
HIGH-K METAL GATE DEVICE 

BACKGROUND 

[0001] 	Semiconductor devices are continuously improved to enhance device performance. A 

fundamental building block of semiconductor devices is, for example, a transistor device which 

includes a gate stack on a semiconductor substrate. The gate stack includes a gate electrode over 

a gate dielectric layer. Smaller devices and shrinking ground rules are the keys to enhance 

performance and to reduce cost. As devices are being scaled down, the technology becomes 

more complex, and changes in device structures and materials as well as new fabrication 

methods are needed to maintain the expected performance enhancement from one generation of 

devices to the next. 

[0002] 	High-K metal gate transistors have been investigated for future devices. A high-K 

metal gate transistor includes a metal gate electrode layer over a high k gate dielectric layer. 

However, high-K metal gate transistors exhibit high VT roll up for narrow width devices, in 

particular for n-type devices. High VT roll up is undesirable as this degrades the narrow device 

Leff and performance, where Ieff refers to the on current of the device. 

[0003] 	From the foregoing discussion, it is desirable to provide a high-k metal gate 

transistor with improved performance and reliability. 

SUMMARY 

[0004] 	A method for forming a semiconductor device is disclosed. The method includes 

providing a substrate prepared with a device region surrounded by an isolation region, in which 

the device region includes edge portions along a width direction of the device region and a 

central portion between the edge portions. The method further includes forming a gate electrode 

layer in the device region, in which the gate electrode layer comprises a graded thickness in 

which a thickness TE at edge portions of the device region is different from a thickness Tc  at the 

central portion of the device region. 

I 

HIGH-K METAL GATE DEVICE BACKGROUND 100011Semiconductor devices are
continuously improved to enhance device performance. A fundamental building
block of semiconductor devices is, for example, a transistor device which
includes a gate stack on a semiconductor substrate. The gate stack includes
a gate electrode over a gate dielectric layer. Smaller devices and
shrinking ground rules are the keys to enhance performance and to reduce
cost. As devices are being scaled down, the technology becomes more
complex, and changes in device structures and materials as well as new
fabrication methods are needed to maintain the expected performance
enhancement from one generation of devices to the next. 100021High-K metal
gate transistors have been investigated for future devices. A high-K metal
gate transistor includes a metal gate electrode layer over a high k gate
dielectric layer. However, high-K metal gate transistors exhibit high VT
roll up for narrow width devices, in particular for n-type devices. High VT
roll up is undesirable as this degrades the narrow device 1"ff and.
performance, where g refers to the on current of the device. 100031From the
foregoing discussion, it is desirable to provide a high-k metal gate
transistor with improved perfoimance and rehab-thy. SUMMARY 100041A method
for fowting a semiconductor device is disclosed. The method includes 



[0005] 	In one embodiment, a device is presented. The device includes a substrate with a 

device region surrounded by an isolation region, in which the device region includes edge 

portions along a width of the device region and a central portion. The device further includes a 

gate layer disposed on the substrate over the device region, in which the gate layer includes a 

graded thickness in which the gate layer at edge portions of the device region has a thickness TE  

that is different from a thickness Tc  at the central portion of the device region. 

[0006] 	These and other objects, along with advantages and features of the present invention 

herein disclosed, will become apparent through reference to the following description and the 

accompanying drawings. Furthermore, it is to be understood that the features of the various 

embodiments described herein are not mutually exclusive and can exist in various combinations 

and permutations. 

DRAWINGS 

[0007] 	In the drawings, like reference characters generally refer to the same parts throughout 

the different views. Also, the drawings are not necessarily to scale, emphasis instead generally 

being placed upon illustrating the principles of the invention. Embodiments will now be 

described, by way of example with reference to the drawings of which: 

[0008] 	Figs. I a-b are cross-sectional views of different embodiments of a device; 

[0009] 	Figs. 2a-e show a process of forming an embodiment of a device; 

[0010] 	Figs. 3a-d show a process of forming another embodiment of a device; and 

[0011] 	Fig. 4 shows SEM of an embodiment of a device. 

DETAILED DESCRIPTION 

[0012] 	Embodiments generally relate to semiconductor devices. Some embodiments relate 

to devices having high-K metal gate. Such devices, for example, can be incorporated into 

standalone devices or ICs, such as microcontrollers or system on chips (SoCs). Other types of 

devices may also be useful. The devices or ICs can be incorporated into or used with, for 

2 

providing a substrate prepared with a device region surrounded by an
isolation region, in which the device region includes edge portions along a
width direction of the device region and a central portion between the edge
portions. The method further includes forming a gate electrode layer in the
device region, in which the gate electrode layer comprises a waded
thickness in which a thickness TE at edge portions of the device region is
different from a thickness .1r.c at the central portion of the device
region.  [0005]In one embodiment, a device is presented. The device
includes a substrate with a device region surrounded by an isolation
region, in which the device region includes edge portions along a width of
the device region and a central portion. The device further includes a gate
layer disposed on the substrate over the device region, in which the gate
layer includes a graded thickness in which the gate layer at edge portions
of the device region has a thickness that is different from a thickness Tc
at the central portion of the device region. 100061These and other objects,
along with advantagespresent invention herein disclosed, will become
apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the
features of the various embodiments described herein are not mutually
exclusive and can exist in various combinations and permutations. DRAWINGS
100071In the drawings, like reference characters generally refer to the
same parts throughout the different views. Also, the drawings are not
necessarily to scale, emphasis instead generally being placed upon
illustrating the principles of the invention. Embodiments will now be
described, by way of example with reference to the drawings of which:
[0008]Figs. I a-b arc cross-sectional views of different embodiments of a
device; 



example, electronic products, computers, cell phones, and personal digital assistants (PDAs). 

The devices may also be incorporated into other types of products. 

[0013] 	Figs. la-b show cross-sectional views of embodiments of a portion of a device 100. 

The cross-sectional view is along the direction of a channel width WcH of the device. For 

example, the cross-sectional view is along a direction of the width of the channel width of a 

transistor. Referring to Fig. 1 a, a substrate 105 is shown. The substrate, for example, is a 

semiconductor substrate, such as a silicon substrate. In one embodiment, the substrate comprises 

a p-type doped substrate. For example, the p-type doped substrate is a lightly doped p-type 

substrate. Other types of semiconductor substrates, including group III-IV substrate or those 

which are undoped or doped with the same or different types of dopants, such as silicon on 

insulator (SOO, silicon germanium, or gallium, may also be used. Providing other types of 

substrate may also be useful. 

[0014] 	The substrate includes a device region 110. The device region, for example, is 

surrounded by an isolation region or dielectric region 180. The isolation region separates the 

device region from other device regions on the substrate (not shown). The isolation region, in 

one embodiment, is a shallow trench isolation (STI) region. Other types of isolation regions, 

such as LOCOS, may also be employed. The STI region, for example, extends to a depth of 

about 300 nm. Providing STI regions which extend to other depths may also be useful. 

[0015] 	The device region, for example, is an active device region of a transistor. The 

transistor, for example, may be a metal oxide semiconductor field effect transistor (MOSFET). 

Other types of transistors may also be useful. A doped well (not shown) may be provided in the 

device region for the transistor. The doped well, for example, may extend below the isolation 

region. For example, the doped well extends to about 400 -500 nm deep. The doped well may 

have a second polarity type dopant for a first polarity type transistor. For example, a p-type 

doped well is for a n-type transistor or a n-type well is for a p-type transistor. The dopant 
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100091Figs. 2a-e show a process of forming an embodiment of a device;
[0010]Figs. 3a-d show a process of forming another embodiment of a device;
and 10011]Fig. 4 shows SEM of an embodiment of a device. DETAILED
DESCRIPTION (0012]Embodiments generally relate to semiconductor devices.
Some embodiments relate to devices having high-K metal gate. Such devices,
for example, can be incorporated into standalone devices or ICs, such as
microcontrollers or system on chips (SoCs). Other types of devices may also
be useful. The devices or ICs can be incorporated into or used with, for
example, electronic products, computers, cell phones, and personal digital
assistants (PDAs). The devices may also be incorporated into other types of
products. [00131Figs. la-b show cross-sectional views of embodiments of a
portion of a device 00. The cross-sectional view is along the direction of
a channel width Wcx of the device. For example, the cross-sectional view is
along a direction of the width of the channel width of a transistor.
Referring to Fig. la, a substrate 105 is shown. The substrate for example,
is a semiconductor substrate, such as a silicon substrate, in one
embodiment, the substrate i.omprises a p-type doped substrate. For example,
the p-type doped substrate is a lightly doped p-type substrate. Other types
of semiconductor substrates, including group 111-IV substrate or those
which are undoped or doped with the same or different types of dopants,
such as silicon on insulator (SOT), silicon germanium, or gallium, may also
be used. Providing other types of substrate may also be useful. 



concentration of the doped well, for example, may be about the range of 1E12-E13 cm-2. Other 

parameters for the doped well may also be useful. P-type dopants may include boron (B), 

aluminum (Al), indium (In) or a combination thereof, while n-type dopants may include 

phosphorus (P), arsenic (As), antimony (Sb) or a combination thereof. 

[0016] 	The substrate may include other device regions. The device regions may be for other 

types of devices, including both p-type and n-type devices. For example, the IC may include 

logic regions in which logic devices are formed. Depending on the type of IC formed, the logic 

regions, for example, may include regions for different voltage devices. For example, the logic 

regions may include regions for high voltage (HV) devices, medium or intermediate voltage (IV) 

devices and low voltage (LV) devices. Other configurations of logic regions may also be useful. 

Additionally, other types of device regions may also be provided, for example, array regions for 

memory cells. The different devices may have different widths. For example, the gates of the 

devices may vary in width. 

[0017] 	A gate stack 140 of a transistor is disposed in the device region. The gate stack 

includes a gate electrode layer 160 over a gate dielectric layer 120. In one embodiment, the 

layers of the gate stack forms a high-K metal gate. 

[0018] 	In one embodiment, the gate dielectric layer may comprise a high-K dielectric 

material. Other types of gate dielectric materials may also be useful. The high-K dielectric 

material, for example, may be a Hf-based high-K dielectric material such as HfO2, HfON, Hf-Si-

02  or Hf-SiON, a Al-based high-K or a Zr-based high-K. Other types of high-K dielectric 

material may also be useful. The thickness of the dielectric layer may be, for example, about 20 

A. Other thicknesses may also be useful. In other embodiments, the dielectric layer may include 

a composite dielectric layer having multiple layers. For example, the composite dielectric layer 

may be SiON and HfO or SiON and HfSiO. Providing multiple layered high-K dielectric 

layers may be useful, for example, to increase the dielectric constant. 
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[00141The substrate includes a device region I. O. The device region, for
example, is surrounded by an isolation region or dielectric region 180. The
isolation region separates the device region from other device regions on
the substrate (not shown), The isolation region, in one embodiment, is a
shallow trench isolation (STI) region, Other types of isolation regions,
such as LOCOS, may also be employed. The ST1 region, for example, extends
to a depth of about 300 rim. Providing Si'! regions which extend to other
depths may also be useful. [0015]The device region, for example, is an
active device region of a transistor. The transistor, for example, may be a
metal oxide semiconductor field effect transistor (MOSFET). Other types of
transistors may also be useful. A doped well (not shown) may be provided in
the device region ter the transistor. The doped well, for example, may
extend below the isolation region. For example, the doped well extends to
about 400 -500 rim deep. The doped well may have a second polarity type
d.opartt for a first polarity type transistor. For example, a p-type doped
well is for a n-type transistor or a n-type well is for a p-type
transistor, The dopant  concentration of the doped well, for example, may
be about the range of 1E12-E13 erd2. Other parameters for the doped well
may also be useful. P-type dopants may include boron (B), aluminum (Al),
indium (In) or a combination thereof, while ype dopants may include
phosphorus (P), arsenic (As), antimony (Sb) or a combination thereof,
100161The substrate may include other device regions. The device regions
may be for other types of devices, including both p-type and n-type
devices. For ample, the IC may include logic regions in which logic devices
are formed. Depending on the type of IC foinied, the logic regions, for
example, may include regions for different voltage devices. For example.
the logic regions may include regions for high voltage (MI) devices, medium
or intcrme.diate voltage (IV) devices and low voltage (EV) devices. Other
configurations of logic regions may also be useful. Additionally, other
types of device regions may also be provided, for example, array regions
for memory cells. The different devicedifferent widths. For example, the
gates of the devices may vary in width, 100171A gate stack 140 of a
transistor is disposed in the device region. The gate stack includes a gate
electrode layer 160 over a gate dielectric layer 120. In one embodiment,
the layers of the gate stack forms a high-K metal gate. 



[0019] 	In one embodiment, the gate electrode layer 150 comprises a composite gate 

electrode layer having multiple gate electrode sub-layers. As shown, the gate electrode layer 

comprises first and second gate electrode layers 160 and 170. The second gate electrode layer is 

disposed over the first gate electrode layer. Providing a gate electrode layer having other 

number of layers may also be useful. In one embodiment, the first gate electrode layer 

comprises a metal gate electrode layer below a top gate electrode layer 170. The metal gate 

electrode is disposed over the gate dielectric layer. The metal gate electrode, in one 

embodiment, is disposed directly on top of the gate dielectric layer. In one embodiment, the 

metal gate layer comprises TiN. Other types of metal gate electrode materials may also be 

useful. For example, the metal gate electrode may be TaN, TiA1N, TaN/TiN, TaC, TaCN or a 

combination thereof, including TiN. 

[0020] 	In one embodiment, the first gate electrode comprises edge portions having a 

thickness TE and a central portion having a thickness Tc. The edge portions extend from the 

edges of the active region along the width of the channel toward the central portion of the gate 

electrode. In one embodiment, the edge portion is about 30% of the overall width of the gate 

electrode. For example, in the case of a gate electrode with a width of about 80 nm, the edge 

portion is about 24 nm. Providing other widths for the edge portions may also be useful. 

[0021] 	The first gate electrode comprises a graded or variable thickness. For example, TE 

and Tc  are different. The thickness differential between the edge portions and the central portion 

should be sufficient to reduce Vt roll up. In one embodiment, TE  at the edge portions is less then 

Tc  at the central portion. The thickness Tc maybe the desired thickness of the first gate electrode 

while TE  is less than the desired thickness. For example, Tc may be from about 30 — 80 nm. In 

one embodiment, the thickness of TE may be about 60% - 70% less than Tc. For example, Tc  

may be about 80 nm while TE may be about 24 — 32 nm. Providing other thicknesses for TE  and 

Tc  may also be useful. 
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[0018]In one embodiment, the gate dielectric layer may comprise a high-K
dielectric material. Other types of gate dielectric materials may also be
useful. The high-K dielectric material, for example, may be a I-If-based
high-K dielectric material such as 111-02, IlfON, 1-if-Si0, or 1.-If-SiON,
a Al-based high-K or a Zr-based high-K. Other types of high-K dielectric
material may also be useful. The thickness of the dielectric layer may be,
for example, about 20 A. Other thicknesses may also be useful. In other
embodiments, the dielectric layer may include a composite dielectric layer
having multiple layers. For example,composite dielectric layer may be SiON
and I-110 or SiON and ElfSiO. Providing multiple layered high-IC dielectric
layers may be usefill, for example, to increase the dielectric constant.
[0019]In one embodiment, the gate electrode layer 150 comprises a composite
gate electrode layer having multiple gate electrode sub-layers. As shown
the gate electrode layer comprises first and second gate electrode layers
160 and 170. The second gate electrode layer is disposed over the first
gate electrode layer. Providing a gate electrode layer having other number
of layers may also he useful. in one embodiment, the first gate electrode
layer comprises a metal gate electrode layer below a top gate electrode
layer 170. The metal gate electrode is disposed over the gate dielectric
layer. The metal gate electrode, ha one embodiment, is disposed directly on
top of the gate dielectric layer. In one embodiment, the metal gate layer
comprises TIN. Other types of metal gate electrode materials may also be
useful. For example, the metal gate electrode may be TaN, TiAIN, TaNITiN,
TaC, TaCN or a combination thereof, including TiN. [0020]In one embodiment,
the first gate electrode comprises edge portions having a thickness TE and
a central portion having a thickness Te. The edge portions extend from the
edges of the active region along the width of the channel toward the
central portion of the gate electrode. In one embodiment, the edge portion
is about 30% of the overall width of the gate electrode. For example, in
the case of a gate electrode with. a width of about 80 nin, the edge
portion is about 24 am. Providing other widths for the edge portions may
also be useful. [0021]The first gate electrode comprises a graded or
variable thickness. For example, TIE 



[0022] 	The edge portions and central portion may be distinct, forming a gate electrode with 

the step. In other embodiments, the edge portions and central portion may be gradual. For 

example, the thickness Tc  from the interface of the edge and central portions may gradually 

decrease to the thickness TE. The first gate electrode may have the same thickness throughout 

along length of the channel. 

[0023] 	The top gate electrode layer is disposed over the metal gate electrode. In one 

embodiment, the top gate electrode layer is disposed directly on top of the metal gate electrode. 

The top gate electrode layer, in one embodiment, includes a non-metal gate electrode. The top 

gate electrode layer has a polycrystalline (poly) structure. The top gate electrode layer, in one 

embodiment, comprises a polysilicon. Other types of top gate electrode materials may also be 

useful. For example, the top gate electrode layer comprises a silicon alloy, such as SiGe. The 

top gate electrode layer, for example, is thicker than the metal gate electrode. Other thicknesses 

for the top gate electrode may also be useful. For example, the top gate electrode may be about 

300 - 800 A thick. In one embodiment, the top gate electrode may be about 600 A thick. 

[0024] 	The device may include additional elements which are not shown. For example, the 

device may include heavily doped source/drain regions adjacent to the gate. The source/drain 

regions are doped with first polarity type dopants for a first type transistor. Dielectric gate 

sidewall spacers may be provided on the sidewalls of the gate. The gate sidewall spacers may be 

used to facilitate forming or defining lightly doped source/drain extension regions of the first 

polarity type. Metal silicide contacts may be disposed on the source/drain regions and top of the 

gate stack. Additionally, one or more interlevel dielectric layers in which interconnects are 

formed may also be provided. 

[0025] 	Fig. lb shows a cross-sectional view of another embodiment of a portion of a device. 

The device shown includes similar or common elements as that described in Fig. 1 a. Common 

elements will not be described. As shown, the isolation region or dielectric region 180 has a top 
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and Tc: are different. The thickness differential between the edge portions
and the central portion should be sufficient to reduce Vt roll up. In one
embodiment.. TE at the edge portions is less then Tc at the central
portion. The thickness Tc maybe the desired thickness of the first gate
electrode while TE is less than the desired thickness. For example, Te may
be from about 30 --- 80 run, In one embodiment, the thickness of TE may be
about 60% - 70% less than 'lc. For example, Tr may be about 80 11M while TE
may be about 24 --- 32 am. Providing other thicknesses for T5 and Tc, may
also be useful.  [0022]The edge portions and central portion may be
distinct, forming a gate electrode with the step. In other embodiments, the
edge portions and central portion may be gradual. For example, the
thickness Tc from the interface of the edge and central portions may
gradually decrease to the thickness T E. The first gate electrode may have
the same thickness throughout along length of the channel. [0023]The top
gate electrode layer is disposed over the metal gate electrode. In one
embodiment, the top gate electrode layer is disposed directly on top of the
metal gate electrode. The top gate electrode layer, in one embodiment,
'eludes a non-metal gate electrode. The top gate electrode layer has a
polycrystalline (poly-) structure. The top gate electrode layer, in one
embodiment, comprises a polysilicon. Other types of top gate electrode
materials may also be useful. For example, the top gate electrode layer
compriscs a silicon alloy, such as SiGe. The top gate electrode layer, for
example, is thicket than the metal gate electrode. Other thicknesses for
the top gate electrode may also he useful. For example, the top gate
electrode may be about 300 - 800 A thick. in one embodiment, the top gate
electrode may he about 600 A thick. 100241The device may include additional
elements which are not shown. For xample, the device may include heavily
doped source/drain regions adjacent to the gate. The source/drain regions
are doped with first polarity type dopants for a first type transistor.
Dielectric gate sidewall spacers may be provided on the sidewalls of the
gate. The gate sidewalt spacers may be used to facilitate forming or
defining lightly doped source/drain extension regions of the first polarity
type. Metal silicate contacts may be disposed on thesource/drain regions
and top of the gate stack. Additionally, one or more interlevel dielectric
layers in which interconnects are formed may also be provided. [00251Fig.
lb shows a cross-sectional view of another embodiment of a portion of a
device. 



surface above the substrate, producing raised isolation regions. Providing raised isolation 

regions facilitates in forming a first gate electrode having a thickness TE  at the edge portions 

which is different than a thickness Tc  at the central portion. In one embodiment, TE  is less or 

thinner than Tc. 

[0026] 	In one embodiment, the raised isolation region facilitates forming the first gate 

electrode in which TE  is thinner than Tc. The amount which the surface of the STI regions is 

raised above the substrate surface should be sufficient to produce a variable metal gate electrode 

having a thickness TE  which is thinner at the edge portions than the thickness Tc at the central 

portion. In one embodiment, portions of the metal gate electrode proximate the raised isolation 

regions are thinner than portions distal from the raised isolation regions. In one embodiment, the 

surface of the STI region is raised about 40 — 50 A above the substrate surface. Providing a STI 

region raised to other heights may also be useful. For example, the STI may be raised above the 

substrate about 40 — 230 A or 40 — 370 A. The higher that the STI is above the substrate, the 

greater the thinning of the first gate electrode at the edge portions. The height of the STI above 

the substrate should be selected to achieve the desired TE based on Tc. 

[0027] 	Figs. 2a-e show cross-sectional views of an embodiment of a process 200 for forming 

a device or IC. Referring to Fig. 2a, a substrate 105 is provided. The substrate can comprise a 

silicon substrate, such as a lightly doped p-type substrate. Other types of substrates, including 

silicon germanium or silicon-on-insulator (SOI), are also useful. 

[0028] 	As shown in Fig. 2a, a device region 110 is defined on the substrate. Although one 

device region is shown, it is however understood that the substrate may include various types of 

regions (not shown). For example, the substrate may include other device regions for other types 

of devices. The IC may include logic regions in which logic devices are formed. Depending on 

the type of IC formed, the logic regions, for example, may include regions for different voltage 

devices. For example, the logic regions may include regions for high voltage (HV) devices, 
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The device shown includes similar or common elements as that described in
Fig. ] a. Common elements will not be described. As shown, the isolation
region or dielectric region ISO has a top  surface above the substrate,
producing raised 'solation regions. Providing raised isolation regions
facilitates in forming a first gate electrode having a thickness TE at the
edge portions which is different than a thickness Tc at. the central
portion. in one embodiment. TE is less or thinner than T(7. [0026]in one
embodiment, the raised isolation region facilitates forming the first gate
electrode in which TE is thinner than T. The amount which the surface of
the STI regions is raised above the substrate surface should he sufficient
to produce a variable metal gate electrode having a thickness TE which is
thinner at the edge portions than the thickness 'Fe at the central portion.
In one embodiment, ponions of the metal gate electrode proximate the raised
isolation regions are thinner than portions distal from the raised
isolation regions. In one embodiment, the surface of the STl region is
raised about 40 -50 A above the substrate surface. Providing a STI region
raised to other heights may also be useful. For example, the ST1 may be
raised above the substrate about 40 230 A or 40 370 A. The higher that the
STI is above the substrate, the greater the thinning of the first gate
electrode at the edge portions. The height of the ST1 above the substrate
should be selected to achieve the desired TE based on Tc. [0027]Figs. 2a-e
show cross-sectional views of an embodiment of a process 200 for forming
device IC. Referring to Fig. 2a, a substrate 105 is provided. The substrate
can comprise a silicon substrate, such as a lightly doped p-type substrate.
Other types of substrates, including silicon germanium or
silicon-on-insulator (SOD, are also useful. [0028]As shown in Fig. 2a, a
device region 110 is defined on the substrate. Although one device region
is shown, it is however understood that the substrate may include various
types of regions (not shown). For example, the substrate may include other
device regions for other types of devices. The IC may include logic regions
in which. logic devices are framed. Depending on the type of IC formed, the
logic regions, for example, may include regions for different voltage
devices. For example, the logic regions may include regions for high
voltage (111V) devices,  



medium or intermediate voltage (IV) devices and low voltage (LV) devices. Other 

configurations of logic regions may also be useful. Additionally, other types of device regions 

may also be provided. 

[0029] 	The device region is separated from other regions by an isolation region 180. The 

isolation region surrounds the device region. The isolation region comprises, for example, an 

STI region. Forming other types of isolation regions, such as LOCOS, may also be useful. 

Various processes can be employed to form the STI region. For example, the substrate can be 

patterned using mask and etch techniques to form a trench corresponding to the STI region. The 

mask or reticle, for example, may be referred to as the RX mask. After the trench is formed, it is 

filled with a dielectric material, such as silicon oxide. Chemical mechanical polishing (CMP) 

can be performed to remove excess dielectric material to provide a planar top surface. Other 

processes or materials can also be used to form the STI. Other types of isolation regions may 

also be employed. The depth of the STI may be, for example, about 300 nm. The STI may also 

have other depths. 

[0030] 	A device well (not shown) may be formed in the device region. The device well, in 

one embodiment, comprises dopants which form a doped well. The depth of the doped well, for 

example, may be about 400 — 500 nm. Providing a doped well having other depths may also be 

useful. The doped well may be formed by implanting appropriate dopants with the desired dose 

and power into the substrate. The dopant type, dose and power may depend on the type of 

device to be formed. The doped well may comprise second polarity type dopants for a first 

polarity type device. For example, a p-type doped well may be for a n-type transistor. On the 

other hand, a n-type doped well may be for a p-type transistor. 

[0031] 	To form the doped well, a well implant mask which exposes the device region is 

used. The implant mask, for example, comprises photoresist patterned by a lithographic mask. 

Since the device isolation region can serve as an implant mask, this allows for increased 
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medium or intermediate voltage (IV) devices and low voltage (LV) devices.
Other configurations of logic regions may also be usefiii. Additionally,
other types of device regions may also be provided. [0029]The device region
is separated from other regions by an isolation region 1 80. The isolation
region surrounds the device region. The isolation region comprises, for
example, an STI region. Forming other types of isolation regions, such as
LOCOS, may also be useful. Various processes can be employed to form the
STI region. For ample, the substrate can be patterned using mask and etch
techniques to form a trench correspondinghe Sri region. The mask ore for
example, may be referred to as the RX mask. After the trench is formed, it
is filled with a dielectric material, such as silicon oxide. Chemical
mechanical polishing VMP) can be pexlormcd to remove excess dielectric
material to provide a planar top surface. Other processes or materials can
also be used to form the ST1. Other types of isolation regions may also be
employed. 'The depth of the SIT may be, for example, about 300 run The STI
may also have other depths. 100301A device well (not shown) may be formed
in the device region. The device well, in one embodiment, comprises dopants
which form a doped well. The depth of the doped well, for example, may be
about 400 - 500 rim. Providing a doped well having other depths may also be
useful. The doped well may be formed by implanting appropriate dopants with
the desired dose and power into the substrate. 'The dopant type, dose and
power may depend on the type of device to be formed. The doped well may
comprise second polarity type dopants for a first polarity type device. For
exampk, a p-type doped well may be for a ri-type transistor. On the other
hand, a n-type doped well may be for a p-type transistor [0031]To form the
doped well, a well implant mask which exposes the device region is 



processing window for the patterning process to form the implant mask. The implant mask may 

be removed after the deep well is formed. Other techniques for forming the deep device well 

may also be useful. An anneal may be performed to diffuse the dopants, forming a doped well 

which extends to under the bottom of the STI. 

[0032] 	Referring to Fig. 2b, a gate dielectric layer 120 is formed on the substrate. In one 

embodiment, the dielectric layer 120 may comprise a high-K dielectric layer. Other types of 

dielectric materials may also be used. Various types of high-K dielectric materials may be used. 

For example, the high-K dielectric layer may be Hf-based high-K such as Hf02, HfON, Hf-Si-02  

or Hf-SiON, Al-based high-K or Zr-based high-K. Other types of high k dielectric materials 

may also be used to form the gate dielectric layer. The dielectric layer may be about 10 — 25 A 

thick. Forming the dielectric layer with other thicknesses may also be useful. The dielectric 

layer may be formed by, for example, CVD. The dielectric layer may also be formed using other 

deposition processes, such as thermal deposition processes. 

[0033] 	In yet other embodiments, the dielectric layer may comprise a dielectric stack having 

a plurality of dielectric layers. In some embodiments, the dielectric layer may comprise a 

capping layer. Other configurations of the dielectric layer may also be useful. 

[0034] 	As shown in Fig. 2b, a gate electrode layer 160 is formed. The gate electrode layer, 

for example, may be a first gate electrode layer of a composite gate electrode layer or stack 

having multiple gate electrode layers. In one embodiment, the first gate electrode layer 

comprises a metal gate electrode layer. The metal gate layer is formed, for example, over the 

dielectric layer. In one embodiment, the metal gate layer comprises TiN. Other types of metal 

gate electrode materials may also be useful. For example, the metal gate electrode may be TaN, 

TiA1N, TaN/TiN, TaC, TaCN or a combination thereof, including TiN. 

[0035] 	The metal gate layer is formed having a thickness TM. The thickness TM  may be, for 

example, about 300 - 800 A thick. In one embodiment, TM  is about 800 A. The thickness TM  is 
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used. The implant mask, for example, comprises photoresist patterned by a
lithographic mask. Since the device isolation region can serve as an
implant ask, this allows for7.  processing window for the patterning
process to form the implant mask. The implant mask may he removed after the
deep well is formed. Other techniques for fanning the deep device well may
also be useful. An anneal may be performed to diffuse the dopants, forming
a doped well Which extends to under the bottom of the STI. [0032]Referring
to Fig. 2b, a gate dielectric layer 120 is formed on the substrate. In one
embodiment, the dielectric layer 120 may comprise a high-K dielectric
layer. Other types of dielectric materials may also be used. Various types
of high-K. dielectric materials may be used. For example, the high-K
dielectric layer may be I-If-based high-K such as 11102, IifON, or
flf-SiON, Al-based high-K or Zr-based high-K. Other types of high k
dielectric materials may also be used to form the gate dielectric layer.
The dielectric layi.r may be about 10 - 25 A thick. Forming the dielectric
layer with other thicknesses may also be useful. The dielectric layer may
be formed by, for example, CVD. The dielectric layer may also he formed
using other deposition processes, such as thermal deposition processes,
[0033]in yet other embodiments, the dielectric layer may comprise a
dielectric stack having a plurality of dielectric layers. In sonic
embodiments, the dielectric layer may comprise a capping layer. Other
configurations of the dielectric layer may also be useful. [0034]As shown
in Fig. 2b, a gate electrode layer 160 is formed. The gate electrode layer,
for example, may be a first gate electrode layer of a composite gate
electrode layer or stack having multiple gate electrode layers. in one
embodiment, the first gate electrode layer comprises a metal gate electrode
layer, The metal gate layer is formed, for example, over the dielectric
layer. in one embodiment, the metal gate layer comprises TiN. Other types
of metal gate electrode materials may also be useful. For example, the
metal gate electrode may be TaN, TiAiN, TaNtriN, TaC, TaCN or a combination
thereof, including TiN. 



the desired thickness of the metal gate layer. Forming the metal gate layer with other thicknesses 

may also be useful. The metal gate layer may be formed by, for example, PVD or sputtering 

process. The metal gate layer may also be formed using other deposition processes. 

[0036] 	In Fig. 2c, a photoresist or soft mask layer 286 is formed on the first gate electrode 

layer. The photoresist layer is patterned by a lithographic mask or reticle. In one embodiment, 

the photoresist layer is patterned by the RX mask. In one embodiment, the photoresist mask is 

patterned by the RX mask which is printed smaller to expose the edge portions of the first gate 

electrode while protecting the central portion. For example, the RX mask is printed about 30% 

smaller. Printing the RX mask having other smaller sizes may also be useful. Various methods 

can be used to print a smaller mask. For example, printing smaller may be achieved by 

increasing the exposure dose to the photoresist while maintaining optimal focus. In other 

embodiments, another reticle which is smaller than the RX mask may be employed. To improve 

lithographic resolution, an anti-reflective coating (ARC) can be provided beneath the photoresist. 

Other techniques for patterning the photoresist may also be useful. 

[0037] 	As shown in Fig. 2d, the first gate electrode is patterned using the soft mask. In one 

embodiment, the first gate electrode layer is partially etched using the soft mask. In one 

embodiment, the portions of the first gate electrode layer unprotected by the soft mask is thinned 

or partially removed. This reduces the thickness of the first gate electrode layer at the edge 

portions of the active region to TE  while the mask protects the central portion of the active 

region. As such, the first gate electrode layer at central portion of the active region has a 

thickness Tc, which is equal to about TM. The thickness TE  may be about 60% - 70% less than 

Tc. For example, Tc may be about 80 nm while TE  may be about 24 - 32 nm. Providing other 

thicknesses for TE and Tc  may also be useful. 

[0038] 	In one embodiment, exposed portions of the first gate electrode layer may be 

patterned by a wet etch chemistry. The wet etch chemistry, in one embodiment, comprises a 
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[0035]The metal gate layer is foiflied having a thickness TrA. The
thickness TM may be, for example, bout 300 - 800 A thick. In one
embodiment. I'm is about 800 A. The thickness TM is  the desired thickness
of the metal gate layer. Forming the metal gate layer with other
thicknesses may also be useful. The metal gate layer may be formed by, for
example, PVD or uttering process. The metal gate layer may also be formed
using other deposition processes, [0036lIn Fig. 2c, a photoresist or soft
mask layer 286 is formed on the first gate electrode layer. The photorcsist
layer is patterned by a lithographic mask or reticie. In one embodiment,
the photoresist layer is patterned by the RX mask. In one embodiment, the
photoresist mask is patterned by the RX mask which is printed smaller to
expose the edge portions of the first gate electrode while protectIng the
central portion. For example, the RX mask is printed about 30% smaller.
Priming the RX mask having other smaller sizes may also be useful. Various
methods can be used to print a smaller mask. For example, printing smaller
may be achieved by   creasing the exposure dose to the photoresist while
maintaining optimal focus. In other embodiments, another reticle which is
smaller than the RX mask may be pl >yed. To improve     graphic resolution,
an anti flecti coating (ARC) can be provided beneath the photoresist. Other
techniques for patterning the photoresist may also be useful. 100371As
shown in Fig. 2d, the first gate electrode is patterned using the soft
mask. In one embodiment, the first gate electrode layer is partially etched
using the soft mask. In one embodiment, the portions of the first gate
electrode layer unprotected by the soil mask is thinned or partially
removed, This reduces the thickness of the first gate electrode layer at
the edge portions of die active region TE while the mask protects the
central portion of the active region. As such, the first gate electrode
layer at central portion of the active region has a thickness Tc, which is
equal to about A. The thickness T may be about 60?./ 70% less than T. For
example, 'Fe may be about 80 nm while TE may be about 24 - 32 am Providing
other thicknesses for TE and Tc may also be useful_ 



SC1 solution. The SC1 solution, for example, may include NH4OH, H202, and water. 

Patterning the first gate electrode layer with SC1 may be performed at a temperature of about 25 

— 40 °C. Other etching techniques for patterning the first gate electrode layer, such as RIE, may 

also be useful. 

[0039] 	Referring to Fig. 2e, the soft mask is removed. The soft mask may be removed by, 

for example, a solvent clean. Other techniques for removing the photorsist mask may also be 

useful. The substrate may be cleaned after removing the soft mask. 

[0040] 	In one embodiment, a top gate electrode layer 170 is formed on the substrate. The 

top electrode layer is formed, for example, over the first electrode layer. In one embodiment, the 

top electrode layer is formed directly over the first electrode layer. The top gate electrode layer, 

in one embodiment, includes a non-metal gate electrode material. The top gate electrode layer, 

for example comprises a polycrystalline material. The top gate electrode layer, in one 

embodiment, comprises polysilicon. Other types of top gate electrode materials may also be 

useful. For example, the top gate electrode layer comprises a silicon alloy, such as SiGe. In one 

embodiment, the top electrode layer may be amorphous silicon which is subsequently annealed 

to form polysilicon. The top gate electrode layer, in one embodiment, comprises a thickness 

which is greater than the first gate electrode layer. Other thicknesses for the top gate electrode 

may also be useful. For example, the top gate electrode may be about 300 - 800 A thick. In one 

embodiment, the top gate electrode layer is about 500 A. The top electrode layer may be 

formed, for example, by CVD. The top electrode layer may also be formed using other 

deposition processes. 

[0041] 	The process continues to form the device. For example, further processing can 

include patterning the gate layers to form a gate stack, forming sidewall spacers on gate 

sidewalls, source/drain regions adjacent to the gate and metal silicide contacts may be formed on 

the various contact regions and the surface of the gate electrode. The processing may further 
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100381In one embodiment, exposed portions of the first gate electrode layer
may be patterned by a wet etch chemistry. The wet etch chemistry, in one
embodiment, comprises a  SC! solution. The SC1 solution, for exampk, may
inc.lude NH401-1, WO, and water. Patterning the first gate electrode layer
with SCI may be performed at a temperature of about 5 - 40 "C. Other
etching techniques for patterning the first gate electrode layer, such as
RIB, may also be useful. [0039]Refe. ng to Fig. 2e, the soft mask is
removed. The soft mask may be removed by, for example a solvent clean.
Other techniques for removing the photorsist mask may also be useful. The
substrate may be cleaned after removing the soft mask. 100401In. one
embodiment, a top gate electrode laver 170 is footled on the substrate. The
top electrode layer is formed, for example, over the first electrode layer.
In one embodiment, the top electrode layer is formed directly over the
first electrode layer. The top gate electrode layer, in one embodiment,
includes a non-metal gate electrode material. The top gate electrode layer,
for example comprises a polycrystalline material. The top gate electrode
layer, in one embodiment, comprises polysilicon. Other types of top gate
electrode materials may also be usefi.d. For example, the top gate
electrode layer comprises a silicon alloy, such as SiGe. In one embodiment,
the top electrode layer may be amorphous silicon which is subsequently
annealed to form polysilicon. The top gate electrode layer, in one
embodiment, comprises a. thickness which is greater than the first gate
electrode layer. Other thicknesses for the top gate electrode may also he
useful. For example, the top gate electrode may be about 300 - 800 A thick.
In one embodiment, the top gate electrode layer is about 500 A. The top
electrode layer may he lib/tiled, for example, by CVD. The top electrode
layer may also he formed using other deposition processes. [0041]The
process continues to form the device. For example, further processing can
include patterning the gate layers to form a gate stack, forming sidewall
spacers on gate sidewalls, source/drain regions adjacent to the gate and
metal silicide contacts may be formed on the various contact regions and
the 'urface of the gate electrode. The processing may further 



include forming a PMD layer and contacts to the terminals of the cell as well as one or more 

interconnect levels, final passivation, dicing, assembly and packaging. Other processes may also 

be included. For example, other components, such as low voltage, medium voltage, and high 

voltage I/0 devices can be formed prior to forming the interconnections. 

[0042] 	Figs. 3a-d show cross-sectional views of another embodiment of a process 300 for 

forming a device or IC. Referring to Fig. 3a, a substrate 105 is provided. The substrate is at the 

stage of processing as described in Fig. 2a. For example, the substrate is prepared with an STI or 

isolation region 180 surrounding a device region 110. A device well (not shown) may be formed 

in the device region 110. 

[0043] 	Referring to Fig. 3b, the substrate is processed to form a raised isolation region. For 

example, the raised isolation region includes a top surface which is above the top surface of the 

device region. The process may comprise a deglazing process. The deglazing process, for 

example, comprises a HF wet etch process. For example, after the mask used to pattern the 

trench is removed, this leaves the isolation region above the surface of the substrate. The 

deglazing process is employed to reduce the height of the isolation region. The deglazing 

process is employed to partially reduce the height of the isolation region, leaving a desired height 

remaining above the top surface of the substrate or device region. The height of the isolation 

region above the device region, for example, maybe about 40-50 A. Providing isolation regions 

which have other heights above the device region may also be useful. For example, the isolation 

region may be about 40 — 230 A or 40 — 370 A above the substrate surface. The maximum 

height of the STI, for example, may be the thickness of the mask. In such case, no deglazing 

process is performed. Other types of processes may also be employed to form raised isolation 

regions. 

[0044] 	As shown in Fig. 3c, a gate dielectric layer 120 is formed on the substrate. In one 

embodiment, the dielectric layer may comprise a high-K dielectric layer. Various types of high- 
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include funning a PME) layer and contacts to the terminals f the cell as
well as one or more interconnect levels, final passivation, dicing,
assembly and packaging. Other processes may also be included. For example,
other components, such as low voltage, medium voltage, and high voltage 110
devices can be formed prior to forming the interconnections. 100421Figs.
3a-d show cross-sectional views of another embodiment of a process 300 for
forming a device or IC. Referring to Fig. 3a a substrate 105 is provided.
The substrate is at the stage of processing as described in Fig. 2a, For
example, the substrate is prepared with an STI or isolation region 180
surrounding a device region 110. A device well (not shown) maybe formed in
the device region 110. 100431Referring to Fig. 3b, the substrate is
processed to form a raised isolation gion. For example, the raised
isolation region includes a top surface which is above the top surface of
the device region. The process may comprise a deglazing process. The
deglazing proces" for example, comprises a FIF wet etch process. For
example, after the mask used to pattern the trench is removed, this leaves
the isolation region above the surface of the substrate. The deglazing
process is employed to reduce the height of the isolation repo The
deglazing process is employed to partially reduce the height of the
isolation region, leaving a desired height remaining above the top surface
of the substrate or device region. The height of the isolation region above
the device region, for example, maybe about 40-50 A. Providing isolation
regions which have other heights above the device region may also be
useful. For example, the olation region may be about 40- 230 A or 40 - 370
A above the substrate surface. The maximum height of the ST1, -for example,
may be the thickness of the mask. In such ease, no deglazing process is
performed. Other types of processes may also be employed to form raised
isolation regions. 10044]As shown in Fig. 3c, a gate dielectricis formed on
the substrate. In one embodiment, the dielectric layer may comprise a
high-K dielectric layer. Various types of high-  K dielectric materials may
be used. For example, the high-K dielectric layer may be Hf-based high-K
such as lif02, HfON. Hf-Si-02 or flf-SiON, Al-based high-K or Zr-based
high-K. in one embodiment, the high-K dielectric material comprises SiON
and Hf0. In another embodiment, the high-K dielectric material. comprises
SiON and HiSiO. Other types of high-K materials or non-high-K materials may
also be used to form the dielectric layer. Various techniques may be
employed to form the high-K dielectric layer. For example, selective or
non-selective formation techniques may be employed. In one embodiment, the
non-selective thrmation technique is used, in which the dielectric layer is
subsequently patterned and portions removed during poly line formation. In
other embodiments, the dielectric layer may comprise a plurality of
dielectric layers to form a dielectric stack. 



K dielectric materials may be used. For example, the high-K dielectric layer may be Hf-based 

high-K such as Hf02, HfON, Hf-Si-02  or Hf-SiON, Al-based high-K or Zr-based high-K. In one 

embodiment, the high-K dielectric material comprises SiON and HfO. In another embodiment, 

the high-K dielectric material comprises SiON and HfSiO. Other types of high-K materials or 

non-high-K materials may also be used to form the dielectric layer. Various techniques may be 

employed to form the high-K dielectric layer. For example, selective or non-selective formation 

techniques may be employed. In one embodiment, the non-selective formation technique is 

used, in which the dielectric layer is subsequently patterned and portions removed during poly 

line formation. In other embodiments, the dielectric layer may comprise a plurality of dielectric 

layers to form a dielectric stack. 

[0045] 	The thickness of the dielectric layer is, for example, about 10 — 25 A. Other 

thicknesses for the dielectric layer may also be useful. 

[0046] 	In yet other embodiments, the dielectric layer may include a capping layer. Various 

types of dielectric materials may be used to form the capping layer. For example, the capping 

layer may be, a high-K material (i.e. Al2-03, La203  or etc), SiO2  or SiON. Other types of 

capping materials may also be used to form the capping layer. The cap layer may be employed 

to provide the desired gate workfunction. 

[0047] 	A gate electrode layer 160 is formed on the substrate. The gate electrode layer is 

formed, for example, over the gate dielectric layer 120. In one embodiment, the gate electrode 

layer comprises a metal gate electrode layer. The gate electrode layer, for example, may be a 

gate electrode layer of a gate electrode stack. The gate electrode layer, in one embodiment, is a 

first gate electrode layer of a gate electrode stack. In one embodiment, the first gate electrode 

layer comprises TiN. Other types of metal gate electrode materials may also be useful. For 

example, the metal gate electrode may be TaN, TiA1N, TaN/TiN, TaC, TaCN or a combination 
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[0045]The thickness of the dielectric layer s, for example,about: 10 25 A.
Other thicknesses for the dielectric layer may also be usetbl. [0046]In yet
other embodiments, the dielectric laver may include a capping layer.
Various types of dielectric materials may be used to form the capping
layer. For example, the carving layer may be, a high-K material (i.e.
Al2-03, La203 or etc), Si02 or SiON. Other types of capping materials may
also be used to form the capping layer. The cap layer ma.y be employed to
provide the desired gate workfunction. [0047]A gate electrode layer 160 is
formed on the substrate. The gate electrode layer is formed for example,
over the gate dielectric layer 120. In one embodiment, the gate electrode
layer comprises a metal gate electrode layer. The gate electrode layer, for
example, may be a gate electrode layer of a gate electrode stack. The gate
electrode layer, in one embodiment, is a first gate electrode layer of a
gate electrode stack. In one embodiment, the first gate electrode layer
comprises TiN. Other types of metal gate electrode materials may also be
usehil, For example, the metal gate electrode may be TaN, TIAN, TaN/TiN,
TaC, TaCN or a combination  thereof, including TIN. The metal gate layer,
in one embodiment, is formed by, for example. PIM or sputtering process,
100481In one embodiment, the first gate electrode layer is formed with a
waded thickness. The first gate electrode comprises edge portions having a
thickness TE and a central portion having a thickness Tc. The edge portions
extend from the edges of the active region along the width of the channel
toward the central portion of the gate electrode. The width of an edge
portion may be about 30% of the overall width of the gate electrode. For
example, the edge portion may be about 240 A wide for a gate electrode
width of 800 A. Other widths for the edge portions may also be useful. The
thicknesses TE and T0 are different, In one embodiment, TEat the edge
portions is less than Tc at the central portion. The thickness Tc, for
example, may be about 300 - 800 A While T may be about 60- 70% less.
Providing other thicknesses for TE and Tc may also be useful. 



thereof, including TiN. The metal gate layer, in one embodiment, is formed by, for example, 

PVD or sputtering process. 

[0048] 	In one embodiment, the first gate electrode layer is formed with a graded thickness. 

The first gate electrode comprises edge portions having a thickness TE  and a central portion 

having a thickness Tc. The edge portions extend from the edges of the active region along the 

width of the channel toward the central portion of the gate electrode. The width of an edge 

portion may be about 30% of the overall width of the gate electrode. For example, the edge 

portion may be about 240 A wide for a gate electrode width of 800 A. Other widths for the edge 

portions may also be useful. The thicknesses TE  and Tc  are different. In one embodiment, TE  at 

the edge portions is less than Tc  at the central portion. The thickness Tc, for example, may be 

about 300 - 800 A while TE  may be about 60 — 70% less. Providing other thicknesses for TE and 

Tc  may also be useful. 

[0049] 	The raised isolation region creates a shadowing effect for the PVD deposition process 

which thins the first gate electrode layer in the edge portions. The greater the height of or step 

formed by the isolation region, the more the thinning effect. The height or the raised isolation 

region should be selected to produce the desired TE  and width of the edge portions. 

[0050] 	Referring to Fig. 3d, a layer of top electrode layer 170 is formed over the first 

electrode layer. The top electrode layer is formed, for example, over the metal gate layer. In one 

embodiment, the top electrode layer is formed directly over the first electrode layer. The top 

gate electrode layer, in one embodiment, includes a non-metal gate electrode. The top gate 

electrode layer comprises a polycrystalline. The top gate electrode layer, in one embodiment, 

comprises a polysilicon. Other types of top gate electrode materials may also be useful. For 

example, the top gate electrode layer comprises a silicon alloy, such as SiGe. The top electrode 

layer may also be an amorphous layer which is subsequently recrystallized. The thickness of the 

top gate electrode layer, for example, is about 300 - 800 A. In one embodiment, the thickness of 
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100491The raised isolation region creates a shadowing effect for the PVD
deposition process which thins the first gate electrode layer in the edge
portions. The greater the height of or step formed by the isolation region,
the more the thinning effect. The height or the raised isolation region
should be selected to produce the desired TE and width of the edge
portions. 100501Referring to Fig. 3d, a layer of top electrode layer 170 is
formed over the first electrode layer. The top electrode layer is formed,
for example, over the metal gate layer. In one embodiment, the top
electrode layer is formed directly over the first electrode layer. The top
gate electrode layer, in one embodiment, include non-metal gate electrode.
The top gate electrode layer comprises a polycrystalline. The top gate
electrode layer, in one embodiment, comprises a polysilieon. Other types of
top gate electrode materials may also be -useful. For example, the top gate
electrode layer comprises a silicon alloy, such as SiGe. The top electrode
layer may also be an amorphous layer which is subsequently recrystallized.
The thickness of the top gate electrode layer, for example, is about 300 -
800 A. In one embodiment, the thickness of  the top gate electrode layer,
for example, is about 600 A Forming the top electrode layer with. other
thicknesses may also he useful. The top electrode layer may be formed by,
for example, a CVD or a sputtering process. The top electrode layer may
also be formed using other deposition processes. [00511The process
continues to folio the device. For example, further processing can include
patterning the gate layers to form a gate stack, forming sidewall spacers
on gate sidewalls, source/drain regions adjacent to the gate and metal
silicide contacts may bee on the various contact regions and the surface of
the gate electrode, The processing may further include forming a PMD layer
and contacts to the terminals of the cell as well as one or more
interconnect levels, final passivation, dicing, assembly and. packaging.
Other processes may also be included. For example, other components, such.
as low voltage, medium voltage, and high voltage 110 devices can he founed
prior to faitEking the interconnections. [0052]Fig. 4 shows a SEM of an
embodiment of a portion of a device 400. As shown, a 



the top gate electrode layer, for example, is about 600 A. Forming the top electrode layer with 

other thicknesses may also be useful. The top electrode layer may be formed by, for example, a 

CVD or a sputtering process. The top electrode layer may also be formed using other deposition 

processes. 

[0051] 	The process continues to form the device. For example, further processing can 

include patterning the gate layers to form a gate stack, forming sidewall spacers on gate 

sidewalls, source/drain regions adjacent to the gate and metal silicide contacts may be formed on 

the various contact regions and the surface of the gate electrode. The processing may further 

include forming a PMD layer and contacts to the terminals of the cell as well as one or more 

interconnect levels, final passivation, dicing, assembly and packaging. Other processes may also 

be included. For example, other components, such as low voltage, medium voltage, and high 

voltage I/O devices can be formed prior to forming the interconnections. 

[0052] 	Fig. 4 shows a SEM of an embodiment of a portion of a device 400. As shown, a 

device region is provided in a substrate 105. The device region is surrounded by an isolation 

region 180. As shown, a top surface of the isolation region is disposed above a top surface of the 

device region. A metal gate layer is disposed on a surface of the substrate, covering the isolation 

and device regions. The metal gate layer includes edge portions 164 having a thickness TE  

which is less than a thickness Tc at the central portion 162. The difference in TE and Tc  is 

facilitated by the raised isolation region surrounding the device region. A top gate electrode 

layer 170 is disposed over the metal gate layer. 

[0053] 	We have discovered that providing a metal gate electrode layer having a variable 

thickness reduces VT  roll up. For example, a metal gate electrode layer in which the edge 

portions are thinner than the central portion along the width of the channel reduces VT  roll up. 

[0054] 	The invention may be embodied in other specific forms without departing from the 

spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be 
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device region is provided in a substrate 105. The device region is
surrounded by an isolation region 180. As shown, a. top surface of the
isolation region is disposed above a top surface of the device region. A
metal gate layer is disposed on. a surface of the substrate, covering the
isolation and device regions. The metal gate layer includes edge portions
164 having a thickness if: which is less than a thickness Te at the central
portion 162. The difference in TE and Te is facilitated by the raised
isolation region surrounding the device region, A top gate electrode layer
170 is disposed over the metal gate layer. [0053iWe have discovered that
providing a metal gate electrode layer having a variable thickness reduces
VT roll up. For example, a metal gate electrode layer in which the edge
portions are thinner than the central portion along the width of the
channel reduces VT roll up. 100544The invention may be embodied in other
specific forms without departing from the spirit or essential
characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention
dcsizibed herein. Scope of the invention is thus indicated by the appended
claims, rather than by the foregoing description, and all changes that come
within the meaning and range of equivalency of the claims are intended to
be embraced therein.  What is claimed is: CLAIMS  1. A method of [honing a
semiconductor device comprising: 



considered in all respects illustrative rather than limiting the invention described herein. Scope 

of the invention is thus indicated by the appended claims, rather than by the foregoing 

description, and all changes that come within the meaning and range of equivalency of the 

claims are intended to be embraced therein. 
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providing a substrate prepared with a device region urrounded by an
isolation region, the device region includes edge portions along a width
direction of the device region and a central portion between the edge
portions;       forming a gate electrode layer in the device region,
wherein the gate electrode layer comprises a graded thickness in which a
thickness TE at edge portions of the device region is different from a.
thickness Tr: at the central portion of the device region.  2. The method
of claim l wherein forming c gate electrode with the gradedtics comprises:
protecting the central portion of the gate electrode with a mask which
leaves edge portions of the gate electrode exposed; and thinning edge
portions oldie gate electrode to the thickness TE. The method of claimerein
the mask is formed by printing the active area mask smaller.  4. The method
of daim I wherein forminggate electrode with the graded thickness comprises
providing the isolation region with a top surface above a top surface of
the substrate to form a raised isolation region. 



 

17 
 

What is claimed is: 

CLAIMS 

1. A method of forming a semiconductor device comprising: 

 providing a substrate having a substrate surface, the substrate is prepared with a 

device region surrounded by an isolation region, the device region serves as a device region 

of a transistor having a width direction and a length direction, wherein the width direction is 

a channel width direction of the transistor and the length direction is a channel length 

direction of the transistor, wherein a length of the channel is between source/drain regions of 

the transistor, the width and length directions are perpendicular, and the device region 

includes edge portions along the width direction of the device region and a central portion 

between the edge portions; and 

 forming a metal gate electrode layer over the surface of the substrate in the device 

region, the metal gate electrode having a top surface, wherein the metal gate electrode layer 

comprises a graded thickness along the width direction of the device region, the graded 

thickness resulting in the top surface of the metal gate electrode having an uneven height 

with respect to the substrate surface, wherein a thickness TE at edge portions of the device 

region along the width direction with respect to the substrate surface is thinner than a 

thickness TC at the central portion of the device region. 

 

2. The method of claim 1 wherein forming the metal gate electrode with the graded 

thickness comprises: 

 protecting the central portion of the metal gate electrode with a mask which leaves 

edge portions of the metal gate electrode exposed; and 

 thinning edge portions of the metal gate electrode to the thickness TE. 
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3. The method of claim 2 wherein the mask is formed by printing the mask smaller to 

expose the edge portions of the metal gate electrode. 

 

4. The method of claim 1 wherein forming the metal gate electrode with the graded 

thickness comprises:  

 providing the isolation region with a top surface above the top surface of the substrate 

to form a raised isolation region; and 

 depositing the metal gate electrode layer over the raised isolation region and the 

substrate, wherein the raised isolation region creates a shadowing effect which thins the edge 

portions of the metal gate electrode to produce the thickness TE. 

 

5. The method of claim 4 wherein the metal gate electrode layer is formed by PVD. 

 

6. The method of claim 4 wherein the top surface of the isolation region is sufficiently 

above the top surface of the substrate to form the metal gate electrode layer with the graded 

thickness.   

 

7. The method of claim 4 wherein the top surface of the isolation region is about 40 – 50 

Å higher than the top surface of the substrate.   

 

8. The method of claim 1 wherein TE is equal to about 30 – 40% of TC. 

 

9. The method of claim 1 wherein TE is sufficiently less than TC to reduce VT roll up. 

 



 

19 
 

10. The method of claim 1 wherein an edge portion is about 30% of an overall width of 

the device region.     

 

11. The method of claim 1 wherein the graded thickness is a gradual change in thickness 

from TC to TE.   

 

12. The method of claim 1 comprises forming a gate dielectric layer, wherein the gate 

dielectric layer is in between the metal gate electrode layer and the substrate. 

 

13. A device comprising: 

 a substrate with a device region surrounded by an isolation region, the device region 

serves as a device region of a transistor having a width direction and a length direction, 

wherein the width direction is a channel width direction of the transistor and the length 

direction is a channel length direction of the transistor, wherein a length of the channel is 

between source/drain regions of the transistor, the width and length directions are 

perpendicular, and the device region includes edge portions along the width of the device 

region and a central portion between the edge portions;  

 a metal gate electrode layer disposed over surface of the substrate over the device 

region, the metal gate electrode layer includes a graded thickness along the width direction of 

the device region in which a top surface of the metal gate electrode includes an uneven 

height with respect to the substrate surface, wherein the metal gate layer at the edge portions 

along the width direction of the device region has a thickness TE that is thinner than a 

thickness TC at the central portion of the device region. 
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14. The device of claim 13 wherein the isolated region comprises a raised isolation 

region, the raised isolation region has a top surface above a top surface of the substrate. 

 

15. The device of claim 13 wherein TE is equal to about 30 – 40% of TC. 

 

16. The device of claim 13 wherein TE is sufficiently less than TC to reduce VT roll up. 

 

17. The device of claim 13 wherein an edge portion is about 30% of an overall width of 

the device region.     

 

18. The device of claim 13 wherein the graded thickness is a gradual change in thickness 

from TC to TE.   

 

19. The device of claim 13 comprises a gate dielectric layer in between the metal gate 

electrode layer and the substrate. 

 

20. The device of claim 19 wherein the gate dielectric layer comprises a high-K dielectric 

layer. 

 

21. A device comprising: 

 a substrate having a substrate surface; 

 a device region in the substrate, wherein the device region serves as a device region 

of a transistor having a width direction and a length direction, wherein the width direction is 

a channel width direction of the transistor and the length direction is a channel length 
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direction of the transistor, wherein a length of the channel is between source/drain regions of 

the transistor, the width and length directions are perpendicular;  

 an isolation region surrounding the device region, wherein the device region along the 

width direction comprises 

  an edge portion proximate the isolation region, and  

  a central portion distal the isolation region;  

 a gate dielectric layer over the device region and in contact with the substrate; and 

 a metal gate electrode layer over and in contact with the gate dielectric layer, wherein 

the metal gate electrode includes a top gate electrode surface which is uneven in height along 

the width direction of the device region with respect to the substrate surface, a thickness TE 

of the metal gate electrode layer at the edge portion with respect to the substrate surface 

along the width direction of the device region is thinner than a thickness TC of the metal gate 

electrode layer at the central portion. 

 

22. The device of claim 21 which further comprises a polycrystalline gate electrode layer 

directly over the metal gate electrode layer. 

 

23. The device of claim 13 which further comprises a polycrystalline gate electrode layer 

directly over the metal gate electrode layer. 

 

24. The method of claim 1 which further comprises forming a polycrystalline gate 

electrode layer directly over the metal gate electrode layer. 

 

25. The method of claim 12 wherein: 

 the edge portions are proximate to the isolation region;  
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 the central portion is distal the isolation region; and 

 the thickness TE of the metal gate electrode layer at the edge portions with respect to 

the substrate surface which contacts the gate dielectric layer is thinner than the thickness TC 

of the metal gate electrode layer at the central portion which contacts the gate dielectric layer 

along the width direction of the device region. 

 

26. The device of claim 13 wherein: 

 the edge portions are proximate to the isolation region;   

 the central portion is distal the isolation region; and 

 the thickness TE of the metal gate electrode layer at the edge portions with respect to 

the substrate surface which contacts the gate dielectric layer is thinner than the thickness TC 

of the metal gate electrode layer at the central portion which contacts the gate dielectric layer 

along the width direction of the device region. 

 

  

 


