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(57) ABSTRACT 

A multi-gate transistor and a method of forming a multi-gate 
transistor, the multi-gate transistor including a fin having an 
upper portion and a lower portion. The upper portion having 
a first band gap and the lower portion having a second band 
gap with the first band gap and the second band gap designed 
to inhibit current flow from the upper portion to the lower 
portion. The multi-gate transistor further including a gate 
structure having sidewalls electrically coupled with said 
upper portion and said lower portion and a Substrate posi 
tioned below the fin. 
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SUBSTRATE BAND GAP ENGINEERED 
MULT-GATE PMOS DEVICES 

BACKGROUND OF THE INVENTION 

0001) 
0002 The present invention relates to the field of semi 
conductor devices and more specifically to controlling short 
channel effects in multi-gate devices. 
0003 2. Discussion of Related Art 

1. Field of the Invention 

0004. During the past two decades, the physical dimen 
sions of MOSFETs have been aggressively scaled for low 
power, high-performance applications. The need for faster 
Switching transistors requires shorter channel lengths. The 
continued decreasing size and need for low-power transis 
tors makes overcoming the short channel effects of transis 
tors necessary. However, as the dimensions of the transistors 
decrease the ability to control the leakage current becomes 
more difficult. To limit the amount of leakage current in a 
transistor current Solutions involve strictly controlling the 
placement of the source and drain dopants within the active 
region of the transistor. Other techniques to combat the 
leakage current include implants in and around the channel 
Such as halo and punchthrough implants. However, the use 
of Such implants results in degraded performance of the 
transistor Such as increasing the threshold Voltage. 
0005) Multi-gate devices enable better control of the 
transistor channel than do planar transistors with a single 
gate. The use of more than one gate in the channel region of 
the transistor allows more control over the current flow 
within the channel. The better control over the channel 
minimizes short-channel effects. Despite the better control 
over the channel, the multi-gate devices are less efficient at 
controlling the electric fields from the source and drain 
regions. The electric fields from the source and drain regions 
result in short-channel effects Such as an increased leakage 
current at a given gate Voltage in the Subthreshold region of 
device operation. As mentioned above, prior Solutions to 
minimize this leakage current includes utilizing dopants in 
the channel that have unwanted effects such as increasing the 
threshold voltage of the transistor. 

SUMMARY 

0006. A multi-gate transistor and a method of forming a 
multi-gate transistor, the multi-gate transistor including a fin 
having an upper portion and a lower portion. The upper 
portion having a first band gap and the lower portion having 
a second band gap with the first band gap and the second 
band gap designed to inhibit current flow from the upper 
portion to the lower portion. The multi-gate transistor further 
including a gate structure having sidewalls electrically 
coupled with said upper portion and said lower portion and 
a substrate positioned below the fin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is an illustration of a perspective view of an 
embodiment of a multi-gate pMOS device using substrate 
band gap engineering. 
0008 FIG. 2 is an illustration of a perspective view of an 
embodiment of a multi-gate pMOS device on an insulating 
Substrate using Substrate band gap engineering. 
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0009 FIG. 3A-3F is an illustration of perspective views 
of a method of fabricating an embodiment of a multi-gate 
pMOS device using Substrate band gap engineering. 
0010 FIG. 4A-4D is an illustration of perspective views 
of a method of fabricating an embodiment of a multi-gate 
pMOS device on an insulating Substrate using Substrate band 
gap engineering. 

DETAILED DESCRIPTION 

0011. In the following description of substrate band gap 
engineered multi-gate pMOS devices numerous specific 
details are set forth in order to provide an understanding of 
the claims. One of ordinary skill in the art will appreciate 
that these specific details are not necessary in order to 
practice the disclosure. In other instances, well-known semi 
conductor fabrication processes and techniques have not 
been set forth in particular detail in order to prevent obscur 
ing the present invention. 
0012 Embodiments of the present invention include 
band gap engineered multi-gate pMOS devices. In particular 
embodiments of the multi-gate pMOS device, the device is 
fabricated with a fin or body formed from a layer of material 
deposited over a substrate and a portion of the substrate. The 
layer of material deposited over a substrate and the substrate 
are selected Such that the band gap of the material deposited 
over the substrate is narrower than that of the substrate. The 
difference in the band gap creates a band gap offset between 
the valence bands of the two layers, which adds an extra 
barrier for the holes to mount in order to move into the 
substrate. The result of the band gap offset is to minimize the 
leakage current into the Substrate. Another aspect of embodi 
ments of a pMOS device according to the present invention 
includes forming a source region and a drain region fully 
contained within the layer of material deposited over the 
Substrate. Because the source region and drain region are 
fully contained within the layer of material deposited over a 
Substrate the leakage current in the Substrate is minimized. 
0013 Embodiments of the present invention also include 
a gate structure that is electrically coupled with the layer of 
material deposited over a Substrate and at least a part of the 
substrate portion of the fin. The band gap offset between the 
materials of the fin changes the flat-band voltage of this part 
of the device. The result is a lower threshold voltage in the 
material deposited over the substrate than the threshold 
voltage of the substrate portion of the fin because of the band 
gap offset between the two materials. The higher threshold 
voltage in the substrate portion of the fin helps to further 
minimize the leakage current. Minimizing the transistor 
leakage current provides for lower power, high performance 
transistors. Moreover, the ability to better control the leak 
age current allows the transistor to be scaled to Smaller 
dimensions. 

0014 FIG. 1 shows an embodiment of a substrate band 
gap engineered multi-gate pMOS device 100. In the FIG. 1 
embodiment, a fin or body 105 is formed from two materials. 
In an embodiment, the fin 105 has a lower portion 110 
formed from a substrate and an upper portion 115 formed 
from a semiconductor material that has a band gap at least 
0.3 electron volts (eV) narrower than the substrate portion 
110. In embodiments of the pMOS device 100 according to 
the present invention the materials for the upper portion 115 
and the lower portion 110 are selected such that the band gap 
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offset between the upper portion 115 and the lower portion 
110 is equal to or greater than 0.3 eV. For example, in one 
embodiment the materials of the upper portion 115 and the 
lower portion 110 are selected such that the band gap of the 
upper portion 115 is approximately 0.3 eV narrower than 
that of the material selected for the lower portion 110. In 
another embodiment, the band-gap offset between the upper 
portion 115 and the lower portion 110 is approximately 0.4 
eV. 

0.015 The difference in the band gap of the lower portion 
110 and an upper portion 115 creates an extra barrier for 
holes to overcome before escaping into the lower portion 
110. This extra barrier results in reducing the number of 
holes that can travel from the upper portion to the lower 
portion; therefore, the leakage current is reduced. Having a 
lower portion 110 with a band gap equal to or greater than 
0.3 eV larger than an upper portion 115 also creates a lower 
threshold voltage in the upper portion 115 than in the lower 
portion 110. The difference in the threshold voltages 
between the upper portion 115 and the lower portion 110 
increases in the same amount as the band-gap offset between 
the two portions. The resulting higher flat-band Voltage in 
the lower portion 110 further minimizes the leakage current 
in the lower portion 110. 

0016. In an embodiment of a multi-gate pMOS device 
100 according to the present invention, an epitaxial semi 
conductor layer forms an upper portion 115 having a band 
gap approximately 0.3 eV to approximately 0.4 eV narrower 
than the band gap of the lower portion 110 that is positioned 
over the lower portion 110. In an embodiment of the present 
invention the upper portion 115 is formed from a composi 
tion of silicon-germanium. One embodiment of the pMOS 
device 100 includes the use of silicon-germanium with 
20-50 atomic percent of germanium for the upper portion 
115 and silicon for the lower portion 110. In an embodiment 
using silicon-germanium, the silicon-germanium includes 
30 atomic percent of germanium. Another embodiment of 
pMOS device 100 using silicon-germanium contains 20 
atomic percent of germanium in the silicon-germanium 
upper portion 115. In other embodiments of a pMOS device 
100 of the present invention, a substrate 107 may be formed 
of any semiconductor material having a band gap equal to or 
greater than 0.3 eV than an upper portion 115. 

0017. In some embodiments the thickness of the upper 
portion 115 is 3 to 20 times thicker than the lower portion 
110. In one embodiment the thickness of the upper portion 
115 is between approximately 200 angstroms (A) and 800 A. 
Embodiments of a pMOS device 100 according to the 
present invention include the lower portion 110 having a 
thickness between approximately 10 A and 200 A. An 
embodiment of the pMOS device 100 includes an upper 
portion 115 having a thickness of approximately 450 A and 
a lower portion have a thickness of 50 A. 
0018. The embodiment illustrated in FIG. 1 of a substrate 
band gap engineered multi-gate pMOS device 100 further 
includes a gate structure 120. In an embodiment, a gate 
structure 120 resides over a gate insulator 125. Some 
embodiments of a substrate band gap engineered multi-gate 
pMOS device 100 include a gate insulator 125 positioned 
over shallow trench isolation (STI) regions 130 formed on a 
substrate 107. In an embodiment, a gate structure 120 may 
be fabricated as illustrated in FIG. 1 such that the substrate 

Oct. 11, 2007 

band gap engineered multi-gate pMOS device 100 is a 
tri-gate transistor. In a tri-gate transistor embodiment the 
gate structure 120 is formed on the top surface of a fin 105 
and on the sidewalls of a fin 105. In a FinFET embodiment 
of the pMOS device 100 according to the present invention, 
the gate structure 120 is formed on laterally opposite side 
walls of a fin 105. In other embodiments, a gate structure 
120 may be fabricated in such a manner as to form other 
dual-gate or omega-gate devices. 

0019 FIG. 2 illustrates another embodiment of a sub 
strate band gap engineered multi-gate pMOS device 100 
fabricated in a semiconductor-on-insulator (SOI) configura 
tion but is otherwise similar to the FIG. 1 embodiment. In an 
embodiment of an SOI configuration, substrate 205 is 
formed from an insulator 210 and a carrier 215. The insu 
lator 210 may be any dielectric material such as silicon 
dioxide. The carrier 215 of an SOI configuration may be any 
semiconductor, insulator, or metallic material. 

0020. In the embodiments depicted in FIGS. 1 and 2, the 
multi-gate pMOS device 100 has a gate insulator 125. Other 
embodiments according to the present invention include a 
pMOS device 100 without a gate insulator 125. In one 
embodiment the gate structure 120 is in direct contact with 
the fin 105. In the tri-gate embodiments as illustrated in 
FIGS. 1 and 2 the gate insulator 125 covers the top and the 
sidewalls of the fin 105. In other embodiments, such as 
FinFET, a gate dielectric layer 125 is only formed on the 
sidewalls of the fin 105. Gate insulator 125 may be made of 
any dielectric material compatible with materials forming a 
fin 105 and materials forming a gate structure 120. In an 
embodiment of the present invention, the gate dielectric 
layer 125 may be formed from a silicon dioxide (SiO), a 
silicon oxynitride (SiO.N.), or a silicon nitride (SiNa) 
dielectric layer. In one particular embodiment of the pMOS 
device 100, the gate dielectric layer 125 is formed from a 
silicon oxynitride layer formed to a thickness of 5-20A. In 
another embodiment, a gate dielectric layer 125 is formed 
from a high K gate dielectric layer Such as a metal oxide 
dielectric, including but not limited to tantalum oxide, 
titanium oxide, hafnium oxide, Zirconium oxide, or alumi 
num oxide. Gate dielectric layer 125 may also be formed 
from materials including other types of high K dielectrics, 
such as lead zirconium titanate (PZT). 
0021. In certain embodiments of the pMOS device 100, 
a gate structure 120 is formed on and adjacent to the gate 
dielectric layer 125. When formed according to an embodi 
ment of the present invention, a gate structure 120 has a pair 
of laterally opposite sidewalls separated by a distance defin 
ing the gate length (L.) of the pMOS device 100. In an 
embodiment of the present invention, the gate electrode may 
be formed of any material having an appropriate work 
function. A gate structure 120 in an embodiment of the 
pMOS device 100 of the present invention is formed from a 
metal gate electrode, Such as tungsten, tantalum nitride, 
titanium silicide, nickel silicide, or cobalt silicide. Another 
embodiment of the present invention includes a gate struc 
ture 120 fabricated from a composite stack of thin films such 
as a metal/polycrystalline silicon electrode. 

0022. Embodiments of the pMOS device 100 include a 
gate structure 120 formed to couple with the top of fin 105, 
the sidewalls of an upper portion 115, and the sidewalls of 
a lower portion 110. In a tri-gate embodiment, the gate 
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structure 120 covers the top of a fin 105 and extends between 
approximately 5 A and 200 A below the top of a lower 
portion 110. In another embodiment, the gate structure 120 
extends 25 A below the top of a lower portion 110. In a 
FinFET embodiment only the sidewall portion of a gate 
structure 120 is used; therefore, the top of a fin 105 is not 
covered by a portion of a gate structure. In a FinFET 
embodiment of a pMOS device 100 according to the present 
invention a gate structure includes sidewalls to electrically 
couple to an upper portion 115 and a lower portion 110. One 
FinFET embodiment of the pMOS device 100 includes a 
gate structure that extends approximately 5 A and 200 A 
below the top of the lower portion 110. In another FinFET 
embodiment of the pMOS device 100 a gate structure 
extends 25 A below the top of a lower portion 110. 
0023 The embodiments illustrated in FIGS. 1 and 2 also 
include a source region 135 and a drain region 140 formed 
in the upper portion 115 on opposite sides of a gate structure 
120. In an embodiment of a Substrate band gap engineered 
pMOS device 100, a source region 135 and a drain region 
140 are fully contained within an upper portion 115. Fully 
containing a source region 135 and a drain region 140 within 
an upper portion 115 also aids in minimizing the leakage 
current in a lower portion 110. Some embodiments of the 
present invention have a doping concentration of 1x10-1x 
10' atoms/cm. An embodiment of the pMOS device 100 
includes a source region 135 and a drain region 140 formed 
of a uniform doping concentration. In another embodiment, 
a source region 135 and a drain region 140 include Subre 
gions of different doping concentrations or doping profiles 
Such as tip regions. In an embodiment including tip regions, 
sidewall spacers are used to create tip regions. 
0024. As shown in FIGS. 1 and 2, a source region 135 
and a drain region 140 define a channel region in the fin 105 
of the pMOS device. In an embodiment of the present 
invention a channel region is undoped. Another embodiment 
of the pMOS device 100 includes a channel region doped to 
a concentration as high as 1x10" atoms/cm. Some embodi 
ments of the present invention include halo implants 
implanted below the channel region of a half order magni 
tude greater than the doping concentration of the channel 
region and the same conductivity type as the channel region. 
The halo implants work to further minimize the leakage of 
a pMOS device 100. Other embodiments of the present 
invention include punchthrough implants or other tech 
niques to combat short-channel effects. 
0025. A method of fabricating a pMOS device 100 on a 
Substrate in accordance with an embodiment of the present 
invention as shown in FIG. 1 is illustrated in FIGS. 3A-3F. 
In certain embodiments of the present invention, the sub 
strate 107 of FIG. 3A can be a semiconductor layer, such as 
a silicon monocrystalline substrate. As shown in FIG. 3A, an 
upper portion layer 305 is deposited over a substrate 107. In 
one embodiment the upper portion layer 305 is formed from 
part of the substrate 107. Another embodiment of the pMOS 
device 100 includes an upper portion layer 305 that is an 
epitaxial layer formed on substrate 107. In an embodiment, 
the upper portion layer 305 is formed to a thickness between 
approximately 200 A and 800 A. One embodiment of the 
pMOS device 100 includes an upper portion layer 305 
formed to a thickness of approximately 450 A. Another 
embodiment of the pMOS device 100 includes the pMOS 
device 100 including an upper portion layer 305 formed to 
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a thickness of approximately 600 A. In certain embodiments 
of the present invention, the upper portion layer 305 is a 
composition of a silicon-germanium alloy having a band gap 
at least 0.3 eV narrower than the substrate 107. In an 
embodiment, the upper portion layer 305 includes an epi 
taxial region with p-type conductivity with an impurity 
concentration level between 1x10'-1x10" atoms/cm. In 
another embodiment of the present invention the upper 
portion layer 305 is an undoped silicon-germanium alloy 
layer having a band gap at least 0.4 eV narrower than the 
band gap of the substrate 107. 

0026. In embodiments of the present invention, well 
regions of upper portion layer 305 are doped to p-type 
conductivity with a concentration level between about 
1x10-1x10" atoms/cm. Upper portion layer 305 can be 
doped by, for example, ion-implantation. The doping level 
of the upper portion layer 305 at this point may determine 
the doping level of the channel region of a pMOS device 
1OO. 

0027. As shown in FIG. 3B, a masking layer 310 is used 
to define the active regions of the pMOS device 100 on the 
upper portion layer 305. A masking layer 310 is used to 
define the active regions of an embodiment of a pMOS 
device 100 of the present invention. The masking layer 310 
may be any material Suitable for defining an upper portion 
layer 305 and a substrate 107. In an embodiment of the 
present invention, masking layer 310 is a lithographically 
defined photo resist. In another embodiment, masking layer 
310 is formed of a dielectric material that has been litho 
graphically defined and then etched. In an embodiment, 
masking layer 310 is a hard mask. In a certain embodiment, 
masking layer 310 may be a composite stack of materials, 
Such as an oxide/nitride stack. Once masking layer 310 has 
been defined, a fin or body 105 is then defined, as shown in 
FIG. 3C, by an etching technique. The fin 105 having an 
upper portion 115 and a lower portion 110. In certain 
embodiments of the present invention, anisotropic plasma 
etch, or RIE, is used to define a fin 105. Moreover, FIG. 3C 
shows the upper portion layer 305 and a portion of the 
substrate 107 etched to form recesses or trenches 320 on the 
substrate 107 in alignment with the outside edges of mask 
ing portion 310. The trenches 320 are etched to a depth 
Sufficient to isolate an adjacent transistor from the other. In 
an embodiment of the pMOS device 100 the trench 320 
between approximately 500 A and 2000 A deep in the 
substrate 107. In one embodiment the trench 320 is etched 
to a depth of 1500A in the substrate 107. 
0028. As shown in FIG. 3D, the trenches 320 are filled 
with a dielectric to form STI regions 130 on substrate 107. 
In an embodiment of the present invention, a liner of oxide 
or nitride on the bottom and sidewalls of the trenches 320 is 
formed. Next, the trenches 320 are filled by blanket depos 
iting an oxide over the liner by, for example, a high-density 
plasma (HDP) chemical vapor deposition process. The 
deposition process will also form dielectric on the top 
surfaces of the mask portions 310. The fill dielectric layer 
can then be removed from the top of mask portions 310 by 
chemical, mechanical, or electrochemical, polishing tech 
niques. The polishing is continued until the mask portions 
310 are revealed, forming STI regions 130. In an embodi 
ment of the present invention, as shown in FIG. 3D, the 
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mask portions 310 are selectively removed. In other embodi 
ments, the mask portions 310 are retained through subse 
quent processes. 

0029. In the embodiment shown in FIG. 3E, the STI 
regions 130 are etched back or recessed to form the side 
walls of the fin 105. STI regions 130 are etched back with 
an etchant, which does not significantly etch the fin 105. In 
an embodiment, STI regions 130 are recessed such that the 
amount of the lower portion 110 that is exposed is within a 
range between 200 A and 800 A. In one embodiment, STI 
regions 130 are recessed using an anisotropic etch followed 
by an isotropic etch to remove the STI dielectric from the 
sidewalls of a fin 105 until 500 A of the substrate 107 is 
exposed. STI regions 130 are recessed by an amount depen 
dent on the desired channel width of the pMOS device 100 
formed. 

0030 Agate dielectric layer 125, as shown in FIG. 3F, is 
formed on each upper portion 115 and lower portion 110 of 
fin 105 in a manner dependent on the type of device 
(dual-gate, tri-gate, etc.). In an embodiment of the present 
invention, a gate dielectric layer 125 is formed on the top 
surface of an upper portion 115, as well as on the laterally 
opposite sidewalls of a fin 105. In certain embodiments, 
Such as dual-gate embodiments, the gate dielectric 125 is not 
formed on the top surface of the upper portion 115, but on 
the top surface of hard mask. The gate dielectric layer 125 
can be a deposited dielectric or a grown dielectric. In an 
embodiment of the present invention, the gate dielectric 
layer 125 is a silicon dioxide dielectric film grown with a 
dry/wet oxidation process. In an embodiment of the present 
invention, the gate dielectric film 125 is a deposited high 
dielectric constant (high-K) metal oxide dielectric, Such as 
tantalum pentaoxide, titanium oxide, hafnium oxide, Zirco 
nium oxide, aluminum oxide, or another high-K dielectric, 
such as barium strontium titanate (BST). A high-K film can 
be formed by well-known techniques, such as chemical 
vapor deposition (CVD) and atomic layer deposition (ALD). 

0031. As shown in FIG. 3F, a gate structure 120 is formed 
on the pMOS device 100. In an embodiment of the present 
invention, the gate structure 120 is formed on the gate 
dielectric layer 125 formed on and adjacent to the top 
surface of the upper portion 115 and is formed on and 
adjacent to the gate dielectric 125 formed on and adjacent to 
the sidewalls offin 105, which includes the sidewalls of the 
upper portion 115 and the lower portion 110. The gate 
structure 120 may be formed to a thickness between 200 
3000 A. In an embodiment, the gate structure 120 has a 
thickness of at least three times the height of a fin 105. In an 
embodiment of the present invention, the gate electrode is a 
mid-gap metal gate electrode such as, tungsten, tantalum 
nitride, titanium nitride or titanium silicide, nickel silicide, 
or cobalt silicide. In an embodiment of the present invention, 
gate structure 120 is formed by techniques including but not 
limited to blanket depositing a gate structure 120 material 
over the substrate 107 and then patterning the gate electrode 
material through photolithography and etch. In other 
embodiments of the present invention, “replacement gate' 
methods are used to form the gate structure 120. 
0032 Source region 135 and drain region 140 for the 
transistor are formed in upper portion 115 on opposite sides 
of gate structure 120, as shown in FIG. 3F. In an embodi 
ment of a pMOS device according to the present invention, 
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a source region 135 and a drain region 140 resides on 
opposite sides of a channel. An embodiment of the present 
invention the source region 135 and drain region 140 region 
are completely contained in the upper portion 115. In an 
embodiment of the present invention, a source region 135 
and a drain region 140 include tip or source/drain extension 
regions. For an embodiment of a pMOS device 100 of the 
present invention, an upper portion 115 is doped to a p-type 
conductivity and to a concentration between 1x10'-1x10' 
atoms/cm. At this point an embodiment of a pMOS device 
100 according to the present invention is substantially 
complete and only device interconnection remains. 
0033. A method of fabricating a substrate band gap 
engineered pMOS device 100 on an insulating substrate in 
accordance with an embodiment of the present invention as 
shown in FIG. 2 is illustrated in FIGS. 4A-4D. Forming a 
pMOS device 100 on an insulating substrate according to an 
embodiment of the present invention may use similar tech 
niques and materials as described for the embodiments 
illustrated by FIGS. 3A-3F. In an embodiment of the present 
invention, shown in FIG. 4A, the SOI substrate 205 includes 
an insulating layer 210. Such as a silicon dioxide film or 
silicon nitride film, formed over a lower silicon carrier 215. 
Insulating layer 210 isolates lower portion layer 410 and 
upper portion layer 305 from carrier 205, and in an embodi 
ment is formed to a thickness between 200-2000 A. In an 
embodiment, insulating layer 210 is sometimes referred to 
as a “buried oxide layer. 
0034). Although the upper portion layer 305 is ideally a 
silicon-germanium alloy (SiGe), other types of semiconduc 
tor films may be used so long as the band gap of the upper 
portion layer 305 is at least 0.3 eV narrower than that of the 
lower portion layer 410. Such semiconductor films may 
include compositions of any III-V semiconductor com 
pounds that results in at least a 0.3 eV narrower band gap 
than that of the lower portion layer 410. 
0035) In an embodiment of the present invention, upper 
portion layer 305 is an intrinsic (i.e., undoped) silicon 
germanium alloy film having 30 atomic percent of germa 
nium. In other embodiments, upper portion layer 305 is 
doped to p-type conductivity with a concentration level 
between 1x10'-1x10' atoms/cm. Upper portion layer 305 
can be in-situ doped (i.e., doped while it is deposited) or 
doped after it is formed on substrate 107 by for example 
ion-implantation. The doping level of the upper body layer 
305 at this point can determine the doping level of the 
channel region of the device. Upper body layer 305 may be 
formed on insulator 210 in any well-known method. In one 
method of forming a silicon-on-insulator Substrate, known 
as the separation by implantation of oxygen (SIMOX) 
technique. Another technique currently used to form SOI 
Substrates is an epitaxial silicon film transfer technique 
generally referred to as bonded SOI or SMARTCUT. 
0036) Similar to the process described in FIGS. 3A-3F, a 
masking layer 310 is used to define the active regions of a 
pMOS device 100. As shown in FIG. 4B, once a masking 
layer 310 has been defined, a fin 105 is then defined by an 
etching technique to expose the sidewalls of a body portion 
115 and a substrate portion 110. In an embodiment of the 
present invention, as shown in FIG. 4C, masking layer 310 
is removed from the upper portion 115. In other embodi 
ments, such as for particular dual-gate or FinFET designs, 
masking layer 310 is not removed. 



US 2007/0235763 A1 

0037. In a particular embodiment of the present inven 
tion, the upper portion 115 is a silicon-germanium layer 
having an atomic percent of germanium within a range of 
about 20 atomic percent to about 50 atomic percent. In an 
embodiment the amount of germanium in a silicon-germa 
nium upper portion 115 is within a range of about 25 to 35 
atomic percent. In other embodiments, the germanium con 
centration is about 50 percent. Ideally, the formation process 
for creating the silicon germanium layer is capable of 
producing a single crystalline upper portion 115. As in the 
process described in FIGS. 3A-3F, the upper portion 115 is 
grown to the desired thickness. Some embodiments include 
in-situ impurity doping. In an embodiment of the present 
invention, a SiGe is grown to a thickness in the range of 
approximately 200 A and 800 A. One embodiment of the 
pMOS device 100 includes an upper portion layer 305 
formed to a thickness of approximately 450 A. In certain 
embodiments of the present invention, various regions over 
the substrate are selectively and iteratively masked and 
different devices such as nMOS devices, other pMOS 
devices, or other circuit components may be formed. 
0038. As shown in FIG. 4D, a gate insulator 125, gate 
structure 120, source regions 135, and drain regions 140 are 
formed following embodiments analogous to those previ 
ously described above. At this point an embodiment of a 
pMOS device 100 of the present invention formed on a SOI 
Substrate is substantially complete and only device intercon 
nection remains. 

0039. Although the invention has been described in lan 
guage specific to structural features and/or methodological 
acts, it is to be understood that the invention defined in the 
appended claims is not necessarily limited to the specific 
features or acts described. Rather, the specific features and 
acts are disclosed as particularly graceful implementations 
of the claimed invention. 

We claim: 
1. A multi-gate transistor comprising: 
a fin having an upper portion and a lower portion, said 

upper portion having a first band gap and said lower 
portion having a second band gap, said first band gap 
and said second band gap designed to inhibit current 
flow from said upper portion to said lower portion; 

a gate structure having sidewalls electrically coupled with 
said upper portion and said lower portion; and 

a substrate positioned below said fin. 
2. The multi-gate transistor of claim 1 wherein said first 

band gap is at least 0.3 electron volts narrower than said 
second band gap. 

3. The multi-gate transistor of claim 1 wherein said gate 
structure includes a top portion positioned over said fin. 

4. The multi-gate transistor of claim 1 wherein said lower 
portion is formed from said substrate. 

5. The multi-gate transistor of claim 1 wherein a source 
region and a drain region are contained within said upper 
portion. 

6. The multi-gate transistor of claim 1 further comprising 
an insulator positioned between said fin and said Substrate. 

7. The multi-gate transistor of claim 2 wherein said upper 
portion is composed of silicon-germanium having approxi 
mately 30 atomic percent of germanium. 
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8. The multi-gate transistor of claim 4 wherein said 
second band gap is 0.4 electron volts wider than said first 
band gap. 

9. The multi-gate transistor of claim 6 wherein said 
insulator is formed using a bonded semiconductor-on-insu 
lator (SOI) technique. 

10. A multi-gate device comprising: 
an upper portion having a first band gap, said upper 

portion configured to contain a source region and a 
drain region; 

a lower portion having a second band gap wider than said 
first band gap and positioned below said upper portion 
to form a fin; 

a gate structure having a first portion and a second 
portion, said first portion and second portion positioned 
on opposing sides of said fin and positioned to cover a 
portion of said upper portion and a portion of said lower 
portion; and 

a substrate positioned below said lower portion. 
11. The multi-gate device of claim 10 wherein said gate 

structure further comprises a third portion positioned over 
said upper portion. 

12. The multi-gate device of claim 10 further comprising 
a channel region in said upper portion located between said 
Source region and said drain region, said channel region 
doped to a concentration level of approximately 1x10' 
atoms/cm. 

13. The multi-gate device of claim 10 wherein said lower 
portion is formed from said substrate. 

14. The multi-gate device of claim 10 further comprising 
an insulator between said lower portion and said Substrate. 

15. The multi-gate device of 10 further comprising a gate 
insulator positioned between said gate structure and said fin. 

16. The multi-gate device of claim 11 wherein said first 
band gap is at least 0.3 electron volts narrower than said 
upper portion. 

17. The multi-gate device of claim 11 wherein said gate 
structure is formed from a metal. 

18. The multi-gate device of claim 16 wherein said upper 
portion is formed from silicon-germanium. 

19. The multi-gate device of claim 18 wherein said upper 
portion contains approximately 20 atomic percent of ger 
manium. 

20. The multi-gate device of claim 19 wherein said 
Substrate is composted of silicon. 

21. A method comprising: 
positioning an upper portion having a first band gap over 

a lower portion to form a fin over a substrate, said lower 
portion having a second band gap wider than said first 
band gap: 

forming a first gate and a second gate on opposite sides of 
said fin, said first and said second gate formed to 
electrically couple with said upper portion and said 
lower portion; and 

creating a source and drain region within said upper 
portion on opposite sides of a channel. 

22. The method of claim 21 wherein said upper portion is 
formed of silicon-germanium composed of 30 atomic per 
cent of germanium. 

23. The method of claim 21 further comprising forming a 
third gate positioned over said fin. 
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24. The method of claim 21 wherein the upper portion is 
formed using a III-V semiconductor material Such that said 
second band gap is at least 0.3 electron volts wider than said 
first band gap. 

25. The method of claim 21 further comprising implanting 
ions below said channel to form halo implants of the same 
conductivity type as said channel, said halo implants having 
a concentration of said ions of a half order greater than said 
channel. 

26. The method of claim 21 further comprising forming 
an insulating layer between said lower portion and said 
substrate. 
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27. The method of claim 23 further comprising forming a 
gate insulator between said gates and said fin. 

28. The method of claim 23 wherein said upper portion is 
formed to a thickness between 200 and 2000 angstroms. 

29. The method of claim 23 wherein said first gate, said 
second gate, and said third gate are formed from titanium 
nitride. 

30. The method of claim 28 wherein said fin is approxi 
mately 450 angstroms thick. 


