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(57) ABSTRACT 

The present invention provides techniques to fabricate high 
dielectric MIM storage cell capacitors. In one embodiment, 
this is accomplished by forming a silicon contact is then 
formed to electrically connect the formed bottom electrode 
layer in the container With the at least one associated 
transistor device. A titanium nitride barrier layer is then 
formed over the silicon contact. An oxygen barrier layer 
including platinum stu?ced With silicon oxide is then formed 
over the titanium nitride layer and beloW the bottom elec 
trode layer. A bottom electrode layer is then formed using 
platinum over interior surfaces of a container formed rela 
tive to at lest one associated transistor device on a silicon 
substrate. Further, a high dielectric insulator layer is formed 
over the bottom electrode layer. A top electrode layer is then 
formed over the high dielectric insulator layer. 
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PLATINUM STUFFED WITH SILICON OXIDE AS 
A DIFFUSION OXYGEN BARRIER FOR 

SEMICONDUCTOR DEVICES 

[0001] This application is a Continuation of US. applica 
tion Ser. No. 10/929,633, ?led Aug. 30, 2004, Which is a 
Divisional of US. application Ser. No. 10/230,605, ?led 
Aug. 29, 2002, now US. Pat. No. 6,830,983, all ofWhich are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to semiconductor 
devices and, in particular, to diffusion barrier layers in dense 
semiconductor memory arrays. 

BACKGROUND OF THE INVENTION 

[0003] In the fabrication of integrated circuits, various 
conductive layers are used. For example, during the forma 
tion of semiconductor devices, such as dynamic random 
access memories (DRAMs), static random access memories 
(SRAMs), ferroelectric (FE) memories, etc., conductive 
materials are used in the formation of storage cell capacitors 
and also may be used in interconnection structures, for 
example, conductive layers in contact holes, vias, etc. In 
many applications, it is preferable that the material used 
provides effective diffusion barrier characteristics. 

[0004] For example, effective diffusion barrier character 
istics are required for conductive materials used in the 
formation of storage cell capacitors of memory devices, such 
as DRAMs. As memory devices become denser, it is nec 
essary to decrease the siZe of circuit components forming 
such devices. One Way to retain storage capacity of storage 
cell capacitors of memory devices and at the same time 
decrease the memory device siZe is to increase the dielectric 
constant of the dielectric layer of the storage cell capacitor. 
Therefore, high dielectric constant materials are used in such 
applications interposed betWeen tWo electrodes. One or 
more layers of various conductive materials may be used as 
the electrode material. HoWever, generally one or more of 
the layers of the conductive materials used for the elec 
trodes, particularly the loWer electrode of a cell capacitor, 
must have certain barrier properties and oxidation resistance 
properties. Such properties are particularly required When 
high dielectric constant materials are used for the dielectric 
layer of the storage cell capacitor because of the processes 
used for forming such high dielectric materials. For 
example, deposition of high dielectric materials can occur at 
temperatures greater than 4500 C., in an oxygen-containing 
atmosphere or involves post deposition anneals in excess of 
7000 C. in an oxidiZing atmosphere. 

[0005] Generally, various metals and metallic compounds, 
and typically noble metals, such as platinum, have been 
proposed as the electrodes or at least one of the layers of 
electrodes for use With high dielectric constant materials as 
insulators for high dielectric MIM (metal-insulator-metal) 
storage cell capacitors. HoWever, reliable electrical connec 
tions should generally be constructed Which do not diminish 
the bene?cial properties of the high dielectric constant 
materials. For platinum to function Well as a bottom elec 
trode, it must be an effective barrier to the diffusion of 
oxygen and silicon. This is required since any oxidation of 
the underlying silicon upon Which the capacitor is formed 
Will result in decreased series capacitance thus degrading the 
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storage capacity of the cell capacitor. Platinum, used alone 
as an electrode layer, is too permeable to oxygen to be used 
as a bottom electrode of a storage cell capacitor. 

[0006] Various high dielectric materials are used as insu 
lators in MIM capacitors. For example, dielectric materials 
include tantalum oxide (TaZOS), strontium titanate (SrTiO3), 
alumina (A1203), barium strontium titanate BaSrTiO3 (BST) 
Zirconium oxide (ZrO2), and hafnium oxide (HfO2). Gen 
erally, such high dielectric materials are deposited at tem 
peratures higher than 4500 C., in an oxygen-containing 
atmosphere or are annealed in oxygen-containing atmo 
sphere to further oxidiZe and improve the dielectric proper 
ties, such as the dielectric constant and leakage of the 
dielectric materials. Generally, the dielectric properties of 
these dielectric materials improve With increased tempera 
tures of deposition and/or anneal. Current barrier materials 
are only able to provide an effective barrier against diffusion 
of oxygen into the underlying silicon layer during deposition 
and oxidation of the high dielectric materials up to a 
temperature of around 6500 C. Since platinum is very 
permeable to oxygen, Without an effective barrier layer 
betWeen the platinum and the underlying silicon, the oxygen 
Will diffuse through the platinum during oxidation of the 
dielectric materials at temperatures higher than 4500 C. 

[0007] In addition, in some embodiments, semiconductor 
structures include a polysilicon contact to provide electrical 
communication betWeen the substrate and the platinum 
bottom electrode of the MIM storage cell capacitor. Further 
in these structures, various barrier layers are formed over the 
polysilicon contact and beloW the platinum bottom elec 
trode. For example, such barrier layers may be titanium 
nitride, tungsten nitride, or any other metal nitride, Which 
acts as a silicon barrier betWeen contact and electrode. In 
addition, one or more other barrier layers may be included 
to prevent diffusion of oxygen for example, during deposi 
tion of high dielectric materials at high temperatures higher 
than 5000 C. or after anneal, in an oxygen-containing 
atmosphere. Such barriers can also get oxidiZed When the 
temperature during deposition or anneal and oxidation of 
high dielectric materials is around 6500 C. or higher. This 
can result in degrading the barrier properties. For example, 
a titanium nitride (TiN) barrier layer may get converted to 
titanium dioxide (TiO2) and so on. 

[0008] Thus, there is a need in the art for an effective 
oxygen barrier layer in semiconductor structures including 
high dielectric MIM capacitors that can overcome the 
above-described problems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 shoWs a cross sectional vieW of a semicon 
ductor structure, including a oxygen barrier layer, in a high 
dielectric MIM capacitor according to an embodiment of the 
present invention. 

[0010] FIG. 2 is a cross sectional vieW illustrating the use 
of an oxygen barrier layer in a storage cell capacitor appli 
cation. 

[0011] FIG. 3 shoWs a depth pro?le of the deposited 
oxygen barrier layer including platinum stuffed With silicon 
oxide, before an oxygen anneal of the high dielectric layer. 

[0012] FIG. 4 shoWs a depth pro?le of the deposited 
oxygen barrier layer including platinum stuffed With silicon 
oxide, after an oxygen anneal of the high dielectric layer. 
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[0013] FIG. 5 is a scanning electron microscope (SEM) 
image of a deposited platinum stuffed With silicon oxide 
layer on a silicon substrate in a 0.35 diameter test structure. 

[0014] FIG. 6 is a block diagram of an exemplary com 
puter system. 

[0015] FIG. 7 is a block diagram of an exemplary memory 
system. 

[0016] FIG. 8 is an elevation vieW of a substrate contain 
ing semiconductor dies. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] In the folloWing detailed description, reference is 
made to various speci?c embodiments in Which the inven 
tion may be practiced. These embodiments are described 
With su?icient detail to enable those skilled in the art to 
practice the invention, and it is to be understood that other 
embodiments may be employed, and that structural, logical, 
electrical, and process changes may be made Without depart 
ing from the teachings of the invention. 

[0018] In the foregoing description of the preferred 
embodiments, various features of the invention are grouped 
together in a single embodiment for the purpose of stream 
lining the disclosure. This method of disclosure is not to be 
interpreted as re?ecting an intention that the claimed inven 
tion requires more features than are expressly recited in each 
claim. Rather, as the following claims re?ect, inventive 
aspects lie in less than all features of a single disclosed 
embodiment. Thus, the folloWing claims are hereby incor 
porated into the description of the preferred embodiments, 
With each claim standing on its oWn as a separate preferred 
embodiment of the invention. 

[0019] The term ‘substrate’ used in the folloWing descrip 
tion may include materials, such as silicon, silicon-on insu 
lator (SOI), silicon-on sapphire (SOS), doped and undoped 
semiconductors, epitaxial layers of silicon supported by a 
base semiconductor foundation, and other semiconductor 
structures. The semiconductor need not be silicon-based. 
The semiconductor could be silicon-germanium, germa 
nium, or gallium arsenide. When reference is made to a 
Wafer or substrate in the folloWing description, previous 
process steps may be utiliZed to form regions, junctions, or 
layers in or on the base semiconductor or foundation. 

[0020] The terms “semiconductive Wafer fragment” or 
“Wafer fragment” or “Wafer” Will be understood to mean any 
construction comprising semiconductor material, including 
but not limited to, bulk semiconductive materials such as a 
semiconductor Wafer (either alone or in assemblies com 
prising other material thereon), and semiconductive material 
layers (either alone or in assemblies comprising other mate 
rials). 
[0021] The present invention provides techniques for fab 
ricating an effective oxygen barrier layer in dense semicon 
ductor memory cell arrays. In some embodiments, the 
formed memory cell array can be a ?ash memory cell array, 
a memory circuit including an array of memory cells dis 
posed on a substrate and/or a logic circuit including an array 
of memory cells. 

[0022] FIG. 1 shoWs a cross sectional vieW of a semicon 
ductor structure 100 including an oxygen barrier layer 120 
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in a high dielectric MIM capacitor 115 disposed on a 
substrate 110. Capacitor structure 115 includes silicon dif 
fusion barrier layer 112, an oxygen barrier layer 120 over 
lying the silicon dilfusion barrier layer 112, a bottom elec 
trode layer 125 overlying the oxygen barrier layer 120, a top 
electrode layer 140, and a high dielectric layer 130 inter 
posed betWeen the top and bottom electrode layers 140 and 
125, respectively. 
[0023] In the embodiment shoWn in FIG. 1, bottom elec 
trode layer 125 is formed using platinum. Top electrode 
layer 140 may be formed using platinum or any other noble 
metals, such as rhodium, iridium, or metal nitride (TiN or 
WN). High dielectric layer 130 is formed using materials 
having high dielectric constant. With the use of such high 
dielectric constant materials for high dielectric layer 130, the 
diffusion barrier properties of bottom platinum electrode 
layer 125 is particularly important. This is required since any 
oxidation of the underlying silicon, upon Which the capaci 
tor is formed, Will result in decreased series capacitance, 
thus degrading the storage capacity of the cell capacitor. 
Platinum, used alone as an electrode layer, is too permeable 
to oxygen to be used as a bottom electrode of a storage cell 
capacitor. 
[0024] For example, to function Well as a bottom electrode 
of a capacitor structure, the electrode layer or electrode stack 
must act as an effective barrier to the diffusion of oxygen, 
particularly due to the processes used to form the high 
dielectric constant materials. Such diffusion barrier proper 
ties are particularly required When the substrate 110 includes 
a silicon containing surface 115 upon Which the capacitor is 
formed. For example, the silicon containing surface may be 
polysilicon, silicon substrate material, N-doped silicon, 
P-doped silicon, and so on, since oxidation of the di?‘used 
silicon may result in degraded capacitance. For example, 
diffusion of any oxygen through the barrier layer into the 
silicon may result in degraded capacitance of a memory 
device. 

[0025] Various high dielectric materials are currently used 
as insulators in MIM capacitor structures for high dielectric 
layer 130. For example, dielectric materials may include 
tantalum oxide (TaZOS), strontium titanate (SrTiO3), alu 
mina (A1203), hafnium oxide (HfOZ), titanium oxide (TiOZ), 
Zirconium oxide (ZrOZ), barium strontium titanate BaSr 
TiO3 (BST), or metal doped versions of these materials like 
yittrium doped A1203 or Ti doped Ta2O5, or laminants of 
?lms, such as stacks of Al2O3/Ta2O5/Al2O3. 

[0026] In some embodiments, ferroelectric materials are 
used as insulators in ferroelectric capacitor for a ferroelectric 
memory devices. For example, ferroelectric materials may 
include strontium bismuth niobate SrBi2Nb2O9 (SBN), lead 
Zirconium-titanate (PZT), lanthanum modi?ed lead-Zirco 
nium-titanate (PLZT), lead-lanthanum-titanate (PLT), 
barium strontium titanate BaSrTiO3 (BST) or strontium 
bismuth tantalate SrBiZTaZO9 (SBT). 

[0027] Generally, such high dielectric or ferroelectric 
materials are deposited at temperatures higher than 4500 C. 
and/or annealed at temperatures of about 4500 C. to 8500 C., 
in an oxygen-containing atmosphere to further oxidiZe and 
improve the electrical properties, such as the dielectric 
constant of the dielectric materials. Generally, the dielectric 
properties of these dielectric materials improve With 
increased temperatures during deposition and/or oxidation 
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of the dielectric materials. Current barrier materials used in 
MIM capacitors are only able to provide an effective barrier 
against diffusion of oxygen into the underlying silicon layer 
during deposition and oxidation of the high dielectric mate 
rials up to a temperature of around 500° C. to 700° C. Since 
platinum is very permeable to oxygen, Without an effective 
barrier layer betWeen the platinum and the underlying sili 
con, the oxygen Will di?‘use through the platinum during 
oxidation of the dielectric materials at temperatures higher 
than 5000 C. to 7000 C. 

[0028] The deposition of oxygen barrier layer 120, includ 
ing platinum stuffed With silicon oxide enhances the diffu 
sion barrier properties of oxygen barrier layer 120 up to 
temperatures of 8500 C. This provides a signi?cant improve 
ment over current barrier layers. High dielectric layer 130 is 
formed over the bottom electrode layer 125 using tantalum 
oxide after anneal at temperatures around 4500 C. to 8500 C. 
in an oxygen-containing atmosphere. In these embodiments, 
the tantalum oxide layer is deposited such that it conforms 
uniformly over the bottom electrode layer 125 using tech 
niques, such as chemical vapor deposition (CVD), physical 
vapor deposition (PVD), and/or atomic layer deposition 
(ALD). The thickness of the tantalum oxide layer can be in 
the range of about 50 to 150 A. In some embodiments, When 
the bottom electrode is made of noble metals, such as 
rhodium or iridium, the corresponding oxygen barrier layer 
is formed using rhodium stuffed with silicon oxide or 
iridium stuffed with silicon oxide, respectively. 

[0029] In some embodiments, the platinum doped With 
silicon oxide barrier layer is deposited using ALD. In these 
embodiments, the platinum doped With silicon oxide barrier 
layer is deposited using alternating platinum precursors, O2, 
SiXRyHZ, and 02 cycles for a predetermined number of 
times to obtain a desired thickness of the platinum stuffed 
with silicon oxide. To provide an effective barrier layer, the 
desired thickness of the platinum stuffed with silicon oxide 
layer is around 500 A. In these embodiments, the platinum 
stuffed With silicon oxide barrier layer includes alternating 
layers of about 20 to 55 A thick platinum and platinum 
silicide and about 1 A thick of SiO2. In some embodiments, 
platinum precursors can include materials, such as (Trim 
ethyl)methylcyclopentadienyl platinum (Ptl0), (Trimethyl 
)Cyclopentadienyl (CpPtMe3), Pt (acetylacetonate)2, 
Pt(PF3)4, Pt(CO)2Cl2, cis-[PtMe2(MeNC)2], platinum 
hexa?uorocetylacetonate. In some embodiments, SiXRyHZ 
includes organic groups, such as CH3, C2, OC2H5. 

[0030] In some embodiments, the platinum stuffed with 
silicon oxide barrier layer is deposited using ALD. The 
platinum stuffed With silicon oxide barrier layer is obtained 
by depositing platinum for about 20 to 55 cycles in the ALD 
using Ptl0 dose and folloWed by purging/evacuating the 
chamber and further folloWed by dosing With 02. Then the 
chamber is purged/evacuated. The platinum ?lm is then 
dosed With disilane (Si2H6) and then again folloWed by 
purging/evacuating the chamber. Then, dosing again With 
02. This alternating ALD treatment yields a SiO2 layer With 
partially silicided platinum. The Si2H6 to platinum cycle 
ratio is loW to get a small amount of silicide formation and 
a loW level of SiO2 doping so that the ?lm is still conductive. 
The formation of SiO2, in combination With partial siliciding 
the platinum, results in a silicon oxide doped platinum 
silicide-platinum metal matrix. The formation of such a 
platinum-silicide-platinum matrix results in enhanced bar 

Apr. 5, 2007 

rier properties against oxygen diffusion. In some embodi 
ments, silicon diffusion barrier layer 112 is formed using 
titanium nitride (TiN). 

[0031] FIG. 2 is a cross sectional vieW illustrating a 
portion of semiconductor Wafer structure 200 including a 
platinum stuffed With silicon oxide barrier layer 210 of the 
present invention. The Wafer fragment 200 further includes 
a semiconductor Wafer substrate or the Wafer 215 along With 
various process layers formed thereon, including one or 
more transistor devices 225 over suitable source and drain 
regions 230 and 232, respectively, and a silicon contact 235. 
Silicon contact 235 connects a high dielectric MIM storage 
cell capacitor 220 to an associated one or more transistor 

devices 225. In this embodiment, the transistor device 225 
refers to an active device, i.e., a ?eld effect transistor (FET). 
The source and drain regions 230 and 232, respectively, and 
a ?eld oxide region 234 are formed in accordance With 
conventional processing techniques knoWn to one skilled in 
the art. 

[0032] The semiconductor Wafer substrate can include 
semiconductor-based materials, such as silicon-on insulator 
(SOI), silicon-on sapphire (SOS), doped and undoped semi 
conductors, epitaxial layers of silicon supported by a base 
semiconductor foundation, and/or other semiconductor 
based materials. The semiconductor-based materials can 
also include materials, such as silicon-germanium, germa 
nium, and/or gallium arsenide. 

[0033] Also shoWn in FIG. 2, is a container or opening 240 
that has been formed by conventional dry etching through an 
insulative layer 245. Insulative layer 245 can include mate 
rials, such as silicon dioxide (SiO2), phosphosilicate glass 
(PSG), borosilicate glass (BSG), and borophosphosilicate 
glass (BPSG). Chemicals such as, CF 4, C4136, and other such 
chemicals can be used in the conventional dry etch process 
to form container 240. For simplicity and a better under 
standing of a memory cell structure, only one container 240 
is shoWn in FIG. 2. It can be envisioned that the substrate can 
include an array of memory cells including similar contain 
ers, silicon contacts, and transistor devices. Container 240 
can be a cup shaped container as shoWn in FIG. 2. The cup 
shaped structure may have cross-sectional shapes, such as 
circular, square, rectangular, trapeZoidal, triangular, oval, 
and/or rhomboidal, among other such shapes With respect to 
the top doWn vieW of the cross-sections of the bottom 
electrodes. Container 240 has a small high aspect opening 
having feature siZes or critical dimensions beloW about 1 
micron (e.g., such as a diameter or Width of an opening being 
less than about 1 micron) and aspect ratios greater than about 
1. Such aspect ratios are applicable to contact holes, vias, 
trenches, and any other con?gured openings. The present 
invention is particularly bene?cial for forming oxygen dif 
fusion barrier layers in small high aspect ratio features. 

[0034] As shoWn in FIG. 2, a bottom electrode layer 250 
is formed on and around interior surfaces 222 of the con 
tainer 240. In the embodiment shoWn in FIG. 2, bottom 
electrode layer 250 is formed using platinum. One or more 
transistor devices 225 are formed relative to the source 
region 230, the drain region 232, and the ?eld oxide region 
234. Formation of the bottom electrode layer 250 can further 
include etching or planariZing to remove desired regions. 

[0035] In this embodiment, silicon contact 235 is formed 
using a polysilicon contact 214 to provide electrical com 
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munication between substrate 215 and high dielectric MIM 
storage cell capacitor 220. Various barrier layers are formed 
over polysilicon contact 214 and beloW bottom electrode 
layer 250 including a titanium nitride (TiN) layer 212 and a 
platinum stuffed With silicon oxide layer 210, as shoWn in 
FIG. 2. Formation of platinum stuffed With silicon oxide 
layer 210 is described in more detail With reference to FIG. 
1. The TiN barrier layer 212 may be formed by physical 
vapor deposition (PVD), conventional thermal chemical 
vapor deposition (TCVD), plasma enhanced CVD 
(PECVD), or atomic layer deposition (ALD), utiliZing a 
source gas comprising precursors of tetrakisdimethyl-ami 
notitanium (TDMAT)(((CH3)2N)4Ti) and ammonia (NH3), 
or titanium tetrachloride (TiCl4) and NH3. The thickness of 
TiN barrier layer 212 can be in the range of about 20 A to 
1000 A. 

[0036] As shoWn in FIG. 2, high dielectric layer 252 is 
then formed using PVD, TCVD, PECVD, or ALD. High 
dielectric layer 252 consists of high dielectric materials, 
such as BST and/or tantalum oxide. Formed high dielectric 
layer 252 is then annealed in an oxidizing atmosphere at 
temperatures of up to 850° C. Platinum stuffed With silicon 
oxide layer 210 formed over the TiN barrier layer 212 
provides an effective barrier against diffusion of oxygen 
during the deposition and oxidation of the tantalum oxide 
layer 252 up to a temperature of about 850° C. Formation of 
the tantalum oxide layer is explained in more detail With 
reference to FIG. 1. Without the platinum stuffed With 
silicon oxide layer 210, oxygen during the oxygen annealing 
of tantalum oxide layer 252 at temperatures greater than 
450° C. can diffuse through the barrier layer to oxidiZe the 
underlying TiN barrier layer 212 to titanium oxide and the 
polysilicon contact 214 to silicon oxide, resulting in a 
failure. 

[0037] A top electrode layer 254 is then formed over 
tantalum oxide dielectric layer 252. For example, top elec 
trode layer 254 is formed using conductive materials, such 
as platinum, titanium nitride, ruthenium rhodium, iridium, 
ruthenium oxide, iridium oxide, and any combination 
thereof, or any conductive material typically used as an 
electrode of a storage cell capacitor. In the present invention, 
top electrode layer 254 is formed using platinum. Top 
electrode layer 254 can be formed using processes, such as 
PVD (e.g., sputtering) CVD, or ALD to provide desired 
resistivity and barrier properties. 

[0038] It Will be recogniZed by one skilled in the art that 
any capacitor formed relative to a silicon containing surface, 
Where diffusion barrier properties are required When pro 
cessing high dielectric layers around and up to a temperature 
of about 850° C. and/or conforrnally formed conductive 
layers are required, Will bene?t from the present invention. 
One skilled in the art Will also recogniZe that the bottom 
electrode layer 250 may include a stack of layers With one 
or more of the layers being platinum stuffed With silicon 
oxide deposited as described in the present invention. 

[0039] FIGS. 3 and 4 shoW depth pro?les of a platinum 
layer on a deposited oxygen barrier layer including platinum 
stuffed With silicon oxide according to the present invention 
before and after oxidation of the barrier/electrode stack to a 
temperature of about 850° C. The depth pro?les Were 
attained by using an XPS device available under the trade 
designation of Phl (CD) 5600 from Physical Electronics 
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(Eden Prairie, Minn.). The operating conditions for obtain 
ing the pro?le include x-ray source of 350 W, monochro 
matic Al k; (hV=l486.6 eV); 45 degree extraction; 800 um 
extraction aperture. Sputtering Was performed With a 4 keV 
argon ion beam restored over a 3 mm area. The sputter time 
for the depth pro?le of FIG. 3 is about 19 minutes and the 
sputter time for the depth pro?le of FIG. 4 is about 20 
minutes. 

[0040] As shoWn in FIG. 3, A platinum ?lm of about 500 
A is deposited on platinum stuffed With silicon oxide barrier 
layer including the silicon oxide doped platinum-silicide 
platinum matrix 310 according to the present invention is 
shoWn therein including to a depth of about 1000 A. Further, 
FIG. 3 shoWs the deposited TiN layer 320 at a depth of about 
1000 A. 

[0041] FIG. 4 shoWs that the deposited platinum layer on 
silicon oxide doped platinum silicide platinum matrix layer 
410 and that the TiN barrier layer 420 underneath the 
deposited platinum stuffed With silicon oxide layer remain 
intact as deposited after being subject to a rapid thermal 
oxygen anneal up to a temperature of about 850° C. for a 
period of 60 seconds. Without the platinum stuffed With 
silicon oxide barrier layer 410, the deposited TiN layer 420 
beloW the oxygen barrier layer Would be completely turned 
into titanium oxide. This results in a catastrophic failure 
because of the loss of contact With the transistor, or the 
formation of another capacitor in series With the high 
dielectric capacitor (depends on the con?guration of the 
formed conductive and barrier layers). 

[0042] FIG. 5 is a scanning electron microscope (SEM) 
image 500 of an ALD deposited platinum stuffed With 
silicon oxide layer on a silicon substrate in a 0.35 pm 
diameter contact. The SEM demonstrates the good step 
coverage and conformality obtained from the ALD depos 
ited platinum stuffed With silicon oxide layer according to 
the invention. Conformality of the ALD deposited platinum 
stuffed With silicon oxide layer, as shoWn in FIG. 5, is about 
100% step coverage on a 0.35 pm diameter by 2.4 pm 
contact. This level of conformity is characteristic of the ALD 
deposited platinum stuffed With silicon oxide layer of the 
invention. 

[0043] FIG. 6 is a block diagram ofa system according to 
one embodiment of the present invention. Computer system 
600 contains a processor 610 and a memory system 602 
housed in a computer unit 605. Computer system 600 is but 
one example of an electronic system containing another 
electronic system, e.g., memory system 602, as a subcom 
ponent. The memory system 602 includes a memory device 
that includes a memory cell array as discussed in various 
embodiments of the present invention. Computer system 
600 optionally contains user interface components. These 
user interface components include a keyboard 620, a point 
ing device 630, a monitor 640, a printer 650, and a bulk 
storage device 660. It Will be appreciated that other com 
ponents are often associated With computer system 600 such 
as modems, device driver cards, additional storage devices, 
etc. It Will further be appreciated that the processor 610 and 
memory system 602 of computer system 600 can be incor 
porated on a single integrated circuit. Such single-package 
processing units reduce the communication time betWeen 
the processor and the memory circuit. Any of these compo 
nents of the system may contain a memory device that 
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includes the double-sided HSG electrode of the present 
invention. This is particularly true of graphics subsystem 
670 of FIG. 6 utilizing SGRAM that includes the multiple 
mode output driver as discussed in various embodiments of 
the present invention. 

[0044] FIG. 7 is a block diagram ofa system according to 
one embodiment of the present invention. Memory system 
700 contains one or more memory modules 702 and a 

memory controller 712. Each memory module 702 includes 
at least one memory device 710. Memory controller 712 
provides and controls a bidirectional interface betWeen 
memory system 700 and an external system bus 720. 
Memory system 700 accepts a command signal from the 
external bus 720 and relays it to the one or more memory 
modules 702 on a command link 730. Memory system 700 
provides for data input and data output betWeen the one or 
more memory modules 702 and external system bus 720 on 
data links 740. At least one of the memory devices 710 
includes the memory cell array as discussed in various 
embodiments of the present invention. At least one of the 
memory devices 710 includes the double-sided HSG elec 
trodes of the present invention. 

[0045] With reference to FIG. 8, in one embodiment, a 
semiconductor die 810 is produced from a silicon Wafer 800. 
A die is an individual pattern, typically rectangular, on a 
substrate that contains circuitry to perform a speci?c func 
tion. A semiconductor Wafer Will typically contain a 
repeated pattern of such dies containing the same function 
ality. Die 810 may contain circuitry for a memory device, as 
discussed above. Die 810 may further contain additional 
circuitry to extend to such complex devices as a monolithic 
processor With multiple functionality. Die 810 is typically 
packaged in a protective casing (not shoWn) With leads 
extending there from (not shoWn) providing access to the 
circuitry of the die for unilateral or bilateral communication 
and control. 

[0046] The present invention provides techniques for fab 
ricating an effective oxygen barrier layer in dense semicon 
ductor memory arrays. 

[0047] In one aspect, the invention provides methods for 
forming a high dielectric MIM storage cell capacitor on a 
silicon substrate. In one embodiment of the methods, the 
high dielectric MIM storage cell capacitor is fabricated by 
forming a barrier layer, including platinum stuffed With 
silicon oxide over the silicon substrate. A bottom electrode 
layer is then formed by using platinum over the formed 
barrier layer. Further, a tantalum oxide insulator layer is 
formed over the formed platinum layer. A top electrode layer 
is then formed over the formed tantalum oxide layer. 

[0048] In another aspect, the invention provides methods 
for forming a semiconductor structure including at least one 
transistor device, on a silicon substrate. In one embodiment 
of the methods a polysilicon contact is then formed to 
electrically connect the formed bottom electrode layer in the 
container With the at least one transistor device. A titanium 
nitride barrier layer is then formed over the polysilicon 
contact. An oxygen barrier layer, including platinum stuffed 
With silicon oxide is then formed over the titanium nitride 
layer and beloW the bottom electrode layer. A bottom 
electrode layer is then formed by using platinum over 
interior surfaces of a container formed relative to the at least 
one transistor device in the silicon substrate. Further, a high 
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dielectric insulator layer is formed over the bottom electrode 
layer. In addition, a top electrode layer is over the formed 
high dielectric insulator layer. 

[0049] In another aspect, the invention provides a high 
dielectric MIM storage cell capacitor. In one embodiment, 
the high dielectric MIM storage cell capacitor includes an 
oxygen barrier layer, including platinum stuffed With silicon 
oxide, overlying a silicon substrate. A bottom platinum 
electrode layer overlies the oxygen barrier layer. A high 
dielectric layer overlies the bottom platinum electrode layer. 
Further, a top electrode overlies the high dielectric layer. 

[0050] In yet another aspect, the invention provides a 
semiconductor structure including a high dielectric MIM 
container capacitor and at least one associated transistor 
device on a silicon substrate. In one embodiment, the 
semiconductor structure includes a cup-shaped bottom elec 
trode de?ning an interior surface and an exterior surface 
Within a container formed in the silicon substrate. A high 
dielectric layer overlies the interior surface of the bottom 
electrode. A top electrode overlies the high dielectric layer. 
A silicon contact electrically connects the bottom electrode 
With the at least one associated transistor device. The silicon 
contact includes a titanium nitride layer and a platinum 
stuffed With silicon oxide barrier layer such that the titanium 
nitride layer overlies the silicon contact and the platinum 
stuffed With silicon oxide barrier layer overlies the titanium 
nitride layer and underlies the bottom electrode. 

[0051] Additional advantages and features of the present 
invention Will be more apparent from the detailed descrip 
tion and accompanying draWings. 

[0052] The above description illustrates preferred embodi 
ments, Which achieve the features and advantages of the 
present invention. It is not intended that the present inven 
tion be limited to the illustrated embodiments. Modi?cations 
and substitutions to speci?c process conditions and struc 
tures can be made Without departing from the spirit and 
scope of the present invention. Accordingly, the invention is 
not to be considered as being limited by the foregoing 
description and draWings, but is only limited by the scope of 
the appended claims. 

What is claimed is: 
1. A computer system, comprising: 

a computer unit including at least a processor and a 
memory system in communication With the processor, 
the memory system including at least one memory 
device having a memory array including a semicon 
ductor structure having a high dielectric MIM container 
capacitor and at least one associated transistor device, 
further comprising: 

a cup-shaped bottom electrode de?ning an interior surface 
and an exterior surface Within a container formed on a 
silicon substrate, Wherein the bottom electrode com 
prises platinum; 

a high dielectric layer overlying the interior surface of the 
bottom electrode; 

a top electrode overlying the high dielectric layer; and 

a polysilicon contact electrically connecting the bottom 
electrode With the silicon substrate, Wherein the poly 
silicon contact includes a titanium nitride barrier layer 
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overlying the polysilicon contact, and platinum stuffed 
With silicon oxide barrier layer overlying the titanium 
nitride layer and underlying the bottom electrode. 

2. The computer system of claim 1, Wherein the high 
dielectric insulator layer comprises: 

a high dielectric insulator layer that is annealed in an 
oxygen-containing atmosphere to a temperature in the 
range of about 450° C. to 850° C. 

3. The computer system of claim 1, Wherein the oxygen 
barrier layer is about 50 to 5000 A thick. 

4. The computer system of claim 1, Wherein the TiN 
barrier layer is about 50 to 1000 A thick. 

5. The computer system of claim 1, Wherein the TiN 
barrier layer is less than about 150 A thick. 

6. A computer system, comprising: 

a computer unit including at least a processor and a 
memory system in communication With the processor, 
the memory system including at least one memory 
device having a memory array including a semicon 
ductor structure having a high dielectric MIM container 
capacitor and at least one associated transistor device, 
further comprising: 

a cup-shaped bottom electrode de?ning an interior surface 
and an exterior surface Within a container formed on a 

silicon substrate, Wherein the bottom electrode com 
prises rhodium; 

a high dielectric layer overlying the interior surface of the 
bottom electrode; 

a top electrode overlying the high dielectric layer; and 

a polysilicon contact electrically connecting the bottom 
electrode With the silicon substrate, Wherein the poly 
silicon contact includes a titanium nitride barrier layer 
overlying the polysilicon contact, and rhodium stuffed 
With silicon oxide barrier layer overlying the titanium 
nitride layer and underlying the bottom electrode. 

7. The computer system of claim 6, Wherein the high 
dielectric layer comprises: 

a tantalum oxide layer formed by annealing the tantalum 
oxide layer to temperatures in the range of about 450° 
C. to 850° C. in an oxygen-containing atmosphere. 

8. The computer system of claim 6, Wherein the oxygen 
barrier layer is about 50 to 5000 A thick. 

9. The computer system of claim 6, Wherein the tantalum 
oxide layer is about 50 to 150 A thick. 

10. The computer system of claim 6, Wherein the tantalum 
oxide layer is less than about 150 A thick. 

11. A computer system, comprising: 

a computer unit including at least a processor and a 
memory system in communication With the processor, 
the memory system including at least one memory 
device having a memory array including a semicon 
ductor structure having a high dielectric MIM container 
capacitor and at least one associated transistor device, 
further comprising: 

a cup-shaped bottom electrode de?ning an interior surface 
and an exterior surface Within a container formed on 
the silicon substrate, Wherein the bottom electrode 
comprises iridium; 
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a high dielectric layer overlying the interior surface of the 
bottom electrode; 

a top electrode overlying the high dielectric layer; and 

a polysilicon contact electrically connecting the bottom 
electrode With the silicon substrate, Wherein the poly 
silicon contact includes a titanium nitride barrier layer 
overlying the polysilicon contact, and iridium stulfed 
With silicon oxide barrier layer overlying the titanium 
nitride layer and underlying the bottom electrode. 

12. The computer system of claim 11, Wherein the high 
dielectric layer comprises: 

a tantalum oxide layer formed by annealing the tantalum 
oxide layer to temperatures in the range of about 450° 
C. to 850° C. in an oxygen-containing atmosphere. 

13. The computer system of claim 11, Wherein the oxygen 
barrier layer is about 50 to 5000 A thick. 

14. The computer system of claim 11, Wherein the tanta 
lum oxide layer is about 50 to 150 A thick. 

15. A computer system, comprising: 

a computer unit including at least a processor and a 
memory system in communication With the processor, 
the memory system including at least one memory 
device having a memory array including a semicon 
ductor structure having a high dielectric MIM container 
capacitor and at least one associated transistor device, 
further comprising: 

a cup-shaped bottom electrode de?ning an interior surface 
and an exterior surface Within a container formed on a 

silicon substrate; 

a high dielectric layer overlying the interior surface of the 
bottom electrode; 

a top electrode overlying the high dielectric layer; and 

a polysilicon contact electrically connecting the bottom 
electrode With the silicon substrate, Wherein the poly 
silicon contact includes a titanium nitride barrier layer 
overlying the polysilicon contact, and iridium stulfed 
With silicon oxide barrier layer overlying the titanium 
nitride layer and underlying the bottom electrode. 

16. The computer system of claim 15, Wherein the high 
dielectric layer comprises: 

a tantalum oxide layer formed by annealing the tantalum 
oxide layer to temperatures in the range of about 450° 
C. to 850° C. in an oxygen-containing atmosphere. 

17. The computer system of claim 15, Wherein the oxygen 
barrier layer is about 50 to 5000 A thick. 

18. A computer system, comprising: 

a computer unit including at least a processor and a 
memory system in communication With the processor, 
the memory system including at least one memory 
device having a memory array including a semicon 
ductor structure having a high dielectric MIM container 
capacitor and at least one associated transistor device, 
further comprising: 

a cup-shaped bottom electrode de?ning an interior surface 
and an exterior surface Within a container formed on a 
silicon substrate, Wherein the bottom electrode com 
prises a noble metal; 
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a high dielectric layer overlying the interior surface of the 
bottom electrode; 

a top electrode overlying the high dielectric layer; and 

a polysilicon contact electrically connecting the bottom 
electrode With the silicon substrate, Wherein the poly 
silicon contact includes a titanium nitride barrier layer 
overlying the polysilicon contact, and a noble metal 
stuffed With silicon oxide barrier layer overlying the 
titanium nitride layer and underlying the bottom elec 
trode. 

19. The computer system of claim 18, Wherein the high 
dielectric layer comprises: 

a tantalum oxide layer formed by annealing the tantalum 
oxide layer to temperatures in the range of about 4500 
C. to 8500 C. in an oxygen-containing atmosphere. 

20. The computer system of claim 18, Wherein the oxygen 
barrier layer is about 50 to 5000 A thick. 

21. The computer system of claim 18, Wherein the noble 
metal is selected from the group consisting of platinum, 
iridium, and rhodium. 

22. A semiconductor Wafer having a plurality of die 
formed Within the Wafer, one or more of the die comprising: 

a substrate portion; 

an oxygen barrier layer including platinum stuffed With 
silicon oxide overlying the substrate portion; 

a bottom platinum electrode layer overlying the oxygen 
barrier layer; 

a tantalum oxide dielectric layer overlying the bottom 
platinum electrode layer; and 

a top electrode overlying the tantalum oxide dielectric 
layer. 

23. The semiconductor Wafer of claim 22, Wherein the 
tantalum oxide layer is deposited by annealing the tantalum 
oxide layer to temperatures in the range of about 4500 C. to 
8500 C. in an oxygen-containing atmosphere. 

24. The semiconductor Wafer of claim 22, Wherein the 
oxygen barrier layer is about 50 to 5000 A thick. 

25. A memory system, comprising: 

one or more memory devices each including a plurality of 
memory cells having at least one transistor device, 
further comprising: 

a cup-shaped bottom electrode de?ning an interior surface 
and an exterior surface Within a container formed in a 
silicon substrate, Wherein the bottom electrode is made 
of platinum; 

a high dielectric layer overlying the interior surface of the 
bottom electrode; 

a top electrode overlying the high dielectric layer; and 

a polysilicon contact electrically connecting the bottom 
electrode With the at least one transistor device, 
Wherein the polysilicon contact includes a titanium 
nitride barrier layer and a platinum stuffed with silicon 
oxide barrier layer overlying the polysilicon contact 
and underlying the bottom electrode. 
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26. The memory system of claim 25, Wherein the high 
dielectric layer comprises materials selected from the group 
consisting of tantalum oxide (Ta205), strontium titanate 
(SrTiO3), alumina (A1203), hafnium oxide (HfO2), tita 
nium oxide (TiO2), Zirconium oxide (ZrO2), barium stron 
tium titanate BaSrTiO3 (BST). 

27. The memory system of claim 25, Wherein the platinum 
stuffed With silicon oxide barrier layer is about 50 to 5000 
A thick. 

28. The memory system of claim 25, Wherein the high 
dielectric layer is about 50 to 150 A thick. 

29. A memory system, comprising: 

one or more memory modules in communication With a 

memory controller, the memory modules including at 
least one memory device having a plurality of memory 
cells arranged in memory arrays, Wherein each memory 
cell includes at least one transistor device in a silicon 
substrate; further comprising: 

a cup-shaped bottom platinum electrode de?ning an inte 
rior surface and an exterior surface Within a container 
formed in the silicon substrate; 

a high dielectric layer overlying the interior surface of the 
bottom electrode; 

a top electrode overlying the high dielectric layer; and 

a silicon contact, including a titanium nitride barrier layer 
and a platinum stuffed With silicon oxide barrier layer 
overlying the silicon contact and underlying the bottom 
electrode, electrically connects the bottom electrode 
With the at least one transistor device. 

30. The memory system of claim 29, Wherein the tran 
sistor device is disposed over an active region surrounded by 
an isolation region in the silicon substrate. 

31. The memory system of claim 29, Wherein the tran 
sistor device comprises: 

a gate oxide layer over the active region; and 

a gate electrode stack over the gate oxide layer. 
32. The memory system of claim 29, Wherein the platinum 

stuffed With silicon oxide barrier layer is about 50 to 5000 
A thick. 

33. The memory system of claim 29, Wherein the silicon 
contact is a polysilicon contact. 

34. A semiconductor device, comprising: 

a plurality of transistor devices; 

a plurality of high dielectric MIM storage cell capacitors, 
Wherein each capacitor comprises: 

an oxygen barrier layer, including platinum stuffed With 
silicon oxide overlying a silicon substrate; 

a bottom platinum electrode layer overlying the oxygen 
barrier layer; 

a tantalum oxide dielectric layer overlying the bottom 
platinum electrode layer; and 

a top electrode overlying the tantalum oxide dielectric 
layer. 

35. The semiconductor device of claim 34, Wherein the 
top electrode is made from platinum. 

36. A semiconductor structure including a high dielectric 
MIM container capacitor on a silicon substrate, comprising: 
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a cup shaped bottom electrode de?ning an interior surface 
and an exterior surface Within a container formed on 
the silicon substrate, Wherein the bottom electrode 
comprises platinum; 

a high dielectric layer overlying the interior surface of the 
bottom electrode; 

a top electrode overlying the high dielectric layer; and 

a polysilicon contact electrically connecting the bottom 
electrode With a buried electrical contact on the silicon 

substrate; 
Wherein the polysilicon contact includes a titanium nitride 

barrier layer overlying the polysilicon contact, and 
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platinum stuffed With silicon oxide barrier layer over 
lying the titanium nitride layer and underlying the 
bottom electrode. 

37. The semiconductor structure of claim 36, Wherein 
forming the high dielectric insulator layer further comprises: 

annealing the formed high dielectric insulator layer to 
temperatures of about 4500 C. to 850° C. in an oxygen 
containing atmosphere. 

38. The semiconductor structure of claim 36, Wherein the 
oxygen barrier layer is about 50 to 5000 A thick. 


