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(57) ABSTRACT 
The present invention provides a method including the steps 
of: forming a ?rst diffusion barrier on an insulating layer and 
in a contact hole; forming a conductive layer on the ?rst 
diffusion barrier; forming a conductive plug in the contact 
hole by removing the conductive layer thereby obtaining a 
?rst recess in the contact hole; Wherein the ?rst recess is 
surrounded by the conductive layer in the contact hole; 
etching the ?rst diffusion barrier on the insulating layer 
thereby forming a second recess in the contact hole, Wherein 
a portion of the conductive plug is surrounded by the second 
recess and the second recess is surrounded by the insulating 
layer; removing the portion of the conductive plug sur 
rounded by the second recess thereby forrning a third recess 
in the contact hole; Wherein the third recess is surrounded by 
the insulating layer and bottom of the of the third recess 
expose the ?rst diffusion barrier and the conductive plug in 
the contact hole; and forming a second diffusion barrier in 
the third recess. 
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FIG. 1C 
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FIG. 1E 
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FIG. 2A 
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FIG. 2C 
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FIG. 2E 
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FIG. 26 
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FIG. 3C 
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METHOD FOR FABRICATING SEMICONDUCTOR 
MEMORY DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to semiconductor 
memory devices, and more particularly, to a method for 
fabricating semiconductor memory devices having a con 
ductive plug connected to a capacitor. 

DESCRIPTION OF THE PRIOR ART 

[0002] In a semiconductor memory device, several studies 
have been developed to overcome the limits of refresh in a 
conventional dynamic random access memory (DRAM) and 
to achieve large capacitance by using a ferroelectric material 
in a capacitor. Aferroelectric random access memory (here 
inafter, referred to a FeRAM) is one of the nonvolatile 
memory devices that can store information in turn-off state 
and has an operating speed comparable to that of the 
conventional DRAM. 

[0003] Ferroelectric material having a perovskite structure 
or a Bi-layered perovskite structure, such as (Bi, La)4Ti3O12 
(hereinafter, referred to as a BLT), SrBi2Ta2O9 (hereinafter, 
referred to as an SBT) or Pb(Zr, Ti)O3 (hereinafter, referred 
to as a PZT) is usually used to form a dielectric layer of a 
capacitor in a FeRAM device. The ferroelectric layer, Which 
is employed in a nonvolatile memory device, has a dielectric 
constant in a range of a feW hundreds to a feW thousands, 
and has tWo stabiliZed remnant polariZation(Pr) states. 

[0004] The ferroelectric capacitor is connected to a silicon 
substrate, that is, to one junction of a transistor, through a 
plug in order to increase the integration density. The plug 
had been formed of polysilicon. HoWever, in case of using 
polysilicon, the contact resistance betWeen the plug and the 
silicon substrate is increased because of the native oXide 
formed on the surface of the silicon substrate. Therefore, 
tungsten is used for forming a plug in order to overcome the 
demerits of polysilicon. 

[0005] The loWer electrode of the ferroelectric capacitor is 
made of Pt/IrOX/Ir on a tungsten plug for the purpose of 
reducing the leakage current, preventing the diffusion of 
oXygen and mutual diffusion of materials in upper and loWer 
layers. The symbol “/”, as used herein, de?nes a layering of 
?lms, so that Pt/IrOX/Ir is a stacked layers in Which a Pt layer 
is formed at the top and a Ir layer is formed at the bottom. 

[0006] It is necessary to perform a high temperature 
thermal treatment in an ambient of oXygen for improving the 
characteristics of the ferroelectric layer. Therefore, it is 
important to maintain the stability of the bottom electrode 
having the stacked layer structure and to prevent the oXida 
tion of plug during the high temperature thermal treatment 
for improving the reliability of the FeRAM. 

[0007] The Ir layer formed at the bottom of the loWer 
electrode has a poor adhesion With an interlayer insulating 
layer, such as silicon oXide, formed beneath the Ir layer. 
Therefore, a glue layer should be introduced betWeen the Ir 
layer and the interlayer insulating layer. The glue layer is 
generally formed With insulator, such as A1203, and thus, the 
portion of glue layer covering the plug should be etched 
selectively With an additional mask. 

[0008] In addition, it is generated that the problem of 
mutual diffusion betWeen the tungsten plug and the Ir layer 
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in the loWer electrode having the stacked layer structure, 
When the high temperature thermal treatment is preformed 
after forming the ferroelectric capacitor on the tungsten 
plug, as mentioned above. In order to prevent the mutual 
diffusion betWeen the tungsten plug and the Ir layer, a buried 
barrier structure is introduced. The buried barrier 58A struc 
ture is composed of a diffusion barrier, such as TiN or 
TiAlN, in a contact hole to cover the plug. 

[0009] An etch process is performed to remove a portion 
of a tungsten layer formed in a contact hole, in order to 
provide a space for the buried barrier structure. HoWever, a 
residue of the tungsten layer is left on sideWalls of the 
contact hole after the etch process. Therefore, the thermal 
stability of FeRAM is deteriorated by the residue. 

[0010] FIGS. 1A to 1F are cross-sectional vieWs illustrat 
ing the manufacturing method of the FeRAM according to 
a prior art. 

[0011] Referring to FIG. 1A, the interlayer insulating 
layer 12 is formed over a semiconductor substrate 10 on 
Which a ?eld oXide layer 11 and n+ junctions 13 are formed, 
and the interlayer insulating layer 12 is selectively etched to 
form a contact hole eXposing the n+ junctions 13. The 
semiconductor substrate 10 is a silicon layer, such as a doped 
polysilicon layer or a silicon layer formed by an epitaXial 
groWth. 

[0012] A Ti layer and a TiN layer is made in this order to 
form a TiN/T i layer 14, and a rapid thermal process(RTP) is 
performed to form a titanium silicide layer 14A by inducing 
the reaction of silicon atoms in the semiconductor substrate 
10 and the TiN/T i layer 14. The titanium silicide layer 14A 
plays a role of the ohmic contact layer. After the RTP, a TiN 
layer can be formed to stabiliZe the titanium silicide layer 
14A. Thereafter, a tungsten layer 15 is formed on the TiN/T i 
layer 14 to ?ll the contact hole, completely. 

[0013] Referring to FIG. 1B, an etch process is performed 
to form a tungsten plug 15A in the contact hole and to eXpose 
the surface of the TiN/Ti layer 14 on the interlayer insulating 
layer 12. The tungsten plug 15A is over etched by a 
predetermined depth With the etch process, in order to make 
space for a diffusion barrier in the contact hole. HoWever, the 
center of the tungsten plug 15A is mainly etched, therefore, 
a recess R is generated. Namely, the tungsten on the portion 
of TiN/T i layer 14 covering sideWalls of the entrance of the 
contact hole is left Without being etched to induce deterio 
rating characteristic of FeRAM. 

[0014] Referring to FIG. 1C, a TiN diffusion barrier 16 is 
formed on the tungsten plug 15A in the contact hole and the 
TiN/Ti layer 14. 

[0015] Referring to FIG. 1D, the TiN diffusion barrier 16 
and the TiN/T i layer 14 are polished by the chemical 
mechanical polishing (CMP) until the surface of the inter 
layer insulating layer 12 is eXposed, therefore a buried TiN 
diffusion barrier 16A is formed in the contact hole. 

[0016] As shoWn in FIG. 1D, the tungsten plug 15A, is not 
covered With the buried TiN diffusion barrier 16A com 
pletely, because the TiN diffusion barrier 16A is formed only 
in the recess R. Therefore, a portion of the tungsten plug 
15A, that is the residue of tungsten on the TiN/T i layer 14 
covering the sideWalls of the entrance of the contact hole, is 
eXposed. 
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[0017] Referring to FIG. 1E, the glue layer 17 is formed 
on the interlayer insulating layer 12 surrounding the contact 
hole. It is needed to selectively etch the glue layer 17 to 
expose the TiN diffusion barrier 16A, in case of forming the 
glue layer 17 With insulator. The glue layer 17 is formed to 
improve the adhesion betWeen the interlayer insulating layer 
12 and a Ir layer to be formed on the interlayer insulating 
layer 12. 

[0018] The tungsten plug 15A and the TiN diffusion 
barrier 16A are exposed and damaged during the process for 
selectively etching the glue layer 12. In addition, the prob 
lem of the lateral oxidation of the plug is generated in case 
of exposing the plug during the process for selectively 
etching the glue layer 12. The possibility of the lateral 
oxidation is increased as the integration of device is 
increased. 

[0019] Referring to FIG. 1F, a stacked layer comprising Pt 
layer 20/IrOX layer 19/Ir layer 18 is formed on the TiN 
diffusion barrier 16A and the glue layer 17 to form the loWer 
electrode. Then, a ferroelectric layer 21 is formed on the 
loWer electrode and an upper electrode 22 is subsequently 
formed on the ferroelectric layer 21. 

[0020] The TiN diffusion barrier 16A is formed to prevent 
mutual diffusion betWeen the Ir layer 18 of the loWer 
electrode and the tungsten plug 15A. HoWever, the exposed 
portion of the tungsten plug 15A, that is residue of the 
tungsten, denoted as ‘A’ in FIG. 1E, on sideWalls of entrance 
of the contact hole is directly contacted With the Ir layer 18. 
Accordingly, it is impossible to prevent the mutual diffusion 
betWeen the Ir layer 18 of the loWer electrode completely, 
and the tungsten plug 15A can be oxidiZed during thermal 
treatments. 

SUMMARY OF THE INVENTION 

[0021] It is, therefore, an object of the present invention to 
provide a semiconductor memory device manufacturing 
method capable of preventing direct contact betWeen a plug 
and a loWer electrode of a capacitor. 

[0022] It is, therefore, another object of the present inven 
tion to provide a semiconductor memory device manufac 
turing method capable of preventing the generation of the 
problems caused by the misalign of mask for forming a glue 
layer pattern betWeen an interlayer insulating layer and the 
loWer electrode. 

[0023] In accordance With an aspect of the present inven 
tion, there is provided a method for manufacturing a semi 
conductor memory device, comprising the steps of: forming 
an insulating layer on a semiconductor substrate; forming a 
contact hole exposing the semiconductor substrate by selec 
tively etching the insulating layer; forming a ?rst diffusion 
barrier on the insulating layer and in the contact hole; 
forming a conductive layer on the ?rst diffusion barrier; 
forming a conductive plug in the contact hole by removing 
the conductive layer until the ?rst diffusion barrier on the 
insulating layer is exposed, thereby obtaining a ?rst recess 
in the contact hole, Wherein the ?rst recess is surrounded by 
the conductive layer in the contact hole; etching the ?rst 
diffusion barrier on the insulating layer thereby forming a 
second recess in the contact hole, Wherein a portion of the 
conductive plug is surrounded by the second recess and the 
second recess is surrounded by the insulating layer; remov 
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ing the portion of the conductive plug surrounded by the 
second recess thereby forming a third recess in the contact 
hole, Wherein the third recess is surrounded by the insulating 
layer and bottom of the of the third recess expose the ?rst 
diffusion barrier and the conductive plug in the contact hole; 
and forming a second diffusion barrier in the third recess. 

[0024] In accordance With another aspect of the present 
invention, there is provided a method for manufacturing a 
semiconductor memory device, comprising the steps of: 
forming an insulating layer on a semiconductor substrate; 
forming an adhesion layer on the insulating layer; forming 
a capping layer on the adhesion layer; forming a contact hole 
exposing the semiconductor substrate by selectively etching 
the capping layer, the adhesion layer and the insulating 
layer; forming a ?rst diffusion barrier on the capping layer 
and in the contact hole; forming a conductive layer on the 
?rst diffusion barrier; forming a conductive plug in the 
contact hole by removing the conductive layer until the ?rst 
diffusion barrier on the insulating layer is exposed, thereby 
obtaining a ?rst recess in the contact hole, Wherein the ?rst 
recess is surrounded by the conductive layer in the contact 
hole; etching the ?rst diffusion barrier on the capping layer 
thereby forming a second recess in the contact hole, Wherein 
a portion of the conductive plug is surrounded by the second 
recess and the second recess is surrounded by the capping 
layer, adhesion layer and the insulating layer; removing the 
portion of the conductive plug surrounded by the second 
recess thereby forming a third recess in the contact hole, 
Wherein the third recess is surrounded by the capping layer, 
adhesion layer and the insulating layer and bottom of the 
third recess expose the ?rst diffusion barrier and the con 
ductive plug in the contact hole; and forming a second 
diffusion barrier in the third recess and removing the capping 
layer on the adhesion layer. dr 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The above and other objects and features of the 
present invention Will become apparent from the folloWing 
description of the preferred embodiments given in conjunc 
tion With the accompanying draWings, in Which: 

[0026] FIGS. 1A to 1F are cross-sectional vieWs illustrat 
ing FeRAM manufacturing method according to a prior art; 

[0027] FIGS. 2A to 2G are cross-sectional vieWs illus 
trating the FeRAM manufacturing method in accordance 
With a ?rst embodiment of the present invention; and 

[0028] FIGS. 3A to 3H are cross-sectional vieWs illus 
trating the FeRAM manufacturing method in accordance 
With a second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] Hereinafter, a semiconductor memory device 
manufacturing method in accordance With the present inven 
tion Will be described in detail referring to the accompany 
ing draWings. 
[0030] FIGS. 2A to 2G are cross-sectional vieWs illus 
trating the FeRAM manufacturing method in accordance 
With a ?rst embodiment of the present invention. 

[0031] Referring to FIG. 2A, the interlayer insulating 
layer 32 is formed over a semiconductor substrate 30 on 
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Which a ?eld oxide layer 31 and n+ junctions 33 are formed, 
and the interlayer insulating layer 32 is selectively etched to 
form a contact hole exposing the n+ junctions 33. The 
semiconductor substrate 30 is a silicon layer, such as a doped 
polysilicon layer or a silicon layer formed by an epitaxial 
groWth. 
[0032] A ?rst diffusion barrier is formed on the interlayer 
insulating layer 32 in the contact hole. In the preferred 
embodiment of the present invention, a TiN/Ti diffusion 
barrier 34 is formed as the ?rst diffusion barrier by stacking 
Ti layer and a TiN layer in this order. A rapid thermal 
process(RTP) is performed to form a titanium silicide layer 
34A by inducing the reaction of silicon atoms in the semi 
conductor substrate 30 and the TiN/Ti layer 34. The titanium 
silicide layer 34A plays a role of the ohmic contact layer. 

[0033] The TiN/Ti layer 34 is formed With a chemical 
vapor deposition(CVD), an atomic layer deposition(ALD) 
or an electro-chemical deposition(ECD). The Ti layer is 
formed to a thickness ranging from about 10 A to about 200 
A, and the TiN layer is formed to a thickness ranging from 
about 50 A to about 500 The RTP is performed in an 
ambient of Ar or N2 at a temperature ranging from about 
600° C. to about 1000° C. for about 1 second to about 10 
minutes. 

[0034] After the RTP, a TiN layer can be formed to 
stabiliZe the titanium silicide layer 34A to a thickness 
ranging from about 50 A to about 500 A. 

[0035] Thereafter, a tungsten layer 15 is formed on the 
TiN/Ti layer 34 to ?ll the contact hole, completely. The 
tungsten layer 35 is formedo to a thickness ranging from 
about 500 A to about 5000 A With a CVD, an ALD or an 
ECD. The thickness of the tungsten layer 35 depends on the 
siZe of the contact hole. Foro example, the tungsten layer 35 
is formed to about 3000 A for a contact hole of Which 
diameter is 0.30 pm. 

[0036] A thermal treatment, such as a furnace thermal 
treatment or the RTP can be performed to improve the 
characteristic of the tungsten layer 15 in the contact hole. 
The thermal treatment performed at a temperature ranging 
from about 200° C. to about 600° C. in an ambient of Ar, N2 
or the combination thereof. 

[0037] Referring to FIG. 2B, 21 ?rst etch process is per 
formed to form a tungsten plug 35A in the contact hole until 
the surface of the TiN/Ti layer 34 is exposed. The tungsten 
plug 35A is over etched by a predetermined depth With the 
?rst etch process, in order to make space for a second 
diffusion barrier in the contact hole. A ?rst recess R1 is 
formed at the center of the tungsten plug 35A. 

[0038] Referring to FIG. 2C, a second etch process is 
performed until the surface of the interlayer insulating layer 
32 is exposed. Thus, the TiN/Ti layer 34 formed on the 
interlayer insulating layer 32 is removed and a second recess 
R2 is formed betWeen the tungsten plug 35A and the 
sideWall of the interlayer insulating layer 32. The second 
recess R2 is formed to a depth ranging from about 500 A to 
about 3000 The second etch process can be performed 
With an Wet etch process using the SC-1 solution, formed by 
mixing NH4OH, H202, and H20 in a rate of 
NH4OH:H2O2:H2O=1:4:20. 
[0039] Referring to FIG. 2D, 21 third etch process is 
performed to remove the portion of the tungsten plug 35A 
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surrounded by the second recess R2, thus a third recess R3 
is formed in the contact hole to a depth ranging from about 
500 A to about 3000 The interlayer insulating layer 32 is 
exposed at the sideWall of the third recess R3, and the 
surfaces of the TiN/T i layer 34 and the tungsten plug 35A are 
exposed at the bottom of the third recess R3. By forming the 
buried barrier in the third recess R3, tungsten or the portion 
of the tungsten plug 35A is not exposed at the entrance of the 
contact hole. Accordingly, it is possible to prevent the 
tungsten or the portion of the tungsten plug 35A being 
directly contacted With a loWer electrode of a ferroelectric 
capacitor. 
[0040] Referring to FIG. 2E, 21 second diffusion barrier 36 
is formed on the interlayer insulating layer 32 and in the 
third recess R3. 

[0041] Referring to FIG. 2F, the second diffusion barrier 
36 is polished by the chemical-mechanical polishing (CMP) 
until the surface of the interlayer insulating layer 32 is 
exposed. Therefore, a buried diffusion barrier 36A is formed 
in the contact hole, namely in the third recess R3. The 
second diffusion barrier 36 is formed With TiN, TaN, WN, 
TiAlN, TiSiN, TaAlN, TaSiN, RuTiN, RuTiO or CrTiN. 

[0042] A thermal treatment or a plasma treatment can be 
performed to improve the characteristic of the buried diffu 
sion barrier 36A. For the thermal treatment, the furnace 
thermal treatment or the RTP is adopted. The furnace 
thermal treatment is performed in an ambient of N2, 02, Ar 
or the combinations thereof at a temperature ranging from 
about 200° C. to about 500° C. for from about 5 minutes to 
about 2 hours. The RTP is performed in an ambient of N2, 
02, Ar or the combinations thereof at a temperature ranging 
from about 200° C. to about 500° C. for from about 1 
seconds to about 10 minutes. In addition, the buried diffu 
sion barrier 36A can be undergone plasma generated in an 
ambient of 02, N2, N20, NH3 or O3. 

[0043] Thereafter, the glue layer 37 is formed on the 
interlayer insulating layer 12 surrounding the contact hole. 
The glue layer 37 is formed to improve the adhesion 
betWeen the interlayer insulating layer 32 and a Ir layer to be 
formed on the interlayer insulating layer 32. It is need to 
selectively etch the glue layer 37 to expose the buried 
diffusion barrier 36A, in case of forming the glue layer 37 
With insulator. In the preferred embodiment of the present 
invention the glue layer 37 is formed of A1203. A dry or an 
Wet etch can be performed to etch the glue layer 37. In case 
of the Wet etch a HF solution or a buffered oxide etchant 

(BOE) is used. 
[0044] A thermal treatment or a plasma treatment can be 
performed to improve the adhesion and the oxygen diffusion 
barrier characteristics. For the thermal treatment, the furnace 
thermal treatment or the RTP is adopted. The furnace 
thermal treatment is performed in an ambient of N2, 02, Ar 
or the combinations thereof at a temperature ranging from 
about 400° C. to about 800° C. for from about 5 minutes to 
about 2 hours. The RTP is performed in an ambient of N2, 
02, Ar or the combinations thereof at a temperature ranging 
from about 400° C. to about 800° C. for from about 1 second 
to about 10 minutes. In addition, the buried diffusion barrier 
36A can be undergone plasma generated in an ambient of 
02, N2, N20, NH3 or 03. 
[0045] Referring to FIG. 2G, a stacked layer comprising 
Pt layer 40/IrOX layer 39/Ir layer 38 is formed on the buried 
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diffusion barrier 36A and the glue layer 17 to form the loWer 
electrode. The Ir layer 38 at the bottom of the loWer 
electrode plays a role of preventing the diffusion of oxygen, 
and the IrOX layer 39 plays a role of preventing the diffusion 
of mutual diffusion of materials in upper and loWer layers. 

[0046] The stacked layer, Pt layer 40/IrOX layer 39/Ir layer 
38, is formed With a physical vapor deposition(PVD), a 
CVD or an ALD. The Pt layer 40 is formed to a thickness 
ranging from about 100 A to about 2000 A, the IrOX layer 39 
is formed to a thickness ranging from about 10 A to about 
1000 A and the Ir layer 38 is formed to a thickness ranging 
from about 100 A to about 2000 The loWer electrode can 
be formed of a Pt/RuTiN stacked layer, a Pt/RuTiO stacked 
layer or a Pt/CrTiN stacked layer. 

[0047] After forming the loWer electrode, a thermal treat 
ment or a plasma treatment can be performed to prevent the 
oxidation of the loWer electrode. For the thermal treatment, 
the furnace thermal treatment or the RTP is adopted. The 
furnace thermal treatment is performed in an ambient of N2, 
02, Ar or the combinations thereof at a temperature ranging 
from about 200° C. to about 800° C. for from about 5 
minutes to about 2 hours. The RTP is performed in an 
ambient of N2, 02, Ar or the combinations thereof at a 
temperature ranging from about 400< C. to about 800° C. for 
from about 1 second to about 10 minutes. 

[0048] Then, a ferroelectric layer 41 is formed on the 
loWer electrode and an upper electrode 42 is subsequently 
formed on the ferroelectric layer 41. The ferroelectric layer 
41 is formed of (Bi,La)4Ti3O12(BLT), SrBi2Ta2O9(SBT), 
SrBi2(Ta,Nb)2O9(SBTN), Pb(Zr,Ti)O3(PZT) using a spin on 
method, a CVD, an ALD or a PVD to a thickness ranging 
from about 50 to about 2000 A. After forming the ferroelec 
tric layer 41, a thermal treatment or a plasma treatment can 
be performed to improve the characteristic of the ferroelec 
tric layer 41, at a temperature ranging from about 400° C. to 
about 800° C. in an ambient of 02, N2, Ar, 03, He, Ne, Kr 
or the combinations thereof for from about 10 minutes to 
about 5 hours. The thermal treatment is performed With a 
diffusion furnace method, the RTP or the combination 
thereof. 

[0049] The upper electrode 42 is formed of metal like Pt, 
Ir or Ru, nitride metal like TiN, TaN or WN, or conductive 

oxide like IrOX, RuOX, La—Sr—Co—O(LSCO) or 
Y—Ba—Co—O(YBCO). The upper electrode is formed 
With a PVD, a CVD or an ALD at a temperature ranging 
from about 50° C. to about 600° C. to a thickness ranging 
from about 100 A to about 2000 

[0050] After forming the upper electrode, a thermal treat 
ment can be performed to increase the density of the upper 
electrode With the furnace thermal treatment or the RTP. The 
furnace thermal treatment is performed in an ambient of N2, 
02, Ar or the combinations thereof at a temperature ranging 
from about 400° C. to about 800° C. for from about 5 
minutes to about 2 hours. The RTP is performed in an 
ambient of N2, 02, Ar or the combinations thereof at a 
temperature ranging from about 400° C. to about 800° C. for 
from about 1 second to about 10 minutes. 

[0051] In the FeRAM fabricated With the method in accor 
dance With the ?rst embodiment of the present invention, the 
plug and bottom electrode is not directly contacted to each 
other. Therefore, it is possible to prevent the oxidation of the 
plug. 
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[0052] HoWever, during the process for selectively etching 
the glue layer 37, the buried diffusion barrier 36A can be 
exposed and damaged, and thus, the selective etching the 
glue layer is apt to cause a lateral oxidation of the plug. 

[0053] The above mentioned problem generated during 
the selective etching of the glue layer can be overcome by 
the folloWing the second embodiment of the present inven 
tion. 

[0054] FIGS. 3A to 3H are cross-sectional vieWs illus 
trating the FeRAM manufacturing method in accordance 
With the second embodiment of the present invention. 

[0055] Referring to FIG. 3A, the interlayer insulating 
layer 52, an glue layer 53 and a capping oxide layer 54 are 
formed in this order over a semiconductor substrate 50 on 
Which a ?eld oxide layer 51 and n+ junctions 55 are formed, 
and the interlayer insulating layer 52, the glue layer 53 and 
the capping oxide layer 54 are selectively etched to form a 
contact hole exposing the n+ junctions 55. The glue layer 53 
is formed ofAl2O3 With an ALD, a CVD, or a PVD. The glue 
layer 53 is formed to a thickness ranging from about 10 A 
to about 500 

[0056] After forming the glue layer 53, a thermal treat 
ment or a plasma treatment can be performed to improve the 
characteristics of adhesion and a diffusion barrier to oxygen. 

[0057] For the thermal treatment, the furnace thermal 
treatment or the RTP is adopted. The furnace thermal 
treatment is performed in an ambient of N2, 02, Ar or the 
combinations thereof at a temperature ranging from about 
400° C. to about 800° C. for from about 5 minutes to about 
2 hours. The RTP is performed in an ambient of N2, 02, Ar 
or the combinations thereof at a temperature ranging from 
about 400° C. to about 800° C. for from about 1 second to 
about 10 minutes. The plasma treatment is performed in an 
ambient of 02, N2, N20, NH3 or O3. 

[0058] The capping oxide layer 54 is formed of SiOx, 
SiON, Si3N4, ZrO2 or HfO2 With a CVD, a PVD, an ALD or 
spin-on method. The capping oxide layer 54 is formed to a 
thickness ranging from about 10 A to about 1000 

[0059] After forming the capping oxide layer 54, a thermal 
treatment or a plasma treatment can be performed to 
improve the characteristics of the capping oxide layer 54. 
Each condition of thermal treatment or the plasma treatment 
is same With the thermal treatment or the plasma treatment 
applied to the glue layer 53. 

[0060] As mentioned above, the glue layer 53 is selec 
tively etched during the process for forming the contact hole. 
Therefore, it is no needed to etch the glue layer after forming 
a plug in the contact hole. The capping oxide layer 54 plays 
a role of an etch barrier, and the capping oxide layer 54 is 
to be removed When a CMP is performed to form a buried 
barrier in the contact hole. 

[0061] Referring to FIG. 3B, 21 ?rst diffusion barrier is 
formed on the capping oxide layer and on the interlayer 
insulating layer 52 exposed on sideWalls of the contact hole. 
In the preferred embodiment of the present invention, a 
TiN/Ti layer 56 is formed as the ?rst diffusion barrier by 
stacking a Ti layer and a TiN layer in this order. A rapid 
thermal process(RTP) is performed to form a titanium 
silicide layer 36A by inducing the reaction of silicon atoms 
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in the semiconductor substrate 50 and the TiN/T i layer 56. 
The titanium silicide layer 56A plays a role of the ohmic 
contact layer. 

[0062] The TiN/Ti layer 34 is formed With a CVD, an ALD 
or an ECD. The Ti layer is formed to a thickness ranging 
from about 10 A to about 200 A, and the TiN layer is formed 
to a thickness ranging from about 50 A to about 500 

[0063] The RTP is performed in an ambient of Ar or N2 at 
a temperature ranging from about 60° C. to about 1000° C. 
for about 1 second to about 10 minutes. 

[0064] After the RTP, a TiN layer can be formed to 
stabiliZe the titanium silicide layer 56A to a thickness 
ranging from about 50 A to about 500 A. 

[0065] Thereafter, a tungsten layer 57 is formed on the 
TiN/Ti layer 54 to ?ll the contact hole, completely. The 
tungsten layer 57 is formedo to a thickness ranging from 
about 500 A to about 5000 A With a CVD, an ALD or an 
ECD. The thickness of the tungsten layer 57 depends on the 
siZe of the contact hole. For example, the tungsten layer 57 
is formed to about 3000 A for contact hole of Which 
diameter is 0.30 pm. 

[0066] A thermal treatment, such as a furnace thermal 
treatment or the RTP can be performed to improve the 
characteristic of a plug. The thermal treatment performed at 
a temperature ranging from about 200° C. to about 600° C. 
in an ambient of Ar, N2 or the combination thereof. 

[0067] Referring to FIG. 3C, a ?rst etch process is per 
formed to form a tungsten plug 57A in the contact hole until 
the surface of the TiN/Ti layer 54 is eXposed. The tungsten 
plug 57A is over etched by a predetermined depth With the 
?rst etch process, in order to make space for a second 
diffusion barrier in the contact hole, and thus a ?rst recess R1 
is formed at the center of the tungsten plug 57A. 

[0068] Referring to FIG. 3D, 21 second etch process is 
performed until the surface of the capping oXide layer 53 is 
eXposed, and thus the TiN/Ti layer 34 on sideWall of the 
interlayer insulating layer 52 is removed and a second recess 
R2 is formed betWeen the tungsten plug 57A and the 
sideWall of the interlayer insulating layer 52. The second 
recess R2 is formed to a depth ranging from about 500 A to 
about 3000 A. 

[0069] The second etch process can be performed With an 
Wet etch using the SC-1 solution, formed by miXing 
NH4OH, H202, and H20 at a rate of NH4OH:H2O2:H2O= 
1:4:20. 

[0070] Referring to FIG. 3E, 21 third etch process is 
performed to remove the portion of the tungsten plug 57A 
surrounded by the second recess R2, thus a third recess R3 
is formed in the contact hole to a depth ranging from about 
500 A to about 3000 The interlayer insulating layer 52 is 
eXposed at the sideWall of the third recess R3, and the 
surfaces of the TiN/T i layer 54 and the tungsten plug 57A are 
eXposed at the bottom of the third recess R3. By forming the 
third recess R3, tungsten or the portion of the tungsten plug 
57A is not eXposed at the entrance of the contact hole. 
Accordingly, it is possible to prevent the tungsten or the 
portion of the tungsten plug 57A being directly contacted 
With a loWer electrode of a ferroelectric capacitor. 

[0071] Referring to FIG. 3F, 21 second diffusion barrier 58 
is formed on the TiN/Ti layer 54 and in the third recess R3. 
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The second diffusion barrier 58 is formed With TiN, TaN, 
WN, TiAlN, TiSiN, TaAlN, TaSiN, RuTiN, RuTiO or 
CrTiN. 

[0072] Referring to FIG. 3G, the second diffusion barrier 
58 and the capping oXide layer 54 are polished by the CMP 
until the surface of the glue layer 53 is eXposed. Therefore, 
a buried diffusion barrier 58A is formed in the contact hole, 
namely in the third recess R3. During the CMP, the damage 
of the glue layer is not generated even if the capping oXide 
layer is removed completely, because the second diffusion 
barrier 58 has high selectivity to the glue layer. For eXample, 
in case of forming the second diffusion barrier and the glue 
layer With TiN and A1203, respectively, the selectivity of 
TiN to A1203 is 100 to 1. 

[0073] By forming the buried barrier in the third recess 
R3, tungsten or the portion of the tungsten plug 57A is not 
eXposed at the entrance of the contact hole. Accordingly, it 
is possible to prevent the tungsten or the portion of the 
tungsten plug 57A being directly contacted With a loWer 
electrode of a ferroelectric capacitor. 

[0074] A thermal treatment or a plasma treatment can be 
performed to improve the characteristic of the buried diffu 
sion barrier 58A. For the thermal treatment, the furnace 
thermal treatment or the RTP is adopted. The furnace 
thermal treatment is performed in an ambient of N2, 02, Ar 
or the combinations thereof at a temperature ranging from 
about 200° C. to about 500° C. for from about 5 minutes to 
about 2 hours. The RTP is performed in an ambient of N2, 
02, Ar or the combinations thereof at a temperature ranging 
from about 200° C. to about 500° C. for from about 1 second 
to about 10 minutes. In addition, the buried diffusion barrier 
58A can be undergone plasma generated in an ambient of 
02, N2, N20, NH3 or 03. 

[0075] Referring to FIG. 3H, a stacked layer comprising 
Pt layer 61/IrOX layer 60/Ir layer 59 is formed on the buried 
diffusion barrier 58A and the glue layer 53 to form the loWer 
electrode. The Ir layer 59 at the bottom of the loWer 
electrode plays a role of preventing the diffusion of oxygen, 
and the IrOX layer 60 plays a role of preventing the diffusion 
of mutual diffusion of materials in upper and loWer layers. 

[0076] The stacked layer, Pt layer 61/IrOX layer 60/Ir layer 
59, is formed With a PVD method, a CVD or an ALD. The 
Pt layer 60 is formed to a thickness ranging from about 100 
A to about 2000 The IrOX layer 60 is formed to a 
thickness ranging from about 10 A to about 1000 A and the 
Ir layer 59 is formed to a thickness ranging from about 100 
A to about 2000 The loWer electrode can be formed of a 
Pt/RuTiN stacked layer, a Pt/RuTiO stacked layer or a 
Pt/CrTiN stacked layer. 

[0077] After forming the loWer electrode, a thermal treat 
ment or a plasma treatment can be performed to prevent the 
oxidation of the loWer electrode. For the thermal treatment, 
the furnace thermal treatment or the RTP is adopted. The 
furnace thermal treatment is performed in an ambient of N2, 
02, Ar or the combinations thereof at a temperature ranging 
from about 200° C. to about 800° C. for from about 5 
minutes to about 2 hours. The RTP is performed in an 
ambient of N2, 02, Ar or the combinations thereof at a 
temperature ranging from about 400° C. to about 800° C. for 
from about 1 second to about 10 minutes. 
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[0078] Then, a ferroelectric layer 62 is formed on the 
lower electrode and an upper electrode 63 is subsequently 
formed on the ferroelectric layer 62. 

[0079] The ferroelectric layer 62 is formed of (Bi, 
La)4Ti3O12(BLT), SrBi2Ta2O9(SBT), SrBi2(Ta, 
Nb)2O9(SBTN), Pb(Zr,Ti)O3(PZT) using a spin on method, 
a CVD, an ALD or a PVD to a thickness ranging from about 
50 to about 2000 After forming the ferroelectric layer 62, 
a thermal treatment or a plasma treatment can be performed 
to improve the characteristic of the ferroelectric layer 62, at 
a temperature ranging from about 400° C. to about 800° C. 
in an ambient of 02, N2, Ar, 03, He, Ne, Kr or the 
combinations thereof for from about 10 minutes to about 5 
hours. The thermal treatment is performed With a diffusion 
furnace method, the RTP or the combination thereof. 

[0080] The upper electrode 63 is formed of metal like Pt, 
Ir or Ru, nitride metal like TiN, TaN or WN, or conductive 

oXide like IrOX, RuOX, La—Sr—Co—O(LSCO) or 
Y—Ba—Co—O(YBCO). The upper electrode is formed 
With the PVD method, a CVD or an ALD method at a 
temperature ranging from about 50° C. to about 600° C. to 
a thickness ranging from about 100 A to about 2000 

[0081] After forming the upper electrode, a thermal treat 
ment can be performed to increase the density of the upper 
electrode With the furnace thermal treatment or the RTP. The 
furnace thermal treatment is performed in an ambient of N2, 
02, Ar or the combinations thereof at a temperature ranging 
from about 400° C. to about 800° C. for from about 5 
minutes to about 2 hours. The RTP is performed in an 
ambient of N2, 02, Ar or the combinations thereof at a 
temperature ranging from about 400° C. to about 800° C. for 
from about 1 second to about 10 minutes. 

[0082] In the FeRAM fabricated With the method in accor 
dance With the second embodiment of the present invention, 
the plug and bottom electrode is not directly contacted to 
each other. Therefore, it is possible to prevent the oxidation 
of the plug. In addition, the glue layer is selectively etched 
during the formation of the contact hole. Therefore, it is 
possible to prevent the buried diffusion barrier 58A from 
being eXposed and damaged, and thus, the lateral oxidation 
of the plug caused by the selective etching the glue layer can 
be prevented. 

[0083] While the present invention has been described 
With respect to the particular embodiments, it Will be appar 
ent to those skilled in the art that various changes and 
modi?cations may be made Without departing from the 
scope of the invention as de?ned in the folloWing claims. 

What is claimed is: 
1. A method for manufacturing a semiconductor memory 

device, comprising the steps of: 

forming an insulating layer on a semiconductor substrate; 

forming a contact hole eXposing the semiconductor sub 
strate by selectively etching the insulating layer; 

forming a ?rst diffusion barrier on the insulating layer and 
in the contact hole; 

forming a conductive layer on the ?rst diffusion barrier; 

forming a conductive plug in the contact hole by remov 
ing the conductive layer until the ?rst diffusion barrier 
on the insulating layer is eXposed, thereby obtaining a 
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?rst recess in the contact hole, Wherein the ?rst recess 
is surrounded by the conductive layer in the contact 
hole; 

etching the ?rst diffusion barrier on the insulating layer 
thereby forming a second recess in the contact hole, 
Wherein a portion of the conductive plug is surrounded 
by the second recess and the second recess is sur 
rounded by the insulating layer; 

removing the portion of the conductive plug surrounded 
by the second recess thereby forming a third recess in 
the contact hole, Wherein the third recess is surrounded 
by the insulating layer and bottom of the of the third 
recess eXpose the ?rst diffusion barrier and the con 
ductive plug in the contact hole; and 

forming a second diffusion barrier in the third recess. 
2. The method of claim 1, further comprising the step of 

forming a capacitor connected to the second diffusion bar 
r1er. 

3. The method of claim 1, further comprising the step of 
forming an adhesion layer on the insulating after forming the 
second diffusion barrier. 

4. The method of claim 1, Wherein the conductive layer is 
formed With tungsten. 

5. The method of claim 2, Wherein the second diffusion 
barrier is formed With any one selected from a group 

consisting of TiN, TaN, WN, TiAlN, TiSiN, TaAlN, TaSiN, 
RuTiN, RuTiO and CrTiN. 

6. The method of claim 5, Wherein the capacitor includes 
a ferroelectrice layer. 

7. The method of claim 6, Wherein the capacitor includes 
a loWer electrode formed With Ir. 

8. A method for manufacturing a semiconductor memory 
device, comprising the steps of: 

forming an insulating layer on a semiconductor substrate; 

forming an adhesion layer on the insulating layer; 

forming a capping layer on the adhesion layer; 

forming a contact hole exposing the semiconductor sub 
strate by selectively etching the capping layer, the 
adhesion layer and the insulating layer; 

forming a ?rst diffusion barrier on the capping layer and 
in the contact hole; 

forming a conductive layer on the ?rst diffusion barrier; 

forming a conductive plug in the contact hole by remov 
ing the conductive layer until the ?rst diffusion barrier 
on the insulating layer is eXposed, thereby obtaining a 
?rst recess in the contact hole, Wherein the ?rst recess 
is surrounded by the conductive layer in the contact 
hole; 

etching the ?rst diffusion barrier on the capping layer 
thereby forming a second recess in the contact hole, 
Wherein a portion of the conductive plug is surrounded 
by the second recess and the second recess is sur 
rounded by the capping layer, adhesion layer and the 
insulating layer; 

removing the portion of the conductive plug surrounded 
by the second recess thereby forming a third recess in 
the contact hole, Wherein the third recess is surrounded 
by the capping layer, adhesion layer and the insulating 
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layer and bottom of the of the third recess expose the 
?rst diffusion barrier and the conductive plug in the 
contact hole; and 

forming a second diffusion barrier in the third recess and 
removing the capping layer on the adhesion layer. 

9. The method of claim 8, further comprising the step of 
forming a capacitor connected to the second diffusion bar 
r1er. 

10. The method of claim 8, further comprising the step of 
forming an adhesion layer on the insulating after forming the 
second diffusion barrier. 

11. The method of claim 8, Wherein the conductive layer 
is formed With tungsten. 
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12. The method of claim 11, Wherein the second diffusion 
barrier is formed With any one selected from a group 

consisting of TiN, TaN, WN, TiAlN, TiSiN, TaAlN, TaSiN, 
RuTiN, RuTiO and CrTiN. 

13. The method of claim 12, Wherein the capacitor 
includes a ferroelectrice layer. 

14. The method of claim 13, Wherein the capacitor 
includes a loWer electrode formed With Ir. 

15. The method of claim 8, Wherein the capping layer is 
formed With oxide. 


