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( 57 ) ABSTRACT 
A method for fabricating an advanced metal insulator metal 
capacitor structure includes providing a pattern in a dielec 
tric layer . The pattern includes a set of features in the 
dielectric layer . A first metal layer is deposited in the set of 
features in the dielectric layer . A phase change material layer 
is deposited over the metal layer in the set of features in the 
dielectric layer . The phase change material is an alloy of 
tantalum and nitrogen and is an insulator in a deposited state . 
A surface treatment process is performed on the phase 
change layer to produce a top surface layer having electri 
cally conductive properties . A second metal layer is depos 
ited on the top surface layer of the phase change layer . In 
another aspect of the invention , a device is produced using 
the method . 
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ADVANCED METAL INSULATOR METAL 
CAPACITOR 

BACKGROUND OF THE INVENTION 
[ 0001 ] This disclosure relates to integrated circuit devices , 
and more specifically , to a method and structure to create 
advanced metal insulator metal capacitor structures in semi 
conductor devices . 
[ 0002 ] In many mixed signal or high frequency RF appli 
cations in integrated circuits , high performance , high speed 
capacitors are required . A metal insulator metal ( MIM ) 
capacitor is used commonly in high performance applica 
tions in CMOS and other semiconductor technologies . Such 
a capacitor has a sandwich structure and can be considered 
analogous to a parallel plate capacitor . The capacitor top 
metal ( CTM ) is separated from the capacitor bottom metal 
( CBM ) by a thin insulating layer . Both of the two parallel 
metal plates are conventionally made from Al or AlCu 
alloys . These metals are patterned and etched needing sev 
eral photolithography masking steps . The thin insulating 
dielectric layer is usually made from silicon oxide or silicon 
nitride deposited by chemical vapor deposition ( CVD ) or 
other deposition processes . 
[ 0003 ] As the dimensions of modern integrated circuitry in 
semiconductor chips continues to become smaller , conven 
tional lithography is increasingly challenged and expensive 
to make smaller and smaller structures . A conventional 
process for creating an MIM capacitor is expensive as it 
requires at least three additional masks ( alignment mask , top 
electrode mask , bottom mask ) to fabricate the capacitor , as 
well as additional including lithography and RIE processes . 
Further , as the dimensions of the capacitor decrease , there is 
a scaling challenge in maintaining the uniformity of the 
dielectric thickness throughout the MIM capacitor as the 
dielectric thickness is decreased with the rest of the device . 
[ 0004 ] The present disclosure presents an advanced MIM 
capacitor to alleviate this problem . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0007 ] . For a more complete understanding of the present 
invention and the advantages thereof , reference is now made 
to the following descriptions taken in conjunction with the 
accompanying drawings which are not necessarily drawing 
to scale , and in which : 
[ 0008 ] FIG . 1 is a cross - sectional diagram depicting the 
substrate after patterning and etching steps have been per 
formed according to a first embodiment of the invention ; 
100091 . FIG . 2 is a cross - sectional diagram depicting the 
substrate structure after a first metal layer deposition step 
has been performed according to a first embodiment of the 
invention ; 
[ 0010 ] FIG . 3 is a cross - sectional diagram depicting the 
structure after an insulator deposition step has been per 
formed according to a first embodiment of the invention ; 
[ 0011 ] FIG . 4 is a cross - sectional diagram depicting the 
structure after a controlled surface treatment step has been 
performed on the insulator layer according to a first embodi 
ment of the invention ; 
[ 0012 ] . FIG . 5 is a cross - sectional diagram depicting the 
structure after a metal fill deposition and planarization step 
have been performed according to a first embodiment of the 
invention ; 
[ 0013 ] FIG . 6 is a cross - sectional diagram depicting the 
structure after the contact metallurgy has been formed 
according to a first embodiment of the invention ; 
[ 0014 ] FIG . 7 is a cross - sectional diagram depicting the 
structure after the contact metallurgy has been formed 
according to a second embodiment of the invention ; 
10015 ) FIG . 8 is a top view diagram depicting the structure 
after the metal fill deposition has been performed according 
to the first embodiment of the invention ; 
[ 0016 ] FIG . 9 is a top view diagram depicting the structure 
after the metal fill deposition has been performed according 
to the first embodiment of the invention ; and 
10017 ] . FIG . 10 is a cross - sectional diagram depicting the 
structure after a metal fill deposition step has been per 
formed according to a third embodiment of the invention . 

BRIEF SUMMARY 

[ 0005 ] According to this disclosure , an advanced MIM 
capacitor structure and a method for constructing the struc 
ture are described . A method for fabricating an advanced 
metal insulator metal capacitor structure includes providing 
a pattern in a dielectric layer . The pattern includes a set of 
features in the dielectric layer . A first metal layer is deposited 
in the set of features in the dielectric layer . A phase change 
material layer is deposited over the metal layer in the set of 
features in the dielectric layer . The phase change material is 
an alloy of tantalum and nitrogen and is an insulator in a 
deposited state . A surface treatment process is performed on 
the phase change layer to produce a top surface layer having 
electrically conductive properties . A second metal layer is 
deposited on the top surface layer of the phase change layer . 
In another aspect of the invention , a device is produced 
using the method . 
[ 0006 ] The foregoing has outlined some of the more 
pertinent features of the disclosed subject matter . These 
features should be construed to be merely illustrative . Many 
other beneficial results can be attained by applying the 
disclosed subject matter in a different manner or by modi 
fying the invention as will be described . 

DETAILED DESCRIPTION OF THE DRAWINGS 
10018 ] At a high level , embodiments of the invention 
provide a reduced insulator thickness by converting a sur 
face portion of the insulator to a metallic material . A uniform 
ultra - thin insulator thickness is thus produced through a 
" controlled " surface treatment . This is in contrast to con 
ventional processes in which the high - k dielectric thickness 
is controlled through the control of the deposition process . 
In embodiments of the invention , the final high - k dielectric 
thickness is through amount of surface treatment to reduce 
the original deposited high - k material . A " substrate ” as used 
herein can comprise any material appropriate for the given 
purpose ( whether now known or developed in the future ) 
and can comprise , for example , Si , SiC , SiGe , SiGeC , Ge 
alloys , GaAs , InAs , InP , other III - V or II - VI compound 
semiconductors , or organic semiconductor structures . Insu 
lators can also be used as substrates in embodiments of the 
invention . 
[ 0019 ] For purposes herein , a “ semiconductor ” is a mate 
rial or structure that may include an implanted impurity that 
allows the material to sometimes be conductive and some 
times be a non - conductive , based on electron and hole 
carrier concentration . As used herein , " implantation pro 
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cesses ” can take any appropriate form ( whether now known 
or developed in the future ) and can comprise , for example , 
ion implantation . 
[ 0020 ] For purposes herein , an " insulator " is a relative 
term that means a material or structure that allows substan 
tially less ( < 95 % ) electrical current to flow than does a 
" conductor . ” The dielectrics ( insulators ) mentioned herein 
can , for example , be grown from either a dry oxygen 
ambient or steam and then patterned . Alternatively , the 
dielectrics herein may be formed from any of the many 
candidate high dielectric constant ( high - k ) materials , includ 
ing but not limited to hafnium oxide , aluminum oxide , 
silicon nitride , silicon oxynitride , a gate dielectric stack of 
SiO2 and Si3N4 , and metal oxides like tantalum oxide that 
have relative dielectric constants above that of SiO2 ( above 
3 . 9 ) . The dielectric can be a combination of two or more of 
these materials . The thickness of dielectrics herein may vary 
contingent upon the required device performance . The con 
ductors mentioned herein can be formed of any conductive 
material , such as polycrystalline silicon ( polysilicon ) , amor 
phous silicon , a combination of amorphous silicon and 
polysilicon , and polysilicon - germanium , rendered conduc 
tive by the presence of a suitable dopant . Alternatively , the 
conductors herein may be one or more metals , such as 
tungsten , hafnium , tantalum , molybdenum , titanium , or 
nickel , or a metal silicide , any alloys of such metals , and 
may be deposited using physical vapor deposition , chemical 
vapor deposition , or any other technique known in the art . 
[ 0021 ] Electrically conductive ” and / or " electrical conduc 
tor ” as used through the present disclosure means a material 
typically having a room temperature resistivity less than 
about 400 u 2 - cm . As used herein , the terms " insulator " and 
" dielectric ” denote a material having a room temperature 
resistivity greater than about 400 u 12 - cm . 
[ 0022 ] When patterning any material herein , the material 
to be patterned can be grown or deposited in any known 
manner and a patterning layer ( such as an organic photore 
sist aka " resist ” ) can be formed over the material . The 
patterning layer ( resist ) can be exposed to some form of light 
radiation ( e . g . , patterned exposure , laser exposure ) provided 
in a light exposure pattern , and then the resist is developed 
using a chemical agent . This process changes the character 
istic of the portion of the resist that was exposed to the light . 
Then one portion of the resist can be rinsed off , leaving the 
other portion of the resist to protect the material to be 
patterned . A material removal process is then performed 
( e . g . , plasma etching ) to remove the unprotected portions of 
the material to be patterned . The resist is subsequently 
removed to leave the underlying material patterned accord 
ing to the light exposure pattern . 
[ 0023 ] For purposes herein , " sidewall structures ” are 
structures that are well - known to those ordinarily skilled in 
the art and are generally formed by depositing or growing a 
conformal insulating layer ( such as any of the insulators 
mentioned above ) and then performing a directional etching 
process ( anisotropic ) that etches material from horizontal 
surfaces at a greater rate than its removes material from 
vertical surfaces , thereby leaving insulating material along 
the vertical sidewalls of structures . This material left on the 
vertical sidewalls is referred to as a sidewall structure . The 
sidewall structures can be used as masking structures for 
further semiconducting processing steps . 
[ 0024 ] Embodiments will be explained below with refer 
ence to the accompanying drawings . 

[ 0025 ] FIG . 1 is a cross - sectional diagram depicting the 
structure formed in a dielectric material 101 after patterning 
and etching steps have been performed according to a first 
embodiment of the invention . Although only a pair of 
features 102 is shown for ease in illustration , the patterned 
dielectric structure could be more complicated and include 
a set of vias , a set of trenches , a set of indentations or 
combination of the same in different embodiments of the 
invention . A top view of one preferred embodiment of the 
invention is shown in FIG . 9 . 
[ 0026 ] The dielectric material 101 may be made of dielec 
trics including inorganic dielectrics or organic dielectrics . In 
some embodiments , the dielectric material 101 may be 
composed of a single dielectric material . In other embodi 
ments , the dielectric material 101 may be composed of at 
least two different dielectric materials . In one embodiment , 
the dielectric material 101 may be non - porous . In another 
embodiment , the dielectric material 101 may be porous . 
Some examples of suitable dielectrics that can be used as the 
dielectric material 101 include , but are not limited to , SiO2 , 
silsesquioxanes , C doped oxides ( i . e . , organosilicates ) that 
include atoms of Si , C , O and H , thermosetting polyarylene 
ethers , or multilayers thereof . The term " polyarylene ” is 
used in this application to denote aryl moieties or inertly 
substituted aryl moieties which are linked together by bonds , 
fused rings , or inert linking groups such as , for example , 
oxygen , sulfur , sulfone , sulfoxide , carbonyl and the like . As 
is known , to form such a pattern in a dielectric , a photoresist 
or sacrificial mandrel layer can be patterned over a dielectric 
layer . The subsequent etch will create the dielectric structure 
depicted in FIG . 1 . The dielectric layer 101 is silicon dioxide 
in preferred embodiments , however , other dielectric mate 
rials are used in other embodiments of the invention . Fur 
ther , the dielectric layer 101 is preferably part of a multilayer 
structure comprising a plurality of materials . 
[ 0027 ] FIG . 2 is a cross - sectional diagram depicting the 
substrate structure after a first metal deposition step has been 
performed according to a first embodiment of the invention . 
In preferred embodiments of the invention , the first metal 
material is selected from the group of Cu , A1 , Ta , Ti , W , Co , 
their nitride alloys or a combination of the same is deposited . 
The first metal material is deposited as a capacitor bottom 
metal ( CBM ) 103 over the patterned dielectric layer 101 
utilizing any conventional deposition process including , for 
example , chemical vapor deposition ( CVD ) , plasma 
enhanced chemical vapor deposition ( PECVD ) , physical 
vapor deposition ( PVD ) or sputtering . In embodiments 
where the features are a set of trenches in the dielectric layer , 
the first metal layer covers the bottom and sidewalls of the 
set of trenches . The thickness of the layer 103 can vary 
according to the type of layer being formed and the tech 
nique used in forming the same . Typically , the layer 103 has 
a thickness from 0 . 5 nm to 200 nm with a thickness from 1 
nm to 100 nm being more typical . 
[ 0028 ] FIG . 3 is a cross - sectional diagram depicting the 
structure after an insulator deposition step has been per 
formed according to a first embodiment of the invention . In 
one embodiment , the insulator 105 is a high - k dielectric 105 
which is a phase change material . In preferred embodiments 
of the invention , the phase change material is an alloy which 
is a doped metallic insulator selected from a nitrogen doped 
metallic insulator , an oxygen doped metallic insulator or a 
nitrogen and oxygen doped metallic insulator . That is , in one 
embodiment , the high - k dielectric may include a nitrogen 
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doped metallic insulator that is composed of nitrogen , N , 
and a metal , M . In another embodiment , high - k dielectric 
103 may include an oxygen - doped metallic insulator that is 
composed of oxygen , 0 , and a metal , M . In yet another 
embodiment , high - k dielectric 103 may include a nitrogen 
and oxygen - doped metallic insulator that is composed of 
nitrogen , N , oxygen , O , and a metal M . In any of the above 
mentioned embodiments , metal , M , is a ohmic material such 
as , for example , titanium ( Ti ) , tantalum ( Ta ) , ruthenium 
( Ru ) , tungsten ( W ) , platinum ( Pt ) , cobalt ( Co ) , rhodium ( Rh ) 
and manganese ( Mn ) . 
[ 0029 ] In the preferred embodiment , the insulator is a 
Ta3N5 layer 105 can be formed by a conventional deposition 
process including , for example , chemical vapor deposition 
( CVD ) , plasma enhanced chemical vapor deposition 
( PECVD ) , atomic layer deposition ( ALD ) , physical vapor 
deposition ( PVD ) , sputtering , chemical solution deposition 
and plating . In preferred embodiments , the thickness of the 
Ta3N5 layer will be sufficient to cover the first metal layer 
103 and in the range of 2 nm to 300 nm , with a thickness 
from 4 nm to 200 nm being more typical . As illustrated , the 
Ta3N5 deposition layer 105 is substantially conformal over 
the metal layer 103 . 
[ 0030 ] FIG . 4 is a cross - sectional diagram depicting the 
structure after a controlled surface treatment step has been 
performed on the insulator layer according to a first embodi 
ment of the invention . In the preferred embodiments in 
which the insulator is Ta3N5 , the surface treatment converts 
the deposited high - k to metallic Tan . The TaN layer 107 is 
created utilizing a plasma , neutral atom beam or gas cluster 
( GCIB ) process which converts the Ta3N5 to TaN in the 
surface portion of the original layer . In alternative embodi 
ments of the invention , the surface treatment process con 
verts the doped metallic insulator to a respective one of a 
metallic nitride , a metallic oxide , and a metallic nitride 
oxide . The surface treatment is advantageous as there are no 
foreign materials or impurities between the first layer of the 
insulating phase change material and the second layer of the 
electrical conductive phase change material . 
[ 0031 ] When a plasma nitridation process is employed , an 
electrical bias of greater than 200 W can be employed . The 
plasma process is performed by generating a plasma from an 
ambient containing at least one of , but not limited to , He , Ne , 
Ar , N2 , H2 and mixtures thereof . In one embodiment , the 
plasma nitridation process employed in the present applica 
tion is performed at a temperature from 50° C . to 450° C . In 
another embodiment , the plasma nitridation process 
employed in the present application is performed at a 
temperature from 100° C . to 300° C . 
[ 0032 ] The controlled surface treatment of the high - k 
Ta3N5 heats the material causing a phase change in the 
tantalum nitrogen alloy to a higher conductivity phase like 
TaN . The Ta3N5 phase of the tantalum nitrogen alloy may 
be referred to as an orthorhombic phase ( or Amorphous ) , 
which may be considered as a dielectric material . The Tan 
phase of the tantalum nitrogen alloy may be referred to as a 
cubic or hexagonal phase , and may be considered an elec 
trical conductor . 
[ 0033 ] Thermally heating the phase change material layer 
( through a controlled surface treatment ) can change crystal 
structure . The change in crystal structure changes the nitro 
gen ( N ) to tantalum ( Ta ) ratio in the phase change material 
layer to convert the material layer from its insulating phase 
to an electrically conductive phase . For example , thermally 

heating the phase change material layer ( through a con 
trolled surface treatment ) to cause a phase change from an 
insulating Orthorhombic crystal structure ( or Amorphous ) , 
e . g . , Ta3N5 composition to an electrically conductive Cubic 
or hexagonal crystal structure , e . g . , TaN composition . 
[ 0034 ] FIG . 5 is a cross - sectional diagram depicting the 
structure after a after a metal fill deposition and planariza 
tion step have been performed according to a first embodi 
ment of the invention . The second metal layer 109 can be 
selected from Cu , Al , W , Co , Rh , Ni , Rh , Ta , Ti , their nitrides 
and combinations thereof . The second metal layer 109 and 
the converted metallic layer 107 form the capacitor top 
metal ( CTM ) of the MIM capacitor . Deposition of the 
second metal layer can be accomplished utilizing any con 
ventional deposition process including , for example , chemi 
cal vapor deposition ( CVD ) , plasma enhanced chemical 
vapor deposition ( PECVD ) , physical vapor deposition 
( PVD ) , sputtering , plating , chemical solution deposition and 
electroless plating . In preferred embodiments , the thickness 
of the second metal layer 109 is at least sufficient to fill the 
remainder of trench . In preferred embodiments , the thick 
ness of the second metal layer 109 will be in the range of 2 
nm to 400 nm , with a thickness from 10 nm to 200 nm being 
more typical . The thickness of the second metal layer 109 is 
selected to complete the feature fill of the voids which are 
shown in FIG . 4 . 
10035 ] The drawing depicts the structure after a planariza 
tion process such as a chemical mechanical polishing ( CMP ) 
step has been performed according to a first embodiment of 
the invention . Typically , a CMP process uses an abrasive and 
corrosive chemical slurry ( commonly a colloid ) in conjunc 
tion with a polishing pad . The pad and wafer are pressed 
together by a dynamic polishing head and held in place by 
a plastic retaining ring . As shown , the CMP step has 
removed the excess portions of the first metal layer 103 , the 
insulator layer 105 , the converted metallic layer 107 and the 
second metal layer 109 in the field areas of the dielectric 
layer 101 outside the features of the pattern in the dielectric 
101 . Also , at least some of the layers , i . e the first metal layer 
103 , the insulator layer 105 , the converted metallic layer 
107 , conform to the topology of the feature in which the 
MIM capacitor , following the contours of the sidewalls and 
bottom . Other planarization processes are known to the art 
and are used in alternative embodiments of the invention . 
[ 0036 ] FIG . 6 is a cross - sectional diagram depicting the 
structure after connectors have been formed according to a 
first embodiment of the invention . In this embodiment , a 
dielectric capping layer 111 is deposited over the structure 
depicted in FIG . 5 . The dielectric capping layer is Si3N4 in 
one preferred embodiment . However , other dielectrics such 
as SiC , SiO2 , SiC ( N , H ) or combination of the same may be 
used in alternative embodiments . The dielectric capping 
layer 111 can be deposited in a conventional deposition 
process such as a low pressure chemical vapor deposition 
( LPCVD ) process or any other suitable deposition tech 
nique . 
10037 ] Next , a layer 113 of dielectric is deposited over the 
dielectric capping layer 111 . In a preferred embodiment , the 
dielectric layer 113 is comprised of the same dielectric as the 
first dielectric layer 101 , e . g . , silicon dioxide . Deposition of 
the 113 can be through one of chemical vapor deposition 
( CVD ) or spin on deposition processes . Then , a mask is 
patterned over the dielectric layer 113 and a contact hole is 
etched through the third dielectric layer 113 and second 
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dielectric layer 111 . The mask is removed , and the contact 
hole is filled with a connector metal layer 115 . The metal 
selected for the connectors 115 may be the same as used for 
the second metal layer 109 , i . e . selected from Cu , Al , W , Co , 
Rh , Ni , Rh , Ta , Ti , their nitrides and a combination thereof . 
Deposition of the connector metal layer 115 can be accom 
plished utilizing any conventional deposition process as 
discussed above . A planarization step is performed to 
remove excess connector metal from the field areas and 
prepare the connectors 115 , 115 ' for additional metal layers . 
One connector 115 connects upper level metallurgy to the 
capacitor top metal ( CTM ) of the MIM capacitor while the 
other connector 115 ' connects upper level metallurgy to the 
capacitor bottom metal ( CBM ) of the MIM capacitor . 
[ 0038 ] FIG . 7 is a cross - sectional diagram depicting the 
structure after connectors have been formed according to a 
second embodiment of the invention . This structure is simi 
lar to that displayed in FIG . 6 for the first embodiment , 
except that a bottom connector 117 connects to the capacitor 
bottom metal ( CBM ) of the MIM capacitor . The choice 
between the first embodiment and the second embodiment is 
dependent upon the designer ' s choice in circuit design . 
[ 0039 ] FIG . 8 is a top view diagram depicting the structure 
after the metal fill deposition has been performed according 
to the first embodiment of the invention . This figure corre 
sponds to FIG . 5 which depicts the structure after a chemical 
mechanical polishing ( CMP ) step or other planarization has 
been performed . In FIG . 8 , the MIM capacitor is formed in 
trenches and comprised of the first metal layer 103 , the 
insulator layer 105 , the converted metallic layer 107 and the 
second metal layer 109 . In this top view , the field areas of the 
dielectric layer 101 outside the features of the MIM capaci 
tor are visible . Each of the trenches can form its own MIM 
capacitor , or as shown in FIG . 9 can be part of a larger 
capacitor structure . 
[ 0040 ] FIG . 9 is a top view diagram depicting the structure 
after the metal fill deposition and planarization steps have 
been performed according to the first embodiment of the 
invention . In this embodiment , the trenches are joined 
together to form a serpentine pattern . Such a serpentine 
pattern combined with the depth of the trenches increases 
the size of the capacitor top metal ( CTM ) and the capacitor 
bottom metal ( CBM ) , thus increasing the charge carrying 
capability or capacitance of the capacitor for a given chip 
area . By increasing a given trench depth , a chip designer can 
further increase the capacitance for a given chip area . 
[ 0041 ] FIG . 10 is a cross - sectional diagram depicting the 
structure after a metal fill deposition step has been per 
formed according to a third embodiment of the invention . 
This drawing is analogous to FIG . 5 in the first embodiment . 
FIG . 10 shows the result when a Si3N4 layer , or another 
high - k material is used to create a hybrid dielectric . In this 
embodiment , a Si3N4 layer 121 ( or other high - k material ) 
deposition is performed after the deposition of the first metal 
103 in FIG . 2 and before Ta3N5 deposition 105 in FIG . 3 . 
Suitable deposition processes include chemical vapor depo 
sition ( CVD ) , atomic layer deposition ( ALD ) , physical 
vapor deposition ( PVD ) , and spin - on deposition processes . 
In preferred embodiments , the thickness of the high - k layer 
121 will be sufficient to cover the first metal layer 103 and 
in the range of 0 . 5 nm to 20 nm . In alternative embodiments , 
other high - k materials such as hafnium silicate ( HfO2 ) , 
zirconium silicate ( ZrSiO4 ) , hafnium dioxide ( HfO2 ) , zir 
conium dioxide ( ZrO2 ) , aluminum oxide ( A1203 ) , and 

yttrium oxide ( Y203 ) are used . In this case , the resulting 
structure contains a “ bilayer ” high - k dielectric to adjust the 
dielectric performance of the capacitor . The remaining pro 
cess flow is consistent with the first embodiment using 
Ta3N5 of the current application . Either of the contact 
embodiments of FIG . 8 or FIG . 9 could be used with this 
“ bilayer " high - k dielectric embodiment . 
[ 0042 ] Processing of additional layers of the integrated 
circuit device proceeds after the steps illustrated in the 
disclosure . For example , additional conductive lines could 
be created using an embodiment of the invention in subse 
quent steps if required for completion of the integrated 
circuit . 
[ 0043 ] The resulting structure can be included within 
integrated circuit chips , which can be distributed by the 
fabricator in wafer form ( that is , as a single wafer that has 
multiple chips ) , as a bare die , or in a packaged form . In any 
case , the chip is then integrated with other chips , discrete 
circuit elements , and / or other signal processing devices as 
part of either ( a ) an intermediate product , such as a moth 
erboard , or ( b ) an end product . The end product can be any 
product that includes integrated circuit chips , ranging from 
toys and other low - end applications to advanced computer 
products having a display , a keyboard or other input device , 
and a central processor . 
[ 0044 ] Embodiments of the invention provides a reduced 
insulator thickness by converting a surface portion of the 
insulator to a metallic material . A uniform ultra - thin insu 
lator thickness is thus produced through a " controlled ” 
surface treatment . This is in contrast to conventional pro 
cesses in which the high - k dielectric thickness is controlled 
through the control of the deposition process . In embodi 
ments of the invention , the final high - k thickness is through 
amount of surface treatment to reduce the original deposited 
high - k material . 
[ 0045 ] While only one or a limited number of features are 
illustrated in the drawings , those ordinarily skilled in the art 
would understand that many different types of features could 
be simultaneously formed with the embodiment herein and 
the drawings are intended to show simultaneous formation 
of multiple different types of features . However , the draw 
ings have been simplified to only show a limited number of 
features for clarity and to allow the reader to more easily 
recognize the different features illustrated . This is not 
intended to limit the invention because , as would be under 
stood by those ordinarily skilled in the art , the invention is 
applicable to structures that include many of each type of 
feature shown in the drawings 
10046 ] While the above describes a particular order of 
operations performed by certain embodiments of the inven 
tion , it should be understood that such order is exemplary , as 
alternative embodiments may perform the operations in a 
different order , combine certain operations , overlap certain 
operations , or the like . References in the specification to a 
given embodiment indicate that the embodiment described 
may include a particular feature , structure , or characteristic , 
but every embodiment may not necessarily include the 
particular feature , structure , or characteristic . 
[ 0047 ] In addition , terms such as “ right ” , “ left ” , “ vertical ” , 
" horizontal ” , “ top ” , “ bottom ” , “ upper ” , “ lower ” , “ under ” , 
“ below ” , “ underlying ” , “ over ” , “ overlying ” , “ parallel ” , 
" perpendicular ” , etc . , used herein are understood to be 
relative locations as they are oriented and illustrated in the 
drawings ( unless otherwise indicated ) . Terms such as 
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“ touching ” , “ on ” , “ in direct contact ” , “ abutting ” , “ directly 
adjacent to ” , etc . , mean that at least one element physically 
contacts another element ( without other elements separating 
the described elements ) . 
[ 0048 ] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of the invention . As used herein , the singular 
forms “ a ” , “ an ” and “ the ” are intended to include the plural 
forms as well , unless the context clearly indicates otherwise . 
It will be further understood that the terms “ comprises ” 
and / or “ comprising , " when used in this specification , specify 
the presence of stated features , integers , steps , operations , 
elements , and / or components , but do not preclude the pres 
ence or addition of one or more other features , integers , 
steps , operations , elements , components , and / or groups 
thereof . 
[ 0049 ] The corresponding structures , materials , acts , and 
equivalents of all means or step plus function elements in the 
claims below are intended to include any structure , material , 
or act for performing the function in combination with other 
claimed elements as specifically claimed . The description of 
the present invention has been presented for purposes of 
illustration and description , but is not intended to be exhaus 
tive or limited to the invention in the form disclosed . Many 
modifications and variations will be apparent to those of 
ordinary skill in the art without departing from the scope and 
spirit of the invention . The embodiment was chosen and 
described in order to best explain the principles of the 
invention and the practical application , and to enable others 
of ordinary skill in the art to understand the invention for 
various embodiments with various modifications as are 
suited to the particular use contemplated . 
[ 0050 ] Having described our invention , what we now 
claim is as follows : 

1 . A method for fabricating an advanced metal insulator 
metal capacitor structure comprising : 

providing a pattern in a dielectric layer , wherein the 
pattern includes a set of features in the dielectric layer ; 

depositing a first metal layer in the set of features in the 
dielectric layer ; 

depositing a phase change material layer over the metal 
layer , the phase change material layer deposited in the 
set of features in the dielectric layer , wherein the phase 
change material is an alloy of tantalum and nitrogen 
and is an insulator in a deposited state ; 

performing a surface treatment process on the phase 
change material layer in the deposited state to produce 

a top surface layer of the phase change material layer 
having electrically conductive properties ; and 

depositing a second metal layer on the top surface layer . 
2 . The method as recited in claim 1 , wherein the phase 

change material alloy is deposited as Ta3N5 . 
3 . The method as recited in claim 1 , wherein the phase 

change material alloy has insulating properties and an ortho 
rhombic phase in the deposited state prior to the surface 
treatment . 

4 . The method as recited in claim 1 , wherein the top 
surface layer of the phase change material alloy has elec 
trically conductive properties and an Cubic or hexagonal 
phase following the surface treatment . 

5 . The method as recited in claim 4 , wherein the top 
surface of the phase change material alloy is TaN . 

6 . The method as recited in claim 1 , wherein the set of 
features are a set of trenches in the dielectric layer . 

7 . The method as recited in claim 1 , further comprising 
removing excess portions of the first metal layer , the phase 
change material and the second metal layer outside the set of 
features in the dielectric layer using a planarization process . 

8 . The method as recited in claim 1 , wherein the surface 
treatment is selected from the group of a plasma process , a 
neutral atom beam process and a gas cluster ( GCIB ) process . 

9 . The method as recited in claim 1 , further comprising : 
depositing a high - k dielectric layer over the first metal 

layer , before the deposition of the phase change mate 
rial . 

10 - 20 . ( canceled ) 
21 . The method as recited in claim 1 , wherein the second 

metal layer is deposited in the set of features filling a 
remainder portion of the set of features not filled by the 
phase change material layer and the first metal layer . 

22 . The method as recited in claim 6 , wherein the set of 
trenches form a serpentine pattern in the dielectric and 
wherein the second metal layer is deposited in the set of 
features filling a remainder portion of the set of features not 
filled by the phase change material layer and the first metal 
layer . 

23 . The method as recited in claim 1 , wherein a thickness 
of insulator comprised of the phase change material layer is 
reduced by converting a thickness of the top surface of the 
phase change material layer to have conductive properties . 

24 . The method as recited in claim 6 , wherein the first 
metal layer covers a bottom and a pair of sidewalls of the set 
of trenches , forming a u - shaped cross - section . 

* * * * * 


