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CONFORMAL DOPING FOR FINFET DEVICES

BACKGROUND

The present invention relates to FinFET structures and, more particularly, relates

to the formation of fins having conformal doping in a CMOS process flow.

FinFET devices and FIinFET structures are nonplanar devices and structures
typically built on a semiconductor on insulator (SOI) substrate. The FInFET devices are
field effect transistors which may comprise a vertical semiconductor fin, rather than a
planar semiconductor surface, having a single or double gate wrapped around the fin. In
an effort to provide for continued scaling of semiconductor structures to continuously
smaller dimensions while maintaining or enhancing semiconductor device performance,
the design and fabrication of semiconductor fin devices and semiconductor fin

structures has evolved within the semiconductor fabrication art.

BRIEF SUMMARY

The various advantages and purposes of the exemplary embodiments as
described above and hereafter are achieved by providing, according to a first aspect of
the exemplary embodiments, a.conformal doping process for FInFET devices including:
forming a first plurality of fins on a semiconductor substrate; forming a first plurality of
gates with each gate of the first plurality of gates wrapping around a central portion of at
least one of the fins of the first plurality of fins so as to leave end portions of the first
plurality of fins exposed, the first plurality of fins and first plurality of gates being for N-
type FINFET devices (NFETs); forming a second plurality of fins on the semiconductor
substrate; forming a second plurality of gates with each gate of the second plurality of
gates wrapping around a central portion of at least one of the fins of the second plurality
of fins so as to leave end portions of the second plurality of fins exposed, the second
plurality of fins and second plurality of gates being for P-type FINFET devices (PFETS);

conformally depositing an N-type dopant composition over the NFET first plurality of fins
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and the PFET second plurality of fins such that the N-type dopant composition is in
direct contact with the NFET first plurality of fins and indirectly in contact with the PFET
second plurality of fins;annealing the semiconductor substrate to drive in an N-type
dopant from the N-type dopant composition into the NFET first plurality fins; stripping
the N-type dopant composition from the NFET first plurality of fins and the PFET second
plurality of fins; conformally depositing a P-type dopant composition over the NFET first
plurality of fins and the PFET second plurality of fins such that the P-type dopant
composition is in direct contact with the PFET second plurality of fins and indirectly in
contact with the NFET first plurality of fins; annealing the semiconductor substrate to
drive in a P-type dopant from the P-type dopant composition into the PFET second
plurality fins; and stripping the P-type dopant composition from the NFET first plurality
fins and the PFET second plurality of fins.

According to a second aspect of the exemplary embodiments, there is provided a
conformal doping process for FINFET devices including: forming a first plurality of fins
on a semiconductor substrate; forming a first plurality of gates with each gate of the first
plurality of gates wrapping around a central portion of at least one of the fins of the first
plurality of fins so as to leave end portions of the first plurality of fins exposed, the first
plurality of fins and first plurality of gates being for N-type FInFET devices (NFETS);
forming a second plurality of fins on the semiconductor substrate; forming a second
plurality of gates with each gate of the second plurality of gates wrapping around a
central portion of at least one of the fins of the second plurality of fins so as to leave end
portions of the second plurality of fins exposed, the second plurality of fins and second
plurality of gates being for P-type FinFET devices (PFETSs); conformally depositing
AsH3 over the NFET first plurality of fins and the PFET second plurality of fins such that
the AsH3 is in direct contact with the NFET first plurality of fins and indirectly in contact
with the PFET second plurality of fins; annealing the semiconductor substrate to drive in
an As dopant from the AsH3 into the NFET first plurality fins; stripping the AsHs; from the
NFET first plurality of fins and the PFET second plurality of fins; conformally depositing
BoHe over the NFET first plurality of fins and the PFET second plurality of fins such that
the BoHg is in direct contact with the PFET second plurality of fins and indirectly in

contact with the NFET first plurality of fins; annealing the semiconductor substrate to
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drive in a B dopant from the BzHg into the PFET second plurality fins; and stripping the
BoHe from the NFET first plurality fins and the PFET second plurality of fins.

According to a third aspect of the exemplary embodiments, there is provided a
conformal doping process for FINFET devices including: forming a first plurality of fins
on a semiconductor substrate; forming a first plurality of gates with each gate of the first
plurality of gates wrapping around a central portion of at least one of the fins of the first
plurality of fins so as to leave end portions of the first plurality of fins exposed, the first
plurality of fins and first plurality of gates being for N-type FInFET devices (NFETS);
forming a second plurality of fins on the semiconductor substrate; forming a second
plurality of gates with each gate of the second plurality of gates wrapping around a
central portion of at least one of the fins of the second plurality of fins so as to leave end
portions of the second plurality of fins exposed, the second plurality of fins and second
plurality of gates being for P-type FinFET devices (PFETs); conformally depositing a
first dopant composition over one of the NFET first plurality of fins and the PFET second
plurality of fins;stripping the first dopant composition from the other of the NFET first
plurality of fins and the PFET second plurality of fins; conformally depositing a second
dopant composition over the NFET first plurality of fins and the PFET second plurality of
fins such that the second dopant composition is in direct contact with the other of the
NFET first plurality of fins and the PFET second plurality of fins and indirectly in contact
with the first dopant composition on the one of the NFET first plurality of fins and the
PFET second plurality of fins;annealing the semiconductor substrate to drive in a first
dopant from the first dopant composition into the one of the NFET first plurality fins and
the PFET second plurality of fins and a second dopant from the second dopant
composition into the other of the NFET first plurality of fins and the PFET second
plurality of fins; stripping the second dopant composition from the NFET first plurality
fins and the PFET second plurality of fins; and stripping the first dopant composition

from the one of the NFET first plurality of fins and the PFET second plurality of fins.
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

The features of the exemplary embodiments believed to be novel and the
elements characteristic of the exemplary embodiments are set forth with particularity in
the appended claims. The Figures are for illustration purposes only and are not drawn
to scale. The exemplary embodiments, both as to organization and method of operation,
may best be understood by reference to the detailed description which follows taken in

conjunction with the accompanying drawings in which:

Figures 1A to 1H illustrate a process for forming fins on a semiconductor

substrate wherein:

Figure 1A Iillustrates a starting structure including a semiconductor on
insulator (SOI) substrate, an oxide layer, an amorphous silicon layer and a hard

mask layer;

Figure 1B illustrates the patterning of the amorphous silicon layer and the

hard mask layer;

Figure 1C illustrates the removal of the hard mask layer, leaving only

stripes of amorphous silicon;
Figure 1D illustrates the deposition of a conformal layer of nitride;
Figure 1E illustrates the etching of the nitride to form sidewall spacers;

Figure 1F illustrates the etching of the stripes of amorphous silicon to

leave only the sidewall spacers;

Figure 1G illustrates the etching of the oxide layer and the silicon layer of
the SOI substrate using the sidewall spacers as a mask to result in stripes of

oxide on silicon fins; and

Figure 1H illustrates the etching of the sidewall spacers and the oxide

stripes to result in silicon fins.
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Figure 2 is a plan view of a FInFET structure comprising a plurality of N-type
FinFETs (NFETS) and a plurality of P-type FInFETs (PFETS).

Figure 3 is a side view of the FIinFET structure of Figure 2 illustrating a fin and a

gate.

Figures 4A to 4J illustrate a first exemplary process for conformal doping of a
FinFET structure wherein Figures 4A to 4J are cross-sectional views in the direction of

arrows A-A in Figure 2 and wherein:

Figure 4A illustrates a semiconductor substrate having an NFET fin
representing NFET fins and a PFET fin representing PFET fins covered by an

oxide;
Figure 4B illustrates forming a photoresist to block the PFET fins;
Figure 4C illustrates removing the oxide from the NFET fins;
Figure 4D illustrates the deposition of an N-type dopant composition;

Figure 4E illustrates the driving in of the N-type dopant into the NFET fins

and the removal of the remaining N-type dopant composition and the oxide layer;
Figure 4F illustrates the deposition of another oxide layer;
Figure 4G illustrates forming a photoresist to block the NFET fins;
Figure 4H illustrates removing the oxide layer from the PFET fins;
Figure 4l illustrates the deposition of a P-type dopant composition; and

Figure 4J illustrates the driving in of the P-type dopant into the PFET fins

and the removal of the remaining P-type dopant composition and the oxide layer.

Figures 5A to 5H illustrate a second exemplary process for conformal doping of a
FinFET structure wherein Figures 5A to 5H are cross-sectional views in the direction of

arrows A-A in Figure 2 and wherein:
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Figure 5A illustrates a semiconductor substrate having an NFET fin representing
NFET fins and a PFET fin representing PFET fins covered by an N-type dopant

composition;
Figure 5B illustrates forming a photoresist to block the NFET fins;

Figure 5C illustrates the removal of the N-type dopant composition from the
PFET fins;

Figure 5D illustrates the deposition of an oxide layer;

Figure 5E illustrates forming a photoresist to block the NFET fins;
Figure SF illustrates the removal of the oxide layer from the PFET fins;
Figure 5G illustrates the deposition of a P-type composition;

Figure 5H illustrates the driving in of the N-type dopant into the NFET fins, the
driving in of the P-type dopant into the PFET fins and the removal of the remaining P-
type dopant composition, the oxide layer and the removal of the remaining N-type
dopant composition.

DETAILED DESCRIPTION

Referring now to Figures 1A to 1H, there is illustrated a preferred process for
forming a semiconductor substrate having fins for practicing the exemplary
embodiments. The preferred process may be referred to as the sidewall image transfer

process.

In Figure 1A, the process begins with a preferred semiconductor on insulator
(SOI) substrate 102, also frequently referred to as a silicon on insulator substrate. The
SOl substrate 102 may comprise a semiconductor base 104 (usually silicon but may be
other semiconductor materials), a dielectric layer 106, usually an oxide layer (may also
be called a buried oxide or BOX layer), and a semiconductor material 108, which is
usually silicon. For the purposes of the present exemplary embodiments, it is preferred
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that semiconductor material 108 is silicon and will be referred to as such in the
discussion that follows. On top of silicon 108 is an oxide layer 110, followed by an
amorphous silicon layer 112 and hard mask layer 114, usually a nitride. Not shown in
Figure 1A are photoresist and other layers which may be used to pattern the hard mask

layer 114.

Referring now to Figure 1B, the hard mask layer 114 has been patterned and
etched down through the amorphous silicon layer 112, stopping on the oxide layer 110.

Referring now to Figure 1C, the hard mask layer 114 has been conventionally
stripped, leaving only stripes of amorphous silicon 112. Shown in Figure 1C are only the
ends of the stripes of amorphous silicon 112 which run perpendicular to the page.

Thereafter, a conformal layer of nitride 116 is deposited over the stripes of

amorphous silicon 112, as shown in Figure 1D.

The conformal layer of nitride 116 is conventionally etched to form sidewall
spacers 118, as shown in Figure 1E, followed by conventionally etching the stripes of
amorphous silicon 112 to result in only the spacers 118 left on the surface of oxide layer
110, as shown in Figure 1F.

Using the spacers 118 as a mask, the substrate is etched to form fins 120 and

stripes of oxide 122 on the fins 120 as shown in Figure 1G.

Referring now to Figure 1H, the spacers 118 and stripes of oxide 122 are

conventionally etched to result in fins 120 on BOX layer 106.

Referring now to Figure 2, there is illustrated a plan view of a starting FInNFET
structure 200 comprising a plurality of N-type FinFETs (NFETS) 202 and a plurality of P-
type FinFETs (PFETS) 204. Each NFET 202 may comprise at least one fin 206 and a
gate 208 wrapped around the fin 206. As shown in Figure 2, the NFET 202 may
comprise a plurality of fins 206 and corresponding gate 208 that wraps around each of
the plurality of fins 206. Similarly, each PFET 204 may comprise at least one fin 210
and a gate 212 wrapped around the fin 210. As shown in Figure 2, the PFET 204 may

comprise a plurality of fins 210 and corresponding gate 212 that wraps around each of

7
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the plurality of fins 210. The NFET 202 and PFET 204 may be formed on a
semiconductor substrate 214. The fins 206, 210 may be formed in a process such as

that illustrated in Figures 1A to 1H.

Figure 3 is a side view of the FInFET structure 200 of Figure 2 illustrating the
PFET 204 having a fin 210 and a gate 212 on semiconductor substrate 214. The
semiconductor substrate 214, for purposes of illustration and not limitation, may
comprise an SOI substrate and include a semiconductor base 216 and a BOX layer 218.
The gate 212 may typically include a gate dielectric, for example, a high dielectric
constant (high-k) material and a gate body, for example, polysilicon. These and other
layers which may be present in the gate 212 are not shown for clarity. On top of gate

212 may be a hard mask layer 220 such as silicon nitride.

Figures 4A to 4J illustrate a first exemplary process for conformal doping of a
FinFET structure 400 wherein Figures 4A to 4J are cross-sectional views in the direction
of arrows A-A in Figure 2 except that only one fin for each of the NFET 202 and PFET
204 are shown for clarity. The process for FInFET structure 400 may begin with the
FinFET structure 200 of Figures 2 and 3. In the following process flow, the ends of the
fins 206, 210 (shown in Figure 2) not covered by the gates 208, 212 (shown in Figure 2)

may be conformally doped.

Referring first to Figure 4A, FinFET structure 400 includes a semiconductor
substrate 402, which for purposes of illustration and not limitation may comprise an SOI
substrate and may include a semiconductor base 404 and a BOX layer 406. On top of
semiconductor substrate 402 are a plurality of fins, some of the fins 408 being for NFET
devices and some of the fins 410 being for PFET devices. The fins 408, 410 may be
directly in contact with BOX layer 406. An oxide layer 412, for example, silicon oxide
may be conformally deposited over the NFET fins 408, the PFET fins 410 and the
semiconductor substrate 402. The oxide layer 412 may be conventionally deposited to a
thickness of about 3 to 5 nanometers (nm). The gate (not shown for convenience) may

be also covered by the oxide layer 412.
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Referring now to Figure 4B, the PFET fins 410 and the gate (not shown) may be
blocked with a photoresist 414. In one processing method, the photoresist 414 may be
deposited to cover the entire FinFET structure 400 and then through a lithographic
process, the photoresist 414 is removed from the NFET fins 408 and a portion of the

semiconductor substrate 402 as shown in Figure 4B.

The oxide layer 412 may be stripped from the NFET fins 408 by dilute
hydrofluoric acid (HF) as now shown in Figure 4C. NFET fins 408 no longer have an

oxide layer.

The photoresist 414 then may be removed, for example, by conventional oxygen

(Oo) ashing.

An N-type dopant composition 416 is then deposited on the NFET fins 408, the
PFET fins 410 and the semiconductor substrate 402 as shown in Figure 4D. The N-type
dopant composition 416 is preferably deposited by a plasma process to a thickness of
about 1nm. The gate (not shown for convenience) may be also covered by the N-type

dopant composition 416.

It is preferred that the N-type dopant composition 416 comprises AsH; (also
known as arsine). Plasma doping is a technique characterized by the implantation of
energetic impurity ions that are generated by immersing the substrate into a plasma and
applying a negative bias voltage — pulsed bias in general — to the substrate. The system
consists of a chamber, an RF power and a high vacuum pumping system, a high
voltage pulse supply and gas supply system. The plasma doping source is a gas
mixture of AsHg, in the case of the preferred dopant composition, and helium gas. When
the substrate is exposed to the plasma, the doping will be either impinging into or
deposit onto the surface to achieve very shallow junction formation either in planar or

vertical structure. The plasma doping will deposit layers of arsenic dopant on the fins.

The FinFET structure 400 then undergoes an anneal to drive in the N-type
dopant, preferably the arsenic from the arsine deposition, into the NFET fins 408. The
oxide layer 412 on the PFET fins 410 prevents the doping of the PFET fins 410 by the

N-type dopant. The anneal is preferably a rapid thermal anneal at a temperature of

9
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about 1000 to 1050 °C for 1 to 2 seconds. After the anneal, the N-type dopant
composition 416 may be stripped off the fins 408, 410, gate (not shown) and
semiconductor substrate 402 using ammonium peroxide followed by dilute HF to
remove the oxide layer 412 from the PFET fins 410.

The resulting structure is shown in Figure 4E. NFET fins 408 now contain an
outer conformal layer 418 which contains the dopant (arsenic for example) resulting
from the plasma doping process. Although exposed to the dopant, the BOX layer 106 is
not doped by the dopant.

Now that the NFET fins 408 have been conformally doped, the PFET fins 410
may now be conformally doped.

Referring to Figure 4F, an oxide layer 420, again preferably silicon oxide, is
conformally deposited over the NFET fins 408, PFET fins 410 and semiconductor
substrate 402. The oxide layer 420 may be conventionally deposited to a thickness of
about 3 to 5 nm. The gate (not shown for convenience) may be also covered by the
oxide layer 420.

Referring now to Figure 4G, the NFET fins 408 and the gate (not shown) may be
blocked with a photoresist 422. In one processing method, the photoresist 422 is
deposited to cover the entire FinFET structure 400 and then through a lithographic
process, the photoresist 422 is removed from the PFET fins 410 and a portion of the

semiconductor substrate 402 as shown in Figure 4G.

The oxide layer 420 may be stripped from the PFET fins 410 by dilute HF as now
shown in Figure 4H. PFET fins 410 no longer have an oxide layer.

The photoresist 422 then may be removed, for example, by conventional oxygen
(O2) ashing.

A P-type dopant composition 424 is then deposited on the NFET fins 408, the
PFET fins 410 and the semiconductor substrate 402 as shown in Figure 41. The P-type
dopant composition 424 is preferably deposited by a plasma process to a thickness of

10
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about 1nm. The gate (not shown for convenience) may be also covered by the P-type

dopant composition 424.

It is preferred that the P-type dopant composition 424 comprises BoHg (also
known as diborane). In this plasma doping process, the plasma doping source is a gas
mixture of BoHg, in the case of the preferred dopant composition, and helium gas. When
the substrate is exposed to the plasma, the doping will be either impinging into or
deposit onto the surface to achieve very shallow junction formation either in planar or

vertical structure. The plasma doping will deposit layers of boron dopant.

The FinFET structure 400 then undergoes an anneal to drive in the P-type
dopant, preferably the boron from the diborane deposition, into the PFET fins 410. The
presence of oxide layer 420 prevents the NFET fins 408 from being doped by the P-type
dopant. The anneal is preferably a rapid thermal anneal at a temperature of 1000 to
1050 °C for 1 to 2 seconds. After the anneal, the P-type dopant composition 424 is
stripped off the fins 408, 410, gate (not shown) and semiconductor substrate 402 using
ammonium peroxide followed by dilute HF to remove the oxide layer 420 from the
NFET fins 408.

The resulting structure is shown in Figure 4J. PFET fins 410 now contain an
outer conformal layer 426 which contains the dopant (boron for example) resulting from
the plasma doping process. Although exposed to the dopant, the BOX layer 406 is not
doped by the dopant.

As a result of this first exemplary process, the NFET fins 408 and PFET fins 410
have both been conformally doped.

It should be understood that while the NFET fins 408 were conformally doped
before the PFET fins 410 were doped, the process may be reversed so that the PFET
fins 410 are doped first.

Figures 5A to 5H illustrate a second exemplary process for conformal doping of a
FinFET structure 500 wherein Figures 5A to 5H are cross-sectional views in the
direction of arrows A-A in Figure 2 except that only one fin for each of the NFET and

11
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PFET are shown for clarity. The process for FinFET structure 500 may begin with the
FinFET structure 200 of Figures 2 and 3. In the following process flow, the ends of the
fins 206, 210 (shown in Figure 2) not covered by the gates 208, 212 (shown in Figure 2)
may be conformally doped.

Referring first to Figure 5A, FinFET structure 500 includes a semiconductor
substrate, which for purposes of illustration and not limitation may comprise the SOI
substrate 402 of Figures 4A to 4J and may include a semiconductor base 404 and a
BOX layer 406. On top of semiconductor substrate 402 are a plurality of fins, some of
the fins 508 being for NFET devices and some of the fins 510 being for PFET devices.
The fins 508, 510 may be directly in contact with BOX layer 406.

An N-type dopant composition 512 may be deposited on the NFET fins 508, the
PFET fins 510 and the semiconductor substrate 402 as shown in Figure 5A. The N-type
dopant composition 512 is preferably deposited by a plasma process to a thickness of
about 1nm. The gate (not shown for convenience) may be also covered by the N-type

dopant composition 512.

It is preferred that the N-type dopant composition 512 comprises AsHj (arsine).
The plasma doping may be performed as described previously with respect to the first

exemplary embodiment.

Referring now to Figure 5B, the NFET fins 508 may be blocked with a photoresist
514. In one processing method, the photoresist 514 is deposited to cover the entire
FinFET structure 500 and then through a lithographic process, the photoresist 514 is
removed from the PFET fins 510 and a portion of the semiconductor substrate 402 as
shown in Figure 5B. Exposed is the N-type dopant composition 512 on the PFET fins
510 and a portion of the semiconductor substrate 402. The gate (not shown) may also

be exposed and covered by the N-type dopant composition 512.

The N-type dopant composition 512 may be removed from the exposed areas
not covered by the photoresist 514. That is, the N-type dopant composition 512 may be

removed from the PFET fins 510 and a portion of the semiconductor substrate 402. The

12
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N-type dopant composition 512 may also be removed from the gate (not shown). The

resulting structure is shown in Figure 5C.

The photoresist 514 then may be removed, for example, by conventional O,

ashing.

An oxide layer 516, for example, silicon oxide may be conformally deposited over
the NFET fins 508, the PFET fins 510 and the semiconductor substrate 402 as shown in
Figure 5D. In the case of the NFET fins 508, the oxide layer 516 will actually be
deposited over the previous N-type dopant composition 512. The oxide layer 516 may
be conventionally deposited to a thickness of about 3 to 5 nanometers (nm). The gate
(not shown for convenience) may be also covered by the oxide layer 516.

Referring now to Figure SE, the NFET fins 508 and the gate (not shown) may be
blocked with a photoresist 518. In one processing method, the photoresist 518 is
deposited to cover the entire FinFET structure 500 and then through a lithographic
process, the photoresist 518 is removed from the PFET fins 510 and a portion of the

semiconductor substrate 402 as shown in Figure 5E.

The oxide layer 516 may be stripped from the PFET fins 510 by dilute HF as now

shown in Figure 5F. PFET fins 510 no longer have an oxide layer.

The photoresist 518 then may be removed, for example, by conventional oxygen

(O2) ashing.

A P-type dopant composition 520 is then deposited on the NFET fins 508, the
PFET fins 510 and the semiconductor substrate 402 as shown in Figure 5G. The P-type
dopant composition 520 is preferably deposited by a plasma process to a thickness of
about 1nm. The gate (not shown for convenience) may be also covered by the P-type
dopant composition 520. It is noted that with respect to the NFET fins 508, the P-type
dopant composition 520 does not actually contact the NFET fins 508 but is insulated
therefrom by the N-type dopant composition 512 and the oxide layer 516. Nor does the
P-type dopant composition 520 directly contact the gate (not shown) as the gate is
protected by the oxide layer 516.

13
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It is preferred that the P-type dopant composition 520 comprises BzHg (diborane).
The plasma doping process for the P-type dopant composition 520 is preferably as

described earlier with respect to the first exemplary embodiment.

The FIinFET structure 500 then undergoes an anneal to drive in the N-type
dopant, preferably the arsenic from the arsine deposition, into the NFET fins 508 and
the P-type dopant, preferably the boron from the diborane deposition, into the PFET fins
510. The anneal is preferably a rapid thermal anneal at a temperature of about 1000 to
1050 °C for 1 to 2 seconds. After the anneal, the P-type dopant composition 520 is
stripped off the fins 508, 510, gate (not shown) and semiconductor substrate 402 using
ammonium peroxide followed by dilute HF to remove the oxide layer 516 from the NFET
fins 508 and the gate (not shown). Lastly, the N-type dopant composition 512 is stripped

off the NFET fins 508 using ammonium peroxide.

The resulting structure is shown in Figure S5H. NFET fins 508 now contain an
outer conformal layer 522 which contains the N-type dopant (arsenic for example)
resulting from the plasma doping process. Further, PFET fins 510 now contain an outer
conformal layer 524 which contains the P-type dopant (boron for example) resulting

from the plasma doping process.

As a result of this second exemplary process, the NFET fins 508 and PFET fins
510 have both been conformally doped.

It should be understood that while the N-type dopant composition was deposited
first followed by the deposition of the P-type dopant composition, the process may be
reversed so that the P-type dopant composition is deposited first followed by a
protective oxide layer and then the N-type dopant composition. In this way, the FInFET
structure may be annealed once to drive in the dopants in the NFET fins 508 and PFET
fins 510 at the same time and conformally dope the NFET fins 508 and PFET fins 510.

After the NFET fins 408, 508 and the PFET fins 410, 510 have been conformally
doped as described in the exemplary embodiments, the FINFET structures 400, 500
may undergo further processing to complete the FinFET structures 400, 500 including

forming the sources/drains.
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It will be apparent to those skilled in the art having regard to this disclosure that
other modifications of the exemplary embodiments beyond those embodiments
specifically described here may be made without departing from the spirit of the
invention. Accordingly, such modifications are considered within the scope of the

invention as limited solely by the appended claims.
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CLAIMS

What is claimed is:

1. A conformal doping process for FInNFET devices comprising:
forming a first plurality of fins on a semiconductor substrate;

forming a first plurality of gates with each gate of the first plurality of gates wrapping
around a central portion of at least one of the fins of the first plurality of fins so as to
leave end portions of the first plurality of fins exposed, the first plurality of fins and first

plurality of gates being for N-type FInFET devices (NFETSs);
forming a second plurality of fins on the semiconductor substrate;

forming a second plurality of gates with each gate of the second plurality of gates
wrapping around a central portion of at least one of the fins of the second plurality of
fins so as to leave end portions of the second plurality of fins exposed, the second

plurality of fins and second plurality of gates being for P-type FinFET devices (PFETSs);

conformally depositing an N-type dopant composition over the NFET first plurality of fins
and the PFET second plurality of fins such that the N-type dopant composition is in
direct contact with the NFET first plurality of fins and indirectly in contact with the PFET

second plurality of fins;

annealing the semiconductor substrate to drive in an N-type dopant from the N-type

dopant composition into the NFET first plurality fins;

stripping the N-type dopant composition from the NFET first plurality of fins and the
PFET second plurality of fins;

conformally depositing a P-type dopant composition over the NFET first plurality of fins
and the PFET second plurality of fins such that the P-type dopant composition is in
direct contact with the PFET second plurality of fins and indirectly in contact with the

NFET first plurality of fins;
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annealing the semiconductor substrate to drive in a P-type dopant from the P-type

dopant composition into the PFET second plurality fins; and

stripping the P-type dopant composition from the NFET first plurality fins and the PFET

second plurality of fins.

2. The conformal doping process of claim 1 wherein the N-type dopant composition
comprises AsH; and the N-type dopant is As and wherein the P-type dopant

composition comprises BzHg and the P-type dopant is B.

3. The conformal doping process of claim 1 wherein the semiconductor substrate is a

semiconductor on insulator (SOI) substrate.

4. The conformal doping process of claim 1 further comprising selectively forming an
oxide layer over the PFET second plurality of fins prior to conformally depositing the N-
type dopant composition over the NFET first plurality of fins and the PFET second

plurality of fins.

5. The conformal doping process of claim 4 further comprising selectively forming an
oxide layer over the NFET second plurality of fins prior to conformally depositing the P-
type dopant composition over the NFET first plurality of fins and the PFET second

plurality of fins.
6. A conformal doping process for FInNFET devices comprising:
forming a first plurality of fins on a semiconductor substrate;

forming a first plurality of gates with each gate of the first plurality of gates wrapping
around a central portion of at least one of the fins of the first plurality of fins so as to
leave end portions of the first plurality of fins exposed, the first plurality of fins and first

plurality of gates being for N-type FInFET devices (NFETSs);
forming a second plurality of fins on the semiconductor substrate;
forming a second plurality of gates with each gate of the second plurality of gates

wrapping around a central portion of at least one of the fins of the second plurality of
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fins so as to leave end portions of the second plurality of fins exposed, the second

plurality of fins and second plurality of gates being for P-type FinFET devices (PFETSs);

conformally depositing AsH3 over the NFET first plurality of fins and the PFET second
plurality of fins such that the AsH3 is in direct contact with the NFET first plurality of fins

and indirectly in contact with the PFET second plurality of fins;

annealing the semiconductor substrate to drive in an As dopant from the AsHS3 into the
NFET first plurality fins;

stripping the AsHj; from the NFET first plurality of fins and the PFET second plurality of

fins;

conformally depositing BoHg over the NFET first plurality of fins and the PFET second
plurality of fins such that the BoHg is in direct contact with the PFET second plurality of

fins and indirectly in contact with the NFET first plurality of fins;

annealing the semiconductor substrate to drive in a B dopant from the BoHg into the

PFET second plurality fins; and
stripping the BzHg from the NFET first plurality fins and the PFET second plurality of fins.

7. The conformal doping process of claim 6 wherein the semiconductor substrate is a

semiconductor on insulator (SOI) substrate.

8. The conformal doping process of claim 6 further comprising selectively forming an
oxide layer over the PFET second plurality of fins prior to conformally depositing the
AsHs over the NFET first plurality of fins and the PFET second plurality of fins.

9. The conformal doping process of claim 8 further comprising selectively forming an
oxide layer over the NFET second plurality of fins prior to conformally depositing the

BoHe over the NFET first plurality of fins and the PFET second plurality of fins.
10. A conformal doping process for FINFET devices comprising:

forming a first plurality of fins on a semiconductor substrate;
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forming a first plurality of gates with each gate of the first plurality of gates wrapping
around a central portion of at least one of the fins of the first plurality of fins so as to
leave end portions of the first plurality of fins exposed, the first plurality of fins and first
plurality of gates being for N-type FInFET devices (NFETSs);

forming a second plurality of fins on the semiconductor substrate;

forming a second plurality of gates with each gate of the second plurality of gates
wrapping around a central portion of at least one of the fins of the second plurality of
fins so as to leave end portions of the second plurality of fins exposed, the second

plurality of fins and second plurality of gates being for P-type FinFET devices (PFETSs);

conformally depositing a first dopant composition over one of the NFET first plurality of
fins and the PFET second plurality of fins;

stripping the first dopant composition from the other of the NFET first plurality of fins and
the PFET second plurality of fins;

conformally depositing a second dopant composition over the NFET first plurality of fins
and the PFET second plurality of fins such that the second dopant composition is in
direct contact with the other of the NFET first plurality of fins and the PFET second
plurality of fins and indirectly in contact with the first dopant composition on the one of
the NFET first plurality of fins and the PFET second plurality of fins;

annealing the semiconductor substrate to drive in a first dopant from the first dopant
composition into the one of the NFET first plurality fins and the PFET second plurality of
fins and a second dopant from the second dopant composition into the other of the
NFET first plurality of fins and the PFET second plurality of fins;

stripping the second dopant composition from the NFET first plurality fins and the PFET
second plurality of fins; and

stripping the first dopant composition from the one of the NFET first plurality of fins and
the PFET second plurality of fins.
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11. The conformal doping process of claim 10 wherein the first dopant composition is
AsHs and the one of the NFET first plurality fins and the PFET second plurality of fins is
the NFET first plurality of fins and the second dopant composition is BoHg and the other
of the NFET first plurality fins and the PFET second plurality of fins is the PFET second
plurality of fins.

12. The conformal doping process of claim 10 wherein the first dopant composition is
BsHg and the one of the NFET first plurality fins and the PFET second plurality of fins is
the PFET first plurality of fins and the second dopant composition is AsHz and the other
of the NFET first plurality fins and the PFET second plurality of fins is the NFET second
plurality of fins.

13. The conformal doping process of claim 10 wherein the semiconductor substrate is a

semiconductor on insulator (SOI) substrate.

14. The conformal doping process of claim 10 further comprising selectively forming an
oxide layer over the first dopant compositionn on the one of the NFET second plurality
of fins and the PFET second plurality of fins prior to conformally depositing the second
dopant composition over the NFET first plurality of fins and the PFET second plurality of

fins.

15. The conformal doping process of claim 11 further comprising selectively forming an
oxide layer over the AsHj; on the NFET second plurality of fins prior to conformally
depositing the BzHg over the NFET first plurality of fins and the PFET second plurality of

fins.

16. The conformal doping process of claim 12 further comprising selectively forming an
oxide layer over the BoHgs over the PFET second plurality of fins prior to conformally
depositing the AsH3 over the NFET first plurality of fins and the PFET second plurality of

fins.
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