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FORMATlON OF p-TYPE POLYSILICON FlLM (EXAMPLE 1) 

GATE ELECTRODE PATTERNING, 
AND LDD ION lMPLANTATlON 



Patent Application Publication Aug. 9, 2001 Sheet 3 0f 9 US 2001/0012653 A1 

FIG.4 
A 

BF2+ 

9 4 9 

SIDE WALL FORMATION, 
AND SOURCE/DRAIN ION IMPLANTATION 

14 
15 13 

12 

‘I1 9 4 911 

FORMATION OF INTEFILAYER INSULATING FILM 



Patent Application Publication Aug. 9, 2001 Sheet 4 0f 9 US 2001/0012653 A1 

91117 4 11 

CONTACT HOLE FORMATION, 
AND COMPENSATING ION IMPLANTATION 



Patent Application Publication Aug. 9, 2001 Sheet 5 0f 9 US 2001/0012653 A1 

FIG.7 

. . "‘ [M12 

2 , ,1 ’/%v2 
p+ p- p- p+ p‘ p“ p+n H3 

\ 

I 
119 411394 911 

FORMATION OF INTERLAYER INSULATING FILM (EXAMPLE 2) 

FIG.8 
18a 

, I, , 
I I 1/ II I! 

n 4, ” ., l 

r 1/ II I! I! I I! 

’/ II I! II II I! I II 
J! I! // 1/ l I! r/ I/ I 

\ \ \ \ \ \ 
\ \ \ \ x 

\ \ \ \ \ \ \ \ 

\ \ \ \ \ \ x \\ \ 
\ f I‘ I‘ \ 
\ \ 
\ \ ~ ' ~ 13 1 

\ \ 

\\ \\ 
K \ --".-': 

. - l‘ "1'3? VIII’). \ 1ft.» - -. - :1; , "1'4 1 2 
. _ . , 

v/ I I 
I 

/ 

I . . 

W % ‘I r' all I 1 w 4,.‘“ [V2 

I II P 1 

CONTACT HOLE BEING FORMED (BUT NOT FINISHED) 



Patent Application Publication Aug. 9, 2001 Sheet 6 0f 9 US 2001/0012653 A1 

' 1 if '1, 8 

14 
13 15 

12 

3 

11 9 4 

CONTACT HOLE FINISHED 

FIG.1O 

15 

3 11 9 4 

FORMATION OF UPPER INTERCONNECTION LAYER 



Patent Application Publication Aug. 9, 2001 Sheet 7 0f 9 US 2001/0012653 A1 

FIG.11 

9 3 4 9 2 4 

PMOS NMOS—_—> 

LDD ION IMPLANTATION IN PMOS 
FORMING REGION (EXAMPLE 3) 

PIC-3.12 

<-———PMOS 

LDD ION IMPLANTATION IN NMOS FORMING REGION 

NMOS 



Patent Application Publication Aug. 9, 2001 Sheet 8 0f 9 US 2001/0012653 A1 

3 9 4 9 225 425 

FORMATION OF SILICON NITRIDE FILM FOR SIDE WALLS 

11 4 9 I1 2 27 4 25 27 

NMOS 

SIDE WALL FORMATION, 
AND SOURCE/DRAIN ION IMPLANTATION 



Patent Application Publication Aug. 9, 2001 Sheet 9 0f 9 US 2001/0012653 A1 

PMOS 

FORMATION OF Ti FILM 

PMOS 

SELF-ALIGNED TiSiX LAYER FORMATION 



US 2001/0012653 A1 

METHOD FOR FABRICATING MOS 
TRANSISTORS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
fabricating MOS transistors, in particular to a method for 
fabricating MOS transistors having both a p-type gate elec 
trode of a p-type MOS transistor (PMOS) and a silicon 
nitride ?lm on a substrate, in Which boron (B) in the p-type 
gate electrode is effectively prevented from diffusing aWay 
and from punching through the adjacent gate oXide ?lm. 

[0003] 2. Description of the Related Art 

[0004] Complementary MOS transistor (CMOS) circuits 
having both an N-type MOS transistor (NMOS) and a p-type 
MOS transistor (PMOS) on one and the same substrate have 
the advantages of reduced poWer consumption and quick 
operation as ?ne patterning to increase the degree of inte 
gration in fabricating them is easy, and they have many 
applications, for eXample, for memory units and logical 
units and for other various LSI devices. 

[0005] Various ?lms of n+-type polysilicon ?lms as Well as 
their polycide ?lms or polymetal ?lms as combined With 
high-melting point metal silicide ?lms or high-melting-point 
metal ?lms have heretofore been used as the materials for 
constituting the gate electrode in PMOS for CMOS, like 
those for the gate electrode in NMOS. The reason is because 
n+-type polysilicon ?lms are Well durable in high-tempera 
ture processes. In addition, for its channel pro?le, since the 
gate electrode of the ?lm of that type has an embedded 
structure, it enjoys a high bulk mobility and therefore has the 
advantage of quick operation. 

[0006] HoWever, in such embedded channel-type MOS 
transistors, the tip of the depletion layer extending from the 
source/drain region is too near to another one adjacent 
thereto in the deep part of the substrate, as being in?uenced 
by the gate electric ?eld, thereby often causing punch 
through. This means the dif?culty in controlling the short 
channel effect in coming deep sub-micron generation 
devices in the art. Therefore, it is necessary to change the 
embedded channel structure to a surface channel structure. 

[0007] In order to attain the surface channel pro?le, the 
gate electrode in PMOS shall be made of a p+-type poly 
silicon ?lm. 

[0008] Another reason Why the p+-type polysilicon ?lm is 
desired for the gate electrode material in PMOS is as 
folloWs: 

[0009] In conventional CMOS circuits Where the gate 
electrodes in NMOS and PMOS are all made of an n+-type 
polysilicon ?lm, the Work function differs betWeen NMOS 
and PMOS and the threshold voltage Vth in them shall be 
asymmetric to each other oWing to that difference. There 
fore, boron ions are implanted in a shalloW site in the PMOS 
channel region so as to make the threshold voltage Vth in the 
tWo transistors NMOS and PMOS nearly equal to each other 
(generally, at most 1 V). HoWever, the ion implantation for 
threshold voltage control increases the dopant concentration 
in the surface of the substrate, Whereby the carrier mobility 
near the surface of the substrate is reduced. The reduction in 
the carrier mobility is contradictory to quick operation of 
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transistors. Therefore, in coming transistor devices, reducing 
the channel dopant concentration is indispensable. 

[0010] HoWever, using a p+-type polysilicon ?lm having a 
large Work function in forming the gate electrode in PMOS 
enables symmetrical threshold voltage Vth in NMOS and 
PMOS Without increasing the channel dopant concentration. 
This leads to symmetrical input-output characteristics of 
transistors having a basic gate structure of CMOS inverters, 
and even to the improvement in the symmetrical signal 
transmission characteristics of such transistors. 

[0011] The CMOS structure in Which the gate electrode in 
PMOS has a p-type conductivity and that in NMOS has an 
n-type conductivity is referred to as a dual gate CMOS. 

[0012] In an ordinary process of fabricating CMOS cir 
cuits, in general, the gate electrode in NMOS and that in 
PMOS are all made through patterning of a polysilicon ?lm 
common thereto. In the process, therefore, different dopant 
ions are separately implanted in the regions to be the gate 
electrodes for the tWo, NMOS and PMOS, via masks, 
thereby making the gate electrodes for the tWo have different 
types of conductivity. Brie?y, arsenic ions or phospho 
rus (P) ions are implanted in the region to be the n+-type gate 
electrode, While boron (B) ions are in the region to be the 
p+-type electrode. 

[0013] HoWever, the boron implantation is problematic in 
that the boron introduced into the silicon ?lm often diffuses 
aWay When the substrate is eXposed to high temperatures in 
subsequent steps. In that condition, the boron thus having 
diffused from the silicon ?lm is taken into the gate oXide ?lm 
or, as the case may be, it punches through the gate oXide ?lm 
to reach the substrate (Si). The boron diffusion Will occur in 
various scenes in the subsequent steps of, for eXample, 
activated annealing of source/drain regions, self-aligned 
silici?cation (process for SALICIDE, Self-ALIgned sili 
CIDE), ref loWing of interlayer insulating ?lms, etc., and it 
causes the increase in the threshold voltage, Vth, in PMOS, 
the increase in the sub-threshold sWing, and even the reduc 
tion in the reliability of gate insulating ?lms. 

[0014] In addition, it is knoWn that the boron diffusion is 
accelerated by a silicon nitride ?lm, if formed, around the 
boron-implanted silicon ?lm. 

[0015] In one experiment, various MOS capacitors Were 
fabricated and subjected to different types of heat treatment 
to discuss the problem With them. Precisely, different types 
of MOS capacitors Were fabricated, comprising a gate 
electrode of a p-type polysilicon ?lm as layered on an n-type 
silicon (Si) substrate via a gate oXide ?lm having a varying 
thickness. In some of those, the gate electrode Was coated 
With a silicon nitride ?lm having a thickness of 80 nm via a 
thin silicon oXide ?lm therebetWeen. These MOS capacitors 
Were subjected to different types of heat treatment, and their 
?at band voltage depending on the thickness of the gate 
oXide ?lm in them Was checked. FIG. 1 shoWs the gate 
oXide ?lm thickness dependence of the ?at band voltage of 
the tested MOS capacitors. In this, the vertical aXis indicates 
the ?at band voltage (V); and the horiZontal aXis indicates 
the thickness (nm) of the gate oXide ?lm. 

[0016] The p-type gate electrode in those MOS capacitors 
tested contained boron, and its boron concentration Was at 
least 1x102O/cm3' 
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[0017] The silicon nitride ?lm Was formed through 
reduced CVD at 760° C., for Which Was used a mixed gas of 
dichlorosilane (SiCl2H2) and ammonia (NH3), and its thick 
ness Was 80 nm. 

[0018] Three types of heat treatment, rapid thermal 
annealing (RTA) at 1000° C. for 10 seconds, furnace anneal 
ing in N2 at 800° C. for 60 minutes, and furnace annealing 
in N2 at 760° C. for 135 minutes, Were applied to the samples 
singly or as combined. 

[0019] Of those heat treatment conditions, the furnace 
annealing in N2 at 760° C. for 135 minutes corresponds to 
the condition for reduced pressure CVD to form a silicon 
nitride (SiN) ?lm having a thickness of about 80 nm. 

[0020] During every heat treatment, the surface of the 
substrate of each sample Was entirely covered With a thin 
capping oXide ?lm so as to protect the boron in the gate 
electrode from being released aWay in the ambient vapor 
phase. 

[0021] In FIG. 1, the graph I indicates the ?at band 
voltage change in the MOS capacitors not coated With a 
silicon nitride ?lm, for Which the capacitors Were subjected 
to RTA at 1000° C. for 10 seconds. 

[0022] The graph II indicates the ?at band voltage change 
in the MOS capacitors not coated With a silicon nitride ?lm, 
for Which the capacitors Were subjected to cycle heat treat 
ment of furnace annealing in N2 at 760° C. for 135 min 
utesQfurnace annealing in N2 at 800° C. for 60 minutes—> 
RTA at 1000° C. for 10 seconds. 

[0023] The graph III indicates the ?at band voltage change 
in the silicon nitride ?lm-coated MOS capacitors, in Which 
the voltage change Was caused by heating the capacitors for 
forming the silicon nitride ?lm on them. 

[0024] The graph IV indicates the ?at band voltage change 
in the silicon nitride ?lm-coated MOS capacitors, for Which 
the capacitors Were subjected to RTA at 1000° C. for 10 
seconds. 

[0025] In those MOS capacitors, When the boron in the 
gate electrode punches through the gate oXide ?lm to reach 
the Si substrate, the ?at band voltage therein shifts in the 
positive direction, as being in?uenced by the surface charge 
of the Si substrate. As in all those four graphs, the ?at band 
voltage increased With the reduction in the thickness of the 
gate oXide ?lm. HoWever, as in the graphs I and II, the 
increase in the ?at band voltage is small in the samples not 
coated With a silicon nitride ?lm. As opposed to those, in the 
silicon nitride ?lm-coated samples, the increase in the ?at 
band voltage is someWhat larger, as in the graph III. Espe 
cially in the silicon nitride ?lm-coated samples that had been 
subjected to high-temperature heat treatment after the step of 
forming the silicon nitride ?lm thereon, the increase in the 
?at band voltage is great, as in the graph IV. This indicates 
the increase in the amount of boron having punched through 
the gate oXide ?lm in the silicon nitride ?lm-coated samples 
having been subjected to the high-temperature post-heating 
treatment. 

[0026] From these data, it is obvious that, When a silicon 
nitride ?lm is formed on a substrate having thereon a p-type 
polysilicon ?lm and When the substrate is eXposed to high 
temperatures in the ?lm-forming step and in any subsequent 
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step, then boron diffusion is accelerated in that condition and 
boron Will readily punch through a gate oXide ?lm. 

[0027] In actual MOS transistor fabrication, a silicon 
nitride ?lm is formed, for eXample, betWeen interlayer 
insulating ?lms of silicon oXide for the purpose of increasing 
the Withstand voltage of the interlayer insulating ?lms, or in 
the vicinity just above the source/drain region as an etching 
stopping ?lm in a self-aligned contact process, or as a side 
Wall around gate electrodes in a process of self-aligned 
siIici?cation (SALICIDE, Self-ALIgned siliCIDE). 
[0028] In general, the silicon nitride ?lm of that type is 
formed through reduced pressure CVD, for Which is used a 
miXed gas of dichlorosilane (SiCl2H2) and ammonia (NH3) 
as so mentioned above, and a large amount of hydrogen as 
generated in this reaction is inevitably taken in the ?lm 
formed. In this connection, recently, it has been clari?ed that 
the hydrogen thus taken in the ?lm causes the accelerated 
boron diffusion. At present, hoWever, it is extremely difficult 
to form a silicon nitride ?lm not containing hydrogen, and 
it is therefore also difficult to retard the boron diffusion that 
shall be accelerated by hydrogen. 

[0029] LoWering the temperature for heat treatment or 
shortening the time for heat treatment Will be effective for 
retarding boron diffusion. HoWever, the former is problem 
atic in that the crystal defects as caused by ion implantation 
or dry etching could not be restored sufficiently, and Will 
increase leak current; and the former is also problematic in 
that the dopants could not be activated suf?ciently so that the 
resistance of the diffusion layer and the interconnection 
layer Will increase. 

[0030] For preventing boron from punching through a gate 
oXide ?lm, a method of rapid thermal nitrogenation (RTN) 
of the ?lm has been proposed, Which is effected in a 
nitrogenation atmosphere of NH3, N20 or the like. HoWever, 
this method is still problematic in that the thickness of the 
gate insulating ?lm thus processed increases and the carrier 
mobility loWers to degrade transistor characteristics, and 
that the ?Xed charge and the interfacial level increase to 
loWer the reliability of the gate insulating ?lm. For these 
reasons, the method is not alWays favorable. 

[0031] Another method has been proposed, Which com 
prises increasing the grain siZe of the crystal grains that 
constitute the polysilicon ?lm to form a gate electrode to 
thereby reduce the intergranular boundaries to form the 
paths through Which boron diffuses. In this method, a gate 
electrode is ?rst formed from an amorphous silicon ?lm, 
then an n-type dopant and a p-type dopant are introduced 
into the NMOS and PMOS-forming regions, respectively, 
through ion implantation thereby to attain the dopant intro 
duction into the gate electrode and into the source/drain 
regions all at a time, and thereafter the amorphous silicon 
?lm of the gate electrode is converted into a polysilicon ?lm 
through crystal groWth to be attained simultaneously With 
activated annealing of the dopants. 

[0032] In that method, hoWever, the degree of crystalliZa 
tion of amorphous silicon into polysilicon greatly depends 
on the condition for heat treatment Which the amorphous 
silicon ?lm formed shall undergo in the subsequent steps. 
Therefore, it could not be said that silicon grains could groW 
all the time to a satisfactory degree in that method, and, in 
addition, it could not also be said that the grain groWth in the 
method may be all the time reproducible. 
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[0033] As in the above, at present, the conventional mea 
sures for preventing boron diffusion from p-type gate elec 
trodes are not ?nally conclusive. 

[0034] Given that situation, the object of the present 
invention is to provide a method for fabricating MOS 
transistors having a p-type gate electrode, especially that 
containing boron as the dopant, along With a hydrogen 
containing silicon nitride ?lm, in Which boron diffusion from 
the p-type gate electrode and even boron punching through 
a gate oXide ?lm can be effectively retarded. 

SUMMARY OF THE INVENTION 

[0035] Speci?cally, to attain its object as above, the inven 
tion provides a method for fabricating MOS transistors, 
Which comprises a step of forming a gate electrode of a 
p-type silicon ?lm on a gate insulating ?lm as formed on the 
surface of a semiconductor substrate, and a step of forming 
a silicon nitride ?lm on the substrate, and in Which all steps 
after the step of forming the silicon nitride ?lm are effected 
Within a temperature range Within Which the diffusion of the 
p-type dopant eXisting in the p-type silicon ?lm is prevented 
from being accelerated by the hydrogen eXisting in the 
silicon nitride ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 shoWs graphs of ?at band voltage change 
oWing to boron diffusion in different heat treatment condi 
tions versus varying thickness of gate oXide ?lms in p-type 
polysilicon ?lm-having MOS capacitors coated or not 
coated With a silicon nitride ?lm. 

[0037] FIG. 2 to FIG. 6 shoW one embodiment of the 
present invention as applied to a process of fabricating a 
PMOS structure that contains a silicon nitride ?lm as a part 
of the interlayer insulating ?lm, of Which; 

[0038] FIG. 2 is a schematic cross-sectional vieW shoWing 
a step of forming a p-type polysilicon ?lm on an Si substrate 
having been previously subjected to element spacing, Well 
formation and gate oxidation, 

[0039] FIG. 3 is a schematic cross-sectional vieW shoWing 
a step of patterning a multi-layered ?lm that contains the 
p-type polysilicon ?lm as formed in the step of FIG. 2, to 
form a gate electrode, folloWed by LDD ion implantation in 
the patterned structure, 

[0040] FIG. 4 is a schematic cross-sectional vieW shoWing 
a step of forming a side Wall around the gate electrode as 
formed in the step of FIG. 3, folloWed by ion implantation 
in the source/drain region, 

[0041] FIG. 5 is a schematic cross-sectional vieW shoWing 
a step of forming an interlayer insulating ?lm to cover the 
gate electrode as formed in the step of FIG. 4, in Which the 
interlayer insulating ?lm has a multi-layered structure of a 
silicon oXide ?lm, a silicon nitride ?lm and a silicon oXide 
?lm as layered in that order to cover the gate electrode, and 

[0042] FIG. 6 is a schematic cross-sectional vieW shoWing 
a step of forming contact holes through the interlayer 
insulating ?lm as formed in the step of FIG. 5, folloWed by 
compensating ion implantation in the source/drain region as 
eXposed outside the bottom of the contact holes. 

[0043] FIG. 7 to FIG. 10 shoW another embodiment of the 
invention as applied to a self-aligned contact process of 
fabricating a DRAM structure, of Which; 
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[0044] FIG. 7 is a schematic cross-sectional vieW shoWing 
a step of forming an interlayer insulating ?lm to cover the 
neighboring gate electrodes (Word lines), 
[0045] FIG. 8 is a schematic cross-sectional vieW shoWing 
a step of partly etching the interlayer insulating ?lm as 
formed in the step of FIG. 7, until the silicon nitride ?lm is 
eXposed outside, and in this step illustrated, a contact hole is 
being formed, 
[0046] FIG. 9 is a schematic cross-sectional vieW shoWing 
a step of further etching the remaining interlayer insulating 
?lm to complete the contact hole, and 

[0047] FIG. 10 is a schematic cross-sectional vieW shoW 
ing a step of embedding an upper interconnection (bit line) 
into the contact hole as completed in the step of FIG. 9. 

[0048] FIG. 11 to FIG. 16 shoW still another embodiment 
of the invention as applied to a SALICIDE process of 
fabricating a CMOS structure, of Which; 

[0049] FIG. 11 is a schematic cross-sectional vieW shoW 
ing a step of LDD ion implantation in a PMOS forming 
region on a substrate, 

[0050] FIG. 12 is a schematic cross-sectional vieW shoW 
ing a step of LDD ion implantation in an NMOS forming 
region on the same substrate, 

[0051] FIG. 13 is a schematic cross-sectional vieW shoW 
ing a step of forming a silicon nitride ?lm on the entire 
surface of the substrate, in Which the ?lm formed is for side 
Walls, 
[0052] FIG. 14 is a schematic cross-sectional vieW shoW 
ing a step of anisotropically etching back the silicon nitride 
?lm as formed in the step of FIG. 13 to give side Walls, 
folloWed by ion implantation in the source/drain in both 
PMOS and NMOS forming regions, 

[0053] FIG. 15 is a schematic cross-sectional vieW shoW 
ing a step of forming a Ti ?lm on the entire surface of the 
substrate, and 

[0054] FIG. 16 is a schematic cross-sectional vieW shoW 
ing a step of forming a self-aligned TiSiX layer on the 
surface of the gate electrode and the source/drain region, 
through thermal treatment of the substrate. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0055] As in the above, the object of the present invention 
is to prevent the accelerated diffusion of the p-type dopant 
from the gate electrode of a p-type silicon ?lm. Preferably, 
the p-type dopant is boron This is because the p-type 
dopant of Which the accelerated diffusion is signi?cantly 
problematic is boron, as so mentioned hereinabove With 
respelct to the related art. Boron of the order of at least 
1x10 /cm3 exists in a p-type silicon ?lm practicable as a 
gate electrode. 

[0056] The p-type silicon ?lm for use in the invention may 
be any of a polysilicon ?lm or an amorphous silicon ?lm. 

[0057] The gate electrode to be formed on the substrate 
may be of a p-type silicon ?lm alone or, if desired, may have 
a multi-layered structure comprising a p-type silicon ?lm 
and a high-melting-point metal silicide ?lm or a high 
melting-point metal ?lm as layered thereover. A composite 
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?lm of a polysilicon ?lm and a high-melting-point silicide 
?lm is known as a polycide ?lm; and a composite ?lm of a 
polysilicon ?lm and a high-melting-point metal ?lm is 
known as a polymetal ?lm. These are effective for lowering 
the resistance of gate electrodes. 

[0058] For the high-melting-point metal silicide ?lm, 
employable are any known ?lms of, for example, WSix, 
TiSix, MoSix, TaSix, PtSix, NiSix, etc. Of those, a ?lm of 
WSix is typical. The WSix ?lm may be formed through 
reduced pressure CVD of reducing WE6 with SiH4 or 
SiCl2H2 (dichlorosilane). 
[0059] The high-melting-point metal silicide ?lm may 
also be formed in a SALICIDE process. Brie?y, a polysili 
con ?lm or an amorphous silicon ?lm formed on a substrate 

is patterned to give a gate electrode thereon, then the entire 
surface of the substrate is coated with a high-melting-point 
metal ?lm, which is then annealed to thereby self-alignedly 
silicifying the upper surface of the gate electrode and the 
surface of the active area of the substrate (including source/ 
drain region, etc.), and thereafter the non-reacted high 
melting-point metal ?lm is removed. For the high-melting 
point metal ?lm, employable are any known ?lms of, for 
example, W, Ti, Mo, Ta, Pt, Ni, etc. These metal ?lms may 
be formed through reduced pressure CVD, plasma CVD, 
sputtering or the like. 

[0060] In the invention, the silicon nitride ?lm may be 
formed in any known manner. One typical method that has 
heretofore been most popularly employed in the art com 
prises CVD, for which is used a starting mixed gas of a 
silane compound and a reducing compound. The silicon 
nitride ?lm to be formed according to this method naturally 
contains hydrogen. In the invention, all steps after the step 
of forming the silicon nitride ?lm are effected within a 
speci?cally de?ned range of low temperatures. Therefore, in 
the invention, hydrogen existing in the silicon nitride ?lm 
formed has no negative in?uences on the subsequent steps. 
In other word, for forming the silicon nitride ?lm in the 
invention, the best step having been surely established in the 
art and producing the best results can be selected. 

[0061] Typical functions of the silicon nitride ?lm are as 
follows: (1) The ?lm may be a part of an interlayer insulating 
?lm to cover a gate electrode. (2) It may serve as an etching 
stopping ?lm in forming contact holes through the interlayer 
insulating ?lm to cover the gate electrode. (3) It may be a 
?lm to form side walls around the gate electrode. These will 
be described in detail in Examples 1 to 3 to follow here 
inunder. 

[0062] Apart from those, the silicon nitride ?lm has still 
other applications, for example, serving as a capacitor 
dielectric ?lm in DRAM, as an anti-etching ?lm for treat 
ment with diluted hydro?uoric acid, and as an anti-oxidation 
?lm for oxidation processes. 

[0063] In the invention, the temperature range for all steps 
to be effected after the step of forming the silicon oxide ?lm 
varies depending on those subsequent steps themselves. 

[0064] Naturally in those subsequent steps, high-tempera 
ture treatment brings about the problem of dopant diffusion. 
The high-temperature treatment typically includes RTA and 
furnace annealing. 

[0065] RTA is one typical technique of activating dopants 
having been introduced into semiconductor substrates and 

Aug. 9, 2001 

silicon ?lms. In the invention, the temperature for RTA is 
speci?cally de?ned to be lower than 1000° C. At a tempera 
ture of 1000° C. or higher, the p-type dopant diffusion as 
accelerated by hydrogen existing in the silicon nitride ?lm is 
extremely dif?cult to retard in RTA. The lowermost limit of 
the temperature for RTA is not speci?cally de?ned. For 
example, where RTA is directed to dopant activation, it shall 
be naturally effected at a temperature not lower than the 
lowermost temperature indispensable to the activation. 
Therefore, the lowermost limit of the temperature for RTA 
shall naturally be determined, depending on the object of 
RTA. 

[0066] In MOS transistor fabrication, furnace annealing is 
indispensable to the substrate after the step of forming a 
silicon nitride ?lm on the substrate, for example, when an 
interlayer insulating ?lm of silicon oxide is formed on the 
substrate through reduced pressure CVD. In the invention, 
the temperature for furnace annealing is de?ned to be lower 
than 850° C. At a temperature of 850° C. or higher, the 
p-type dopant diffusion as accelerated by hydrogen existing 
in the silicon nitride ?lm is extremely dif?cult to retard in 
furnace annealing. The lowermost limit of the temperature 
for furnace annealing is not speci?cally de?ned. For 
example, where furnace annealing is directed to promoting 
the formation of silicon oxide ?lms, it shall be naturally 
effected at a temperature not lower than the lowermost 
temperature indispensable to the ?lm formation. Therefore, 
the lowermost limit of the temperature for furnace annealing 
shall naturally be determined, depending on the object of 
furnace annealing. 

[0067] Needless-to-say, the accelerated degree of dopant 
diffusion, especially that of boron diffusion in such high 
temperature treatments depends on the time for the treat 
ments. For RTA and furnace annealing discussed herein, 
however, the time is not speci?cally de?ned so far as it does 
not overstep the ordinary time for those thermal treatments 
generally employed in the art of semiconductor device 
fabrication and so far as the thermal treatments are effected 
within the temperature range speci?cally de?ned herein. In 
the speci?cally de?ned condition for the temperature range 
as above, any accelerated diffusion of p-type dopants is 
effectively retarded in the method of the invention. 

[0068] The invention is described in more detail with 
reference to the following Examples, which, however, are 
not intended to restrict the scope of the invention. 

Example 1 
[0069] This is one embodiment of the invention as applied 
to a process of fabricating a PMOS structure that contains a 
silicon nitride ?lm as a part of the interlayer insulating ?lm, 
for which referred to are FIG. 2 to FIG. 6. 

[0070] First, elements on a p-type Si substrate 1 were 
spaced from each other according to a known LOCOS 
process. Concretely, for example, a ?eld oxide ?lm 2 was 
formed on the substrate 1 through wet oxidation at 950° C. 

[0071] Next, an n-type well 3 was formed through p+ ion 
implantation via a resist mask (not shown) in the PMOS 
forming region. For the condition for the ion implantation, 
for example, the ion accelerating energy was 330 keV, and 
the ion dose was 8><1012/cm2 . 

[0072] Next, after ion implantation in the surface layer 
part of the active region for threshold voltage (Vth) control 
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followed by ion implantation in the depth of the substrate for 
forming therein an embedded layer for punch-through retar 
dation, the substrate 1 Was subjected to pyrogenic oxidation 
With, for example, a mixed gas of HZ/O2 at 850° C. to 
thereby form a gate oxide ?lm 4 having a thickness of about 
5 nm on the surface of the active region. 

[0073] Next, a p-type polysilicon ?lm 5 Was formed on the 
entire surface of the substrate. This Was formed, for 
example, as folloWs: First, a polysilicon ?lm having a 
thickness of from 50 to 200 nm Was deposited through 
reduced pressure CVD With a raW material gas of SiH4 at a 
?lm-forming temperature of from 580 to 620° C., and thesn 
B+ ions Were implanted in the ?lm at a dose of 1~5><10 / 
cm2 to form the p-type polysilicon ?lm 5. After this, the 
substrate Was subjected to furnace annealing in N2 at 800° C. 
for 10 minutes so as to activate the boron in the ?lm. In place 
of furnace annealing, the substrate may also be subjected to 
RTA. 

[0074] In place of introducing boron into the ?lm through 
post-ion implantation as above, a dopant gas of, for example, 
diborane or the like may be added to the raW material gas for 
CVD so as to introduce boron in the ?lm being formed. In 
this case, the boron introduction is attained simultaneously 
With the ?lm formation. 

[0075] In place of forming the p-type polysilicon ?lm 5 as 
above, a p-type amorphous silicon ?lm may also be formed. 

[0076] FIG. 2 shoWs the condition of the substrate after 
the stage as above. 

[0077] Next, a WSix ?lm 6 and an offset oxide ?lm 8 Were 
deposited in that order on the p-type polysilicon ?lm 5. 

[0078] The WSix ?lm 6 Was formed, for example, through 
reduced pressure CVD With a mixed gas of WFG/SiCIZH2 at 
a deposition temperature of 580° C., and its thickness Was 
about 100 nm. 

[0079] The offset oxide ?lm 8 Was formed, for example, 
through reduced pressure CVD With a mixed gas of SiH4/O2 
at a deposition temperature of 420° C., and its thickness Was 
about 150 nm. 

[0080] Next, the offset oxide ?lm 8, the WSix ?lm 6 and 
the p-type polysilicon ?lm 5 Were etched all via a resist 
pattern (not shoWn) serving as a mask. Precisely, the offset 
oxide ?lm 8 Was etched anisotropically With a ?uorocarbon 
gas, While the WSix ?lm 6 and the p-type polysilicon ?lm 5 
Were etched With a mixed gas of Cl2/O2 also anisotropically, 
for Which the selective ratio of the tWo ?lms 5 and 6 to the 
gate oxide ?lm 4 Was kept fully great. As a result of the 
etching, formed Was a gate electrode 7 having a polycide 
structure of a layered pattern of the p-type polysilicon ?lm 
5 and the WSix ?lm 6. 

[0081] Next came LDD (Lightly Doped Drain) ion 
implantation for forming an LDD region. The ion implan 
tation condition Was, for example, as folloWs: The BF2+ ion 
accelerating energy Was 20 keV, and the ion dose Was 
2><1013/cm2. Through the ion implantation, for Which the 
pattern of the gate electrode 7 served as a mask, a p_-type 
LDD region 9 Was formed in a self-aligned manner in the 
element forming region of the Si substrate 1. 

[0082] FIG. 3 shoWs the condition of the substrate after 
the stage as above. 
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[0083] Next, a silicon oxide ?lm having a thickness of 
about 150 nm Was deposited on the entire surface of the 
substrate through reduced pressure CVD, and this Was 
anisotropically etched back to form a side Wall10 around the 
gate electrode 7. 

[0084] Next came source/drain ion implantation for form 
ing a source/drain region. The ion implantation condition 
Was, for example, as folloWs: The BF2+ ion accelerating 
energy Was 20 keV, and the ion dose Was 3x1015/cm2. 
Through the ion implantation, for Which the pattern of the 
gate electrode 7 having the side Wall 10 therearound served 
as a mask, a p+-type source/drain region 11 Was formed in 
a self-aligned manner in the element forming region of the 
Si substrate 1. 

[0085] The boron having been introduced through the 
LDD ion implantation and the source/drain implantation Was 
activated, for example, through RTA at 1000° C. for 10 
minutes. 

[0086] FIG. 4 shoWs the condition of the substrate after 
the stage as above. 

[0087] Next, as in FIG. 5, an interlayer insulating ?lm 15 
Was formed to cover the substrate. 

[0088] The interlayer insulating ?lm 15 Was composed of 
a silicon oxide ?lm 12, a silicon nitride ?lm 13 and a silicon 
oxide ?lm 14 as layered in that order on the substrate. 

[0089] The silicon oxide ?lm 12 Was formed, for example, 
through reduced pressure CVD at 420° C., for Which Was 
used a mixed gas of SiH4/O2, and it had a thickness of about 
100 nm. 

[0090] The silicon nitride ?lm 13 Was formed, for 
example, through reduced pressure CVD at 760° C., for 
Which Was used a mixed gas of SiCl2H2/NH3, and it had a 
thickness of from about 30 nm to about 100 nm. As its 
barrier property of preventing the penetration of Water and 
sodium therethrough is better than that of silicon oxide ?lms, 
the silicon nitride ?lm 13 is provided for the purpose of 
increasing the Withstand voltage of the interlayer insulating 
?lm 15. HoWever, the draWback of the ?lm 13 is that 
hydrogen existing therein Will accelerate the diffusion of 
boron in the p-type polysilicon ?lm 5. 

[0091] Therefore, in this Example, all steps after the 
previous steps as above Were effected at temperatures at 
Which the boron diffusion is not accelerated by that hydro 
gen. 

[0092] Concretely, the temperature in the step of forming 
the silicon oxide ?lm 14 Was speci?cally controlled as 
folloWs: The silicon oxide ?lm 14 to be the uppermost layer 
of the interlayer insulating ?lm 15 must be speci?cally 
planariZed so that it could absorb as much as possible the 
surface level difference in the underlying layers. Therefore, 
in this embodiment, a BPSG (boron-phosphorus-doped sili 
cate glass) ?lm or an NSG (non-doped silicate glass) ?lm 
Was formed, for example, through reduced pressure CVD at 
700° C., for Which Was used a raW material gas containing 
TEOS (tetraethoxysilane), and the ?lm formed had a thick 
ness of about 300 nm. The temperature range for furnace 
annealing Within Which boron diffusion is accelerated by 
hydrogen is not beloW 850° C. Therefore, the temperature of 
700° C. at Which the ?lm Was formed herein is a safe 
temperature not causing accelerated boron diffusion. 
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[0093] The silicon oxide ?lm 14 may also be formed in an 
HTO (High Temperature Oxide) process at around 800° C., 
Which is one type of reduced pressure CVD. After having 
been formed, the silicon oxide ?lm 14 may be subjected to 
CMP (Chemical Mechanical Polishing) or may be etched 
back, Whereby its surface may be effectively planariZed to a 
higher degree. 
[0094] Next, the interlayer insulating ?lm 15 Was sub 
jected to anisotropic dry etching via a resist pattern (not 
shoWn) serving as a mask to form contact holes 16 in the 
source/drain region 11, as in FIG. 6. 

[0095] Next came compensating ion implantation for 
forming a compensation region 17 in the Si substrate 1 as 
exposed outside at the bottom of each contact hole 16. The 
compensation region 17 is a dopant diffusion region, Which 
is for retarding pn-junction leak current. The pn-junction 
leak current may come When the Si substrate 1 is overetched 
in the etching step for forming the contact holes 16, or When 
the hole pattern is mismatched in the photolithography step 
to be effected prior to the etching step Whereby the ?eld 
oxide ?lm 2 is overetched in the etching step. The ion 
implantation condition for the region 17 Was, for example, 
as folloWs: The B132+ ion accelerating energy Was 20 keV, 
and the ion dose Was 3x1015/cm2' 

[0096] Next came RTA at 900° C. for 10 seconds for 
activating the boron having been introduced into the com 
pensation region 17. The temperature range for RTA Within 
Which boron diffusion is accelerated by hydrogen is not 
beloW 1000° C. Therefore, the temperature of 900° C. at 
Which the boron activation Was effected herein is a safe 
temperature not causing accelerated boron diffusion. 

[0097] After this, in an ordinary process tungsten plugs 
Were formed to ?ll the contact holes 16, and an upper 
interconnection layer of Al Was formed to complete a 
PMOS. Even though the gate oxide ?lm 4 therein Was thin 
and had a thickness of only 5 nm, the PMOS fabricated in 
this Example had the advantage of stable and quick opera 
tion Without being troubled by ?at band voltage increase. 

Example 2 

[0098] This is another embodiment of the invention as 
applied to a self-aligned contact process of fabricating a 
DRAM structure, for Which referred to are FIG. 7 to FIG. 
10. In those draWings, some numeral references are the same 
as those in FIG. 2 to FIG. 6 referred to hereinabove. 

[0099] TWo gate electrodes 7 as in Example 1 Were formed 
adjacent to each other in an element forming region. Also as 
in Example 1, an LDD region 9, a side Wall 10 and a 
source/drain region 11 Were formed. In DRAM, the gate 
electrodes 7 function as Word lines. 

[0100] Next, a silicon oxide ?lm 12, a silicon nitride ?lm 
13 and a silicon oxide ?lm 14 Were layered in that order to 
form an interlayer insulating ?lm 15. 

[0101] The silicon oxide ?lm 12 Was formed, for example, 
through reduced pressure CVD at 720° C., for Which Was 
used a mixed gas of TEOS/O2, and it had a thickness of 
about 20 nm. 

[0102] The silicon nitride ?lm 13 Was formed, for 
example, through reduced pressure CVD at 760° C., for 
Which Was used a mixed gas of SiCl2H2/NH3, and it had a 
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thickness of from about 30 nm to about 100 nm. The silicon 
nitride ?lm 13 serves as an etching stopping layer in the 
subsequent etching step for forming a contact hole 19 
betWeen the tWo electrodes 7. Speci?cally, in the etching 
step, the silicon oxide ?lm 14 of Which the thickness varies 
greatly in local sites is anisotropically dry-etched to form the 
contact hole 19, and the silicon nitride ?lm 13 acts as an 
etching stopping layer in the etching step. 

[0103] The silicon oxide ?lm 14 Was a BPSG ?lm or an 
NSG ?lm having a thickness of about 600 nm. This Was 
formed, for example, through reduced pressure CVD at 700° 
C., for Which Was used a raW material gas containing TEOS 
(tetraethoxysilane). In this step, boron diffusion in the p-type 
polysilicon ?lm 5 in the gate electrode 7 Was not accelerated 
by hydrogen. The silicon oxide ?lm 14 Was then subjected 
to CMP to cut off its thickness of 300 nm, Whereby the 
surface of the ?lm 14 Was planariZed. 

[0104] FIG. 7 shoWs the condition of the substrate after 
the stage as above. 

[0105] Next, as in FIG. 8, a resist pattern 18 Was formed 
on the silicon oxide ?lm 14, and the silicon oxide ?lm 14 as 
exposed outside in the opening 18a of the pattern 18 Was 
anisotropically dry-etched. The dry etching Was effected, for 
example, by the use of a magnetron RIE (reactive ion 
etching) device, using a mixed gas of CHF3/ CO. For this, the 
selective ratio of the ?lm 14 to the silicon nitride ?lm 13 Was 
kept large. In this step, a contact hole 19 Was formed but Was 
not ?nished. 

[0106] The silicon nitride ?lm 13 herein serving as an 
etching stopping ?lm is an important layer for selectively 
removing the silicon oxide ?lm 14 in the etching step. 
Speci?cally, in this embodiment, the silicon oxide ?lm 14 to 
be etched is formed on the substrate having a signi?cant 
surface level difference, and its thickness greatly varies in 
local sites. In that condition, if etching the ?lm 14 is effected 
in the absence of the etching stopping ?lm, some other sites 
Will be inevitably overetched, or that is, the source/drain 
region 11 Will be overetched, or the side Wall 10 Will be 
greatly overetched. As a result, the Withstand voltage for 
dielectric breakdoWn betWeen the gate electrode 7 and the 
upper interconnection layer to be embedded into the contact 
hole 19 Will loWer. 

[0107] Once the silicon oxide ?lm 14 of Which the differ 
ence greatly varies in local sites Were etched aWay in the 
manner noted above, then the silicon nitride ?lm 13 and the 
silicon oxide ?lm 12 Which are thin and have a uniform 
thickness shall be etched in the next step. This etching step 
has no problem of overetching, and it is relatively easy to 
ensure a high etching selectivity of the tWo ?lms 12 and 13 
relative to the Si substrate 1. To etch the tWo ?lms, used Was 
an etching gas consisting essentially of a ?uorocarbon gas. 
For ensuring the selectivity of the tWo ?lms relative to the 
Si substrate 1, the amount of 02 added to the etching gas Was 
optimiZed. 

[0108] After the step, the contact hole 19 Was ?nished to 
reach the source/drain region, as in FIG. 9. 

[0109] After this, a compensation region may be formed 
through compensating ion implantation as in Example 1. 

[0110] Next, as in FIG. 10, an upper interconnection layer 
20 Was formed to ?ll the contact hole 19. In this embodi 
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ment, forming a bit line contact in DRAM Was intended. 
Therefore, a p-type polysilicon ?lm Was formed for the layer 
20. This Was formed, for example, as follows: First, a 
polysilicon ?lm Was deposited through reduced pressure 
CVD using SiH4 gas. The temperature for the deposition fell 
betWeen 580 and 620° C. Next, B+ ions Were implanted in 
the ?lm at a dose of from 1><1015/cm2 to 5x1015/cm2. After 
having been thus formed, the ?lm Was subjected to RTA at 
900° C. for 10 seconds to activate the boron therein. 
Through RTA, boron diffusion Was not accelerated. 

[0111] After this, the substrate Was processed in an ordi 
nary process for patterning the bit line, for forming an 
interlayer insulating ?lm, for forming a memory node con 
tact, for forming a capacitor and for other necessary steps to 
complete a DRAM. All those steps in the subsequent process 
Were effected at temperatures at Which boron diffusion is not 
accelerated. The qualities of the DRAM fabricated herein 
Were good. 

Example 3 
[0112] This is still another embodiment of the invention as 
applied to a SALICIDE process of fabricating a dual gate 
CMOS structure, for Which referred to are FIG. 11 to FIG. 
16. 

[0113] FIG. 11 shoWs the condition of a substrate having 
been subjected to element spacing, Well formation and gate 
oxidation, in Which a polysilicon ?lm formed on the sub 
strate Was patterned to give a gate electrode 21 in the PMOS 
forming region and a gate electrode 22 in the NMOS 
forming region, and thereafter the PMOS forming region 
Was subjected to LDD ion implantation With BF; While the 
NMOS forming region Was masked With a resist pattern 23. 

[0114] The gate electrodes 21 and 22 Were formed, for 
example, as folloWs: A polysilicon ?lm Was deposited 
through reduced pressure CVD With SiH4 gas at a tempera 
ture falling betWeen 580 and 620° C. to have a thickness of 
from 150 to 300 nm, and this Was then patterned through 
anisotropic dry etching With a mixed gas of Cl2/O2_ 

[0115] The condition for the LDD ion implantation Was, 
for example, as folloWs: The BF; ion accelerating energy 
Was 20 keV, and the ion dose Was 2><1013/cm2. Through the 
ion implantation, for Which the pattern of the gate electrode 
21 served as a mask, a p' type LDD region 9 Was formed in 
a self-aligned manner in the element forming region of the 
Si substrate 1. 

[0116] After this, the resist pattern 23 Was removed, and 
the NMOS forming region Was then subjected to LDD ion 
implantation With As+ While the PMOS forming region Was 
masked With a resist pattern 24, as in FIG. 12. The condition 
for the LDD ion implantation Was, for example, as folloWs: 
The As+ ion accelerating energy Was 20 keV, and the ion 
dose Was 5x1013/cm2. Through the ion implantation, for 
Which the pattern of the gate electrode 22 served as a mask, 
an n' type LDD region 25 Was formed in a self-aligned 
manner in the element forming region of the Si substrate 1. 

[0117] The order of the ion implantation in the PMOS 
forming region and in NMOS forming region is not speci? 
cally de?ned, and the order as above may be reversed. 

[0118] After this, the substrate Was subjected to RTA at 
1000° C. for 10 seconds, Whereby the dopants having been 
introduced into the both regions for PMOS and NMOS Were 
activated. 
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[0119] Next, as in FIG. 13, a silicon nitride ?lm 26 to be 
formed into side Walls Was formed on the entire surface of 
the substrate. This Was formed, for example, through 
reduced pressure CVD at 760° C., for Which Was used a 
mixed gas of SiCl2H2/NH3, and its thickness Was about 150 
nm. 

[0120] Next, as in FIG. 14, the silicon nitride ?lm 26 Was 
anisotropically etched back to form a side Wall 26s around 
the gate electrodes 21 and 22. 

[0121] In most cases of an ordinary SALICIDE process, 
the side Wall 26s is formed of a silicon nitride ?lm as herein, 
but not a silicon oxide ?lm. This is because side Walls of a 
silicon oxide ?lm are etched With a diluted hydro?uoric acid 
solution to be thinner. In that condition, the silicide layer to 
be formed on the gate electrode Will be short-circuited With 
the silicide layer to be formed on the source/drain region. 

[0122] Next, BF; ions and As+ ions Were implanted in the 
PMOS forming region and the NMOS forming region, 
respectively, to form a p+-type source/drain region 11 and an 
n+-type source/drain region 27. The source/drain ion implan 
tation Was effected by alternately masking the NMOS form 
ing region and the PMOS forming region With a resist 
pattern, in the same manner as previously for the LDD ion 
implantation. The condition for BF; and As+ ion implan 
tation Was, for example, as folloWs: The BF; or As+ ion 
accelerating energy Was 20 keV, and the ion dose Was 
3x1015/cm2. During the ion implantation, the ions Were also 
implanted in the gate electrodes 21 and 22. Therefore, the 
gate electrode 21 in the PMOS moiety became a p-type one, 
While the gate electrode 22 in the NMOS moiety became an 
n-type one. 

[0123] After this, the substrate Was subjected to RTA, for 
example, at 900° C. for 10 seconds, Whereby the dopants in 
the p+-type source/drain region 11 and the n+-type source/ 
drain region 27 Were activated. 

[0124] During RTA, boron diffusion in the gate electrode 
21 Was not accelerated. 

[0125] Next, as in FIG. 15, a Ti ?lm 28 to be silisi?ed Was 
deposited on the entire surface of the substrate, for example, 
through sputtering to have a thickness of 30 nm. 

[0126] In this condition, the substrate Was subjected to 
RTA at 650° C. for 30 seconds. Through the high-tempera 
ture treatment, the Ti ?lm 28 Was silisi?ed in a self-aligned 
manner in the site in Which it Was kept in direct contact With 
a silicon material. Precisely, as in FIG. 16, a TiSix layer 29 
g Was formed on the gate electrodes 21 and 22; and a TiSix 
layer 29sa' Was on the source/drain regions 11 and 27. The 
non-reacted Ti ?lm 28 having remained on the surface of the 
?eld oxide ?lm 2 and on that of the side Wall 26s Was 
removed by dissolving it With a mixed solution of H2SO4/ 
H202. 
[0127] In this stage, TiSix in its layers formed had a crystal 
phase of high-resistance C49. Therefore, the layers Were 
subjected to RTA at 800° C. for 30 seconds for phase 
conversion into a crystal phase of loW-resistance C54. The 
tWo treatments of RTA for completing the TiSix layers did 
not accelerate boron diffusion. 

[0128] After this, an interlayer insulating ?lm, contact 
holes and an upper interconnection layer Were formed all in 
an ordinary manner to complete a CMOS. The CMOS 
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fabricated in this Example had the advantage of stable and 
quick operation Without being troubled by resistance 
increase, threshold voltage (Vth) ?uctuation or interfacial 
level increase. 

[0129] As in the above, the present invention has been 
described in detail With reference to three Examples, Which, 
hoWever, are not intended to restrict the scope of the 
invention. For example, the self-aligned contact process and 
the SALICIDE process Were in different Examples, but may 
be combined if desired. The silicon nitride ?lm formed in the 
Examples described above serves as a part of an interlayer 
insulating ?lm, or as an etching stopping ?lm or a side Wall. 
HoWever, Without being limited to only those applications, 
the silicon nitride ?lm may be formed for any other appli 
cations so far as the temperature condition in the subsequent 
steps after the step of forming the ?lm is speci?cally de?ned 
as intended herein so as not accelerate boron diffusion. The 
details of the PMOS, DRAM and CMOS structures fabri 
cated in the Examples as above, as Well as the type and the 
thickness of the ?lms constituting those devices, and the 
process conditions for oxidation, reduced pressure CVD, ion 
implantation, annealing, dry etching and others may be 
suitably changed, modi?ed or even combined in any desired 
manner 

[0130] As is obvious from the above, the present invention 
providing a method for fabricating a MOS transistor struc 
ture is advantageous in that, in the MOS transistor structure 
as fabricated to have a p-type gate electrode, especially that 
containing boron as the p-type dopant, along With a hydro 
gen-containing silicon nitride ?lm, boron diffusion and even 
boron punching through the gate oxide ?lm that may be 
accelerated by hydrogen in the silicon nitride ?lm is effec 
tively retarded. Therefore, even When the gate oxide ?lm in 
the MOS transistor is thinned to have a thickness of only a 
feW nm, ?at band voltage increase in the MOS transistor is 
favorably retarded. The invention is especially suitable to 
fabrication of PMOS transistors Which operate quickly and 
have high reliability. 

[0131] Improving the properties of PMOS having a p-type 
gate electrode leads the improvement in the properties of 
dual gate-type CMOS comprising the improved PMOS, and 
even the improvement in the properties of memory devices 
and logical devices comprising it. The industrial value of the 
invention is extremely great. 

[0132] While the invention has been described in detail 
and With reference to speci?c embodiments thereof, it Will 
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be apparent to one skilled in the art that various changes and 
modi?cations can be made therein Without departing from 
the spirit and scope thereof. 

What is claimed is: 
1. A method for fabricating MOS transistors, Which 

comprises a step of forming a gate electrode of a p-type 
silicon ?lm on a gate insulating ?lm as formed on the surface 
of a semiconductor substrate, and a step of forming a silicon 
nitride ?lm on the substrate, and in Which all steps after said 
step of forming the silicon nitride ?lm are effected Within a 
temperature range Within Which the diffusion of the p-type 
dopant existing in said p-type silicon ?lm is prevented from 
being accelerated by the hydrogen existing in said silicon 
nitride ?lm. 

2. The method for fabricating MOS transistors as claimed 
in claim 1, Wherein said p-type silicon ?lm contains boron, 
as said p-type dopant, to have a boron concentration of at 
least 1015/cm2. 

3. The method for fabricating MOS transistors as claimed 
in claim 1, Wherein said silicon nitride ?lm is formed 
through CVD With a raW material gas that contains a silane 
compound and a reducing compound. 

4. The method for fabricating MOS transistors as claimed 
in claim 1, Wherein said silicon nitride ?lm is formed as a 
part of an interlayer insulating ?lm to cover said gate 
electrode. 

5. The method for fabricating MOS transistors as claimed 
in claim 1, Wherein said silicon nitride ?lm is formed as a 
?lm that serves for stopping etching in a step of forming 
contact holes through an interlayer insulating ?lm that 
covers said gate electrode, at least in the vicinity just above 
a source/drain region. 

6. The method for fabricating MOS transistors as claimed 
in claim 1, Wherein said silicon nitride ?lm is formed as a 
?lm for forming a side Wall around said gate electrode. 

7. The method for fabricating MOS transistors as claimed 
in claim 1, Wherein one subsequent step to folloW said step 
of forming the silicon nitride ?lm is for rapid thermal 
annealing to be effected at a temperature loWer than 1000° 
C. 

8. The method for fabricating MOS transistors as claimed 
in claim 1, Wherein one subsequent step to folloW said step 
of forming the silicon nitride ?lm is for furnace annealing to 
be effected at a temperature loWer than 850° C. 

* * * * * 


