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METHOD OF SELECTIVE REMOVAL OF SIGE
ALLOYS

[0001] The present application claims priority to U.S.
Provisional Patent Application Ser. No. 60/298,153 filed
Jun. 14, 2001.

BACKGROUND OF TH INVENTION

[0002] The present invention generally relates to the fab-
rication of semiconductor substrates from devices, and in
particular relates to the use of strained silicon (Si) hetero-
structure substrates in forming devices such as transistors,
for example, for high-performance CMOS integrated circuit
products.

[0003] As microelectronic systems require faster operat-
ing speeds and increased computing power, the need exists
for integrated circuits to provide a greater complexity of
transistors in a smaller amount of circuit real estate. Such
integrated circuits include, for example, microprocessors,
ASICs, embedded controllers, and millions of transistors,
such as metal oxide silicon semiconductor field-effect tran-
sistors (MOSFETSs).

[0004] Certain microelectronics systems, such as radars,
satellites, and cell phones, require low-power, high-speed,
and high-density circuits with a high signal-to-noise ratio
(i.e., low noise). These low power, high speed, and low noise
requirements present a significant design challenge both at
the circuit design and at the transistor design level. Micro-
electronic devices that include both analog and digital
circuits are used together to achieve these requirements.
Analog devices are used in applications requiring high speed
and low noise, whereas digital circuits are used in applica-
tions requiring high density and low power.

[0005] Microelectronic devices that include both analog
and digital circuits on the same substrate typically use
traditional Si based MOSFET devices. Analog MOSFET
devices, which run on analog signals, typically exhibit noise
problems because noise is induced at high frequency when
carriers scatter along the Si/SiO, interface of a traditional
MOSFET device. Thus, for high-speed analog devices,
field-effect transistors (FETS) are not used; rather, bipolar
transistors that do not have conduction along a Si/SiO,
interface are used. Unfortunately, it is difficult and expensive
to integrate both bipolar and MOSFET devices on a single
substrate.

[0006] One way to reduce noise and to achieve devices
that are integrated on the same substrate is through changes
at the transistor design level by using surface channel
devices along with buried channel devices. A conventional
Si based buried channel FET device has a channel conduc-
tion layer that is buried within a highly doped silicon region.
This buried channel device has low noise because the charge
carriers in the conduction channel are spatially separated
from the Si/SiO, interface.

[0007] While it is possible to build surface channel
devices and buried channel devices on the same substrate,
the manufacturing process requires complex and extensive
process capabilities. For example, use of ion implantation to
populate the buried channel requires counterdoping of the
layers above the buried channel, and also requires extensive
masking steps, adding to the cost and complexity of the
overall manufacturing process. Furthermore, the excessive
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doping required to populate a buried conduction layer within
a conventional silicon substrate places fundamental limita-
tions on the performance of such a device.

[0008] Further, the use of strained semiconductor devices
presents particular problems to the formation of surface
channel devices and buried channel devices on the same
substrate. For example, U.S. Pat. No. 5,963,817 discloses a
method of using local selective oxidation of bulk or strained
SiGe for forming buried channel oxide regions involving
steps of masking, oxidation (e.g., thermal oxidation), and
oxide removal; and U.S. Pat. No. 5,442,205 discloses the
formation of surface channel semiconductor heterostructure
devices with strained silicon device layers. It has been
found, however, that the process of oxidation affects certain
strained semiconductors differently. For example, the dif-
ferent layers of a strained semiconductor heterostructure
may oxidize or become doped sufficiently differently that
device formation procedures are compromised. Moreover,
with high thermal budget oxidation, the thin strained semi-
conductor channels may be destroyed by significant inter-
diffusion during the high temperature oxidation steps.

[0009] There is a need, therefore, for a method of inte-
grating surface channel and buried channel strained silicon
devices on the same substrate

SUMMARY OF THE INVENTION

[0010] The invention provides a method of selectively
removing SuGe alloy layers, thus exposing underlying semi-
conductor layers. The invention also provides a method of
forming buried channel devices and surface channel devices
on a heterostructure semiconductor substrate. In an embodi-
ment, the method includes the steps of providing a structure
comprising a first layer having a first oxidation rate disposed
over a second layer having a second oxidation rate, wherein
the first oxidation rate is greater than the second oxidation
rate, reacting said first layer to form a sacrificial layer, and
removing said sacrificial layer to expose said second layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The following description may be further under-
stood with reference to the accompanying drawing in which

[0012] FIGS. 1-9 show diagrammatic views of a hetero-
structure substrate during a method of providing buried and
surface channel devices on the substrate in accordance with
an embodiment of the invention;

[0013] FIG. 10 shows the buried channel device and a
surface channel device of FIG. 9 coupled to a circuit; and

[0014] FIG. 11 shows a diagrammatic graphical view of
thermal oxidation time versus oxidation thickness for vari-
ous semiconductor substrates.

[0015] The drawings are shown for illustrative purposes
and are not to scale.

DETAILED DESCRIPTION OF THE
INVENTION

[0016] The invention provides a simplified method of
forming buried and surface channel heterostructure devices
on the same substrate. As aforementioned, conventional Si
based integrated buried and surface channel devices are
typically manufactured using complex implantation proce-
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dures. In the present invention, the starting substrate mate-
rial defines the buried and surface channel device structures.
This starting material is a heterostructure where the the
different materials in the heterostructure have different oxi-
dation or removal properties. The difference in material
properties allows for the selective removal of particular
layers and this allows for the integration of varied device
structures.

[0017] An exemplary embodiment of such a heterostruc-
ture substrate is a strained silicon substrate. A strained
silicon (Si) substrate is generally formed by providing a
relaxed SiGe layer on bulk Si through either epitaxial
deposition or wafer bonding, and then providing a Si layer
on the relaxed SiGe layer. Because SiGe has a different
lattice constant than Si, the Si layer becomes strained and
results in enhanced mobilities (and hence improved device
performance) compared with bulk Si. The percentage of Ge
in the SiGe can have a dramatic effect on the characteristics
of the strained Si layer.

[0018] In an embodiment, the invention involves the
selective removal of SiGe alloys to form buried channel
strained Si FET devices and surface channel strained Si FET
devices on the same substrate. Using this method, both
device types (e.g., digital and analog) may be realized on a
common substrate and both have distinct advantages over
conventional silicon MOSFET technologies. For example, a
strained silicon surface channel device offers an enhanced
drive current over a conventional Si based MOSFET due to
its enhanced carrier mobilities. Similarly, the band offset of
the strained silicon buried channel device offers low noise
characteristics due to the spatial separation of the active
charge carriers from both the SiO, interface and any remote
impurity atoms introduced via ion implantation.

[0019] FIG. 1 shows a diagrammatic cross-sectional view
of a substrate 10, comprising a Si layer 12, a relaxed SiGe
layer 14, a strained Si layer 16, a second SiGe layer 18, and
a second strained Si layer 20. Each of the strained Si layers
16 and 18 may be between 50 A and 500 A. The substrate
10 forms an examplary base structure for the present inven-
tion. In developing this layered heterostructure substrate 10,
epitaxial growth techniques (e.g., chemical vapor deposi-
tion) and polishing techniques (for example, chemical
mechanical polishing) or wafer bonding techniques, which
are known in the art, are applied. Methods of fabricating
various strained silicon heterostructures are disclosed in
U.S. patent application Ser. No. 09/906,551 filed Jul. 16,
2001 and U.S. patent application Ser. No. 09/928,126 filed
Aug. 10, 2001, the disclosures of which are hereby incor-
porated by reference.

[0020] A variety of masking layers are then applied to the
substrate of FIG. 1 as shown in FIG. 2. First, an oxide layer
22 is applied to the exposed strained silicon layer 20,
followed by a nitride masking layer 24. A photoresist layer
26 is then applied to the nitride mask. Oxide masking layer
22 and nitride masking layer 24 are typically formed using
low-pressure chemical vapor deposition (LPCVD), and are
approximately 100 A and 500-1000 A thick, respectively.
The photoresist layer 26 is typically a photosensitive poly-
mer, such as a novolak-based photoresist, which is spun-
applied. A chrome mask 28 is then utilized to expose
selected regions of the photoresist layer 26 with ultraviolet
light. The ultraviolet light exposes the uncovered regions of
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the photoresist layer 26. This is followed by a developing
step to remove the exposed regions of the photoresist layer
26.

[0021] As shown in FIG. 3, after the exposed regions of
the photoresist layer 26 are removed, the remaining regions
of the photoresist masking layer 26 serve as a mask to etch
the exposed regions of nitride masking region 24 and oxide
masking region 22. The exposed regions of nitride masking
layer 24 are removed by using a hot phosphoric acid, or
CF /O, reactive ion etch (RIE), and the exposed regions of
oxide masking layer 22 are removed using a HF acid etch
step.

[0022] The photoresist masking region 26 is then removed
using a plasma O, ash. Note that a portion of strained Si cap
layer 20 may possibly be removed in the process of remov-
ing the exposed region of oxide masking layer 22. The
nitride masking region 24 then serves as a mask to etch the
strained Si cap layer 20 in, for example, CF,/O, RIE as
shown in FIG. 4. Note that this step may also etch into a
portion of second SiGe layer 18.

[0023] The exposed portion of the second SiGe layer 18 is
then selectively oxidized to expose the strained Si layer 16
leaving regions 32 of oxidized SiGe, for example, at or
below approximately 850° C., and in some applications at or
below approximately 700° C. The selective removal requires
consideration of oxidation rates for Si and SiGe at various
Ge concentrations.

[0024] For example, FIG. 11 shows that the selectivity of
SiGe increases with an increase in concentration of Ge. For
a 470 nm SiGe layer, the x-axis is the oxidation duration in
hours and the y-axis is the square of the oxide thickness in
10° nm?. Line 1 represents the rate for a 36% Ge concen-
tration in SiGe, line 2 represents a 28% Ge concentration in
SiGe, and line 3 represents a 0% Ge concentration (i.e., pure
Si). As the Ge concentration in SiGe increases, the oxidation
rate increases for certain oxidation conditions. An example
of oxidation conditions for which an acceptable oxidation
rate differential occurs is oxidation at 700° C. in a wet
ambient. This indicates that oxidation of SiGe layer 18 will
occur rapidly, and the oxidation step will slow down con-
siderably as the oxidation front reaches the strained Si layer
16. Thus, the controlled selective removal of SiGe layer 18
takes advantage of this differential in oxidation rates. This
differential may be further exploited by grading the second
SiGe layer 18 such that the Ge concentration is higher at the
intersection of second SiGe layer 18 and strained Si layer 16.
This expedites the oxidation of second SiGe layer 18 at the
intersection of second SiGe layer 18 and strained Si layer 16,
thereby avoiding too much erosion of strained Si layer 16.

[0025] A differential chemical oxidation rate may also be
exploited during a wet chemical processing step. For
example, a standard RCA SC-1 clean (NH,OH+H,0,+H,0)
may be used to preferentially remove the second SiGe layer
18 over the strained silicon layer 16. Again, this preferential
chemical removal is due to the enhanced chemical oxidation
rate of SiGe alloys compared to that of silicon.

[0026] A second nitride layer 30 is then formed using
LPCVD (approximately 500-1000 A thick) over the entire
surface of structure as shown in FIG. 5. Note that the
oxidized SiGe regions 32 of the SiGe layer 18 may undercut
and extend partially underneath strained Si cap layer 20.
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Isolation trenches 34, 36 and 38 may then be formed to
isolate the various regions from one another as shown in
FIG. 6. The devices may be isolated from one another as
disclosed in U.S. Provisional Patent Application Ser. No.
60/296,976 filed Jun. 8, 2001, the disclosure of which is
hereby incorporated by reference.

[0027] The second nitride layer 30 and the remaining
region of the nitride masking layer 24 are then removed via
plasma CF,/O, or hot phosphoric wet etch as shown in FIG.
7. The oxide masking layer 22 and regions 32 of SiGe oxide
are then wet etched using a buffered HF solution. This
buffered HF solution etches oxide masking region 22 and
SiGe oxide region 32, but stops on strained Si layer 16 and
strained Si layer 20. In the same step, first isolation trenches
34, 36 and 38 are then planarized via etching to leave a
relatively planar surface in both buried channel device
region A and surface channel device region B as shown in
FIG. 8. A judicious choice of thickness for oxide masking
layer 22 and an appropriate wet chemical etchant results in
the degree of planarity required.

[0028] As shown in FIG. 9, insulator layers 40 and 42 (of
for example, Si0,) are then applied to the substrate of FIG.
8 via thermal oxidation of the strained Si layers 16 and 20.
The first Si0, layer 40 and second SiO, layer 42 are the gate
dielectric layers upon which buried channel and surface
channel MOSFET devices 44 and 46 may be formed as
shown in FIG. 10. In other embodiments, a deposited gate
dielectric (e.g., a high-k gate dielectric) layer may be used
instead of the oxide layers 40 and 42. The buried channel
device 44 and the surface channel device 46 each utilize the
strained silicon layer 16 as the channel, and each may be
coupled to a circuit as generally shown at 48 in FIG. 10.
Note that in this example, the devices are fabricated having
doped source/drain regions, silicide regions, spacers, and
isolation regions.

[0029] Although the invention has been shown in connec-
tion with a strained Si/SiGe heterostructure, those skilled in
the art will appreciate that any heterostructure that allows for
the selective removal of the layers overlaying the channel
layer will also work. Additionally, instead of a strained Si
channel layer, layers of SiGe, Ge or GaAs may be used,
alternatively, a plurality of such layers may be used to
optimize the transport characteristics. Furthermore, the
selective removal of blanket SiGe alloy layers may also be
employed during the fabrication of silicon-on-insulator
(SOI) and strained silicon-on-insulator (SSOI) substrates.

[0030] Those skilled in the art will appreciate that numer-
ous modifications and variations may be made to the above
disclosed embodiments without departing from the spirit and
scope of the invention.

What is claimed is:
1. A method of forming a semiconductor substrate, com-
prising:

providing a structure comprising a first layer having a first
oxidation rate disposed over a second layer having a
second oxidation rate, wherein the first oxidation rate is
greater than the second oxidation rate;

reacting said first layer to form a sacrificial layer; and

removing said sacrificial layer to expose said second
layer.
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2. The method as claimed in claim 1, wherein the second
layer comprises a strained semiconductor.

3. The method as claimed in claim 1, wherein the second
layer comprises Si.

4. The method as claimed in claim 1, wherein the first
layer comprises Si or Ge.

5. The method as claimed in claim 1, wherein said
semiconductor substrate further comprises a relaxed semi-
conductor layer disposed beneath said second layer.

6. The method as claimed in claim 5, wherein said relaxed
semiconductor layer comprises Si or Ge.

7. The method as claimed in claim 1, wherein said
semiconductor substrate further comprises an insulator layer
disposed beneath said second layer.

8. The method as claimed in claim 7, wherein said
insulator layer comprises silicon dioxide.

9. The method as claimed in claim 1, wherein said step of
reacting said first layer to form a sacrificial layer comprises
thermal oxidation.

10. The method as claimed in claim 9, wherein said
thermal oxidation is performed at or below a temperature of
approximately 850° C.

11. The method as claimed in claim 9, wherein said
thermal oxidation is performed at a temperature at or below
approximately 700° C.

12. The method as claimed in claim 1, wherein said step
of reacting said first layer to form a sacrificial layer com-
prises chemical oxidation.

13. The method as claimed in claim 1, wherein said step
of reacting said first layer to form a sacrificial layer is
performed on a first region of said first layer and not on a
second region of said first layer.

14. The method as claimed in claim 13, wherein said
method further comprises forming a surface channel device
in said first region.

15. The method as claimed in claim 13, wherein said
method further comprises forming a buried channel device
in said second region.

16. The method as claimed in claim 13, wherein said
method further comprises:

forming a surface channel device in said first region; and

forming a buried channel device in said second region,
wherein the channel of said surface channel device and
said buried channel device comprises a second device
layer.

17. The method as claimed in claim 16. wherein said
second layer comprises Si and said first layer comprises
SiGe.

18. The structure formed by the method of claim 1.

19. The structure formed by the method of claim 7.

20. The structure formed by the method of claim 16.

21. A method of forming devices on a substrate said
method comprising the steps of:

providing a structure comprising a SiGe layer disposed
over a strained semiconductor layer;

selectively removing said SiGe layer in a first region but
not in a second region such that a surface channel
device may be formed on said first region and a buried
channel device may be formed on said second region.
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22. A method of forming devices on a substrate, said
method comprising the steps of:

providing a structure comprising a SiGe layer disposed
over a strained semiconductor layer;

oxidizing said SiGe layer to form a SiGe oxide in a first
region but not in a second region of said structure;

removing said SiGe oxide;

forming a surface channel device in said first region and
a buried channel device in said second region such that
the strained semiconductor layer serves as the channel
layer of each device.

23. A structure comprising:

a strained semiconductor layer;
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a surface channel device; and

a buried channel device, wherein said surface and buried
channel devices include a channel comprising said
strained semiconductor layer.

24. The structure as claimed in claim 23, wherein said

strained semiconductor layer comprises Si.

25. The structure as claimed in claim 23, wherein said

structure further includes a relaxed semiconductor layer.

26. The structure as claimed in claim 25, wherein said

relaxed semiconductor layer comprises SiGe.

27. A circuit formed by interconnecting the buried chan-

nel device and the surface channel device of claim 23.



