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\7\
W
BACKGROUND OF THE INVENTION

The invention relates to semiconductor device processes, and more
particularly, to improved methods for etching openings in insulating layers and a

5 semiconductor device with well defined contact openings.

Background of the Invention

In the fabrication of semiconductor devices, numerous conductive device
regions and layers are formed in or on a semiconductor substrate. The conductive
regions and layers of the device are isolated from one another by‘ a dielectric.

10 Examples of dielectrics include silicon dioxide, SiO2, tetraethyl orthosilicate glass
("TEOS"), silicon nitrides, SixNy, silicon oxynitrides, SiOxNy(Hz), and silicon
dioxide/silicon nitride/silicon dioxide ("ONQO").  The dielectrics may be grown, or
may be deposited by physical deposition (e.g., sputtering) or by a variety of chemical

deposition methods and chemistries (e.g., chemical vapor deposition ("CVD")).

15  Additionally, the dielectrics may be undoped or may be doped, for example with
boron, phosphorous, or both, to form, for example, borophosphosilicate glass
("BPSG"), phosphosilicated glass ("PSG"), and borophosphosilicate tetraethyl
orthosilicate glass ("BPTEOS"). |

? At sevexal stages of the fabrication of semiconductor devices, it is necessary to
Qﬁk 2%7 make openings in\the dielectric to allow for contact to underlying regions or layers.
| Generally, an opening\through a dielectric exposing a diffusion region or an
opening through a dielectNg layer between polysilicon and the first metal layer is
called a “contact opening”, while an opening in other oxide layers such as an

opening through an intermetal diélectric layer is referred to as a "via". For purposes

JCS/WTB/mp 16820.P097
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of the claied invention, henceforth "contact opening” or "contact region" will be
used to refer to contact openings and/or via. The opening may expose a device
region within&é silicon substrate, such as a source or drain, or may expose some
other layer or struckure, for example, an underlying metallization layer, local

5 interconnect layer, or structure such as a gate. After the opening has been formed

exposing a portion of the\region or layer to be contacted, the opening is generally
cleaned with a sputter etch\e.g., a Radio-Frequency ("RF") sputter etch, and then the
opening is filled with a cond \tive material deposited in the opening and in

electrical contact with the underlying region or layer.

10 To form the openings a patterning lay_er of photoresist is first formed over the
dielectric layer having openings corresponding to the regions of the dielectric where
the dielectric layer openings are to be formed. In most modern processes a dry etch
is then performed wherein the wafer is exposed to a plasma, formed in a flow of one
or more gases. Typically, one or more halocarbons and/or one or more other

15 halogenated compounds are used as the etchant gas. For example, CF4, CHF3 (Freon

23), SFg, NF3, and other gases may be used as the etchant gas. Additionally, gases

such as 02, Ar, N2, and others may be added to the gas flow. The particular gas
mixture used will depend on, for example, the characteristics of the dielectric being
etched, the stage of processing, the etch tool being used, and the desired etch

20 characteristics, i.e., etch rate, sidewall slope, anisotropy, etc.

Many of the etch characteristics are generally believed to be affected by
polymer residues that deposit during the etch. For this reason, the ﬂuorine to
carbon (F/C) ratio in the plasma is considered an important determinant in the etch.
In general, a plasma with a high F/C ratio will have a faster etch rate than a plasma

25  with a low F/C ratio. At very low rates, i.e., high carbon content, polymer

deposition occurs and etching ceases. The etch rate as a function of the F/C ratio is

JCS/WTB/mp -2- 16820.P097

SAMSUNG-1002.013



typically different for different materials. The difference is used to create a selective
etch, by using a gas mixture that puts the F/C ratio in the plasma at a value that
leads to etching at a reasonable rate for one material, and that leads to no etching or
polymer deposition for another. For example, an etchant that has an etch rate ratio
5 or a selectivity ratio of two to one for silicon nitride compared to silicon dioxide is
an effective stripper of silicon nitride from the semiconductor substrate, because it
will selectively strip silicon nitride over silicon dioxide on a substrate surface. An
etchant that has an etch rate ratio or a selectivity ratio of 0.85 to one for silicon
nitride compared to silicon dioxide is not considered an effective stripper of silicon
10 nitride from the semiconductor substrate because the etchant will not effectively

strip silicon nitride to the exclusion of silicon dioxide.

The selectivity of the etch process is a useful parameter for monitoring the
process based on the etch rate characteristic of the particular etchant. As noted
above, particular etchants or etchant chemistries attack different materials at

15  different etch rates. With respect to dielectrics, for example, particular etchants
attack silicon dioxide, BPTEOS, TEOS, and silicon nitride dielectrics at different rates.

To make openings in a substrate comprising a contact region surrounded by
different dielectric layers, e.g., a dielectric layer of TEOS surroﬁnded by a dielectric
layer of silicon nitride, a procéss will utilize different etchants to make openings

20 through the different dielectrics. Thus, the different etch rates of particular dielectric
layers for an etchant may be used to monitor the creation of an opening through a

dielectric layer.

Further, by adjusting the feed gases, the taper of the sidewall in the etched
opening of the dielectric can be varied. If a low sidewall angle is desired, the
25  chemistry is adjusted to try to cause some polymer buildup on the sidewall.

Conversely, if a steep sidewall angle is desired, the chemistry is adjusted to try to

JCS/WTB/mp -3- 16820.P097
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prevent polymer buildup on the sidewall. Varying the etch gas pressure, for
example, has a significant effect on the shape of the opening. This is because the
etchant ions generally arrive in a direction perpendicular to the substrate surface,
and hence strike the bottom surfaces of the unmasked substrate. The sidewalls of
5 etched openings, meanwhile, are subjected to little or no bombardment. By

increasing the pressure of the etch gas, the bombardment directed toward the
sidewalls is increased; by decreasing the pressure of the etch gas, the bombardment
directed toward the sidewalls is decreased. The changihg of the etch chemistry is
also directly related to selectivity. Etchants that provide a near 90° sidewall angle are

10  generally not highly selective while highly selective etches typically produce a

sloped sidewall.

Following the dielectric etch(es) and prior to any conductive material
deposition in a contact region, native oxide on top of the conducting layers in the
contact region is removed or cleaned through a non-chemical sputter etch, e.g., an

15 RF sputter etch. In addition to alleviating the contact region of native oxide, the

sputter etch can erode any insulating dielectric layer or layers. Thus, the parameters

of the sputter etch must be carefully monitored so as not to excessively erode the

insulating dielectric layer(s) and expose other underlying conductive material.

Exposing insulated conductive material adjacent to the conductive material in the
20  contact region results in poor quality contacts or a short circuit through the

underlying conductive material. For a thorough discussion of oxide etching, see S.

Wolf and R.N. Tauber, Silicon Processing for the VLS Era, Vol. 1, pp. 539-85 (1986).

;\ The preced}\ -discussion focused on the making of openings, e.g., contact
MV] openings, in dielectri§ material on a semiconductor substrate. The same principles
25  are used in constructing\device regions with a dielectric layer or layers. As

geometries shrink, the forRuing of discreet devices on a semiconductor substrate

JCS/WTB/mp -4- 16820.P097
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10

15

20

becomes more spesialized. Specialized deposition and etching techniques permit

the density of semiconducter_elements on a single chip to greatly increase, which
translates into larger memoeraﬁng speeds, and reduced production costs.
A typical metal oxide semiconductor (MOS) transistor, e.g., NMOS or PMOS
transistor, generally includes source/drain regions in a substrate, and a gate
electrode formed above the substrate between the source/drain regions and
separated from the substrate by a relatively thin dielectric. Contact structures can be
inserted to the source/drain regions and interlays can overlie the contact structures
and connect neighboring contact structures. These contact structures to the
diffusion region are isolated from the adjacent gate by dielectric spacer or shoulder
portions. The dielectric spacer or shoulder portions also isolate the gate from the

diffusion region.

Conventional contact structures limit the aréa of the diffusion region, because
the contact hole is aligned to these regions with a separate masking step, and extra
area must be allocated for misalignment. Proper alignment is necessary to avoid
shorting the contact structure to the gate or the diffusion well. The larger contact
area means a smaller density of elements on a structure. The larger contact area is
also responsible for increased diffusion-to-substrate junction capacitance, which

limits device speed.

A self-aligned contact eliminates the alignment problems associated with

conventional contact structures and increases the device density of a structure. A

~ self-aligned contact is a contact to a source or drain diffusion region. A self-aligned

contact is useful in compact geometries because it can overlap a conducting area to
which it is not supposed to make electrical contact and can overlap the edge of a

diffusion region without shorting out to the well beneath. Consequently, less

JCS/WTB/mp -5- 16820.P097
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contact area is needed and gates or conductive material lines, e.g., polysilicon lines,
can be moved closer together allowing more gates or lines on a given substrate than

traditional contacts.

{gure 1 illustrates a self-aligned contact between two gate structures. Figure

5 1(A)isa

of a self-ali

anar top view of the contact. Figure 1(B) is a planar cross-sectional view
ed contact between a pair of gates taken through line 1(B) of Figure
1(A). Figure I{C) is a planar cross-sectional view of a self-aligned contact between a

pair of gates takeq through line 1(C) of Figure 1(A).

The self-alignéd contact is a contact to a source or drain diffusion region (n+

10 or p+ silicon) 140 that cgn overlap the edge of the diffusion region 140 without
shorting out to the well beégeath the diffusion region 140. This can be seen most

illustratively through Figure NC). In Figure 1(C), the contact 130 does not lie directly
in the diffusion region 140, but g misaligned and slightly overlaps the field oxide.
In this illustration, the self-aligned\contact is not directly over the diffusion region

15 but extends over (i.e., overlaps) a wel\portion 170. The self-aligned contact does not

short to the well portion 170 because the\self-aligned contact is separated from the

well 170 by the field oxide.

The self-aligned contact 130 is separated\from a conducting polysilicon layer
110 by an encapsulating dielectric layer 120 such that the contact 130 can also overlap
20  the polysilicon layer 110 without making electrical dontact to the layer 110 or gate.
The polysilicon layer 110 is separated from the sdurce drain diffusion region 140 by

a dielectric spacer or shoulder 150 of the same or different dielectric material as the

dielectric layer 120 directly above the conducting polysilic

A distinct dielectric etch stop layer 125 overlies the encapsulating dielectric

isubs trate

JCS/WTB/mp -6- 16820.P097
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without risk\of exposing the device structures and layers because the device
structuring and layers are protected from excessive etching by the etch stop layer.
The diffusion contactNs self-aligning because the structure can be etched to the
substrate over the source/drain diffusion region 140 while the dielectric spacer 150
5 protects the polysilicon layer NO. Even if a photoresist that protects the polysilicon
layer 110 from the etchant is misaligned with respect to the polysilicon layer 110, the
dielectric spacer 150 prevents shorts tothe polysilicon layer 110 when the contact 130

is provided for the diffusion region 140.

V//3>
10 /aligned c

other struc

e current practice with respect to forming contact regions, particularly self-

tact regions, that are in electrical contact with gates, interconnect lines, or

es in small feature size structures utilize etchants with high selectivity

ing regions, like the etch stop layer and the first insulating layer.
Figure 2 demonstrates a typical prior art process of forming a self-aligned contact
region adjacent to a gate. In Figure 2(A), a gate oxide layer 210 is formed on a

15  substrate 200 with a condicting layer, for example a polysilicon layer 220, overlying

the gate oxide layer 210, and an insulating layer, for example a TEOS layer 230,

overlying the polysilicon layer 220. Adjacent to the polysilicon layer is a contact
opening region 270. The polysilicon layer 220 is separated from the contact region
270 by an insulating spacer portion, fo\example a TEOS spacer portion 235. A

20 separate insulating or etch stop layer, for xample a silicon nitride layer 240 overlies
the TEOS layer 230 and the contact region 258, A blanket layer, for example a doped

insulating layer like a BPTEOS layer 250, planarly overlies the etch stop layer 240.

A layer of photoresist material 280 overlies the planarized BPTEOS layer 250
to expose the contact opening 270. In Figure 2(A), a coRtact opening 270 has been

25 opened through the BPTEOS layer 250. The etchant utilixed to make the opening

had a high selectivity toward BPTEOS relative to silicon nitride. When the contact
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opening was through the BPTEOS material, the etchant did not etch or did not
effectively ‘®fch the silicon nitride layer 240 material. Hence the description of the
silicon nitride layer 240 as an etch stop layer. The silicon nitride etch stop layer
protected the underlying TEOS layer so that the polysilicon remains completely

5 encapsulated.

igure 2(A) illustrates an etch 260 to remove the silicon nitride etch stop layer
“({ 240. In the etch illustrated in Figure 2(A), a high selectivity etch toward silicon
nitride relatixe to the underlying TEOS layer 230 material is practiced to efficiently
etch the silicon'pitride layer and to protect the underlying TEOS layer 230 from the
10 etchant. An examyle of a high selectivity etch recipe to effectively strip silicon
nitride as compared tg the TEOS layer 1s 30 scam CHF3 and 30 sccm O3 at 60 mtorr
and 100 watts of power\ The result of the high selectivity etch is illustrated in Figure

2(B).

Figure 2(B) shows that the silicon nitride selective etch effectively removed
15  silicon nitride 240 from the contad{ opening 270. The selective etch for silicon

nitride compared to TEOS material, Nowever, left the TEOS layer 230 with a spacer

portion 235 wherein the spacer portion s sloping or tapered toward the contact
opening. This result follows even where e spacer portion 235 is originally
substantially rectangular as in Figure 2(A). The properties of the highly selective

20 etch of the overlying etch stop layer will transfoym a sub.;tant_i_g_l_}_y_ggg_t{alx;;g;;larﬂ‘s‘pacer, _—
into a sloped spacer. Figure 2(B) presents a polysiNcon layer 220 encapsulated in a
TEOS layer 230 with a spacer portion 235 adjacent to\the contact opening 270, the

spacer portion 235 having an angle 290 that is less than\35°.

In addition to providing stopping points or selectiviyy between materials, the

25 use of high selectivity etches to form sloped spacer portions is\the preferred practice
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because the sloped shape will result in good step coverage by the metal that is
deposited into it. \The filling of contact openings or gaps (i.e., gap fill) is an
important consideration because it relates directly to the reliability of a device. If an
opening is not complekl filled with a insulative material, for example, and a gap is
5 created, a subsequent corg ctive material deposit can fill the gap which can lead to
shorting. Sloped contact op&u’ngs are easier to completely fill than boxy structures
because the transition between sloped structures and openings is smooth compared
to the abrupt transitions between boxy structures and openings. Because of concerns

for complete gap fill and good step coXerage, industry preference is for sloped spacers

described abovg will attack and erode a portion of the insulating spacer surrounding
15  the conducting poxtion and adjacent to the contact region. Figure 3 presents a prior
art substrate with a ggte and a contact region undergoing an RF sputter etch. In
Figure 3, a gate oxide 31Q is formed on a substrate 300 with a polysilicon layer 320
overlying the gate oxide 31Q and an insula.ting layer, for example a TEOS layer 330
overlying the polysilicon layex 320. A distinct insulating layer, for example a silicon
, 20 " nitride etch stop layer 340, overligs the TEOS layer 330 and this etch stop layer 340 is
| covered by a third insulating layer,Xor example a BPTEOS blanket layer 350.
Adjacent to the gate is a contact region,360. An etch of the silicon nitride etch stop
“layer 340 with a high selectivity etch for xilicon nitride relative to the imderlying
TEOS layer material produced a gate with a'§loping or tapered spacer portion 370 of
25  TEOS material, illustrated in ghost lines. A suksequent RF sputter etch is utilized to

clean the contact region 360.
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though brief and designed to clean the contact region, the RF sputter etch

sputter etch 380. Because the spacer portion 370 is sloping or diagonal, a significant

surface area portion of the spacer portion 370 is directly exposed to the high-energy
particles from the RF sputter etch 380. Further, with sloping spacers, or spacers

having an angle relative to the\substrate surface of less than 85° the vertical portion

of the dielectric layer ((i.e., that pogtion above the polysilicon gate) decreases much
less than the diagonal portion of the 3pacer. In terms of measuring TEOS material
removal during the RF sputter etch in Fijure 3, the difference between d7 and d3 is
greater than the difference between v and oQ. Thus, in conventional prior art self-

aligned contact structures, the diagonal thickness 6f the TEOS spacer, rather than the
vertical thickness of the TEOS layer, determines the minimum insulating layer

thickness for the gate.

For gate structures having minimum diagonal insulative spacer portions of
500 A or less, the result of the sputter etch 380 is that the sputter etch 380 laterally
erodes the diagonal portion of the TERS layer 370 adjacent to the contact region to a
point where the polysilicon 320 is no longer isolated from the contact region 360 by

an insulating layer. In that case, there is a

conductive material when the contact opening\is filled with conductive material.
This result follows because the conventional RF .utter etch utilized for cleaning
the contact region results in an approximately 200-580 A loss of the spacer material.
Further, process margins generally require that the dewce spacer have a final

minimum thickness (after all etches, doping, and deposits)\ of at least 500 A. Thus,
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deposition) minimum instating spacer of more than 500 A and preferably on the

order of 1000-1500 A or greatex to fulfill requirements for an adequate process
margin, complete gap fill, and deXijce reliability.

TQ construct structures having a minimum insulative spacer portion of more
than 500 A\directly effects the number of structures that can be placed on a device,
such as a chip. The construction of structures having a minimum insulative spacer
portion of mord than 500 A requires that the pre-etch-stop-etch spacer be bigger or
thicker to yield an effective spacer after the etching processes. In such cases, the

structures must be separated a distance such that the contact area opening is

sufficient enough for an effective contact. This spacing requirement directly limits
the number of structures\that can be included on a device. In small feature size
structures, particularly struigtures utilizing self-aligned contacts, the width of contact
openings is approximately 0.6\microns at the top of the planarized layer and 0.2
microns at the base of the contakt opening. Figure 3 indicates the difference in
contact opem’hé Widths for the same contact in prior art structures. wj represents
the width at the top of the planarized\layer and w) represents the width at the base
of the contact opening. Further, an asp&ct ratio can be defined as the height of a
structure (field oxide plus conductive layeg plus first insulative layer plus etch stop
layer, if any) relative to the width of the base\of a contact opening (i.e., the distance
between adjacent spacers). Typical aspect ratio} for self-aligned contact structures
target ratios of 1.0-2.4. This prior art range is not Rchievable with any device
reliability. To achieve aspect ratios of 1.0-2.4 requirs minimum spacer portions of
less than 1000 A and preferably on the order of 500 A. noted above, the

minimum spacer portions required for aspect ratios of 1.8:2.4 cannot withstand the
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sputter etch and\ will result in the exposure of the underlying polysilicon gate and

short circuiting with the contact.

There is a need for cost effective structures wherein the individual devices
are as close together as possible while maintaining device reliability and an adequate
process margin and assuring complete gap fill. There is a need for a device and for a
process to manufacture such a device whereby there is provided a contact opening
with no alignment sensitivity relative to a gate electrode or other structure and
whereby the gate electrode does not fall within the contact opening but remains
isolated from the contact opening by an insulating layer. The process must be
compatible with gate electrode insulating spacers of less than 500 A. The device
resulting from the needed process should be capable of maintaining high quality
contacts between the conductive material in the contact region and the adjacent

conductive gate or other structure.
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b% Thy invention relates to a process for minimizing lateral spacer erosion of an
insulating layer on an enclosed contact region is disclosed and a device including a
contact opening with a small alignment tolerance relative to a gate electrode or

5 other structure. \The process provides high quality contacts between a conductive

material in the contact region and a device region, such as a source or drain, or some

other layer or structuxe. The process comprises the well knbwn step of forming a

conductive layer on the\semiconductor body adjacent a contact region. This is
followed by the forming of a first insulating layer adjacent said conductive layer and

10  the contact region. A selectgd area is masked with photoresist and the first

insulating layer and the conductive layer are etched to form a device structure, such
as a gate, adjacent the contact region. Next, insulating lateral spacers are added to
the device structure to isolate the\conductive portion of the device. The insulating
spacers are etched so that the device\comprises an insulating layer overlying a

15 conductive layer with a lateral spacer portion adjacent the contact region wherein

the spacer portion has a substantially retangular profile. A distinct insulating layer

or etch stop layer is then formed adjacent o the first insulating layer and over the

contact region. A third insulating layer or blgnket layer is then optionally formed

over the etch stop layer. The blanket layer may\or may not be planarized.

20.. If a blanket layer is included, an etchant is utilized to etch a contact opening
through the exposed portion of the blanket layer to the etch stop layer. Next, a
second etch or etch-stop etch is performed to remove the etch stop layer material

. from the contact region. The etch-stop etch is also almost completely anisotropic,
meaning that the etchant etches in one direction—in this case, vertically (or

25 perpendicular relative to the substrate surface) rather than horizontally. The etch
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removes the etch stop insulating layer and retains the substantially rectangular
lateral spacer portion of the first insulating layer. The anisotropic etch etches
primarily the exposed etch stop material that lies normal to the direction of the etch.
Thus, the etch removes the etch stop material covering the area of the contact

5 region but does not significantly etch the etch stop material adjacent to the spacer(s).
The etch stop layer on the spacer adds dielectric thickness between the conductive
layer and any contacting conductor. In general, the etching conditions utilized for
the etch-stop etch have a low selectivity for etching the etch stop layer compared to

the underlying insulating material.

10 The etch-stop etch may be followed by a sputter etch to clean the contact
region. Unlike prior art processes whereby the sputter etch erodes the underlying
'slop'mg lateral spacer portion of the first insulating layer adjacent to the conducting
layer, the sputter etch does not significantly érode the substantially rectangular
lateral spacer of the first insulating layer, thus allowing the conductive layer of the

15  device structure to remain cdmpletely isolated or insulated by a spacer comprised of

the first insulating layer and some etch stop layer material.

The structure contemplated by the invention is an effective device for small
feature size structures, particularly self-aligned contacts. The structure consists of
first and second conducting layers spaced apart by a region with an area defined in

20 the substrate; an insulating layer encapsulating each conductive layer, wherein the
insulating layer includes lateral spacer portions; and an etch stop layer adjacent the
insulating layer and over the first and second conducting layers. The invention
contemplates that the structure region has a first width between the first and second
conducting layers, and a second width between the lateral spacer portions of the\

25 insulating layer adjacént to the first and second conducting layers, wherein the

region has an aspect ratio of 1.0-2.4. The aspect ratio is defined as the height of the
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apparatus relative to the second width of the region. Thus, the invention
contemplates larger contact openings for effective contacts, reduced device feature
size, and increased device density, while maintaining aspect ratios similar to larger,
less dense devices in the prior art. The invention further contemplates that the

5 structure has a minimum insulating layer thickness of 400 A and that this
minimum thickness is determined by the thickness of the insulating layer deposited

vertically on the structure.

The device is capable of maintaining high quality, reliable contacts between
the conductive material in the contact region and the underlying device region,

10 such as a source or drain, or some other layer or structure. The device contemplates
minimum contact opening base widths of 0.2 microns and minimum contact
opening widths of 0.5 microns when measured from the top of a planarized layer,
and aspect ratios (i.e., height of structure including the etch stop layer relative to the

width of the base of a contact opening between the spacers) on the order of 1.0-2.4.

15 Additional features and benefits of the invention will become apparent from

the detailed description, figures, and claims set forth below.

GM\%
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BRIEF DESCRIPTION OF THE DRAWINGS

The features, aspects, and advantages of the present invention will become
more thoroughly apparent from the following detailed description, appended

claims, and accompanying drawings in which:

sby Figuke 1 is a planar view of a self-aligned contact to diffusion. Figure 1(A)is a
planar top vi

view of a self-ali

of a self-aligned contact. Figure 1(B) is a cross-sectional planar side
ed contact to diffusion through line 1(B) of Figure 1(A). Figure
1(C) is a cross-sectiogal planar side view of a self-aligned contact to diffusion

through line 1(C) of Figure 1(A).

10 Figure 2 is a cross-sextional side view of the formation of a prior art contact

~—~

opening formation. Figure 2(A) illustrates a high selectivity etch of an etch stop

insulating layer, and Figure 2(B) Nlustrates the results of that etch.

Figure 3 is a cross-sectional side\view of the formation of a prior art contact

opening formation during a sputter cleaning etch.

15 Figure 3 is a crosgrsectional view of an example of a semiconductor device

during fabrication upon\Which the invention may be practiced.

Figure 4 presents a cross-sectional planar side view of the preparation of a

series of gates on a semiconductor substrate surface.

Figure 4(A) illustrates a cross-sectional planar side view of an insulating layer

20  adjacent to a conducting layer, both layers overlying two diffusion regions.

Figure 4(B) illustrates a cross-sectional planar side view of a series of gates

consisting of insulating material adjacent conducting material.
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Figure 4(C) illustrates a cross-sectional planar side view of the deposition of
additional insulating material over the series of gates, the additional insulating
material to be used for the formation of spacer portions adjacent the contact or

diffusion regions.

5 Figure 4(D) illustrates a cross-sectional planar side view of a series of gates
completely encapsulated in insulating material wherein the spacers of the
insulating material adjacent the contact or diffusion regions have substantially

rectangular profiles.

Yb‘5> Figure

10 encapsulated wit

E) illustrates a cross-sectional planar side view of a series of gates

{nsulating material and an insulating etch stop layer overlying

the insulating materia

Figure 4(F) illustrates across-sectional planar side view of a series of gates

encapsulated with insulating mategjal and an insulating etch stop layer overlying

the insulating material, wherein the difusion region is implanted to include a

15 silicide.

Figure 4(G) illustrates a cross-sectional planar side view of a series of gates
encapsulated with insulating material, an etch stop layer overlying the insulating

material, and a distinct planarized insulating layer overlying the etch stop layer.

Figure 4(H) illustrates a cross-sectional planar side view of a series of gates
20 encapsulated with insulating material, an etch stop layer overlying the insulating
material, a distinct planarized insulating blanket layer overlying the etch stop layer,

and a photoresist patterning layer deposited over the blanket layer.

Figure 4(I) illustrates a crosy-sectional planar side view of a series of gates

(\/\)A()’)‘A ;encapsulated with insulating material, an etch stop layer overlying the insulating
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encapsulated with insulating material, an etch stop layer overlying the insulating
5 material, a distinct planarized insulating blanket layer overlying the etch stop layer,
and a contact opening to a diffusion région and a second contact opening through

the blanket layer but separated from the diffusion region by an etch stop layer.

Figure 4(K) illustrates a close-up cross-sectional planar side view of a circled
portion of Figure 4(J), the circled portion labeled 4(K) and illustrating the spacer
10 portion of a contact region following an etch of the etch stop layer from the contact

region.

Figure 4(L) illustrates a cross-sectional planar side view of a series of gates
encapsulated with insulating material, an etch stop layer overlying the insulating
material, a distinct planarized insulating blanket layer overlying the etch stop layer,

15 and a conductive contact in a contact region extending to a diffusion region in the

semiconductor substrate.
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ning witR a no alignment sensitivity relative to a gate electrode or other

o The invention is a device and a process whereby there is provided a contact
b ‘

structure such that the gate electrode does not fall within the contact opening but
5 remains isolated from the contact opening by an insulating layer. The structure
contemplated by the invention is an effective device for small feature size
structures, particularly self-aligned contacts, because it is capable of maintaining
high quality contacts between the conductive material in the contact region and the
underlying device region, s\ch as a source or drain, or some other layer or structure
with minimum contact opening base widths (i.e., at the base of the contact openings)
of 0.2 microns and minimum contact opening widths of 0.5 microns when
measured from the top of a planarixed layer, minimum encapsulating layer
thicknesses of 400 A, and aspect ratios \{.e., height of structure including the etch
stop layer relative to the width of the base\of a contact opening between the spacers)

in the range of 1.0-2.4.

In the following description, numerous specific details are set forth such as

specific materials, thicknesses, processing steps, process parameters, etc., in order to
provide a thorough understanding of the invention. It will be obvious, however, to
one skilled in the art that these specific details need not be employed to practice the
20 invention. In other instances, well known materials or methods have not been
described in detail in order to avoid unnecessarily obscuring the invention.
Furthermore, in the following discussion, several embodiments of the invention
are illustrated with respect to specific structures, oxide layers, and oxide layer
openings. It will be appreciated that each of the methods described herein can be

25  utilized on a variety of structures and oxide layers, to form any type of opening, and
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each of the insulating layer etching methods described herein is not necessarily
restricted to the structure and/or insulating layer in conjunction with which it is
described. Further, any of the methods described herein may be performed as part of

a multistep etch comprising additional etch processes.

Figure 4 presents a cross-sectional view of the preparation of a series of gates

5
6>
/,v‘/ﬁ or transistors on a semiconductor substrate surface. Referring to Figure 4(A), the

semiconduxtor substrate 400 can be either p- or n-type, and includes diffusion

regions 405, sych as sources or drains, that are heavily doped with the opposite
dopant type of the substrate. An n-type first conducting layer 415 of polysilicon

10 doped by implantatjon with phosphorous to a resiétivity of 50-200 ohms/square is
deposited over the diffusion regions. The polysilicon layer 415 is deposited by low
pressure CVD ("LPCVD"\using an LPCVD tube and SiH4 gas at 200-400 mtorr with a
thickness of 2000-3000 A. Itshould be appreciated by those skilled in the art that this
conducting layer 415 could insttad be a p-type conducting layer or a metallic

15  conductor of, for example, W, Mo\Ta, and/or Ti, or that this conducting layer 320

could also be a silicide, consisting ot\WSi2, MoSi2, TaSi2, PtSi, PdSi, or that this

conducting layer 320 can further be a layered structure consisting of a silicide on top

of doped polysilicon.

The polysilicon layer 415 overlays an insuylating dielectric layer 410 such as
20 doped or undoped silicon dioxide. The dielectriclayer 410 may comprise a single
| oxide, or several layers formed by various methods.\ For example, one or more

emical vapor deposition

CVD ("APCVD"),

layers of oxide may be deposited by plasma enhanced
("PECVD"), thermal CVD ("TCVD"), atmospheric preséu
subatmospheric pressure CVD ("SACVD"), for example utiliging, for example,

25  TEOS and oxygen or TEOS and ozone chemistries. As used he ein, reference to, for

example, a PECVD TEOS oxide denotes an oxide layer deposited bx PECVD utilizing
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TEOS chemistry. Additionally, one or more layers of dielectric layer 410 may be a
spin-on-glass ("SOG") layer.

A TEOS dielectric layer 420 with a total thickness of approximately 3000 A

overlies the conducting layer 415. It should be appreciated by those of ordinary skill

5 in the art that this TEOS layer 420 could instead be an insulating layer of, for
example, silicon dioxide, 5i02, ONO, silicon nitride (SixNy), or silicon oxynitride
(SiOxNy). Additionally, the insulating layer 420 may be undoped or may be doped,
for example with boron, phosphorous, or both, to form, for example,
borophosphosilicate glass ("BPSG"), phosphosilicated glass ("PSG"), and

10  borophosphosilicate tetraethyl orthosilicate ("BPTEOS")." Further, the dielectric layer
420 may comprise a single layer oxide, like TEOS, or several layers formed by

various methods.

ver the TEOS\dielectric layer 420. The photoresist masking layer 425 exposes

W Referxing further to Figure 4(A), a photorésist masking layer 425 is deposited
o

15  diffusion regions %05 in the semiconductor substrate. Referring to Figure 4(B), a

series of photolithogxaphic etches are performed to remove the TEOS layer 420

material and the polysNjcon layer 415 from the diffusion or contact regions. The
etches are performed using a parallel plate plasma etcher with a pbwer of 200-300
watts. First, a fluorocarbon photolithographic etch, CHF3/ C.2F6 at 50 mtorr, is
20 performed to remove the insulXing TEOS material from areas adjacent to and
including the diffusion or contact r¢gions. This is followed by a single polysilicon
photolithographic etch using a chlorihe plasma (Cl2/He) to define a polysilicon

conducting layer 415 above the transistonor gate regions.

The process described thus far has been described in terms of multiple etching

25  steps involving multiple passes through the etch chamber. It should be recognized
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by one of ordinary skill in the art that the etching steps can be combined into a
multiple-step etch whereby the etch may be accomplished with one pass through the
etch chamber, the etcher changing chemistries and executing the muitiple etches

sequentially.

5 Raferring to Figure 4(C) and 4(D), spacers are formed between the polysilicon
NI\F@) layer 415 oX the gates and the contact regions by depositing an additional of
conformal layer of TEOS material 430 over the structure and etching spacer portions
extending into the contact opening and adjacent to the polysilicon layer 415
approximately 150 A in width. The spacer portions 435 of the TEOS layer 430 are
10 demarked by ghost lings in Figure 4(D). The spacers serve to insulate the polysilicon

layers 415 from the condigting material that will fill the contact opening and

prevent the gates from overlapping the diffusion regions. The spacers 435 serve to

completely encapsulate the pol}&ilicon layers 415 of the individual gates. As shown

in Figure 4(C), care is taken to etch'the spacers 435 such that the spacers 435 have a
15  substantially rectangular profile. This\is accomplished using a low bias and high

pressure etch (2.8 torr, 140 sccm He, 30 sasm CHE3, 90 scem CFy, ahd 850 watts

power), that results in low polymer formatidn. At this point, the preferred

embodiment of the invention contemplates thatthe TEOS layer can have a
minimum vertical width of approximately 3000 A'qnd spacers with a minimum

20 width of approximately 1000 A.

Referring to Figure 4(E), the diffusion regions are neX{ implanted with a
suitable dopant utilizing conventional techniques. The dopan¥ may be implants of

arsenic, phosphorous, or boron. Subsequently, silicides, for example WSi2 and

TiSi2, may also be formed. Figure 4(E) illustrates silicide formation

25  diffusion regions.
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Referring to Figure 4(F), overlying the TEOS layer 420 is deposited a second
distinct dielectric Qr etch stop layer 440, in this example, an silicon nitride (SixNy)
layer 440, with a tota] thickness of 700 angstroms. It should again be appreciated by
those of ordinary skill in the art that this silicon nitride layer 440 could instead be an
insulating layer of, for example, silicon dioxide, SiO2, ONO, or SiOxNy(Hz).
Additionally, the silicon nityide etch stop layer 340 may be undoped or may be
doped, for example with borgn, phosphorous, or both, to form, for example,
borophosphosilicate glass ("BP3G"), phosphosilicated glass ("PSG"), and
borophosphosilicate tetraethyl orthosilicate ("BPTEOS"). Further, the etch stop layer
440 may comprise a single silicon nitride layer or several layers formed by various
methods. It is important that the etch gtop layer be different or distinct from the

underlying insulating layer.

The invention contemplates that at this point the structure has an aspect ratio
of 1.0-2.4. As used herein, an aspact ratio is defined as the ratio of the height of a

contact opening to the top of the honzontal portion of the etch stop layer to the base

Referring to Figure 4(G), an optional dielextric blanket layer 450 is next

deposited adjacent to the etch stop layer 440. The blanket layer 450 may or may not
be planarized. In Figure 4(G), the blanket layer 450 is'planarized. The planarized
blanket layer 450 facilitates the formation of an interconRect layer that might later be
deposited over the contact regions. The blanket layer in Figure 4(G) is a doped
silicate glass, for vexample‘BPTEOS. It should be appreciated by those of ordinary skill
in the art that this BPTEOS layer 450 could instead be another dpped insulating layer

of, for example, BPSG or PSG, or an undoped insulating layer of Silicon dioxide,
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SiO2, ONO, or SiQxNy. Further, the blanket layer 450 may comprise a single oxide,
like BPTEOS, or sevexal layers formed by various methods.

Next, as‘ shown in e 4(H), a photoresist pattern or mask layer is deposited
adjacent to the blanket layer such that the contact regions overlying the diffusion

5 regions are exposed. This is follgwed by a photolithographic etch of the BPTEOS
blanket layer 450 in the contact regions. The etch is a fluorocarbon
photolithographic etch (7 sccm CHF3)6 sccm Freon 134a) at 29 mtorr. The etch

reveals a pair of contact regions 460 and\465 above the diffusion regions.

Referring to Figure 4(J), a photoresist material 470 is overlayed in contact

10  opening 465 adjacent to the etch stop layer to protect the etch stop material in contact

opening 465 from a subsequent photolithographic etch to remove the etch stop

layer. Next, a photolithographic etch, (900 mtorr, 100 sccm, He, 85 sccm C2Fg, and

15  this etch are low bombardment/ high neutral flux cynditions.

material lying in a horizontal plane relatjve to the vertical d.irection of the etchant
ions. The etchant removes material primarly from the base of the contact region
20 460, and does not remove all of the etch stop msterial adjacent to the spacef portion
of the TEOS layer 420. Thus, the remaining etch stdp material adjacent to the spacer
portion of the TEOS layer serves as additional spacer Naterial to insulate the
polysilicon from a conductive contact that will subsequen¥y be added to the contact

region 460.
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ﬂj[ﬂ The'etchant utilized to remove silicon nitride from the contact region 460 has
a low selectiwty for etching the silicon nitride material compared to the underlying
TEOS layer. use of an etchant with a low selectivity for silicon nitride relative

to TEOS does not significantly destroy the TEOS layer 420 spacer portion. The low
5 selectivity etch yieldsa TEOS layer 420 spacer portion that retains a rectangular or
"boxy" profile. Figure¥%(K) illustrates that only a small portion 475 (illustrated in
ghost lines) of the TEOS Iyyer 420 spacer portion is removed during the etch. Of
primary signiﬁcance, the spicer portion of the TEOS layer 420 retains its

substantially rectangular profile.

10 It is to be appreciatedithat the described etch stop layer etch conditions (i.e.,

low selectivity, low bombardment/high neutral flax) are exemplary of etch
conditions that result in the retenNon of a boxy spacer. The invention relates to
these process conditions as well as others that result in the retention of a boxy
spacer. Thus, the etch-stop etch conditigns should be regarded in an illustrative

15 rather than restrictive sense.

The silicon nitride etch stop layer 440 etch is followed by a sputter etch to

clean the contact opening 460. In‘ currently preferred embodiment, the sputter etch

is carried out in an atmosphere of argon, a 8 mtorr pressure, with a 1000 volt bias. In

a currently preferred embodiment, the sputter etch is carried out in a commercially

20 available system such as the Applied MateXals Endura 5500 systems. Altefnatively,

any system having a sputter etch mode may D¢ used to practice the invention. As

will be appreciated by a person of ordinary skill Y the art, the parameters can be
varied considerably while still achieving the objects, of the invention. In a currently
preferred embodiment, the etch is designed to etch ap roximately 200 A per minute

25 as measured on thermal oxide. Because of the retention of a substantially
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rectangular or\boxy" spacer portion, the sputter etch does not significantly erode the

spacer portion of\the TEOS layer.

At this point, the invention contemplates that the minimum encapsulating
dielectric layer, i.e., TEOS, thickness will be approximately 400 A and that this
5 minimum thickness will be at the corner most effected by the etch-stop layer etch
and the sputter etch. In Figure 4(K) that minimum thickness is the diagonal
denoted 4.

Fi

re 4(L) presents a cross-sectional planar side view of the structure of the

invention wRerein a conductive contacts 480 have been deposited in the contact

openings 460.

The process described above yields a structure wherein first and second

encapsulates the first and sedond conductive layers. The invention contemplates
that the insulating layer has spacer portions between the conductive layers and the

contact region. The invention cont¢mplates that high quality contacts can be

achieved wherein the spacer portion3 have a minimum insulative material
thickness of 400 A. In the preferred embodiment, the spacer portions of the

insulating material further have substantialy rectangular profiles. The invention

© 20 also contemplates that a portion of the etch stdp layer material may remain adjacent

to the spacer portion of the insulating layer folloxing an anisotropic etch of the etch
stop material with a low selectivity etch for the etch\stop material relative to the
insulating layer material. The result is a contact opening with spacer sidewalls

comprised, at least potentially, of a portion of etch stop layer material.
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10

15

invention contemplates\aspect ratios for effective contact openings of 1.0-2.4,
wherein an aspect ratio is\defined as the ratio of the height of a contact opening to
the top of the horizontal portion of the etch stop layer to the base width of the
contact opening between the spacers. Figure 4(L) illustrates a height, & , and a width,
w, from which an aspect ratio may *zlculated for a contact region, and a height k7,

and a width, w1, from which an aspect'xatio may be calculated for a contact region.

In the preceding detailed description, the invention is described with
reference to specific exemplary embodiments thereof. It will, however, be evident
that various modifications and changes may be made thereto without departing
from the broader spirit and scope of the invention as set forth in the claims. The
specification and drawings are, accordingly, to be regarded in an illustrative rather

than a restrictive sense.
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What is claimed is:

~N

1 1 A process for minimizing lateral spacer erosion on # contact region,

2 said process comprising:

9  wherein said etching does not significantlyferq

10 insulating layer.

1 2. The process of clai iein said etching step utilizes a plasma

, wherein an etching condition for said etching

2 stepis a low bombardment/ h;g  neypAl flux condition.

1 4. The process of claim 3, wherein said etching condition has a low
2 selecﬁvity for said etch stop layer material relative to said first insulating layer

3  material.
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1 5. The process of claim 4, wherein said selectivity is =,;" than or equal to

-

1 6. The process of claim 2, wherein said plasmy tching system is a Lam

2 4400 Series plasma etching system.

1 7. The process of claim 6, wherein 4ai detch stop layer etch is performed
2 using a recipe of 900 mtorr, 100"sccm He, 83 sc v 6, and 225 watts power.
1 8. The process of claim 1, fnclu - leaning said exposed portion of said

2 first insulating layer with a sputter/etch aftte saif etching of said etch stop layer
3  wherein said spacer portion of sajd fir sulating layer retains its substantially

4 rectangular profile. "

] a

1 9. The process of ,]f'?': wherein said sputter etch is a radio-frequency
2 sputter etch. , Y

i/
foo
1 10.  The process of /‘X‘ 1, ncluding depositing a blanket insulating layer
2 adjacent said etch stop layerfor' g a patterning layer on said blanket insulating
3 layer wherein said patterni :,f layer exposes said contact region, and etching a
4  portion of said blanket ins lating layer over said contact region with a suitable

5 etchant to expose a portion of said etch stop layer prior to said etching of said etch

6 stop layer. i
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11.  The process of Claim 10, wherein the blanket Jayer is planarized.

\
12. A process for minimizing lateral spacer £rosion on a contact region,

said process comprising:

depositing an efch stop lay' / adjacent said insulating layer and adjacent

/ /
etching a pgrtion of s‘ » layer adjacent said contact region
74

wherein said etching dglivers a myni i al erosion rate of said spacer portion

13.  The prq imj12, wherein said etching step utilizes a plasma

etching system.

14.  The proceys of cldim 13, wherein an etching condition for said etching
y

-

step is a low bombar 'high neutral flux condition.

material.

JCS/WTB/mp -30- 16820.P097

SAMSUNG-1002.041



1 16.  The process of claim 15, wherein said felectivity is less than or equal to
-~y

1 17.  The process of claim 13, wherein s id plasma etching system is a Lam

2 4400 series plasma etching sys;e-:m.

1 18.  The process of claim/17, wherejh said etch stop layer etch is performed
2 using a recipe of 900 mtorr, 100/Sccm He, cem CoFg, and 225 watts power.

/

78
7oy

1 19.  The process/of claim 12/in iding cleaning said exposed portion of said

2 . first insulating layer with a sputter [étc fter said etching of said etch stop layer

1 - 20.

3 layer wherein said patterninjg layer exposes said contact region, and etching a
4 portion of said blanket ins ’blating layer over said contact region with a suitable

5 etchant to expose a portio :" of said etch stop layer prior to said etching of said etch

6 stop layer.
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1 22.  The process of Claim 21, wherein the blankgt layer is planarized.

/
~
1 23. A semiconductor apparatus comprising:
2 first and second conducting layers aced apart by a region with an area

3 defined in the substrate;

4 an insulating layer adjacent said firgt and second conductive layers; and

E

5 an etch stop layer;;édjacent said/} ulating layer and over said first and second

6 conducting layers, and a second widthy between said insulating layer adjacent said

7  first and second condlg'}'"cting layers ] wherein said region has an aspect ratio of 1.0-
i ',;' ‘g..

8 2.4 said aspect ratio dé,ifined as thg height of said appdratus relative to the second
| e, .

9  width of said region.

1 24.  The semiconductor apparatus of claim 23, wherein said insulating layer

2 has a spacer portion adjgkent said region wherein said spacer portion has a

3  substantially rectangulfr profile.

| V)lc\ 25. The semi¢onductor apparatus of claim 23, wherein said etch stop layer

2 /is silicon nitride.

paratus of claim 23, wherein said etch stop layer

-

1 26. The semiconductor

2 s silicon dioxide.
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ABSTRACT

(‘7\% A process for izing lateral spacer erosion of an insulating layer adjacent to a
CJ}A contact region and anapparatus whereby there is provided a contact opening with a
small alignment tolerance\relative to a gate electrode or other structure are
disclosed. The process includes the steps of forming a conductive layer on said
semiconductor body then depogiting an insulating layer adjacent to the conductive
layer. Next, substantially rectangilar insulating spacers are formed adjacent to the
gate. An etch stop layer is deposited\adjacent said insulating layer followed by an
etch to remove the etch stop layer mateNal from the contact region. This etch is
conducted under conditions wherein the etsh removes the etch stop layer but
retains the substantially rectangular lateral spacer profile of the first insulating layer.‘
The apparatus is capable of maintaining high quality contacts between the

conductive material in the contact region and the undexlying device region, such as

" a source or drain, or some other layer or structure and is ax effective structure for

small feature size structures, particularly self-aligned contact structures.
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. METHOD FOR ELIMINATING LATERAL SPACER EROSION ON
ENCLOSED CONTACT TOPOGRAPHIES DURING RF SPUTTER CLEANING
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I hereby certify that this correspondence is being deposited ; ' E

with the United States Pastal Service, with sufficient
postage, as first class mail in an envelope addressed to:
Assistant Commissioner for Patents
Washington, D.C. 20231
on March 31, 2000
Date of Deposit

Paul E. Rauch, Ph.D.
Name of applicant, assignee or

4 Signature
March 31, 2000

Date of Signature

Our Case No. 10200/12

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: )
)
Nulty et al. )
) Examiner
) |
, . , ) Group Art Unit No.
Filing Date: Filed herewith )
For METHOD FOR ELIMINATING )
LATERAL SPACER EROSION ON )
ENCLOSED CONTACT )
TOPOGRAPHIES DURING RF
SPUTTER CLEANING
PRELIMINARY AMENDMENT

~ Assistant Commissioner for Patents
- Washington, D.C. 20231

Dear Sir;

Prior to examination on the merits, please amend the above-identified application

" as follows:
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- IN THE TITLE
Please replace the title with the following: --STRUCTURE HAVING REDUCED
LATERAL SPACER EROSION--,

IN THE CLAIMS
Please amend the claims as follows:
Please cancel Claims 1-24, without prejudice to their further prosecution in a
Divisional and/or Continuation application.
Claims 25-26, line 2 of each, please change “is” to --comprises--.

Please add the following new claims:

/ 27. A structur

63\3/ (b) a first iksulating layer on the conductive layer;

first insulating layer; and
(e)  an etch stop myterial over said first insulating layer and adjacent to

the insulating spacer, the etch stop miaterial being distinct from the insulating spacer.

28.  Th@4structure of(%?m 27, wherein the insulating spacer has a
substantially rectaRgular profile in the contact region.

contact

l W 29.  The strycture of Claim 27, wherein the insulating spacer has a surface
/M ggrtion in the gion without overlying etch stop material.
3

0. The structuke of Claim 29, wherein the insulating spacer surface portion
without overlying etch stop\material comprises an insulating spacer surface portion most

distant from said substrate.

A

31.  The structure of an 28, wherein the insulating spacer has a surface

portion in the contact region witho\jt overlying etch stop matevrial.
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The structure of Claim 27, further comprising a second insulating layer on

the etch stdp layer and over the conductive layer.

\ D
» ,ao 3 A struc?ure, comprising the steps of:
L\V/ a) afirst electrically conductive material formed in and/or on a surface
(W of a substrate;

(b)

conductive material forxped on the substrate;

| contact opening in a region adjacent to a second electrically

(¢ an elegctrically insulative spacer in the contact opening adjacent to
the second electrically condugtive material;
(d) an etch stoplayer over the electrically insulative spacer and the first
and second electrically conductive regions;

(e) ablanket layer oveg the etch stop layer; and

) an opening through a\jrst part of the etch stop layer to the first

electrically conductive region.

3,\a\ The structure of Claim 34, w
ubstantialN\rectangular cross-sectional shap

in the electrically insulative spacer has a

a plane that is substantially

perpendicular

o™ 36. The dfructure of Claim 34, wherein the electrically insulating spacer has a

surface portion witho\t overlying etch stop material.

37.  The structixe of Claim 36, wherein the electrically insulating spacer
surface portion without ovexlying etch stop material comprises a surface portion most

distant from said substrate.

38.  The structure of Clajm 34, further comprising a second insulating layer on

the etch stop layer and over the cohductive layer.
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d/

e structure of Claim 38, further comprising a second conductive
ate ial in the cogtact region.

REMARKS
Applicants submit the application is now in condition for examination on the
merits. Early notice of such action is earnestly solicited.

Respectfully submitted,

=

Paul E. Rauch, Ph.D.
Registration No. 38,591
Attorney for Applicant

BRINKS HOFER GILSON & LIONE
P.O. BOX 10395

CHICAGO, ILLINOIS 60610

(312) 321-4200

F:\Home\Prauch\10200 Cypress\ 10200 12 - Preliminary Amendment
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YA =~ N\ iRANSMITTAL LETTER Case No. 10200/12
Serial No. ( Q%R‘nng Date Examiner Group Art Unit
09/540,610 W g, Wiarch 31, 2000
Inventor(s v m”

Nulty et al.\3,

Title of Inverxign &/
Method For EJin al Spacer Erosion On Enclosed Contact Topographies RF Sputter

TO THE COMMISSIONER FOR PATENTS

Transmitted herewith is Transmittal Letter {in duplicate); information Disclosure Statement; PTO Form 1449; One
Copy of References A1-A25.

Small entity status of this application under 37 CFR § 1.27 has been established by verified statement previously
submitted.

A verified statement to establish small entity status under 37 CFR 8§ 1.9 and 1.27 is enclosed.
Petition for a month extension of time.

No additional fee is required.

OXOd O

The fee has been calculated as shown below:

Other Than
Small Entity Small Entity
Claims "] Highest No. or
| Remaining - g Previously Present Add'l Add’l
| After . 5| Paid For Extra Rate Fee Rate Fee
; | Amendment
Total Minus x $9= X $18=
Indep. Minus x 39 = x $78=
First Presentation of Multiple Dep. Claim +$130 + $260=
Total $ total | $
add’'l fee add'l fee
Please charge Deposit Account No. 23-1925 (BRINKS HOFER GILSON & LIONE) in the amount of $ . A

duplicate copy of this sheet is enclosed.

A check in the amount of $ to cover the filing fee is enclosed.

X0 [

The Commissioner is hereby authorized to charge payment of any additional filing fees required under 37 CFR §
1.16 and any patent application processing fees under 37 CFR § 1.17 associated with this communication or credit
any overpayment to Deposit Account No. 23-1925. A duplicate copy of this sheet is enclosed.

X

| hereby petition under 37 CFR § 1.136(a} for any extension of time required to ensure that this paper is timely
filed. Please charge any associated fees which have not otherwise been paid to Deposit Account No. 23-1925. A
duplicate copy of this sheet is enclosed.

Respectfully submitted,

#ul E. Rauch, Ph.D. REGE\\]ED

Registration No. 38,5691 .

Attorney for Applicant L 0 7 2““0
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[ hereby certify that this correspondence is being
deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope |
addressed to: Assistant Commissioner for Patents,
Washington, D.C. 20231 on

Datefof Déposit

Paul E. Rauch, Ph.D., Reg. No. 38,591
Name of Applicant, Assignee or

Regi Whtaﬁve

4  Srghature

Our Case No. 10200/12
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

TOPOGRAPHIES RF SPUTTER
CLEANING

)
)
Nulty et al. )
Serial No. 09/540,610 ;
Filing Date: March 31, 2000 ; RECENED
For METHOD FOR ELIMINATING ; JuL 07 2000
LATERAL SPACER EROSIION ON 22800
ENCLOSED CONTACT ; TECHNOLOGY CENTER 25
)

INFORMATION DISCLOSURE STATEMENT

Assistant Commissioner for Patents
Washington, D.C. 20231

Dear Sir;

Pursuant to the obligation under 37 C.F.R. 1.56 and in cohformance with 37
C.F.R. 1.97-1.99, Applicants hereby submit references A1-A25 listed on the aftached
form PTO-1449 for consideration by the Examiner. Copies of the references are
enclosed herewith.

The filing of this Information Disclosure Statement does not constitute an
admission that the information cited herein is, or is considered to be, material to
patentability as defined in 37 C.F.R. Section 1.56(b). Further, Applicants reserve the

right to contest these references as prior art against the present application, and

SAMSUNG-1002.070



03 2000
Applicants do ot"llJ“'elieve th
R
Qticipates Applicants’ invention or that these references

the disclosure of these references, even if finally

determined to b
make Applicants’ invention obvious.
Applicants respectfully request that the Examiner review the entire disclosure of
these documents and make them of record.
Respectfully submitted,

e

Paul E. Rauch, Ph.D.
Registration No. 38,591
Attorney for Applicants

BRINKS HOFER GILSON & LIONE
P.O. BOX 10395

CHICAGO, ILLINOIS 60610

(312) 321-4200
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FORM PTO-1449 SERIAL NO. CASE NO.
A 09/540,610 10200-12
LIST OF PATENTS AND 1 NS FOR FILING DATE GROUP ART UNIT
APPLICANT’S INFORMATIO SCLOSURE March 31, 2000
STATEMENT -
(use several sheets if necessary) APPLICANT(S): Nulty et al.
REFERENCE DESIGNATION U.S. PATENT. DOCUMENTS
EXAMINER DOCUMENT CLASS/ FILING
INITIAL NUMBER DATE NAME SUBCLASS DATE
C.C. A1 | Re.35,111 12/05/95 | Mdanetal- Ligy et 4l | 438/ $9S | w// /992~
C. C A2 4,660,276 04/28/87 Hsu - 233/ 98 | g/ 1495
C.oc A3 | 4,806,201 02/21/89 Mitchell et al. 438/ S9& 3//98%
C. A4 4,956,312 09/1990 Van Laarhoven 437/180 S/ 989
C (.. A5 5,037,777 08/06/91 Mele et al. 43/ £39 1 7/ 14990
C C AB 5,100,838 03/1992 Dennison % 37/195| 10/ (990
C. c. | A7 15,166,096 11/24/92 Cote et al. 4-38/595 | 1t/ 992
C.C. | A8 |5,264,341 11/23/93 | Sepetat” pacialc et Al 4 35/7. 21| ¢/ 1989
(. c. | A9 5275972 1/04/94 Ogawa et al. 4374391 B/ 1992
C.C A10 | 5,306,952 04/26/94 Matsuura et al. /145 | o/ 1992
Cc.c | A11 {5364,817 11/15/94 lostal—  Luy, etal,| 437//9 | </ 199¢
C.C A12 | 5,366,929 11/22/94 Cleeves et al. 432/)19% 1 5/ 1993
c.¢. | A13 | 5,378,646 01/03/95 Huang et al. 4358/ 595 27/ 1994
C.C. | A4 | 5382483 01/17/95 Young 30/ % /- 1992
C.C. A15 | 5,384,281 01/25/95 Kenney et al. 2237 //29 | Deco 29,2992
C.¢c. | A16 | 5466636 11/14/95 Cronin et al. 4374639 4/ 1992
¢ ¢ | A17 | 5,482,894 01/1996 Havemann “37/195| 7/ /994
(.| A18 | 5,521,121 05/28/96 Tsai et al. L37//90 ) v/ 1945
c.¢. | A19 |5,562,801 10/08/96 Nulty [ S4/8u3 )| 1o/ (99,
¢ ¢ | A20 | 5569628 10/29/96 Yano et al. 43 7//96 | 16 /1996
(.c. | A21 | 5,587,331 12/24/96 Jun 437/190 | 12/ 1944
(. A22 | 5,756,396 05/1998 Lee et al. 438/ 622 S/ 19498
(¢, | A23 | 5,759,867 04/21/95 Armacost et al. A58/ L3¢ | A/ /998
EXAMINER
INITIAL OTHER ART (Including Author, Title, Date, Pertinent Pages, etc.)
A24 | J. Givens et al., “Selective dry etching in a high density plasma for 0.5 um complimentary
C C. Znseztal-oxide-semiconductor technology,” J. Vac. Sci. Technol. B 12(1), Jan/Feb 1994, pp. 427-
A25 | K.K. Shih et al., “Hafnium dioxide etch-stop layer for phase-shifting masks,” J. Vac. Sci.
C C. Technol. B 11(8), Nov/Dec 1993, pp. 2130-2131.
EXAMINER -

DATE CONSIDERED : .
M@ , 30‘ OO0 /

EXAMINER: Initial if reference considered, whether or not citation is#h conformance with MPEP 609;
Draw line through citation if not in conformance and not considered. Include copy of this form with next
communication to applicant.

Rev. Dec.-99
FAHOME\PRAUCH\10200 -

CYPRESS\10200 - 12\1449 FORM.doc
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UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20231 /) Z /
. . i
[ APPLICATIONNO. | FILINGDATE | FIRST NAMED INVENTOR [ ATTORNEY DOCKETNO. Y
AO/EA0. 610 DR/31/00  MULTY T VEE20. FO97
[ wactsoeot 1 | EXAMINER |
BLAKELY SOKDLDFF TAYLOR % ZAFMAN CHUL C
L2400 WILSHIRE BOULEVARD ‘ -
bartl ART UNIT PAPER NUMBER
SEVEMTH FLOOR | popepps il |
LS ANGELES CA D00ES a1 L/

DATE MAILED: RE/DL/DY

Please find below and/or attached an Office communication concerning this application or
proceeding.

Commissioner of Patents and Trademarks

PTO-90C (Rev.11/00) . 1- File Copy
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i Application No. Applicant(s)
09/540,610 NULTY ET AL.
Office Action Summary Examiner AU
Chris C. Chu 2815

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136 (a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SiX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b). .

Status

1O Responsive to communication(s) filed on _____

2a)J This action is FINAL. 2b)X] This action is non-final.
3)J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4) Claim(s) 25 -39 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.

5)J Claim(s) _____is/are allowed.
6)X] Claim(s) 25 - 39 is/are rejected.
73 claim(s)
8)[J Claims

is/are objected to. .
are subject to restriction and/or election requirement.

Application Papers
9) The specification is objected to by the Examiner.
10)X The drawing(s) filed on 31 March 2000 is/are objected to by the Examiner.
11YJ The proposed drawing correction filed on _____is: a)[] approved b)[] disapproved.
12)(J The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119
13)J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)—(d) or ().
a)JAIl B)[J Some * c)[J None of:
1.0 Certified copies of the priority documents have been received.
2.[ Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

4)[J Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Attachment(s)

15) |Z| Notice of References Cited (PTO-892) 18) D Interview Summary (PTO-413) Paper No(s).

16) |Z| Notice of Draftsperson’s Patent Drawing Review (PTO-948) 19) D Notice of Informal Patent Application (PTO-152)
17) X Information Disclosure Statement(s) (PTO-1449) Paper No(s) 3 . 20) [ other:

U.S. Patent and Trademark Office
PTO-326 (Rev. 01-01) Office Action Summary Part of Paper No. 4
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Application/Control Number: 09/540,610 : Page 2
Art Unit: 2815

DETAILED ACTION
1. The preliminary amendment, which is filed on March 31, 2000, has been entered.
2. This application discloses and claims only subject matter disclosed in prior Application

No. 08577751, filed Dec. 22, 1995, (now Patent No. 6066555, issued May 23, 2000) and names
an inventor or inventors named in the prior application. Accordingly, this application may
constitute a continuation or division. Should applicant desire to obtain the benefit of the filing

date of the prior application, attention is directed to 35 U.S.C. 120 and 37 CFR 1.78.

Drawings
3. Figures 1 ~ 3 should be designated by a legend such as --Prior Art-- because only that

which is old is illustrated. See MPEP § 608.02(g).

4. The drawings are objected to under 37 CFR 1.83(a). The drawings must show every
feature of the invention specified in the claims. Therefore, the contact region in the first

insulating layer must be shown or the feature(s) canceled from the claim(s). No new matter

+ should be entered.

5. The drawings are objected to as failing to comply with 37 CFR 1.84(p)(5) because they
include the following reference sign(s) not mentioned in the description: reference number “455”

in Fig. 4H is not disclosed in the specification. Correction is required.
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Application/Control Number: 09/540,610 Page 3
Art Unit: 2815

6. The drawings are objected to as failing to comply with 37 CFR 1.84(p)(5) because they
do not include the following reference sign(s) mentioned in the description:
On page 20, line 15 and line 17 of the specification refers to conducting layer “320.”
On page 20, line 20 of the specification refers to the dielectric layer “410.”
On page 21, line 13 of the specification refers to a photoresist masking layer “425.”
On page 23, line 6 of the specification refers to the silicon nitride etch stop layer “340.”
On page 24, line 9 of the specification refers to a photoresist material “470.”
On page 27, line 8 of the specification refers to a height “h1.”
On page 27, line 9 of the specification refers to a width “w1.”
Above reference signs are not referenced in the figures.

Correction is required.

7. Applicant is required to submit a proposed drawing correction in reply to this Office

action. However, formal correction of the noted defect can be deferred until the application is

allowed by the examiner.

Specification
+ 8. Applicant is reminded of the proper language and format for an abstract of the disclosure.

The abstract should be in narrative form and generally limited to a single paragraph on a
separate sheet within the range of 50 to 250 words. It is important that the abstract not exceed
250 words in length since the space provided for the abstract on the computer tape used by the
. printer is limited. The form and legal phraseology often used in patent claims, such as "means"
and "said," should be avoided. The abstract should describe the disclosure sufficiently to assist
readers in deciding whether there is a need for consulting the full patent text for details.
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Application/Control Number: 09/540,610 Page 4
Art Unit: 2815

The language should be clear and concise and should not repeat information given in the

title. It should avoid using phrases which can be implied, such as, "The disclosure concerns,"
"The disclosure defined by this invention," "The disclosure describes," etc.

9. The abstract of the disclosure is objected to because it contains legal phraseology such as

“said” and “means”. Correction is required. See MPEP § 608.01(b).

10.  The disclosure is objected to because of the following informalities:

On page 16, lines 14 ~ 18, there are two brief de;criptions for Figure 3. Which brief
description is the brief description of Figure 3?

On pages 24, line 3, “Figure 4(H)” should be --Figure 4(I)--. This is because, the various
reference characters they designate to Figure 4(H) on the page 24 of the specification appear to
be inaccurate. Base on the description, i.e., reference characters 450, 460, etc., it appears that
applicant is describing Figure 4(I). Therefore, the reference to Figure 4(H) should be changed to
Figure 4(I).

The disclosure is missing a detailed description of Figure 4(H).

Appropriate correction is required.

Claim Objections
11.  Claims 25 and 26 are objected to under 37 CFR 1.75(c), as being of improper dependent
- form for failing to further limit the subject matter of a previous claim. Applicant is required to
cance] the claim(s), or amend the claim(s) to place the claim(s) in proper dependent form, or

rewrite the claim(s) in independent form. Further, since claims 25 and 26 depend from canceled
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Application/Control Number: 09/540,610 Page 5
Art Unit: 2815

claim, for purposes of examination claims 25 and 26 will be treated as depending from claim 27.

However, correction is required as mentioned in beginning of this paragraph.

12. Claim 34 is objected to because of the following informalities: spelling error on line 6
and on line 8, “insulative” should be --insulate-- or --insulating--. Appropriate correction is

required.

Claim Rejections - 35 USC § 112

13.  The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the
subject matter which the applicant regards as his invention.

14.  Claims 25 ~ 39 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite
for failing to particularly point out and distinctly claim the subject matter which applicant
regards as the invention.

In claim 1, it can not be determined what the applicant regards as “a contact region in the
first insulating layer.” The instant specification, specifically, the description of Fig. 4(I) discloses
contact regions 460 and 465. However, these contact regions are not placed in the first insulating
layer 420.

Regarding claim 34, this claim appears to be an apparatus claim; therefore, it is not

~ understood why this claim recites the phrase “the steps of”” in the preamble. Further, the claim

recites the limitation "the first and second electrically conductive regions" in lines 8 and 9.

There is insufficient antecedent basis for this limitation in the claim.
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Application/Control Number: 09/540,610 Page 6
Art Unit: 2815

Claim Rejections - 35 USC § 102
15.  The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on
sale in this country, more than one year prior to the date of application for patent in the United States.

16.  Claims 25 and 27 ~ 39 are rejected under 35 U.S.C. 102(b) as being anticipated by
Dennison et al.

Regarding claim 25, Dennison et al. discloses the etch stop layer (20) is silicon nitride
(column 3, line 35).

Regarding claim 27, note Fig. 2 of Dennison et al., where the reference shows a structure
(10), comprising: a conductive layer (12 and column 3, lines 29 ~ 33) disposed over a substrate;
a first insulating layer (18) on the conductive layer; a contact region (the area of 34) in the first
insulating layer; at least one insulating spacer (18) in the contact region adjacent to the first
insulating layer (see Fig. 2); and an etch stop material (20 and column 3, line 35) over the first
insulating layer and adjacent to the insulating spacer (see Fig. 2), the etch stop material being
distinct from the insulating spacer (see Fig. 2 and column 3, lines 32 ~ 38).

Regarding claim 28, Fig. 2 of Dennison et al., where the reference shows the insulating
spacer (18) has a substantially rectangular profile in the contact region (see Fig. 2).

Regarding claims 29 and 36, Fig. 2 of Dennison et al., where the reference shows the
insulating spacer (18) has a surface portion in the contact region without overlying etch stop

material (see Fig. 2).
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Application/Control Number: 09/540,610 Page 7
Art Unit: 2815

Regarding claims 30 and 37, Fig. 2 of Dennison et al., where the reference shows the
insulating spacer (18) surface portion without overlying etch stop material comprises an
insulating spacer surface portion most distant from the substrate (see Fig. 2).

Regarding claim 31, Fig. 2 of Dennison et al., where the reference shows the insulating
spacer (18) has a surface portion in the contact region without overlying etch stop material (see
Fig. 2).

Regarding claims 32 and 38, Fig. 2 of Dennison et al., where the reference shows a
structure (10), further comprising a second insulating layer (28) on the etch stop layer and over
the conductive layer (see Fig. 2).

Regarding claims 33 and 39, Fig. 2A of Dennison et al., where the reference shows a
structure (10), further comprising a second conductive material (40) in the contact region (see
Fig. 2A). |

Regarding claim 34, Fig. 2 of Dennison et al., where the reference shows a structure,
comprising the step of: a first electrically conductive material (24) formed in and/or on a surface
of a substrate; a contact opening (the area of 34) in a region adjacent to a second electrically
conductive material (the area of 40 in Fig. 2A) formed on the substrate; an électrically insulative
spacer (18) in the contact opening adjacent to the second electrically coﬁductive material; an etch
stop layer (20) over the electrically insulative spacer and the first and second electrically
conductive regions (see Fig. 2); a blanket layer (28) over the etch stop layer; and an opening

- through a first part of the etch stop layer to the first electrically conductive region (see Fig. 2).
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Application/Control Number: 09/540,610 Page 8
Art Unit: 2815

Regarding claim 35, Fig. 2 of Dennison et al., where the reference shows the electrically
insulative spacer (18) has a substantially rectangular cross-sectional shape in a plane that is

substantially perpendicular to the substrate surface (see Fig. 2).

Claim Rejections - 35 USC § 103
17.  The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

18.  Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dennison et al. in
view of Gonzalez.

Dennison et al. discloses the claimed invention except the etch stop layer is silicon
dioxide. However, Gonzalez discloses the etch stop layer is silicon dioxide (31 in Fig. 18). Thus,
it would have been obvious to one of ordinary skill in the art at the time when the invention was
made to modify Dennison et al. by using the etch stop layer is silicon dioxide as taught by
Gonzalez. The ordinary artisan would have been motivated to modify Dennison et al. in the
manner described above for at least the purpose of preventing diffusion of element between

layers.
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Conclusion
19.  The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure. Howard and Kimura disclose multi-layer and contact regions in a semiconductor

device.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Chris C. Chu whose telephone number is (703) 305-6194. The
examiner can normally be reached on M-F (9:30 - 6:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Eddie C. Lee can be reached on (703) 308-1690. The fax phone numbers for the
organization where this application or proceeding is assigned are (703) 308-7382 for regular
communications and (703) 308-7722 for After Final communications.

Any inquiry of a generai nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is (703) 308-0956.

Chris C. Chu
Examiner
Art Unijt 2815
c.c.
May 30, 2001
EDDIE LEE v
SUPERVISORY PATENT EXAMINER

TECHNOLOGY CENTER 2800
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FORM PTO 948 (REV. 01-97)

U.S. DEPARTMENT OF COMMERCE-Patent and Trademark Office

o

Application No.

NOTICE OF DRAFTPERSON’S

PATENT DRAWING REVIEW
The drawing filied (insert date@

not objected to by the Draftperson under 37 CFR 1.84 or 1.152.

B.% objected to by the Draftperson under 37 CFR 1.84 or 1.152 as indicated below. The Examiner will require submission of new, corrected

drawings whe necgssary. Corrected drawings must be submitted according to the instructions on the back of this notice

Black ink. Color.

Color drawing are not acceptable until petition is granted.
Fig.(s)

Pencil and non black ink is not permitted. Fig(s)

2. PHOTOGRAPHS. 37 CFR 1.84(b)
Photographs are not acceptable until petition is granted,

3 full-tone sets are required. Fig(s)
Photographs not properly mounted (must brystol board or

photographic double-weight paper). Fig(s)
Poor quailty (half-tone). Fig(s)

3. TYPE OF PAPER. 37 CFR 1.84(c)

Paper not flexible, strong, white and durable.

Fig.(s)
Erasures, alterations, overwritings, interlineations,
folds, copy machine marks not acceptable. (too thin)

Mylar, vellum paper is not acc_ep'lable. (too thin).
Fig(s)

4, SIZE OF PAPER. 37 CFR 1.84(F): Acceptable sizes:
21.0 cm by 29.7 cm (DIN sizeiA4)

21.6cm by 27.9 cm (8 1/2 x 11 inches)

All drawings sheets not the same size.

Sheet(s)

5.MARGINS. 37 CFR 18.4(g): Acceptable margins:

Top 2.5 cm Left 2.5 cm Right 1.5 cm Bottom 1.0 cm
SIZE: A4 Size -

Top 2.5 cm Left 2.5 cm Right 1.5 cm Bottom 1.0 cm

SIZE. 8172 x 11 i ib%

acceptable, Fig(s)
Left (L)
Bottom (B)

2

6. VIEWS. CFR 1.84(h) :
REMINDER: Specification may require revision to
correspond to drawing changes.

——— Views connected by projection lines or lead lines.
Fig(s)

Partial views. 37 CFR 1.84(h)(2)
Brackets needed to show figure as one entity.

Fig.(s) ,
\ﬁews not labeled mmtely or groperly.

Fig.(s) ‘ !% '
Enlarged view not labeled separately or properly.

1. DRAWINGS. 37 CFR 1.84(a): Acceptable categories of drawings:

7. SECTIONAL VIEWS. 37 CFR 1.84(h)(3)

Hatching not indicated for sectional portions of an object.
Fig.(s)

Sectional designation should be noted with Arabic or

Roman numbers. Fig.(s)
8. ARRANGEMENT OF VIEWS. 37 CFR 1.84(i)

Words do not appear on a horizontal, left-to-right fashion when
page is either upright or turned, so that the top becomes the right

side, except for graphs. Fig.(s)
Views not on the same plane on drawing sheet. Fig,(s)
9. SCALE. 37 CFR 1.84(k)

Scale not large enough to show mechansim with crowding
when drawing is reduced in size to two-thirds in reproduction.

~Fig(s)
CTER OF LINES, NUMBERS, & LETTERS. 37 CFR 1.84(l)
\ Lines, numbers & letters not uniformly thick and well defined,

tlean, durable lack (poor line quality).
Fig.(s) . . .

11. SHADING. .37 CFR 1.84(m)
Solid black areas pale. Fig.(s)
Solid black shading not permitted. Fig(s)

Shade lines, pale, rough and blurred. Fig.(s)

BERS, LETTERS, & REFERENCE CHARACTERS.
R 1.48(p)

Numbers and refesezce characters not plain and legible.

A\
e

Figure legends are poor. Fig.(s)

Numbers and reference characters not oriented in the same

direction as the view. 37 CFR 1.84(p)(3) Fig.(s)

Engligh alphabet not used. 37 CFR 1.84(p)(3) Fig.(s)

. Numbers, letters and reference characters must be at least
.32 em (1/8 inch) in height. 37 CFR 1.84(p)(3) Fig.(s)

13.LEAD LINES. 37 CFR 1.84(q)

Lead lines cross each other. Fig.(s)

M

Lead lines missing. “Fig.(s)
14. NUMBERING OF SHEETS OF DRAWINGS. 37 CFR 1 48(()
Sheets not numbered consecutively, and in Ababic numerals

‘beginning with number 1. Fig.(s)
15.NUMBERING OF VIEWS. 37 CFR 1.84(u)
Views not numbered consecutively, and in Abrabic numerals,

beginning with number 1. Fig.(s)

Fig.(s) 16. CORRECTIONS. 37 CFR 1.84(w)
Corrections not made from PTO-948 dated
17.DESIGN DRAWINGS. 37 CFR 1.152
Surface shading shown not appropriate. Fig.(s)
Solid black shading not used for color contrast.
Fig.(s)
COMMENTS
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' REMINDER L

Drawing changes may also require changes in the speciﬁca@:'ion,ue.g.','if:' ,
Fig. Iis changed to Fig. 1A, Fig. IB, Fig. IC, etc., the specification, at the
Brief Description of the Drawings; must likewise be changed: Please make -
such changes by 37 CFR 1. 312 Amendment at the tlme of submlttmg
drawing changes.

INFORMATION ON HOW TO EFFECT DRAWING CHANGES ¢

1. Correction of Informalities--37 CFR 1.85

File new drawings with the changes incorporated-therein. The application number or the title of the invention,
inventor’s name, docket number (if any), and the name and telephone number of a person to call if the Office is
unable to match the drawings to the proper application, should be placed on the back of each sheet of drawings in
accordance with 37 CFR 1 .84(c):-Applicant may delay filing of the new drawmgs until receipt of the Notice of
Allowability (PTOL-37). Extensions of time may be obtained under the provxsnons of 37 CFR 1 .136. The' drawmg
should be filed as a separate paper with a transmittal letter addressed to the Drawmg Rev1ew Branch
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2. Timing of Corrections

Applicantis requrred to submrt acceptable correCted drawmgs within the three-month shortened statutory perlod set |
in the Notice of Allowability (PTOL-37). Ifa correttion is determined to be unacce’plfzible by the Office, applicant -
must arrange'to have acceptable correction resubmitted within the original thréet month perivd to avoid the fiecessity
of obtaining as extension of time. and paymg the extensmn fee. Therefore apphcant should f11e corrected drawmg< :
as soon as! poss1ble R O S o L Y
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Farlure to take correctwe actmn wrthm set (or extended) perrod will result in ABANDONMENT of the Apphcauon

3. Correctlons other than Inﬁormahtles Noted by the Drawing Review Branch on the Formn PTO 948

All ch’m%s o the drawings other than informalities noted by the Drawing Review Brarich, MUST be approved by
the examiner before the application will be allowed. No changes will be permltted to be made, other, than correction
of informalities, unless the examiner has approved the proposed changes. :
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/ O'" & \ TRAW  TTAL LETTER ase No. 10200/12

“ . Client Ref. No. PM95012D
Serifl No, - ‘}1 Filing Date Examiner Group Art Unit
o9/d40,6Md 0 4 2001 =} | Mmarch 31, 2000 Chris C. Chu 2815
Inve {s) g
Nulty . &!y

Title ofW/
STRUCTUR REDUCED LATERAL SPACER EROSION

TO THE COMMISSIONER FOR PATENTS

Transmitted herewith is Transmittal Letter (in duplicate), Amendment and Response, Petition for OneE:H) Momth
Extension of Time, Check for $110 and Return Postcard. \

- o)

Small entity status of this application under 37 CFR § 1.27 has been established by verified statement ﬁ?évioqgly
submitted. " - )

3

[

A verified statement to establish small entity status under 37 CFR §§ 1.9 and 1.27 is enclosed.

o 7

Petition for a one_month extension of time. [

No additional fee is required.

LI X XL

The fee has been calculated as shown below:

Other Than
Small Entity : Small Entity
Claims E Highest No. or '
Remaining . Previously Present Add'l Add'l
After Paid For Extra Rate Fee Rate Fee
Amendment "
Total Minus x $9= X $18=
Indep. Minus X 42 = x $84 =
First Presentation of Multiple Dep. Claim +$140 ) +$280=
Total $ Total | $
add'l fee add'l fee
Please charge Deposit Account No. 23-1925 (BRINKS HOFER GILSON & LIONE) in the amount of $ . A

duplicate copy of this sheet is enclosed.
A check in the amount of $110 to cover the filing fee is enclosed.
The Commissioner is hereby authorized to charge payment of any additional filing fees required under 37 CFR §

1.16 and any patent application processing fees under 37 CFR § 1.17 associated with this communication or credit
any overpayment to Deposit Account No. 23-1925. A duplicate copy of this sheet is enclosed.

X XX O

| hereby petition under 37 CFR § 1.136(a) for any extension of time required to ensure that this paper is timely
filed. Please charge any associated fees which have not otherwise been paid to.Deposit Account No. 23-1925. A
duplicate copy of this sheet is enclosed.

Respectfully submitte

Pall E. Rauch, Ph.D.
Registration No. 38,591
: Attorney for Applicant
BRINKS HOFER GILSON & LIONE .
P.0. BOX 10395 ’
CHICAGO, ILLINOIS 60610
(312) 321-4200

| hereby certify that this correspondence is being deposited with the United States Postal Service as
first class mail, with sufficient postage, in an envelope addressed to: Commissioner for Patents,

_ Washington, D.C. 20231, on October 1, 2001. (@
. s S~
Date: 4 O/ / o1 Signature: /& T~
T \

rev. Dec.-01
Document5
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BHGL Case No. 10200712
Client Ref. No. PM95012D

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Nulty et al.
Serial No: 09/540,610 Examiner: Chris C.Chu
Filed: March 31, 2000 Group Art Unit: 2815
For: STRUCTURE HAVING
REDUCED LATERAL SPACER
EROSION

PETITION AND FEE FOR EXTENSION OF TIME (37 CFR § 1.136(a))

Commissioner for Patents
Washington, D.C. 20231

Dear Sir:

This is a petition for an extension of the time to respond to Office Action dated
June ¥, 2001 for a period of 1 month.

X]  Applicant is:
a small entity, verified statement is:
[] attached
[] already filed
£4/05,/2061, HVUONEL 00000126 09540610
Gi FLoids 110.00 0P
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BHGL A _se No. 10200/12
Client Ref. No. PM95012D

[X]  other than small entity .

Extension Other Than Small Entity
Months Small Entity

One Month $110.00 $55.00

[[]  Two Months $400.00 $200.00

[] Three Months $920.00 $460.00

] Four Months $1,440.00 $720.00

[] Five Months $1,960.00 $980.00

Fee Payment

X]  Attached is a check for $110 for the Petition fee.
Charge Petition fee to Deposit Account No. 23-1925. A duplicate copy of this
Petition is attached.

X Charge any additional fee required or credit for any excess fee paid to Deposit
Account No. 23-1925. A duplicate copy of this Petition is attached.

Respectfully submitted,

Dated: October 1, 2001 @

Paul E. Rauch
Registration No. 38,591

Attorney for Applicant
BRINKS HOFER GILSON & LIONE
P.0. BOX 10395
CHICAGO, IL 60610 .
(312) 321-4200 N

Rev. Oct.-01
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| hereby Cedify $ correspondence is being
deposited with nited States Postal Service, with
sufficient postage, as first class mail in an envelope
addressed to:

Commissioner for Patents

Washington, D.C. 20231

on October 1, 2001
Date of Deposit

Paul E. Rauch, Ph.D., Reg. No. 38,501
Name of applicant, assignee or

Registered Repr ve
Signature

October 1, 2001
Date of Signature

Our Case No. 10200/12
Client Ref. No. PM95012D

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: )
)
Nulty et al. )
Examiner Chris C. Ch
Serial No. 09/540,610 ; @ u
N ) Group Art Unit No. 2815
Filing Date: March 31, 2000 ) _
For STRUCTURE HAVING REDUCED )
LATERAL SPACER EROSION ;

AMENDMENT AND RESPONSE

Commissioner for Patents
Washington, D.C. 20231

Dear Sir;

Responsive to the Office Action mailed June 1, 2001, Applicants respectfully
request reconsideration in light of the following amendments and remarks.

IN THE SPECIFICATION

 Please insert the following statement in the application on page 1, before line 1:
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+This application is a divisional of ajppli ation Ser. No. 08/577,751, now U.S. Pat.
— 155 en MM 23, 10 —
y No. 6,066,555, filed December 22, 1995.-;” N
R

Please replace the following paragraphs:

| pg. 1,In. 19-pg. 2,In. 9

At several stages of the fabrication of semiconductor devices, it is necessary to
make openings in the dielectric to allow for contact to underlying regions or layers.
Generally, an opening through a dielectric exposing a diffusion region or an opening
through a dielectric layer between polysilicon and a first metal layer is called a “contact

ﬂg opening”, while an opening in other oxide layers such as an opening through an
intermetal dielectric layer is referred to as a “via”. For purposes of the claimed
invention, henceforth “contact opening” or “contact region” will be used to refer to
contact openings and/orvia. The opening may expose a device region within the silicon
substrate, such as a source or drain, or may expose some other layer or structure, for
example, an underlying metallization layer, local interconnect layer, or structure such as
a gate. After the opening has been formed exposing a portion of the region or layer to
be contacted, the opening is generally cleaned with a sputter etch, e.g., a Radio-
Frequency (“RF”) sputter etch, and then the opening is filled with a conductive material
deposited in the opening and in electrical contact with the underlying region or lgyer.

bg}#, In. 23-pg. 5,In. 3
—

T The preceding discussion focused on the making of openings; e.g., contact
openings, in dielectric material on a semi-conductor substrate. The same principles are
used in constructing device regions with a dielectric layer or layers. As geometries

6‘% shrink, the forming of discrete devices on a semiconductor substrate becomes more
specialized. Specialized deposition and etching techniques permit the density of
sémiconductor elements on a single chip to greatly increase, which translates into larger

memory, faster operating speeds, and reduced production costs.
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z/pg. 6, In. 4-8 -
| ~Pe-5 48

— Figure 1 illustrates a self-aligned contact. 130 between two gate structures.

Figure 1(A) is a planar top view of the contact 130. Figure 1(B) is a planar cross-

ﬁ# sectional view of the self-aligned contact 130 between a pair of gates taken through line
1(B) of Figure 1(A). Figure 1(C) is a planar cross-sectional view of the self-aligned
contact 130 between a pair of gates taken through line 1(C) of Figure 1(A).

@ 6, In. QTE

The self-aligned contact 130 is a contact to a source or drain diffusion region (n+

or p+ silicon) 140 that can overlap the edge of the diffusion region 140 without shorting
out to a well beneath the diffusion region 140. This can be seen most illustratively
through Figure 1(C). In Figure 1(C), the contact 130 does not lie directly in the diffusion
region 140, but is misaligned and slightly overlaps the field oxide (designated by FOX in
Fig. (1C). In this illustration, the self-aligned contact 130 is not directly over the diffusion
region 140 but extends over (i.e., overlaps) a well portion 170. The self-aligned contact
130 does not short to the well portion 170 because the self-aligned contact 130 is

separated from the well 170 by the field oxide.

(/ ]pg.6, [n.18-23
The self-aligned contact 130 is separated from a conducting polysilicon layer 110

by an encapsulating dielectric layer 120 such that the contact 130 can also overlap the
polysilicon layer 110 without making electrical contact to the layer 110 or gate. The

- polysilicon layer 110 is separated from the source/drain diffusior‘i region 140 by a
dielectric spacer or shoulder 150 of the same or different dielectric material as the

dielectric layer 120 directly above the conducting polysilicon layer 110.

- Pt e

\/pg. 6, In.24-pg. 7,In. 8
A distinct dielectric etch stop layer 125 overlies the encapsulating dielectric layer
120. The etch stop layer 125 permits subsequent etching of the substrate without risk

of exposing the device structures and layers because the device structuring and layers

N
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are protected from excessive etching by the etch stop layer 125. The diffusion contact
is self-aligning because the structure can be etched to the substrate over the
source/drain diffusion region 140 while the dielectric spacer 150 protects the polysilicon
layer 110. Even if a photoresist that protects the polysilicon layer 110 from the etchant
is misaligned with respect to the polysilicon layer 110, the dielectric spacer 150 prevents
shorts to the polysilicon layer 110 when the contact 130 is provided for the diffusion

region 140.

PP ——

. pg.7,In. 1122

The current practice with respect to forming contact regions, particularly self-
aligned contact regions, that are in electrical contact with gates, interconnect lines, or
other structures in small feature size structures is to utilize etchants with high selectivity

-to protect underlying regions, like the etch stop layer and the first insulating layer.
Figure 2 illustrates a typical prior art process of forming a self-aligned contact region
adjacent to a gate. In Figure 2(A), a gate oxide layer 210 is formed on a substrate 200
with a conducting layer, for example a polysilicon layer 220, overlying the gate oxide
layer 210, and an insulating layer, for example a TEOS layer 230, overlying the
polysilicon layer 220. Adjacent to the polysilicon layer 220 is a contact opening region
270. The polysilicon layer 220 is separated from the contact region 270 by an insulating
spacer portion, for example a TEOS spacer portion 235. A separate insulating or etch
stop layer, for example a silicon nitride layer 240, overlies the TEOS layer 230 and the
contact region 270. A blanket layer, for example a doped insulating layer like a

BPTEOS layer 250, planarly overlies the etch stop layer 240.

(/'/
: E? In. 23-pg. 8, In.a

\/ A layer of photoresist material 280 overlies the planarized BPTEOS layer 250 to

expose the contact opening 270. In Figure 2(A), a contact opening 270 has been
opened through.the BPTEOS layer 250. The etchant utilized to make the opening had
a high selectivity toward BPTEOS relative to silicon nitride. When the contact opening
270 was formed through the BPTEOS material, the etchant did not etch or did not

effectively etch the silicon nitride layer 240 material. Hence, the description of the

SAMSUNG-1002.092



silicon nitride layer 240 is described as an etch stop layer. The silicon nitride etch stop

Y
éb layer 240 protected the underlying TEOS layer 230 and spacer portion 235 so that the

Bl

polysilicon layer 220 completely encapsulated.
o

o=
| pg.8,In. 6-13

/

Figure 2(A) illustrates an etch 260 to remove the silicon nitride etch stop layer
240. In the etch 260 illustrated in Figure 2(A), a high selectivity etch toward silicon
nitride relative to the underlying TEOS layer 230 material is practiced to efficiently etch
the silicon nitride layer 240 and to protect the underlying TEOS layer 230 from the
etchant. An example of a high selectivity etch recipe to effectively strip silicon nitride as
compared to the TEOS layer is 30 sccm CHF3 and 30 sccm O, at 60 mtorr and 100
watts of power. The result of the high selectivity etch is illustrated in Figure 2(B).

el

59,8, In. 14-In. 23 |

Figure 2(B) shows that the silicon nitride selective etch effectively removed
silicon nitride layer 240 from the contact opening 270. The selective etch for silicon
nitride compared to TEOS material, however, left the TEOS layer 230 with a spacer
portion 235 wherein the spacer portion 235 is sloping or tapered toward the contact
opening 270. This result follows even where the spacer portion 235 is originally
substantially rectangular as in Figure 2(A). The properties of the highly selective etch of
the overlying etch stop layer 240 will transform a substantially rectangular spacer into a
sloped spacer. Figure 2(B) presents a polysilicon layer 220 encapsulated in a TEOS
layer 230 with a spacer portion 235 adjacent to the contact opening 270, the spacer -

~ portion 235 having an angle 290 that is less than 85°.

,«»’/

E_é, In. 24-pg. 9, In. 10 /

In addition to providing stopping points or selectivity between materials, the use
- of high selectivity etches to form sloped spacer portiohs is the preferred practice
because the sloped shape will result in good step coverage by the metal that is
deposited into it. The filling of contact openings or gaps (i.e., gap fill) is an important

consideration because it relates directly to the reliability of a device. If an opening is not
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completely filled with an insulative material, for example, and a gap is created, a
subsequent conductive material deposit can fill the gap which can lead to shorting.
Sloped contact openings are easier to completely fill than boxy structures because the
% (/ transition between sloped structures and openings is smooth compared to the abrupt
transitions between boxy structures and openings. Because of concerns for complete
gap fill and good step coverage, industry preference is for sloped spacers and planar

deposition layers similar to that shown in Figure 2(B).

—

| pg. 9, In. 11-26

t/”’.ﬁ . . . . .

Once the contact opening is made, the opening is cleaned with a sputter etch,

e.g., an RF sputter etch, before conductive material is added to fill the opening or gap.
The RF sputter etch that is used to clean the contact opening in the process described
above will attack and erode a portion of the insulating spacer surrounding the
conducting portion and adjacent to the contact region. Figure 3 illustrates a prior art

6? substrate with a gate and a contact region undergoing an RF sputter etch 380. In

Figure 3, a gate oxide 310 is formed on a substrate 300 with a polysilicon layer 320
overlying the gate oxide 310 and an insulating layer, for example a TEOS layer 330
overlying the polysilicon layer 320. A distinct insulating layer, for example a silicon
nitride etch stop layer 340, overlies the TEOS layer 330 and this etch stop layer 340 is
covered by a third insulating layer, for example a BPTEOS blanket layer 350. Adjacent
to the gate is a contact region 360. An etch of the silicon nitride etch stop layer 340 with
a high selectivity etch for silicon nitride relative to the underlying TEOS layer material
produced a gate with a sloping or tapered spacer portion 370 of TEOS material,
“illustrated in ghost lines. A subsequent RF sputter etch 380 is utilized to clean the

contact region 360.

L/-pi;.ﬂo, In. 1@ |
Although brief and designed to clean the contact region, the RF sputter etch 380
will erode a portion of the insulating TEOS spacer portion 370. The dynamics of the
sputter etch 380 are that it proceeds vertically, directing high-energy particles at the
contact region. The sloping or tapered spacer portion 370 adjacent the polysilicon layer
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320 and separating the polysilicon layer 320 from the contact region 360 is struck by the
high-energy particles of the RF sputter etch 380. Because the spacer portion 370 is
sloping or diagonal, a significant surface area portion of the spacer portion 370 is
directly exposed to the high-energy particles from the RF sputter etch 380. Further, with
sloping spacers, or spacers having an angle relative to the substrate surface of less
than 85° the vertical portion of the dielectric layer (i.e., that portion above the polysilicon
layer 320) decreases much less than the diagonal portion of the spacer. In terms of
measuring TEOS material removal during the RF sputter etch 380 in Figure 3, the
difference between d; and d; is greater than the difference between v; and vo. Thus, in
conventional prior art self aligned contact structures, the diagonal thickness of the

ﬁ ;]/ TEOS spacer portion 370, rather than the vertical thickness of the TEOS layer 330,
determines the minimum insulating layer thickness for the gate.

e T

l ] pg. 10, In. 17-pg. 11, In. 5
For gate structures having minimum diagonal insulative spacer portions of 500 A

or less, the result of the sputter etch 380 is that the sputter etch 380 laterally erodes the
diagonal portion of the TEOS spacer portion 370 adjacent to the contact region to a
point where the polysilicon layer 320 is no longer isolated from the contact region 360
by an insulating layer. In that case, there is a short circuit through the underlying
conductive material when the contact region 360 is filled with conductive material. This
result follows because the conventional RF sputter etch 380 utilized for cleaning the
contact region 360 results in an approximately 200-500 A loss of the spacer material.
Further, process margins generally require that the device spacer have a final minimum
thickness (after all etches, doping, and deposits) of at least 500 A. Thus, eliminating
alignment sensitivity for conventional small feature size structures; including self-aligned
+ contact structures, requires a final (i.e., at the time of contact deposition) minimum
insulating spacer of more than 500 A and preferably on the order of 1000-1500 A or
greater to fulfill requirements for an adequate process margin, complete gap fill, and

device reliability.
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pg. 11, In. 6-pg. 12, In. 2

To construct structures having a minimum insulative spacer portion of more than
500 A directly effects the number of structures that can be placed on a device, such as
a chip. The construction of structures having a minimum insulative spacer portion of
more than 500 A requires that the pre-etch-stop-etch spacer be bigger or thicker to yield
an effective spacer after the etching processes. In such cases, the structures must be
separated a distance such that the contact area opening is sufficient enough for an
effective contact. This sbacing requirement directly limits the number of structures that
can be included on a device. In small feature size structures, particularly structures
utilizing self-aligned contacts, the width of contact openings is approximately 0.6
microns at the top of the planarized layer and 0.2 microns at the base of the contact
opening. Figure 3 indicates the difference in contact opening widths for the same
contact in prior art structures. wy represents the width at the top of the planarized layer
and w; represents the width at the base of the contact region 360. Further, an aspect
ratio can be defined as the height of a structure (field oxide plus conductive layer plus
first insulative layer plus etch stop layer, if any) relative to the width of the base of a
contact opening (i.e., the distance between adjacent spacers). Typical aspect ratios for
self-aligned contact structures target ratios of 1.0-2.4. This prior art range is not
achievable with any device reliability. To achieve aspect ratios of 1.0-2.4 requires
minimum spacer portions of less than 1000 A and preferably on the order of 500 A. As
noted above, the minimum spacer portions required for aspect ratios of 1.0-2.4 cannot
withstand the sputter etch and will result in the exposure of the underlying polysilicon

gate and short circuiting with the contact.

pg. 13, In. 2-19

The invention relates to a process for minimizing lateral spacer erosion of an

insulating layer on an enclosed contact region, and a device including a contact opening

with a small alignment tolerance relative to a gate electrode or other structure. The
process provides high quality contacts between a conductive material in the contact

region and a device region, such as a source or drain, or some other layer or structure.
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The process comprises the well known step of forming a conductive layer on the
semiconductor body adjacent a contact region. This is followed by the forming of a first
insulating layer adjacent said conductive layer and the contact region. A selected area
is masked with photoresist and the first insulating layer and the conductive layer are
etched to form a device structure, such as a gate, adjacent the contact region. Next,
X insulating lateral spacers are added to the device structure to isolate the conductive

'ﬁ portion of the device. The insulating spacers are etched so that the device comprises
an insulating layer overlying a conductive layer with a lateral spacer portion adjacent the
contact region wherein the spacer portion has a substantially rectangular profile. A
distinct insulating layer or etch stop layer is then formed adjacent to the first insulating
layer and over the contact region. A third insulating layer or blanket layer is then
optionally formed over the etch stop layer. The blanket layer may or may not be

_ planarized.

2 pg. 16, In. 5-9 -

Figure 1 illustrates a self-aligned contact to a diffusion region. Figure 1(A) is a

planar top view of the self-aligned contact. Figure 1(B) is a cross-sectional planar side
view of the self-aligned contact taken through line 1(B) of Figure 1(A). Figure 1(C)is a
cross-sectional planar side view of the self-aligned contact taken through line 1(C) of
Figure 1(A).

qg
ﬁ ] Eg 16, In. 10-12 |

_+—  Figure 2 is a cross-sectional side view illustrating the formatlon of a prior art
contact opening. Figure 2(A) illustrates a high selectivity etch of an etch stop insulating
layer, and Figure 2(B) illustrates the results of that etch.

/pg. 16, In. 13-14
~——~  Figure 3 is a cross-sectional side view of a prior art contact opening formation

during a sputter cleaning etch.
\

“x\\
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Figure 4(E) illustrates a cross-sectional planar side view of a series of gates

pg. 17, In.

/0 encapsulated with insulating material, wherein the diffusion regions are implanted with,

for example, a silicide.

L!pg. 17,In. 12-15

Figure 4(F) illustrates a cross-sectional planar side view of a series of gates
encapsulated with insulating material and an insulating etch stop layer overlying the

insulating material.

e .
pg. 17, In. 23-pg. 18, In. 2

Figure 4(l) illustrates a cross-sectional planar side view of a series of gates
encapsulated with insulating material, an etch stop layer overlying the insulating
material, a distinct planarized insulating blanket layer overlying the etch stop layer, and
contact opénings etched through the blanket layer above the diffusion regions, but
ﬂ/ / separated from the diffusion regions by the etch stop layer.

..'//-""7'
L’@. 18, In. 3-7 |

Figure 4(J) illustrates a cross-sectional planar side view of a series of gates
encapsulated with insulating material, an etch stop layer overlying the insulating
material, a distinct planarized insulating blanket layer overlying the etch stop layer, and

contact openings to the diffusion regions.

: L pg. 19, In. 2-15

The invention is a device and a process whereby there is provided a contact

opening with no alignment sensitivity relative to a gate electrode or other structure such
ﬁ 7 that the gate electrode does not fall within the contact opening but remai'ns isolated from
. the contact opening by an insulating layer. The structure contemplated by the invention
is an effective device for small feature size structures, particularly self-aligned contacts,

10 @)
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because it is capable of maintaining high quality contacts between the conductive
material in the contact region and the underlying device region, such as a source or
drain, or some other layer or structure with minimum contact opening base widths (i.e.,

ﬁ/’ﬂ at the base of the contact openings) of 0.2 microns and minimum contact opening
widths of 0.5 microns when measured from the top of a planarized layer, minimum
encapsulating layer thicknesses of 400 A, and aspect ratios (i.e., height of structure
including the etch stop layer relative to the width of the base of a contact opening
between the spacers) in the range of 1.0-2.4.

e

L ~_pg.20,1In. 5-18 ——— —

Figure 4 presents a cross-sectional view of the preparation of a series of gates or
transistors on a semiconductor substrate surface. Referring to Figure 4(A), the
semiconductor substrate 400 can be either p- or n-type, and includes diffusion regions
405, such as sources or drains, that are heavily doped with the opposite dopant type of
the substrate. An n-type first conducting layer 415 of polysilicon doped by implantation
with phosphorous to a resistivity of 50-200 ohms/square is deposited over the diffusion

%t 3 regions 405. The polysilicon layer 415 is deposited by low pressure CVD (“LPCVD")
using an LPCVD tube and SiH, gas at 200-400 mtorr with a thickness of 2000-3000 A.
It should be appreciated by those skilled in the art that this conducting layer 415 could
instead be a p-type conducting layer or a metallic conductor of, for example, W, Mo, T4,
and/or Ti, or that this conducting layer 415 could also be a silicide, consisting of WSiy,
MoSi,, TaSi,, PtSi, PdSi, or that this conducting layer 415 can further be a layered
. structure consisting of a silicide on top of doped polysilicon.

} @ 20, In. 19-pg. 21, In. 2 |

. The polysilicon layer 415 overlays an insulating dielectric layer 410 such as
doped or undoped silicon dioxide. The dielectric layer 410 may comprise a single oxide,
or several layers formed by various methods. For example, one or more layers of oxide
may be deposited by plasma enhanced chemical vapor deposition (“PECVD”), thermal
CVD (“TCVD"), atmospheric pressure CVD (“APCVD"), subatmospheric pressure CVD

11
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(“SACVD"), utilizing, for example, TEOS and oxygen, or TEOS and ozone chemistries.
As used herein, reference to, for example, a PECVD TEOS oxide denotes an oxide
layer deposited by PECVD utilizing TEOS chemistry. Additionally, one or more layers of
dielectric layer 410 may be a spin-on-glass (“SOG”) layer.

B atm—

1 ~_Pg. 21,1In. 13-23

AlY

Referring further to Figure 4(A), a photoresist masking layer 425 is deposited
over the TEOS dielectric layer 420. The photoresist masking layer 425 is patterned to
enable exposure of diffusion regions 405 in the semiconductor substrate. Referring to
Figure 4(B), a series of photolithographic etches are performed to remove the TEOS
layer 420 material and the polysilicon layer 415 from the diffusion regions 405 to form
contact openings. The etches are performed using a parallel plate plasma etcher with a
power of 200-300 watts. First, a fluorocarbon photolithographic etch, CHF3/C,Fg at 50
mtorr, is performed to remove the insulating TEOS material from areas adjacent to and
including the diffusion regions 405. This is followed by a single polysilicon
photolithographic etch using a chlorine plasma (Clz/He) to define a polysilicon

conducting layer 415 above the transistor or gate regions.

[

[@D

pg. 22, In. 5-20

Referring to Figures 4(C) and 4(D), spacers are formed between the polysilicon
layer 415 of the gates and the contact openings by depositing an additional of conformal
layer of TEOS material 430 over the structure and etching spacer portions extending

. into the contact openings and adjacent to the polysilicon layer 415 approximately

1500 A in width. The spacer portions 435 of the TEOS layer 430 are demarked by

ghost lines in Figure 4(D). The spacers 435 serve to insulate the polysilicon layers 415

from the conducting material that will fill the contact openings and prevent the gates

from overlapping the diffusion regions 405. The spacers 435 serve to completely

encapsulate the polysilicon layers 415 of the individual gates. As shown in Figure 4(C),
care is taken to etch the spacers 435 such that the spacers 435 have a substantially

rectangular profile. This is accomplished using a low bias and high pressure etch (2.8
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torr, 140 sccm He, 30 sccm CHF3, 90 sccm CF4, and 850 watts power), that results in
low polymer formation. At this point, the preferred embodiment of the invention
contemplates that the TEOS layer can have a minimum vertical width of approximately
3000 A and spacers with a minimum width of approximately 1000 A.

ﬁlé/ [:Cpg. 22,1n. 2125 |

Referring to Figure 4(E), the diffusion regions 405 are next implanted with a
suitable dopant utilizing conventional techniques. The dopant may be implants of
arsenic, phosphorous, or boron. Subsequently, silicides, for example WSi; and TiSiy,
may also be formed. Figure 4(E) illustrates silicide formation 445 in the diffusion

regions 405.

{ [pg- 23, In. 1@ |
Referring to Figure 4(F), overlying the TEOS layer 420 is deposited a second

distinct dielectric or etch stop layer 440, in this example, a silicon nitride (SixNy) layer
440, with a total thickness of 700 angstroms. It should again be appreciated by those of
ordinary skill in the art that this silicon nitride layer 440 could instead be an insulating
layer of, for example, silicon dioxide, SiO2, ONO, or SiOxN,(H). Additionally, the silicon
nitride etch stop layer 440 may be undoped or may be doped, for example with boron,
phosphorous, or both, to form, for example, borophosphosilicate glass (“‘BPSG”), 3
phosphosilicated glass (“PSG”), and borophosphosilicate tetraethyl orthosilicate

("BPTEOS”). Further, the etch stop layer 440 may comprise a single silicon nitride layer

or several layers formed by various methods. It is important that the etch stop layer 440

. be different or distinct from the underlying insulating layer.

L ég 23,1In. 13-18 ‘
The invention contemplates that at this point the structure has an aspect ratio of

1.0-2.4. As used herein, an aspect ratio is defined as the ratio of the height of a contact

opening measured to the top of the horizontal portion of the etch stop layer 440 to the

base width of the contact opening between the insulating spacers 435. For example, an
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embodiment of the invention contemplates contact opening heights of 5300 A (0.53 um)

relative to widths of 0.32 um to give aspect ratios of 1.6.

! Lfg 23,In. 19-pg. 24, In, 2
Referring to Figure 4(G), an optional dielectric blanket layer 450 is next deposited

adjacent to the etch stop layer 440. The blanket layer 450 may or may not be

% /6 planarized. In Figure 4(G), the blanket layer 450 is planarized. The planarized blanket

layer 450 facilitates the formation of an interconnect layer that might later be deposited

over the contact regions. The blanket layer 450 in Figure 4(G) is a doped silicate glass,
for example BPTEOS. It should be appreciated by those of ordinary skill in the art that

this BPTEOS layer 450 could instead be another doped insulating layer of, for example,
BPSG or PSG, or an undoped insulating layer of silicon dioxide, SiO2, ONO, or SiOxNy.

Further, the blanket layer 450 may comprise a single oxide, like BPTEOS, or several

layers formed by various methods.

— Next, as shown in Figure 4(H), a photoresist pattern or mask layer 455 is
deposited adjacent to the blanket layer 450 such that the diffusion regions 405 can be
exposed. This is followed by a photolithographic etch of the BPTEOS blanket layer 450
in the contact openings. The etch is a fluorocarbon photolithographic etch (7 sccm
CHF3, 6 sccm Freon 134a) at 29 mtorr. The etch reveals a pair of contact openings 460
and 465 above the diffusion regions 405, as shown in Figure 4(l).

[ [pg. 24,1n. 6-15 |

Referring to Figure 4(J), a photoresist material (not shown) is overlayed in
contact opening 465 adjacent to the etch stop layer 440 to protect the etch stop material
{in contact opening 465 from a subsequent photolithographic etch to remove the etch
stop layer 440. Next, a photolithographic etch, (900 mtorr, 100 sccm, He, 85 sccm
CoFs, and 225 watts power using a Lam 4400 Series plasma etching system) is
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performed to remove the etch stop layer 440 from contact opening 460. The etch
conditions for this etch are low bombardment/high neutral flux conditions.

[pg. 24,1n. 1@

Figure 4(K) is a close-up view of the cross-sectional portion of contact opening
f)’{ 460 in Figure 4(J). The etch proceeds anisotropically, primarily removing etch stop
material lying in a horizontal plane relative to the vertical direction of the etchant ions.
The etchant removes material primarily from the base of the contact opening 460, and
does not remove all of the etch stop material adjacent to the spacer portion 435 of the
TEOS layer 420. Thus, the remaining etch stop material adjacent to the spacer portion
435 of the TEOS layer 420 serves as additional spacer material to insulate the
polysilicon layer 415 from a conductive contact that will subsequently be added to the

contact opening 460.

B//Qg. 25, In. 1-9

The etchant utilized to remove silicon nitride from the contact opening 460 has a
low selectivity for etching the silicon nitride material compared to the underlying TEOS
layer 420. The use of an etchant with a low selectivity for silicon nitride relative to

/él b TEOS does not significantly destroy the TEOS layer spacer portion 435. The low
selectivity etch yields a TEOS layer spacer portion 435 that retains a rectangular or
“boxy” profile. Figure 4(K) illustrates that only a small portion 475 (illustrated in ghost
lines) of the TEOS layer spacer portion 435 is removed during the vetch. Of primary
significance, the spacer portion 435 of the TEOS layer 420 retains its substantially

rectangular profile.

b
?pg. 25,1In. 10-15

It is to be appreciated that the described etch stop layer etch conditions (i.e., low
selectivity, low bombardment/high neutral flux) are exemplary of etch conditions that
result in the retention of a boxy spacer. The invention relates to these process

15
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conditions as well as others that result in the retention of a boxy spacer. Thus, the etch-
stop etch conditions should be regarded in an illustrative rather than restrictive sense.

i ?pg. 25, In. 16-pg. 26, In. 2

— The silicon nitride etch stop layer etch is followed by a sputter etch to clean the
contact opening 460. In a currently preferred erhbodiment, the sputter etch is carried
out in an atmosphere of argon, a 8 mtorr pressure, with a 1000 volt bias. In a currently
preferred embodiment, the sputter etch is carried out in a commercially available system
such as the Applied Materials Endura 5500 systems. Alternatively, any system having a
sputter etch mode may be used to practice the invention. As will be appreciated by a
person of ordinary skill in the art, the parameters can be varied considerably while still
achieving the objects of the invention. In a currently preferred embodiment, the etch is
designed to etch approximately 200 A per minute as measured on thermal oxide.
Because of the retention of a substantially rectangular or “boxy” spacer portion 435, the
sputter etch does not significantly erode the spacer portion 435 of the TEOS layer 420.

[

pg. 26, In. 8-10

Figure 4(L) presents a cross-sectional planar side view of the structure of the
invention wherein conductive contacts 480 have been deposited in the contact openings
460.

f } pg. 26, In. 11 -24
The process described above yields a structure wherein first and second

conductive layers (e.g., polysilicon layers) are separated by a contact opening with an
area defined in the semiconductor substrate. An insulating layer is adjacent to and

-encapsulates the first and second conductive layers. The invention contemplates that

the insulating layer has spacer portions between the conductive layers and the contact
opening. The invention contemplates that high quality contacts can be achieved

wherein the spacer portions have a minimum insulative material thickness of 400 A. In

~ the preferred embodiment, the spacer portions of the insulating material further have
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substantially rectangular profiles. The invention also contemplates that a portion of the
etch stop layer material may remain adjacent to the spacer portion of the insulating
layer following an anisotropic etch of the etch stop material with a low selectivity etch for
the etch stop material relative to the insulating layer material. The result is a contact
opening with spacer sidewalls comprised, at least potentially, of a portion of etch stop

layer material.

o) [@ 27,n. 10 [

The invention contemplates that effective contact openings may have base
widths as small as 0.2 ym (and as small as 0.5 ym when measured from the top of the
optional planarized layer), and base areas as small as 0.1 ym? Thus, the invention
contemplates aspect ratios for effective contact openings of 1.0-2.4, wherein an aspect
ratio is defined as the ratio of the height of a contact opening measured to the top of the
horizontal portion of the etch stop layer 440 to the base width of the contact opening
between the spacers. Figure 4(L) illustrates a height, h, and a width, w, from which an

aspect ratio may be calculated for a contact region.

—
Please delete the text on pg. 16, In. 15-16.

L Please replace the Abstract on page 33 with the following new Abstract:

A process for minimizing lateral spacer erosion of an insulating layer adjacent to a

contact region and an apparatus whereby there is provided a contact opening with a small

alignment tolerance relative to a gate electrode or other structure are disclosed. The

process includes the steps of forming a conductive layer on a semiconductor body, then
depositing an insulating layer adjacent to the conductive layer. Next, substantially
rectangular insulating spacers are formed adjacent to the gate electrode. An etch stop
layer is deposited adjacent the insulating layer, followed by an etch to rembve the etch
stop layer material from the contact region. This etch is conducted under conditions
wherein the etch removes the etch stop layer, but retains the substantially rectangular
lateral spacer profile of the first insulating layer. The apparatus is capable of maintaining

high quality contacts between the conductive material in the contact region and an
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underlying device region such as a source or drain, or some other layer or structure, and is
ﬁ/? an effective structure for small feature size structures, particularly self-aligned contact

structures.

e

iN THE CLAIMS

Please amend the claims as follows:

0o C«\>
25. (Twice\Amended) The semiconductor apparatus of claim 27 wherein said etch

silicon nitride.

26. (Twice Amended) The semiconductor apparatus of claim 27 wherein said etch

stop layer comprises siligon dioxide.

SL*b 34. (Once Amended) A structure, comprising:
\
) /

(a) a first electrically conductive material formed in and/or on a surface of a

substrate;

(b) a contact opening in a region adjacent to a second electrically conductive

%‘% material formed on the\substrate;
(c) an electrically {nsulative spacer in the contact opening adjacent to the second

electrically conductive material;
(d) an etch stop matgrial over the electrically insulative spacer and the first and
/ second electrically conductivg materials, the etch stop material being distinct from the

- insulative spacer;
(e) a blanket layer over thg etch stop material; and

(f) an opening through a first part of the etch stop material to the first electrically

conductive material.

-1
\ : SUPPORT FOR AMENDMENT

The specification has been amended to correct inadvertent typographical and

grammatical errors and to add appropriate reference numerals at various places in the
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specification in conformance with the parent application. Appendix A attached herewith is
a marked-up version of the changes made in the replacement paragraphs. The Abstract
has been amended for proper language format. A marked-up version of the Abstract is
attached herewith as Appendix B. Claims 25-26 have been amended to depend from
claim 27. The preamble of claim 34 has been amended to correct a typographical error.
The amendment of part (d) of claim 34 is supported by claim 27. Appendix C, attached
herewith, is a marked-up version of the changes made to the claims. No new matter has

been added. Claims 25-39 are pending.

REMARKS

The present invention relates to a semiconductor device with well defined contact
openings. At several stages of the fabrication of semiconductor devices, it is necessary to
make openings in the dielectric to allow for contact to underlying regions or layers. The
current practice with respect to forming contact openings, particularly self aligned contact
openings, is to utilize etchants with high seléctivity to protect underlying regions. However,
the properties of a highly selective etch of the overlying etch stop layer will transform a
substantially rectangular spacer adjacent to the contact region into a sloped spacer, such
that the spacer is sloping or tapered toward the contact opening. Before the conductive
material is added to the contéct opening, the opening is cleaned with a sputter etch. The
sputter etch will erode a portion of the sloped insulating spacer.

Therefore, in conventional self-aligned contact structures, the diagonal thickness of
the spacer, rather than the vertical thickness of the insulating layer, determines the
minimum insulating layer thickness for the gate. The sloping spacers limit the number of
structures that can be included on a device. | ‘

The present invention avoids this problem by retaining the substantial_ly rectangular
profile of the insulating spacers. The present invention includes at least one insulating
spacer in the contact region and an etch stop material over the first insulating layer and
adjacent to the insulating spacer, the etch stop material being distinct from the insulating

spacer.
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Rejections under 35 U.S.C. § 102 and 103

The rejection of the claims under 35 U.S.C. § 102 and 103 over Dennison et al.
(U.S. Pat. No. 5,338,700), either alone or in combination with Gonzalez (U.S. Pat. No.
5,234,856), is respectfully traversed. Dennison et al. describes a barrier layer rather

than an etch stop material, and does not suggest that it is a distinct material from the

insulating spacer.
Dennison et al. describes a method of forming a bit line over a capacitor array of

memory cells. The semiconductor wafer of Dennison et al. has an array of electrically
isolated word lines 12, 14 and 16 having insulating spacers and caps 18 (Figure 1).
The spacers and caps 18 preferably comprise an insulative nitride, such as SizN4 (col.
3, In. 33-34). The reference further states “a thin layer 20 of SizNy is provided atop the
wafer to function as a diffusion barrier” (col. 3, In. 34-36). Dennison et al. does not
teach or suggest that the spacers and caps 18 and diffusion barrier 20 are distinct
materials, but rather that 18 and 20 are the same material. Furthermore, since 20 is

described as a diffusion barrier, not an etch stop, there would be no reason to use a

material distinct from the spacer 18.

Gonzalez describes a dynamic random access memory cell having a stacked-
trench capacitor that is resistant to alpha particle generated soft errors. Gonzalez only
describes silicon dioxide in spacers 31 (col. 5, In. 10-12).

The claimed invention includes an etch stop material that is distinct from the

insulating spacer. The barrier layer of Dennison et al. is described as SizNg4, the same

material as the spacers. Furthermore, there is no suggestion that they be formed from
distinct materials since the barrier layer is not intended to function as an etch stop layer.

‘Gonzalez does not correct this deficiency.
Therefore, Applicants submit that Dennison et al., alone or in combination with

Gonzalez, does not anticipate nor make obvious the claimed invention. Withdrawal of

the rejection of the claims on these grounds is respectfully requested.
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Rejections under 35 U.S.C. § 112

The rejections of claims 25-33 under 35 U.S.C. § 112 second paragraph is
respectfully traversed. Applicants submit that the contact regions 460 and 465 are in
the first insulating layer 420 as illustrated in Figures 4(1)-4(K). Withdrawal of this

rejection is respectfully requested.
The rejection of claims 34-39 under 35 U.S.C. § 112 second paragraph has been

obviated by appropriate amendment.

Claim objections
Claims 25-26 were objected to for failing to further limit the subject matter of

claim 27. Applicants respectfully traverse this objection since claims 25-26 specify the

material comprising the etch stop layer, which is not specified in the claim from which
they depen‘d. Withdrawal of the objection on these grounds is respectfully requested.
The objection to claims 25-26 for depending from cancelled claim 23 has been
obviated by appropriate amendment.
Applicants submit that the word “insulative” in claim 34 is not misspelled as
evidenced by the definition of “insulative” from the Oxford English Dictionary, attached

herewith. Withdrawal of the objection to claim 34 is respectfully requested.

Obijections to the drawings

The drawings were objected to for several informalities, and these objections are
addressed by the corrected drawings filed herewith and appropriate amendment to the
specification, except as noted below. ,

) Applicants submit that the contact region 460 and 465 are in the first insulating
-Iayer 420, shown in Figures 4(1)-4(K). Withdrawal of this objection to the drawings is
respectfully requested.

Applicants request permission to amend the figures as shown in red on copies of
Figures 3 and 4(A)-4(L) attached herewith. | |

Therefore, withdrawal of the objections to the drawings is respectfully requested.

21‘ ‘K()
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Obijections to the specification

The objection to the abstract has been obviated by appropriate amendment.

The specification has been amended to delete the second description of Figure 3
in the brief description of the drawings on pg. 16, In. 15-16.

Applicants note that the detailed description of Figure 4(H) is found on pg. 24, In.
3-6. The detailed description of Figure 4(l) is found on pg. 24, In. 6-8. Reference to
Figure 4(1) has been added. Withdrawal of the objection to the specification on these
grounds is respectfully requested.

In light of the amendments and remarks, Applicants respectfully submit that the
present application is in condition for allowance. Early notice of such action is earnestly

solicited.

Respectfully submitted,

/ﬂ/@\
Paul E. Rauch, Ph.D.

Registration No. 38,591
Attorney for Applicant

T—

BRINKS HOFER GILSON & LIONE
P.O. BOX 10395

CHICAGO, ILLINOIS 60610

(312) 321-4200
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APPENDIX A

pg. 1,In.19-pg. 2,In. 9

At several stages of the fabrication of semiconductor devices, it is necessary to
make openings in the dielectric to allow for contact to underlying regions or layers.
Generally, an opening through a dielectric exposing a diffusion region or an opening
through a dielectric layer between polysilicon and a [the] first metal layer is called a
“contact opening", while an opening in other oxide layers such as an openihg through
an intermetal dielectric layer is referred to as a “via”. For purposes of the claimed
invention, henceforth “contact opening” or “contact region” will be used to refer to
contact openings and/or via. The opening may expose a device region within the silicon
substrate, such as a source or drain, or may expose some other layer or structure, for
example, an underlying metallization layer, local interconnect layer, or structure such as
a gate. After the opening has been formed exposing a portion of the region or layer to
be contacted, the opening is generally cleaned with a sputter etch, e.g., a Radio-
Frequency (“RF") sputter etch, and then the opening is filled with a conductive material

deposited in the opening and in electrical contact with the underlying region or layer.

pg. 4, In. 23-pg. 5, In. 3

The preceding discussion focused on the making of openings, e.g., contact
openings, in dielectric material on a semi-conductor substrate. The same principles are
used in constructing device regions with a dielectric layer or layers. As geometries
shrink, the forming of discrete [discreet] devices on a semiconductor substrate becomes
more specialized. Specialized deposition and etching techniques permit the density of
“semiconductor elements on a single chip to greatly increase, which translates into larger

memory, faster operating speeds, and reduced production costs.

pg. 6, In. 4-8 '
Figure 1 illustrates a self-aligned contact 130 between two gate structures.

Figure 1(A) is a planar top view of the contact 130. Figure 1(B) is a planar cross-
sectional view of the [a] self-aligned contact 130 between a pair of gates taken through
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line 1(B) of Figure 1(A). Figure 1(C) is a planar cross-sectional view of the [a] self-
aligned contact 130 between a pair of gates taken through line 1(C) of Figure 1(A).

pg. 6, In. 9-17

The self-aligned contact 130 is a contact to a source or drain diffusion region (n+
or p+ silicon) 140 that can overlap the edge of the diffusion region 140 without shorting
out to a [the] well beneath the diffusion region 140. This can be seen most illustratively
through Figure 1(C). In Figure 1(C), the contact 130 does not lie directly in the diffusion
region 140, but is misaligned and slightly overlaps the field oxide (designated by FOX in
Fig. (1C). In this illustration, the self-aligned contact 130 is not directly over the diffusion
region 140 but extends over (i.e., overlaps) a well portion 170. The self-aligned contact

130 does not short to the well portion 170 because the self-aligned contact 130 is
separated from the well 170 by the field oxide.

pg. 6, In. 18-23

The self-aligned contact 130 is separated from a conducting polysilicon layer 110
by an encapsulating dielectric layer 120 such that the contact 130 can also overlap the
polysilicon layer 110 without making electrical contact to the layer 110 or gate. The
polysilicon layer 110 is separated from the source/drain diffusion region 140 by a
dielectric spacer or shoulder 150 of the same or different dielectric material as the
dielectric layer 120 directly above the conducting polysilicon layer 110.

pg. 6, In. 24-pg. 7, In.8

A distinct dielectric etch stop layer 125 overlies the encapsulating dielectric layer
120. The etch stop layer 125 permits subsequent etching of the substrate without risk
of exposing the device structures and layers because the device structuring and layers
are protected from excessive etching by the etch stop layer 125. The diffusion contact
is self-aligning because the structure can be etched to the substrate ovér the
source/drain diffusion region 140 while the dielectric spacer 150 protects the polysilicon
layer 110. Even if a photoresist that protects the polysilicon layer 110 from the etchant
is misaligned with respect to the polysilicon layer 110, the dielectric spacer 150 prevents
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shorts to the polysilicon layer 110 when the contact 130 is provided for the diffusion

region 140.

pg. 7,. In. 11-22

The current practice with respect to forming contact regions, particularly self-
aligned contact regions, that are in electrical contact with gates, interconnect lines, or
other structures in small feature size structures is to utilize etchants with high selectivity
to protect underlying regions, like the etch stop layer and the first insulating layer.
Figure 2 illustrates [demonstrates] a typical prior art process of forming a self-aligned
contact region adjacent to a gate. In Figure 2(A), a gate oxide layer 210 is formed on a

substrate 200 with a conducting layer, for example a polysilicon layer 220, overlying the

- gate oxide layer 210, and an insulating layer, for example a TEOS layer 230, overlying

the polysilicon layer 220. Adjacent to the polysilicon layer 220 is a contact opening
region 270. The polysilicon layer 220 is separated from the contact region 270 by an
insulating spacer portion, for example a TEOS spacer portion 235. A separate
insulating or etch stop layer, for example a silicon nitride layer 240, overlies the TEOS
layer 230 and the contact region 270 [250]. A blanket layer, for example a doped
insulating layer like a BPTEOS layer 250, planarly overlies the etch stop layer 240.

pg. 7,In. 23-pg. 8,In. 5

A layer of photoresist material 280 overlies the planarized BPTEOS layer 250 to
expose the contact opening 270. In Figure 2(A), a contact opening 270 has been
opened through the BPTEOS layer 250. The etchant utilized to make the opening had

“a high selectivity toward BPTEOS relative to silicon nitride. When the contact opening

270 was formed through the BPTEOS material, the etchant did not etch or did not
effectively etch the silicon nitride layer 240 material. Hence, the description of the
silicon nitride layer 240 is described as an etch stop layer. The silicon nitride etch stop
layer 240 protected the underlying TEOS layer 230 and spacer portion 235 so that the

polysilicon layer 220 [remains] completely encapsulated.
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pg. 8, In. 6-13

Figure 2(A) illustrates an etch 260 to remove the silicon nitride etch stop layer
240. In the etch 260 illustrated in Figure 2(A), a high selectivity etch toward silicon
nitride relative to the underlying TEOS layer 230 material is practiced to efficiently etch
the silicon nitride layer 240 and to protect the underlying TEOS layer 230 from the
etchant. An example of a high selectivity etch recipe to effectively strip silicon nitride as
compared to the TEOS layer is 30 sccm CHF3 and 30 sccm O, at 60 mtorr and 100
watts of power. The result of the high selectivity etch is illustrated in Figure 2(B).

pg. 8, In. 14-In. 23

Figure 2(B) shows that the silicon nitride selective etch effectively removed
silicon nitride layer 240 from the contact opening 270. The selective etch for silicon
nitride compared to TEOS material, however, left the TEOS layer 230 with a spacer
portion 235 wherein the spacer portion 235 is sloping or tapered toward the contact
opening 270. This result follows even where the spacer portion 235 is originally
substantially rectangular as in Figure 2(A). The properties of the highly selective etch of
the overlying etch stop layer 240 will transform a substantially rectangular spacer into a
sloped spacer. Figure 2(B) presents a polysilicon layer 220 encapsulated in a TEOS
layer 230 with a spacer portion 235 adjacent to the contact opening 270, the spacer

portion 235 having an angle 290 that is less than 85°.

pg. 8, In. 24-pg. 9, In. 10

In addition to providing stopping points or selectivity between materials, the use
of high selectivity etches to form sloped spacer portions is the preferred practice
because the sloped shape will result in good step coverage by the metal that is
deposited into it. The filling of contact openings or gaps (i.e., gap fill) is an important
consideration because it relates directly to the reliability of a device. If an opening is not
completely filled with an insulative material, for example, and a gap is created, a
subsequent conductive material deposit can fill the gap which can lead to shorting.
Sloped contact openings are easier to completely fill than boxy structures because the

26 &j\

SAMSUNG-1002.114



transition between sloped structures and openings is smooth compared to the abrupt
transitions between boxy structures and openings. Because of concerns for complete
gap fill and good step coverage, industry preference is for sloped spacers and planar

deposition layers similar to that shown in Figure 2(B [b]).

pg. 9, In. 11-26

Once the contact opening is made, the opening is cleaned with a sputter etch,
e.g., an RF sputter etch, before conductive material is added to fill the 0p'ening or gap.
The RF sputter etch that is used to clean the contact opening in the process described
above will attack and erode a portion of the insulating spacer surrounding the
conducting portion and adjacent to the contact region. Figure 3 jllustrates [presents] a
prior art substrate with a gate and a contact region undergoing-an RF sputter etch 380.
In Figure 3, a gate oxide 310 is formed on a substrate 300 with a polysilicon layer 320
overlying the gate oxide 310 and an insulating layer, for example a TEOS layer 330
overlying the polysilicon layer 320. A distinct insulating layer, for example a silicon
nitride etch stop layer 340, overlies the TEOS layer 330 and this etch stop layer 340 is
covered by a third insulating layer, for example a BPTEOS blanket layer 350. Adjacent
to the gate is a contact region 360. An etch of the silicon nitride etch stop layer 340 with
a high selectivity etch for silicon nitride relative to the underlying TEOS layer material
produced a gate with a sloping or tapered spacer portion 370 of TEOS material,
ilustrated in ghost lines. A subsequent RF sputter etch 380 is utilized to clean the

contact region 360.

~pg. 10, In. 1-16

Although brief and designed to clean the contact region, the RF sputter etch 380
will erode a portion of the insulating TEOS spacer portion 370. The dynamics of the
sputter etch 380 are that it proceeds vertically, directing high-energy particles at the
bontact region. The sloping or tapered spacer portion 370 adjacent the polysilicon Jayer
320 and separating the polysilicon layer 320 from the contact [diffusion] region 360 is
struck by the high-energy particles of the RF sputter etch 380. Because the spacer

portion 370 is sloping or diagonal, a significant surface area portion of the spacer
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portion 370 is directly exposed to the high-energy particles from the RF sputter etch
380. Further, with sloping spacers, or spacers having an angle relative to the substrate
surface of less than 85° the vertical portion of the dielectric layer [(](i.e., that portion
above the polysilicon layer 320 [gate]) decreases much less than the diagonal portion of
the spacer. In terms of measuring TEOS material removal during the RF sputter etch
380 in Figure 3, the difference between dy and d- is greater than the difference between
vy and va. Thus, in conventional prior art self aligned contact structures, the diagonal
thickness of the TEOS spacer portion 370, rather than the vertical thickness of the
TEOS layer 330, determines the minimum insulating layer thickness for the gate.

pg. 10,In.17-pg. 11,In. 5

For gate structures having minimum diagonal insulative spacer portions of 500 A
or less, the result of the sputter etch 380 is that the sputter etch 380 laterally erodes the
diagonal portion of the TEOS spacer portion [layer] 370 adjacent to the contact region to
a point where the polysilicon layer 320 is no longer isolated from the contact region 360
by an insulating layer. In that case, there is a short circuit through the underlying
conductive material when the contact region 360 [opening] is filled with conductive
material. This result follows because the conventional RF sputter etch 380 utilized for

cleaning the contact region 360 results in an approximately 200-500 A loss of the
spacer material. Further, process margins generally require that the device spacer
have a final minimum thickness (after all etches, doping, and deposits) of at least 500 A.
Thus, eliminating [to eliminate] alignment sensitivity for conventional small feature size
structures, including self-aligned contact structures, requires a final (i.e., at the time of
contact deposition) minimum insulating spacer of more than 500 A and preferably on
the order of 1000-1500 A or greater to fulfill requirements for an adequate process

margin, complete gap fill, and device reliability.

pg. 11, In. 6-pg. 12, In. 2
To construct structures having a minimum insulative spacer portion of more than
500 A directly effects the number of structures that can be placed on a device, such as

a chip. The construction of structures having a minimum insulative spacér portion of
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more than 500 A requires that the pre-etch-stop-etch spacer be bigger or thicker to yield
an effective spacer after the etching processes. In such cases, the structures must be
separated a distance such that the contact area opening is sufficient enough for an
effective contact. This spacing requirement directly limits the number of structures that
can be included on a device. In small feature size structures, particularly structures
utilizing self-aligned contacts, the width of contact openings is approximately 0.6
microns at the top of the planarized layer and 0.2 microns at the base of the contact
opening. Figure 3 indicates the difference in contact opening widths for the same
contact in prior art structures. wy represents the width at the top of the planarized layer
and w; represents the width at the base of the contact region 360 [opening]. Further, an
aspect ratio can be defined as the height of a structure (field oxide plus conductive layer
plus first insulative layer plus etch stop layer, if any) relative to the width of the base of a
contact opening (i.e., the distance between adjacent spacers). Typical aspect ratios for
self-aligned contact structures target ratios of 1.0-2.4. This prior art range is not
achievable with any device reliability. To achieve aspect ratios of 1.0-2.4 requires
minimum spacer portions of less than 1000 A and preferably on the order of 500 A. As
noted above, the minimum spacer portions required for aspect ratios of 1.0-2.4 cannot
withstand the sputter etch and will result in the exposure of the underlying polysilicon

gate and short circuiting with the contact.

pg. 13, In. 2-19

The invention relates to a process for minimizing lateral spacer erosion of an
insulating layer on an enclosed contact region, [is disclosed] and a device including a
. contact opening with a small alignment tolerance relative to a gate electrode or other
structure. The process provides high quality contacts between a conductive material in
the contact region and a device region, such as a source or drain, or some other layer
or structure. The process comprises the well known step of forming a conductive layer
on the semiconductor body adjacent a contact region. This is followed by the forming of
a first insulating layer adjacent said conductive layer and the contact region. A selected
area is masked with photoresist and the first insulating layer and the conductive layer

are etched to form a device structure, such as a gate, adjacent the contact region.
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Next, insulating lateral spacers are added to the device structure to isolate the
conductive portion of the device. The insulating spacers are etched so that the device
comprises an insulating layer overlying a conductive layer with a lateral spacer portion
adjacent the contact region wherein the spacer portion has a substantially rectangular
profile. A distinct insulating layer or etch stop layer is then formed adjacent to the first
insulating layer and over the contact region. A third insulating layer or blanket layer is
then optionally formed over the etch stop layer. The blanket layer may or may not be

planarized.

pg. 16, In. 5-9

Figure 1 illustrates [is a planar view of] a self-aligned contact to a diffusion
region. Figure 1(A) is a planar top view of the [a] self-aligned contact. Figure 1(B) is a
cross-sectional planar side view of the [a] self-aligned contact taken [to diffusion]
through line 1(B) of Figure 1(A). Figure 1(C) is a cross-sectional planar side view of the
[a] self-aligned contact taken [to diffusion] through line 1(C) of Figure 1(A).

pg. 16, In. 10-12

Figure 2 is a cross-sectional side view illustrating [of] the formation of a prior art
contact opening [formation]. Figure 2(A) illustrates a high selectivity etch of an etch
stop insulating layer, and Figure 2(B) illustrates the results of that etch.

pg. 16, In. 13-14
Figure 3 is a cross-sectional side view [of the formation] of a prior art contact

opening formation during a sputter cleaning etch.

pg. 17, In. 9-11

Figure 4(E) illustrates a cross-sectional planar side view of a series of gates

encapsulated with insulating material, wherein the diffusion regions are implanted with,

for example, a silicide [and an insulating etch stop layer overlying the insulating

’ \

material].
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pg. 17, In. 12-15
Figure 4(F) illustrates a cross-sectional planar side view of a series of gates

encapsulated with insulating material and an insulating etch stop layer overlying the
insulating material[, wherein the diffusion region is implanted to include a silicide].

pg. 17, In. 23-pg. 18, In. 2

Figureb 4(1) illustrates a cross-sectional planar side view of a series of gates
encapsulated with insulating material, an etch stop layer overlying'the insulating
material, a distinct planarized insulating blanket layer overlying the etch stop layer, and
contact openings etched through the blanket layer above the diffusion regions, but

separated from the diffusion regions by the etch stop layer.

pg. 18, In. 3-7

Figure 4(J) illustrates a cross-sectional planar side view of a series of gates
encapsulated with insulating material, an etch stop layer overlying the insulating
material, a distinct planarized insulating blanket layer overlying the etch stop layer, and
[a] contact openingg to the [a] diffusion regions [and a second contact opening through
the blanket layer but separated from the diffusion region by an etch stop layer].

pg. 19, In. 2-15

The invention is a device and a process whereby there is provided a contact
opening with [a] no alignment sensitivity relative to a gate electrode or other structure
such that the gate electrode does not fall within the contact opening but remains
isolated from the contact opening by an insulating layer. The structure contemplated by
the invention is an effective device for small feature size structures, particularly self-
aligned contacts, because it is capable of maintaining high quality contaéts between the
conductive material in the contact region and the underlying device region, such as a
source or drain, or some other layer or structure with minimum contact opening base
widths (i.e., at the base of the contact openings) of 0.2 microns and minimum contact

: !
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opening widths of 0.5 microns when measured from the top of a planarized layer,
minimun: encapsulating layer thicknesses of 400 A, and aspect ratios (i.e., height of
structure including the etch stop layer relative to the width of the base of a contact
opening between the spacers) in the range of 1.0-2.4.

pg. 20, In. 5-18

Figure 4 presents a cross-sectional view of the preparation of a series of gates or
transistors on a semiconductor substrate surface. Referring to Figure 4(A), the
semiconductor substrate 400 can be either p- or n-type, and includes diffusion regions
405, such as sources or drains, that are heavily doped with the opposite dopant type of
the substrate. An n-type first conducting layer 415 of polysilicon dopéd by implantation
with phosphorous to a resistivity of 50-200 ohms/square is deposited over the diffusion
regions 405. The polysilicon layer 415 is deposited by low pressure CVD (“LPCVD")
using an LPCVD tube and SiH, gas at 200-400 mtorr with a thickness of 2000-3000 A.
It should be appreciated by those skilled in the art that this conducting layer 415 could
instead be a p-type conducting layer or a metallic conductor of, for example, W, Mo, Ta,
and/or Ti, or that this conducting layer 415 [320] could also be a silicide, consisting of
WSi,, MoSi,, TaSi,, PtSi, PdSi, or that this conducting layer 415 [320] can further be a

layered structure consisting of a silicide on top of doped polysilicon.

pg. 20, In. 19-pg. 21, In. 2
The polysilicon layer 415 overlays an insulating dielectric Iayer 410 such as
“doped or undoped silicon dioxide. The dielectric layer 410 may comprise a single oxide,
or several layers formed by various methods. For example, one or more layers of oxide
may be deposited by plasma enhanced chemical vapor deposition (‘PECVD”), thermal
CVD (“TCVD"), atmospheric pressure CVD (“APCVD"), subatmospheric pressure CVD
(“SACVD"), [for example] utilizing, for example, TEOS and oxygen, or TEOS and ozone
chemistries. As used herein, reference to, for example, a PECVD TEOS oxide denotes
an oxide layer deposited by PECVD utilizing TEOS chemistry. Additionally, one or more
layers of dielectric layer 410 may be a spin-on-glass (“SOG”) layer.

32 | |
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pg. 21, In. 13-23

Referring further to Figuré 4(A), a photoresist masking layer 425 is deposited
over the TEOS dielectric layer 420. The photoresist masking layer 425 is patterned to

enable exposure of [exposes] diffusion regions 405 in the semiconductor substrate.
Referring to Figure 4(B), a series of photolithographic etches are performed to remove
the TEOS layer 420 material and the polysilicon layer 415 from the diffusion regions 405
to form [or] contact openings [regions]. The etches are performed using a parallel plate
plasma etcher with a power of 200-300 watts. First, a fluorocarbon photolithographic
etch, CHF3/C2Fs at 50 mtorr, is performed to remove the insulating TEOS material from

areas adjacent to and including the diffusion [or contact] regions 405. This is followed

by a single polysilicon photolithographic etch using a chlorine plasma (Cl./He) to define
a polysilicon conducting layer 415 above the transistor or gate regions.

pg. 22, In. 5-20

Referring to Figures 4(C) and 4(D), spacers are formed between the polysilicon
layer 415 of the gates and the contact openings [regions] by depositing an additional of
conformal layer of TEOS material 430 over the structure and etching spacer portions
extending into the contact openings and adjacent to the polysilicon layer 415
approximately 1500 A in width. The spacer portions 435 of the TEOS layer 430 are
demarked by ghost lines in Figure 4(D). The spacers 435 serve to insulate the
polysilicon layers 415 from the conducting material that will fill the contact openings and
prevent the gates from overlapping the diffusion regions 405. The spacers 435 serve to
completely encapsulate the polysilicon layers 415 of the individual gates. As shown in
* Figure 4(C), care is taken to etch the spacers 435 such that the spacers 435 have a
substantially rectangular profile. This is accomplished using a low bias and high
pressure etch (2.8 torr, 140 sccm He, 30 sccm CHF3, 90 sccm CF4, and 850 watts

power), that results in low polymer formation. At this point, the preferred embodiment of
the invention contemplates that the TEOS layer can have a minimum vertical width of

approximately 3000 A and spacers with a minimum width of approximately 1000 A.
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pg. 22, In. 21-25

Referring to Figure 4(E), the diffusion regions 405 are next implanted with a
suitable dopant utilizing conventional techniques. The dopant may be implants of
arsenic, phosphorous, or boron. Subsequently, silicides, for example WSi; and TiSis,
may also be formed. Figure 4(E) illustrates silicide formation 445 in the diffusion

regions 405.

pg. 23, In. 1-12

Referring to Figure 4(F), overlying the TEOS layer 420 is deposited a second
distinct dielectric or etch stop layer 440, in this example, a[n] silicon nitride (SixNy) layer
440, with a total thickness of 700 angstroms. It should again be appreciated by those of
ordinary skill in the art that this silicon nitride layer 440 could instead be an insulating
layer of, for example, silicon dioxide, SiO2, ONO, or SiOxNy(H;). Additionally, the silicon
nitride etch stop layer 440 [340] may be undoped or may be doped, for example with
boron, phosphorous, or both, to form, for example, borophosphosilicate glass (‘BPSG"),
phosphosilicated glass (“PSG"), and borophosphosilicate tetraethyl orthosilicate
("BPTEOS”). Further, the etch stop layer 440 may comprise a single silicon nitride layer
or several layers formed by various methods. It is important that the etch stop layer 440

be different or distinct from the underlying insulating layer.

~pg. 23, In. 13-18 |

The invention contemplates that at this point the structure has an aspect ratio of
1.0-2.4. As used herein, an aspect ratio is defined as the ratio of the height of a contact
opening measured to the top of the horizontal portion of the etch stop layer 440 to the
base width of the contact opening between the insulating spacers 435. For example, an
embodiment of the invention contemplates contact opening heights of 5300 A (0.53 pm)

relative to widths of 0.32 pm to give aspect ratios of 1.6.
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pg. 23, In. 19-pg. 24, In. 2

Referring to Figure 4(G), an optional dielectric blanket layer 450 is next deposited
adjacent to the etch stop layer 440. The blanket layer 450 may or may not be
planarized. In Figure 4(G), the blanket layer 450 is planarized. The planarized blanket
layer 450 facilitates the formation of an interconnect layer that might later be deposited
over the contact regions. The blanket layer 450 in Figure 4(G) is a doped silicate glass,
for example BPTEOQOS. It should be appreciated by those of ordinary skill in the art that
this BPTEOS layer 450 could instead be another doped insulating layer of, for example,
BPSG or PSG, or an undoped insulating layer of silicon dioxide, SiO2, ONO, or SiOxNy.
Further, the blanket layer 450 may comprise a single oxide, like BPTEOS, or several

layers formed by various methods.

pg. 24, In. 3-8

Next, as shown in Figure 4(H), a photoresist pattern or mask layer 455 is
deposited adjacent to the blanket layer 450 such that [the contact regions overlying] the
diffusion regions 405 can be [are] exposed. This is followed by a photolithographic etch
of the BPTEOS blanket layer 450 in the contact openings [regions]. The etchis a
fluorocarbon photolithographic etch (7 sccm CHF3, 6 sccm Freon 134a) at 29 mtorr.
The etch reveals a pair of contact openings [regions] 460 and 465 above the diffusion

regions 405, as shown in Figure 4(1).

+ pg. 24, In. 9-15 |

Referring to Figure 4(J), a photoresist material (not shown) [470] is overlayed in
contact opening 465 adjacent to the etch stop layer 440 to protect the etch stop material
in contact opening 465 from a subsequent photolithographic etch to remove the etch
stop layer 440. Next, a photolithographic etch, (300 mtorr, 100 sccm, He, 85 sccm
CoFe, and 225 watts power using a Lam 4400 Series plasma etching system) is
performed to remove the etch stop layer 440 from contact opening 460. The etch

conditions for this etch are low bombardment/high neutral flux conditions.
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pg. 24, In. 16-24 _7

Figure 4(K) is a close-up view of the cross-sectional portion of contact opening
460 in Figure 4(J). The etch proceeds anisotropically, primarily removing etch stop
material lying in a horizontal plane relative to the vertical direction of the etchant ions.
The etchant removes material primarily from the base of the contact opening [region]
460, and does not remove all of the etch stop material adjacent to the spacer portion
435 of the TEOS layer 420. Thus, the remaining etch stop material adjacent to the
spacer portion 435 of the TEOS layer 420 serves as additional spacer material to
insulate the polysilicon layer 415 from a conductive contact that will subsequently be

added to the contact opening [region] 460.

pg. 25, In. 1-9

The etchant utilized to remove silicon nitride from the contact opening [region]
460 has a low selectivity for etching the silicon nitride material compared to the
underlying TEOS layer 420. The use of an etchant with a low selectivity for silicon
nitride relative to TEOS does not significantly destroy the TEOS layer [420] spacer
portion 435. The low selectivity etch yields a TEOS layer [420] spacer portion 435 that
retains a rectangular or “boxy” profile. Figure 4(K) illustrates that only a small portion
475 (illustrated in ghost lines) of the TEOS layer [420] spacer portion 435 is removed
during the etch. Of primary significance, the spacer portion 435 of the TEOS layer 420

retains its substantially rectangular profile.

pg. 25, In. 10-15

It is to be appreciated that the described etch stop layer etch conditions (i.e., low
selectivity, low bombardment/high neutral flux [flax]) are exemplary of etch conditions
that result in the retention of a boxy spacer. The invention relates to these process
conditions as well as others that result in the retention of a boxy spacer. Thus, the etch-
stop etch conditions should be regarded in an illustrative rather than restrictive sense.
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pg. 25, In. 16-pg. 26, In. 2

The silicon nitride etch 'stop layer [440] etch is followed by a sputter etch to clean
the contact opening 460. In a currently preferred embodiment, the sputter etch is
carried out in an atmosphere of argon, a 8 mtorr pressure, with a 1000 volt bias. In a
currently preferred embodiment, the sputter etch is carried out in a commercially
available system such as the Applied Materials Endura 5500 systems. Alternatively,
any system having a sputter etch mode may be used to practice the invention. As will
be appreciated by a person of ordinary skill in the art, the parameters can be varied
considerably while still achieving the objects of the invention. In a currently preferred
embodiment, the etch is designed to etch approximately 200 A per minute as measured
on thermal oxide. Because of the retention of a substantially rectangular or “boxy”
spacer portion 435, the sputter etch does not significantly erode the spacer portion 435
of the TEOS layer 420.

pg. 26, In. 8-10

Figure 4(L) presents a cross-sectional planar side view of the structure of the
invention wherein [a] conductive contacts 480 have been deposited in the contact

openings 460.

pg. 26, In. 11-24

The process described above yields a structure wherein first and second

. conductive layers (e.g., polysilicon layers) are separated by a contact opening [region]

with an area defined in the semiconductor substrate. An insulating layer is adjacent to
and encapsulates the first and second conductive layers. The invention contemplates
that the insulating layer has spacer portions between the conductive layers and the

~ contact opening [region]. The invention contemplates that high quality contacts can be

achieved wherein the spacer portions have a minimum insulative material thickness of
400 A. In the preferred embodiment, the spacer portions of the insulating material
further have substantially rectangular profiles. The invention also contemplates that a
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portion of the etch stop layer material may remain adjacent to the spacer portion of the
insulating layer following an anisotropic etch of the etch stop material with a low
selectivity etch for the etch stop material relative to the insulating layer material. The
result is a contact opening with spacer sidewalls comprised, at least potentially, of a

portion of etch stop layer material.

pg. 27, In. 1-9

The invention contemplates that effective contact openings may have base
widths as small as 0.2 ym (and as small as 0.5 yum when measured from the top of the
optional planarized layer), and base areas as small as 0.1 ym?. Thus, the invention
contemplates aspect ratios for effective contact openings of 1.0-2.4, wherein an aspect
ratio is defined as the ratio of the height of a contact opening measured to the top of the
horizontal portion of the etch stop layer 440 to the base width of the contact opening
between the spacers. Figure 4(L) illustrates a height, h, and a width, w, from which an
aspect ratio may be calculated for a contact region[, and a height hy, and a width, wy,

from which an aspect ratio may be calculated for a contact region].
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APPENDIX B

ABSTRACT

A process for minimizing lateral spacer erosion of an insulating layer adjacent to a
contact region and an apparatus whereby there is provided a contact opening with a small
alignment tolerance relative to a gate electrode or other structure are disclosed. The
process includes the steps of forming a conductive layer on a [said] semiconductor body,
then depositing an insulating layer adjacent to the conductive layer. Next, substantially
rectangular insulating spacers are formed adjacent to the gate electrode. An etch stop
layer is deposited adjacent the [said] insulating layer, followed by an etch to remove the
etch stop layer material from the contact region. This etch is conducted under conditions
wherein the etch removes the etch stop layer, but retains the substantially rectangular
lateral spacer profile of the first insulating layer. The apparatus is capable of maintaining
high quality contacts between the conductive material in the contact region and an [the]
underlying device region such as a source or drain, or some other layer or structure, and is

an effective structure for small feature size structures, particularly self-aligned contact

structures.
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APPENDIX C

25. (Once Amended) The semiconductor apparatus of claim 27 [23] wherein said

etch stop layer comprises silicon nitride.

26. (Once Amended) The semiconductor apparatus of claim 27 [23] wherein said

etch stop layer comprises silicon dioxide.

34. (Amended) A structure, comprising [the steps of]:
(a) a first electrically conductive material formed in and/or on a surface of a

substrate;

(b) a contact opening in a region adjacent to a second electrically conductive
material formed on the substrate;

(c) an electrically insulative spacer in the contact opening adjacent to the second
electrically conductive material;

(d) an etch stop [layer] material over the electrically insulative spacer and the first

and second electrically conductive [regions] materials, the etch stop material being distinct

from the insulative spacer;
(e) a blanket layer over the etch stop [layer] material; and
(f) an opening through a first part of the etch stop [layer] material to the first

electrically conductive [region] material.
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09/540,610 NULTY ET AL.
Office Action Summary Examiner A Unit
Chris C. Chu 2815
-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing dateof this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
NX Responsive to communication(s) filed on Qctober 4, 2001 .
2a)X] This action is FINAL. 2b)[C] This action is non-final.

3)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parfe Quayle, 1935 C.D. 11, 453 O.G. 213,

Disposition of Claims
4)X Claim(s) 25 -39 is/are pending in the application.
43a) Of the above claim(s) is/are withdrawn from consideration.
5] Claim(s) _____is/are allowed.
8)X] Claim(s) 25 - 39 is/are rejected.
(s)
(s

7)[] Claim(s) ______is/are objected to.
8)[] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers
9)[] The specification is objected to by the Examiner.
10)[] The drawing(s) filed on is/are: a)[] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
1)[] The proposed drawing correction filed on _____is: a)[_] approved b)[_] disapproved by the Examiner.
If approved, corrected drawings are required in reply to this Office action.
12)[] The oath or declaration is objected to by the Examiner. ‘
Priority under 35 U.S.C. §§ 119 and 120
g 13.)§I:| Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)JAll b)[J Some * ¢)[[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ___

3.[J Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)[C] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) [] The translation of the foreign language provisional application has been received.
15)(X) Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.
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DETAILED ACTION

Response to Amendment

1. The amendment filed on October 4, 2001 has been received and entered in this
office action.

Amend claims: 25, 26, and 34.
Claim Rejections - 35 USC § 102

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publicatibn in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

3. Claims 25 and 27 ~ 39 are rejected under 35 U.S.C. 102(b) as being anticipated
by Dennison et al.

Regarding claim 25, Dennison et al. discloses the etch stop layer (20) is silicon
nitride (column 3, line 35). |

Regarding claim 27, note Fig. 2 of Dennison et al., where the reference shows a
structure (10), comprising: a conductive layer (12 and column 3, lines 29 ~ 33) disposed
over a substrate; a first insulating layer (18) on the conductive layer; a contact region (the
area of 34) in the first insulafing layer; at least one insulating spacer (18) in the contact

region adj acent to the first insulating layer (see Fig. 2); and an etch stop material (20 and
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column 3, line 35) over the first insulating layer and adjacent to the insulating spacer (see
Fig. 2), the etch stop material being distinct from the insulating spacer (see Fig. 2 and
column 3, lines 32 ~ 38).

Regarding claim 28, Fig. 2 of Dennison et al., where the reference shows the
insulating spacer (18) has a substantially rectangular profile in the conlact region (see
Fig. 2).

Regarding claims 29 and 36, Fig. 2 of Dennison et al., where the reference shows
the insulating spacer (18) has a surface portion in the contact region without overlying
etch stop material (see Fig. 2).

Regarding claims 30 and 37, Fig. 2 of Dennison et al., where the reference shows
the insulating spacer (18) surface portion without overlying etch stop material comprises
an insulating spacer surface portion most distant from the substrate (see Fig. 2).

Regarding claim 31, Fig. 2 of Dennison et al., where the reference shows the
insulating spacer (18) has a surface portion in the conta;:t region without overlying etch
stop material (see Fig. 2).

Regarding claims 32 and 38, Fig. 2 o’f Dennison et al., where the reference shows
a structure (10), further comprising a second insulating layer (28) on the etch stop layer
and over the conductive layer (see Fig. 2).

Regarding claims 33 and 39, Fig. 2A of Dennison et al., whére the reference
shows a structure (10), further comprising a second conductive material (40)'in the
contact region (see Fig. 2A).

Regarding claim 34, Fig. 2 of Dennison et al., where the reference shows a

structure, comprising the step of: a first electrically conductive material (24) formed in
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and/or on a surface of a substrate; a contact opening (the area of 34) in a region adjacent
to a second electrically conductive material (the.area of 40 in Fig. 2A) formed on the
substrate; an electrically insulative spacer (18) in the contact opening adjacent to the
second electrically conductive material (see Fig. 2); an etch stop material (20) over the
electrically insulative spacer and the first and second electrically conductive materials
(see Fig. 2), the etch stop material being distinct from the insulative spacer (see Fig. 2); a
blanket layer (28) over the etch stop material; and an opening through a first part of the
etch stop material to the first electrically conductive material (see Fig. 2).

Regarding claim 35, Fig. 2 of Dennison et al., where the reference shows the
electrically insulative spacer (18) has a substantially rectangular cross-sectional shape in

a plane that is substantially perpendicular to the substrate surface (see Fig. 2).
Claim Rejections - 35 USC § 103

4, The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

5. Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dennison
et al. in view of Gonzalez.

Dennison et al. discloses the claimed invention except the etch stop layer is
silicon dioxide. However, Gonzalez discloses the etch stop layer is silicon dioxide (31 in

Fig. 18). Thus, it would have been obvious to one of ordinary skill in the art at the time
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when the invention was made to modify Dennison et al. by using the etch stop layer is
silicon dioxide as taught by Gonzalez. The ordinary artisan would have been motivated to
modify Dennison et al. in the manner described above for at least the purpose of

preventing diffusion of element between layers.
Response to Arguments

6. Applicant's arguments filed on October 4, 2001 have been fully considered but
they are not persuasive.

In page 20, paragraph 1, applicant argues “Dennison et al. describes a barrier
layer rather than an etch stop material, and does not suggest that it is a distinct material
from the insulating spacer.” The argument is not persuasive. Note that the material of
layer 20, SisNy, is well known in the art to use as an etch stop material (read page 23, line
2 of instant invention).

Further, the recitation “an etch stop material [] is a distinct material from the
insulating spacer” is not recited in the rejected claim(s). It is noted that the features upon

which applicant relies (i.e., an etch stop material [] is a distinct material from the

insulating spacer) are not recited in the rejected claim(s). Although'the claims are
interpreted in light of the specification, limitations from the specification are not read into
the claims. See In re Van Geuns, 988 F.2d 1181, 26 USPQ2d 1057 (Fed. Cir. 1993).

For the above reasons, the rejections are maintained.
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Conclusion

7. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of
time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of the
advisory action. In no event, however, will the statutory period for reply expire later than

SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Chris C. Chu whose telephone number is (703) 305-6194.
The examiner can normally be reached on M-F (10:30 - 7:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Eddie C. Lee can be reached on (703) 308-1690. The fax phone numbers for
the organization where this application or proceeding is assigned are (703) 308-7382 for
regular communications and (703) 308-7722 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or
proceeding should be directed to the receptionist whose telephone number is (703) 308-

09s6.
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c.C.
January 4, 2002

Chris C. Chu
Examiner
Art Unit 2815

EDDIE LEE
SUPERVISORY PATENT EXAMINER
TECHNOLOGY CENTER 2800
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Application No. Applicant(s)
. 09/540,610 ' NULTY ET AL.
Interview Summary Examiner Art Unit
Chris C. Chu 2815

All participants (applicant, applicant’s representative, PTO personnei):

(1) Chris C. Chu. (3)Eddie Lee.
(2) Paul E. Rauch. (4) .

Date of Interview: 14 March 2002 .

Type: a)X Telephonic b)[] Video Conference
c)(J Personal [copy given to: 1)[] applicant 2)[] applicant's representative]

Exhibit shown or demonstration conducted: d)(J Yes €)X No.
If Yes, brief description:

Claim(s) discussed: claim 27 .
Identification of prior art discussed: Dennison et al. .

Agreement with respect to the claims f)] was reached. g)lX was notreached. h)[J N/A.

Substance of interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: Applicant arqued that the claims define the material of the efch stop material as

being distinct or different material from the material of the insulating spacer. However, no limitations reqarding distinct
material can be found in the claims. .

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

J Itis not necessary for applicant to provide a separate record of the substance of the interview(if box is
checked).

Unless the paragraph above has been checked, THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION
MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office
action has already been filed, APPLICANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A
STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview requirements on
reverse side or on attached sheet.

Examiner Note: You must sign this form uniess it is an
Attachment to a signed Office action. Exyﬁagr’s signature, if require

U.S. Patent and Trademark Office
PTO-413 (Rev. 03- 98) Interview Summary Paper No. 8.
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Titie 37 Code of Federal Reguiations (CFR) § 1.133 interviews
Paragraph (b)
In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135.(35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner's responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

~ Application Number (Series Code and Serial Number)

- Name of applicant

- Name of examiner

-~ Date of interview

—- Type of interview (telephonic, video-conference, or personal)

~ Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

- Anindication whether or not an exhibit was shown or a demonstration conducted

~ An identification of the specific prior art discussed

- An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as belng allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case
unless both applicant and examiner agree that the examiner will record same. Where the examiner agrees to record the substance of the interview,
or when it is adequately recorded on the Form or in an attachment to the Form, the examiner should check the appropriate box at the bottom of the
Form which informs the applicant that the submission of a separate record of the substance of the interview as a supplement to the Form is not
required.

It should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the
interview unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should inciude at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
= 4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the
Interview Summary Form completed by the Examiner,
5) a brief identification of the generai thrust of the principal arguments presented to the examiner,
(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)
6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by
the examiner,

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner's Initials.

2
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To; ‘ Examiner Chris C. Chu A Professional Corporation
E‘arzuh;OArt: 22?5746-3865 intellectual Property Attornays

NBC Tower - Suite 3600

From: Paul E. Rauch, Ph.D. 455 N, Gl

’ , Cltyfront Plaza Driva
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‘ ’ + ~ANSMITTAL LETTER Case No, 10200/12
Clignt Ref. No, PM95012D
Serial No. Filing Date Examiner Group Art Unit
08/540,610 March 31, 2000 Chrig C. Chu 2815
Inventor(s)
Nulty et al.

Title of Invention
STRUCTURE HAVING REDUCED LATERAL SPACER EROSION

TO THE COMMISSIONER FOR PATENTS

Transmitted herewith is Transmittal Letter (in duplicats), Petition and Fea for One (1] Month Extensjon_of Time (in
duplicate), and Amendment and Response Afterl Final.

Smail entity status of this application under 37 CFR § 1.27 has been established by verified statement previously
submitted,

A verified statement to establigh small entity status undar 37 CFR §§ 1.8 and 1.27 is anclosed.
Petition for a 1 month extension of time.

No additional fee Ig required.

OXXKO O

The fes has been galculated as shown below:

Other Than
Small Entity Small Entity
Claims ‘ Highest No, or
Remaining Praviously Prasant Add’'| Add"l
After Pald For Extra Rate Fee Rate Fee
Ameandment
Tatal Minys X $8 = X $18=
Indep. Minus X 42= % 384 =
First Presentation of Myltiple Dep, Claim +8140 +5$280=
=
Toval $ Total | ¢
add’| fee add’| fee

X

Please charge Deposit Account No. 23-1925 (BRINKS HOFER GILSON & LIONE) In tha amount of $110. A
duplicate capy of this sheet Is enclosed,

A check in the amount of § to cover the filing fee is gnclosed,

X L]

The Commissioner is hereby authorized to ¢harge payment of any additional filing fees required under 37 CFR §
1.16 and any patent application processing feas undar 37 CFR § 1.17 associated with this communication or credit
any overpayment to Deposit Account No. 23-1925. A duplicate copy of this sheet is enclosed.

, N , \ . . :
< | hergby petition under 37 CFR § 1.136(a) for any extension of time required to ensure that this paper Is timely
filed. Please chargs any associated feea which have not otherwise been paid to Daposit Asgount No. 23-1925, A
duplicate copy of this sheet is enclosed.
VR
00757 Paul E, Rauch, Ph.D. |
PATENT TRADEMARK OFFICE Registration No, 38,691 : .
Attornay for Appligants L
BRINKS HOFER GILSON & LIONE e
P.O. BOX 10386 e
CHICAGO, ILLINOIS 60610 : %@‘L

(312) 321-4200

! heroby conlfy ihal this cerrespundence |5 belng senl via rags; & 73-306-7722 1% Exgminer Chris G, Chu, Group Arl Unit 2815, \
(o T “

aL lhe Unlled Stalas Palanl and Trademgrk Offlce on:, v 2;
Date: % fM' Signatura: M T
77 | 7

Received from <312 3214299 > at 5120102 3:26:23 PN [Eastern Daylight Time]
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TRANSMITTAL LETTER Case No, 10200/12
Clianit Ref. No. PMSE012D

Serial No. Filing Date Examingr Group Art Unit
09/640,610 March 31, 2000 Chris C. Chu 281%
laventor(s)
Nulty et al.
Titla of Invantion
STRUCTURE HAVING REDUCED LATERAL SPACER EROSION

UXXO O

TO THE COMMISSIONER FOR PATENTS

Transmitted harewith is Transmirtal Letta Patition and Fae for One (1) Month, Extensi

Amen n A nge After Final,

Small entity status of this application under 37 CFR § 1.27 has been established by verified statement previously
submitted.

A verifiad statemant to establish small entity status under 37 CFR §5 1.2 and 1.27 is enclosad.
Petition for a J_month extension of time.
No addltional fee Is required.

The fee has been calculated as shown balow:

]

X ]

Other Than
Smail Entity Smali Entity
Ciaims Highest No. or
Ramaining .| Previously Present Add'l Add'i
After Paid For Extra Rate fee . Rate Fee
Amendmant
Total Minus X §9= X $18m=
Indap. Minus X 42 = X $84 =
First Presentation of Muitiple Dap. Claim +38140 +$280=
Total $ Total | §
add'i fee add'i fec

Pleage charge Deposit Account No. 23-1925 (BRINKS HOFER GILSON & LIONE} in the amount of $110. A
duplicata copy of this sheet is enciosed.

A check in the amount of $ to caver the filing feg is enclosed.
The Commissioner is heraby authorized to charge payment of any additional filing feas required undar 37 CFR §

1.16 and any patent application processing fees under 37 CFR § 1.17 associsted with this communication or credit
any overpayment to Deposit Account No. 23-1925. A duplicate copy of this sheet is enclosed.

’I‘ | hereby petition under 37 CFR § 1.136(a) for any extension of time required to ensure that thiz paper is timely
filed. Please charge any associated fees which have not otherwise been paid to Deposit Account No. 23-1826. A
duplicate copy of this shaet is enclosed,
AR
00757 : Pal E. Rauch, Ph.D. - @
FATENT TRADEMARK OFFICE Registration No. 38,591 ‘$
Attarney for Applicants (ﬁ"
BRINKS HOFER GILSON & LIONE : Qgp Q
P.O. BOX 10395 A \-&\ &
CHICAGO, ILLINOIS 60610 Q Q oD
(312) 321.4200 @ QU §
| heraby eartlfy Lhat Ihig correspondence I8 baing ent via facs)gille 7¢2-90u-7722 lo Examiner Chiis G, Ghu, Group Arl Unit 2915, QQ\ Q\ s\{’(’
al the Unlied Stales Palenl and Trademsrk Office on: Q\ QQ)
Sat/o &
Date: 2 f JL', Signature! T Q§
a4 ¢ &

Received from < 312 321 4299 > at 5/20/02 3:26:23 PM [Eastern Daylight Time]
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| hereby certify that thls correspondence is being sent via
Mydis .

facsimile 703-308-7722 to Examiner Chris C. Chu, Group Art

Unit 2815, at the United States Patent and Trademark Off]

on: :
Yorfez

Datg of Facsifnile

Paul E. Raueh, Ph.D. — Reg. No. 38,591
Name of applicant, assignee or
Reglsterad Reprasenteti

e =T

S

§ig\ﬁ§fure
Date of Signatugd

Our Case No. 10200/12
Cypress Ref. No. PM85012D

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

James E. Nulty et al.

Serial No. 09/540,610 Examiner Chu, Chris C.

Group Art Unit No.2815
Filing Date: March 31, 2000 P e

For  Structure Having Reduced Lateral
Spacer Erosion

AMENDMENT AND RESPONSE AFTER FINAL

Commissioner for Patents
Washington, D.C. 20231

Dear Madam:

Responsive to the Final Office Action mailed January 9, 2002, Applicants
respectfully request reconsideration in light of the following amendments and remarks.

IN THE CLAIMS 6§§)
Please amend claims 25-27 and 34 as follows. *Qg' @5\/
R >
S P
A &
Q@\ @ N\
>
N
&
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/}}ﬁ\( 25. (Twice Amended) The semiconductor apparatus of claim 27 wherein said etch stop
material §omprises silicon nitride.
cA

26. (Twice X\mended) The semiconductor apparatus of claim 27 wherein said etch stop

rmaterial comprises silicon dioxide.

A
C}@ 27. (Agnded) A structure, comprising:

(a) & conductive layer disposed over a substrate; |
~ (b)\a first insulating layer on the conductive layer;
(c) e\contact region in said first insulating layer,
(d) at\east one Insulating spacer in the contact region adjacent to the first insulating

layer; and

. (&) an
insulating space
spacetr.

tch stop material over said first insulating layer and adjacent to the
the etch stop material being a different material from the insulating

=1

substrate;

C3> , (byaco

material formed oy the substrate;
(c) an electrigally insulative spacer in the contact opening adjacent to the second

ct opening in a region adjacent to a second electrically conductive

electrically conductivg material;

(d) an etch stop\material over the electrically insulative spacer and the first and
second electrically cond\ictive materials, the etch stop material being a different material
from the insulative spacex

(e) a blanket layer dyer the efch stop material; and

(f} an opening through a first part of the etch stop material to the first electrically

conductive material. PAN
o
Q* ‘\,@% $
@ Q ®
B
Q Q&k *@
2 8
c)?‘\
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SUPPORT FOR AMENDMENT

The amendments of claims 27 and 34 are supported on page 23, In. 11-12. Claims
25-26 have been amended for clarity. Appendix A, attached herewith, is a marked-up
version of the changes made to the ¢claims. No new matter has been added. Claims 25-
39 are pending.

REMARKS

Applicants thank the Examiner for the helpful telephone discussion on March 14,
2002. During this discussion, Applicants noted that the claimed invention specifies that the
etch stop material is a different material than the insulating spacer.

The present invention relates 10 a semiconductor device with well defined contact
openings. The current practice with respect to formihg contact openings during the
fabrication of semiconductor devices, particularly self aligned contact openings, Is to use
etchants with high selectivity to protect underlying regions. However, the properties of a
highly selective etch of the overlying etch stop layer can transform a substantially
rectangular spacer adjacent to the contact region into a sloped spacer. Before the
conductive material is added to the contact opening, the opening is cleaned with a sputter
etch whichcan erode a portion of the sloped insulating spacer. Thus, in conventional self-
aligned contact structures, the diagonal thickness of the spacer, rather than the vertical
thickness of the insulating layer, determines the minimum insulating layer thickness for the
gate. Sloping spacers limit the number of structures that can be included on a device,

The present invention avoids this problem by retaining the substantially rectangular
profile of the insulating spacers. The present invention includes at least one insulating
spacer in the contact region and an etch stop material over the first insulating layer and
adjacent to the insulating spacer, the etch stop material being different from the insulating
spacer.

Rejections under 35 U.S.C. § 102 and 103
The rejection of the claims under 35 U.S.C. § 102 and 103 over Dennison et al.

(U.8, Pat. No. 5,338,700), either alone or in combination with Gonzalez (U.S. Pat. No.
5,234,856), is respectfully traversed. Dennison et al. describes a barrier layer rather

Received from < 312 321 4299 > at 120102 3:26:23 P [Eastern Daylight Time]
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than an etch stop material, and does not suggest that it Is a different material from the
insulating spacer.

Dennison et al. describes a method of forming a bit line over a capacitor array of
memory cells. The semiconductor wafer of Dennison et al. has an array of electrically
isolated word lines 12, 14 and 16 having insulating spacers and caps 18 (Figure 1).
The spacers and caps 18 preferably comprise an insulative nitride, such as SizNy (col.
3, In, 33-34), The reference further states “a thin layer 20 of SizNy is provided atop the
wafer to function as a diffusion barrier” (¢ol. 3, In. 34-36). Dennison et al, does not
teach or suggest that the spacers and caps 18 and diffusion barrier 20 are different
materials. On the contrary, the reference specifically teaches that 18 and 20 are the
same material. Furthermore, since 20 is a diffusion barrier, not an etch stop, there
would be no reason to use a material distinct from the spacer 18.

Gonzalez describes a dynamic random access memory cell having a stacked-
trench capacitor that is resistant to alpha particle generated soft errors. Gonzalez only

describes silicon dioxide in spacers 31 (col. 5, In. 10-12).

The claimed invention includes an etch stop matérial that is different from the
insulating spacer. The barrier layer of Dennison et al. is described as SizNs, the same
material as the spacers. Furthermore, there is no suggestion that they be formed from

different materials since the barrier layer is not intended to function as an etch stop
layer. The combination with Gonzalez does not correct this deficiency.

Therefore, Applicants submit that Dennison et al., either alone or in combination
with Gonzalez, does not anticipate nor make obvious the claimed invention. Withdrawal
of the rejection of the claims on these grounds is respectfully requested.

Respectfully submitted,

Paul E. Rauch, Ph.D.
Registration No. 38,591
Attorney for Applicants

BRINKS HOFER GILSON & LIONE
P.0. BOX 10395

CHICAGO, ILLINOIS 60610

(312) 3214200

Received from < 312321 4209 > at §120/02 3:26:23 PM [Eastern Daylight Time]
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APPENDIX A

25, (Twice Amended) The semiconductor apparatus of claim 27 wherein said etch stop
[laye.r] material comprises silicon nitride.

26. (Twice Amended) The semiconductor apparatus of claim 27 wherein said etch stop

[layer] material comprises silicon dioxide.

27. (Amended) A structure, comprising:

(a) a conductive layer disposed over a substrate;

(b) a first insulating layer on the conductive layer;

(c) a contact region in said first insulating layer,

(d) at least one insulating spacer in the contact region adjacent to the first insulating
layer; and

(e) an etch stop material over said first insulating layer and adjacent to the
insulating spacer, the etch stop material being a [distinct] different material from the N
insulating spacer.

34. (Twice amended) A structure, comprising:

(a) a first electrically conductive material formed in andfor on a surface of a
substrate;

(b) a contact opening in a region adjacent to a second electrically conductive
material formed on the substrate, '

(c) an electrically insulative spacer In the contact opening adjacent to the second
electrically conductive material;

(d) an etch stop material over the electrically insulative spacer and the first and
second electrically conductive materials, the etch stop material being a [distinct] different
material from the insulative spacer; ‘

(e) a blanket layer over the etch stop material; and
(f) an opening through a first part of the etch stop material to the first electrically
conductive material.

Received from < 312 321 4209 > at §120/02 3:26:23 PM [Eastern Daylight Time]
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[ hereby certify that this corregpondence is being sent
via facsimile 703-308-7722 to Exardner Chris C, Chy,
Group Art Unit 2815, at the United States Patent and
Trademark Office on:

%4 e -

Date of/f‘ac;iéi le

Paul E. Rauch, Ph.D, — Reg, No. 38,591
Name of spplicant, assighee or
Registered ive
2 s SN

T - ——

—--S-igmture
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Date °f5i5"{°"y

BHGL Case No. 10200/12
Client Ref. No. PM95012D

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:
James E. Nulty et al.
Serial No:  09/540,610 Exéminer: Chris C.Chu
Filed: ‘March 31, 2000 Group Art Unit: 2815

For: Structure Having Reduced Lateral
Spacer Erosion

PETITION AND FEE FOR EXTENSION OF TIME (37 CFR § 1.136(a))

Commissioner for Patents
Washington, D.C. 20231

Dear Sir;

This is a petition for an extension of time fo respond to the Office Action dated
January 9, 2002 for a period of 1 month.

Applicant is:
[l asmall entity

[X]  other than small entity

Recelved from « 312321 4209 > at 5120102 3:26:23 PM [Eastern Daylight Time)
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’/h“\ 7N\
BHGL Case No. 10200/12
Client Ref, No. PM95012D

Extension Other Than Small Entity
Months Small Entity

X One Month $110.00 $55.00

] Two Months $400.00 $200.00

5 Three Months $920,00 $460.00
Four Months $1,440.00 $720.00

] Five Months $1,960.00 $980.00

Fee Payment

[C]  Attached is a check for § for the Petition fee.

XI  Charge Petition fee to Deposit Account No. 23-1925. A duplicate copy of this
Petition is attached.

X Charge any additional fee required or credit for any excess fee paid to Deposit
Account No. 23-1925. A duplicate copy of this Petition is attached.

Respectfully submitted,

Dated: /‘//b; o : ﬂ@m .

Paul E. Rauch
Registration No. 38,591
Attorney for Applicants

BRINKS HOFER GILSON & LIONE
P.0. BOX 10395

CHICAGO, IL 60610

(312) 321-4200

-2.
Received from < 312 3214209 > at 520102 3:26:23 PM [Eastem Daylight Time]
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1 hereby certify that this correspondence is being sent
via facgimile 703-308-7722 to Examiner Chris C. Chy,

Group Art Unit 2815, at the United Sfates Patent and
Tradernark Office on: /
Date of/éac;nﬁllc

Paul E. Rauch, Ph.D. ~ Reg. No. 38,591
Name of applicant, assignee or
Registered ive

——————

Signature /} /

Date of Slgﬁmy

=9/ 2445
L lociged”

BHGL Case No. 10200/12
Client Ref. No. PM95012D

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
James E, Nulty et al.
Serial No:  09/540,610

Filed. ‘March 31, 2000

For: Structure Having Reduced Lateral

Spacer Erosion

Examiner: Chris C.Chu

Group Art Unit: 2815

PETITION AND FEE FOR EXTENSION OF TIME (37 CFR § 1.136(2))

Commissioner for Patents
Washington, D.C. 20231

Dear Sir:

This is a petition for an extension of time to respond to the Office Action dated

January 9, 2002 for a period of 1 month,
]  Applicant is:
[C]  asmall entity

X  other than small entity
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BHGL Case No. 10200/12
Client Ref. No. PM95012D
Extension Other Than Small Entity
Months Small Entity
X One Month $110.00 $55.00
] Two Months $400.00 $200.00
] Three Months $920.00 $460.00
J Four Months " $1,440.00 $720.00
[l  Five Months $1,960.00 $980.00

Fee Pavment

Attached is a check for § for the Petition fee. .

[X]  Charge Petition fee to Deposit Account No. 23-1925. A duplicate copy of this
Petition is attached.

Xl  Charge any additional fee required or credit for any excess fee paid to Deposit
Account No. 23-1925. A duplicate copy of this Petition is attached.

Respectfully submitted,

Dated: /%; & | | /@'—— —_

Paul E. Rauch
Registration No. 38,591
Attomey for Applicants

BRINKS HOFER GILSON & LIONE
P.0. BOX 10395

CHICAGO, IL 60610

(312) 321-4200

Received from < 312 321 4299 > at 5120/02 3:26:23 PM [Eastern Daylight Time]
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Application No. Applicant(s)

A dvisory Action 09/540,610 NULTY ET AL.
Examiner Art Unit
Chris C. Chu ' 2815

--The MAILING DATE of this communication appears on the cover sheet with the correspondence address -

THE REPLY FILED 20 May 2002 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.
Therefore, further action by the applicant is required to avoid abandonment of this application. A proper reply to a
final rejectlon under 37 CFR 1.113 may only be either: (1) a timely filed amendment which places the application in
condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for Continued
Examination (RCE) in comphance with 37 CFR 1.114.

PERIOD FOR REPLY [check either a) or b)]

a) The period for reply expires 4 months from the mailing date of the final rejection.

b) I:I The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In
no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection.
ONLY CHECK THIS BOX WHEN THE FIRST REPLY WAS FILED WITHIN TWO MONTHS OF THE FINAL REJECTION. See MPEP
706.07(f).

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate extension
fee have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension
fee under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally set in the final Office action; or
(2) as set forth in (b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if
timely filed, may reduce any earned patent term adjustment. See 37 CFR 1.704(b).

1. A Notice of Appeal was filed on . Appellant's Brief must be filed within the period set forth in
37 CFR 1.192(a), or any extension thereof (37 CFR 1.191(d)), to avoid dismissal of the appeal.

2.0J The proposed amendment(s) will not be entered because:
(a) they raise new issues that would require further consideration and/or search (see NOTE belowy);
b) [ they raise the issue of new matter (see Note below);

c) X they are not deemed to place the application in better form for appeal by materially reducing or simplifying the
issues for appeal; and/or

d) [ they present additional claims without canceling a corresponding number of finally rejected claims.
NOTE: See Continuation Sheet.
3.[]J Applicant’s reply has overcome the following rejection(s): .

4.[7] Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment
canceling the non-allowable claim(s).

5.7 The a)[] affidavit, b)[] exhibit, or ¢)[ ] request for reconsideration has been considered but does NOT place the
application in condition for allowance because:

6.[] The affidavit or exhibit will NOT be considered because it is not directed SOLELY to issues which were newly
raised by the Examiner in the final rejection.

7.X] For purposes of Appeal, the proposed amendment(s) a)[X] will not be entered or b)[] will be entered and an
"~ explanation of how the new or amended claims would be rejected is provided below or appended.

The status of the claim(s) is (or will be) as follows:

Claim(s) allowed: ______

Claim(s) objected to: _____

“Claim(s) rejected: 25 - 39.

Claim(s) withdrawn from consideration: __
8.[] The proposed drawing correction filed on _____is a)[ ] approved or b)['] disapprov
9.[7] Note the attached Information Disclosure Statement(s)( PTO-1449) Paper No(s).

by the Examiner.

10.[] Other: _____
EDDIE LEE
SUPERVISORY PATENT EXAMINER
TECHNGOLOGY CENTER 2800
U.S. Patent and Trademark Office
PTO-303 (Rev. 04-01) Advisory Action Part of Paper No. 11
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Continuation of 2. NOTE: The proposed amendment to claims 25 - 27and 34 raise new issues which require further consideration and/or
search.
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Date; of Deposit: June 5. 2002 o ZQ/ :

"Ex al]” mallmg label number EL 669 271 865 US
CONTINUED PROSECUTION APPLICATION (CPA) | /
"3 REQUEST TRANSMITTAL # l a\
JUN 05 2002 w¢ Submit an original, and a duplicate for fee processing. CHECK BOX, if applicable:
ca (Only for Continuation or Divisional applications under 37 C.F.R. § 1.53(d))
[0 DUPLICATE -3% -0~
g ' -0c
&TRADE“\ Attorney Docket No. 10200/12 ’ I
of Prior Application ' a )
Address to: First Named Inventor- J. Nulty
Commissioner for Patents W examiner Name C. Chu
Washington, DC 20231 Group/Art Unit
/ Express Mail Label No. EL 669 271 865}3
< -
This is a request for a continuation or (] divisional application under 37 C.F.R. § 1.53(d), (continued
prosecution application (CPA)) of prior application number 09/540,610, filed March 31, 2000, entitled Structure
Having Reduced Lateral Spacer Erosion.
1. Enter the unentered amendment previously filed on April 29, 2002 under 37 C.F.R. § 1.116 in the prior
nonprovisional application.
(1 A preliminary amendment is enclosed.
This application is filed by fewer than all the inventors named in the prior apphcatron 37CF.R. §
1.53(d)(4).
a. [] DELETE the following inventor(s) named in the prior nonprovisional application:
b. [J The inventor(s) to be deleted are set forth on a separate sheet attached hereto. 3
(] A new power of attorney or authorization of agent is enclosed. N . =
" Information Disclosure Statement (IDS) is enclosed: 8 :ac::: cﬁ-;
a. [J PTO-1449 T o
2 <
b. [J Copies of IDS Citations - oom
- o=t
o
e
I 4
Page 1 of 2
Rev. Oct.-01 ‘ //
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TOTAL CLAIMS 16-20+= 0 x$ 18.00 $
. (37 C.F.R.§ 1.16(c) e
INDEPENDENT 2-3= 0 x$ 84.00
z CLAIMS (37CF.R. §
v ‘ 1.16(b))
MULTIPLE DEPENDENT CLAIMS (if applicable) (37 C.F.R. § 1.16(d + $ 280.00
BASIC FEE
(37 C.F.R. § 1.16(a) 740.00

CLAIMS (1) FOR (2) NUMBER FILED | (3) NUMBER EXTRA (@) RATE | (5) CALCULATIONS

Total of above Calculations =
Reduction by 50% for filing by small entity (Note 37 C.F.R. §§ 1.9, 1.27, 1.28). ;
. : TOTAL = $740.00

Small entity status:
a. [ A small entity statement is enclosed.

b. [ A small entity statement was filed in the prior nonprovisional application and such status is still proper and
desired.

c. O Isnolonger claimed.

The Commissioner is hereby authorized to credit overpayments or charge the following fees to
Deposit Account No. 23-1925:

a. X Fees required under 37 C.F.R. § 1.16.

b. [J Fees required under 37 CF.R. § 1.17.

c. [J Feesrequired under 37 C.F.R. § 1.18.

J A check in the amount of $ 740 is enclosed.

(] Other_____.

10. SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED
NAME Paul E. Rauch-Rh.D.
SIGNATURE = A
Registration No. 38,591
DATE June 5, 2002

Brinks Hofer Gilson & Lione
P.O. Box 10395
Chicago, IL 60610

Page 2 of 2

Rev. Oct.-01
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PATENT APPLICATION FEE DETERMINATION RECORD
Effective October 1, 2001

CLAIMS AS FILED - PART |

TYPE [

Application or Docket Number

_09/540 ot

OTHER THAN

**f the "Highest Number Previously Pald For" IN THIS SPACE is less than 3, enter *3."
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

(Column 1) OR SMALL ENTITY
| TOTAL CLAIMS i R RATE | FEE RATE | FEE
FOR NUMBER FILED NUMBER EXTRA . |BASIC FEE] 370.00 |oR|BASIC Fss 740.00
TOTAL QHARGEABLE CLAIMS IS minus20= |¥  —— X$ 9= or| xs18=
INDEPENDENT CLAIMS ;2, minus 3 = * X42= OR X84=
MULTIPLE DEPENDENT CLAIM PRESENT - ' ] '
* . . . s exn 2
If the difference in column 1 is less than zero, enter “0” in column 2 TOTAL OR TOTAL | 7¢o.
CLAIMS AS AMENDED - PART Il OTHER THAN
Column 1 (Column 2)  (Column 3 SMALL ENTITY OR SMALL ENTITY
CLAIMS RIGHEST ‘
ADDI- ADDI-
< REMAINING NUMBER ;
= | ATER PREVIOUSLY | oeoeT RATE |TIONAL RATE | TIONAL
E | AMENDMENT PAID FOR - FEE FEE
% Total * Minus *k = X$ 9= OR X$18=
wi ' n o
E Independent |« Minus - X40= oR X84 =
.| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D -
+140= OR|{ +280=
TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEELL
{Column 2) (Column 3)
HIGHEST ,
0 REMAINING NUMBER PRESENT ADDI- _ ADDI-
= AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
uEJ AMENDMENT PAID FOR FEE FEE
% Total * Minus - ok = X$ 9= orl| X$18=
w — ,
Independent M =
<Et ndepenaen * nus Kk X42= OR X84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (]
= +140= OR|] +280=
TOTAL ~TOTAL
" ADDIT. FEE OR apoiT. FEE
(Column2) _(Column 3)
- HIGHEST
O REMAINING NUMBER PRESENT ADDI- ADDI-
X AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
U AMENDMENT PAID FOR FEE. "FEE
2 Total : Mi =
g. ota * v Inus *k = X$ 9= OR x$1 8=
“E" Independent |« Minus Sk =
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
' +140= OR | +280=
* If the entry in column 1 is less than the entry in column 2, write “0" in column 3.
* |f the "Highest Number Previously Paid For* IN THIS SPACE is less than 20, enter “20.” ADDI-I;;O:EASLE- OR ADDI-I'I—TO:EA!LE-

FORM PTO-875

(Rev. B/01)
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UNITED STATES PATENT AND TRADEMARK OFFICE

COMMISSIONER FOR PATENTS
UNITED STATES PATENT AND TRADEMARK OFFICE
WASHINGTON, D.C. 2023I

www.uspio.gov
| AppLicaTiONNUMBER | FILING DATE | GRPARTUNIT | FIL FEE RECD |ATTY.DOCKET:NO| DRAWINGS | TOTCLAIMS | IND cLAIMS |
09/540,610 03/31/2000 2815 690 16820.P097 8 13 2

CONFIRMATION NO. 2171
Blakely Sokoloff Taylor & Zafman CORRECTED FILING RECEIPT

S i onire Boulevard 000

Seventh Floor I \
Los Angeles, CA 90025 0C000000008372391

Date Mailed: 06/28/2002

Receipt is acknowledged of a CPA in this nonprovisional Patent Application. It will be considered in its order and
you will be notified as to the results of the examination. Be sure to provide the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF APPLICANT, and TITLE OF INVENTION when inquiring about this application. Fees
transmitted by check or draft are subject to collection. Please verify the accuracy of the data presented on this
receipt. If an error is noted on this Filing Receipt, please write to the Office of Initial Patent Examination's
Filing Receipt Corrections, facsimile number 703-746-9195. Please provide a copy of this Filing Receipt
with the changes noted thereon. If you received a "Notice to File Missing Parts” for this application,
please submit any corrections to this Filing Receipt with your reply to the Notice. When the USPTO
processes the reply to the Notice, the USPTO will generate another Filing Receipt incorporating the
requested corrections (if appropriate).

Applicant(s)

James E. Nulty, San Jose, CA,
Christopher J. Petti, Mountain View, CA;

Domestic Priority data as claimed by applicant
Foreign Applications

If Required, Foreign Filing License Granted 06/02/2000
CPA filed on: 06/05/2002
Projected Publication Date: 10/10/2002

Non-Publication Request: No

Early Publication Request: No

Title
STRUCTURE HAVING REDUCED LATERAL SPACER EROSION

Preliminary Class
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257

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an eatlier license of similar scope has been granted
under 37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof
unless it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR
1.53(d). This license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject
matter as imposed by any Government contract or the provisions of existing laws relating to espionage and the
national security or the export of technical data. Licensees should apprise themselves of current regulations
especially with respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls,
Department of State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Office of
Export Administration, Department of Commerce (15 CFR 370.10 (j)); the Office of Foreign Assets Control,
Department of Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR
5.12, if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months
has lapsed from the filing date of this application and the licensee has not received any indication of a secrecy
order under 35 U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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Application No. . .pplicant(s)

09/540,610 ~ | NULTY ET AL
Office Action Summary Examiner ArcUnit

Chris C. Chu 2815

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

Period for Reply
A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above Is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended perlod for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
)X Responsive to communication(s) filed on 20 May 2002 .
2a)(] This action is FINAL. 2b)X] This action is non-final.

3)(J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
4)[X Claim(s) 25 - 39 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.

5] Claim(s) ____is/are allowed.
6)[X Claim(s) 25 - 39 is/are rejected.
7)J Claim(s) _____is/are objected to.
8)[J Claim(s) ____ are subject to restriction and/or election requirement.
Application Papers '
9)(J The specification is objected to by the Examiner. _
10)[_] The drawing(s) filed on isfare: a)[J accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
11){J The proposed drawing correction filed on _____is: a)[_] approved b)[] disapproved by the Examiner.
If approved, corrected drawings are required in reply to this Office action.
12)(C] The oath or declaration is objected to by the Examiner.
Priority under 35 U.S.C. §§ 119 and 120
13)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)(J Al b)(J Some * ¢)[J None of:
1. Certified copies of the priority documents have been received.
2.[] cCertified copies of the priority documents have been received in Application No. _____

{ 3.[J Copies of the certified copies of the priority documents have been received in this National Stage
application from the international Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)(_] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) (] The translation of the foreign language provisional application has been received.
15)] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) [X] Notice of References Cited (PTO-892) 4) [ Interview Summary (PTO-413) Paper No(s). .
2) D Notice of Draftsperson’s Patent Drawing Review (PTO-948) 5) D Notice of Informal Patent Application (PTO-152)

3) L__l Information Disclosure Statement(s) (PTO-1449) Paper No(s) . 6) D Other:

U.S. Patent end Trademark Office
Office Action Summary Part of Paper No. 13

PTO-326 (Rev. 04-01)
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DETAILED ACTION

Response to Amendment

1. Applicant’s amendment filed on May 20, 2002 has been received and entered in this

office action.

Claim Rejections - 35 USC § 103

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

3. Claims 25 and 27 ~ 39 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Dennison et al. in view of Figura et al.

Regarding claim 25, Dennison et al. discloses in column 3, line 35 the etch stop material
(20) being silicon nitride. |

Regarding claim 27, Dennison et al. discloses in Fig. 2 a structure (10), cdmprising:

- aconductive layer (12 and column 3, lines 29 ~ 33) disposed over a substrate;

- a first insulating layer (18) on the conductive layer;

- acontact region (the area of 34) in the first insulating layer;
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- at least one insulating spacer (18) in the contact region adjacent to the first insulating

layer (see Fig. 2); and

- an etch stop material (20 and column 3, line 35) over the first insulating layer and

adjacent to the insulating spacer (see Fig. 2).

Dennison et al. does not disclose the etch stop material being a different material from the
insulating spacer. However, Figura et al. discloses in Fig. 1 an etch stop material (column 4, lines
51 and 52) being a different material from the insulating spacer (column 4, lines 11 and 12).
Thus, it would have been obvious to one of ordinary skill in the art at the time when the
invention was made to modify Dennison et al. by using different materials for the etch stop
material and the insulating spacer as taught by Figura et al. The ordinary artisan would have beeﬁ
motivated to modify Dennison et al. in the manner described above for at least the purpose of
minimizing current leakage and short circuits (column 2, lines 36 ~ 38).

Regarding claim 28, Dennison et al. discloses in Fig. 2 the insulating spacer (18) having a
substantially rectangular profile in the contact region (see Fig. 2).

Regarding claims 29 and 36, Dennison et al. discloses in Fig. 2 the insulating spacer (18)
having a surface portion in the contact region without overlying etch stop material (see Fig. 2).

Regarding claims 30 and 37, Dennison et al. discloses in Fig. 2 tﬁe insulating spacer (18)
surface portion without overlying etch stop material comprising an insulating spacer surface
portion most distant from the substrate (see Fig. 2).

Regarding claim 31, Dennison et al. discloses in F1g 2 the insulating spacer (18) having a

surface portion in the contact region without overlying etch stop material (see Fig. 2).
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Regarding claims 32 and 38, Dennison et al. discloses in Fig. 2 a structure (10), further
comprising a second insulating layer (28) on the etch stop layer and over the conductive layer
(see Fig. 2). |

Regarding claims 33 and 39, Dennison et al. discloses in Fig. 2A a structure (10), further
comprising a second conductive material (40) in the contact region (see Fig. 2A).

Regarding claim 34, Dennison et al. discloses in Fig. 2 a structure, comprising the step
of:

- afirst electrically conductive material (24) formed in and/or on a surface of a

substrate;

- acontact opening (the area of 34) in aregion adjacent to a second electrically

conduétive material (the area of 40 in Fig. 2A) formed on the substrate;
- anelectrically insulative spacer (18) in the contact opening adjacent to the second
electrically conductive material (see Fig. 2);

- an etch stop material (20) over the electrically insulative spacer and the first and
second electrically conductive materials (see Fig. 2);

- ablanket layer (28) over the etch stop material; and

- an opening through a first part of the etch stop material to the first elebtrically
conductive material (see Fig. 2).

Dennison et al. does not disclose the etch stop material being a different material from the
- insulating spacer. However, Figura et al. discloses in Fig. 1 an etch stop material (column 4, lines
51 and 52) being a different material from the insulating spacer (column 4, lines 11 and 12).

Thus, it would have been obvious to one of ordinary skill in the art at the time when the
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invention was made to modify Dennison et al. by using different materials for the etch stop
material and the insulating spacer as taught by Figura et al. The ordinary artisan would have been
motivated to modify Dennison et al. in the manner described above for at least the purpose of
minimizing current leakage and short circuits (column 2, lines 36 ~ 38).

Regarding claim 35, Dennison et al. discloses in Fig. 2 the electrically insulative spacer
(18) having a substantially rectangular cross-sectional shape in a plane fhat is substantially

perpendicular to the substrate surface (see Fig. 2).

4, Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dennison et al.
and Figura et al. as applied to claim 27 above, and further in view of Gonzalez.

Dennison et al. and Figura et al. disclose the claimed invention except the etch stop
material being silicon dioxide. However, Gonzalez discloses an etch stop material being silicon
dioxide (31 in Fig. 18). Thus, it would have been obvious to one of ordinary skill in the art at the
time when the invention was made to further modify Dennison et al. by using silicon dioxide for
the etch stop material as taught by Gonzalez. The ordinary artisan would have been motivated to
further modify Dennison et al. in the manner described above for at least the purpose of

preventing diffusion of element between layers.
Response to Arguments

5. Applicant's arguments with respect to claims 25 ~ 27 and 34 have been considered but

are moot in view of the new ground(s) of rejection.
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Conclusion

6. The prior art made of record and not relied upon is considered pertinent to applicant's

disclosure.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Chris C. Chu whose telephone number is (703) 305-6194. The
examiner can normally be reached on M-F (10:30 - 7:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Eddie C. Lee can be reached on (703) 308-1696. The fax phone numbers for the
organization where this application or proceeding is assigned are (703) 308-7382 for regular
communications and (703) 308-7722 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or proceeding -
should be directed to the receptionist whose telephone number is (703) 308-0956.

Chris C. Chu

Examiner
Art Unit 2815

c.C.
August 14, 2002

%RGE ¢. ECKERT W

G
PATENT EXAMINER
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facsimile 703-308-7382 to Examiner Chris C. Chu at the

United States Patent and Trademark Office on ’
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Paul E. Rauch, Ph.D. K
Name of Applicant, assignee or
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Our File No, 09799940-0011 &
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In re Application of; 3\

James E. Nulty, et al.

Serial No. 09/540,610

-
Examiner Chris C. Chu
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Filing Date: March 31, 2000 Group Art Unit No. 2815

For Method for Eliminating Lateral
Spacer Erosion on Enclosed
Contact Topographies During RF
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AMENDMENT AND REQUEST FOR RECONSIDERATION

Commissioner for Patents
Washington, D.C. 20231

Dear Sir:

Responsive to the Official Action of September 11, 2002 Applicants respectfully
request reconsideration in light of the following remarks.

REMARKS
Applicants would like to thank the Examiner for indicating withdrawal of the
previous grounds of rejection.
The present invention relates to a semiconductor device with well defined contact
openings. In the past, the practice with respect to forming contact openings during the
fabrication of semiconductor devices, particularly self-aligned contact openings, was to
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use etchants with high selectivity to protect underlying regions. However, the properties
of a highly selective etch of the overlying etch layer can transform a substantially
rectangular spacer adjacent to the contact region into a sloped spacer. Before the
conductor materials are added to the contact opening, the opening was cleaned with a
sputter etchant which can erode a portion of the sloped insulating spacer. Thus in
conventional self-aligned contact structures, the diagonal thickness of the spacer, rather
than the vertical thickness of the insulating layer, determined the minimum insulating
layer thickness for the gate. Sloping spacers limit the number of structures that can be
included on a device.

The present invention avoids this problem by retaining the substantially
rectangular profile of the insulating spacers. The present invention includes at least one
insulating spacer in the contact region and an etch-stop material over a first insulating
layer and adjacent to the insulating spacer, the etch-stop material being a different
material from the insulating spacer.

The rejection of the claims under 35 U.S.C. § 103 over Dennison, et al., in view
of Figura, et al., and optionally further in view of Gonzalez, is respectfully traversed.
Dennison., et al. includes spacers and caps which act as an etch-stop material with
respect to the overlying BPSG layer and therefore must be made of silicon nitride in -
order to function. The thin overlying layer 20 is described by Dennison, et al. as a
barrier layer which prevents diffusion from the BPSG layer. Figura, et al. describes
oxide spacers, a silicon nitride etch-stop layer, and does not describe any barrier layers.

Dennison, et al. describes a method of forming a bit line over a capacitor array of
memory cells. The semiconductor wafer of Dennison, et al. has an array of electrically
isolated word lines 12, 14, and 16 having insulating spacers and caps 18; the spacers -
and caps preferably comprise an insulative nitride, such as SizN4 (Figure 1; column 3,
lines 25-36). A thin layer 20 of SisN, is provided atop the wafer to function as a diffusion
barrier (¢column 3, lines 34-36). Dennison, et él. is clear about the function of all of

these structures:

The principal purpose of barrier layer 20 is to prevent diffusion of boron or
phosphorous atoms from BPSG layer 28 into active areas 24 and 26.
Caps [and spacers] 18 are preferably comprised of nitride (SisN4) where
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VAR, 4. 2003 3:36PH  SONNENSCHEIN e 0, 4934 —P, §— —— —

layer 28 is comprised of oxide, such that the contact etch to produce first
contacts 32 will stop relative to word lines spacers and caps 18.

Accordingly, Dennison, et al., indicates that the caps and spacers act as an etch-

stop material with respect to the overlying BPSG layer, and therefore need to be formed
of a material such as silicon nitride. Dennison, et al. also indicates that barrier layer 20

functions to prevent diffusion from the overlying BPSG layer 28, .

Figura et al. describes a method of forming contact areas between vertical
conductors. A structure is described which includes transistor gate electrodes 22 which
include gate insulating protective layer 28, and an insulating spacers 30 formed on
either side of the gate electrodes (column 4, lines 6-10; Figure 1). The gate insulating
protective layer 28 and insulating spacers 30 are preferably made of silicon dioxide; the
lower insulating layer 36 on top of these structures is made of BPSG (column 4, lines
10-14, Figure 2). It is also noted that silicon nitride may be used instead of silicon
dioxide for insulating protective layer 28 and spacers 30 (column 4, lines 22-24).
Shown in Figure 3a, an etch-stop layer 43, made of silicon nitride or other suitable
material, is deposited over lower insulating layer 36 (column 4, lines 50-53).

Gonzalez has only been cited for a description of silicon dioxide spacers.

The spacers and caps of Dennison, et al. are required to act as an etch-stop
material (see Dennison, et al., column 4, lines 6-10); the only etch-stop material

described in any of the references is silicon nitride. Layer 20 in Dennison, et al. is
described as a barrier layer for preventing diffusion; of all the references only Dennison,
et al. describes a barrier layer, and the only material described is silicon nitride. If one
were to substitute silicon oxide for the caps and spacers in Dennison, et al., then they
would not act as an etch-stop material with respect to the overlying BPSG layer, and
therefore such a substitution would destroy their function. Accordingly, although
Figura, et al. does describe a specific embodiment where an etch-stop layer is silicon
nitride and caps and spacers are formed from silicon oxide, changing the composition of
the caps and spacers in Dennison, et al, would defeat their function. Furthermore, there
. is no suggestion to replace the barrier layer 20 of Dennison, et al. with a different

material--nothing else is suggested in any of the references which would provide a
barrier function other than silicon nitride. Gonzalez does not provide any additional
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teaching to cure this deficiency, Accordingly, Applicants submit that combining the
references defeats the purpose of Dennison, et al., and therefore the claimed invention
is not obvious over the applied references. Withdrawal of this ground of rejection is

respectfully requested.

Applicants respectfully request that the Examiner contact the undersigned upon
the indication of any allowable subject matter. Applicants submit the application is now
in condition for allowance. Early notice of such action is earnestly solicited.

Res%ly s%miﬁed ,

Paul E. Rauch, Ph.D.
Registration No. 38,591
Attorney for Applicants

SONNENSCHEIN NATH & ROSENTHAL

P. 0. BOX 061080

WACKER DRIVE STATION, SEARS TOWER

CHICAGO, IL 60606

(312) 876-8000
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Period for Reply
A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b),

Status
1)K Responsive to communication(s) filed on 17 March 2003 .
2a)[X] This action is FINAL. 2b)[] This action is non-final.

[ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
4)[X Claim(s) 25 -39 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.

5] Claim(s) ____is/are allowed.
6)X Claim(s) 25 - 39 is/are rejected.
7)[J Claim(s) _____is/are objected to.
8)(] Claim(s) are subject to restriction and/or election requirement.
Application Papers
9)[] The specification is objected to by the Examiner.
10)(C] The drawing(s) filed on _____is/are: a)[] accepted or b)[_] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
is: a)[_] approved b)[_] disapproved by the Examiner.

11)[] The proposed drawing correction filed on
If approved, corrected drawings are required in reply to this Office action.

12)(C] The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. §§ 119 and 120
13)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119

~a)JAIl b)[J Some* c)[] None of;
1.[] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.[] Copies of the certified copies of the priority documents have been received in thls National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)(T] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

)-(d) or (f).

a) [J The translation of the foreign language provisional application has been received.
15)[X] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) IX] Notice of References Cited (PT0-892)
2) D Notice of Draftsperson’s Patent Drawing Review (PTO-948)
3) D Information Disclosure Statement(s) (PTO-1449) Paper No(s)

4) (] Interview Summary (PTO-413) Paper No(s).
5) D Notice of Informal Patent Application (PTO-152)

6) (] Other:

U.S. Patent and Trademark Office
Office Action Summary Part of Paper No. 17

PTO-326 (Rev. 04-01)
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Application/Control Number: 09/540,610 Page 2
Art Unit: 2815 '

DETAILED ACTION

Response to Amendment

1. Applicant’s amendment filed on March 11, 2003 has been received and entered in the

case.
Claim Rejections - 35 USC § 103

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

3. Claims 25 and 27 ~ 39 are rejected under 35 US.C. 103(a) as being unpatentable over
Dennison et al. in view of Figura et al. |

Regarding claim 25, Dennison et al. discloses in column 3, line 35 the etch stop material
(20) being silicon nitride.

Regarding claim 27, Dennison et al. discloses in Fig. 2 a structure (10), comprising:

- aconductive layer (12 and column 3, lines 29 ~ 33) disposed over a substrate;

- a first insulating layer (18) on the conductive layer;
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- acontact region (the area of 34) in the first insulating layer;

- at least one insulating spacer (18) in the contact region adjacent to the ﬁrst insulating

layer (see Fig. 2); and

- anetch stop material (20 and column 3, line 35) over the first insulating layer and

adjacent to the insulating spacer (see Fig. 2).

Dennison et al. does not disclose the etch stop material being a different material from the
insulating spacer. However, Figura et al. discloses in Fig. 1 an etch stop material (column 4, lines
51 and 52) being a different material from the insulating spacer (column 4, lines 11 and 12).
Thus, it would have been obvious to one of ordinary skill in the art at the time when the
invention was made to modify Dennison et al. by using different materials fof the etch stop
material and the insulating spacer as taught by Figura et al. Thg ordinary artisan would have been
motivated to modify Dennison et al. in the manner described above for at least the purpose of
minimizing current leakage and short circuits (column 2, lines 36 ~ 38).

Regarding claim 28, Dennison et al. discloses in Fig, 2 the insulating spacer (18) having a
substantially rectangular profile in the contact region (see Fig. 2).

Regarding claims 29 and 36, Dennison et al. discloses in Fig. 2 the insulating spacer (18)
‘having a surface portion in the contact region without overlying etch stop ﬁaterial (see Fig. 2).

Regarding claims 30 and 37, Dennison et al. discloses in Fig. 2 the insulating spacer (18)
surface portion without overlying etch stop material comprising an insulating spacer surface
bortion most distant from the substrate (see Fig. 2).

Regarding claim 31, Dennison et al. discloses in Fig. 2 the insulating spacer (18) having a

surface portion in the contact region without overlying etch stop material (see Fig. 2).
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Regarding claims 32 and 38, Dennison et al. discloses in Fig. 2 a strﬁcture (10), further
comprising a second insulating layer (28) on the etch stop layer and over the conductive layer
(see Fig. 2).

Regarding claims 33 and 39, Dennison et al. discloses in Fig. 2A a structure (10), further
comprising a second conductive material (40) in the contact region (see Fig. 2A).

Regarding claim 34, Dennison et al. discloses in Fig. 2 a structure, comprising the step
of:

- afirst electrically conductive material (24) formed in and/or on a surface of a

substrate;

- acontact opening (the area of 34) in a region adjacent to a second electrically

conductive material (the area of 40 in Fig. 2A) formed on the substrate;
- an electrically insulative spacer (18) in the contact opening adjacent to the second
electrically conductive material (see Fig. 2);

- an etch stop material (20) over the electrically insulative spacer and the first and
second electrically conductive materials (see Fig. 2);

- ablanket layer (28) over the etch stop material; and

- an opening through a first part of the etch stop material to thé ﬁrst electrically
conductive material (see Fig. 2).

Dennison et al. does not disclose the etch stop material being a different material from the
' iﬁsulating spacer. However, Figura et al. discloses in Fig. 1 an etch stop material (column 4, lines
51 and 52) being a different material from the insulating spacer (column 4, lines 11 and 12).

Thus, it would have been obvious to one of ordinary skill in the art at the time when the
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invention was made to modify Dennison et al. by using different materials for the etch stop
material and the insulating spacer as taught by Figura et al. The ordinary artisan would have been
motivated to modify Dennison et al. in the manner described above for at least the purpose of
minimizing current leakage and short circuits (column 2, lines 36 ~ 38).

Regarding claim 35, Dennison et al. discloses in Fig. 2 the electrically insulative spacer
(18) having a substantially rectangular cross-sectional shape in a plane that is substantially

perpendicular to the substrate surface (see Fig. 2).

4 Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dennison et al.
and Figura et al. as applied to claim 27 above, and further in view of Gonzalez.

Dennison et al. and Figura et al. disclose the claimed invention except the etch stop
material being silicon dioxide. However, Gonzalez discloses an etch stop material being silicon
dioxide (31 in Fig. 18). Thus, it would have been obvious to one of ordinary skill in the art at the
time when the invention was made to further modify Dennison et al. by using silicon dioxide for
the etch stop 4material as taught by Gonzalez. The ordinary artisan would have been motivated to
further modify Dennison et al. in the manner described above for at least the purpose of

preventing diffusion of element between layers.
Response to Arguments

5. Applicant's arguments filed on March 11, 2003 have been fully considered but they are

not persuasive.
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On page 3, applicant argues “the spacers and caps of Dennison et al. are required to act as
an etch-stop material; the only etch-stop material described in any of the references is silicon

nitride ... If one were to substitute silicon oxide for the caps and spacers in Dennison et al., then

they would not act as an etch-stop material with respect to the overlying BPSG layer, and
therefore such a substitution would destroy their function.” This argument is not persuasive.
Yang, cited herein for evidence purpose, cleariy discloses in Fig. 5 and column 6, lines 9 ~ 11
the silicon oxide layer in Figura et al. does in fact act as an etch-stop material. Thus, the
substitution does not destroy the function of the spacers in Dennison et al. Further, since
examiner replaced the material of the caps (20) of Dennison et al. with silicon nitride which is an
etch-stop material, the substitution does not destroy the functions of the caps in Dennison et al.
Thus, changing the composition of the caps and spacers in Dennison et al. does not defeat their

function.

Further, applicant argues “there is no suggestion to replac‘e the barrier layer 20 of
Dennison et al. with a different material--nofhing else is suggested in any of the references which
would provide a barrier function other than silicon nitride.” This argument is not persuasive. As
- explained in the paragraph three of this Office action, since examiner repléced the material of the
barrier layer 20 of Dennison et al. with silicon nitride of Figura et al. as same material as the
barrier layer 20 of Dennison et al., the substitution would not destroy the barrier functions of the
| layer 20. Therefore, the combining the references does not defeat the purpose of Dennison et al.

For the above reasons, the rejection is maintained.
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Conclusion

6. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time

policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO
MONTHS of the mailing date of this final action and the advisory action is not mailed until after
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,
however, will the statutory period for reply expire later than SIX MONTHS from the mailing

date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Chris C. Chu whose telephone number is (703) 305-6194. The
examiner can normally be reached on M-F (10:30 - 7:00).

If attempts to reach the examiner by telephone are unsuccessful, ‘the examiner’s
supervisor, Eddie C. Lee can be reached on (703) 308-1690. The fax phone numbers for the

organization where this application or proceeding is assigned are (703) 308-7382 for regular

- communications and (703) 308-7722 for After Final communications.
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Any inquiry of a general nature or relating to the status of this application or proceeding
should be directed to the receptionist whose telephone number is (703) 308-0956.
Chris C. Chu

Examiner
Art Unit 2815

C.C.

May 14, 2003 @ W

ALLANR.WILSON |
PRIMARY EXAMINER
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Sonnenschein
SONNENSCHEIN NATH & ROSENTHAL LLP
Facsimile Transmitfal Sheet

DATE. Qctober 20, 2003

PLEASE DELIVER THE FOLLOWING PAGES TO:

NAME» Examiner Chris C. Chu
FIRMe USPTO, Group Art Unit 2815
PHONE 703-305-6194

FAXa 703-308-7722
CLIENT/MATTER»  (9799940-0011

FROMe Paul E, Rauch

TOTAL NUMBER OF PAGES TRANSMITTED, INCLUDING THIS SHEET: 14

MESSAGE «

N

8000 Sears Towsr
Chleago, IL 80605
312,876.8000
312,876.7934 fax
www.sonnenschein.com

0.7127  p i
Chicago
Kansas Clly
Los Angsies
Naw York
San Francisco
Short Hills, N\J
St Lovis

Washington, D.C.
West Palm Beach

OFFICIAL

Re U.S. Application Serial No. 09/540,610

Original will NOT be malied
CONFIDENTIALITY NOTE

The documents accompanying this fecsimlle transmission and the Facsimile Transmission Sheet contain information from the law finn of
Sonnenschein Nath & Rosenthal LLP which is confidentlal or privileged. The information is interded to be for the use of the individual or entity
named on this transmisslon sheet. If you ere not the Intanded racipient, be awars that any disclosure, copying, distribution or use of the
contents of this facsimiled information is prohjbited. If you have recsived this facsimiie in error, please notify us by telophone immedistely so

that wa can arrange for the retrieval of the original documaents st no cost to you.

IF YOU DO NOT RECEIVE ALL OF THE PAGES ABOVE, PLEASE CALL 312.876.8101 AS SOON AS POSSIBLE.

. BN&R FACSIMILE DEPARTMENT USE ONLY:
TRANSMISSION COMPLETED AT:

Received from < 312 876 7934 > at 10120103 4:01;21 P [Eastern Daylight Time)

DOCUMENT TRANSMITTED BY:
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| hereby certify that this correspondence is being sent via
facsimile 703-308-7722 to Examiner Chris C. Chu atthe
United States Patent and Trademark Office on
/0/20 &3
¢ Date of Facsimile

Pauj E. Rauch, Ph.D.
Name of Applicant, assignee or
Registered -Representative

Signature
QOur File No. 09799940-0011

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Inre App!ication of.

James E. Nulty, et al.

RECEIVED
Examiner Chris C. Chu CENTRAL FAX CENTER

Group Art Unit No. 2815 0CT 21 2003

Serial No. 09/540,610
Fillng Date: Mar¢h 31, 2000

For  Method for Eliminating Lateral Spacer
Erosion on Enclosed Contact

Topographies During RF Sputter :
Cleaning OFFECEAL

TRANSMITTAL

Maii Stop - AF
Commissioner for Patents
P.O. Box 1460

Alexandria, VA 22313-1450

Dear Sir:
Transmitted herewith is:

@ Credit Card Payment Form

DX Two Month Extanglon of Tima (In duplicate)

DX Notice of Appeal (in duplicate)

X Amendment and Request for Reconsideration

X No additional fee is required.

X The Commissioner Is haraby authorized to charge any fees aszociated with this communication not covered by check or credit card

payment or credit any overpayment to Deposit Account No, 18-3140. A duplicate copy of this sheet is altached.

Respectfully ‘tted)

S C T~
Paul E. Rauch, Ph.D.
: Registration No. 38,591

SONNENSCHEIN NATH & ROSENTHAL LLP

P. Q. BOX 061080

WACKER DRIVE STATION, SEARS TOWER

CHICAGOQ, IL 60606

(312) 876-8000

-‘\.‘-‘b-h .

Recelved from < 312 876 7934 > at 10/20/03 4:01:21 PM [Eastern Daylight Time]
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} hereby certify that this correspondence is being sent via
facsimile 703-308-7722 to Examinsr Chris C. Chu at the
United States Patent and Trademark Office on

(S 25/

" Date of Facsimile

Paul E. Rauch, Ph.D,

Name of Applicant, assignee or -

Registerad_Representative

¢ —"""Signature

Qur File No. 09799940-0011

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:
James E. Nulty, et al,
Serial No, 09/540,610
Filing Date: March 31, 2000

Examiner Chris C. Chu

Group Art Unit No. 2815

For  Method for Eliminating Lateral Spacer
Erosion on Enclosed Contact
Topographies During RF Sputter
Cleaning

TRANSMITTAL
Mail Stop - AF
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:
Transmitted herewith is:

DA Credit Card Payment Form

= Two Month Extension of Time (in duplicate)

X]  Notice of Appeal (in duplicate)

Amendment and Request for Reconsideration

X wNoadditional fee Is required.

@ The Commissloner Is hareby authorized to charge any faes assoclated with this communication not covered by check or credit cand

payment or credit any overpayment to Deposit Account No. 18-3140. A duplicate copy of thia sheet is altached.

o

Paul E. Rauch, Ph.D,
Registration No. 38,591
SONNENSCHEIN NATH & ROSENTHAL LLP
P. 0. BOX 061080
WACKER DRIVE STATION, SEARS TOWER
CHICAGO, IL 60606
(312) 876-8000

Respect]

Received from < 312 876 7934 > at 10/20103 4:01:21 PM [Eastern Daylight Time]
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| hereby certify that this cormespondence Is being sent via
facsimile 703-308-7722 to Examiner Cheig C, Chu at the
United States Patent and Trademark Office on

{0/20/@

* Dafe of Facsimile

Paul E. Rauch, Ph.D.
Name of Applicant, assignes or

== - # 1y

/7 “——Signatyre
Qur File No, 09799940-0011 g /2 . /0
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE / Jb‘i

In re Application of:
James E. Nulty, et al.

Serial No. 09/540,610 Examiner Chris C. Chu

Fiting Date: March 31, 2000 Group Art Unit No, 2815

For  Method for Eliminating Lateral Spacer
Erosion on Enclosed Contact
Topographies During RF Sputter
Cleaning

PETITION AND FEE FOR EXTENSION OF TIME (37 CFR § 1.136(2))

Mail Stop - AF
Commissioner for Patents

P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:
This is a petition for an extension of the time to respond to the Office Action dated

May 20, 2003 for a period of two months.

Please charge the $420.00 fee to American Express Account No, 3785-716974-
01002. A Credit Card Payment Form is attached. A duplicate copy of this Petition is

attached.
Respe itted, _

"Paul'E-Rauch, Ph.D.
Registration No. 38,591
Attorney for Applicant

SONNENSCHEIN NATH & ROSENTHAL LLP

P. 0. BOX 081080

WACKER DRIVE STATION, SEARS TOWER

CHICAGO, IL 60606

(312) 876-8000

Received from < 312 876 7934 > at 10/20/03 4.01:21 PM [Eastern Daylight Time]
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| hereby certify that this corraspondence is being sent via
facsimiie 703-308-7722 to Examiner Chris C. Chu at the
United States Patent and Trademark Office on

(/) D

"Daté of Facsimile

Paul E. Rauch, Ph.D.
Name of Applicant, assignee or

Registered Representative

Vd ——"Slgnature ——

Our File No. 09799940-0011
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
James E. Nuity, et al.

Serial No. 09/540,610 Examiner Chris C. Chu

F|||ng Date: March 31, 2000 Group Art Unit No. 2815

For  Method for Eliminating Lateral Spacer
Erosion on Enclosed Contact
Topographies During RF Sputter
Cleaning

PETITION AND FEE FOR EXTENSION OF TIME (37 CFR § 1.136(a))

Nt Nt st N St oo st St s gt “ii®

Mail Stop - AF

Commissioner for Patents

P.0O. Box 1450 dii ) 0KE Sy 20

Alexandria, VA 22313-1450 d suode #5¢1i0 T
v T L LSBT T AN

Dear Sir: AR

This Is a petition for an extension of the time to respond to the Office Action dated
‘May 20, 2003 Yor a period of two months.

Please charge the $420.00 fee to American Express Account No, 3785-716974-
01002. A Credit Card Payment Form is attached. A duplicate copy of this Petition is
attached.

Respe d,

# " )

Paul E. Rauch, Ph.D.

Registration No. 38,591
Attomey for Applicant

SONNENSCHEIN NATH & ROSENTHAL LLP

P. 0. BOX 061080

WACKER DRIVE STATION, SEARS TOWER

CHICAGOQO, IL 60606
fa12\ 8748000 :
Recelved from < 312 876 7934 » at 10120103 4:01:24 PM [Eastern Daylight Time]
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{ hereby certify that this correspondence is being sent via
facsimile 703-308-7722 to Examiner Chris C. Chu at the
United States Patent and Trademark Office on

(/s

Bate of Facsimile

Paul E. Rauch, Ph.D. (
Name of Applicant, assignee or

/;agg osontative

Ve ~—""Signature

- Qur File No. 09799940-0011

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE jo8 [
)0-2 7/ 03

In re Application of:
James E. Nulty, et al.

Serial No. 09/540,810 Examiner Chris C. Chu

Filing Date: March 31, 2000 Group Art Unit No. 2815 .

For  Method for Eliminating Lateral Spacer o
Erosion on Enclosed Contact
Topographies During RF Sputter
Cleaning

e

NOTICE OF APPEAL

Mail Stop AF
Commissioner for Patents
P.Q. Box 1450

Alexandria, VA 22313-1450

Dear 8Sir:

Applicant hereby appeals to the Board of Patent Appeals and Interferences from the decision
of the Examiner dated May 20, 2003, finally rejecting Claims 25-39. Pursuantto 37 C.F.R. § 1.17(b),
the fes for this Notice of Appeal is $330.00. PTO Form 2038 is enclosed to cover the required fees.

The Commissioner is hereby authorized to charge any additional fees which may be required,
or credit any overpayment to Deposit Account No. 19-3140. A duplicate copy of this sheet is
enclosed.

Respectfull
-~ Z

Paul E. Rauch, Ph.D.

Registration No, 38,591
Attorney for Applicants

SONNENSCHEIN NATH & ROSENTHAL '

P. 0. BOX 061080

WACKER DRIVE STATION, SEARS TOWER

CHICAGO, |L 60606
1217\ A7R_AN

Received from < 312 876 ?934 > at 10120/03 4:01:21 PM [Eastern Daylight Time]
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1 hereby cerlify that this correspondeance is being sent via
facsimiie 703-308-7722 to Examiner Chrig C. Chu at the
United States Patent and Trademark Office on

{0/‘20 /0_?

7 Datebf Facsimile

Paul E. Rauch, Ph.D.
Namse of Applicant, assignee or
Registered Representative

)

' “——"" "signature

Our File No. 09799940-0011
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

in re Application of:
James E. Nulty, et al.

Serial No. 09/540,610 Examiner Chris C. Chu

Filing Date: March 31, 2000 Group Art Unit No. 2815

For  Method for Eliminating Lateral Spacer
Erosion on Enclosed Contact
Topegraphies During RF Sputter
Cleaning

Nt Nt el Nt Sg? S’ “ms St “ait? st

NOTICE OF APPEAL
Mail Stop AF
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir

Applicant hereby appeals to the Board of Patent Appeals and Interferences from the decision
of the Examiner dated May 20, 2003, finally rejecting Claims 25-39. Pursuant to 37 C.F.R. § 1.17(b),
the fee for this Notice of Appeal is $330.00. PTO Form 2038 is enclosed to cover the required fees.

The Commissioner is hereby authorized to charge any additional fees which may be required,
or credit any overpayment to Deposit Account No. 19-3140, A duplicate copy of this sheet is
enclosed,

d,

Respec’ffylly submita
___,._'—"—'\_ﬁ_-' N

Paul E. Rauch, Ph.D.
Registration No. 38,691
Attorney for Applicants

SONNENSCHEIN NATH & ROSENTHAL

P. 0. BOX 061080

WACKER DRIVE STATION, SEARS TOWER
CHICAGO, IL 60606 '

Receved from < 312 476 793 > at 0/20/03 4:01:21 PM [Eastern Daylight Time)
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SomleHSChein 8000 Sears Tower

SONNENSCHEIN NATH & ROSENTHAL LLP
Chicago, IL 60606

312,876,8000
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Regis! -Representative
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Qur File No. 09799940-0011
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
James E. Nulty, et al.

Serial No. 09/540,610 Examiner Chris C. Chu

Filing Date: March 31, 2000 Group Art Unit No. 2815

For - Method for Eliminating Lateral Spacer
Erosion on Enclosed Contact
Topographies During RF Sputter
Cleaning

TRANSMITTAL

Mail Stop - AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:
Transmitted herewith is:

R4 Credit Card Payment Form

Two Month Extension of Time (in duplicate)

DA Notics of Appeal (in duplicate)

DJ  Amendment and Request for Reconsideration
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& The Commissloner Is hereby authorized to charge any fees assoclated with this communication not covered by check or credit card

payment or credit any overpayment to Deposit Account No. 18-3140. A duplicate copy of this sheet is attachad.

Paul E. Rauch, Ph.D.
Registration No. 38,591
SONNENSCHEIN NATH & ROSENTHAL LLP
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WACKER DRIVE STATION, SEARS TOWER
CHICAGO, IL 60606
(312) 876-8000
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
1n re Application of:
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Serial No. 09/540,610 Examiner Chris C. Chu

For  Method for Eliminating Lateral Spacer
Erosion on Enclosed Contact
Topographies During RF Sputter
Cleaning
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Credlt Card Payment Form
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In re Application of:
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Topographies During RF Sputter
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Dear Sir:

This is a petition for an extension of the time to respond to the Office Action dated
May 20, 2003 for a period of two months. B

Please charge the $420.00 fee to American Express Account No. 3785.716974-
01002. A Credit Card Payment Form is attached. A duplicate copy of this Petition is

attached,

‘Paul'B"Rauch, Ph.D.
Registration No. 38,591
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United States Patent and Trademark Office on
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"Daté of Facsimile

Paul E. Rauch, Ph.D.
Name of Applicant, assignee or
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Qur File No. 09799940-0011
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

in re Application of:
James E. Nulty, et al.

Serial No. 09/540,610 Examiner Chris C. Chu

Filing Date: March 31, 2000 Group Art Unit No. 2815

For  Method for Eliminating Lateral Spacer
Erosion on Enclosed Contact
Topographies During RF Sputter
Cleaning

PETITION AND FEE FOR EXTENSION OF TIME (37 CFR § 1.136(a))

Mail Stop - AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
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Dear Sir:
This is a petition for an extension of the time to respond to the Office Action dated
May 20, 2003 for a period of two months.
 Please charge the $420,00 fee to American Express Account No. 3785-716974-
01002. A Credit Card Payment Form is attached. A duplicate copy of this Petition is
attached. ‘ '
Respe itted,

4 N - .

Paul E. Rauch, Ph.D.
Registration No. 38,591
Attommey for Applicant

SONNENSCHEIN NATH & ROSENTHAL LLP

P. O. BOX 061080

WACKER DRIVE STATION, SEARS TOWER

CHICAGO, IL 60606
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I hereby cerfify that this correspondence is belng sent via
facsimile 703-308-7722 to Examiner Chris C. Chu at the
United States Patent and Trademark Office on
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Wate of Facsimile

Paul E. Rauch, Ph.D.

Name of Applicant, assignee or
Reglstere esentative
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Qur File No. 09799940-0011
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

- In re Application of:
James E. Nulty, et al.

Serial No. 09/540,610 Examiner Chris C. Chu

Filing Date: March 31, 2000 Group Art Unit No. 2815
For  Method for Eliminating Lateral Spacer
Erosion on Enclosed Contact
Topographies During RF Sputter

Cleaning

NOTICE OF APPEAL
Mail Stop AF
Commiissioner for Patents
P.0. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

Applicant hereby appeals to the Board of Patent Appeals and Interferences from the decision
of the Examiner dated May 20, 2003, finally rejecting Claims 25-39. Pursuantto 37 C.F.R. § 1.17(b),
the fee for this Notice of Appeal is $330.00. PTO Form 2038 is enclosed to cover the required fees.

The Commissioner is hereby authorized to charge any additional fees which may be required,
or credit any overpayment to Deposit Account No. 19-3140. A duplicate copy of this sheet is

enclosed.

Respectful

Paul E. Rauch, Ph.D.

Registration No. 38,591
Attorney for Applicants

SONNENSCHEIN NATH & ROSENTHAL

P.0O.BOX 061080

WACKER DRIVE STATION, SEARS TOWER

CHICAGO, IL 60606
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facsimile 703-308-7722 to Examiner Chrls C. Chu at the
United States Patent and Trademark Office on
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7 Datebdf Facsimilg

Paul E. Rauch, Fh.D.
Name of Applicant, asslgnes or
Registered Representative

P

Ve Signature

Our File No. 09799940-0011

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

" In re Application of:
James E. Nulty, et al.
Serial No. 09/540,610
Filing Date: March 31, 2000

Examiner Chris €. Chu

. Group Art Unit No. 2815

For  Method for Eliminating Lateral Spacer
Erosion on Enclosed Contact
Topographies During RF Sputter
Cleaning

NOTICE OF APPEAL
Mail Stop AF
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

Applicant hereby appeals to the Board of Patent Appeals and Interferences from the decision
of the Examiner dated May 20, 2003, finally rejecting Claims 25-39. Pursuant to 37 C.F.R. § 1.17(b),
the fee for this Notice of Appeal is $330,00, PTO Form 2038 is enclosed to cover the required fees.

The Commissioner is hereby authorized to charge any additional fees which may be required,
or credit any overpayment to Deposit Account No. 19-3140, A duplicate copy_ of this sheet is
enclosed.

d,

Respectfully subm
—-—-—"'—-?-.__‘__w-—

Paul E. Rauch, Ph.D.
Registration No. 38,591
Attomey for Applicants

SONNENSCHEIN NATH & ROSENTHAL

P. ©.BOX 061080

WACKER DRIVE STATION, SEARS TOWER
CHICAGO, IL 60606
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facsimile 703-308-7722 to Examiner Chris C. Chu at the
United States Pate;?d Trademark Office on
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¢/ Date of Facsitnile

Paul E. Rauch, Ph.D.
Name of Applicant, assighes or

7@?&1 resentative .

Ve Signature

Our File-No. 09769940-0011
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

James E. Nulty, et al,
Serial No. 09/540,610
Filing Date: March 31, 2000

Examiner Chris C. Chu
Group Art Unit No, 2815

For Method for Eliminating Lateral
Spacer Erosion on Enclosed
Contact Topographies During RF
Sputter Cleaning

AMENDMENT AND REQUEST FOR RECONSIDERATION

Mail Stop - AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Responsive to the Official Action of May 5, 2003 Applicants respectfully request
reconsideration in light of the following amendments and remarks.
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IN THE CLAIMS

25.  (Previously presented) The semiconductor apparatus of claim 27 wherein
said etch stop material comprises silicon nitride.

26, (Previously presented) The semiconductor apparatus of claim 27 wherein
said etch stop material comprises silicon dioxide.

27.  (Currently Amended) A structure, comprising:

(a) a conductive layer disposed over a substrate;

(b) a first insulating layer on the conductive layer;

(c) a contact region in said first insulating layer;

(d) at least one insulating spacer in the contact region adjacent to the first
insulating layer; and

(e) an etch stop material over said first insulating layer and adjacent to the
insulating spacer, the etch stop matetial being a different material from the insulating
spacer,

' Ipe e » has = Lt ani
} | 4 i T DT gt sl
—(’v *ﬂw cobtantn  Sue bk
29. (Previously presented) The structure of Claim 27, wherein the insulating ‘?ﬁ oy, (o
spacer has a surface portion in the contact region without overlying etch stop material. 5 ¢

28. (Cancelled)

30. (Previously presented) The structure of Claim 29, wherein the insulating
spacer surface portion without overlying etch stop material comprises an insulating
spacer surface portion most distant from said substrate. '

31. (Cancelled) .

32.  (Previously presented) The structure of Claim 27, further comprising @
second insulating layer on the etch stop layer and over the conductive layer.

2
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33.  (Previously presented) The structure of Claim 32, further comptising a
second conductive material in the contact region.

34.  (Currently amended) A structure, comprising:

(a) a first electrically conductive material formed in and/or on a surface of
a substrate;

(b) a contact opening in a region adjacent to a second electrically
conductive material formed on the substrate;

' | (c) an electrically insulative spacer in the contact opening adjacent to the
second electrically conductive material;

(d) an etch stop material over the electrically insulative spacer and the first
and second electrically conductive materials, the etch stop material being a different
material from the insulative spacer;

(e) a blanket layer over the etch stop material; and

(f) an opening through a first part of the etch stop material to the first
electrically conductive material,

wherein the electrically insulative spacer has a substanfially rectangular
cross-sectional shape in a plane that is substantially perpendicular to the substrate

surface.
35. (Cancelled).

36. (Currently amended) The structure of Claim 34, wherein the electrically
insulatingve spacer has a surface portion without overlying etch stop material.

37.  (Currently amended) The structure of Claim 36, wherein the electrically
insulatingve spacer surface portion without overlying etch stop material comprises a
surface portion most distant from the substrate,

38.  (Previously presented) The structure of Claim 34, further comprising a
second insulating layer on the etch stop layer and over the conductive layer.

39. (Previously presented) The structure of Claim 38, further comptising a
second conductive material in the contact region.

' 3
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REMARKS

Claims 27 and 34 have been amended by incorporating the claims 28 and 35,
respectively. Claims 36 and 37 have been amended to comrect a typographical error.
No new matter has been added.

Applicants respectiully requests entry of this amendment, since no new
limitations have been presented.

The present invention relates to a semiconductor device with well defined contact
openings. In the past, the practice with respect to forming contact openings during the
fabrication of semiconductor devices, particularly self-aligned contact openings, was to
use etchants with high selectivity to protect underlying regions. However, the propetties
of a highly selective etch of the overlying etch layer can transform a substantially
rectangular spacer adjacent to the contact region into a sloped spacer. Before,the
conductor materials are added to the contact opening, the opening was cleaned with a
sputter etchant which can erode a portion of the sloped Insulating spacer. Thus in
conventional self-aligned contact structures, the diagonal thickness of the spacer, rather
than the vertical thickness of the insulating layer, determined the minimum insulating
layer thickness for the gate. Sloping spacers limit the number of structures that can be
included on a device.

The present invention avoids this problem by retaining the substantially
rectangular profile of the insulating spacers. As illustrated in Figure 4K of the present
specification, the spacer retains a substantially rectangular or "boxy" profile, i.e. the
sides of the spacer are not sloping. '

4 .
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Figure 4K

The rejection of the claims under 35 U.S.C. § 103 over Dennison. et al., in view

of Figura, et al., and optionally further in view of Gonzalez, is respectfully traversed,
Dennison, et al. does not show a substantially rectangular insulating spacer.

Dennison, et al. describes a method of forming a bit line over a capabitor array of
memory cells. Element 18 in Figure 2 shows a spacer, This portion of the figure Is
reproduced below. As illustrated, the spacer has a sloping portion, and is not
substantially rectangular.

18 18 36

\

A portion of Figure 2 from Dennison. et al.

5
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Figura et al. has been cited for an etch stop material being different from the
insulating spacer. Gonzalez has only been cited for a description of silicon dioxide
spacers. Neither reference describes a substantially rectangular insulating spacer.

The present invention, as claimed, includes a substantially rectangular insulating
spacer. As used in the present specification, this means that the spacer does not have
sloping sides, and retains a "boxy" profile; this’is illustrated in Figure 4K, shown above.
In contrast, the spacers of Dennison, et al. has sloping sides, and is therefore not
substantially rectangular, as shown in Figure 2 of this reference, also shown above.
Figura et al. and Gonzalez also fail to show or suggest a substantially rectangular
insulating spacer. Applicants respectfully submit that the claimed invention is not
obvious over the applied references. Withdrawal of this ground of rejection is

respectfully requested. |

Applicants respectfully request that the Examiner contact the undersigned upon
the indication of any allowable subject matter. Applicants submit the application is now
in conditlon for allowance. Early notice of such action is eamestly solicited.

Respeciiyll submitted,

¢ Paul E. Rauch, Ph.D.
Registration No. 38,591
Attorney for Applicants
SONNENSCHEIN NATH & ROSENTHAL
P. O. BOX 061080
WACKER DRIVE STATION, SEARS TOWER
CHICAGO, IL 60606
(312) 876-8000

6
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Paul E-Rauch, Ph.D.
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facsimile 571-273-1724 to Examiner Chris C. Chu at the
United States Patent and Trademark Office on
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Date of Fdcsimile  {

Oé Paul E. Rauch, Ph.D.
6—:,.[; et Name of Applicant, assignee or
" Registerad Representative
3/ 3 4 —"Signature . »
Joy . | Our Eile No. 09799940-0011

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
James E. Nulty, et al.

Serial No. 09/540,610 Examiner Chris C. Chu

Flling Date: March 31, 2000 Group Art Unit No. 2815

For  Method for Eliminating Lateral
Spacer Erosion on Enclosed
Contact Topographies During RF
Sputter Cleaning
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FAX RECEIVED
FEB 2 0 2004

MENT
AMENDME TEC!JOLOGY CENTER 2800

Mail Stop - AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir: / ‘ \
Applicants respectfully request reconsideration in light of the following

amendments and remarks.
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IN THE SPECIFICATION ;
Please add the following paragraph to the specification, page 15, after line 16:

b [ The phrase "substantially rectangular" means that a side of the spacer has an
angle relative to the substrate surface of more than 85°.

2 .
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IN THE CLAIMS

e ——

L 1-24, (Cancelled)
T I
’;5./ (Previously presented) The semiconductor apparatus of claim 27“wherein

said etch stop material comprises silicon nitride.
3 I
28.  (Previously presented) The semiconductor apparatus of claim-27 wherein

said etch stop material comprises sliicon dioxide.
i
277 (Currently Amended) A structure, comprising:

(a) a conductive layer disposed over a substrate;
'DQ (b) a first insulating layer on the conductive layer;

(¢) a contact region in said first insulating layer;

(d) at least one Insulating spacer in the contact region adjacent to the first
insulating layer; and

(e) an etch stop material over said first 'insulating layer and adjacent to the
insulating spacer, the etch stop material being a different material from the insulating
space,

whe{ﬁin a side of the insulating spacevr\ hé\lS an angle relative to the

3 her o e gl o < o ol Ay = ang e
/ substrate surfgcé/‘of mote tﬁat 5° a-s-ubsignﬁalgqeamaguoappzéﬂlein-theeemast%

Fogion.

\ =

48, (Cancelled).

- 4 )
29, (Previously presented) The structure of Claim-27; wherein the insulating
spacer has a surface portion in the contact region without overlying etch stop material.

307 (Previously presented) The structure of Claim 29, wherein the insulating
spacer surface portion without overlying etch stop material comprises an insulating
spacer surface portion most distant from said substrate. '

A (Cancelled).
/
3
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( \
~2:  (Previously presented) The structure of Claim-2% further comprising a

second insulating layer on the etch stop layer and over the conductive layer,

(Previously presented) The structure of Claim-232; further comprising a
second conductive material in the contact region.

aQ

34" (Currently amended) A structure, comprising;
(a) a first electrically conductive material formed in and/or on a surface of

a substrate;
(b) a contact opening in a region adjacent to a second electrically

DL conductive material formed on the substrate:

(¢) an electrically insulative spacer in the contact opening adjacent to the
second electrically conductive material;

(d) an etch stop material over the electrically insulative spacer and the first
and second electrically conductive materials, the etch stop material being a different
material from the insulative spacer; v

(e) a blanket layer over the etch stop material; and

(f) an opening through a first part of the etch stop material to the first

electrically conductive material,

wherein a side of the electncally insulative spacer has a-substantiallyrectangular
} n_angle relative to

e
e the substrate sjﬁac? ofm
35. (Cancelled).”
L ¢
(Previously presented) The structure of Claim 34, wherein the electrically
insulative spacer has a surface portion without overlying etch stop material.

0
éf (Previously presented) The structure of Claim 38, wherein the electrically
insulative spacer surface portion without overlying etch stop material comprises a
surface portion most distant from the substrate.

4
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Il 9

36, (Previously presented) The structure of Claim 34, further comprising a

second insulating layer on the etch stop layer and over the conductive layer.

iz N\
9. (Previously presented) The structure of Claim 38, further comprising a

second conductive material in the contact region.

— e

5 .
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REMARKS

The amendment to claims 27 and 34, and the specification, are supported by the
specification, page 8, lines 19-23, and page 10, lines 8-11. No new matter has been
added.

Applicants would like to thank Examiner Chu for the courteous and helpful
discussion held with applicants representative on February 19, 2004. During that
discussion, it was indicated that the above amendments would clarify the claims.

Applicants submit that the application is now in condition for allowance. Early
notice of such action is earnestly solicited.

jaspﬂectfull itted,

Paul E. Rauch, Ph.D.
Registration No. 38,591
: Attorney for Applicants
SONNENSCHEIN NATH & ROSENTHAL
P. O. BOX 061080

WACKER DRIVE STATION, SEARS TOWER
CHICAGO, IL 60606

(312) 876-8000

FAX RECEIVED
FEB 2 0 2004
TEC!I0Logy CENTER 2809
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RECEIVED
CENTRAL FAX CENTER
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United States Patent and Trademark Office on o - _ _
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Paul E. Rauch, Ph.D.
Name of Applicant, assignee or

Registered Representative,
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Qur File No. 09799940-0011

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
James E. Nulty, et al.

Serial No. 09/540,610 Examiner Chris C. Chu

Filing Date: March 31, 2000 Group Art Unit No. 2815

For Method for Eliminating Lateral
Spacer Erosion on Enclosed
Contact Topographies During RF
Sputter Cleaning

CORRECTED AMENDMENT

Mail Stop - AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

This Amendment is identical to the last amendment filed but it corrects the format
of the presented claim set. Applicants thank Examiner Chu for pointing out this

omission.
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IN THE SPECIFICATION
Please add the following paragraph to the specification, page 15, after line 16:

The phrase "substantially rectangular” means that a side of the spacer has an
angle relative to the substrate surface of more than 85°.

2
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IN THE CLAIMS

1-24, (Cancelled)

25.  (Previously presented) The semiconductor apparatus of claim 27 wherein
said etch stop material comprises silicon nitride.

26.  (Previously presented) The semiconductor apparatus of claim 27 wherein
said etch stop material comprises silicon dioxide.

27.  (Currently Amended) A structure, comprising:

(a) a conductive layer disposed over a substrate;

{b) a first insulating layer on the conductive layer;

(¢) a contact region in said first insulating layer;

(d) at least one insulating spacer in the contact region adjacent to the first
insulating layer; and

(e) an etch stop material over said first insulating Iayér and adjacent to the
insulating spacer, the etch stop material being a different material from the insulating
spacer,

wherein a side of the insulating spacer has an angle relative to the
substrate surface of more than 85° a-substantialiy-restangularprofile-inthe-coptast
Fogion.

28. (Cancelled).

29,  (Previously presented) The structure of Claim 27, wherein the insulating
spacer has a surface portion in the contact region without overlying etch stop material.

30. (Previously presented) The structure of Claim 29, wherein the insulating
spacer surface portion without overlying etch stop material comprises an insulating

spacer surface portion most distant from said substrate.

31.  (Cancelled).

3
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32.  (Previously presented) The structure of Claim 27, further comprising a
second insulating layer on the etch stop layer and over the conductive layer,

33.  (Previously presented) The structure of Claim 32, further comprising a
second conductive material in the contact region.

34,  (Currently amended) A structure, comprising:
(a) a first electrically conductive material formed in and/or on a surface of
a substrate;
(b) a contact opening in a region adjacent to a second electrically
conductive material formed on the substrate;
(c) an electrically insulative spacer in the contact opening adjacent to the
second electrically conductive material;

- (d) an etch stop material over the electrically insulative spacer and the first
and second electrically conductive materials, the etch stop material being a different
material from the insulative spacer; )

(e) a blanket layer over the etch stop material, and
(f) an opening through a first part of the etch stop material to the first

electrically conductive material,

wherein a side of the electrically insulative spacer has a-substantially-rectangular
astionalshapo-in-a-plane-thatissub ..‘ porpendicula ananglerelativeto
the substrate surface of more than 85°, '

35. (Cancelled).

36. (Previously presented) The structure of Claim 34, wherein the electrically
insulative spacer has a surface portion without overlying etch stop materiai.

37. (Previously presented) The structure of Claim 36, wherein the electrically
insulative spacer surface portion without overlying etch stop material comprises a
surface portion most distant from the substrate.

4
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38.  (Previously presented) The structure of Claim 34, further comprising a
second insulating layer on the etch stop layer and over the conductive layer.

39. (Previously presented) The structure of Claim 38, further comprising a
second conductive material in the contact region.

5.
PAGE 67* ROVD AT 3131/2004 1:34:54 PM [Eastem Standard Time]* SYR:USPTO-EFXRF-1126 * DNIS:2731724* CSID: * DURATION (mm-ss:04-36

SAMSUNG-1002.237



MAR. 31. 2004 12:37PM SONNENSCHETN NO. 3527 P 7

REMARKS

The amendment to claims 27 and 34, and the specification, are supported by the
specification, page 8, lines 19-23, and page 10, lines 8-11. No new matter has been
added. '

Applicants would like to thank Examiner Chu for the courteous and helpful
discussion held with applicants representative on February 19, 2004, During that
discussion, it was indicated that the above amendments would clarify the claims.

Applicants submit that the application is now in condition for allowance. Early

notice of such action is earnestly solicited.

Respectfully submitted,

Fofc [ Ra s aness

Paul E. Rauch—#h.D.
Registration No. 38,591
Attorney for Applicants

SONNENSCHEIN NATH & ROSENTHAL

P. O. BOX 061080

WACKER DRIVE STATION, SEARS TOWER

CHICAGO, IL 60606

(312) 876-8000
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Application No. Applicant(s)
. Ly 09/540,610 .
Notice of Allowability Examiner T\,LiLJ,IEtET AL
Chris C Chu 2815

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X] This communication is responsive to 2/20/04.

2. X The allowed claim(s) is/are 25 - 27, 29, 30, 32-34 and 36-39.

3. [J The drawings filed on are accepted by the Examiner.

4. [T] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[(J Al b)[J Some* c)[JNone of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. _
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)). -
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. [X] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) X including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO- 948) attached
1) [J hereto or 2) X to Paper No./Mail Date 4.
(b) { including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date 22.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. []1 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s) ’
1. [ Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application (PTO-152)
2.7 Notlce of Draftperson s Patent Drawing Review (PTO—948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. X Examiner's Amendment/Comment
Paper No./Mail Date
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [X] Examiner's Statement of Reasons for Allowance
of Biological Material 9. [ Other
U.S. Patent and Trademark Office
PTOL-37 (Rev. 1-04) Notice of Allowability - Part of Paper No./Mail Date 22
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Application/Control Number: 09/540,610 Page 2
Art Unit: 2815

DETAILED ACTION

Drawings
1. The proposed drawings mailed on October 4, 2001 are approved by Eﬁcaminer. However,
applicant should submit formal replacement sheets with labeled as such in the header according
to 37 CFR 1.1>21(d) and formal drawings for the ﬁgures. Applicant is advised to employ the
services of a competent patent draftsperson outside the Office, as the U.S. Patent and Trademark
Office no longer prepares new drawings. The replacement drawings are required in reply to the
Office action to avoid abandonment of the application. The requirement for replacement

drawings will not be held in abeyance.

EXAMINER’S AMENDMENT
2. An examiner’s amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the

payment of the issue fee.

3. Authorization for this examiner’s amendment was given in a telephone interview with
Paul E. Rauch on April 15, 2004.
The application has been amended as follows/:/

In claim 27, line 11, after “substrate surface,” insert: -- that is either a right angle

or an acute angle--.
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Application/Control Number: 09/540,610 Page 3
Art Unit: 2815

In claim 34, at the last line, after “substrate Qface,” insert: -- that is either a right

angle or an acute angle--.

REASONS FOR ALLOWANCE

The following is an examiner’s statement of reasons for allowance:
4, The prior art of record does not teach or reasonably suggest, either singularly or in
combination, at least one insulating spacer in a cohtact region adjacent to a first insulating layer;
an etch stop material over the first insulating layer and adjacent to the insulating spacer, the etch
stop material being a different material from the insulating spacer; and wherein a side of the
insulating spacer has an angle relative to the substrate surface that is either a right angle or an
acute angle of more than 85°.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

Any inquiry concerning this communication or earlier communigations from the
examiner should be directed to Chris C. Chu whose telephone number is 571-272-1724. The
examiner can normally be reached on 11:30 - 8:00. |

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
* supervisor, Tom Thomas can be reached on 517—272—1664.. The fax phone number for the

organization where this application or proceeding is assigned is 703-872-9306.
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Application/Control Number: 09/540,610 Page 4
Art Unit: 2815

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

Chris C. Chu

Examiner
Art Unit 2815

c.c.
4/7/04 5:41:46 PM

BRADLEY BAUMEISTER
PRIMARY EXAMINER
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE .
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, V'rglma 22313-1450

WWW,usplo.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

26263 7590 04/20/2004 , EXAMINER l
SONNENSCHEIN NATH & ROSENTHAL LLP CHU, CHRIS C
P.0. BOX 061080 _
WACKER DRIVE STATION, SEARS TOWER [ ART UNIT | PaPERNUMBER |
CHICAGO, IL 60606-1080 2815

DATE MAILED: 04/20/2004

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO,
09/540,610 03/31/2000 EK/ James E. Nulty 16820.P097 27
TITLE OF INVENTION: STRUCTURE HAVING REDUCED LAT L SPACER EROSION

| APPLN. TYPE | SMALL ENTITY ] ISSUE FEE | PUBLICATION FEE I TOTAL FEE(S) DUE l DATE DUE I
nonprovisional NO $1330 $300 $1630 07/20/2004

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 US.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL
BE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:
A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.
B. If the status is changed, pay the PUBLICATION FEE (if B. If applicant claimed SMALL ENTITY status before, or is now

required) and twice the amount of the ISSUE FEE shown above claiming SMALL ENTITY status, check the box below and enclose
and notify the United States Patent and Trademark Office of the the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

; change in status, or O Applicant claims SMALL ENTITY status.
See 37 CFR 1.27.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

III. All communications regarding this application must give the appllcatlon number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page | of 3

PTOL-85 (Rev. 11/03) Approved for use through 04/30/2004.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail = Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax  (703) 746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requiged{). Blocks I through 4 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unl?ss cor_rfgcteg:l below or directed otherwise in Block |, by (a) specifying a néw correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Legibly mark-up with any corrections or use Block 1)

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal, This certificate cannot be used for any other accompanying

Eapers, Each additional paper, such as an assignment or formal drawing, must
26263 7590 04/20/2004 ave its own certificate of mailing or transmission,
SONNENSCHEIN NATH & ROSENTHAL LLP ) Certificate of Mailing or Transmission
P.O. BOX 061080 I hereby certify that this Feegst) Transmittal is being deposited with the United
: States Postal Service with sufficient postage for first class mail in an envelope
WACKER DRIVE STATION, SEARS TOWER : addressed to the Mail Stop ISSUE' FEE address above, or being facsimits
CHICAGO. IL 60606-1080 transmitted to the USPTO, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
{ APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATIONNO. |
09/540,610 03/31/2000 James E. Nulty 16820.P097 2171
TITLE OF INVENTION: STRUCTURE HAVING REDUCED LATERAL SPACER EROSION
l APPLN. TYPE | SMALL ENTITY | ISSUE FEE T PUBLICATION FEE [ TOTAL FEE(S) DUE l DATE DUE I
nonprovisional NO $1330 $300 $1630 07/20/2004
l EXAMINER | ART UNIT | ciasssuscLass |
CHU, CHRISC 2815 257-774000

1. Chan3ge of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list (1) the

CFR 1.363). names of up to 3 registered patent attorneys or |
1 Change of correspondence address (or Change of Correspondence agenis OR, altematively, (2) the name of a single
Address form PTO/SB/122) attached. firm (having as a member a registered attorney or 5

. L agent) and the names of up to 2 registered patent
1 "Fee Address" indication (or "Fee Address" Indication form i 1
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer at?orll;eys or agents. If no name is listed, no name 5
Number is required. will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is onl{ appropriate when an assignment has
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Please check the appropriate assignee category or categories (will not be printed on the patent); Qindividual O corporation or other private group entity Q government
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s).
3 Issue Fee 3 A check in the amount of the fee(s) is enclosed.
0 Publication Fee Q Payment by credit card. Form PTO-2038 is attached.
! [ Advance Order - # of Copies D The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number (enclose an extra copy of this form).

Director for Patents is requested to apply the [ssue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

(Authorized Signature) (Date)

NOTE, The Issue Fee and Publication Fee (if required) will not be accepted from anyone
other than the applicant; a registered at(ornesy or agent; or the assignee or other parfy in
interest as shown by the records of the United States Patent and Trademark Office.

This collection of information is re%uired by 37 CFR [.311. The information is required to
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR [.14, This collection is
estimated to take 12 minutes to complete, inclyding gathering, preparing, and submitting the
completed application form to the USPTO, Time will vary dependmg upon the individual
case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S., Department of Commerce, Alexandria, Virginia
22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commissioner for Patents, Alexandria, Virginia 22313-1450,

Under the Paperwork Reduction Act of 1995, no %ersons are required to respond to a
collection of information unless it displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE(S)
PTOL-85 (Rev. [1/03) Approved for use through 04/30/2004. OMB 0651-0033  U.S, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Vlrglma 22313-1450
www.uspto.gov
| APPLICATION NO. | FILING DATE [ FIRST NAMED INVENTOR ] ATTORNEY DOCKETNO. | CONFIRMATION NO. l
09/540,610 03/31/2000 James E. Nulty 16820.P097 2171
26263 7590 04/20/2004 [ EXAMINER ]
SONNENSCHEIN NATH & ROSENTHAL LLP CHU, CHRIS C
P.0. BOX 061080 :
WACKER DRIVE STATION, SEARS TOWER L arruNiT | PAPERNUMBER |

CHICAGO, IL 60606-1080 2815

DATE MAILED: 04/20/2004

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half

- months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.

Page 3 of 3

PTOL-85 (Rev. 11/03) Approved for use through 04/30/2004.
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Signature

Our File No. CYP01-007-DIV-US
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
James E. Nulty, et al.
Serial No. 09/540,610 Examiner Chris C. Chu

Filing Date: March 31, 2000 Group Art Unit No, 2815

For  Structure Having Reduced Lateral
Spacer Erosion

TRANSMITTAL
M.S. - Issue Fee
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:
Transmitted herewith is:

Credit Card Payment Formn

Part B Fee Transmittal Form PTOL-85 ({in duplicate)

Change of Correspondence Address

Letter to Official Draftsman

7 Sheets of Formal Drawings (Figures 1-4)

No additional fee is required.

The Commissioner is hereby authorized to charge any fees associated with this communication not covered by check or

credmrd payment or credit any overpayment to Deposit Account No. (60-3123). A duplicate copy of this sheet is
atta

Respectfully submittad,

Paul E. Rauch, Ph.D.
Registration No. 38,591
Evan Law Group LLC
£66 West Adams

- Suite 350

Chicago, lllinois 60661
(312) 876-1400
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® PTO/SBI122 (08-03)

m 1 ] m . Approved for use through 11/30/2005. OMB 0851.0035
3 U.S. Patent and Tradentiark Office; U.S. BEPARTMENT OF COMMERCE

Reduction Act of 18985, no persons are requirad to respond to 8 collection of information unless it displays a valid OMB control number.

Application Number 09/540.610
CHANGE OF =
CORRESPONDENCE ADDRESS | Fiing Date March 31, 2000
Application First Named Inventor James E. Nulty, stal.
2815

Address to: Art Unit

Commissioner for Patents

P.O. Box 1450 Examiner Name Cheis C. Chu

\ Alexandria, VA 22313-1450. o CYP01-007-DIV-US - . /
_Attorney Docket Number _
Please change the Comespondence Address for the above-identified pa(ént appflication to:
Customer Number : l 43320 J
OR
Firm or
Individual Name

Address
Address :'
City State Zip
Country
Yelephone Fax

This form cannot be used to change the data associated with a Customer Number. To change the
data associated with an existing Customer Number use *“Request for Cuslomer Number Data
Change” (PTO/SB/124).

i am the:

D Applicantinventor

Assignee of record of the entire interest.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96).

Attorney or Agent of record. Registration Number _38,581

D Registered practitioner named in the application transmittal ietter in an application without an
execuled oath or deciaration. See 37 CFR 1.33(a)(1). Registration Number,

Typed or Printed

Name Paul E. Rauch, Ph.D.

. S
Signatura

Date ?;, 4 /5 eoes” | Telephone 3125761400
NOTE: Signal{ires of A1l the Inventors or assignges of record of the entire interest of theif representative(s) are required. Submit muitipie

forms if more than ofie signature is required, see below”.

I [ *Total of 1 forms are submitted.

This callaction of information is required by 37 CFR 1.33, The information is required to obtain or retain @ benefit by the public which is o file (and by the USPTO

to process) an appiication. Confidentiality is govarned by 35 U.S.C. 122 and 37 CFR 1.14, Thig collection is estimated 1o take 3 minutes to complets, including
¢ gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the Individual case. Any comments on the
" amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and

Trademark Office, U.S. Department of Commerce, P.O, Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
. ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450,

if you need assistance in completing the form, call 1-800-PTO-8193 and select oplion 2.

TT
4 253

7-29-=
TC
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PART B - FEE(S) TRANSMITTAL TT

orm, together wivi applicable fee(s), to: Mail  Mall Stop ISSUE FEE
Commissioner for Patents

. P.O. Box 1450
Alexaudria, Virginia 22313-1450

or Fax {703) 746-4000

KT gir)/should be used for ransmitting the ISSUE FEE and PUBLICATION FEE (if wqumdt‘alockx ] d:wugh 4 should be camplewd where

A prifee oo e%cw:&udmg the Pms nevlanﬁe orders md‘mﬁcauon of malntmnce ill m%:leidwwe current cones'?og ADDI%%?” g
indicaied uniese Sl et bel ow or di otherwise in Blocl y (8) specifying 8 new comvespondence address; and/or (b) ng 8 separgte * for
CURRENT CORRESPONDENCE ADDRESS (Noic: Legibly mark-up wilh asy carrestions o we Block 1) Note: A certificate of mailing } can only be used ror domestic mailings of the
Fee(s) Tmnsmuui This certificate cannot be used for any other accompanying

sdditional s Such assi t fmuldmvn 5 Must
26263 7590 04/20/2004 ) g:ve mownwn'ﬁcnc 1?19 ﬁlnniwwmwhw oo "8
SOMMENSGHBINNAELS SO BNTbidunishe | hereh m:‘:g-lm;ate D’T Mnlﬂt:(gmork’l‘;emm‘;enlonw ith the United
certi 1S 8) lransm ing deposited wil & m
mail
Evan Law Group LLC St e Vel Sy TS RS Lo L R
Gllichae-ress 566 West Adams trangmitied to the USPTO, on the date indicated
Suite 350 Paul E. Rauch, Ph.D., Registration No. 38,591 {Depositor's name)
\ Chicago, llinois 60661 , i
/S 200y (Daie)
7
|__APPLICATIONNO. ] FILNGDATE | FIRSTNAMED INVENTOK ~ / J ATTORNEY DOCKETNO. | ~ CONFIRMATIONNQ, |
09/540,610 . 0373172000 James E. Nulty 16820.P097 2m

TITLE OF INVENTION: STRUCTURE HAVING REDUCED LATERAL SPACER EROSION

| APPLN.TYVPE | svacventimy ] 1SSUE FEE | " puBLICATIONFBE |  TOTALFEE(S)DUE | DATE DUE ]
nonprovisional NO $1330 $300 51630 07/20/2004
b EXAMINER ] ARTUNIT ] crasssusciass - |
CHU, CHRISC 2818 257774000
e of correspondence add indication of "Fec Address” (37 patent psge, th
GRS T B e i 3 st oot ameys o 1__EVAN LAW GROUP LLC

agents OR, altematively, (2) the name of a single
firm (having as » member a registered attorney or 3
agent) and the names of up to 2 registered patent

nd dd
K ot oS iy (7 e ofComspondene

O "Pec Addr:ss" indiuuoa or *Fee Address” Indication ents, name is listed, no name
PTO/SB/AT; Rev 03-02 or n(ux: recent) attached. ’Use of & Customer | Stioreys of sgents. If no hd 3
Nomber Is required. will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an m‘guee is identified below, no assignee data will appear on the patent. Inclusion of asgignee data is appropriate when an assignment has

been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT & substitute for filing an mtgnmen
(A) NAME OF ASSIGNEB (B) RESIDENCE:; (CITY and STATE OR COUNTRY)
CYPRESS SEMICONDUCTOR CORPORATION SAN JOSE, CALIFORNIA
. Please check the appropriate assignes category or catcgones (will not be printed on the patent); Q individual Xorpomﬁon or other private group entity O government
4a. The following fee(s) are enclosed: 4b, Payment of Fee(s):
Wissue Foo D A check in the amount of tha fee(s) is enclased.
Publication Fee Payment by credit card. Form PTO-2038 is attached.
Advance Order - # of Copies 10 : The Director is hereby suthorized by clwge the required fee(s), or credit any °vergtymem, to
it Account N (enclase an extra copy of this form,

Director for Patents is requested to apply the Issue Fee and Publication Fes (if any) or to re-apply any previously pmd issue fee to the application identified above,

(Aumonz%\(mw) z ;

NOTE The Isuc Fee nnd Pubhcalion Fes (if nqmred) will not bé accepled

fm : 07/20/2004 RHEERAHL 00000006 09540610
ne

lhe dw s
?mcr;st as shown Gy the recards of the United §uta &al::;x:rnd‘hfwu? gffwe gé Fg:ggz %gg:gg ﬁog
Th [2 : ‘
S i e OB G i by GORIE s et 03 FOR00L o

application. Conﬂdenuamy ] 3ovemed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes to comslcle meludmg athering, preparing, and submttung (he
completed application form to the Time will vary ependmf upon the ind
case. Any comments on the amount of time you fequi ete this form tmdlor
suggestions for reducing this burdzu. should senl tn the chm Ini ommmn Officer, U. S. ;
Palent and Trad emnrt Office, Departmen exandnis, Virgini
22313-!450 DO NOT SEND FEES OR COMPLEI'ED FORMS TO THIS ADD S.
END TO: Commissioner for Patents, Alexandria, Virginia 22313-1450,

Under the Paperwork Reductlon Act of 1995, rsons are required to respond
col!ecnon of information unless it displays a vaiid OMEcoatml numr' ©s

TRANSMIT THIS FORM WITH FEE(S)

PTOL-RS (Rav 1103V Annvaved fre veen thrmeevh A4 NANANS VLR NEEY OAYY BT Tesene o B e Bt MEE e, £ IO T STVEY VT AL ST AT
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++ " | certify thet this comespofide

q deposited with'the United
States Postal Sdrvice with sufficié)) .age as first class mail in en
envelope addressed 0. Commissl . for Patents

0. Bax 1450, Alexandria, VA 223131450 on:

AP M

Our File No. CYP01-007-DIV-US
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
James E. Nulty, et al.

Serial No, 09/540,610 Examiner Chris C. Chu

Filing Date: March 31, 2000 Group Art Unit No. 2815

S L . L W

For Structure Having Reduced Lateral
Spacer Erosion

SUBMISSION OF FORMAL DRAWINGS

M.S. Issue Fee
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
Dear Sir:
In response to the Notice of Allowability dated April 20, 2004, Applicants have
enclosed 7 sheets of formal drawings (Figures 1-4) including changes required by the
Notice of Draftsperson’s Patent Drawing Review, PTO-948 attached to Paper No. 4 and

22
Respe bmitted,

S

Paul E. Rauch, Ph.D.
Registration No. 38,591
Attomey for Applicant

Evan Law Group LLC
566 West Adams
Suite 350

Chicago, lllinois 80661

~ (312) B76-1400
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UNITED STATES PAlr., D TRADEMARK OQFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
WWW.uspto.gov

P75M
EVAN LAW GROUP LLC DATE PRINTED
600 WEST JACKSON BLVD., SUITE 625
CHICAGO IL 60661 03/10/08

MAINTENANCE FEE REMINDER

According to the records of the U.S. Patent and Trademark Office (USPTO) the maintenance fee for

the patent(s) listed below (for which the above address is on record as the fee address under

37 CFR 1.363) has not been paid within the six-month period set forth in 37 CFR 1.362(d).

THE MAINTENANCE FEE MAY STILL BE PAID WITH THE APPLICABLE SURCHARGE SET FORTH
IN 37 CFR 1.20(h), WITHIN THE SIX-MONTH GRACE PERIOD SET FORTH IN 37 CFR 1.362(¢).

Unless payment of the maintenance fee and the applicable surcharge is received in the USPTO
within the six-month grace period, THE PATENT WILL EXPIRE AS OF THE END OF THE GRACE
PERIOD. 35 U.S.C. 41(b).

The total payment due is the amount required on the date the fee is paid (and not necessarily the
amount indicated below). All USPTO fees (including maintenance fees) are subject to change.
Customers should refer to the USPTO Web site (www.uspto.gov) or call the Maintenance Fee Branch
at 571-272-6500 for the most current fee amounts for the correct entity status before submitting
payment. The total payment due indicated below is based on the entity status according to current
Office records (shown below).

Timely payment of the total payment due is required in order to avoid expiration of the patent.
A maintenance fee payment can be timely made using the certificate of mailing or transmission
procedure set forth in 37 CFR 1.8.

u.s. PATENT  APPL. PAY- TOTAL ATTORNEY
PATENT FEE MAINT. APPL I SSUE FILING MENT SMALL  PYMT DOCKET
NUMBER AMT SURCHG NUMBER DATE DATE YEAR ENTITY? DUE NUMBER

6784552 930 130 09540610 08/31/04 03/31/00 4 NO 1060 16820.P097

. The":maintenance fee and the applicable surcharge can be paid quickly and easily over the Internet

at www.uspto.gov by electronic funds transfer (EFT), credit card, or-USPTO deposit account payment
methods. The mailing address for all maintenance fee payments not electronically submitted over the
Internet is: U.S. Patent and Trademark Office, P.O. Box 979070, St. Louis, MO 63197-9000.

Direct any questions about this notice to: Mail Stop M Correspondence, Director of the United
States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450.

NOTE: This notice was automatically generated based on the amount of time that elapsed since

the date a patent was granted. It is possible that the patent term may have ended or been shortened
due to a terminal disclaimer that was filed in the application. Also, for any patent that

issued from an application filed on or after June 8, 1995 containing a specific reference to

an earlier filed application or applications under 35 U.S.C. 120, 121, or 365(c), the patent

term ends 20 years from the date on which the earliest such application was filed, unless

the term was adjusted or extended under 35 U.S.C. 154 or 156. Patentee should determine the
relevant patent term for a patent before paying the maintenance fee.
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(insulating or DERWENT; IBM TDB
dielectric)
etch adj stop and
(conduciive gr metal or USPAT; US-PGPUB/
BRS 13872 wiring) and (insulating EPO; JPO;
: . DERWENT; IBM TDB
or dielectric)
etch adj stop and
(conductive or metal or
wiring) and (insulating
or dielectric) not USPAT; US-PGPUB;
BRS :i3735 (257/774 and etch adj EPO; JPO;
stop and (conductive or DERWENT; IBM TDB
metal or wiring) and
(insulating or
dielectric))
etch adj stop and
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wiring) and (insulating v
or dielectric) and spacer USPAT; US-PGPUB;
BRS (996 not (257/774 and etch adj {EPO; JPO;
stop and (conductive or DERWENT; IBM TDB
metal or wiring) and
(insulating or
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6146997.pn. or
6165880.pn. or
6172411.pn. or
gg?;ggg:gg: T USPAT; US-PGPUB;
BRS {25 5292677.pn. or EPO; JPO;
5538922.pn. or DERWENT; 1BM TDB
5362666.pn. or
5338700.pn. or
5275972.pn.
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TDB
(257/775 or 257/776)and
etch adj stop and
BRS 0 (conductive or metal or JPO
wiring) and (insulating or
dielectric)
etch adj stop and
(conductive or metal or
BRS ? wiring) and (insulating or JPO
dielectric)
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US-PGP
UB;
(257/775 or 257/776)and EPO;
BRS 40 etch adj stop and silicon | gpg,
adj dioxide DERWEN
T:; IBM
TDB
USPAT;
US~PGP
(257/775 oxr 257/776)and UB;
etch adj stop and silicon (EPO;
BRS 6 adj dioxide and multi adj [JPO;
layer ‘ DERWEN
N T; IBM
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USPAT;
US-PGP
(257/775 or 257/776)and UB;
((etch adj stop) near EPO;
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T; IBM
TDB
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, UB;
257/774 and ((etch adj EPO:
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dioxide)) DERWEN
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US-PGP
UB;
((etch adj stop) near EPO;
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‘ DERWEN
T; IBM
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10 |BRS 46 (silicon adj dioxide)) USPAT
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11 |BRS 3 or 5234856.pn. USPAT
6133598.pn. or 6046505.pn.
12 |BRS 4 or 5234856.pn. or USPAT
5338700.pn.
(438/634 or 438/637 or
438/639 or 438/257)and etch
13 |BRS 426 adj stop and (conductive OriUSPAT
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438/639 or 438/257)and etch
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dielectric)adj layer
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EpPO; |2004/04/0
BRS |659 |257/776 and spac$3 JP0O; |7 20:34

DERW
ENT;
IBM
TDB

USPA
T;

Us-p
GPUB

(438/634 or 438/637) |gpo, |2004/04/0
and spacer JPO; 7 20:48
DERW
ENT;
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BRS |839
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0.5 um complementary metal-oxide~semiconductor structures were utilized 1o investigate the
selzctive nature of a high density plasmz reactor. The formation of borderless contacts and local
interconnects by the selective cich stop film approach was discussed and shown to be affected by
topography. planarization, and nonuniformitics. A factorial design of experiments determined the
optimum conditions of the selective oxide erch chemistry. The resulting etch chemistry was
characterized by measurable quantities such as an oxide etch rate of 1200 nm/min. a patterned (0.5
pum imager etch-rate ratio for oxide:niride >100:1 and 5%-30 uniformity. And, finally. an
integrated in situ oxide etch/resist stripnitride eich was presented.

. INTRODUCTION

The reduced cell size of static random access memory
SRAM) and desired enhancements in logic performance ne-
cessitate the use of borderless contacts and local intercon-
1ects in very high performance 0.5 um complementary
netal-oxide—semiconductor (CMOS) technologies. After
Jevice fabrication. Jocal interconnects and borderless con-
.acts can be formed simultaneously using a tungsten dama-

scenc stud process. One such approach utilizes a silicon

nitride film (as an eich stop) coupled with a highly selective
oxide:nitride etch chemistry. Using a plasma enhanced
hemical vapor deposition (PECVD) for the nitride film pro-

vides a Jow temperature (T,,~600°C} merallizalion

scheme with its inherent advantages.®

The key to the etch stop approach is the use of a selective
axide:nirride etch process. This selective eich is difficult 1
achieve since both materials behave similarly, Oxide selec-
Jvities have been cbtained by combining polymer deposition
and high ion bombardment.™ However, in conventional re-
active ion eich (RIE) and magnetically enhanced RIE
{MERIE) reactors, the control of polvmer deposition and ion
Yombardment energy is limited. Thus. the etch process is
marginal for both maintaining selectivity 1o nitride and sus-
‘aining the oxide etwch rate. _

This article presents the etch process window for a selec-

Aive oxide: nitride etch chemistry which could bz used for w2

above application. Experiments were performed using realis-
tic semiconductor stuctures (0.5 um fteature sizes) utilizing
4 PECVD nitride film as the cich stop layer. All experiments
were done in a high density plasma (HDP) etch svsiem and
correlations between the HDP conditions and etching char-
acteristics are presented,

1. EXPERIMENT

The experiments for this study were processed in a HDP
chamber schematically shown in Fig. 1. The plasma source
region of the process chamber is a nonresonant, multiple tum
antenna wound around a quanz cylinder. The antenna is ca-
pable of delivering up to 3000 W of rf power to the chamber

427 J. Vae. Scl Technol. B 12(1), Jan/Feb 1994
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10 generate a very high plasma density. The biased electrode
is used to extract ions from the plasma. A rf bias voltage,
coupled through a solid state matching network, as is the
source volrage, is capacitively coupled to the wafer to con-
trol ion energy. In addition to being operated {‘off reso-
nance,” this configuration improves upon established helical
resonaror technology with the inclusion of a top electrode in
the source region. This ¢lectrode provides a large area dc
grounded reference for the plasma which minimizes the like-
lihood of chamber wall sputtering and provides for a stable
discharge over a wide range of operating conditions. The
chamber is pumped using a 600 #/s turbomolecular pump
allowing the process 10 operate at <10 mTorr. Jon densities
in excess of 1E12 have been recorded using Langmuir probe
techniques to measure an argon plasma discharge at a pres-
sure of 10 mTorr with a source power of 2500 W.°

Hi. RESULTS AND DISCUSSION
A. Borderless contact process window

The implementation of borderless contacts/local intercon-
nects tequires a determination of the process window. The
silicon nitride elch stop approach has been evaluated with the
basis of the analysis being the selectivity calculation, i.c.,
etch-rate ratio (ERR), The feasibility of this approach relies
¢n the following two ERRs: '

(1) sclectively etching oxide insulator Jayer to nilride

film;

(2) selectively etching nitide film to silicon and oxide.

These two etches are performed in succession, respectively.
Intuitively, the selectivity required for etching oxide to ni-
tride is inversely proportional to the nitride thickness,
whereas, the selectivity needed for etching nitride to silicon
and oxide s proportiona!l to the nitride thickness. As one ¢an
infer, the silicon nitride erch swop thickness must be opti-
mized based on the empirical results of the selective etch
chemistries. For this article, we shall concentrate on the se-
Jective etching of oxide to nitride in our calculations.

©1994 Amertcan Vacuum Society - 427
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Fig. 1. Schicmatic of the high density plasma resctor used foc this study.

When analvzing she etch stop process, the first factor to
be considered is the degree of functionality offered to the
technology. In other words, what type of contact or intercon-
nect is 10 be made? Will the conract be bordered (protective
spacing added) or borderless {eliminates critical lithographic
alignment) 1o the gate and/or device isolation? The most dif-
ficult application is the source/drain contact which is border-
less to the gate. This particular contact is permitted 1o land
on the gate strucnure. but remain electrically isolated from
the gate, while making electrical connection ta the source
and drain. A confact that js borderless to the gate contact
demands the largest ERR. Figure 2 depicts the borderless to
gate {a) and borderless to diffusion (b) contacts.

After examining the process functionality, one must
evaluate the process steps and their relationship to the ERR
calculation. The important parameters to consider are the de-
vice topography and tolerance, nitride thickness and toler-
ance, insulator thickness and tolerance, percent planarization,
and percent overatch and etch tolerance. A staristical analysis
of the 3-o process window is depicled in Figs. 3, 5, and 6.

(a) (®)
Contast, Inzulator Contast

. G

i ntzh 2y layer at

= 2 — 7 -
o .~ — g / - -,
c—— S _.--'-/ NN tsolauon
Slicen

F16. 2. Schematic of t5¢ thysical cross seczions for a horderless 1o gate 120
contact and a bordssises W diffusion ih) contact.
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. ventional RIE and MERIE systems.” Therefore, a realistic -

Figure 3 shows the effact of etch stop thickness on the
selectivity required for the Sorderless contact. This caleula-
tion has assumed a gate sck of 5500 and 8250 A of ias-
lator. The significance of (k2 graph is the inverse relationship %,
of the ERR to nitride film ickness and the dramatic effect -,
of planarization on the required selectivity. The inverse ERR -’
relationship is a critical parameter for integraxion concems.""w
When removing the nitiée ctch stop, minimizing the re- -
moval of device isolation oxide is the main objecrive. Onc o

obvious technique is to ™in the eich stop thickness for a "«
given nitride etch process Sus moving the oxide loss distri- <
bution to lower values. Fowever, the generation of large,
controllable oxide:nitride e!ecnvmes is very difficult in con-

ot e

¥

5

3

0% 100% Planirsaan \.

4 eres m—em ERR1T ZASCH *!
2 - . m—— EAA IR ‘_
4 Y Y T T L T T T -_.“

260 388 S8 6T 06 M5 W& 1123 %2 %0
E:~ 3top Thickness A

FiG. 3. Graph of the ERR ss . "uncnon of the cich-stop luver thicknese
Depicied in this figure 18 the i=eme velationship of the ERR to nitnde Sla
thickness and the dramatic cffexx ¢ planarizanon on the rcou:rcd selectiviry.
The calculation has assumed o <aux hetpht Dl S500 and K250 A of insobams.
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. evaluation of the overall process window must account for

:
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‘
.
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! both oxide:nimide selectivity and subsequent device isolation
* loss, (The process must minimize nitride remaining after the

oxide etch and minimize nitride overetch in the nitride etch.)

Also shown in Fig. 3 is the dramauc effect of planariza-
tion on the required selectivity. Planarization produces a sig-
nificant regucton in the ERR requirement and opens the pro-
cess window 10 allow for a decrease in the erch stop
thickness. Tnis improvement is accomplished by reducing
the oxide thickness differences between highly densc semi-
conduyctor davices and isolated structures which in tum re-
duces the amount of overetch on the nitride film in the iso-
lated areas thus decreasing the necessary selectwny Figure 4
illustrates the effect of planarization,

RJ Oit  Gate
No P18nunzaten e—— w-—

ERR

JUN27. 200061 1:57PMarchingCypress Lezal (403)545-6911 NO. 0750 P 5

&
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- amws EAR 10 Gee

ERR
\
\
\

¢ L ) T L) T T T S
2000 2565L 312 36568 422¢ 4778 S3336 56032 6448 700

Stack Height A

Fic. . The ERR as a function of the underlying stack height (gate topog-
raphy). The selectivity necessary to fabricate borderless contacts is propor-
tional 10 the gate mpcgnph\ The analysis assumed » 1500 A nitride film
and PSG thickness given by 15X the stack height.

Figure 5 shows the ERR as a function of insulator thick-
ness. IBM uses phosphosilicate glass (PSG) as the insulator.
A 1500 A etch stop film and 5500 A gate stack are assumed.
The graph presents the linear dependence of the selectivity
on the PSG thickness. (The ERR is also proportional 1o the
tolerances of the overall process.) From this graph, one can
sec the need to optimize the PSG thickness for a reduction in
the selectivity requirement. Also shown again is the improve~
meat in process margin afforded by planarization, |

The relauonshxp of selectivity and gate stack topography
is shown in Fig. 6. The analysis assumed a 1500 A nitride
film and PSG thickness given by 1.5X the stack height. The
significance of the graph is that the selectivity necessary to
fabricate the borderless contacts is proportional to the gate
topography. Also, with increasing topography, planarization
provides a large reduction in the ERR requirements of the
process.

From the preceding analysis, the relationships between
insulator thickness, etch stop thickness, and gate stack height
and the required ERR were revealed. Optimization of these
parameters, coupled with planarization, provides an enlarge-
ment of the process window for the selective etch chemistry
and reduction in the ERR. Conversely, utilization of a highly

TapLE I, Oxide eich process treod summary, A dash means parameter is ot
funciion of change in process variable,

e ~T T T Y L SRR L
14600 00 12500 11500 10500 9500 6500 7500 6800 5500

3
PSG Thickness A

propanional 10 the tolerances (nonuniformities) of the process. A 1500
eich stop filin and 5500 A stack height are assumed.

| JVST B - Microalactronics and Nanhometer Structures

FiG, 5. This eraph of the ERR vs the PSG (insulator) thickness shows a
linear d:p:nd:ncc as caleulated. This is  dircet result of selectivity bein, i

Psremeters Oxide ER  Nitride ER Profile & loading g
CiF¢ flow / T - N
Pressure / / More Ve
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Taste 11, Oxide and nitride cich comparison.

Conventional RIE HDP cich
Oxide etch rate 4000 A/miin 12 000 A/min
(4 wt % PSG)
Sejectivity 8.1 100:1
(PSG: nitride)
{Meas. 0.5 um hole)
Uniformity 9¢-3sigma 5%-3sigma
Critical dimension slope 56-88 deg 83-90 deg
Nitride stch rate 500 A/min 2500 A/mio
(PECVD nitcide)
Selectivity 3 71
(Blanket)
(Niiride: TEOS)
Unifermity 6%-1sigms - 15%-1sigma’

*Preliminary resulls.

selecrive oxide etch would increase the processing latitude
for each of these parameters,

B. HDP oxide etch

The key to generating a highly selective oxide:mtride etch.

is the reduction of fluorine in the polymer by-product gener-
ated during the etch process. This has been accomplished by
using a heated Si toIJ plate and a high C:F ratio fluorocarbon
in the HDP reactor.

A computer aided design of experiments was performed
to characterize the HDP process parameters. The experiments
consisted of two matrices comprising a two level fractional
factorial with four factors and one center point each. The five
variables studied were: C,F flow, pressure, source power,
bias power, and Si top-plate teruperature, The measured re-
sponses were: oxide etch rate, nitride etch rate, profile angle,
and microloading. Oxide and nitride wafers patterned with a
deep ulicaviolet (UV) resist at 0.5 um dimensions were used

Adilact of
Sample Prep

PSG

100 am

Fic. 7. Cross-seciional TEM micrograph depicting the sclectivny of the
HOP oxide etch process. The empirical selectivity of PSG (4 w1 %)
PECVD nitride was datermined lo be greater than 100:1.

1 Var Sel. Tachnol. B. Vol. 12. No. 1, Jan/Feb 1934

1.0 pm

Fie. 8. SEM micrographs depictiog the HDP oxide erch ratc as a function of
cantact image size, The oich rate is constant for all image sizes (smallest
fearre=0.5 umi,

as monitors. Etch rates were determined by scanning electron
microscopy ISEM) cross-sectional measurements in 0.5 um -
structures on 200 mm wafers. ' ;
Table I provides a summary of the trends generaled by the
factorial experiments. The C,F flow, and source power are. ¥
shown to have a strong effect on the nitride etch rate, while

'x.-‘;i' PSSR

e et

[

O

2.
<

A

6]
"t
-‘ v

Fic. 9. The oxjde cich rate is shown 1o be constant with variable spacing
berween cuntacss. The SEM mcrographs s(so shaw that cnhanced resist
sputtering can -zur wilh minimal image spacing.
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. the oxide etch rate is very sensitive 10 changes in the bias
§ power. Using the resuls of 15: mairices. the process was
. optimized for the measuwred responses. The resultant condi-

¥ tions were
35 scem CyFg, 4 mTorr. 2700 W source,
1400 W bias, 250 °C,

Table II presents the measured properties of the optimized
t HDP oxide etch process as compared to conventional RIE/
MERIE. Readily scen from this data are the improvements in
¥ oxide etch rate, selectivity, uniformiry, and anisotropy.

- Figure 7 is a transmission electron mictoscopy (TEM)
cross section of a patierned strucrure which has been etched

phorus) has been etched down 10 the PECVD (480 °C depo-
sition process) silicon nitride. The niwride was subjected 10
L 100% overetch and exhibited =125 A loss. A conservative
estimate of the selectivity (PSG etch divided by nitride etch
rate) yields 100:1. The selectivity is conservative because it
is independent of the overelch, An initial material loss no
etch rate is observed oo the nitride film, After the etch clears
B the PSG and exposes the nitride. the nitride initially etches
-but this process is rapidly terminated as deposition of the
- carbon rich polymer begins on the nitride,

The effect of patiern factor on microloading is shown in
the scaaning electron microscopy (SEM) cross sections of
Figs. 8 and 9. This experiment also used the optimized etch
3 process. Figure 8 presents microloading as a function of vari-
 able contact size. No degradation in the ¢tch raie is observed
& With the decreasing contact diameter (smallest feature=0.5
& pm). Figure 9 shows itar the HDP ctch rate does not change
g with variable spacing berween images. However, at very
B small spacing, the resist expariences enhanced sputtering.
P This is a peometric phenomenon stemming from the resist
4 having a triangular profile rathzr than the expected rectangu-
K lar shape. The scallopig depicted in the micrographs is cur-
k rently being investigated. The microloading results are in
¥ agreement with earlier work.”

600 nm

npderlying silicide and oxide isolation.

‘JVST B - Microalectronlcs and Nanometer Structures

:"431._ JUN. 27, 20007 G8PM™ ™ "Cypress _eeal (408)545-6911

& with e optimized conditions. The PSG (4 wt% phos- |

600 nm

NO. G750 ».

TasLe 111 Nieige process rend summacy, A dssh means pitnz: ER=£(CO,
pressure).

Paramerers Nitride ER Oxide EK Frofile
CH,F N / . More
taper
Co, A 1
Pressure —_— ™, . More
o taper
Sourcz / N,
Bias N /

-

/

C. HDP nltride etch

In order 1o examine the feasibility of etching nitride se-
lectively to oxide, a two level fractional facionial with five
factors and one center point was performed, The five vari-
ables studied were: CHyF flow, CO, flow, pressure, source
power, and bias power. The measured fesponses were nitride
etch rate, oxide etch rate, and profile angle. Unpanerned ox-
ide and nitride wafers were used as planar etch raiz monitors.
The oxide film was an undensified Jow-pressure chemical
vapor deposition (LPCVD) tetraethylorthosilicate (TEOS)

‘and the nitride was deposited by PECVD (480 °C process).

Nitride wafers panerned with a deep-UV resist at 0.5 um
dimensions were used as profile monitors. Etch rates were
determined by spectral reflectivity measurements on the 200
mm wafer surfaces.

Table I provides a summary of the trends geperated by
the faciorial experiment. The CO, flow is shows to have a
strong cfiect on the oxide etch rate, while the oxide etch rate
is very sepsitive to changes in the biag power. The results of
the matrix revealed a process which selectively eiched nitride
10 oxide with 2 ratio of 7:1. The resultant conditions were

34 scem CH3E, 92 scem CO,, 25 mTom.
2700 W source, 150 W bias.

380 nm

Fic. 10. SEM micrographs showing the HDP in sizv process flow. (1) The oxide ctch remowss the insulator snd selectively slops oa the nimde laycr. (b) The
polymer gencrated at the bostom of the contsct and 1he rersaining resist arc removed by an Oy plasma. (¢) The nitride cich stop is etched selectively to the

_ »

A

B
Al G

L]
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&
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FiG. 11. SEM cross section of 4 local interconzzct bordecless o the device
isolagon. The inlerconnect is wircd to the metx | laver theu a contact stud.

More experiments examining the process and patrerned se-
lectivity are in progress. The prelimipary results for this pro-
cess are shown in Table II. .

The significance of the cursory nitride evaluation js that
an infegrated, highly selective, in siru etch solution was now
possible. Figure 10 is a sequence of SEM micrographs show-
ing the HDP in situ process flow. The sequence of processes
within the HDP reactor are shown to be the following.

(a) The oxide etch removes the insulator and selectively
stops on the nitride eich stop layer.

(b) The polymer generated at the bottom of the contact
and the remaining resist are removed by an O, plasma.

(c) The nitride layer is etched selectively to the underly-
ing silicide and oxide isolation. The dip shown in the bottom
right comer of the micrograph is the marerials interface be-
tween the device silicon and the planarized oxide isolation.

Local
Intarconnect

Metal 1

Contact

;2.0pm

Fio. 12. SRAM wiring is shown in this SEM micrograph, Extensive local
intcreonnect usuge is apparent. The passivating and insulating layers have
baen removed by sample preparation,

J. Vac. Scl. Technol, B, Vol. 12, No. 1. JamFeb 1994

- ) s am Glivene st al.: Selective dry etching In a HDP 432
Taste [V. Electrica! improvcmeats for HDP over conventional RIE.
. - Metal 1 - hy‘.ﬁ <l %3
Parameter lmprovement corrclation
Juncrion lcakage ' ©oooxt Silicide damage
isolation loss
" FSC R,’ 33%° CD control
Contact resistance 25%° Silicide damage
CD control
¢ — Mitnda

Distriburion tails reduced,
®Sheet pesistance.

The discontinuity is due to device processing 2ad not the
result of plasma etch trenching,.

D. Electrical characterization

The HDP selective oxide etch was utilized 2¢ part of :he
tungsten damascene stud process for contact and intercon-
nect formation. Figures 11 and 12 are SEM micrographs de-
picting typical W interconnect structures. The electrical data
for the HDP oxide etch is compared to conventional RIE
results in Table V. The highly selective nature of the HDP
process caused less silicide damage and isolation loss which
translated into a 10X improvement in diffusion juaction leak-
age for the borderless contacts. Improvements in etch unifor-
mity and contact profile were electrically characterized by
reductions in sheet resistance and contact resistance. The full

‘benefit of the HDP process cannot be realized uatil both the

oxide and nitride are removed in this reactor.

V. SUMMARY

05 pm CMOS structures were utilized to investigate the -
selective nature of a high density plasma (HDP! reactor. The
formation of borderless contacts and local imerconnects by
the selective etch stop film approach was discussed and
shown to be affected by topography, planarizatoo. and non-
uniformities. A factorial design of experiments determined -
the optimum conditions of the selective oxide etch chemistry.
The resulting etch chemistry was characterized by measur-
able quanlities such as an oxide etch rate of 1200 am/min, an -
ERR for oxide:nitride>100:1, and 5%-3¢ uniformity. And
finally, an integrated in situ oxide etch/resist swip nitride etch
was presented.

IC. Kaanta et oL, [EDM Tech. Dig. 1987, 209,
*F, White ef al,, IEDM Tech. Dig. 1992, 302.
3). W. Bulterbaugh, D. C, Gray, and i. H. Sawin, I. Vac. i, Technol. B
9, 1461 (1991).
“N. Ikcegami et oL, Jpo. I. Appl. Phys, 31, 2020 (1992,
5]. Marks er oL Proc. SPIE, 1803 (1992).
*p, Burke, D. Garuer, and J. Givens, IBM Intenal Publicsion, 1991.
M. Armacost and J. Marks, 1. Electrochem. Soc. (in press.,
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Hafnium dioxide etch-stop layer for phase-shifting masks

K. K. Shih, T. C. Chieu, and D. B. Dove
IBM Research Division, Thomas J. Watson Research Center, Yorktown Heights, New York 10598

(Received 28 June 1993; accepted 4 September 1993)

Phase-shift masks were prepared using sputter deposited films for the phase-shift layer and etch

stop layer on fused quartz silica substrates. It has been found that the combination of SiO, for - i
the phase-shift layer and HfO, for the etch-stop layer offers a unique combination of properties |
advantageous for the preparation of phase-shift masks. The optical transmission properties of :
HfO, layers with or withour a SiO, phase-shifting layer on quartz substrates are presented.
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The use of the phase shift approach to increase the res-
olution of lithography has been reported. '~ Several meth-
ods have been reported for obtaining the 180° optical
phase-shift pattern. Etching into the surface of the quartz
plate has a number of advantages but requires great care in
etching uniformly to the correct depth. Spin-on-glass l/ay-
ers have also been reported. These require special thernal
processing to achieve the desired properties. We have in-
vestigated the use of sputtered films of SiO,. In order to
etch the phase-shift layer without etching the quartz sub-
strates, an etch-stop layer is necessary. AL,O; (Ref. 5) has
been recommended as an etch-stop layer because it has

it also has good etch selectively for the SiO, phase-shift
Jayer. We have found that it is difficult to produce AL,O,
films that are resistant to typical chémical cleaning process
(e.g., 4:1 H,SO;: H,0, at 90 °C). Also the films are typi-
cally highly stressed, which is very undesirable for the
phase-shift mask (PSM) application due to the high level
of flatness required of the substrates. Although methods
can be found to produce high-quality films,® alternative
materials were sought for this application. We have re-
viewed the literature and found that HfO, films have good
UV transmission properties and are difficult to erch. Since

100~
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FIG. 1. Optical transmission of HFQ, films with dilferent thickness on
fuscd quarcz substrates.

2130 J. Vac. Scl. Technol. B 11(6), Nov/Dec 1993

good optical transmission at { line and in the deep UV, and

0734-211%/93/11(6)/2130/2/51.00

the other properties of HfO, films are not well known, it js-
of interest to study them and to determine whether HfO,'
films are good etch=stop layers for PSMs. . I
~ We then discovered that HfO, films not only have good
optical transmission at / line and deep UV, good etch se- |
lectivity with the SiO, phase-shlftmg layer, low film stress
on quartz substrates, but are also not attacked by the'
chemical cleaning solution at 90 °C. The HfO, films were '
deposited by a rf sputtering process. The sputtering system
was evacuated to less than 10~ Torr by a wrbomolecular
pump prior to the introduction of the argon-oxygen g3.51
mixture. $ in.? fused silica plates were used as subs[rales,
and were mounted on-a water-cooled 8 in. diam plate.
During the deposition input power was between 200 and
400 W. Argon-oxygen gas mixture was used, and the total |
pressure was 5 mTorr. The oxygen content in the sputter-! '
ing gas was ~ 10%; oxygen contents as high as 40% have
been used with no significant effects on deposited ﬁlm<:
After deposition, thicknesses were determined by a Tencor |
Alpha-step Profilometer. Films were grown with thick-!
nesses vacying from ~ 50 to 105 nm. For some of the sam-
ples, SiO, phase-shifting Jayers were deposited on top of
some HfO, films for the study of their optical properties.
Optical transmission was measured using a2 Varian DMS- |
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F16. 2. Refractive index of H(Q, on quartz substrates between 200 and
600 nm.
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FIG. 3. Opticul transmission spectra of a PSM designed for an i-line (365
nm) stepper.

200 UV visible spectrophotometer. The film stress was
measured by observing interference fringes between the
surface of the silica plate and an optical flat plate before
and after film deposition.

The stress of HfO, films is sufficiently low that no more
than two fringes between the coated substrates and the

' ‘optical flat plate was observed. The HfO, film etch rate was

evaluated using reactive ion etching (RIE) employed for
patterning the SiO, layer. We tested the etch rate on a

Plasma-Therm RIE system using CHF, gas at 100 W

power and S0-100 mTorr pressure. A series of rung was
carried out 1o determine the optimum SiO, etching condi-
tions. It was found that the ratio of etch rate for HfO, o
Si0, is better than 1 to 16. These results of etch studies will
be reported in detail in another article.”

The transparency of HfO, films deposited on quartz
substrates was measured from 200 to 500 nm as a function
of film thickness, and the results are shown in Fig. 1. As
shown in Fig. 1, for i-line application, a film with a thick-

ness of ~95 nm had an optical transmission of ~92% at

- 365 nm. With decreasing thickness, the peak shifts to lower
* wavelength. The optical transmission is ~89% at 248 nm
| ata film thickness of ~55 nm.

The refractive index and extinction coefficient of films
on quartz between 200 and 600 nm were calculated using a

" computer fit to the optical transmission curves for the

given thickness of the films. The results are shown in
Fig. 2.
Figure 3 shows the measured optical transmission spec-
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FIG. 4. Optical transmission spectra of a PSM designed for a deep-UV
(248 nm) stepper.

tra of a PSM designed for an i-line stepper. The thickness
of the etch-stop layer was ~95 nm and that of the phase-
shifting layer was ~345 nm.'A small transparency differ-
ence of ~1% was observed. Figure 4 shows the measured

optical transmission spectra of a PSM designed for deep

UY at 248 nm.-In this case, the thickness of the etch-stop
layer is ~55 nm and the phase-shifting layer ~215 nm.
Also, there is a small difference between the transmjssion
with and without the SiO, layer at 248 nm. We have made
a serics of PSMs using these materials with etched patterns
on 5 and 6 in.2 quartz substrates. Details of design and
fabrication of these masks will be published later.”

In summary, we have found that HfO, films can be used
as etch-stop-layers for PSMs. The films have good optical
transmission at 365 and 248 nm and high etching selec-
tively compared to SiO, film. This material also is chemi-
cally stable and not attacked by chemical cleaning solu-
tions. In general, the sputtered HfO, films have been found

to be very reproducible and are easily prepared in the

chemically resistant, low stress condition.
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Entry printed from Oxford English Dictionary
©O0Oxford University Press 1999

insulative, a.

Of, pertaining to, or as insulation.

1945 Sci. News Let. 23 June 397/3 The insulative concretes vary in weight from one-third to one-
half that of ordinary gravel concrete. 1971 Narure 4 June 331/1 The fur was very spiny with
virtually no soft underfur and thus probably offers little insulative protection. This may be an

adaptation to the tropical environment. 1973 Ibid. 26 Jan. 240/1 Their fur is less than half as
long..and has a correspondingly lower insulative quality.
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