 
second ILD layer 220 is formed to prevent the loWer ?rst 
ILD layer 210 from being etched together When etching the 
second ILD layer 220. If the second ILD layer 220 is an 
oXide layer, a nitride layer is preferably used as the etch 
stopper (not shoWn). 
[0040] Referring to FIG. 2E, the porous oXide plug 214‘ 
formed in the ?rst contact hole 212 is removed. This can be 
performed by a dry- and Wet-etching method. As described 
With reference to FIG. 2B, due to internal porosity, the 
etching speed of the porous oXide layers 214 and 214‘ is 
faster than that of the ?rst ILD layer 210. Due to these 
characteristics, only the porous oXide layer can be selec 
tively etched Without using an etching mask. 

[0041] The porous oXide layers 214 and 214‘ in the above 
described embodiment have a high etch selectivity, espe 
cially during Wet etching. In general, the etching speed of a 
nanoglass thin ?lm in a LAL 200 solution during Wet etching 
is about 25 kA/min. Thus, the etching speed of the nanoglass 
thin ?lm is more than 100 times faster than the etching speed 
of a conventional oXide layer, i.e., 200 A/min. The etching 
speed of the conventional oXide layer is less than 100 A/min 
in a hydro?uoric acid solution diluted in the ratio of 
200:1, Whereas the etching speed of the nanoglass thin ?lm 
in accordance With one embodiment is about 850 A/min. 

[0042] Thus, even though there is a difference in an 
etching solution, the porous oXide layers 214 and 214‘ in this 
embodiment have a high etch selectivity With respect to a 
compact ILD layer. Thus, the porous oXide layers can be 
easily removed in the etching process. 
[0043] As described above, the porous oXide plug 214‘ 
formed in the ?rst contact hole 212 is removed. Then, the 
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?rst and second contact holes 212 and 222 are ?lled With a 
conductive material, as shoWn in FIG. 2F, thereby forming 
the contact plug 230. A conductive material such as doped 
polysilicon, or chemically-vapor-deposited or physically 
vapor-deposited aluminum (Al), or tungsten (W), titanum 
nitride (TiN), or tungsten silicon (WSi) can be used. 

[0044] The method for forming a contact described in 
these embodiments can be applied to, for eXample, a tWo 
step contact hole formation process Where it is dif?cult to 
form a contact hole in a single step due to the large etching 
depth or a high aspect ratio, Which can cause incomplete 
formation of the contact hole, or leakage current due to 
over-etching damage to an opening. 

[0045] Dopant diffusion occurring betWeen the contact, 
and the active region 202, e.g., from the active region 202 to 
the contact, can be prevented While thermally-treating 
another device (not shoWn) formed on the semiconductor 
substrate 200 before forming a second contact hole 222 With 
the porous oXide layer 214‘. In the prior art, the dopant 
diffusion occurs often because the loWer contact plug is 
formed of a conductive material, e.g., metal, thus providing 
an ample diffusion path. But the diffusion of the dopants can 
be prevented With the porous oXide layer in accordance With 
an embodiment of the present invention. Namely, because 
the porous oXide plug 214‘ is not dense, or eXisting in a glass 
phase, the porous oXide plug 214‘ does not provide a 
diffusion path required for the various diffusion mechanisms 
such as grain-boundary diffusion or bulk diffusion as in the 
prior art. Thus, other porous materials may be used instead 
of a porous oXide layer if they do not provide a diffusion path 
and have a high etch selectivity With respect to an interlayer 
dielectric layer as in the above embodiment. 

[0046] The process of forming a contact in the described 
embodiment is not limited to a tWo-step contact formation 
process but can be easily applied to a three or more step 
contact formation process, depending on the depth of a 
contact hole or the speci?c requirements in processes. 

[0047] Also, the method for forming a contact in the 
embodiment is not limited to a contact connected to the 
active region of the semiconductor substrate but can be 
applied to various methods for forming a contact of the 
semiconductor device such as a contact betWeen metal 
interconnections. 

[0048] A method for forming a semiconductor device 
having a contact in a peripheral circuit region of each 
memory block of a semiconductor memory device in accor 
dance With an embodiment of the present invention Will be 
described With reference to FIGS. 4A through 4F. 

[0049] Referring to FIG. 4A, a cell region and a periph 
eral circuit region are de?ned on a semiconductor substrate 
300, and a ?eld oXide layer 310 for electrically isolating 
active regions 312, 312‘, 314, and 316 of the semiconductor 
substrate 300 is formed in each region. The ?eld oXide layer 
310 can be formed by a conventional local oxidation of 
silicon (LOCOS) process, or a shalloW trench isolation (STI) 
process. Subsequently, transistors including a gate electrode 
302, a gate dielectric layer 304, and a protective or capping 
layer 306 are formed on the cell region and on the peripheral 
circuit region. The protective layer 306 is preferably a 
nitride layer. Contacts for supplying an electrical signal to 
the cell region or to the peripheral circuit region Will be 
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formed on active regions 314 and 316 de?ned on the 
peripheral circuit region, in addition to a transistor for 
driving a transistor in the cell region. Since the process of 
forming the transistor is Well knoWn, a detailed description 
Will be omitted for brevity. 

[0050] Referring to FIG. 4B, 21 bit line contact 322 and a 
bit line 320, Which are connected to a source/drain region 
312 of the transistor are formed on the cell region. To 
facilitate the formation of the bit line 320, bit line contact 
pads 318 can be formed on the source/drain region 312. 
Thus, the structure of FIG. 4B can be formed by sequen 
tially forming the contact pads 318, a ?rst interlevel dielec 
tric (ILD) layer 330, the bit line contact 322, and the bit line 
320. 

[0051] To form the contact pads 318, a doped polysilicon 
layer may be formed on the cell region on Which the 
transistor is formed, and the doped polysilicon layer is 
planariZed by conventional techniques such as a chemical 
mechanical polishing (CMP) process. Separate contact pads 
318 are thereby formed. 

[0052] Next, the bit line contact 322 is formed on the 
contact pads 318. Speci?cally, a ?rst ILD layer 330 is 
formed overlying the contact pads 318. Then, the ?rst ILD 
layer 330 is patterned to form a bit line contact hole therein. 
Subsequently, a conductive material is deposited into the bit 
line contact hole, thereby forming the bit line contact 322. 
Particularly, the planariZation process is performed on the 
resulting structure to form a bit line contact plug for ?lling 
the bit line contact hole. The ?rst ILD layer 330 is formed 
of a solid and compact oxide layer, as described in the above 
described embodiment. Next, a conductive layer for a bit 
line, for example, tungsten (W), is deposited on the bit line 
contact 322 and is patterned, thereby forming the bit line 
320. 

[0053] Referring to FIG. 4C, a contact for forming a 
capacitor is formed on the contact pads of the cell region. 
The processing step is similar to the step for forming the bit 
line contact 322. Speci?cally, a second ILD layer 340 is 
formed on the ?rst ILD layer 330 on Which the bit line 320 
is formed. The second ILD layer 340 is formed of a solid and 
compact (dense) layer preferably using the same methods 
used to form the ?rst ILD layer 330. Next, the second ILD 
layer 340 is patterned to form a contact hole therein. Next, 
a doped polysilicon layer is formed on the semiconductor 
substrate 300 including the contact hole, and the polysilicon 
layer (not shoWn) formed on the second ILD layer 340 is 
planariZed by a CMP process, thereby forming a contact 
plug 345 in the contact hole. 

[0054] Referring to FIG. 4D, a porous plug such as a 
porous oxide plug 350 is formed Where a contact for the 
peripheral circuit region is to be formed. This processing 
step is performed by the same or similar method as the 
processing steps for forming a porous oxide plug (214‘ of 
FIG. 2) With reference to FIGS. 2A through 2C. That is, the 
second ILD layer 340 and the ?rst ILD layer 330 are etched 
to form a ?rst contact hole 348 to expose the active regions 
314 and 316 of the peripheral circuit region and the gate 
conductive layer 302 of the transistor, respectively. This 
exposing step can be performed by the conventional pho 
tolithography and etching process. That is, a photoresist 
pattern (not shoWn) is formed on the second ILD layer 340, 
and the ?rst and second ILD layers 330 and 340 are etched 
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by using the photoresist pattern as an etching mask, thereby 
forming the ?rst contact hole 348. Preferably, etching is 
performed by RIE such that the ?rst and second ILD layers 
330 and 340 and the protective layer 306 of the gate 
conductive layer 302 of the transistor formed on the periph 
eral circuit region have a high etch selectivity With respect 
to the active regions 314, and 316 of the semiconductor 
substrate 300. That is, in general, the active regions 314, and 
316 to be exposed are doped silicon, and the ?rst and second 
ILD layers 330 and 340, and the protective layer 306 are 
oxide and silicon nitride layers, respectively. Thus, the 
active regions 314, and 316 become etching end points. 

[0055] Subsequently, the ?rst contact hole 348 is ?lled 
With a porous layer such as a porous oxide layer, thereby 
forming the porous oxide plug 350. The oxide layer is 
formed of the same or similar material and by the same or 
similar method as in the embodiment described above. 

[0056] A silicon nitride layer 342 can be formed on the 
second ILD layer 340, as an etch stopper in the subsequent 
step of forming a capacitor of the cell region and during 
forming of a second contact hole over the ?rst contact hole 
348. 

[0057] Referring to FIG. 4E, a cylinder or other type 
capacitor 360 is formed on the contact 345 and the second 
ILD layer 340, Which are formed on the cell region. The 
processing steps for forming the cylinder-type capacitor 360 
are Well knoWn. Thus, a detailed description thereof Will be 
omitted. 

[0058] Referring back to FIG. 4E, 21 third ILD layer 370 
is deposited on the semiconductor substrate 300 on Which 
the capacitor 360 is formed. Then, the third ILD layer 370 
is planariZed by a CMP process. Subsequently, the third ILD 
layer 370 of the peripheral circuit region is etched to form 
a second contact hole 365 connected to the ?rst contact hole 
348 formed under the second contact hole 365. 

[0059] After forming the second contact hole 365, the 
porous oxide plug 350 formed in the ?rst contact hole 348 
is removed by etching. This process can be preferably 
performed by dry etching or Wet etching as in the above 
embodiment. 

[0060] Referring to FIG. 4F, 21 contact 380 is formed in 
the ?rst contact hole 348 from Which the porous oxide plug 
350 is removed and the second contact hole 365. More 
speci?cally, an ohmic layer/diffusion barrier layer 372 is 
formed before forming the contact 380 to form ohmic 
contacts betWeen the contact 380 and the active regions 314 
and 316 or betWeen the contact 380 and the gate conductive 
layer 302. Silicides of metals such as titanium (Ti), tantalum 
(Ta), tungsten (W), cobalt (Co), and nickel (Ni) can be used 
as the ohmic layer, and the diffusion barrier layer can be 
formed of nitrides of the metals described above. 

[0061] Subsequently, the ?rst and second contact holes 
348 and 365, on Which the ohmic layer/diffusion barrier 
layer 372 is formed, are ?lled With a conductive material 
such as aluminum or tungsten (W), thereby forming the 
contact 380 for electrically connecting the active regions 
314 and 316 and the gate conductive layer 302 of the 
semiconductor substrate 300 formed on the peripheral cir 
cuit region. 

[0062] During formation of the semiconductor device, 
several thermal processes are performed. The thermal pro 
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cesses include a thermal treatment process of diffusing 
impurities in doped polysilicon When forming the bit line 
contact 322 and the contact 345 for a capacitor, and a 
process of forming a capacitor dielectric layer for the 
capacitor 360. The thermal treatment process of diffusing 
impurities is performed at a temperature of about SOD-850° 
C. The thermal process for forming a capacitor dielectric 
layer is performed by a thermal treatment at a temperature 
of several hundreds ° C. for a relatively long processing 
time, depending on the types of capacitor dielectric layers 
chosen. With an embodiment of the present invention, 
during these thermal processes, the active regions 314 and 
316 and the gate conductive layer 302 contact the porous 
oxide layer, thereby preventing the diffusion of the impuri 
ties (especially, p-type impurities) therefrom. 
[0063] According to yet another embodiment, another 
method for forming a semiconductor device having a contact 
in a peripheral circuit region of each memory block of a 
semiconductor memory device using the method of the 
above described embodiment Will be described With refer 
ence to FIGS. 5A through 5D. Hereinafter, the same 
reference numerals as those in FIGS. 4A through 4F refer 
to the same elements throughout the draWings. 

[0064] The same or similar method and material as With 
the immediately above embodiment is used, up to the 
formation of the bit line 320 described With reference to 
FIGS. 4A through 4B. Thus, the description thereof Will be 
omitted. 

[0065] Referring to FIG. 5A, after a bit line contact 322 is 
formed on contact pads 318 of a cell region, a ?rst ILD layer 
330 of a peripheral circuit region is etched to form a ?rst 
contact hole 348¢ for opening active regions 314 and 316 
and a gate conductive layer 302 on a semiconductor sub 
strate 300. Subsequently, the ?rst contact hole 348‘ is ?lled 
With a porous oxide layer having a high etch selectivity With 
respect to the ?rst ILD layer 330, thereby forming a porous 
oxide plug 350‘. Here, the method for forming the contact 
hole and the method for forming the porous oxide layer are 
the same as that of the immediately above described 
embodiment. 

[0066] Referring to FIG. 5B, 21 bit line 320 is formed on 
the bit line contact 322 on the cell region. Subsequently, a 
second ILD layer 340 is formed overlying the bit line 320. 
Then, the second and ?rst ILD layers 340 and 330 on the cell 
region are etched, thereby forming a contact for a capacitor 
connected to contact pads 318 of the cell transistor. The 
layers used for this embodiment are the same as those of the 
embodiment described With reference to FIG. 2C. 

[0067] Referring to FIG. 5C, a capacitor 360 is formed on 
the second ILD layer 340 on the cell region. Asilicon nitride 
layer 342 can be interposed as an etch stopper betWeen the 
capacitor 360 and the second ILD layer 340. Next, a third 
ILD layer 370 is formed on the resultant structure. Then, the 
third ILD layer 370 and the second ILD layer 340 are etched 
on the peripheral circuit region, thereby forming a second 
contact hole 365‘ over ?rst contact hole 348‘. Aporous oxide 
plug 350‘ formed in the ?rst contact hole 348‘, Which is 
exposed through the second contact hole 365‘, is removed by 
dry etching or Wet etching. The layers used for this process 
are the same as those of the embodiment described With 
reference to FIGS. 4E and 4F. 

[0068] Referring to FIG. 5D, 21 contact plug 380‘ is formed 
by ?lling the ?rst and second contact holes 348‘ and 365‘, 

Sep. 26, 2002 

Which are formed Within the second and third ILD layers 340 
and 370 of the peripheral circuit region, With a conductive 
material. The conductive materials are the same as those 
described With reference to FIG. 4F. Similarly, the ohmic 
layer/barrier metal layer 372‘ can be additionally formed 
before forming the conductive material. 

[0069] This embodiment is different from the immediately 
above embodiment in that the ?rst contact hole is formed 
during the formation of the bit line contact 322. HoWever, 
also With this embodiment, impurity regions 314, 316, and 
302 of the peripheral circuit region do not contact metal, and 
are blocked by the porous oxide plug 350‘. Thus, degrada 
tion of the electrical characteristics caused by diffusion of 
dopants from the active regions 314, and 316 during various 
thermal processes such as one during forming the bit line 
contact 322 of the cell region, one during forming the 
contact 345, and one during a thermal process for forming 
the capacitor 360 can be prevented. 

[0070] Using these embodiments of the present invention, 
during forming a contact on the active region to be con 
nected With interconnections, the active region can be pro 
tected using a porous plug such as a porous oxide plug. 
Thus, deterioration of the electrical characteristics caused by 
dopant diffusion during various thermal and contact forma 
tion processes can be prevented. 

[0071] Also, during forming a contact on the peripheral 
circuit region of the semiconductor memory device, a con 
tact portion is protected using a porous plug such as a porous 
oxide plug. Thus, the deterioration of the active regions of 
the peripheral circuit region and the gate conductive layer, 
caused by high temperature thermal process such as a 
thermal process for diffusing impurities during the formation 
of a contact or a capacitor dielectric layer can be prevented. 

[0072] While this invention has been particularly shoWn 
and described With reference to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made therein 
Without departing from the spirit and scope of the invention 
as de?ned by the appended claims. 

What is claimed is: 
1. A method for forming a contact for a semiconductor 

device, comprising: 
forming a ?rst interlevel dielectric (ILD) layer on a 

semiconductor substrate having an active region; 

etching the ?rst ILD layer to form a ?rst contact hole 
therein to expose the active region; 

?lling the ?rst contact hole With a porous layer having a 
high etch selectivity With respect to the ?rst ILD layer 
to form a porous plug therein; 

forming a second ILD layer overlying the porous plug; 

etching the second ILD layer to form a second contact 
hole therein to expose the porous plug; 

removing the porous plug formed in the ?rst contact hole; 
and 

?lling the ?rst and second contact holes With a conductive 
material to form a contact plug therein. 

2. The method of claim 1, Wherein the porous plug is 
formed of oxide. 






