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INTEGRATION OF HYBRID GERMANIUM
AND GROUP III-V CONTACT EPILAYER IN
CMOS

TECHNICAL FIELD

[0001] The present disclosure relates to a trench contact
epilayer in a semiconductor device. The present disclosure is
particularly applicable to the integration of a hybrid germa-
nium (Ge) and Group III-V contact epilayer in a comple-
mentary metal-oxide semiconductor (CMOS) device.

BACKGROUND

[0002] Conventional contact trench formation by way of
reactive-ion etching (RIE) results in a device with poor
quality. In particular, plasma damage and polymer residue in
the bottom of the contact trench occur with RIE. Further,
with a poly-open chemical-mechanical planarization (CMP)
process, undesirable trace amounts of silicon nitride (SiN)
result in contact trenches with poor quality.

[0003] The Fermi-level pinning effect is significant in
many commercially important semiconductors (Silicon (Si),
Germanium (Ge), and Gallium Arsenide (GaAs)), and can
make the design of semiconductor devices difficult. How-
ever, Fermi-level pinning serves as an inherent benefit for
Ge source/drain contacts. By using Fermi-level pinning the
Schottky barrier height (SBH) lowering/optimization, con-
tact resistance can be reduced.

[0004] A need therefore exists for methodology enabling
Fermi-level pinning for both source/drain contacts, in par-
ticular, a boron doped Ge (Ge:B) trench contact for a
source/drain in a PFET region and a Group III-V trench
contact for a source/drain in a NFET region and the resulting
device. It is critical to minimize SBH between metal Fermi-
level to conduction band of semiconductor using Ge:B for
PFET and to valence band of semiconductor using Group
1II-V for NFET.

SUMMARY

[0005] An aspect of the present disclosure is the integra-
tion of a hybrid Ge and Group III-V contact epilayer in a
CMOS device. Another aspect of the present disclosure is a
Ge:B trench contact for a source/drain in a PFET region and
a Group III-V trench contact for source/drain in a NFET
region of a CMOS device.

[0006] Additional aspects and other features of the present
disclosure will be set forth in the description which follows
and in part will be apparent to those having ordinary skill in
the art upon examination of the following or may be learned
from the practice of the present disclosure. The advantages
of the present disclosure may be realized and obtained as
particularly pointed out in the appended claims.

[0007] According to the present disclosure, some technical
effects may be achieved in part by a method of fabricating
a semiconductor device, the method including forming
trenches through an interlayer dielectric (ILD) over source/
drain regions in NFET and PFET regions; depositing a
conformal SiN layer over the ILD and in the trenches;
removing the SiN layer in the PFET region; growing a Ge
epilayer over the source/drain regions in the PFET region;
depositing metal over the ILD and in the trenches in the
NFET and PFET regions; etching the metal in the NFET
region to expose the conformal SiN layer; removing the SiN
layer in the NFET region; growing a Group III-V epilayer
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over the source/drain regions in the NFET region; and
depositing metal over the ILD and in the trenches in the
NFET region.

[0008] Aspects of the present disclosure include forming
the trenches through the ILD in the NFET and PFET regions
concurrently. Other aspects include forming a blocking
mask over the NFET region prior to removing the SiN layer
in the PFET region, wherein the blocking mask includes an
organic planarization layer (OPL). Yet another aspect
includes removing the OPL prior to growing the Ge epilayer
over the source/drain contacts in the PFET region. Another
aspect includes the Ge epilayer including Ge:B. Further
aspects include the Group III-V epilayer including GaAs,
indium phosphide (InP), indium arsenide (InAs), indium
antimonide (InSb), gallium antimonide (GaSb), indium gal-
lium arsenide (InGaAs), indium nitride (InN) or aluminium
gallium arsenide (AlGaAs). Other aspects include deposit-
ing a metal silicide layer prior to depositing the metal over
the ILD and in the trenches in the PFET and NFET regions,
wherein the metal includes titanium (T1), copper (Cu), cobalt
(Co) or tungsten (W). Further aspects includes depositing an
oxide blocking mask over the PFET region prior to etching
the metal in the NFET region and etching the metal silicide
layer with the metal to expose the SiN layer in the NFET
region. Yet another aspect includes removing the SiN layer
in the NFET region prior to growing the Group III-V
epilayer over the source/drain regions in the NFET region.
Another aspect includes depositing a metal silicide layer
prior to depositing the metal over the ILD and in the trenches
in the NFET region. Another aspect includes planarizing the
metal down to the ILD in the PFET and NFET regions
concurrently. Further aspects include the planarizing includ-
ing chemical-mechanical planarization. Yet another aspect
includes forming the trenches at opposite sides of NFET and
PFET gates. Another aspect includes the NFET and PFET
gates each including a metal gate, spacers at opposite sides
of the metal gate, and a siliconborocarbonitride (SiBCN) cap
over the metal gate and spacers.

[0009] Another aspect of the present disclosure is a device
including metal gates in NFET and PFET regions, each
metal gate including a cap and spacers; source/drain regions
located at opposite sides of a metal gate in each of the NFET
and PFET regions; a Ge epilayer over the source/drain
regions in the PFET region; a Group III-V epilayer over the
source/drain regions in the NFET region; and metal filled
trenches formed through an ILD over the Ge epilayer and
Group 1II-V epilayer.

[0010] Aspects include a metal silicide layer deposited in
the metal filled trenches, under the metal. Other aspects
include the metal filled trenches being filled with a metal
including Ti, Cu, Co, or W. Further aspects include the Ge
epilayer including Ge:B. Yet another aspect includes the
Group III-V epilayer including GaAs, InP, InAs, InSb,
GaSb, InGaAs, InN or AlGaAs.

[0011] Another aspect of the present disclosure is a
method including forming trenches through an ILD depos-
ited over source/drain regions at opposite sides of metal
gates in NFET and PFET regions; depositing a conformal
SiN layer over the metal gates and in the trenches; forming
a blocking mask over the NFET region, wherein the block-
ing mask includes an OPL; removing the SiN layer in the
PFET region; removing the blocking mask; growing a Ge:B
epilayer over the source/drain regions in the PFET region;
depositing metal over the ILD and in the trenches; etching
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the metal in the NFET region to expose the conformal SiN
layer; removing the SiN layer in the NFET region; growing
a Group III-V epilayer over the source/drain regions in the
NFET region, the Group III-V epilayer including GaAs, InP,
InAs, InSb, GaSh, InGaAs, InN or AlGaAs; and depositing
metal over the ILD and in the trenches in the NFET region.

[0012] Additional aspects and technical effects of the
present disclosure will become readily apparent to those
skilled in the art from the following detailed description
wherein embodiments of the present disclosure are
described simply by way of illustration of the best mode
contemplated to carry out the present disclosure. As will be
realized, the present disclosure is capable of other and
different embodiments, and its several details are capable of
modifications in various obvious respects, all without
departing from the present disclosure. Accordingly, the
drawings and description are to be regarded as illustrative in
nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present disclosure is illustrated by way of
example, and not by way of limitation, in the figures of the
accompanying drawing and in which like reference numer-
als refer to similar elements and in which:

[0014] FIGS. 1 through 11 schematically illustrate cross
sectional views of a process flow to produce a hybrid Ge and
Group III-V contact epilayer in a CMOS device, in accor-
dance with an exemplary embodiment.

DETAILED DESCRIPTION

[0015] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of exemplary embodi-
ments. It should be apparent, however, that exemplary
embodiments may be practiced without these specific details
or with an equivalent arrangement. In other instances, well-
known structures and devices are shown in block diagram
form in order to avoid unnecessarily obscuring exemplary
embodiments. In addition, unless otherwise indicated, all
numbers expressing quantities, ratios, and numerical prop-
erties of ingredients, reaction conditions, and so forth used
in the specification and claims are to be understood as being
modified in all instances by the term “about.”

[0016] The present disclosure addresses and solves the
current problem of poor quality contact trenches formed by
conventional techniques including RIE. In accordance with
embodiments of the present disclosure, a method and device
are provided to integrate a hybrid Ge and Group III-V
contact epilayer in a CMOS device. Methodology in accor-
dance with embodiments of the present disclosure produces
a device including an epilayer through contact trench with-
out any plasma damage, polymer residue or trace amounts of
SiN in contact trenches.

[0017] Still other aspects, features, and technical effects
will be readily apparent to those skilled in this art from the
following detailed description, wherein preferred embodi-
ments are shown and described, simply by way of illustra-
tion of the best mode contemplated. The disclosure is
capable of other and different embodiments, and its several
details are capable of modifications in various obvious
respects. Accordingly, the drawings and description are to be
regarded as illustrative in nature, and not as restrictive.

Dec. 8, 2016

[0018] Adverting to FIG. 1, both PFET 103 and NFET 105
regions of a CMOS device are illustrated in cross-section,
following self-aligned contact (SAC) and CMP processing.
Source/drain regions 107 are formed on opposite sides of
gate 109 on the substrate 101 and covered by the ILD 117
in the PFET 103 region. Source/drain regions 119 are
formed on opposite sides of gate 111 on the substrate 101
and covered by the ILD 117 in the NFET 105 region. Gates
109 and 111 and dummy gates 115 each include a SiBCN
nitride cap and side spacers 113 surrounding the gate.
Dummy gates 115 are formed at the edges of the PFET 103
and NFET 105 regions. In FIG. 2, an additional ILD is
deposited over the substrate to extend the ILD 117 over the
gates 109 and 111 and dummy gates 115 in the PFET 103
and NFET 105 regions.

[0019] Adverting to FIG. 3, trench silicide patterning is
performed over the source/drain regions 107 and 119 in the
PFET 103 and NFET 105 regions, respectively. Trenches
301 are formed through the ILD 117 over source/drain
regions 107 and 119. The trench silicide patterning can be
performed concurrently in the PFET 103 and NFET 105
regions.

[0020] InFIG. 4, a conformal liner 401 is deposited in the
PFET 103 and NFET 105 regions over the ILD 117 and in
the trenches 301, covering the source/drain regions 107 and
119. The conformal liner includes SiN and may be formed
to a thickness of 3 to 7 nm.

[0021] Adverting to FIG. 5, a blocking mask 501 is
deposited to fill the trenches 301 in the NFET region. The
blocking mask 501 includes an OPL. The blocking mask 501
is formed over the NFET region 105 followed by removing
the SiN layer 401 in the PFET region 103. The SiN layer 401
in the PFET region 103 is removed by etching with an
etchant that is selective to the SiBCN material of the cap and
side spacers 113 around the gate 109 and dummy gates 115
in the PFET region 103.

[0022] In FIG. 6, the blocking mask 501 (FIG. 5) is
removed. Then, a Ge epilayer 601 is grown over the source/
drain regions 107 in the PFET region 103. The Ge epilayer
601 may be formed of Ge:B. The Ge epilayer 601 may be
grown to a thickness of 1 to 5 nm in the trench 301 over the
source/drain regions 107.

[0023] Adverting to FIG. 7, a metal silicide layer 701 is
deposited in over the substrate including in the trenches of
the PFET 103 and NFET 105 regions to a thickness of 2 to
10 nm. In the NFET region 105, the metal silicide is
deposited over the conformal SiN liner 401. The metal
silicide layer 701 is followed by the deposition of a metal
703 over the ILD 117 and in the trenches 301 in the PFET
103 and NFET 105 regions. The metal silicide 701 can
include tungsten (W) and the metal 703 may be formed of
W. The metal 703 and metal silicide are not required to be
of the same W base metal. Other metals can be used
including Ti and Cu, Co.

[0024] In FIG. 8, an oxide blocking mask 801 is formed
over the PFET region 103 followed by etching the metal 703
in the NFET region 105. The metal silicide layer 701 is
etched with the metal 703 to expose the SiN layer 401 in the
NFET region 105. In FIG. 8, the SiN layer 401, metal
silicide layer 701, and metal 703 have been removed, for
example etched away, to expose the source/drain regions
119.

[0025] Adverting to FIG. 9, following the removal of the
SiN layer 401 in the NFET region, the Group III-V epilayer
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901 is formed over the source/drain regions 119 in the NFET
region 105. The Group III-V epilayer 901 can include GaAs,
InP, InAs, InSb, GaSb, InGaAs, InN or AlGaAs.
[0026] InFIG. 10, a metal silicide 1001 is deposited in the
NFET region 105 followed by depositing a metal 1003 over
the ILD 117 and in the trenches. The metal 1003 deposition
can occur in both the PFET 103 and NFET 105 regions
concurrently.
[0027] Adverting to FIG. 11, the metal 1003 is planarized
down to the ILD 117 in the PFET 103 and NFET 105 regions
concurrently. The planarizing step can be performed by
chemical-mechanical planarization (CMP). As a result,
metal filled trenches 1101 are formed over Ge:B and Group
III-V contacts, respectively, in the PFET 103 and NFET 105
regions.
[0028] The embodiments of the present disclosure can
achieve several technical effects, including the confinement
of epilayer growth and minimized contact resistance by
optimization of SBH for both the NFET and PFET regions.
Source/drain trench silicide patterning for both the NFET
and PFET regions can be performed concurrently. Further,
metal CMP for both the NFET and PFET can be performed
concurrently. Additional processing steps are limited with
only an additional SiN layer, block patterning step and
partial metal deposition.
[0029] Devices formed in accordance with embodiments
of the present disclosure enjoy utility in various industrial
applications, e.g., microprocessors, smart phones, mobile
phones, cellular handsets, set-top boxes, DVD recorders and
players, automotive navigation, printers and peripherals,
networking and telecom equipment, gaming systems, and
digital cameras. The present disclosure therefore enjoys
industrial applicability in the manufacture of any of various
types of highly integrated semiconductor devices using
epilayer through contact trench processes.
[0030] In the preceding description, the present disclosure
is described with reference to specifically exemplary
embodiments thereof. It will, however, be evident that
various modifications and changes may be made thereto
without departing from the broader spirit and scope of the
present disclosure, as set forth in the claims. The specifica-
tion and drawings are, accordingly, to be regarded as illus-
trative and not as restrictive. It is understood that the present
disclosure is capable of using various other combinations
and embodiments and is capable of any changes or modi-
fications within the scope of the inventive concept as
expressed herein.
What is claimed is:
1. A method comprising:
forming trenches through an interlayer dielectric (ILD)
over source/drain regions in NFET and PFET regions;
depositing a conformal silicon nitride (SiN) layer over the
ILD and in the trenches;
removing the SiN layer in the PFET region;
growing a germanium (Ge) epilayer over the source/drain
regions in the PFET region;
depositing metal over the ILD and in the trenches in the
NFET and PFET regions;
etching the metal in the NFET region to expose the
conformal SiN layer;
removing the SiN layer in the NFET region;
growing a Group III-V epilayer over the source/drain
regions in the NFET region; and
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depositing metal over the ILD and in the trenches in the
NFET region.

2. The method according to claim 1, comprising:

forming the trenches through the ILD in the NFET and
PFET regions concurrently.

3. The method according to claim 1, comprising:

forming a blocking mask over the NFET region prior to

removing the SiN layer in the PFET region, wherein the
blocking mask comprises an organic planarization
layer (OPL).

4. The method according to claim 3, comprising:

removing the OPL prior to growing the Ge epilayer over

the source/drain regions in the PFET region.

5. The method according to claim 4, wherein the Ge
epilayer comprises boron doped Ge (Ge:B).

6. The method according to claim 1, wherein the Group
III-V epilayer comprises GaAs, InP, InAs, InSb, GaSb,
InGaAs, InN or AlGaAs.

7. The method according to claim 1, comprising:

depositing a metal silicide layer prior to depositing the

metal over the ILD and in the trenches in the PFET and
NFET regions,

wherein the metal comprises Ti, Cu, Co or W.

8. The method according to claim 7, further comprising:

depositing an oxide blocking mask over the PFET region

prior to etching the metal in the NFET region and
etching the metal silicide layer with the metal to expose
the SiN layer in the NFET region.

9. The method according to claim 1, further comprising:

removing the SiN layer in the NFET region prior to

growing the Group III-V epilayer over the source/drain
regions in the NFET region.

10. The method according to claim 9, further comprising:

depositing a metal silicide layer prior to depositing the

metal over the ILD and in the trenches in the NFET
region.

11. The method according to claim 10, further compris-
ing:

planarizing the metal down to the ILD in the PFET and

NFET regions concurrently.

12. The method according to claim 11, wherein the
planarizing includes chemical-mechanical planarization.

13. The method according to claim 1, comprising forming
the trenches at opposite sides of NFET and PFET gates.

14. The method according to claim 13, wherein the NFET
and PFET gates each comprise a metal gate including
spacers at opposite sides of the metal gate and a silicon-
borocarbonitride (SiBCN) cap over the metal gate and
spacers.

15. A device comprising:

metal gates in NFET and PFET regions, each metal gate

including a cap and spacers;

source/drain regions located at opposite sides of a metal

gate in each of the NFET and PFET regions;

a germanium (Ge) epilayer over the source/drain regions

in the PFET region;
a Group I1I-V epilayer over the source/drain regions in the
NFET region; and

metal filled trenches formed through an interlayer dielec-
tric (ILD) over the Ge epilayer and Group III-V epil-
ayer.

16. The device according to claim 15, further comprising:

a metal silicide layer deposited in the metal filled

trenches, under the metal.
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17. The device according to claim 15, wherein the metal
filled trenches are filled with a metal comprising Ti, Cu, Co
or W.

18. The device according to claim 15, wherein the Ge
epilayer comprises Ge:B.

19. The method according to claim 15, wherein the Group
III-V epilayer comprises GaAs, InP, InAs, InSb, GaSb,
InGaAs, InN or AlGaAs.

20. A method comprising:

forming trenches through an interlayer dielectric (ILD)

deposited over source/drain regions at opposite sides of
metal gates in NFET and PFET regions;

depositing a conformal silicon nitride (SiN) layer over the

metal gates and in the trenches;

forming a blocking mask over the NFET region, wherein

the blocking mask comprises an organic planarization
layer (OPL);

removing the SiN layer in the PFET region;

removing the blocking mask;

growing a Ge:B epilayer over the source/drain regions in

the PFET region;

depositing metal over the ILD and in the trenches;

etching the metal in the NFET region to expose the

conformal SiN layer;

removing the SiN layer in the NFET region;

growing a Group III-V epilayer over the source/drain

regions in the NFET region, the Group III-V epilayer
comprising GaAs, InP, InAs, InSb, GaSb, InGaAs, InN
or AlGaAs; and

depositing metal over the ILD and in the trenches in the

NFET region
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