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(57) ABSTRACT

Disclosed is a fin transistor and a planar transistor and a
method of forming the same. The fin transistor and the planar
transistor are formed to have gate electrodes with similar
thicknesses by selectively recessing a semiconductor sub-
strate in a planar region where the planar transistor is formed.
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SEMICONDUCTOR DEVICE HAVING FIN
TRANSISTOR AND PLANAR TRANSISTOR
AND ASSOCIATED METHODS OF
MANUFACTURE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This is a divisional of application Ser. No. 11/244,
136 filed on Oct. 6, 2005, which is incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to a semi-
conductor memory device and a method of manufacturing the
same. More particularly, the invention relates to a semicon-
ductor memory device having a fin transistor and a planar
transistor and a method of manufacturing the same.

[0004] A claim of priority is made to Korean Patent Appli-
cation No. 10-2004-0083691 filed on Oct. 19, 2004, the dis-
closure of which is hereby incorporated by reference in its
entirety.

[0005] 2. Description of the Related Art

[0006] Field effect transistors (FETs) are perhaps the most
common elements found in modern semiconductor integrated
circuits (ICs). Within contemporary semiconductor ICs,
FETs are characterized by decreasing size and, therefore,
increasing {fabrication density. This trend is important
because significant performance gains in semiconductor ICs
may be obtained by producing smaller, more densely packed
(i.e., more highly integrated) FETs.

[0007] Unfortunately, the fabrication of smaller, more
densely packed FETs can lead to a variety of operational and
structural problems. For example, scaling down the size of a
FET can lead to a phenomenon called “punch through”,
whereby source and drain depletion regions fuse together to
form a single depletion region, thereby causing drain current
to become highly dependent on a drain-source voltage.

[0008] Fin FET transistors have been introduced to address
the punch through problem, among other problems. A fin FET
transistor (hereafter, “fin transistor”) includes a silicon fin
structure formed on a semiconductor substrate and a gate
electrode formed across the fin structure. The gate electrode is
formed in contact with an upper surface and sidewalls of the
fin structure. A channel region under the gate electrode is
defined by the upper surface and sidewalls of the fin structure.
As such, the fin structure effectively creates a wide channel
within a limited space, thus allowing a significant amount of
current to flow through the channel when the transistor is
turned on. In addition, since the gate electrode controls the
channel region through the upper surface and sidewalls
thereof, the gate is able to more effectively control the chan-
nel region to prevent undesirable effects such as punch-
through. Because of the above-described characteristics, the
fin transistor can be applied to various semiconductor
devices.

[0009] Semiconductor devices may include fin transistors
together with planar FETs (hereafter, planar transistors). A
planar transistor is a conventional transistor with a planar
channel region. In certain semiconductor devices, in particu-
lar, dynamic random access memory (DRAM) devices, the
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fin transistor may be formed in a cell region, and the planar
transistor may be formed in a peripheral circuit region next to
the cell region.

[0010] FIGS. 1 through 3 are perspective views illustrating
a method of forming a semiconductor device having a con-
ventional fin transistor and a planar transistor. In FIGS. 1
through 3, reference symbol “a” indicates a fin region where
a fin transistor is formed, and reference symbol “b” indicates
a planar region where a planar transistor is formed.

[0011] Referring to FIG. 1, first and second hard mask
patterns 3a and 35 are formed on a semiconductor substrate 1
in respective regions “a” and “b”. Semiconductor substrate 1
is anisotropically etched using first and second hard mask
patterns 3a and 35 as an etch mask to form a fin active region
5a in fin region “a” and a planar active region 55 in planar
region “b”. Planar active region 55 is formed to be wider than
fin active region 5a, and upper surfaces of fin and planar
active regions 5a and 55 have roughly the same height.
[0012] Fin active region 5a and planar active region 55 are
bounded by respective first and second trenches formed by
the anisotropic etching. After fin and planar active regions 5a
and 5b are formed, a silicon oxide layer 7 filling the first and
second trenches is formed on a whole surface of semiconduc-
tor substrate 1.

[0013] Referring to FIG. 2, a preliminary fin device isola-
tion layer 7a and a planar device isolation layer 75 are formed
in respective fin and planar regions “a” and “b” by planarizing
silicon oxide layer 7 until hard mask patterns 3a and 35 are
exposed. A photo sensitive pattern (not shown) covering pla-
nar region “b” is then formed. The preliminary fin device
isolation layer is etched to form a fin device isolation layer 7a
covering lower sidewalls of fin active region Sa. Thus, upper
sidewalls of fin active region 5a are left exposed. Fin device
isolation layer 74 has a relatively low height compared with
planar device isolation layer 75. Hard mask patterns 3a and 35
are selectively removed to expose upper surfaces of fin and
planar active regions Sa and 55.

[0014] A thermal oxidation process is performed on semi-
conductor substrate 1 to form a sidewall gate oxide layer 9a
on exposed areas of fin active region 5a and a planar gate
oxide layer 96 on exposed areas of planar active region 55. A
gate conductive layer 11 is then formed over an entire surface
of the semiconductor substrate 1.

[0015] Referring to FIG. 3, gate conductive layer 11 is
patterned to form a fin gate electrode 11a crossing fin active
region Sa and a planar gate electrode 115 crossing planar
active region 5b. Fin gate electrode 11qa is formed in contact
with an upper surface and both sidewalls of fin active region
5a, and planar gate electrode 115 is in contact with an upper
surface of planar active region 54.

[0016] In the above-described method, gate conductive
layer 11 is formed with different thicknesses on fin and planar
regions “a” and “b” owing to the difference in the heights of
respective fin and planar device isolation layers 7a and 7b.
Accordingly, gate electrodes 11a and 116 have different
heights and therefore a greater portion of gate conductive
layer 11 has to be etched to form gate electrode 11a than to
form gate electrode 115.

[0017] Because a greater portion of gate conductive layer
11 must be etched to form gate electrode 11a, planar gate
oxide layer 96 and planar active region 55 on both sides of
planar gate electrode 115 may be excessively etched while
gate electrode 11a is being formed. As a result, planar gate
oxide layer 94 and planar active region 55 may be damaged.
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This damage often results in defects to the electrical charac-
teristics of the fin transistor. For example, leakage current
may flow through source/drain regions (not shown) at both
sides of planar gate electrode 115, and a contact resistance
therebetween may be increased.

SUMMARY OF THE INVENTION

[0018] According to one embodiment of the present inven-
tion, a semiconductor device is provided. The semiconductor
device comprises a semiconductor substrate defining a fin
region and a planar region, a fin active region formed on the
semiconductor substrate in the fin region and protruding
upward from the semiconductor substrate, and a planar active
region formed on the semiconductor substrate in the planar
region and protruding upward from the semiconductor sub-
strate, wherein the planar active region has an upper surface
which is lower than an upper surface of the fin active region.
The semiconductor device further comprises a fin device
isolation layer covering lower sidewalls of the fin active
region, a planar device isolation layer completely covering
sidewalls of the planar active region, a fin gate electrode
formed across the fin active region, and a planar gate elec-
trode formed across the planar active region.

[0019] According to another embodiment of the invention,
amethod of forming a semiconductor device is provided. The
method comprises forming a fin active region on a semicon-
ductor substrate defining a fin region and a planar region, the
fin active region protruding upward from the semiconductor
substrate in the fin region, and forming a planar active region
on the semiconductor substrate, the planar active region pro-
truding upward from the semiconductor substrate in the pla-
nar region and having an upper surface lower than an upper
surface of the fin active region. The method further comprises
forming a fin device isolation layer covering lower sidewalls
of'the fin active region, forming a planar device isolation layer
completely covering sidewalls of the planar active region,
forming a fin gate electrode across the fin active region, and
forming a planar gate electrode across the planar active
region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The invention is described below in relation to sev-
eral embodiments illustrated in the accompanying drawings.
Throughout the drawings like reference numbers indicate like
exemplary elements, components, or steps. In addition, the
thickness of layers is exaggerated for clarity. In the drawings:
[0021] FIGS. 1 to 3 are perspective views illustrating a
method of forming a semiconductor device having conven-
tional fin and planar transistors;

[0022] FIG. 4 is a perspective view of a semiconductor
device having fin and planar transistors according to an
embodiment of the present invention;

[0023] FIG. 5 is a cross-sectional view taken along a line
between I and I' in FIG. 4; and,

[0024] FIGS. 6 to 14 are perspective views illustrating a
method of forming a semiconductor device having fin and
planar transistors according to an embodiment of the present
invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0025] Exemplary embodiments of the invention are
described below with reference to the corresponding draw-
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ings. These embodiments are presented as teaching
examples. The actual scope of the invention is defined by the
claims that follow.

[0026] In this written description, the terms “on” and
“onto” are used to describe relative positions of layers in a
semiconductor device. In order for a layer to be “on” or
“onto” another layer according to this description, the layer
does not have to be directly on top of the other layer; i.e.,
intervening layers could be present between the two.

[0027] FIG. 4 is a perspective view of a semiconductor
device having fin and planar transistors according to an
embodiment of the present invention. FIG. 5 is a cross-sec-
tional view taken along a line between [ and I' in FIG. 4. In
FIGS. 4 and 5, reference numeral 50 denotes a fin region
where a fin transistor is formed and reference numeral 55
indicates a planar region where a planar transistor is formed.
[0028] Referring to FIGS. 4 and 5, the semiconductor
device comprises a semiconductor substrate 100 formed in fin
region 50 and planar region 55. A fin active region 1064 is
formed on substrate 100 in fin region 50 and a planar active
region 1065 is formed on semiconductor substrate 100 in
planar region 55. Both fin active region 1064 and planar active
region 1065 protrude upwards from substrate 100, but an
upper surface of planar active region 1065 is formed to be
lower than an upper surface of fin active region 106a.

[0029] A fin device isolation layer 115a covering lower
sidewalls of fin active region 106a is formed on substrate 100
in fin region 50, and a planar device isolation layer 116
completely covering sidewalls of planar active region 1065 is
formed on substrate 100 in planar region 55. An upper surface
of'planar device isolation layer 116 is roughly the same height
as an upper surface of planar active region 1065, and a lower
surface of planar device isolation layer 116 is lower than a
lower surface of fin device isolation layer 115a.

[0030] Preferably, fin and planar device isolation layers
115a and 116 are formed of a material having an excellent
gap-fill characteristic. For instance, fin and planar device
isolation layers 1154 and 116 may be formed of a high-
density plasma silicon oxide layer, or a silicon on glass (SOG)
layer. Preferably, the fin and planar device isolation layers
1154 and 116 are formed of the same material.

[0031] As described above, the upper surface of planar
active region 1065 is lower than that of fin active region 106a.
Moreover, it is preferable that the upper surface of planar
active region 1065 has a height similar to the upper surface of
fin device isolation layer 115a.

[0032] A fin gate electrode 130a is formed across fin active
region 106a, and a planar gate electrode 1305 is formed
across planar active region 1065. Fin gate electrode 130q is
formed in contact with the upper surface and both sidewalls of
fin active region 106a. In contrast, since planar device isola-
tion layer 116 completely covers sidewalls of planar active
region 1065, planar gate electrode 1305 is in contact with the
upper surface of planar gate electrode 1305, but not the side-
walls.

[0033] Preferably, a first gate insulating layer 1224 is inter-
posed between fin gate electrode 130a and upper sidewalls of
fin active region 106a, and a fin hard mask pattern 104a is
interposed between fin gate electrode 130a and an upper
surface of fin active region 1064. In addition, a second gate
insulating layer 1225 is interposed between planar gate elec-
trode 1305 and planar active region 1065. Preferably, fin hard
mask pattern 104q is thicker than first gate insulating layer
122a so that a channel region is not formed on the upper
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surface of fin active region 106a. This prevents an electric
field from being concentrated at an upper edge of fin active
region 106a. As a result, a hump phenomenon caused by
concentration of the electric field on the upper edge of the fin
active region is avoided.

[0034] Preferably, fin gate electrode 130a includes a side-
wall gate 124a and a top gate 128a. Sidewall gate 124a is
formed on the upper sidewalls of fin active region 106. First
gate insulating layer 1224 is interposed between sidewall gate
124a and the upper sidewalls of fin region 1064 and top gate
128a is formed on the upper surface of fin active region 1064
over fin hard mask pattern 104a. In general, an upper surface
of sidewall gate 1244 has the same height as an upper surface
of fin hard mask pattern 1044 and top gate 128a is electrically
connected to sidewall gate 124a.

[0035] Preferably, planar gate electrode 1305 includes a
lower gate 126a and an upper gate 1285, which are stacked
sequentially. An upper surface of lower gate 126a has the
same height as sidewall gate 124a in fin region 50 and upper
gate 1285 generally has the same thickness as top gate 128a.
Accordingly, upper surfaces of upper gate 1285 and top gate
128a typically have the same height. In other words, upper
surfaces of fin gate electrode 130a and planar gate electrode
1304 generally have the same height.

[0036] InFIG. 4, respective lower surfaces of sidewall gate
124a and lower gate 126a are formed with the same height by
controlling the height of the upper surface of fin device iso-
lation layer 115a. In addition, the upper surfaces of fin gate
electrode 130a and planar gate electrode 1305 have the same
height. Accordingly, fin gate electrode 130a and planar gate
electrode 1305 each have the same overall thickness.

[0037] First gate insulating layer 122q is typically formed
of'a silicon oxide layer (e.g., a thermal oxide layer), a silicon
nitride layer and/or a silicon oxynitride layer. In addition, first
gate insulating layer 122a may be formed of a high-k dielec-
tric layer with a relatively high dielectric constant compared
to the silicon nitride layer. For instance, the first gate insulat-
ing layer 1224 is preferably formed of hathium oxide (HfO,),
hafnium silicate (HfSiO), hafnium silicate nitride (HfSiON),
hafnium tantalum oxide (Ta,Os), zirconium oxide (ZrO,),
aluminum oxide (Al,O;), hafnium aluminum oxide (HfAIO),
lanthanum oxide (L.a,O5;), or a combination thereof.

[0038] Fin hard mask pattern 104a typically includes a
silicon oxide layer and a silicon nitride layer, which are
stacked sequentially. Second gate insulating layer 12254 is
generally formed of a silicon oxide layer (particularly, a ther-
mal oxide layer), a silicon nitride layer and/or a silicon oxyni-
tride layer. Second gate insulating layer 1225 is typically
formed of a high-k dielectric layer having a relatively high
dielectric constant compared to the silicon nitride layer. For
example, second gate insulating layer 1225 is preferably
formed of hafnium oxide (HfO,), hafnium silicate (HfSiO),
hafnium silicate nitride HfSiON, hafnium tantalum oxide
(Ta,0y), zirconium oxide (Zr0O,), aluminum oxide (Al,Oy),
hafnium aluminum oxide (HfAIO), lanthanum oxide
(La,0;), or a combination thereof. First and second gate
insulating layers 122a and 1224 typically have the same
thickness as each other, although this does not necessarily
have to be the case.

[0039] Sidewall gate 124a and top gate 128a of fin gate
electrode 130a are formed of a conductive layer. For example,
sidewall gate 124a and top gate 1284 may be formed of a
doped polysilicon layer and/or a low resistance conductor. In
this case, lower gate 1264 of planar gate electrode 1305 is

Jul. 9, 2009

preferably formed of the same material as sidewall gate 124a.
Top gate 128a of fin gate electrode 130a and upper gate 1285
of'planar gate electrode 1305 are typically formed ofthe same
material. Top gate 128a and upper gate 1285 may include
doped polysilicon and a low resistance conductor, which are
sequentially stacked. The low resistance conductor generally
comprises at least one element selected from a group consist-
ing of conductive a metal nitride (e.g., titanium nitride, tan-
talum nitride), a metal (e.g., tungsten, molybdenum), and a
metal silicide (e.g., cobalt silicide, nickel silicide, titanium
silicide, tungsten silicide).

[0040] A first impurity doped layer 1324 is formed in fin
active region 1064 on both sides of fin gate electrode 130a.
First impurity doped layer 132a corresponds to source/drain
regions of a fin transistor. A second impurity doped layer
13254 is formed in planar active region 1065 on both sides of
planar gate electrode 1305. Second impurity doped layer
1324 corresponds to source/drain regions of a planar transis-
tor.

[0041] In the semiconductor device of FIG. 4, the upper
surface of planar active region 1065 is relatively lower than
that of the fin active region 106a. However, the difference
between the thicknesses of fin gate electrode 130a and planar
gate electrode 1304 is dramatically less than the difference
between fin gate electrode 11a and planar gate electrode 115
in FIG. 3. Accordingly, etching damage is prevented from
occurring in planar active region 1065 and second gate insu-
lating layer 1226 during etching processes used to form
respective fin and planar gate electrodes 130a and 1304.
[0042] FIGS. 6 through 14 are perspective views illustrat-
ing a method of forming a semiconductor device having a fin
transistor and a planar transistor according to an embodiment
of the present invention.

[0043] Referring to FIG. 6, a first etch mask pattern 102 is
formed on substrate 100 in fin region 50, leaving substrate
100 exposed in planar region 55. First etch mask pattern 102
is formed of a material having an etch selectivity relative to
substrate 100. For example, first etch mask pattern 102 is
generally formed of a photo sensitive layer, a silicon oxide
layer, a silicon nitride layer, a silicon oxynitride layer, or a
combination thereof.

[0044] Substrate 100 is etched to recess substrate 100 in
planar region 55 using first etch mask pattern 102 as an etch
mask. In FIG. 6, a dotted line in planar region 55 indicates the
etched portion of substrate 100.

[0045] Referring to FIG. 7, first etch mask pattern 102 is
removed to expose substrate 100 in fin region 50. Then, a hard
mask layer is formed over the entire surface of substrate 100,
and the hard mask layer is patterned to form a fin hard mask
pattern 104a and a planar hard mask pattern 1045. Fin hard
mask pattern 1044 is formed on substrate 100 in fin region 50,
and planar mask pattern 1045 is formed on substrate 100 in
planar region 50. Planar hard mask pattern 1045 is relatively
wider than fin hard mask pattern 104a. Fin and planar hard
mask patterns 104a and 1045 are generally formed at the
same time. However, where there is a difficulty performing a
photolithography process due to the difference of the height
of substrate 100 between regions 50 and 55, fin and planar
hard mask patterns 104a and 1045 may be formed sequen-
tially.

[0046] Preferably, hard mask patterns 104a and 1045 are
formed of at least one insulating layer having an etch selec-
tivity relative to substrate 100. For example, hard mask pat-
terns 104a and 1045 typically include a silicon nitride layer
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and a silicon oxynitride layer. Hard mask patterns 104a and
1045 may further include a buffer oxide layer interposed
between the silicon nitride layer (or silicon oxynitride layer)
and substrate 100. The buffer oxide layer typically performs
a function of buffering stress between the silicon nitride layer
(or silicon oxynitride layer) and substrate 100.

[0047] Referring to FIG. 8, substrate 100 is etched using
hard mask patterns 104a and 1045 as an etch mask to form fin
active region 106a and planar active region 1065. First
trenches surround fin active region 106« in fin region 50 and
second trenches surround planar active region 1065 in planar
region 55, and a bottom surface of the second trenches is
lower than a bottom surface of the first trenches.

[0048] Fin active region 1064 protrudes upwards from sub-
strate 100 in fin region 50 and planar active region 1065
protrudes upwards from substrate 100 in planar region 55.
The upper surface planar active region 1065 is lower than that
of fin active region 106a.

[0049] Referring to FIG. 9, a device isolation insulating
layer 112 filling the first and second trenches and completely
covering hard mask patterns 1044 and 1045 is formed over the
entire surface of substrate 100. An upper surface of device
isolation insulating layer 112 is planarized so that upper sur-
face of device isolation insulating layer 112 has the same
height in fin region 50 and planar region 55.

[0050] The following steps provide one way of forming
device isolation insulating layer 112. A first insulating layer
108 filling the first and second trenches is formed over an
entire surface of substrate 100. Then, first insulating layer 108
is planarized until the upper surface of fin hard mask pattern
104a is exposed. Then, a second insulating layer 110 is
formed on planarized first insulating layer 108. First and
second insulating layers 108 and 110 typically comprise sili-
con nitride layers.

[0051] A second etch mask pattern 114 is formed on device
isolation insulating layer 112 in fin region 50, leaving device
isolation insulating layer 112 exposed in planar region 55.
Second etch mask pattern 114 is formed of a material having
an etch selectivity relative to device isolation insulating layer
112. For instance, second etch mask pattern 114 is generally
formed of a photo sensitive layer, a silicon nitride layer, a
silicon oxynitride layer, or a polysilicon layer.

[0052] Referring to FIG. 10, by using second etch mask
pattern 114 as a mask, device isolation insulating layer 112 in
planar region 55 is planarized using an etch-back process
until planar hard mask pattern 1045 is exposed. As a result, a
planar device isolation layer 116 filling the second trench is
formed. Planar device isolation layer 116 covers sidewalls of
planar active region 1065.

[0053] Exposed planar hard mask pattern 1045 is typically
removed after second etch mask pattern 114 is removed.
Alternatively, however, exposed planar hard mask pattern
1045 can be removed before second etch mask pattern 114 is
removed.

[0054] In the event that the upper surface of planar device
isolation layer 116 protrudes over the upper surface of planar
active region 1065, an additional process for removing part of
planar device isolation layer 116 may be performed. After
performing the additional process, the upper surface of planar
device isolation layer 116 has roughly the same height as the
upper surface of planar active region 1065 and planar active
region 116 completely covers sidewalls all of planar active
region 1065.
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[0055] An etch stop layer 118 is formed over the entire
surface of substrate 100. Etch stop layer 118 is higher in fin
region 50 than in planar region 55 because of the height of
device isolation insulating layer 112 in fin region 50. Etch
stop layer 118 is typically formed of a material having an etch
selectivity relative to device isolation insulating layer 112 in
fin region 50. For instance, etch stop layer 118 is typically
formed of a double layer comprising a silicon oxide layer and
a silicon nitride layer, or a silicon oxide layer and a silicon
oxynitride layer.

[0056] A buffer layer 120 is formed on etch stop layer 118
such that an upper surface of buffer layer 120 in fin region 50
is higher than an upper surface of buffer layer 120 in planar
region 55. Buffer layer 120 is preferably formed of a silicon
oxide layer.

[0057] Referring to FIG. 11, buffer layer 120, etch stop
layer 118, and device isolation insulating layer 112 in fin
region 50 are removed by a Chemical Mechanical Polishing
(CMP) process until fin hard mask pattern 104q is exposed.
As aresult, a preliminary fin device isolation layer 115 filling
the first trench is formed in fin region 50 while buffer layer
120 remains in planar region 55. In this case, an upper surface
of'preliminary fin device isolation layer 115 generally has the
same height as an upper surface of buffer layer 120 in planar
region 55.

[0058] Buffer layer 120, etch stop layer 118, and device
isolation insulating layer 112 may be planarized together by a
single CMP process. Alternatively, buffer layer 120 may be
planarized using the following steps. A first CMP is per-
formed until etch stop layer 118 of fin region 50 is exposed.
Exposed etch stop layer 118 is then removed using a wet etch
process. A second CMP is performed with respect to device
isolation insulating layer 112 in fin region 50. While the first
and second CMP processes are performed, buffer layer 120 in
planar region 55 is also planarized.

[0059] Referring to FIG. 12, a fin device isolation layer
115a is formed by etching preliminary fin device isolation
layer 115 and buffer layer 120 in planar region 55 until etch
stop layer 118 in planar region 55 is exposed. Accordingly,
the upper surface of fin device isolation layer 1154 has a
height similar to that of the upper surface of planar active
region 1064. Fin device isolation layer 115a covers lower
sidewalls of fin active region 1064, leaving upper sidewalls of
fin active region 1064 exposed. After etch stop layer 118 is
exposed, a time-etch process for controlling the height of the
upper surface of fin device isolation layer 1154 may be further
performed. It is possible to control the height of the upper
surface of fin device isolation layer 1154 by controlling the
time-etch process so that the upper surface of fin device
isolation layer 115¢ is the same as the height of the upper
surface of planar active region 1065. Exposed etch stop layer
118 in planar region 55 is removed to expose planar active
region 1065.

[0060] Referring to FIG. 13, first gate insulating layer 1224
is formed on the exposed surface of fin active region 106a.
Second gate insulating layer 1225 is formed on the exposed
surface of planar active region 1064. First and second gate
insulating layers 122a and 12254 are typically formed of a
silicon oxide layer (e.g., a thermal oxide layer), a silicon
nitride layer, and/or a silicon oxynitride layer. First and sec-
ond gate insulating layers 122a and 1224 preferably have the
same thickness, however, they may also be formed to have
different thicknesses (e.g., by performing a selective thermal
oxidation process using an oxidation barrier layer). More-
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over, first and second gate insulating layers 122a and 1225
may be formed of a high-k dielectric layer having a relatively
high dielectric constant compared with the silicon nitride
layer. For example, first and second gate insulating layers
122a and 122b may be formed of hafhium oxide (HfO,),
hafnium silicate (HfSiO), hafnium silicate nitride (HfSiON),
hafnium tantalum oxide (Ta,Os), zirconium oxide (ZrO,),
aluminum oxide (Al,Oj;), hafhium aluminum oxide (HfA1O),
lanthanum oxide (La,0O;), or a combination thereof.

[0061] A first gate conductive layer is then formed over the
entire surface of substrate 100. The first gate conductive layer
is planarized by CMP until fin hard mask pattern 104a is
exposed, thus forming a sidewall gate conductive layer 124
filling the first trenches on fin device isolation layer 1154 in
fin region 50, and a lower gate conductive layer 126 in planar
region 55.

[0062] An upper surface of sidewall gate conductive layer
124 in fin region 50 has the same height as an upper surface of
lower gate conductive layer 126 in planar region 55. Sidewall
gate conductive layer 124 and lower gate conductive layer
126 are generally formed of a doped polysilicon layer and/or
a low resistance conductor. The low resistance conductor
generally includes at least one element selected from a group
consisting of a conductive metal nitride (e.g., titanium nitride
and tantalum nitride), a metal (e.g., tungsten and molybde-
num), and a metal silicide (e.g., cobaltsilicide, nickel silicide,
titanium silicide, and tungsten silicide).

[0063] Referring to FIG. 14, a second gate conductive layer
128 is formed over the entire surface of substrate 100. Second
gate conductive layer 128 typically includes doped polysili-
con and a low resistance conductor, which are stacked
sequentially. The low resistance conductor typically includes
at least one element selected from a group consisting of
conductive a metal nitride (e.g., titanium nitride and tantalum
nitride), a metal (e.g., tungsten and molybdenum), and a
metal silicide (e.g., cobalt silicide, nickel silicide, titanium
silicide, and tungsten silicide).

[0064] The sum of the thicknesses of the sidewall gate
conductive layer 124 and second gate conductive layer 128 on
fin device isolation layer 1154 may be defined as a first
thickness “T1”, and the sum of the thicknesses of lower gate
conductive layer 126 and second gate conductive layer 128
over planar active region 1065 may be defined as a second
thickness “T2”.

[0065] Second gate conductive layer 128, sidewall gate
conductive layer 124, and lower gate conductive layer 126 are
patterned to form fin gate electrode 130a and planar gate
electrode 1305, which are shown in FIG. 4. Fin gate electrode
130a includes a sidewall gate 1244 formed from sidewall gate
conductive layer 124 and a top gate 1284 formed from second
gate conductive layer 128. Planar gate electrode 1305
includes a lower gate 126a formed from lower gate conduc-
tive layer 126 and an upper gate 1285 formed from second
gate conductive layer 128.

[0066] Impurity ions are implanted into fin active region
106a and planar active region 1065 using fin gate electrode
130a and planar gate electrode 1305 as masks to form respec-
tive first and second impurity doped layers 132a and 13254
shown in FIG. 4. First and second impurity doped layers 132a
and 1326 may be formed either sequentially or simulta-
neously.

[0067] In the above-described method of forming a semi-
conductor device, the upper surface of planar active region
1064 is formed to be lower than fin active region 106a by
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selectively recessing substrate 100 in planar region 55.
Accordingly, the difference between the thicknesses of gate
electrodes formed in fin region 50 and fin region 55 are small
compared with the difference between corresponding thick-
nesses in a conventional device such as that shown in FIG. 3.
As a result, etching damage is prevented from occurring in
planar active region 55 and/or gate insulating layer 1224
during the formation of planar gate electrode 1304.

[0068] More particularly, the upper surface of second gate
conductive layer 128 in the fin region 50 has the same height
as second gate conductive layer 128 in planar region 55 owing
to sidewall gate conductive layer 124 and lower gate conduc-
tive layer 126. As a result, the difference between first thick-
ness “T'1” and second thickness ““I'2” is minimized. Further-
more, first thickness “T1” and second thickness “T2” may be
formed to be equal by controlling the height of the upper
surface of fin device isolation layer 115a. Therefore, it is
possible to prevent etching damage in a planar active region
and/or a gate oxide layer due to the similarity between first
thickness “T1” and second thickness “T2”.

[0069] As previously mentioned, a planar active region is
formed to be lower than the fin active region to minimize a
thickness difference between a fin gate electrode and a planar
gate electrode. Minimizing the thickness difference between
the fin gate electrode and the planar gate electrode prevents
damage from occurring in the manufacture of the semicon-
ductor device to preserve the device’s electrical characteris-
tics.

What is claimed is:
1. A method of forming a semiconductor device, the
method comprising:
forming a fin active region on a semiconductor substrate
defining a fin region and a planar region, the fin active
region protruding upward from the semiconductor sub-
strate in the fin region, wherein forming the fin active
region and the planar active region comprises:
recessing the semiconductor substrate in the planar
region;
forming a fin hard mask pattern on the semiconductor
substrate in the fin region and a planar hard mask
pattern on the semiconductor substrate in the planar
region; and
anisotropically etching the semiconductor substrate
using the fin and planar hard mask patterns as an etch
mask;
forming a planar active region on the semiconductor sub-
strate, the planar active region protruding upward from
the semiconductor substrate in the planar region and
having an upper surface which is lower than an upper
surface of the fin active region;
forming a fin device isolation layer covering lower side-
walls of the fin active region;
forming a planar device isolation layer completely cover-
ing sidewalls of the planar active region;
forming a fin gate electrode across the fin active region; and
forming a planar gate electrode across the planar active
region.
2. The method of claim 1, wherein forming the fin and
planar device isolation layers comprises:
forming a device isolation insulating layer filling etched
portions of the fin region and the planar region over an
entire surface of the semiconductor substrate;
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selectively planarizing the device isolation insulating layer
in the planar region until the planar hard mask pattern is
exposed to form the planar device isolation layer;
removing the planar hard mask pattern;
forming an etch stop layer over the entire surface of the
semiconductor substrate;
forming a buffer layer on the etch stop layer;
forming a preliminary fin device isolation layer by pla-
narizing the buffer layer, the etch stop layer, and the
device isolation insulating layer, all in the fin region,
until the fin hard mask pattern is exposed;
etching the preliminary fin device isolation layer and the
buffer layer in the planar region until the etch stop layer
of the planar region is exposed to form the fin device
isolation layer; and
removing the etch stop layer in the planar region to expose
the planar active region.
3. The method of claim 2, wherein forming the device
isolation insulating layer comprises:
forming a first insulating layer over the entire surface of the
semiconductor substrate;
planarizing the first insulating layer until the fin hard mask
pattern is exposed; and,
forming a second insulating layer over the entire surface of
the semiconductor substrate.
4. The method of claim 3, wherein the fin gate electrode
comprises a sidewall gate and a top gate, and,
wherein the sidewall gate is formed between the fin active
next to the first gate insulating layer, and the top gate is
formed above the fin active region on top of the fin hard
mask pattern; and,
wherein the planar gate electrode comprises lower and
upper gates, which are stacked sequentially.
5. The method of claim 2, wherein forming the fin gate
electrode and the planar gate electrode comprises:
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forming a first gate insulating layer on upper sidewalls of

the fin active region;

forming a second gate insulating layer on the planar active

region;

forming a first gate conductive layer over the entire surface

of the semiconductor substrate;

planarizing the first gate conductive layer until the fin hard

mask pattern is exposed;
forming a second gate conductive layer over the entire
surface of the semiconductor substrate; and

successively patterning the second gate conductive layer
and the planarized second gate conductive layer to form
the fin gate electrode and the planar gate electrode.

6. The method of claim 5, wherein the first and second gate
insulating layers are formed of a high-k dielectric layer hav-
ing a higher dielectric constant than a silicon nitride layer.

7. The method of claim 1, further comprising:

forming a first impurity doped layer in the fin active region

on opposite sides of the fin gate electrode; and,
forming a second impurity doped layer in the planar active
region on opposite sides of the planar gate electrode.

8. The method of claim 3, wherein at least one of the first
gate insulating layer and the second gate insulating layer is
formed of hafnium oxide (HfO,), hathium silicate (HfSiO),
hafnium silicate nitride (HfSiON), hafnium tantalum oxide
(Ta,0s), zirconium oxide (ZrO,) aluminum oxide (Al,O;)
hafnium aluminum oxide (HfAIO), lanthanum oxide
(La,0;), or a combination thereof.

9. The semiconductor device of claim 3, wherein the top
gate comprises a low resistance conductor comprising at least
one element selected from a group consisting of titanium
nitride, tantalum nitride, tungsten, molybdenum, cobalt sili-
cide, nickel silicide, titanium silicide, and tungsten silicide.
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