
US 20020047170A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0047170 A1 
(19) United States 

Ota (43) Pub. Date: Apr. 25, 2002 

(54) sEMICONDUCTOR DEVICE AND (52) US. Cl. ....................... .. 257/410; 438/287; 438/305; 
MANUFACTURING METHOD THEREOF 257/411 

(75) Inventor: Kazunobu Ota, Tokyo (JP) 

Correspondence Address: 
OBLON SPIVAK MCCLELLAND MAIER & 
NEUSTADT PC 
FOURTH FLOOR 
1755 JEFFERSON DAVIS HIGHWAY 
ARLINGTON, VA 22202 (US) 

(73) Assignee: MITSUBISHI DENKI KABUSHIKI 
KAISHA, Chiyoda-ku (JP) 

(21) Appl. No.: 09/836,371 

(22) Filed: Apr. 18, 2001 

(30) Foreign Application Priority Data 

Oct. 19, 2000 (JP) .................................... .. 2000-319318 

Publication Classi?cation 

(51) Int. Cl.7 ................................................ .. H01L 21/336 

164 

(57) ABSTRACT 

An object is to provide a semiconductor device having an 
insulated-gate transistor Which operates at high speed With 
loW poWer consumption and a manufacturing method 
thereof. TWo source/drain regions (9) are selectively formed 
in the surface of a transistor formation region in a Si 

substrate (1), a stacked gate insulating ?lm (25) is formed on 
the channel region betWeen the source/drain regions (9, 9) in 
the Si substrate (1), and a gate electrode (3) is formed on the 
stacked gate insulating ?lm (25). The stacked gate insulating 
?lm (25) has a three-layer structure composed of a HfSiO2 
?lm (21), a HfO2 ?lm (22) and a HfSiO2 ?lm (23) each 
having a higher dielectric constant than SiO2. The HfSiO2 
?lm (21) is less reactive than the HfO2 ?lm (22) at the 
interface With the Si substrate (1) and the HfSiO2 ?lm (23) 
is less reactive than the HfO2 ?lm (22) at the interface With 
the gate electrode (3) (polysilicon layer 
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SEMICONDUCTOR DEVICE AND 
MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the structure of 
semiconductor devices and manufacturing methods thereof, 
and particularly to the structure of a gate insulating ?lm of 
an insulated-gate transistor such as an MOS transistor. 

[0003] 2. Description of the Background Art 

[0004] <MOS Transistor Structure> 

[0005] FIG.30 is a sectional vieW shoWing the structure of 
a conventional MOS transistor. As shoWn in this diagram, 
the MOS transistor is fabricated in the transistor formation 
region betWeen element isolation oxide ?lms 15, 15 formed 
in a Si substrate 1. 

[0006] That is to say, tWo source/drain regions 9 are 
selectively formed in the surface of the transistor formation 
region of the Si substrate 1, a gate insulating ?lm 2 is formed 
on the channel region betWeen the source/drain regions 9, 9 
in the Si substrate 1, a gate electrode 3 is formed on the gate 
insulating ?lm 2, and side Walls 16 are formed on the sides 
of the gate electrode 3. 

[0007] The gate electrode 3 is composed of a polysilicon 
layer 4 and a silicide layer 11 formed on top of it. Extension 
regions 8 extend under the side Walls 16 from the source/ 
drain regions 9 and silicide regions 10 are formed on the 
source/drain regions 9. 

[0008] The gate insulating ?lm 2 is formed of an oxide 
?lm or an oxynitride ?lm or a stacked layer thereof. While 
the gate electrode 3 is mainly formed of the polysilicon layer 
4 in the example of FIG.30, it may be formed by using 
amorphous silicon as a constituent material. 

[0009] <Manufacturing Method> 

[0010] A method for manufacturing the MOS transistor 
structured as shoWn in FIG.30 is noW described. 

[0011] First, the Si substrate 1 is sectioned With an element 
isolation structure, such as trench isolation using the element 
isolation oxide ?lms 15. Subsequently the entire surface of 
the Si substrate 1 is thermally oxidiZed to form the gate 
insulating ?lm 2. The polysilicon layer 4 is then laid on the 
gate insulating ?lm 2. 

[0012] Next, an oxide ?lm of TEOS etc. is formed as a 
hard mask on the polysilicon layer 4 and is patterned by 
photolithography. Next, the polysilicon layer 4 is anisotro 
pically etched by using the patterned oxide ?lm as a mask 
(hard mask) to form the gate. 

[0013] Then an impurity ion implantation is applied by 
using the gate-shaped polysilicon layer 4 as a mask to form 
impurity diffusion regions (the extension regions 8 and 
source/drain regions 9) and the side Walls 16 are formed on 
the sides of the gateshaped polysilicon layer 4. In this 
process, the impurity diffusion regions under the side Walls 
16 form the extension regions 8. 

[0014] Next, an impurity ion implantation is applied by 
using the gate-shaped polysilicon layer 4 and the side Walls 
16 as masks to form the source/drain regions 9 adjoining the 
extension regions 8. 
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[0015] Subsequently the oxide ?lm as a hard mask is 
etched to expose the top surface of the gate-shaped poly 
silicon layer 4 and then a metal such as cobalt is applied to 
the entire Wafer surface, Which is folloWed by annealing. 

[0016] Then silicidation occurs in the upper part of the 
gate-shaped polysilicon layer 4 and in the upper part of the 
source/drain regions 9 to form the silicide layer 11 and 
silicide regions 10. Unreacted metal is removed by Wet 
etching. 
[0017] The MOS transistor structure shoWn in FIG.30 is 
thus completed through the above-described processes. 
Then a semiconductor device containing the MOS transistor 
is completed through formation of interlayer insulating ?lms 
not shoWn in FIG.30, interconnecting process, etc. 

[0018] For neWer generations of semiconductor devices 
containing MOS transistors as shoWn in FIG.30, there is an 
increasing necessity to reduce the poWer consumption by 
loWering the poWer-supply voltage and to enhance the 
driving current. 

[0019] That is to say, loWering the poWer consumption and 
increasing the speed of semiconductor devices With MOS 
transistors require loWering the poWer-supply voltage and 
increasing the driving current, Which have conventionally 
been realiZed mainly by reducing the thickness of the SiO2 
gate insulating ?lms (i.e. gate insulating ?lms made of SiO2) 
in the MOS transistors. 

[0020] FIG.31 is an explanation diagram shoWing the 
off-operation state of the MOS transistor shoWn in FIG.30, 
Where the MOS transistor is constructed as an NMOS 
structure. As shoWn in this diagram, a source terminal 12 is 
provided on one of the tWo source/drain regions 9 (silicide 
regions 10) and a drain terminal 13 is provided on the other. 
A gate terminal 14 is provided on the gate electrode 3 and 
a substrate potential terminal 17 is provided on the Si 
substrate 1. The source terminal 12, gate terminal 14 and 
substrate potential terminal 17 are set at a potential of 0 V 
and the drain terminal 13 is set at a potential of 1.5 V. 

[0021] When the SiO2 gate insulating ?lm is thinned to a 
?lm thickness of 3 nm or smaller, then direct tunneling 
through the gate insulating ?lm 2 Will cause serious gate 
leakage current I1 as shoWn in FIG.31. The gate leakage 
current I1 may become almost equal to or higher than the 
leakage current I2 through the normal channel and then it 
cannot be neglected. That is to say, the standby poWer (the 
poWer in standby state) of the LSI becomes high over the 
negligible level; the performance of the transistors cannot be 
further enhanced by thinning the gate insulating ?lms. 

[0022] As described above, in achieving loWer poWer 
consumption and higher operation speed of the MOS tran 
sistors, the use of SiO2 as a material of the gate insulating 
?lms is reaching a limit and attempts are being made to 
obtain materials and structures of the gate insulating ?lms 
Which can overcome this problem. In such attempts, high 
dielectric constant materials having higher dielectric con 
stants than SiO2, such as HfO2, ZrO2, etc., are regarded as 
likely candidates since these materials are less reactive to the 
Si substrate in Which the MOS transistors are fabricated. 

[0023] HoWever, it is knoWn that, even When a high 
dielectric constant material as shoWn above is used to form 
the gate insulating ?lm, it reacts With the Si substrate in high 
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temperature processing performed after formation of the 
gate insulating ?lm and thus forms an oxide ?lm betWeen the 
Si substrate and itself. The oxide ?lm formed betWeen the Si 
substrate and the high dielectric constant material reduces 
the dielectric constant of the gate capacitor structure Which 
has attained large capacitance through the use of the high 
dielectric constant material. Furthermore, the oXide ?lm 
obtained by the interface reaction With the Si substrate is 
uneven rather than ?at, Which reduces the mobility of carries 
in the channel formed in the Si substrate under the gate 
insulating ?lm, thus reducing the driving current. 

SUMMARY OF THE INVENTION 

[0024] A?rst aspect of the present invention is directed to 
a semiconductor device Which includes an insulated-gate 
transistor fabricated in a silicon substrate, the transistor 
comprising a gate insulating ?lm selectively formed on the 
silicon substrate, the surface of the silicon substrate under 
the gate insulating ?lm being de?ned as a channel region, a 
gate electrode formed of polysilicon on the gate insulating 
?lm, and ?rst and second source/drain regions formed in the 
surface of the silicon substrate With the channel region 
interposed therebetWeen, Wherein the gate insulating ?lm 
contains a material having a higher dielectric constant than 
silicon oXide ?lm and the gate insulating ?lm comprises an 
upper part, a center part and a loWer part, and Wherein the 
loWer part is less reactive With the silicon substrate than the 
center part is and the upper part is less reactive With the gate 
electrode than the center part is. 

[0025] Preferably, according to a second aspect, in the 
semiconductor device, the gate insulating ?lm has ?rst to 
third high dielectric constant insulating ?lms each having a 
dielectric constant higher than that of silicon oXide ?lm and 
the ?rst to third high dielectric constant insulating ?lms are 
stacked in the ?rst to third order, the loWer part includes the 
?rst high dielectric constant insulating ?lm, the center part 
includes the second high dielectric constant insulating ?lm, 
and the upper part includes the third high dielectric constant 
insulating ?lm. 

[0026] Preferably, according to a third aspect, in the 
semiconductor device, the transistor includes ?rst and sec 
ond transistors, the ?rst and second transistors each having 
the gate insulating ?lm, the gate electrode and the ?rst and 
second source/drain regions, and the gate insulating ?lm of 
the ?rst transistor is thicker than the gate insulating ?lm of 
the second transistor. 

[0027] Preferably, according to a fourth aspect, in the 
semiconductor device, a ?rst gate insulating ?lm being the 
gate insulating ?lm of the ?rst transistor has an insulating 
?lm and ?rst to third high dielectric constant insulating ?lms 
each having a higher dielectric constant than silicon oXide 
?lm, and the insulating ?lm and the ?rst to third high 
dielectric constant insulating ?lms are stacked in this order, 
Wherein the loWer part of the ?rst gate insulating ?lm 
includes the insulating ?lm and the ?rst high dielectric 
constant insulating ?lm, the center part of the ?rst gate 
insulating ?lm includes the second high dielectric constant 
insulating ?lm, and the upper part of the ?rst gate insulating 
?lm includes the third high dielectric constant insulating 
?lm, a second gate insulating ?lm being the gate insulating 
?lm of the second transistor has fourth to siXth high dielec 
tric constant insulating ?lms each having a higher dielectric 
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constant than silicon oXide ?lm, and the fourth to siXth high 
dielectric constant insulating ?lms are stacked in the fourth 
to siXth order, Wherein the loWer part of the second gate 
insulating ?lm includes the fourth high dielectric constant 
insulating ?lm, the center part of the second gate insulating 
?lm includes the ?fth high dielectric constant insulating 
?lm, and the upper part of the second gate insulating ?lm 
includes the siXth high dielectric constant insulating ?lm. 

[0028] Preferably, according to a ?fth aspect, in the semi 
conductor device, the ?rst and fourth high dielectric constant 
insulating ?lms are composed of the same material, the 
second and ?fth high dielectric constant insulating ?lms are 
composed of the same material, and the third and siXth high 
dielectric constant insulating ?lms are composed of the same 
material. 

[0029] A siXth aspect is directed to a method for manu 
facturing a semiconductor device Which includes an insu 
lated-gate transistor fabricated in a silicon substrate. Accord 
ing to the siXth aspect, the semiconductor device 
manufacturing method comprises the steps of: (a) selectively 
forming a gate insulating ?lm on the silicon substrate, the 
surface of the silicon substrate under the gate insulating ?lm 
being de?ned as a channel region; (b) forming a gate 
electrode made of polysilicon on the gate insulating ?lm; (c) 
forming ?rst and second source/drain regions in the surface 
of the silicon substrate With the channel region interposed 
therebetWeen, Wherein the ?rst and second source/drain 
regions, the gate insulating ?lm and the gate electrode de?ne 
the transistor, Wherein the gate insulating ?lm is formed by 
using a material having a higher dielectric constant than 
silicon oXide ?lm, the gate insulating ?lm comprising an 
upper part, a center part and a loWer part, the loWer part is 
less reactive With the silicon substrate than the center part is, 
and the upper part is less reactive With the gate electrode 
than the center part is. 

[0030] Preferably, according to a seventh aspect, in the 
semiconductor device manufacturing method, the gate insu 
lating ?lm includes ?rst to third high dielectric constant 
insulating ?lms having a higher dielectric constant than 
silicon oXide ?lm, the loWer part includes the ?rst high 
dielectric constant insulating ?lm, the center part includes 
the second high dielectric constant insulating ?lm, and the 
upper part includes the third high dielectric constant insu 
lating ?lm, the step (a) comprising the steps of (a-l) forming 
the ?rst high dielectric constant insulating ?lm on the silicon 
substrate, (a-2) forming the second high dielectric constant 
insulating ?lm on the ?rst high dielectric constant insulating 
?lm, and (a-3) forming the third high dielectric constant 
insulating ?lm on the second high dielectric constant insu 
lating ?lm. 

[0031] Preferably, according to an eighth aspect, in the 
semiconductor device manufacturing method, the transistor 
includes ?rst and second transistors formed in ?rst and 
second formation regions in the silicon substrate, the ?rst 
and second transistors each having the gate insulating ?lm, 
the gate electrode and the ?rst and second source/drain 
regions, Wherein the step (a) includes a step of forming the 
gate insulating ?lm of the ?rst transistor thicker than the gate 
insulating ?lm of the second transistor. 

[0032] Preferably, according to a ninth aspect, in the 
semiconductor device manufacturing method, a ?rst gate 
insulating ?lm being the gate insulating ?lm of the ?rst 
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transistor has an insulating ?lm and ?rst to third high 
dielectric constant insulating ?lms having a higher dielectric 
constant than silicon oXide ?lm, Wherein the loWer part of 
the ?rst gate insulating ?lm includes the insulating ?lm and 
the ?rst high dielectric constant insulating ?lm, the center 
part of the ?rst gate insulating ?lm includes the second high 
dielectric constant insulating ?lm, and the upper part of the 
?rst gate insulating ?lm includes the third high dielectric 
constant insulating ?lm, and a second gate insulating ?lm 
being the gate insulating ?lm of the second transistor has 
fourth to siXth high dielectric constant insulating ?lms 
having a higher dielectric constant than silicon oXide ?lm, 
Wherein the loWer part of the second gate insulating ?lm 
includes the fourth high dielectric constant insulating ?lm, 
the center part of the second gate insulating ?lm includes the 
?fth high dielectric constant insulating ?lm, and the upper 
part of the second gate insulating ?lm includes the siXth high 
dielectric constant insulating ?lm, the step (a) comprising 
the steps of (a-l) forming the insulating ?lm on the ?rst 
formation region, (a-2) forming the ?rst high dielectric 
constant insulating ?lm on the insulating ?lm, (a-3) forming 
the second high dielectric constant insulating ?lm on the ?rst 
high dielectric constant insulating ?lm, (a-4) forming the 
third high dielectric constant insulating ?lm on the second 
high dielectric constant insulating ?lm, (a-5) forming the 
fourth high dielectric constant insulating ?lm on the second 
formation region, (a-6) forming the ?fth high dielectric 
constant insulating ?lm on the fourth high dielectric constant 
insulating ?lm, and (a-7) forming the siXth high dielectric 
constant insulating ?lm on the ?fth high dielectric constant 
insulating ?lm. 

[0033] Preferably, according to a tenth aspect, in the 
semiconductor device manufacturing method, the ?rst and 
fourth high dielectric constant insulating ?lms are formed of 
the same material, the second and ?fth high dielectric 
constant insulating ?lms are formed of the same material, 
the third and siXth high dielectric constant insulating ?lms 
are formed of the same material, the steps (a-2) and (a-5) are 
simultaneously performed, the steps (a-3) and (a-6) are 
simultaneously performed, and the steps (a-4) and (a-7) are 
simultaneously performed. 
[0034] As described above, in the transistor of the semi 
conductor device according to the ?rst aspect of the inven 
tion, the gate insulating ?lm contains a material having a 
higher dielectric constant than a silicon oXide ?lm. There 
fore the dielectric constant of the gate capacitor structure 
composed of the gate electrode, gate insulating ?lm and 
channel region can be set higher than When the gate insu 
lating ?lm is composed of a silicon oXide ?lm. 

[0035] In addition, the upper part of the gate insulating 
?lm has loWer reactivity to the gate electrode than the center 
part does and the loWer part has loWer reactivity to the 
silicon substrate than the center part does. This prevents 
interface reaction betWeen the upper part and the gate 
electrode and betWeen the loWer part and the silicon sub 
strate, thereby preventing reduction in the dielectric constant 
of the gate capacitor structure and reduction in the mobility 
of carriers in the channel. 

[0036] As a result, the semiconductor device of the ?rst 
aspect offers a transistor Whose gate electrode is composed 
of polysilicon and Which can operate at high speed even at 
loWer poWer-supply voltages, thus achieving loWer poWer 
consumption and higher speed operation. 
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[0037] According to the transistor of the semiconductor 
device of the second aspect, a stacked structure is formed of 
the ?rst to third high dielectric constant insulating ?lms each 
having a higher dielectric constant than a silicon oXide ?lm. 
It is thus possible to relatively easily obtain a gate insulating 
?lm Whose dielectric constant is higher than that of silicon 
oXide ?lm and in Which the reactivity to the silicon substrate 
and the gate electrode is loWer in the loWer and upper parts 
than in the center part. 

[0038] According to the semiconductor device of the third 
aspect, the gate insulating ?lm of the ?rst transistor has a 
larger ?lm thickness than the gate insulating ?lm of the 
second transistor. Therefore the structure of the ?rst tran 
sistor is more suitable for high voltage operation than the 
second transistor, so that the transistors can be properly used 
in suitable voltage ranges; eg the ?rst transistor can be used 
for operation at higher voltage and the second transistor can 
be used for operation at loWer voltage. 

[0039] According to the ?rst transistor of the semiconduc 
tor device of the fourth aspect, a stacked structure is formed 
of an insulating ?lm and the ?rst to third high dielectric 
constant insulating ?lms each having a higher dielectric 
constant than a silicon oXide ?lm. It is thus possible to 
relatively easily obtain a gate insulating ?lm Whose dielec 
tric constant is higher than that of silicon oXide ?lm and in 
Which the loWer and upper parts are less reactive than the 
center part With the silicon substrate and the gate electrode. 

[0040] Similarly, the second transistor has a stacked struc 
ture of the fourth to siXth high dielectric constant insulating 
?lms each having a higher dielectric constant than a silicon 
oXide ?lm. It is thus possible to relatively easily obtain a gate 
insulating ?lm Whose dielectric constant is higher than that 
of silicon oXide ?lm and Which is less reactive With the 
silicon substrate and the gate electrode in the loWer and 
upper parts than in the center part. 

[0041] According to the semiconductor device of the ?fth 
aspect, it is possible to simultaneously form the ?rst and 
fourth high dielectric constant insulating ?lms, the second 
and ?fth high dielectric constant insulating ?lms, and the 
third and siXth high dielectric constant insulating ?lms. This 
offers a simple manufacturing process. 

[0042] In a transistor manufactured by the semiconductor 
device manufacturing method of the siXth aspect of the 
invention, the gate insulating ?lm contains a material having 
a higher dielectric constant than silicon oXide ?lm, so that 
the dielectric constant of the gate capacitor structure of the 
gate electrode, gate insulating ?lm and channel region can 
be set higher than When the gate insulating ?lm is made of 
a silicon oXide ?lm. 

[0043] In addition, the upper part of the gate insulating 
?lm is less reactive With the gate electrode than the center 
part and the loWer part is less reactive With the silicon 
substrate than the center part. This prevents the problem that 
interface reaction betWeen the upper part and the gate 
electrode or betWeen the loWer part and the silicon substrate 
reduces the dielectric constant of the gate capacitor structure 
and the mobility of carriers in the channel. 

[0044] As a result, the semiconductor device manufactur 
ing method of the siXth aspect can manufacture a semicon 
ductor device comprising a transistor Whose gate electrode 
is composed of polysilicon and Which can operate at high 
















