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1. 

DUAL GATE OXDE DEVICE INTEGRATION 

BACKGROUND 

1. Field 
This disclosure relates generally to semiconductor devices, 

and more specifically, to dual gate oxide device integration. 
2. Related Art 
In many instances, dual gate oxide (DGO) devices need to 

be integrated on the same Substrate. As used herein, the term 
dual gate oxide devices relates to devices that are formed on 
the same substrate, but have different gate oxide thicknesses. 
For example, thickergate oxide devices may beformed on the 
periphery of the substrate so that they can handle higher 
Voltages associated with input/output operations. Thinner 
gate oxide devices may be formed in areas of the Substrate 
where higher Voltages are not present. Metal gate with high 
dielectric constant (high k) devices increasingly need mate 
rials that may not be compatible with existing methods for 
forming dual gate oxide devices. For example, such metal 
gate/high k dielectric devices may need silicon germanium 
channels to lower the threshold voltage (V) associated with 
the PMOS devices. Conventional processes, such as thermal 
oxidation, used to form thick gate oxide devices, however, are 
not compatible with silicon germanium channels. This is 
because if thick gate oxide is grown over silicon germanium, 
the thermal oxidation step results in the germanium diffusing 
into the regions of the substrate or the gate oxide that should 
not contain any germanium. In Sum, thermal oxidation step 
used as part of the conventional dual gate oxide integration 
process may degrade the profile of the silicon germanium 
channel. 

Accordingly, there is a need for improved dual gate oxide 
device integration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and 
is not limited by the accompanying figures, in which like 
references indicate similar elements. Elements in the figures 
are illustrated for simplicity and clarity and have not neces 
sarily been drawn to scale. 

FIG. 1 is a view of a semiconductor device during a pro 
cessing step: 

FIG. 2 is a view of a semiconductor device during a pro 
cessing step: 

FIG. 3 is a view of a semiconductor device during a pro 
cessing step: 

FIG. 4 is a view of a semiconductor device during a pro 
cessing step: 

FIG. 5 is a view of a semiconductor device during a pro 
cessing step: 

FIG. 6 is a view of a semiconductor device during a pro 
cessing step: 

FIG. 7 is a view of a semiconductor device during a pro 
cessing step; and 

FIG. 8 is a view of a semiconductor device during a pro 
cessing step. 

DETAILED DESCRIPTION 

Dual gate oxide device integration is described for transis 
tors including a silicon germanium channel. The use of sili 
congermanium channel helps in adjusting the threshold Volt 
age of PMOS devices, for example. Silicon carbon channels 
may be used for NMOS devices, as well. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
In one aspect, a method of forming devices is provided. The 

method includes forming a first region and a second region in 
a semiconductor substrate. The method further includes 
forming a semiconductive material over the first region, 
wherein the semiconductive material has a different electrical 
property than the first semiconductor substrate. The method 
further includes forming a first dielectric material over the 
first region. The method further includes depositing a second 
dielectric material over the first dielectric material and over 
the second region, wherein the second dielectric material is 
different than the first dielectric material. The method further 
includes depositing a gate electrode material over the second 
dielectric material. 

In another aspect, a method of forming devices is provided. 
The method includes forming a thick gate dielectric device in 
a first region of a semiconductor Substrate, wherein the thick 
gate dielectric device has a first channel region and the semi 
conductor Substrate comprises a first material. The method 
further includes forming a thin gate dielectric device in a 
second region of a semiconductor device, wherein the thin 
gate dielectric device has a gate dielectric that is thinner than 
that of the thick gate dielectric, the thin gate dielectric device 
has a second channel region. Forming the thick gate dielectric 
device and the thin gate dielectric device further comprises: 
(1) epitaxially growing the first channel region over the first 
region, wherein the first channel region comprises a second 
material, wherein the second material is different from the 
first material; (2) forming a first gate dielectric over the first 
channel region; (3) forming a second gate dielectric over the 
first gate dielectric and the second region; and (4) depositing 
a gate electrode material over the second gate dielectric. 

In yet another aspect, a method including forming an iso 
lation region in a semiconductor Substrate to form a first 
semiconductor region and a second semiconductive region in 
a semiconductor substrate is provided. The method further 
includes epitaxially growing a semiconductive material over 
the first semiconductive region, wherein the semiconductive 
material comprises an element selected from the group con 
sisting of germanium and carbon. The method further 
includes depositing a first dielectric material over the first 
semiconductive region. The method further includes depos 
iting a second dielectric material over the first dielectric mate 
rial and the second semiconductive region. The method fur 
ther includes depositing a gate electrode material over the 
second dielectric material. 

FIG. 1 is a view of a semiconductor device 10 during a 
processing step. Semiconductor device 10 may include a 
semiconductor substrate 12. The semiconductor substrate 
described herein can be any semiconductor material or com 
binations of materials, such as gallium arsenide, silicon ger 
manium, silicon-on-insulator (SOI), silicon, monocrystalline 
silicon, the like, and combinations of the above. Within sub 
strate 12, trench isolation regions 14, 16, and 18 may be 
formed to isolate the different devices to be formed. Semi 
conductor device 10 may include an NMOS dual gate oxide 
(N-DGO) region 20, an NMOS core (N-Core) region 22, a 
PMOS dual gate oxide (P-DGO) region 24, and a PMOS core 
(P-Core) region 26. N-DGO region 20 and N-Core region 22 
may be implanted with boron to form P-well regions (not 
shown). P-DGO region 24 and PMOS-Core region 26 may be 
implanted with arsenic or phosphorus to form N-well regions 
(not shown). NMOS devices may be formed in N-DGO 
region 20 and N-Core region 22. PMOS devices may be 
formed in P-DGO region 24 and P-Core region 26. The 
devices formed in the dual gate oxide regions (20 and 24) will 
beformed with thicker gate oxide and the devices formed in 
the core regions (22 and 26) will beformed with thinner gate 
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oxide. Next, as shown in FIG. 1, a hard mask 28 may be 
formed over N-DGO region 20 and N-Core region 22. 

FIG. 2 is a view of semiconductor device 10 during a 
processing step. As part of this processing step, silicon ger 
manium regions 30 and 32 may be formed in P-DGO region 
24 and P-Core region 26, respectively. In one embodiment, 
silicon germanium regions 30 and 32 may be epitaxially 
grown. By way of example, silicongermanium regions 30 and 
32 may have a thickness in a range of 30 Angstroms to 150 
Angstroms. In other embodiments, silicon germanium 
regions 30 and 32 may have a thickness in a range of 50 
Angstroms to 100 Angstroms. In addition, silicon germanium 
regions 30 and 32 may have 10% to 50% germanium. In other 
embodiments, silicon germanium regions 30 and 32 may 
have 20% to 35% germanium. Although this step is described 
with respect for forming silicon germanium regions, any 
other semiconductor material that has a different electrical 
property from semiconductor Substrate 12 may be used as 
part of this step. For example, in one embodiment, silicon 
carbon may be used. In one embodiment, any semiconductor 
material that changes a band gap of a channel region of a 
device formed in a region having that semiconductor material 
may be used. In another embodiment, any semiconductor 
material that changes abandgap of a channel region of a thick 
gate device relative to a channel region of a thin gate device 
may be used. 

FIG. 3 is a view of semiconductor device 10 during a 
processing step. As part of this processing step, a high tem 
perature oxide (HTO) layer 34 may be formed. In one 
embodiment, HTO layer 34 may be formed by chemical 
vapor deposition at a temperature of approximately 800 
degree Celsius. The range of temperature may vary from 750 
degree Celsius to 900 degree Celsius. By way of example, 
HTO layer 34 may have a thickness in a range of 10 Ang 
stroms to 50 Angstroms. In other embodiments, HTO layer34 
may have a thickness in a range of 20 Angstroms to 30 
Angstroms. HTO layer 34 may be formed using other depo 
sition processes, as well. Such as atomic layer deposition, 
plasma enhanced chemical vapor deposition, and physical 
vapor deposition. 

FIG. 4 is a view of semiconductor device 10 during a 
processing step. As part of this processing step, patterned 
resist regions 36 may be formed overlying N-DGO region 20 
and P-DGO region 24. 

Next, as shown in FIG. 5, using patterned resist regions 36, 
HTO layer 34 may be removed from core regions, including 
N-Core region 22 and P-Core region 26 leaving portions of 
HTO layer 34 only in DGO regions. Thus, for example, lower 
gate oxide region 38 and lower gate oxide region 40 may 
remain in N-DGO region 20 and P-DGO region 24. In one 
embodiment, HTO layer 34 may be removed from N-Core 
region 22 and P-Core region 26 using a hydrofluoric acid 
(HF) clean. In one embodiment, a diluted HF clean process 
may be used. Having removed HTO layer from N-Core 
region 22 and P-Core region 26, patterned resist regions 26 
may be removed using piranha clean or solvent clean, for 
example. 

Next, as shown in FIG. 6, a high kgate oxide layer 42 may 
be formed. In one embodiment, high k gate oxide layer 42 
may overlie both core regions and DGO regions. Thus, for 
example, high k gate oxide layer 42 may directly overlie on 
lower gate oxide region 38 in N-DGO region 20, a portion of 
substrate 12 in N-Core region 22, lower gate oxide region 40 
in P-DGO region 24, and silicon germanium region 32 in 
P-Core region 26. In one embodiment, high kgate oxide layer 
42 may be deposited using an atomic layer deposition pro 
cess. Prior to deposition of high kgate oxide layer 42, the top 
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4 
Surfaces of the relevant regions may be pre-cleaned. As used 
herein the term high kgate oxide includes any oxide material 
with k in a range of 10-100. In one embodiment, any oxide 
material with kina range of 15-25 may also be used. Suitable 
materials for forming high k gate oxide layer 42 include 
hafnium oxide, hafnium silicate, hafnium aluminate, Zirco 
nium oxide, Zirconium silicate, and other Suitable high-k 
materials. In one embodiment, high-k gate oxide layer 42 
may have a thickness in a range of 10 Angstroms to 50 
Angstroms. In another embodiment, high-kgate oxide layer 
42 may have a thickness in a range of 15 Angstroms to 20 
Angstroms. 

Next, as shown in FIG. 7, a metal gate electrode layer 44 
may be formed overlying high k gate oxide layer 42. In one 
embodiment, metal gate electrode layer 44 may contain an 
element or alloy. By way of example, metal gate electrode 
layer 44 may contain tantalum, titanium, lanthanum, molyb 
denum, or any combination thereof. Metal gate electrode 
layer 44 may further contain carbon and/or nitrogen. Metal 
gate electrode layer 44 may be formed using processes. Such 
as atomic layer deposition (ALD), molecular beam deposi 
tion (MBD), and chemical vapor deposition (CVD). By way 
of example, metal gate electrode layer 44 may have a thick 
ness in a range of 20 Angstroms to 150 Angstroms. In another 
embodiment, metal gate electrode layer 44 may have thick 
ness in a range of 50 Angstroms to 100 Angstroms. 

Referring still to FIG. 7, after formation of metal gate 
electrode layer 44, a polysilicon gate electrode layer 46 may 
beformed over metal gate electrode layer 44. Polysilicon gate 
electrode layer 46 may be formed using processes, such as 
atomic layer deposition (ALD), molecular beam deposition 
(MBD), and chemical vapor deposition (CVD). By way of 
example, polysilicon gate electrode layer 46 may have a 
thickness in a range of 200 Angstroms to 1000 Angstroms. In 
another embodiment, polysilicon gate electrode layer 46 may 
have thickness of 500 Angstroms. 

FIG. 8 is a view of semiconductor device 10 after formation 
of PMOS and NMOS devices. By way of example, N-DGO 
device 50 may be formed in N-DGO region 20, N-Core 
device 52 may beformed in N-Core region 22, P-DGO device 
54 may beformed in P-DGO region 24, and P-Core device 56 
may be formed in P-Core region 26. These devices may be 
formed by forming gate electrodes, spacers, and source/drain 
regions using conventional semiconductor processing steps. 
Thus, for example, N-DGO device 50 may include a gate 
structure including a lower gate oxide region 58, an upper 
gate oxide region 60 (formed from the high k gate oxide 
material), a metal gate electrode region 62, and a polysilicon 
gate electrode region 64. N-DGO device 50 may further 
include a spacer 66 formed adjacent to the gate structure. 
N-DGO device 50 may further include source/drain regions 
68 and 70. N-Core device 52 may include a gate structure 
including a gate oxide region 72 (formed from the high kgate 
oxide material), a metal gate electrode region 74, and a poly 
silicon gate electrode region 76. N-Core device 52 may fur 
ther include a spacer 78 formed adjacent to the gate structure. 
N-Core device 52 may further include source/drain regions 
80 and 82. P-DGO device 54 may include silicon germanium 
region 30. P-DGO device 54 may further include a gate struc 
ture including a lower gate oxide region 84, an upper gate 
oxide region 86 (formed from the high kgate oxide material), 
a metal gate electrode region 88, and a polysilicon gate elec 
trode region 90. P-DGO device 54 may further include a 
spacer 92 formed adjacent to the gate structure. P-DGO 
device 54 may further include source/drain regions 94 and 96. 
P-Core device 56 may include silicon germanium region 32. 
P-Core device 56 may further include a gate structure includ 
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ing a gate oxide region 98 (formed from the high kgate oxide 
material), a metal gate electrode region 100, and a polysilicon 
gate electrode region 102. P-Core device 56 may further 
include a spacer 104 formed adjacent to the gate structure. 
P-Core device 56 may further include source/drain regions 
106 and 108. 

Although the invention has been described with respect to 
specific conductivity types or polarity of potentials, skilled 
artisans appreciated that conductivity types and polarities of 
potentials may be reversed. Thus, for example, although the 
process flow is described above with respect to PMOS 
devices having silicon germanium regions, a similar process 
flow may be used with NMOS devices having silicon carbon. 

Moreover, the terms “front,” “back,” “top,” “bottom.” 
“over,” “under and the like in the description and in the 
claims, if any, are used for descriptive purposes and not nec 
essarily for describing permanent relative positions. It is 
understood that the terms so used are interchangeable under 
appropriate circumstances such that the embodiments of the 
invention described hereinare, for example, capable of opera 
tion in other orientations than those illustrated or otherwise 
described herein. 

Although the invention is described herein with reference 
to specific embodiments, various modifications and changes 
can be made without departing from the scope of the present 
invention as set forth in the claims below. Accordingly, the 
specification and figures are to be regarded in an illustrative 
rather than a restrictive sense, and all such modifications are 
intended to be included within the scope of the present inven 
tion. Any benefits, advantages, or Solutions to problems that 
are described herein with regard to specific embodiments are 
not intended to be construed as a critical, required, or essential 
feature or element of any or all the claims. 

Furthermore, the terms 'a' or “an as used herein, are 
defined as one or more than one. Also, the use of introductory 
phrases such as “at least one' and “one or more' in the claims 
should not be construed to imply that the introduction of 
another claim element by the indefinite articles “a” or “an 
limits any particular claim containing Such introduced claim 
element to inventions containing only one such element, even 
when the same claim includes the introductory phrases "one 
or more' or 'at least one' and indefinite articles such as “a” or 
“an.” The same holds true for the use of definite articles. 

Unless stated otherwise, terms such as “first and “second 
are used to arbitrarily distinguish between the elements such 
terms describe. Thus, these terms are not necessarily intended 
to indicate temporal or other prioritization of such elements. 
What is claimed is: 
1. A method of forming devices comprising: 
forming a first region and a second region in a semicon 

ductor substrate; 
forming a semiconductive material over the first region, 

wherein the semiconductive material has a different 
electrical property than the semiconductor Substrate; 

forming a first dielectric material over the first region; 
depositing a second dielectric material over the first dielec 

tric material and over the second region, wherein the 
second dielectric material is different than the first 
dielectric material; and 

depositing a gate electrode material over the second dielec 
tric material. 

2. The method of claim 1 further comprising: 
forming a third region and a fourth region in the semicon 

ductor substrate; wherein: 
forming the semiconductive material over the first region 

further comprises forming the semiconductive material 
over the third region; 
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6 
forming the first dielectric material over the first region 

further comprises forming the first dielectric material 
over the fourth region; and 

depositing the second dielectric material over the first 
dielectric material and over the second region further 
comprises depositing the second dielectric material over 
the third region. 

3. The method of claim 2, whereinforming the semicon 
ductive material over the first region, further comprises epi 
taxially growing the semiconductive material. 

4. The method of claim 1, wherein depositing the first 
dielectric material occurs at a temperature between approxi 
mately 750 degrees Celsius and approximately 900 degrees 
Celsius. 

5. The method of claim 1 further comprising: 
implanting the first region with a first dopant, wherein the 

first region has a first conductivity; and 
implanting the second region with a second dopant, 

wherein the second region has a second conductivity, 
and wherein the first conductivity and the second con 
ductivity are a same conductivity. 

6. The method of claim 1, further comprising: 
implanting the first region with a first dopant, wherein the 

first region has a first conductivity; and 
implanting the second region with a second dopant, 

wherein the second region has a second conductivity and 
the first conductivity and the second conductivity are 
different conductivities. 

7. The method of claim 2 further comprising: 
implanting the first region and the third region with a first 

dopant, wherein the first region and the third region have 
a first conductivity; and 

implanting the second region and the fourth region with a 
second dopant, wherein the second region and the fourth 
region have a second conductivity and wherein the first 
conductivity is different from the second conductivity. 

8. The method of claim 1, whereinforming the semicon 
ductive material further comprises forming the semiconduc 
tor material comprising a material selected from the group 
consisting of germanium and carbon. 

9. The method of claim 8, whereinforming the semicon 
ductive material comprises forming the semiconductive 
material comprising a material selected from the group con 
sisting of silicon germanium and silicon carbon. 

10. The method of claim 1, wherein forming the first 
dielectric material over the first region further comprises 
depositing the first dielectric material. 

11. The method of claim 1, wherein the second dielectric 
material comprises a high dielectric constant material. 

12. A method of forming devices comprising: 
forming a thick gate dielectric device in a first region of a 

semiconductor Substrate, wherein the thick gate dielec 
tric device has a first channel region and the semicon 
ductor Substrate comprises a first material; 

forming a thin gate dielectric device in a second region of 
a semiconductor Substrate, wherein the thin gate dielec 
tric device has a gate dielectric that is thinner than that of 
the thick gate dielectric device, the thin gate dielectric 
device has a second channel region and forming the 
thick gate dielectric device and the thin gate dielectric 
device further comprises: 
epitaxially growing the first channel region over the first 

region, wherein the first channel region comprises a 
second material, wherein the second material is dif 
ferent from the first material; 

forming a first gate dielectric over the first channel 
region; 
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forming a second gate dielectric over the first gate 
dielectric and the second region; and 

depositing a gate electrode material over the second gate 
dielectric. 

13. The method of claim 12, wherein the second material 
changes band gap of the first channel region relative to the 
second channel region. 

14. The method of claim 12, wherein the second material 
comprises a material selected from the group consisting of 
silicon germanium and silicon carbon. 

15. The method of claim 12, wherein the second gate 
dielectric comprises a high dielectric constant material. 

16. The method of claim 12, whereinforming the first gate 
dielectric comprises depositing the first gate dielectric. 

17. The method of claim 16, wherein depositing the first 
gate dielectric further comprises chemically vapor depositing 
the first gate dielectric at a temperature between approxi 
mately 750 and approximately 900 degrees Celsius. 

18. The method of claim 12, wherein the semiconductor 
Substrate further comprises a third region and a fourth region 
and the method further comprises: 

forming a second thick gate dielectric device in the third 
region, wherein the second thick gate dielectric device 
has a third channel region, 

forming a second thin gate dielectric device in the fourth 
region, wherein the second thin gate dielectric device 
has a fourth channel region and the second thin gate 
dielectric device has a gate dielectric that is thinner than 
that of the second thick gate dielectric device; and 
wherein: 
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epitaxially growing the first channel region further com 

prises epitaxially growing the fourth channel region; 
forming the first gate dielectric further comprises form 

ing the first gate dielectric over the third channel 
region; and 

forming the second gate dielectric further comprises 
forming the second gate dielectric over the fourth 
region. 

19. The method of claim 18 further comprising: 
implanting the first region and second region with a first 

dopant, wherein the first region and the second region 
have a first conductivity; and 

implanting the third region and fourth region with a second 
dopant, wherein the third region and the fourth region 
have a second conductivity and wherein the first conduc 
tivity is different from the second conductivity. 

20. A method comprising: 
forming an isolation region in a semiconductor Substrate to 

form a first semiconductive region and a second semi 
conductive region in a semiconductor Substrate; 

epitaxially growing a semiconductive material over the 
first semiconductive region, wherein the semiconduc 
tive material comprises an element selected from a 
group consisting of germanium and carbon; 

depositing a first dielectric material over the first semicon 
ductive region; 

depositing a second dielectric material over the first dielec 
tric material and the second semiconductive region; and 

depositing a gate electrode material over the second dielec 
tric material. 
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