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MULTI-STEP CHEMICAL MECHANICAL
POLISHING OF A GATE AREA IN A FINFET

than the ?rst slurry. The second planariZing of the gate
structure raising a height of the gate structure surrounding

This application is a continuation of US. patent applica
tion Ser. No. 10/459,495 ?led Jun. 12, 2003, now US. Pat.
No. 6,855,607 the disclosure of Which is incorporated herein

the ?n structure.
Another aspect of the invention is directed to a method for
forming a MOSFET. The method includes forming a source,
a drain, and a ?n structure on an insulating layer. Portions of
the ?n structure act as a channel for the MOSFET. The
method further includes forming a dielectric layer on side

by reference.

surfaces of the ?n structure and depositing a polysilicon

TECHNICAL FIELD

layer around the dielectric layer. The polysilicon layer acts
as a gate area for the MOSFET. Still further, the method

The present invention relates to semiconductor devices
and methods of manufacturing semiconductor devices. The

includes planariZing the polysilicon layer at a ?rst rate and
further planariZing the polysilicon layer at a second rate
sloWer than the ?rst rate. The planariZation of the polysilicon
layer at the second rate acting to raise the polysilicon layer

present invention has particular applicability to double-gate
devices.

in areas adjacent to the ?n structure.

BACKGROUND ART

BRIEF DESCRIPTION OF THE DRAWINGS

The escalating demands for high density and performance
associated With ultra large scale integration semiconductor
devices require design features, such as gate lengths, beloW

20

100 nanometers (nm), high reliability and increased manu

facturing throughput. The reduction of design features

FIG. 1 is a diagram illustrating the cross-section of a

beloW 100 nm challenges the limitations of conventional

semiconductor device;

methodology.
For example, When the gate length of conventional planar

structure formed on the semiconductor device shoWn in FIG.

1;
FIG. 2B is a diagram illustrating a cross-section along line
AiA' in FIG. 2A;

source and drain, become increasingly dif?cult to overcome.
30

issues also make it dif?cult to scale conventional MOSFETs
to include increasingly smaller device features. NeW device
structures are therefore being explored to improve FET
35

planar MOSFETs. In several respects, the double-gate MOS
FETs offer better characteristics than the conventional bulk
silicon MOSFETs. These improvements arise because the
double-gate MOSFET has a gate electrode on both sides of
the channel, rather than only on one side as in conventional
MOSFETs. When there are tWo gates, the electric ?eld
generated by the drain is better screened from the source end
of the channel. Also, tWo gates can control roughly tWice as
much current as a single gate, resulting in a stronger

fabricated using layout and process techniques similar to
those used for conventional planar MOSFETs.

FIG. 7 is a cross-section illustrating a FinFET having
45

50

The folloWing detailed description of the invention refers
to the accompanying draWings. The same reference numbers
may be used in different draWings to identify the same or

similar elements. Also, the folloWing detailed description
55

Implementations consistent With the present invention
provide a double-gate MOSFET having a ?nely controlled

does not limit the invention. Instead, the scope of the

invention is de?ned by the appended claims and equivalents.

gate area.
60

includes forming a ?n structure on an insulator and forming
a gate structure over at least a portion of the ?n structure and

A FinF ET, as the term is used herein, refers to a type of
MOSFET in Which a conducting channel is formed in a
vertical Si “?n.” FinFETs are generally knoWn in the art.
FIG. 1 illustrates the cross-section of a semiconductor
device 100 formed in accordance With an embodiment of the

present invention. Referring to FIG. 1, semiconductor

a portion of the insulator. The method further includes

planariZing the gate structure by performing a chemical
mechanical polishing (CMP) of the gate structure using a

FIGS. 8A and 8B are cross-sections illustrating planariZ
ing a TEOS layer deposited on a polysilicon layer.
BEST MODE FOR CARRYING OUT THE
INVENTION

SUMMARY OF THE INVENTION

One aspect of the invention is directed to a method of
manufacturing a semiconductor device. The method

FIG. 4A is a cross-section illustrating planariZing of the
gate material in accordance With an exemplary planariZation
process consistent With the present invention;
FIG. 4B is a cross-section illustrating further planariZing
of the gate material in accordance With an exemplary pla
nariZation process consistent With the present invention;
FIG. 5 is a diagram schematically illustrating a top vieW
of a FinF ET shoWing a gate structure patterned from the gate
material shoWn in FIG. 3;
FIGS. 6A and 6B are diagrams illustrating polishing pads;

dummy ?ns; and

sWitching signal.
A FinF ET is a recent double-gate structure that exhibits
good short channel behavior. A FinFET includes a channel
formed in a vertical ?n. The FinFET structure may be

FIG. 3 is a diagram illustrating a cross-section of a gate
dielectric layer and gate material over the ?n shoWn in FIG.

2B;

performance and alloW further device scaling.
Double-gate MOSFETs represent neW structures that
have been considered as candidates for succeeding existing

FIG. 2A is a diagram illustrating the top vieW of a ?n

25

metal oxide semiconductor ?eld effect transistors (MOS
FETs) is scaled beloW 100 nm, problems associated With
short channel effects, such as excessive leakage betWeen the

In addition, mobility degradation and a number of process

Reference is made to the attached draWings, Wherein
elements having the same reference number designation
may represent like elements throughout.

65

device 100 may include a silicon on insulator (SOI) structure
that includes a silicon substrate 110, a buried oxide layer 120
and a silicon layer 130 formed on the buried oxide layer 120.

?rst slurry and planariZing the gate structure by performing

Buried oxide layer 120 and silicon layer 130 may be formed

a CMP of the gate structure using a second slurry different

on substrate 110 in a conventional manner.

US 7,125 ,776 B2
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In an exemplary implementation, buried oxide layer 120

ment, gate material layer 320 extends a distance 11, Which
may range from approximately 500 A to 1500 A.

may include a silicon oxide and may have a thickness

ranging from about 1000 A to about 3000 A. Silicon layer
130 may include monocrystalline or polycrystalline silicon.

Gate material 320 may be planariZed. Consistent With an

Silicon layer 130 is used to form a ?n structure for a
double-gate transistor device, as described in more detail
beloW.

aspect of the invention, gate material 320 may be planariZed
in a multi-step planariZation process.
Chemical mechanical polishing (CMP) is one knoW pla
nariZation technique that is generally used to planariZe a

In alternative implementations consistent With the present
invention, substrate 110 and layer 130 may include other
semiconducting materials, such as germanium, or combina
tions of semiconducting materials, such as silicon-germa
nium. Buried oxide layer 120 may also include other dielec
tric materials.

placed face doWn on a rotating platen. The Wafer, held in
place by a carrier, rotates in the same direction of the platen.
On the surface of the platen is a polishing pad on Which there
is a polishing slurry. The slurry may include a colloidal
solution of silica particles in a carrier solution. The chemical

semiconductor surface. In CMP processing, a Wafer is

A dielectric layer 140, such as a silicon nitride layer or a

composition and pH of the slurry a?fects the performance of

silicon oxide layer (e.g., SiO2), may be formed over silicon
layer 130 to act as a protective cap during subsequent
etching processes. In an exemplary implementation, dielec

the CMP process.
FIG. 4A is a cross-section illustrating the planariZing of
the gate material 320 in accordance With a ?rst step of an

tric layer 140 may be groWn to a thickness ranging from
about 150 A to about 700 A. Next, a photoresist material
may be deposited and patterned to form a photoresist mask

exemplary planariZation process consistent With the present
20

150 for subsequent processing. The photoresist may be
deposited and patterned in any conventional manner.
Semiconductor device 100 may then be etched and the
photoresist mask 150 may be removed. In an exemplary
implementation, silicon layer 130 may be etched in a con
ventional manner, With the etching terminating on buried
oxide layer 120 to form a ?n. After the formation of the ?n,
source and drain regions may be formed adjacent the respec
tive ends of the ?n. For example, in an exemplary embodi
ment, a layer of silicon, germanium or combination of

25

invention. In this step, a “rough” planariZation may be
performed. In other Words, a process having a relatively high
rate of removal of gate material 320 may be used to quickly
polish a portion of gate material 320. In an exemplary
embodiment, a portion of gate material 320 may be reduced
during the rough planariZation, as illustrated in FIG. 4A. For
example, an amount of gate material 320 may be removed
such that distance 12 ranges from about 0 A to 1500 A.
Distance 13 may range from about 0 A to 500 A. This rough

planariZation step may reduce the height of the gate material
30

both in the portion above ?n 210 and the surrounding areas
of gate material 320.

etched in a conventional manner to form source and drain

The poly slurry used in the planariZation shoWn in FIG.
4A may have a pH ranging from about l0.5*l l .5. The slurry

regions. In other implementations, silicon layer 130 may be

may be a silica based bu?fered slurry that has an extra alkali

silicon and germanium may be deposited, patterned and
patterned and etched to form source and drain regions

simultaneously With the ?n.

35

FIG. 2A schematically illustrates the top vieW of a ?n
structure on semiconductor device 100 formed in such a

the gate material 320 in accordance With a second step of an

manner. Source region 220 and drain region 230 may be
formed adjacent the ends of ?n 210 on buried oxide layer
120, according to an exemplary embodiment of the present
invention.
FIG. 2B is a cross-section along line AiA' in FIG. 2A
illustrating the formation of ?n structure 210. As described

above, dielectric layer 140 and silicon layer 130 may be
etched to form ?n 210 With a dielectric cap 140.
FIG. 3 is a cross-section illustrating the formation of a

gate dielectric layer and gate material over ?n 210 in
accordance With an exemplary embodiment of the present
invention. A dielectric layer may be formed on ?n 210. For
example, a thin sacri?cial oxide ?lm 310 may be thermally

exemplary planariZation process of the present invention. In
this step, a ?ner planariZation may be performed. In other
Words, a process With a reduced planariZation rate relative to

45

This distance is illustrated as 14 in FIG. 4B.

In the second planariZation process, the slurry may be
50

other semiconducting materials, such as germanium or com
binations of silicon and germanium, or various metals may
be used as the gate material. Gate material layer 320 forms
the conductive gate of FinF ET 100.
Gate material 320, as illustrated in FIG. 3, extends ver
tically in the area above ?n 210. In an exemplary embodi

selected so that in addition to achieving a sloWer polishing
rate, the slurry adheres to the loW areas of gate material 320.

For example, the slurry may include large molecular Weight
compounds With hydrophobic molecular groups that Will
tend to adhere to the polysilicon in gate material layer 320.
This planariZation process Will tend to raise the loW areas of
55

may include polysilicon deposited using conventional
chemical vapor deposition (CVD) or other Well knoWn
techniques. Gate material 320 may be deposited to a thick
ness ranging from about 500 A to 2800 A. Alternatively,

the ?rst polishing step is performed. For example, a process
that removes approximately 200 A/minute of gate material
layer 320 may be used. This process may be performed to
polish gate material 320 until approximately 300 A of gate
material 320 remains over ?n 210, as illustrated in FIG. 4B.

groWn on ?n 210, as illustrated in FIG. 3. The oxide ?lm 310
may be groWn to a thickness of about 50 A to about 100 A
and may be formed on the exposed side surfaces of ?n 210.

A gate material layer 320 may be deposited over semi
conductor device 100 after formation of the oxide ?lm 310.
In an exemplary implementation, the gate material layer 320

component added to it such as TMAH, Ammonium hydrox
ide or potassium hydroxide at concentrations ranging from
about 0.l%*4%.
FIG. 4B is a cross-section illustrating the planariZing of

gate material layer 320, thereby achieving an improved
planariZation of gate material layer 320. The resulting gate
material layer 320 is relatively planar and has relatively

good surface uniformity.
60

The slurry used in the second planariZation may have a pH
ranging from about l0.5*ll.5. The slurry may be a silica
based bu?fered slurry has an extra alkali component to it
such as TMAH, Ammonium hydroxide or potassium
hydroxide at concentrations ranging from about 0.l%il%.

The multiple planariZing steps discussed above alloW for
65

a highly controllable CMP process that can retain as little as

300 A of gate material layer 320 over ?n 210. The ?rst step
is a relatively high rate process that planariZes a ?rst portion

US 7, 125 ,776 B2
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of gate material layer 320 and the second step reduces the

for gate material layer 320. In some implementations,
dummy ?n structures may additionally be placed next to ?n
210 to help the planariZation process yield a more uniform

removal rate to achieve the desired amount of gate material
layer 320 above ?n 210. Although a tWo step CMP process

gate material layer 320.
FIG. 7 is a cross-sectional diagram illustrating dummy

is particularly described herein, one of ordinary skill in the
art Will appreciate that more than tWo steps could also be
used.

?ns. FIG. 7 is generally similar to the cross-section shoWn
in FIG. 3, except in FIG. 7, dummy ?ns 701 and 702 have
been formed next to the actual ?n 210. Dummy ?ns 701 and
702 do not play a role in the ?nal operation of the FinFET.

FIG. 5 schematically illustrates the top vieW of semicon
ductor device 100 illustrating a gate structure 510 patterned
from gate material layer 320. Gate structure 510 may be
patterned and etched after the CMP process is completed.

HoWever, by placing ?ns 701 and 702 in proximity to ?n
210, gate material layer 320 may form a more uniform

Gate structure 510 extends across a channel region of the ?n

distribution When it is initially deposited. That is, dummy

210. Gate structure 510 may include a gate portion proxi
mate to the sides of the ?n 210 and a larger electrode portion

?ns 701 and 702 cause the loW point in gate material layer
320 to be higher in the areas adjacent to ?n 210 than if
dummy ?ns 701 and 702 Were not present. Thus, in the
implementation shoWn in FIG. 7, gate material 320 starts off
more uniform than Without dummy ?ns 701 and 702. This
can lead to better uniformity after planariZation.

spaced apart from the ?n 210. The electrode portion of gate
structure 510 may provide an accessible electrical contact

for biasing or otherWise controlling the gate portion.
The source/drain regions 220 and 230 may then be doped.
For example, n-type or p-type impurities may be implanted
in source/drain regions 220 and 230. The particular implan
tation dosages and energies may be selected based on the

Dummy ?ns 701 and 702 can be formed in a number of
20

particular end device requirements. One of ordinary skill in
this art Would be able to optimiZe the source/drain implan
tation process based on the circuit requirements and such

or another shape, such as a more angular shape. In some

acts are not disclosed herein in order not to unduly obscure

the thrust of the present invention. In addition, sideWall

25

spacers (not shoWn) may optionally be formed prior to the
source/drain ion implantation to control the location of the
source/drain junctions based on the particular circuit

requirements. Activation annealing may then be performed
to activate the source/drain regions 220 and 230.

30

In some CMP applications, a TEOS layer is to be polished
doWn to a poly layer. FIG. 8A illustrates a situation in Which
a TEOS layer 801 is deposited over a polysilicon structure

slurry (i.e., greater than 60:1) may be used for this planariZa
35

tion process.

By adding surfactants and modulating the pH of the

affects the planariZation process. Conventionally, polishing

slurries, hoWever, the selectivity of oxide to polysilicon can
be modulated. In particular, pluronic, cationic, and non-ionic

pads are classi?ed as “hard” pads, called type A pads, and
“soft” pads, called type B pads. The type A pads are

particularly useful for fast planariZation and the type B pads

FinFET implementations, an oxide-based layer (e.g., tetra
ethylorthosilicate, “TEOS” layer) may be applied above a
polysilicon gate layer. Dummy ?ns 701 and 702 may be
useful in these implementations also.

802. FIG. 8B illustrates TEOS layer 801 and polysilicon
structure 802 after planarizing the TEOS layer 801 doWn to
the level of the polysilicon structure 802. A highly selective

OTHER IMPLEMENTATIONS

As previously discussed, in a CMP processes, a polishing
pad may be attached to the surface of the platen to agitate the
polishing slurry. The polishing pads may have a texture that

different shapes at multiple locations on buried oxide layer
120. For example, dummy ?ns 701 and 702 may be shaped
in the pattern of a square, an oblong shape, a donut shape,

surfactants could be used to create more effective slurries.
40

are generally used more to provide uniform planariZation.

CONCLUSION

To achieve high planariZation and uniformity from a
single pad, a pad can be created that includes both type A and

A FinFET created With a multi-step CMP process is

type B features. FIG. 6A is a diagram of one such pad. As

shoWn, pad 601 includes multiple slices (e.g., six slices are
shoWn in FIG. 6A) that alternate betWeen being type A slices
602 and type B slices 603. The single pad 601 may be used
to simultaneously provide effective planariZation and uni

45

formity.
Pad 601 is made up of 50% type A material 602 and 50%

50

type B material 603. By varying the proportions of type A
material 602 and type B material 603, polishing pads can be
created that provide different degrees of planariZation and
uniformity. For example, if four of the slices in pad 601 Were
type A and tWo Were type B, the pad Would be biased toWard

have not been described in detail, in order not to unneces
55

67% planariZation and 33% uniformity.
FIG. 6B is a diagram of polishing pad design in another
implementation. Pad 610 includes an inner area 611 of a ?rst

pad type (e.g., type A) and an outer ring 612 ofa second pad

type (e. g., type B). Pad 610 provides high planariZation With

described herein. The multi-step CMP process provides for
effective and highly controllable planariZation of the gate
polysilicon of the FinF ET.
In the previous descriptions, numerous speci?c details are
set forth, such as speci?c materials, structures, chemicals,
processes, etc., in order to provide a thorough understanding
of the present invention. HoWever, the present invention can
be practiced Without resorting to the speci?c details set forth
herein. In other instances, Well knoWn processing structures

60

sarily obscure the thrust of the present invention.
The dielectric and conductive layers used in manufactur
ing a semiconductor device in accordance With the present
invention can be deposited by conventional deposition tech
niques. For example, metalliZation techniques, such as vari
ous types of chemical vapor deposition (CVD) processes,

including loW pressure chemical vapor deposition (LPCVD)

edge uniformity control. This effect can be dif?cult to

and enhanced chemical vapor deposition (ECVD) can be

achieve using conventional separate pads.

employed.

As previously discussed With reference to FIGS. 3, 4A,
and 4B, gate material layer 320, When deposited over ?n
210, develops protrusions centered over ?n 210. The multi
step CMP planariZation process described above planariZes
the gate material layer 320 to form a more uniform surface

The present invention is applicable in the manufacturing
65

of semiconductor devices and particularly in semiconductor
devices With design features of 100 nm and beloW, resulting
in increased transistor and circuit speeds and improved
reliability. The present invention is applicable to the forma

US 7,125 ,776 B2
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tion of any of various types of semiconductor devices, and

11. A method for forming a MOSFET device comprising:

hence, details have not been set forth in order to avoid

forming a source, a drain, and a ?n structure on an

obscuring the thrust of the present invention. In practicing
the present invention, conventional photolithographic and
etching techniques are employed and, hence, the details of

insulating layer, portions of the ?n structure acting as a
channel for the MOSFET;
forming a dielectric layer around the ?n structure;
depositing a polysilicon layer over the ?n structure, the
polysilicon layer acting as a gate area for the MOSFET;
planariZing the polysilicon layer at a ?rst rate; and
further planariZing the polysilicon layer at a second rate
sloWer than the ?rst rate, and Wherein the further
planariZation of the polysilicon layer raises a height of
the polysilicon layer in areas adjacent the ?n structure.
12. The method of claim 11, Wherein planariZing the
polysilicon layer at the ?rst and second rates includes

such techniques have not been set forth herein in detail.
Only the preferred embodiments of the invention and a
feW examples of its versatility are shoWn and described in
the present disclosure. It is to be understood that the inven
tion is capable of use in various other combinations and
environments and is capable of modi?cations Within the
scope of the inventive concept as expressed herein.
What is claimed is:
1. A method of manufacturing a semiconductor device,

10

comprising:

chemical mechanical polishing (CMP) of the polysilicon
layer using ?rst and second slurries.
13. The method of claim 12, Wherein further planariZing
the polysilicon layer reduces a height of the polysilicon layer

forming a ?n structure on an insulator;

forming a gate structure over at least a portion of the ?n

structure and a portion of the insulator;

planariZing the gate structure by performing a chemical
mechanical polishing (CMP) of the gate structure using

above the ?n structure in a channel region of the device and
20

a ?rst slurry; and

planariZing the gate structure in a second planariZation by

to adhere to loW areas of the gate area.

performing a CMP of the gate structure using a second

14. The method of claim 11, Wherein the MOSFET device

slurry different than the ?rst slurry, the second pla
nariZation of the gate structure raising a height of the
gate structure surrounding the ?n structure.
2. The method of claim 1, Wherein the second planariZa
tion of the gate structure reduces a height of the gate
structure above the ?n structure in a channel region of the
semiconductor device.

is a FinF ET.
25

30

3. The method of claim 1, Wherein the second slurry
bic molecular groups Which tend to adhere to loW areas of
35

the ?n structure acting as a channel for the MOSFET;

?n structure and the insulating layer, the polysilicon
40

layer acting as a gate area for the MOSFET and
extending over the ?n structure;

performing a ?rst planariZation of the polysilicon layer at
a ?rst rate; and

performing a second planariZation of the polysilicon layer
45

at a second rate sloWer than the ?rst rate, the second

planariZation of the polysilicon layer raising a height of
the polysilicon layer adjacent the ?n structure; and

device is a FinFET.

8. The method of claim 1, Wherein the ?rst slurry is a

forming a drain region on the insulating layer;
forming a ?n structure on the insulating layer, portions of
depositing a polysilicon layer over at least portions of the

5. The method of claim 1, Wherein, after forming the gate

6. The method of claim 1, Wherein, after planariZing the
gate structure by performing a CMP of the gate structure
using the second slurry, the gate structure extending to
approximately 300 A above the ?n structure in the channel
region of the semiconductor device.
7. The method of claim 1, Wherein the semiconductor

16. The method of claim 11, Wherein, after planariZing the
polysilicon layer at the second rate, the thickness of the
polysilicon layer above the ?n structure is approximately
300 A.
17. A method for forming a MOSFET device comprising:
forming a source region on an insulating layer;

second slurry.
structure over at least a portion of the ?n structure, the gate
structure extends to 500 A to about 1500 A over the ?n
structure in a channel region of the semiconductor device.

15. The method of claim 11, Wherein the planariZing the
polysilicon layer at the ?rst rate removes approximately 800

A from the polysilicon layer.

includes large molecular Weight compounds With hydropho
the gate structure.
4. The method of claim 1, Wherein the CMP of the gate
structure using the ?rst slurry acts to remove gate material
at a faster rate than the CMP of the gate structure using the

Wherein the second slurry includes large molecular Weight
compounds With hydrophobic molecular groups Which tend

50

silica based buffering slurry having a pH ranging from about
10.5*11.5 and includes an alkali component at a concentra

tion ranging from about 0.1% to 4%.
9. The method of claim 1, Wherein the second slurry is a

doping the source and drain regions.
18. The method of claim 17, Wherein the second pla
nariZation of the polysilicon layer reduces a height of the
polysilicon layer above the ?n structure in a channel region
of the semiconductor device.
19. The method of claim 17, Wherein polishing the
polysilicon layer at the ?rst and second rates includes

10.5*11.5 and includes an alkali component at a concentra

chemical mechanical polishing (CMP) of the polysilicon
layer using ?rst and second slurries.

tion ranging from about 0.1% to 1%.
10. The method of claim 1, Wherein a removal rate of the

is a FinF ET.

silica based buffering slurry having a pH ranging from about

gate structure using the second slurry is approximately 200

A/minute.
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20. The method of claim 17, Wherein the MOSFET device

