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(57) ABSTRACT 

A semiconductor structure for forming FinFETs is described. 
The semiconductor structure includes a semiconductor sub­
strate, a plurality of odd fins of the FinFETs on the substrate, 
and a plurality of even fins of the FinFETs on the substrate 
between the odd fins of the FinFETs. The odd fins of the 
FinFETs are defined from the substrate. The even fins of the 
FinFETs are different from the odd fins of the FinFETs in at 
least one of the width and the material, and may be further 
different from the odd fins of the FinFETs in the height. 
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SEMICONDUCTOR STRUCTURE WITH 
DIFFERENT FINS OF FINFETS 

2 
odd fins of the FinFETs on the substrate, and a plurality of 
even fins of the FinFETs on the substrate between the odd fins 
of the FinFETs. The even fins of the FinFETs are different 
from the odd fins of the FinFETs in at least one of the width CROSS-REFERENCE TO RELATED 

APPLICATION 5 and the material, and may be further different from the odd 
fins of the FinFETs in the height. 

The semiconductor structure for forming FinFETs of this 
invention includes a semiconductor substrate, a plurality of 
first fins of the FinFETs on the substrate, and a plurality of 

This application is a divisional of and claims the priority 
benefit of U.S. application Ser. No. 13/370,231 filed on Feb. 
9, 2012, now pending. The entirety of the above-mentioned 
patent application is hereby incorporated by reference herein 
and made a part of specification. 

BACKGROUND OF THE INVENTION 

10 second fins of the FinFETs on the substrate. Each of the 
second fins of the FinFETs is located between two first fins of 
the FinFETs. The second fins of the FinFETs are different 
from the first fins of the FinFETs in at least one of the width 
and the material, and may be further different from the first 

1. Field oflnvention 15 fins of the FinFETs in the height. 
This invention relates to a semiconductor process, and 

particularly relates to a method for fabricating fin-type field­
effect transistors (FinFETs), and a semiconductor structure 
that is fabricated using the method. 

In the method for fabricating FinFETs of this invention, 
since the odd fins are formed prior to the even fins, the fin 
pattern density is greatly lowered and the thickness of the 
photoresist layer can be reduced, so that the development of 

2. Description of Related Art 
MOS is a basic structure widely applied to various semi­

conductor devices, such as memory devices, image sensors 
and display devices. 

The traditional MOS transistor is difficult to scale down 
due to the limitation of the fabricating process, so double-gate 
transistors with better properties are developed. One example 
is the FinFET, which has a 3D gate structure to enhance the 
control on the channel and inhibit the leakage current caused 
by the punch-through effect, and thus has a higher gate con­
trol capability than the conventional MOS transistor. 

20 fin patterns is much easier. Moreover, since the even fins are 
not formed simultaneously with the odd fins, the width 
thereof can be controlled by the width of each spacer or the 
thickness of the substantially conformal layer for forming the 
spacers, and the height thereof can be controlled by the 

25 growth process thereof, the even fins can be different from the 
odd fins in at least one of the height, the width and the 
material. 

However, in the current FinFET process, the density of the 
fin patterns of the FinFET array is quite high and the thickness 
of the photoresist layer is quite large, so that the pattern 
development is difficult and an accurate pattern transfer is 
impossible. 

In order to make the aforementioned and other objects, 
features and advantages of the present invention comprehen-

3o sible, a preferred embodiment accompanied with figures is 
described in detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 FIGS. 1-6 illustrate, in a cross-sectional view, a method for 

SUMMARY OF THE INVENTION 

Accordingly, this invention provides a method for fabricat­
ing FinFETs that is capable of solving the above problems of 40 

the prior art. 
This invention also provides a semiconductor structure that 

is fabricated using the method of this invention. 
The method for fabricating FinFETs of this invention is 

described as follows. A semiconductor substrate is patterned 45 

to form a plurality ofodd fins. A plurality of spacers is formed 
on the substrate and on the sidewalls of the odd fins, wherein 
each spacer has a substantially vertical sidewall. A plurality of 
even fins is then formed on the substrate between the spacers. 

In an embodiment, the substantially vertical-sidewall spac- 50 

ers are formed as follows. A substantially conformal material 
layer is formed over the substrate. An anisotropic treatment 
partially changing the etching selectivity of the material layer 
is performed to the material layer. The material layer is then 
selectively etched. The anisotropic treatment may include an 55 

ion-implantation process or a plasma treatment. 
The semiconductor structure for forming FinFETs of this 

invention includes a semiconductor substrate, a plurality of 
odd fins of the FinFETs on the substrate, and a plurality of 
even fins of the FinFETs on the substrate between the odd fins 60 

of the FinFETs. The odd fins of the FinFETs are defined from 
the substrate. The even fins of the FinFETs are different from 
the odd fins of the FinFETs in at least one of the width and the 
material, and may be further different from the odd fins of the 
FinFETs in the height. 65 

The semiconductor structure for forming FinFETs of this 
invention includes a semiconductor substrate, a plurality of 

fabricating FinFETs patterning process according to an 
embodiment of this invention, wherein FIG. 6 also illustrates 
a semiconductor structure according to the embodiment. 

DESCRIPTION OF EMBODIMENTS 

It is noted that the following embodiment is intended to 
further explain this invention but not to limit its scope. 

FIGS. 1-6 illustrate, in a cross-sectional view, a method for 
fabricating FinFETs patterning process according to an 
embodiment of this invention, wherein FIG. 6 also illustrates 
a semiconductor structure according to the embodiment. 

Referring to FIG. 1, a semiconductor substrate 10 is pro­
vided, which may be a lightly doped single-crystal silicon 
substrate. A hard mask layer 12 is then formed on the sub­
strate 10, possibly including silicon nitride (SiN) or SiON. 
When the hard mask layer 12 includes SiN, pad oxide 14 may 
be formed on the substrate 10 in advance. A patterned pho­
toresist layer 16 with the patterns of the odd fins of the 
FinFETs is then formed on the hard mask layer 12. The 
photoresist layer 16 may include a positive or negative pho­
toresist material. 

Referring to FIG. 2, after the hard mask layer 12 is pat­
terned using the patterned photoresist layer 16 as a mask, the 
substrate 10 is successively etched and patterned using the 
patterned photoresist layer 16 and the pattered hard mask 
layer 12a as a mask to form a plurality of odd fins 10a. The 
patterned photoresist layer 16 is usually entirely consumed in 
the patterning process. 

Referring to FIG. 3, a substantially conformal material 
layer 18 is formed over the substrate 10. The material layer 18 
may be formed by an atomic layer deposition (ALD) process 
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or a furnace deposition process, and the material thereof may 
be SiN. An anisotropic treatment 20 partially changing the 
etching selectivity of the material layer 18 is then performed 
to the material layer 18, forming low-selectivity regions 18a 
on the substrate 10 and on the sidewalls of the odd fins 10a, 5 

and high-selectivity regions 18b over the odd fins 10a and 
under the recesses regions of the material layer 18. The aniso­
tropic treatment 20 is conducted in a manner such that the 
interface between any pair of a low-selectivity region 18a and 
an adjacent high-selectivity region 18b under a recesses 10 

region of the material layer 18 is substantially vertical. The 
anisotropic treatment 20 may include an ion-implantation 
process or a plasma treatment. 

Referring to FIG. 4, a selective etching process is per­
formed to remove the high-selectivity regions 18b, leaving 15 

the low-selectivity regions 18a as a plurality of spacers on the 
substrate 10 and on the sidewalls of the odd fins 10a, wherein 
each of the spacers 18a has a substantially vertical sidewall 
because the interface between any pair of a low-selectivity 
region 18a and an adjacent high-selectivity region 18b under 20 

a recesses region of the material layer 18 is substantially 
vertical. 

4 
persons skilled in the art that some modifications and inno­
vations may be made without departing from the spirit and 
scope of this invention. Hence, the scope of this invention 
should be defined by the following claims. 

What is claimed is: 
1. A semiconductor structure for forming FinFETs, com­

prising 
a semiconductor substrate, wherein a top portion of the 

semiconductor substrate comprises a semiconductor 
material; 

a plurality of odd fins of the FinFETs on the semiconductor 
substrate, being defined from the semiconductor sub­
strate and being formed of the semiconductor material; 
and 

a plurality of even fins of the FinFETs on the semiconduc­
tor substrate between the odd fins of the FinFETs, being 
different from the odd fins of the FinFETs in at least one 
of width and material, wherein the plurality of even fins 
are in direct contact with the semiconductor material. 

2. The semiconductor structure of claim 1, wherein the 
even fins of the F inFETs are further different from the odd fins 
of the FinFETs in height. 

3. The semiconductor structure of claim 1, wherein the 
even fins of the FinFETs comprise an epitaxy material. 

In an embodiment, the material layer 18 includes SiN, the 
anisotropic treatment 20 includes an ion-implantation pro­
cess that implants carbon ions in the to-be-removed portions 25 

of the material layer 18, and the selective etching for remov­
ing the high-selectivity regions 18b of the material layer 18 
utilizes phosphoric acid. 

Referring to FIG. 5, a plurality of even fins 20 is then 
formed on the substrate 10 between the spacers 18a, possibly 
by an epitaxy process as a selective deposition process based 
on the exposed surfaces of the semiconductor substrate 10. 
When the semiconductor substrate 10 includes Si, the product 
material of the epitaxy process may be Si, SiGe or SiC. 

4. The semiconductor structure of claim 3, wherein the odd 
fins of the FinFETs comprise Si and the even fins of the 

30 
FinFETs comprise SiC or SiGe. 

5. The semiconductor structure of claim 1, wherein the odd 
fins of the FinFETs comprise Si. 

Since the even fins 20 are not formed simultaneously with 35 

the odd fins 10a, the material thereof can be different from 
that of the odd fins 10a. For example, it is possible that the odd 
fins 10a include Si and the even fins 20 comprise SiC or Si Ge. 
Nevertheless, the even fins 20 may alternatively be formed 
from the same material ( e.g., Si) of the odd fins 1 Oa, which is 40 

namely the material of the substrate 10, by epitaxy. 
In addition, the width of each even fin 20 can be controlled 

by the width of each spacer 18a (see FIG. 4), which is in turn 
controlled by the deposition thickness of the substantially 
conformal material layer 18 for forming the spacers 18a (see 45 

FIG. 3). The height of the even fins 20 can be controlled by the 
growth process of the even fins 20. Accordingly, the even fins 
20 maybe different from the odd fins 10a inat least one of the 
height, the width and the material. 

Referring to FIG. 6, the pattered hard mask layer 12a and 50 

the spacers 18a are removed, leaving the odd fins 10a and 
even fins 20 that are arranged alternately. 

FIG. 6 also illustrates a semiconductor structure according 
to the embodiment of this invention. The semiconductor 

6. The semiconductor structure of claim 1, wherein the 
even fins of the FinFETs comprise SiC or SiGe. 

7. The semiconductor structure of claim 1, wherein the odd 
fins of the FinFETs are electrically connected to the semicon­
ductor substrate. 

8. The semiconductor structure of claim 1, wherein the 
semiconductor substrate is a single layer structure. 

9. A semiconductor structure for forming FinFETs, com­
prising 

a semiconductor substrate, wherein a top portion of the 
semiconductor substrate comprises a semiconductor 
material; 

a plurality of odd fins of the FinFETs on the semiconductor 
substrate and being formed of the semiconductor mate­
rial, wherein the plurality of odd fins and the semicon­
ductor substrate are in direct contact with each other; 
and 

a plurality of even fins of the FinFETs on the semiconduc­
tor substrate between the odd fins of the FinFETs, being 
different from the odd fins of the FinFETs in at least one 
of width and material, wherein the plurality of even fins 
are in direct contact with the semiconductor material. 

10. The semiconductor structure of claim 9, wherein the 
even fins of the F inFETs are further different from the odd fins 
of the FinFETs in height. 

structure includes odd fins 10a and even fins 20 that are 55 

arranged alternately. The odd fins 10a are defined from the 
semiconductor substrate 10. The even fins 20 may be different 
from the odd fins 10a in at least one of the width and the 
material, and may be further different from the odd fins 10a 
also in height, as mentioned above. 

11. The semiconductor structure of claim 9, wherein the 
60 even fins of the FinFETs comprise an epitaxy material. 

In the above embodiment of this invention, since the odd 
fins are formed prior to the even fins, their pattern density is 
greatly reduced and the thickness of the photoresist layer can 
be reduced, so that the development of fin patterns is much 
easier. 

This invention has been disclosed above in the preferred 
embodiments, but is not limited to those. It is known to 

12. The semiconductor structure of claim 11, wherein the 
odd fins of the FinFETs comprise Si and the even fins of the 
FinFETs comprise SiC or SiGe. 

13. The semiconductor structure of claim 9, wherein the 
65 odd fins of the FinFETs comprise Si. 

14. The semiconductor structure of claim 9, wherein the 
even fins of the FinFETs comprise SiC or SiGe. 
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15. A semiconductor structure for forming FinFET, com­
prising 

a semiconductor substrate, wherein a top portion of the 
semiconductor substrate comprises a semiconductor 
material: 5 

a plurality of first fins of the FinFETs on the semiconductor 
substrate and being formed of the semiconductor mate­
rial, wherein the plurality of first fins and the semicon­
ductor substrate are in direct contact with each other; 
and 10 

a plurality of second fins of the FinFETs on the semicon­
ductor substrate, each of the second fins of the FinFETs 
is located between two first fins of the FinFETs, and the 
second fins of the FinFETs are different from the first 
fins of the FinFETs in at least one of width and material, 15 

wherein the plurality of second fins are in direct contact 
with the semiconductor material. 

16. The semiconductor structure of claim 15, wherein the 
second fins of the FinFETs are further different from the first 
fins of the FinFETs in height. 20 

17. The semiconductor structure of claim 15, wherein the 
second fins of the FinFETs comprise an epitaxy material. 

18. The semiconductor structure of claim 17, wherein the 
first fins of the FinFETs comprise Si and the second fins of the 
FinFETs comprise SiC or SiGe. 25 

19. The semiconductor structure of claim 15, wherein the 
first fins of the FinFETs comprise Si. 

20. The semiconductor structure of claim 15, wherein the 
second fins of the FinFETs comprise SiC or SiGe. 

* * * * * 
30 
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