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blocked by the overhang, thereby providing a more lightly doped region
beneath said overhang which is Shadow masking process for forming source
and      an extension of said doped region; drain regions for field-effect
transistors and like  whereby in subsequent processing steps, said 5
regions                                        70 more lightly doped region
does not substantially diffuse beneath said circuit member. 1. Field of the
invention                           Preferably, the MOS process is used for
forming The invention relates to the field of shadow     source and drain
regions in a semiconductor body masking techniques, particularly those
employed in  and layers thereon. The layers include a gate oxide 10 MOS
processors.                                75 layer and a polysilicon layer
disposed overthe gate oxide layer. A masking member is formed on the 2.
Prior art                                      polysilicon layer in a
predetermined pattern to In the fabrication of integrated circuits such as
define the gate. Then, the polysilicon layer is etched,
metaloxide-semiconductor (MOS) circuits, a mask-  forming the gate. The
etching is continued to 15 ing pattern is often defined employing
photolithog-    80 undercut the masking member, thereby forming raphic
techniques. This pattern is then used as a  overhangs which extend from the
masking member. mask during subsequent etching of other layers. For  Next,
the substrate is subjected to ion implantation example, in the fabrication
of field-effect transistors,  to form the source and drain regions by
implanting an oxide layer is commonly formed over a polysili-  through the
gate oxide. The level of the implantation 20 con layer. A photoresist is
then used to define  85 is selected so that a much lower concentration of
outlines of gates in the oxide layer. Then the oxide  impurities is
implanted in the substrate beneath the layer acts as a mask while the
polysilicon layer is  overhangs than in the substrate region not protected
etched.                                           by the masking member.
During subsequent proces- In these processing steps and similar steps,
under-  sing steps, the lower concentration of impurities 25 cutting of the
masking members often occurs since,    90 does not substantially diffuse,
thereby providing for example, the polysilicon is side-etched or lateral-
precise alignment between the gate and the source ly etched and overhangs
the polysilicon gate. These  and drain regions. In this manner, the Miller
capaci- overhangs, which are found in masking oxides,     tance is reduced,
and in addition, improved punch- silicon nitride layers, photoresist
layers, and others,  through characteristics result. 30 in some cases are
useful.                      95 In some processes, the overhangs are used
to cast  Brief description of the drawings shadows during ion implantation.
That is, the re-   The present invention will be described further, by
gions below the overhangs are masked from the     way of example, with
reference to the accompanying ions by the overhangs. An example of this
technique  drawings in which:-. 35 is described in U.S. Patent
No.3,823,352, Column 4    100   Figure 1 is a cross-sectional elevation
view of a beginning at line 32. Other patents describing use of
semiconductor body having a gate oxide layer, overhangs and undercutting
are U.S. Patent Nos.   polysilicon layer, masking oxide layer and a
photore- 3,761,785; 3,851,379; 3,961,999; and 4,060,427. For  sist layer;
the most part, these patents describe complicated   Figure 2 illustrates
the semiconductor body and 40 processes, and particularly where overhangs
are  105 layers of Figure 1 after masking and etching which employed to
completely block the implantation of  defines a gate oxide masking member;
impurities into underlying regions. This is most    Figure 3 illustrates
the semiconductor body and often done to obtain alignment with one or more
layers of Figure 2 after the polysilicon layer is etched, circuit members.
including the lateral etching used to form the 45  With the presently
described process, overhangs    110 overhangs; are used to only partially
block the implantation of  Figure 4 illustrates the semiconductor body and
an impurity into the substrate. A substantial advan-  layers of Figure 3
during an ion implantation step tage is obtained with this technique since
precise  which defines the source and drain regions; and alignment with a
gate results, as will be described.  Figure 5 illustrates the semiconductor
body and 50                                               115 layers of
Figure 4 after additional processing has Summary of the invention
occurred, including a reoxidation step. According to the present invention
there is pro- vided a process for forming a doped region in a   Detailed
description of the invention substrate which is in alignment with a circuit
mem-  An MOS process forforming source and drain 55 ber, the improved steps
comprising:           120 regions in a substrate, or like regions, is
described. In forming a masking member on a layer, said       the following
description, numerous specific details masking member generally defining
the outline of  are set forth, such as specific concentration levels, said
circuit member;          .                   gate widths, etc., in order to
provide a thorough 



etching said layer employing said masking mem-  understanding of the
present invention. However, it 60 ber as a mask to generally define said
circuit  125 will be obvious to one skilled in the art thatthese member,
said etching continuing such that said    specific details are not required
to practice the masking member overhangs said circuit member;
invention. In other cases, well-known processing ion implanting an inpurity
into said substrate so as  steps have not been described in detail in order
not to form said doped region, the dosage level of ions  to obscure the
present invention in unnecessary 65 implanted being selected such that ions
are partially  130 detail.    2     GB 2041 644 B
2 The described improved processing steps which   in Figure 4 is controlled
so that some implantation comprise the present invention may be employed
occurs through the overhangs 20 to form the more with a plurality of known
MOS processes. In the   lightly doped extensions of the source/drain
regions presently preferred embodiment, these steps are   22. As mentioned,
the gate oxide layer 12 is approxi- 5 employed with the MOS process
described in U.S.  70 mately 400  A thick and a high percentage of the
Patent No. 4,052,229. In the following description,  arsenic is implanted
into the substrate in the regions well-known "front end" steps, such as the
formation  not protected by the masking member 16a. Under of field oxides,
is not described.                the overhangs 20, the ions must pass
through the In Figure 1, a p-type monocrystalline silicon subs-  800
A-thick masking member 16a and then through 10 trate 10, which in the
presently preferred embodi-  75 the 400 A of the gate oxide layer. As
illustrated in ment has an impurity concentration level of approxi-  Figure
4, this results in regions 22 which contain mately 50 ohm-cm, is
illustrated. An oxide (silicon  substantially less dopant than the regions
24. In the dioxide) layer 12 is formed on this substrate. This  presently
preferred embodiment, this arsenic im- oxide layer insulates the substrate
from the gates of  plantation occurs at an energy level of 125 Kev to 15
field-effect transistors and is thus referred to as a  80 obtain a
concentration level of approximately 3 x gate oxide layer. In the presently
preferred embodi-  10[err]/cm2 in the regions 24. Approximately 90% of the
ment, this gate oxide layer 12 is a thermally grown  arsenic ions pass
through the 400 A-thick gate oxide of approximately 400 A thick.
oxoide layer. However, only approximately 5% of After the formation of the
gate oxide layer 12, a  these ions pass through the 1200 A of oxide formed
20 layer of polycrystalline silicon (polysilicon) is formed    85 by the
combination of the masking members 16a over the gate oxide layer. This
polysilicon layer, in  and the gate oxide layer 12. the presently preferred
embodiment, is approxi-    It will be apparent to one skilled in the art
that mately 5500 A thick and is doped to enhance etching.  otherthicknesses
of oxides and other energy levels An oxide layer 16 is formed on the
polysilicon layer  may be employed to obtain the above-described 25 14.
This oxide layer is used for masking and, in the  go results. For example,
the implantation could occur at presently preferred embodiment, is
approximately  an energy level of approximately 100 Kev. Then 800 A thick.
A photoresist layer 18 is then formed  approximately 80% of the ions would
pass through over the oxide layer 16.                          the 400
A-thick gate oxide layer and approximately Referring now to Figure 2, using
well-known     0.5% pass through the 1200 A of oxide. 30 photolithographic
techniques the photoresist layer is   95  As described, in the presently
preferred embodi- masked and etched to define the mask 18a. Then the  ment
the masking member 16a consists of an oxide oxide layer 16 is etched to
define a masking member  member. Other masking members may be em- 16a. In
the presently preferred embodiment, the   ployed for the same purpose, that
is, to provide a member 16a Is used to define the gate of a        mask for
the polysilicon during the formation of the 35 field-effect transistor
which has a width of approxi-    100 gate, including the lateral etching
and a partial mately 3 microns. Following the formation of the  barrier to
the ions. For example, a silicon nitride masking member 16a, the
photoresist 18a is re-    layer may be employed or it may be possible to
moved.                                            employ a thin photoresist
layer. Next, as shown in Figure 3, the oxide masking    In many prior art
MOD processes, the source and 40 member 16a is used to mask the polysilicon
layer 14   105 drain regions are doped in alignment with a gate during the
etching of the polysilicon, thereby defin-  member (without significant
overhangs). During ing the gate 14a. This etching step is controlled in a
subsequent high-temperature processing steps, well-known manner so that
lateral etching beneath  such as reoxidation steps, the dopant in the
source the member 16a occurs as shown in Figure 3. This  and drain regions
is further diffused into the subs- 45 results in the overhangs 20 which
overhang the gate   110 trate and is diffused laterally beneath the gate.
This 14a. In the presently preferred embodiment, these  diffusion beneath
the gate causes an overlap be- overhangs extend beyond the gate 14a a
distance of  tween the source and drain regions and the gate. approximately
0.5 microns (a gate width 2 microns).  Increased parasitic capacitance
results between the 



A wet etching step is employed in the presently   gate and these regions
which decreases the high 50 preferred embodiment to etch the polysilicon;
115 frequency response and speed of the transistor and however, it may be
possible to achieve the same   is commonly referred to as Miller
capacitance. Also, result with a non-directional plasma etching step.  in
some cases, the increased channel depth causes a Now, the substrate is
subjected to ion implanta-  deterioration in the punch-through
characteristics of tion to define the source and drain regions of a  the
transistor. The rate at which this diffusion occurs 55 field-effect
transistor. In the presently preferred  120 during subsequent high
temperature steps is a embodiment, an arsenic implantation is employed to
function of the concentration levels of the dopant. define the n-type
source/drain regions 22 and 24 of  Referring to Figure 4, during subsequent
processing an n-channel device. Note that the source and drain  steps, the
more heavily doped regions 24 diffuse at a regions are formed by ion
implanting through the  much greater rate than the more lightly doped 60
gate oxide layer 12. (This is a departure from the  125 regions 22. process
described in U.S. Patent No. 4,052,229 and  In Figure 5, during the
subsequent high- effectively eliminates an etching step described in
temperature steps, the regions 24 of Figure 4 diffuse this patent, which
etching defines openings in the  and, as shown by the regions 24a, these
regions gate oxide layer for doping of the source and drain  laterally
diffuse part-way under the overhangs 20. 65 regions.) The level of the ion
implantation illustrated   130. However, they do not diffuse sufficiently
to overlap    3
GB2041644B         3 the gate 14a. The more lightly doped regions 22 of  3.
The process defined by Claim 2 wherein said Figure 4 diffuse very little
because of their lower  ion implantation comprises arsenic implantation.
dopant concentration, and thus very little overlap-  4. The process defined
by Claim 1 wherein said ping (approximately 0.25 microns) occurs between
lower concentration of impurity is between 0.5% to 5 these regions and the
gate 14a for the described  70 5% of the concentration level in said
regions not process. These regions, after these high-         protected by
said masking member. temperature steps, are shown as regions 22a in      5.
A process for forming an MOS field effect Figure 5.
transistor on a substrate comprising the steps of: It has been found that
the effects of lateral     forming a gate oxide layer on said substrate; 10
diffusion of the regions 22a is minimized by the fact    75  forming a
layer of polysilicon over said gate oxide that the gate oxide above these
regions is thickened  layer; during a reoxidation step. That is, the gate
oxide at  defining a masking member on said polysilicon region 28, which is
directly above the degrees of  layer in a predetermined shape; regions 22a,
is somewhat thicker than the gate oxide  etching said polysilicon layer
employing said 15 layer 12. With the above-described process, the  80
masking member as a mask to form a gate for said Miller capacitance has
been found to be 2 x 10-4  field-effect transistor, including etching said
polysili- pf/micron of gate length. This is a substantial   con layer under
said masking member to form improvement over the 5 X 10-4 pf/micron of gate
overhangs which overhang said gate and extend length common with some prior
art processes.      from said masking member; 20  As will be apparent to
one skilled in the art, only a  85  ion implanting said substrate to form
source and portion of a substrate is illustrated in Figures 1  drain
regions by ion implanting through said gate through 5. During and between
the processing      oxide, such that some implantation occurs in the
described in conjunction with Figures 1 through 5,  substrate region
beneath said overhangs, thereby other processing may occur elsewhere on the
subs-  forming more lightly doped source and drain re- 25 trate to form
buried contact regions, and other  go gions beneath said overhangs and more
heavily members, as is commonly done in the fabrication of  doped source
and drain regions in substrate areas integrated circuits.
unprotected by said masking member; Thus, an improved process has been
described for  whereby during subsequent processing steps, the forming
source and drain regions for a field-effect  lower concentration of
impurities in said lightly 30 transistor. The process may be employed to
obtain    95 doped source and drain regions does not substan- precise
alignment between other circuit members  tially diffuse beneath said gate,
thereby providing and doped regions. The process eliminates etching  more
precise alignment between said gate and said step often employed in prior
art processes since the  source and drain regions. source and drain regions
are ion implanted through  6. The process defined by Claim 5 wherein said
35 the gate oxide. The improved process reduces the  100 masking member is
an oxide member. Miller capacitance and provides improved punch-    7. The
process defined by Claim 6 wherein said through characteristics.
ion implantation comprises arsenic implantation. 8. The process defined by
Claim 7 wherein said 



CLAIMS                                            lower concentration of
dopant in said more lightly 40
105 doped source and drain regions is between 0.5% to 1. An MOS
processforforming source and drain    5% of the dopant concentration in
said more heavily regions in a semiconductor body and layers thereon,
doped source and drain regions. which layers include a gate oxide layer and
a       9. In a process for forming a doped region in a polysilicon layer,
comprising the steps of:       substrate which is in alignment with a
circuit mem- 45  defining a masking member on said polysilicon  110 ber,
the improved steps comprise: layer in a predetermined pattern;
forming a masking member on a layer, said etching said polysilicon layer to
form a gate   masking member defining the outline of said circuit employing
said masking member as a mask, said     member; etching being permitted to
continue so as to under-  etching said layer employing said masking mem- 50
cut said masking member thereby forming over-  115 ber as a maskto define
said circuit member, said hangs which overhang said gate;
etching continuing such that said masking member ion implanting said
semiconductor body to form  overhangs said circuit member; said source and
drain regions through said gate    ion implanting an impurity into said
substrate so oxide, the dosage level of ions implanted being   as to form
said doped region, the dosage level of 55 selected so that a lower
concentration of impurities   120 ions implanted being selected such that
ions are is implanted in semiconductor body regions beneath  partially
blocked by the overhang, thereby providing said overhangs than in
semiconductor body regions  a more lightly doped region beneath said
overhang not protected by said masking member;             which is an
extension of said doped region; whereby during subsequent processing steps,
whereby in subsequent processing steps, said 60 said lower concentration of
impurities does not  125 more lightly doped region does not substantially
substantially diffuse, thereby providing more precise  diffuse beneath said
circuit member. alignment between said gate and said source and drain
regions. 2. The process defined by Claim 1 wherein 65 masking member is an
oxide member.    C  L    S   GB2041644B                   3 3 the gate 14a.
The more lightly doped regions 22 of  3. The process defined by Claim 2
wherein said Figure 4 diffuse very little because of their lower  ion
implantation comprises arsenic implantation. dopant concentration, and thus
very little overlap-  4. The process defined by Claim 1 wherein said ping
(approximately 0.25 microns) occurs between  lower concentration of
impurity is between 0.5% to 5 these regions and the gate 14a for the
described  70 5% of the concentration level in said regions not process.
These regions, after these high-         protected by said masking member.
temperature steps, are shown as regions 22a in      5. A process for
forming an MOS field effect Figure 5.
transistor on a substrate comprising the steps of: It has been found that
the effects of lateral     forming a gate oxide layer on said substrate; 10
diffusion of the regions 22a is minimized by the fact    75  forming a
layer of polysilicon over said gate oxide that the gate oxide above these
regions is thickened  layer; during a reoxidation step. That is, the gate
oxide at  defining a masking member on said polysilicon region 28, which is
directly above the degrees of  layer in a predetermined shape; regions 22a,
is somewhat thicker than the gate oxide  etching said polysilicon layer
employing said 15 layer 12. With the above-described process, the  80
masking member as a mask to form a gate for said Miller capacitance has
been found to be 2 x 10-4  field-effect transistor, including etching said
polysili- pf/micron of gate length. This is a substantial   con layer under
said masking member to form improvement over the 5 x 10-4 pf/micron of gate
overhangs which overhang said gate and extend length common with some prior
art processes.     from said masking member; 20  As will be apparent to one
skilled in the art, only a  85  ion implanting said substrate to form
source and portion of a substrate is illustrated in Figures 1  drain
regions by ion implanting through said gate through 5. During and between
the processing      oxide, such that some implantation occurs in the
described in conjunction with Figures 1 through 5,  substrate region
beneath said overhangs, thereby other processing may occur elsewhere on the
subs-  forming more lightly doped source and drain re- 25 trate to form
buried contact regions, and other  go gions beneath said overhangs and more
heavily members, as is commonly done in the fabrication of  doped source
and drain regions in substrate areas integrated circuits.
unprotected by said masking member; 



Thus, an improved process has been described for  whereby during subsequent
processing steps, the forming source and drain regions for a field-effect
lower concentration of impurities in said lightly 30 transistor. The
process may be employed to obtain    95 doped source and drain regions does
not substan- precise alignment between other circuit members  tially
diffuse beneath said gate, thereby providing and doped regions. The process
eliminates etching  more precise alignment between said gate and said step
often employed in prior art processes since the  source and drain regions.
source and drain regions are ion implanted through  6. The process defined
by Claim 5 wherein said 35 the gate oxide. The improved process reduces the
100 masking member is an oxide member. Miller capacitance and provides
improved punch-    7. The process defined by Claim 6 wherein said through
characteristics.                         ion implantation comprises arsenic
implantation. 8. The process defined by Claim 7 wherein said CLAIMS
lower concentration of dopant in said more lightly 40
105 doped source and drain regions is between 0.5% to 1. An MOS
processforforming source and drain    5% of the dopant concentration in
said more heavily regions in a semiconductor body and layers thereon,
doped source and drain regions. which layers include a gate oxide layer and
a      9. In a process for forming a doped region in a polysilicon layer,
comprising the steps of:      substrate which is in alignment with a
circuit mem- 45  defining a masking member on said polysilicon    110 ber,
the improved steps comprise: layer in a predetermined pattern;
forming a masking member on a layer, said etching said polysilicon layer to
form a gate   masking member defining the outline of said circuit employing
said masking member as a mask, said     member; etching being permitted to
continue so as to under-  etching said layer employing said masking mem- 50
cut said masking member thereby forming over-     115 ber as a mask to
define said circuit member, said hangs which overhang said gate;
etching continuing such that said masking member ion implanting said
semiconductor body to form  overhangs said circuit member; said source and
drain regions through said gate    ion implanting an impurity into said
substrate so oxide, the dosage level of ions implanted being  as to form
said doped region, the dosage level of 55 selected so that a lower
concentration of impurities   120 ions implanted being selected such that
ions are is implanted in semiconductor body regions beneath  partially
blocked by the overhang, thereby providing said overhangs than in
semiconductor body regions  a more lightly doped region beneath said
overhang not protected by said masking member;            which is an
extension of said doped region; whereby during subsequent processing steps,
whereby in subsequent processing steps, said 60 said lower concentration of
impurities does not  125 more lightly doped region does not substantially
substantially diffuse, thereby providing more precise  diffuse beneath said
circuit member. alignment between said gate and said source and drain
regions. 2. The process defined by Claim 1 wherein 65 masking member is an
oxide member.    C       L     M     S 4          GB 2041 644 B
4 10. An MOS process for forming source and drain regions in a
semi-conductor body and layers thereon, which layers include a gate oxide
layer and a polysilicon layer, substantially as hereinbefore 5 described  _
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