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Field 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, Si02, tetraethyl orthosilicate glass 

("TEOS"), silicon nitrides, SixNy, silicon oxynitrides, SiOxNy(Hz), and silicon 

dioxide/ silicon nitride/ silicon dioxide ("ONO"). 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 sev al stages of the fabrication of semiconductor devices, it is necessary to 

rvfo 2~ make openings in e dielectric to allow for contact to underlying regions or layers. 

l Generally, an opening hrough a dielectric exposing a diffusion region or an 

opening through a dielect · c layer between polysilicon and the first metal layer is 

called a "contact opening", w · e an opening in other oxide layers such as an 

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

JCS/WIB/mp 16820.P097 
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of the c~~ ed invention, henceforth "contact opening" or "contact region" will be 

used to::::>: contact openings and/or via. The opening may expose a device 

other layer or stru e, for example, an underlying metallization layer, local 

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

egion 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 underl')Qgg_region ~r lscy..er__. 

10 To form the openings a patterning layer 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 

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

23), SF6, NF3, and other gases may be used as the etchant gas. Additionally, gases 

such as 02, Ar, Ni, 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 IC) ratio in the plasma is considered an important determinant in the etch. 

In general, a plasma with a high F IC 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 
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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 op€nings in a substrate comprising a contact region surrounded by 

different dielectric layers, e.g., a dielectric layer of TEOS surrounded by a dielectric 

layer of silicon nitride, a process 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 

s 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 changing 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 VLSI Era, Vol. 1, pp. 539-85 (1986) . 

.....__ The prece~ discussion focused on the making of openings, e.g., contact 

/\} f)g, ~penings, in dielectri material on a semiconductor substrate. The same principles 

{ v· 25 are used in constructin device regions with a dielectric layer or layers. As 

geometries shrink, the for ing of discreet devices on a semiconductor substrate 
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becomes more sp ·alized. Specialized deposition and etching techniques permit 

the density of semicondu ~ents on a single chip to greatly increase, which 

translates into larger memory, fas~rating speeds, and reduced production costs. 

A typical metal oxide semiconductor (MOS) transistor, e.g., NMOS or PMOS 

5 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 

10 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 area of the diffusion region, because 

the contact hole is aligned to these regions with a separate masking step, and extra 

15 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. 

20 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 

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

anar top view of the contact. Figure l(B) is a planar cross-sectional view 

of a self-all ed contact between a pair of gates taken through line l{B) of Figure 

l(A). Figure 1 C) is a planar cross-sectional view of a self-aligned contact between a 

through line l(C) of Figure l{A). 

contact is a contact to a source or drain diffusion region (n+ 

10 or p+ silicon) 140 that n overlap the edge of the diffusion region 140 without 

shorting out to the well b eath the diffusion region 140. This can be seen most 

illustratively through Figure C). In Figure l(C), the contact 130 does not lie directly 

in the diffusion region 140, but misaligned and slightly overlaps the field oxide. 

In this illustration, the self-aligned ontact 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 th self-aligned contact is separated from the 

well 170 by the field oxide. 

The self-aligned contact 130 is separate from a conducting polysilicon layer 

110 by an encapsulating dielectric layer 120 such at the contact 130 can also overlap 

20 the polysilicon layer 110 without making electrical ontact to the layer 110 or gate. 

25 

The polysilicon layer 110 is separated from the source drain diffusion region 140 by 

a dielectric spacer or shoulder 150 of the same or cliffere t dielectric material as the 

dielectric layer 120 directly above the conducting polysilic 

A distinct dielectric etch stop layer 125 overlies the enca 

layer 120. The etch stop layer 125 permits subsequent etching of \substrate 
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without ris of exposing the device structures and layers because the device 

structuring and ers are protected from excessive etching by the etch stop layer. 

The diffusion contact · self-aligning because the structure can be etched to the 

substrate over the source rain diffusion region 140 while the dielectric spacer 150 

s protects the polysilicon layer 0. Even if a photoresist that protects the polysilicon 

·layer 110 from the etchant is misa ·~ed-with respect to the polysilicon layer 110, the 

dielectric spacer 150 prevents shorts t~ polysilicon layer 110 when the contact 130 

is provided for the diffusion region 140. -

/\.Ji Plj ~ e current practice with respect to forming contact regions, particularly self-

( V" 10 laiigned c 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 demonstr es a typical prior art process of forming a self-aligned contact 

region adjacent to a ga e. In Figure 2(A), a gate oxide layer 210 is formed on a 

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

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

overlying the polysilicon layer Adjacent to the polysilicon layer is a contact 

opening region 270. The polysilico 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 2 . A blanket layer, for example a doped 

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

A layer of photoresist material 280 overlies t planarized BPTEOS layer 250 

to expose the contact opening 270. In Figure 2(A), a co tact opening 270 has been 

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

had a high selectivity toward BPTEOS relative to silicon ni · e. When the contact 
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was through the BPTEOS material, the etchant did not etch or did not 

effectively ch the silicon nitride layer 240 material. Hence the description of the 

silicon nitride 1 er 240 as an etch stop layer. The silicon nitride etch stop layer 

protected the un~r.ing TEOS layer so that the polysilicon remains completely 

encapsulated. ~ 
~ igure 2(A) illustrates an etch 260 to remove the silicon nitride etch stop layer 

l'l}(Jl~//240. Int etch illustrated.in Figure 2(A), a high selectivity etch toward silicon 

l u nitride relati e to the underlying TEOS layer 230 material is practiced to efficiently 

etch the silicon 'tride layer and to protect the underlying TEOS layer 230 from the 

10 etchant. An exam le of a high selectivity etch recipe to effectively strip silicon 

nitride as compared the TEOS layer is 30 seem CHF3 and 30 seem 02 at 60 mtorr 

and 100 watts of power. The result of the high selectivity etch is illustrated in Figure 

2(B). 

e silicon nitride selective etch effectively removed 

15 silicon nitride 240 from the conta opening 270. The selective etch for silicon 

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

portion 235 wherein the spacer portion · 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). e properties of the highly selective 

20 etch of the overlying etch stop layer will transf ma. substanti~!JY_!~<:_t_angcl.ar_spacer ___ _ 

into a sloped spacer. Fig1JI~?.(B) presents a polys· 'con layer 220 encapsulated in a 

TEOS layer 230 with a spacer portion 235 adjacent to e contact opening 270, the 

spacer portion 235 having an angle 290 that is less than 5°. 

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

25 use of high selectivity etches to form sloped spacer portions is e preferred practice 
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because the slo ed 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 considera ·on because it relates directly to the reliability of a device. If an 

opening is not comp!~ filled with a insulative material, for example, and a gap is 

created, a subsequent cond\ctive material deposit can fill the gap which can lead to 

shorting. Sloped contact op~gs are easier to completely fill than boxy structures 

because the transition between oped structures and openings is smooth compared 

to the abrupt transitions between l:l xy structures and openings. Because of concerns 

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

10 and planar deposition layers similar to t t shown in Figure 2(b). 

"~~: \f'.... 
nee the contact opening is made, the opening is cleaned with a sputter etch, 

l~~~~ /e.g., an 

'· gap. The 

sputter etch, before conductive material is added to fill the opening or 

sputter etch that is used to clean the contact opening in the process 

described abov will attack and erode a portion of the insulating spacer surrounding 

15 the conducting po tion and adjacent to the contact region. Figure 3 presents a prior 

art substrate with a te and a contact region undergoing an RF sputter etch. In 

Figure 3, a gate oxide 3I is formed on a substrate 300 with a polysilicon layer 320 
. . 

overlying the gate oxide 3 and an insulating layer, for example a TEOS layer 330 

overlying the polysilicon laye 320. A distinct insulating layer, for example a silicon 

20 · nitride etch stop layer 340, overl s the TEOS layer 330 and this etch stop layer 340 is 

covered by a third insulating layer, or example a BPTEOS blanket layer 350. 

Adjacent to the gate is a contact regio 360. An etch of the silicon nitride etch stop 

· 1ayer 340 with a high selectivity etch for ilicon nitride relative to the underlying 

TEOS layer material produced a gate with a loping or tapered spacer portion 370 of 

25 TEOS material, illustrated in ghost lines. A su sequent 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 

a portion of the insulating TEOS spacer. The dynamics of the sputter etch 

eeds vertically, directing high-energy particles at the contact region. 

ered spacer portion adjacent the polysilicon and separating the 

s polysilicon from t diffusion region is struck by the high-energy particles of the RF 

e the spacer portion 370 is sloping or diagonal, a significant 

surface area portion of spacer portion 370 is directly exposed to the high-energy 

particles from the RF sputt etch 380. Further, with sloping spacers, or spacers 

having an angle relative to th ubstrate surface of less than 85° the vertical portion 

10 of the dielectric layer ((i.e., that p tion above the polysilicon gate) decreases much 

less than the diagonal portion of the acer. In terms of measuring TEOS material 

removal during the RF sputter etch in Fi ure 3, the difference between d7 and d2 is 

greater than the difference between v1 and . Thus, in conventional prior art self­

aligned contact structures, the diagonal thickne s of the TEOS spacer, rather than the 

15 vertical thickness of the TEOS layer, determines e minimum insulating layer 

thickness for the gate. 

For gate structures havin minimum diagonal insulative spacer portions of 

500 A or less, the result of the sput retch 380 is that the sputter etch 380 laterally 

erodes the diagonal portion of the TE layer 370 adjacent to the contact region to a 

20 point where the polysilicon 320 is no Ion er isolated from the contact region 360 by 

an insulating layer. In that case, there is a ort circuit through the underlying 

conductive material when the contact open.in is filled with conductive material. 

This result follows because the conventional RF utter etch utilized for cleaning 

the contact region results in an approximately 200-5 0 A loss of the spacer material. 

25 Further, process margins generally require that the de ·ce spacer have a final 

minimum thickness (after all etches, doping, and deposits of at least 500 A. Thus, 
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ent sensitivity for conventional small feature size structures, 

ontact structures, requires a final (i.e., at the time of contact 

deposition) minimum ins ating spacer of more than 500 A and preferably on the 

order of 1000-1500 A or greate to fulfill requirements for an adequate process 

s margin, complete gap fill, and de ice reliability. 

T construct structures having a minimum insulative spacer portion of more 

than 500 R directly effects the number of structures that can be placed on a device, 

The construction of structures having a minimum insulative spacer 

than 500 A requires that the pre-etch-stop-etch spacer be bigger or 

10 thicker to yield a effective spacer after the etching processes. In such cases, the 

parated a distance such that the contact area opening is 

sufficient enough for n effective contact. This spacing requirement directly limits 

the number of structure that can be included on a device. In small feature size 

structures, particularly str tures utilizing self-aligned contacts, the width of contact 

15 Op€nings is approximately 0. microns at the top of the planarized layer and 0.2 

microns at the base of the conta t opening. Figure 3 indicates the difference in 

contact opening widths for the sa e contact in prior art structures. w1 represents 

the width at the top of the planarize layer and w2 represents the width at the base 

of the contact opening. Further, an asp ct ratio can be defined as the height of a 

20 structure (field oxide plus conductive lay plus first insulative layer plus etch stop 

layer, if any) relative to the width of the ba 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 chievable with any device 

reliability. To achieve aspect ratios of 1.0-2.4 requir s minimum spacer portions of 

25 less than 1000 A and preferably on the order of 500 A. noted above, the 

minimum spacer portions required for aspect ratios of 1. -2.4 cannot withstand the 
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sputter etch an~ will result in the exposure of the underlying polysilicon gate and 

short circuiting ~th 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 

5 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 

10 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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SUMMARY OF THE INYENTION 

0

) bi~ 11i invention relates to a process for minimizing lateral spacer erosion of an 

L ;.;;;:ulating l er on an enclosed contact region is disclosed and a device including a 

contact ope with a small alignment tolerance relative to a gate electrode or 

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

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

e. 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 ·~first insulating layer adjacent said conductive layer and 

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

insulating layer and the cond ctive layer are etched to form a device structure, such 

as a gate, adjacent the contact re ion. Next, insulating lateral spacers are added to 

the device structure to isolate the onductive portion of the device. The insulating 

spacers are etched so that the devic comprises an insulating layer overlying a 

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

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

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

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

over the etch stop layer. The blanket layer may r 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 

s 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 

sloping lateral spacer portion of the first insulating layer adjacent to the conducting 

layer, the sputter etch does not significantly erode the substantially rectangular 

lateral spacer of the first insulating layer, thus allowing the conductive layer of the 

15 device structure to remain completely 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 adjacent 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 

s 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. 
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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: 

5 e;;q "> Fi e 1 is a planar view of a self-aligned contact to diffusion. Figure l(A) is a 

J _/J;lanar top vi of a self-aligned contact. Figure l(B) is a cross-sectional planar side 

l' view of a self-ali ed contact to diffusion through line l(B) of Figure l(A). Figure 

l(C) is a cross-sectio al planar side view of a self-aligned contact to diffusion 

through line l(C) of Fi ure l(A). 

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

15 

opening formation. Figure 2{ illustrates a high selectivity etch of an etch stop 

insulating layer, and Figure 2(B) ustrates 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 clea 'ng etch. 

Figure 3 is a cro~ctional view of an example of a semiconductor device 

during fabrication upon~hich 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. 

s 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. 

''"5:...J \'?'~ > Figure E) illustrates a cross-sectional planar side view of a series of gates 

:::~j·.,.,- IO encapsulated wit ·nsulating material and an insulating etch stop layer overlying 

't. 
1 

the insulating materia 

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

encapsulated with insulating mat 'al and an insulating etch stop layer overlying 

the insulating material, wherein the usion 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. 

Fi"gure 4(1) illustrates a cros\sectional planar side view of a series of gates 

~ (li'il rncapsulated with insulating mate~!, an etch stop Ia yer over! ying the insulating 
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ct planarized insulating blanket layer overlying the etch stop layer, 

etch through the .blanket layer above the diffusion region. 

Figure 40) illustrate cross-sectional planar side view of a series of gates 

encapsulated with insulating terial, an etch stop layer overlying the insulating 

5 material, a distinct planarized ins ting bl~nket layer overlying the etch stop layer, 

and a contact opening to a diffusion r ·on and a second contact opening through 

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

Figure 4(K) illustrates a close-up cross-sectional planar side view of a circled 

portion of Figure 4G), 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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DETAILED DESCRIPTION OF THE INYENTION 

it.ii?-'-? TH invention is a device and a process whereby there is provided a contact 

( ~ opening wi a no alignment sensitivity relative to a gate electrode or other 

· structure such at the gate electrode does not fall within the contact opening but 

s remains isolated rom the contact opening by an insulating layer. The structure 

contemplated by tH invention is an effective device for small feature size 

structures, particular! self-aligned contacts, because it is capable of maintaining 

high quality contacts be een 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 

10 with minimum contact openin base widths (i.e., at the base of the contact openings) 

of 0.2 microns and minimum co act opening widths of 0.5 microns when 

measured from the top of a planari ed 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) 

15 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 t.he 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 openin~ and 
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each of the insulating layer etching methods described herein is not necessarily 

restricted to the structure a.nd/ 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. 

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

)fl''b or trans' tors on a semiconductor substrate surface. Referring to Figure 4(A), the 

r semicond tor substrate 400 can be either p- or n-type, and includes diffusion 

ch as sources or drains, that are heavily doped with the opposite 

dopant type oft e substrate. Ann-type first conducting layer 415 of polysilicon 

10 doped by implanta ·on with phosphorous to a resistivity of 50-200 ohms/square is 

deposited over the di usion 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. It hould be appreciated by those skilled in the art that this 

conducting layer 415 could inst ad 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 o WSi2, M0Si2, TaSi2, PtSi, Pd.Si, or that this 

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

of doped polysilicon. 

The polysilicon layer 415 overlays an i ating dielectric layer 410 such as 

20 doped or undoped silicon dioxide. The dielectric yer 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 

("PECVD"), thermal CVD ("TCVD"), atmospheric pressu CVD ("APCVD"), 

subatmospheric pressure CVD ("SACVD"), for example uti · ing, 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 o 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, SiQi, 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. 

PJI~'/ Refer 'ng further to Figure 4(A), a photoresist masking layer 425 is deposited r /over the TEOS ielectric layer 420. The photoresist masking layer 425 exposes 

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

series of photolitho aphic etches are performed to remove the TEOS layer 420 

material and the polys1 icon layer 415 from the diffusion or contact regions. The 

etches are performed usin a parallel plate plasma etcher with a power of 200-300 

watts. First, a fluorocarbon otolithographic etch, CHF3/C2F6 at 50 mtorr, is 

20 performed to remove the insul ing TEOS material from areas adjacent to and 

including the diffusion or contact gions. This is followed by a single polysilicon 

photolithographic etch using a chlori e plasma (Cl2/He) to define a polysilicon 

conducting layer 415 above the transisto or 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 multiple etches 

sequentially. 

5 ~ R erring to Figure 4(C) and 4(D), spacers are formed between the polysilicon 

. J~ ~ layer 415 o the gates and the contact regions by depositing an additional of 

LV" conformal la r of TEOS material 430 over the structure and etching spacer portions 

extending into e 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 Ii sin Figure 4(D). The spacers serve to insulate the polysilicon 

layers 415 from the cond ting material that will fill the contact opening and 

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

completely encapsulate the po~ilicon layers 415 of the individual gates. As shown 

in Figure 4(C), care is taken to etch he spacers 435 such that the spacers 435 have a 

15 substantially rectangular profile. This ·s accomplished using a low bias and high 

pressure etch (2.8 torr, 140 seem He, 30 sc CHF3, 90 seem CF4, and 850 watts 

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

embodiment of the invention contemplates tha the TEOS layer can have a 

minimum vertical width of approximately 3000 A nd spacers with a minimum 

20 width of approximately 1000 A. 

Referring to Figure 4(E), the diffusion regions are ne 

suitable dopant utilizing conventional techniques. The dopan may be implants of 

arsenic, phosphorous, or boron. Subsequently, silicides, for exa 

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

25 diffusion regions. 
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Referrin to Figure 4(F), overlying the TEOS layer 420 is deposited a second 

distin~t dielectric r etch stop layer 440, in this example, an silicon nitride (Six Ny) 

layer 440, with a tota thickness of 700 angstroms. It should again be appreciated by 

the art that this silicon nitride layer 440 could instead be an 

5 insulating layer of, for e mple, silicon dioxide, Si02, ONO, or SiOxNy(Hz). 

Additionally, the silicon ni ide etch stop layer 340 may be undoped or may be 

doped, for example with bor n, phosphorous, or both, to form, for example, 

borophosphosilicate glass ("BP G"), phosphosilicated glass ("PSG"), and 

borophosphosilicate tetraethyl or osilicate ("BPTEOS"). Further, the etch stop layer 

10 440 may comprise a single silicon ru ide layer or several layers formed by various 

methods. It is important that the etch top layer be different or distinct from the 

underlying insulating layer. 

The invention contemp tes that at this point the structure has an aspect ratio 

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

15 contact opening to the top of the ho · ontal portion of the etch stop layer to the base 

width of the contact opening between e insulating spacers. For example, an 

embodiment of the invention contemplat contact opening heights of 5300 A (0.53 

µrn) relative to widths of 0.32 µm to give as ct ratios of 1.6. 

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

20 deposited adjacent to the etch stop layer 440. The 1J nket layer 450 may or may not 

be planarized. In Figure 4(G), the blanket layer 450 is lanarized. The planarized 

blanket layer 450 facilitates the formation of an interco ect layer that might later be 

deposited over the contact regions. The blanket layer in Fi ure 4(G) is a doped 

silicate glass, for example BPTEOS. It should be appreciated those of ordinary skill 

25 in the art that this BPTEOS layer 450 could instead be another ped insulating layer 

of, for example, BPSG or PSG, or an undoped insulating layer of · ·con dioxide, 
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Si02' ONO, or Si xNy. Further, the blanket layer 450 may comprise a single oxide, 

like BPTEOS, or sev al 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 uch that the contact regions overlying the diffusion 

5 regions are exposed. This is fol wed by a photolithographic etch of the BPTEOS 

blanket layer 450 in the contact re 'ons. The etch is a fluorocarbon 

photolithographic etch (7 seem CHF3 6 seem Freon 134a) at 29 mtorr. The etch 

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

Referring to Figure 4G), a ph oresist material 470 is overlayed in contact 

10 opening 465 adjacent to the etch stop 1 er to protect the etch stop material in contact 

opening 465 from a subsequent photolith raphic etch to remove the etch stop 

layer. Next, a photolithographic etch, (900 m orr, 100 seem, He, 85 seem C2F6, and 

225 watts power using a Lam 4400 Series plas etching system) is performed to 

remove the etch stop layer 440 from contact ope · g 460. The etch conditions for 

15 this etch are low bombardment/high neutral flux c nditions. 

Figure 4(K) is a close-up ·ew of the cross-sectional portion of contact opening 

460 in Figure 40). The etch procee anisotropically, primarily removing etch stop 

material lying in a horizontal plane rel ·ve to the vertical direction of the etchant 

ions. The etchant removes material primar from the base of the contact region 

20 460, and does not remove all of the etch stop m terial adjacent to the spacer portion 

of the TEOS layer 420. Thus, the remaining etch st material adjacent to the spacer 

portion of the TEOS layer serves as additional spacer aterial to insulate the 

polysilicon from a conductive contact that will subsequen be added to the contact 

region 460. 
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/'i; ~ "-> The tchant utilized to remove silicon nitride from the contact region 460 has 

{, f} Ya low selecti 'ty 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 "gnificantly destroy the TEOS layer 420 spacer portion. The low 

s selectivity etch yield a TEOS layer 420 spacer portion that retains a rectangular or 

"boxy" profile. Figure (I<) illustrates that only a small portion 475 (illustrated in 

ghost lines) of the TEOS yer 420 spacer portion is removed during the etch. Of 

primary significance, the sp cer portion of the TEOS layer 420 retains its 

substantially rectangular pro e. 

10 It is to be apprecia~=that the described etch stop layer etch conditions (i.e., 

low selectivity, low bombardrrl nt/high neutral flax) are exemplary of etch 

conditions that result in the reten ·on of a boxy spacer. The invention relates to 

these process conditions as well as o ers that result in the retention of a boxy 

spacer. Thus, the etch-stop etch conditi ns should be regarded in an illustrative 

15 rather than restrictive sense. 

The silicon nitride etch s p 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 ar n, a 8 mtorr pressure, with a 1000 volt bias. In 

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

20 available system such as the Applied Mate 'als Endura 5500 systems. Alternatively, 

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

will be appreciated by a person of ordinary skill the art, the parameters can be 

varied considerably while still achieving the object 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 a substantially 
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rectangular ~'boxy" spacer portion, the sputter etch does not significantly erode the 

spacer portion ~the TEOS layer. 

At this point, the invention contemplates that the minimum encapsulating 

dielectriclayer, 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 d. 

)r1 '/- Fi re 4(L) presents a cross-sectional planar side view of the structure of the 

,)~) PJ / invention w erein a conductive contacts 480 have been deposited in the contact 

'""' IO operungs 460. 

scribed above yields a structure wherein first and second 

conductiye layers {e.g., olysilicon layers) are separated by a contact region with an 

area defined in the semic ductor substrate. An insulating layer is adjacent to and 

encapsulates the first and se nd conductive layers. The invention contemplates 

15 that the insulating layer has spa er portions between the conductive layers and the 

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

achieved wherein the spacer portio have a minimum insulative material 

thickness of 400 A. In the preferred em diment, the spacer portions of the 

insulating material further have substantia rectangular profiles. The invention 

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

to the spacer portion of the insulating layer follo ing an anisotropic etch of the etch 

stop material with a low selectivity etch for the etcn top material relative to the 

insulating layer material. The result is a contact ope with spa:cer sidewalls 

comprised, at least potentially, of a portion of etch stop la er material. 
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(}\!\ The · vention contemplates that effective contact openings may have base 

1u~ ..:P-, as 0.2 µm (and as small as 0.5 µm when measured from the top of 

l r df8 the optional plana . d layer), and base areas as small as 0.1 µm2. Thus, the 

invention contemplate aspect ratios for effective contact openings of 1.0-2.4, 

I .'\ 

\ 

5 wherein an aspect ratio is efined as the ratio of the height of a contact opening to 

the top of the horizontal por ·on of the etch stop layer to the base width of the 

contact opening between the sp ers. Figure 4(L) illustrates a height, h , and a width, 

w, from which an aspect ratio may \calculated for a contact region, and a height h7, 

and a width, w1, from which an aspec~atio may be calculated for a contact region. 

10 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 

15 than a restrictive sense. 
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CLAIMS 

What is claimed is: 

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

2 said process comprising: 

3 encapsulating a conducting layer in an insula · 

s 

6 

7 

8 

depositing an etch stop layer ~ .. · 
/ 

said contact region,· and / 
/ 

I' 

l 
f 

etching a portion of said itch 

said insulating layer 

t said contact region; 

9 wherein said etching does not signi · antl)j er e said spacer po on of said 

10 insulating layer. 

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

1 3. 
-

2 step is a low bombardment/hig ne t I flux condition. 

1 4. The process of cl m 3, wherein said etching condition has a low 

2 selectivity for said etch stop la e material relative to said first insulating layer 

3 material. 
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1 5. The process of claim 4, wherein said selectivity is 1 
.... 

2 1:1. 

1 6. The process of claim 2, wherein said plasm etching system is a Lam -
2 4400 Series plasma etching system. 

1 7. The process of claim 6, wherein etch stop layer etch is performed 

6, and 225 watts power. 2 using a recipe of 900 mtorr, lQ()sccm He, 8 

1 aning said exposed portion of said 

2 etching of said etch stop layer 

3 g layer retains iJs substantially 

4 rectangular profile. 

1 9. The process of cl 

2 sputter etch. 

1 

1 10. The process of 

2 adjacent said etch stop layer 

I 

erein said sputter etch is a radio-frequency 

ncluding depositing a blanket insulating layer 

a patterning layer on said blanket insulating 

3 layer wherein said patterni g layer exposes said contact region, and etching a 

4 portion of said blanket ins lating layer over said contact region with a suitable 

s 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 11. The process of Claim 10, wherein the blanket 
... 

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

2 said process comprising: 

4 semiconductor body adjacent said , wherein said insulating layer 

n adjacent said contact region; 5 

6 . de:ositing an f stop layr·adj 

said contact reg10n; and / , 
9' / . I . 

;7 r t 

etching a p ' rtion of sa · tch sto 

wherein said etching d !livers a m 

layer adjacent said contact region 

al erosion rate of said spacer portion 

ent said insulating layer and adjacent 

7 

8 

9 

10 relative to the verticalperosion r e 

I 

13. The pr1 ess of 

etching system. 

1 
Ii 

laimj 2, wherein said etching step utilizes a plasma 

2 

I 14. s of cl, 
1
im 13, wherein an etching condition for said etching 

I ' 

1 15. The p .ocess of claim 14, wherein said etching condition has a low 

2 selectivity for sai etch stop layer material relative to said first insulating layer 

3 material. 
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1 16. The process of claim 15, wherein said lectivity is less than or equal to ..... 
2 1:1. 

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

2 4400 series plasma etching system. 

1 

2 

1 

2 

3 

4 

1 

2 

1 

1 

18. The process of clai ,'7, where· said etch stop layer etch is performed 

ccm C2F6, and 225 watts power. 

19. ding cleaning said exposed portion of said 

first insulating layer wi a sputter {tc a .ter said etching of said etch stop layer 

wherein said spacer p rtion of sai~ f t i sulating layer retains its substantially 

rectangular profile. / , 

I / 
I I 

20. The p,cess of claitl
1
. 9, wherein said sputter etch is a radio-frequency 

sputter etch. 1
( · 

21. 

\; 

\ 
\ 
\ 
\. 

\ 
\ 

The proc~s of c / im 12, including depositing a blanket insulating layer 
, -

2 adjacent said etch stop l~ , ·forming a patterning layer on said blanket insulating 

3 layer wherein said patterni g layer exposes said contact region, and etching a 

4 portion of said blanket ins 'lating layer over said contact region with a suitable 
I 
i 

s 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 blank/layer is planarized. 
- . I 

/ 

' 1 23. A semiconductor apparatus comprisi g: 

2 first and second conducting layers paced apart by a region with an area 

3 defined in the substrate; 

4 an insulating layer a r and second conductive layers; and 

j 

s an etch stop layer/~djacent said .· ulating layer and over said first and second 
. I 

6 

7 

8 

9 

1 

,i 

conducting layers, and i~ second wi 
" first and second cond~cting layers 

Ji 
!l 

2.4 said aspect ratio d~fined as 
I 

width of said region. ' 

\ 
between said insulating layer adjacent said 

n wherein said regi n has an aspect ratio of 1.0-

ratus relative to the second 

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

2 has a spacer portion adj ent said region wherein said spacer portion has a 

3 substantially rectangul r profile. 

1 

: /)J ~/'l) 25. The sern· onductor apparatus of claim 23, wherein said etch stop layer 

L /" 2 j. silicon nitride. 

1 

1 26. The semiconductor paratus of claim 23, wherein said etch stop layer 

2 is silicon dioxide. 
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ABSTRACT 

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

contact region and an paratus whereby there is provided a contact opening with a 

small alignment toleranc relative to a gate electrode or other structure are 

disclosed. The process incl es the steps of forming a conductive layer on said 

semiconductor body then dep iting an insulating layer adjacent to the conductive 

layer. Next, substantially rectang lar insulating spacers are formed adjacent to the 

gate. An etch stop layer is deposited djacent said insulating layer followed by an 

etch to remove the etch stop layer mate 'al from the contact region. This etch is 

conducted under conditions wherein the et removes the etch stop layer but 

retains the substantially rectangular lateral spa r profile of the first insulating layer. 

The apparatus is capable of maintaining high quali contacts between the 

conductive material in the contact region and the und lying device region, such as 

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

small feature size structures, particularly self-aligned contact tructures. 
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I hereby certify that this correspondence is being deposited 
with the United States pasta! 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 

~""i;" 
fSigl1lrtUfe 

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. 

Filing Date: Filed herewith 

For METHOD FOR ELIMINATING 
LATERAL SPACER EROSION ON 
ENCLOSED CONTACT . 
TOPOGRAPHIES DURING RF 
SPUTTER CLEANING 

) 
) 
) 
) Examiner 
) 
) Group Art Unit No. 
) 
) 
) 
) 

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 comprising: 

$ ~~ (b) a first i sulating layer on the conductive layer; V 
(a) a co uctive layer disposed over a substrate; 

c...P (c) a contac region in said first insulating layer; 

(d) at least on insulating spacer in the contact region adjacent to the 

first insulating layer; and 

(e) terial over said first insulating layer and adjacent to 

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

i~ .Y*' ')- 28. Th structure ot@ 27, wherein I.he insulating spacer has a 

·7 , /substantially recta gular profile 'If; the contact region. 

~ . J ~~ 29. The str cture of Cl:im 27, wherein the insulating spacer has a surface 

;- pbrtion in the contact gion without overlying etch stop material. 

30. The structu e of Claim 29, wherein the insulating spacer surface portion 

without overlying etch stop aterial comprises an insulating spacer surface portion most 

distant from said substrate. 

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

portion in the contact region wi~t overlying etch stop material. 

2 
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A)~ 3. r· . t~e etch st 

The structure of Claim 27, further comprising a second insulating layer on . 
layer and over the conductive layer. 

33. e structure of Claim 32, further comprising a second conductive 

\ . . r.'~o'> 3 . A struc'ture, comprising the steps of: 

G fl,;/ a) a first electrically conductive material formed in and/or on a surface r of a substrate; 

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

conductive material fo 

(c) an e ctrically insulative spacer in the contact opening adjacent to 

the second electrically cond tive material; 

(d) an etch sto layer over the electrically insulative spacer and the first 

and second electrically conductive gions; 

(e) a blanket layer ov the etch stop layer; and 

(f) an opening through a ·rst part of the etch stop layer to the first 

electrically conductive region. 

~\ The structure of Cla.l_m 34, w~J,tie electrically insulative spacer has a 

ubstantially"'"ectangular cross-sectional shap~a plane that is substantially 

perpendicular ~thermJ"mrtrErte-"Sttriase......----------------

_ ~~~ 36. The ructure of-Cla~m 34, wherein the electrically insulating spacer has a 

}"" surface portion witho t overlying etch stop material. . 

37. The struct e of Cl~m 36, wherein the electrically insulating spacer 

surface portion without ov lying etch stop material comprises a surface portion most 

distant from said substrate. 

38. ·m 34, further comprising a second insulating layer on 

the etch stop layer and over the ~o d uctive layer. 

3 
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~ I . 
J\~~ 9. T\e structure of Claim 38, further comprising a second conductive 

/ v mat in the c~act region. ... 

REMARKS 

Applicants submit the application is now in condition for examination on the 

merits. Early notice of such action is earnestly solicited. 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, ILLINOIS 60610 
(312) 321-4200 

Respectfully submitted, 

~uch,Ph.D. 
Registration No. 38,591 
Attorney for Applicant 

F:\Home\Prauch\10200 Cypress\ 10200 12- Preliminary Amendment 
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Serial No. 
09/540,6 

I rlANSMITTAL LETTER 
iling Date Examiner 
arch 31, 2000 

TO THE COMMISSIONER FOR PATENTS 

,. 
" 

Case No. 10200/12 
Group Art Unit 

Transmitted herewith is Transmittal Letter (in duplicate); Information Disclosure Statement; PTO Form 1449; One 
Copy of References A 1-A25. 

D Small entity status of this application under 37 CFR § 1 .27 has been established by verified statement previously 
submitted. 

D 
D 
~ 
D 

.· .... 

... 
Total 

lndep. 

. 
.· 

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

Petition for a month extension of time. 

No additional fee is required. 

The fee has been calculated as shown below: 

Small Entity 
. . 

Claims .·. Highest No. or 
Remaining Previously Present Add'I 
After Paid For Extra Rate Fee 
Amendment ·.· 

Minus x $9 = 

Minus x 39 = 

Other Than 
Small Entity 

Add'I 
Rate Fee 

x $18 = 

x $78= 

First Presentation of Multiple Dep. Claim +$130 + $260= 
= 

Total $ total $ 
add'I fee add'I fee 

D 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. 

The Commissioner is hereby authorized to charge payment of any additional filing fees required under 37 CFR § 

1 . 1 6 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. 

I 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. 

-11--ul~E.-Ra-uc~h.-P~h.D-.~~~~~~-=--'~cE.\\JE.O 
Registration No. 38,591 I\~\) 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 

Attorney for Applicant j\}l Q 7 '2.uu 

"'0' oc'{ cic.~lt.~ iaao 
"f2.C'i~1-. '"' CHICAGO, ILLINOIS 60610 

(312) 321-4200 

I hereby certify that this correspondence is being deposited with the United States Postal Service as 
first class mail, with sufficient postage, in an envelope dressed to: Commissioner for 
Patents, Washington, D.C. 2 231, on ----"o/-~W--""'-=--Tr 

rev. Dec.-99 
Document3 
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I 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 ~'2~ 

Date f D osit 

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

Reg:;?~;ve 

' ature 

Our Case No. 10200/12 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) 
) 
) 
) 
) 
) 
) 

Nulty et al. 

Serial No. 09/540,610 

Filing Date: March 31, 2000 

For METHOD FOR ELIMINATING ) 
LATERAL SPACER EROSllON ON ) 
ENCLOSED CONTACT ) 
TOPOGRAPHIES RF SPUTTER ) 
CLEANING ) 

RECE\\IED 
JUL o 7 2000 

it,CHNOLOG~CENiER2S00 

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 conformance with 37 

C. F. R. 1. 97-1. 99, Applicants hereby submit references A 1-A25 listed on the attached 

form PT0-1449 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 

• 
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\\?E: J. 

0 "6" ~ 
JUL 0 3 2000 ~ 

Applicants do ot believe th he disclosure of these references, even if finally 
~ 

determined to b ,¢ ~?[ ~ ~ ticipates Applicants' invention or that these references 

make Applicants' invention obvious. 

Applicants respectfully request that the Examiner review the entire disclosure of 

these documents and make them of record. 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, ILLINOIS 60610 
(312) 321-4200 

• 

Respectfully submitted, 

dQ 
Paul E. Rauch, Ph. 0. 
Registration No. 38,591 
Attorney for Applicants 
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FORM PT0-1449 

LIST OF PATENTS AND 
APPLICANT'S INFORMATIO 

STATEMENT 
use several sheets if necessa 

REFERENCE DESIGNATION 

,• 

EXAMINER DOCUMENT 
INITIAL NUMBER 
C.C A1 Re.35, 111 
c. (_ A2 4,660,276 
t:. ('_ A3 4,806,201 
r· f'. A4 4,956,312 

. c. r. AS 5,037,777 
(' c A6 5,100,838 
(' ('_ A7 5,166,096 
c. c. AS 5,264,341 
{. {. A9 5,275,972' 
(_ (' A10 5,306,952 
c. c A11 5,364,817 
(. (' A12 5,366,929 

r.C A13 5,378,646 

cc. A14 5,382,483 
C. C. A15 5,384,;281 

r. <. A16 5,466,636 
(" r. A17 5,482,894 
(.( A18 5,521, 121 
c. (. A19 5,562,801 
(_(. A20 5,569,628 
( (. A21 5,587,331 
(f. A22 5,756,396 
r r. A23 5,759,867 

EXAMINER 

SERIAL NO. CASE NO. 
09/540,610 10200-12 

FILING DATE GROUP ART UNIT 
March 31, 2000 

APPLICANT S : Nul et al. 

U.S. PATENT DOCUMENTS 
CLASS/ FILING 

DATE NAME SUBCLASS DATE 
12/05/95 _WQa e~ al. l iou. et v.{. 1/.-?,)?, / ~ ·q s- ll,_f.___ /q q ~ 
04/28/87 Hsu /J.::;,, 'X I t::-Cf s ~/ !'1 <:<s-
02/21/89 Mitchell et al. a. 3 91 is-1 s- 3//°11:~ 
09/1990 Van Laarhoven 11_ <.?I/ 'SD S:/ JC/&''1 
08/06/91 Mele et al. lt-72, / b":>., 9 7 I J qqo 
03/1992 Dennison Lt..37/ICfs rn I {q<[o 
11/24/92 Cote et al. d-~r?/':;'C/S- tt I /qqr;_ 
11/23/93 SeA et at" hJdtA k et .d a ·<. 5 I '1. ;i../ S7 I tCf ~ '1 
1/04/94 Ogawa et al. /I~/ ,4' ~9 'X/1qq;i_ 
04/26/94 Matsuura et al. ~~?I I b;- Jo/1qq2-
11/15/94 J,.o et al:- Luv et iAf .. t/--3 7 J /90 t:"/ I qqq, 
11/22/94 Cleeves et al. 43?/Jqs- '!"/ 1q'f 3, 
01/03/95 Huanq et al. ,4.-~:>?/ 5q, 11 1qqq_ 
01/17/95 Young 4- 7$0/ s- l -I I qq ?-
01/25/95 Kenney et al. tf-3? //f?'9 [h. '),9 1Cf'12 
11/14/95 Cronin et al. .£f3//:;3'1 q I I qq:;2... 
01/1996 Havemann # 37/ /Ci~ J I /</.Cf/, 
05/28/96 Tsai et al. )J.,37//90 t.J../ ;qqr:;-
10/08/96 Nulty I S-;, I /us. I I "--/ I q '1 U-
10/29/96 Yano et al. J/-s "7/ND /h /Jqef(, 
12/24/96 Jun tf 37/ /10 l')../ Mctb 
05/1998 Lee et al. ~?, 8' I 6?-'2- !>/IC(qf? 
04/21/95 Armacost et al. 11-? 't I t 3'1 t I Nct f? 

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 µm complimentary 

C. C. metal-oxide-semiconductor technology," J. Vac. Sci. Technol. B 12(1 ), Jan/Feb 1994, pp. 427-
432. 

c. c. A25 K.K. Shih et al., "Hafnium dioxide etch-stop layer for phase-shifting masks," J. Vac. Sci. 
Technol. B 11(6), Nov/Dec 1993, pp. 2130-2131. 

EXAMINER DATE CONSIDERED fll 0 30 ~oo/ 
EXAMINER: Initial if reference considered, whether or not citation is · 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 
F:\HOME\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 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

09/~'.:i40 ., (.:l 0 O:::t/::":i:l /00 NULTY 

I MMC:l./0601 
BU-'ll<ELY ~.:>OKOL.OFF TAYLOR ~< ZAFMAN 
12400 WILSHIRE BOULEVARD 
~?.iEVENTH FLOOR 
LOS ANGELES CA 90025 

.J :l6820 .. F'097 

EXAMINER 

CHU~C 

ART UNIT PAPER NUMBER 

4 
DATE MAILED: 06/0:l/01 

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

Commissioner of Patents and Trademarks 

PT0°90C (Rev.11/00) 1· File Copy 
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Application No. Applicant(s) 

09/540,610 NULTY ET AL. 

Office Action Summary 
Examiner Art Unit 

Chris C. Chu 2815 

-· The MAILING DA TE 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 1_ 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 

Responsive to communication(s) filed on __ . 

This action is FINAL. 2b)~ This action is non-final. 

1)0 

2a)0 

3)0 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)0 Claim(s) __ is/are allowed. 

6)~ Claim(s) 25 - 39 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claims __ are subject to restriction and/or election requirement. 

Application Papers 

9)~ The specification is objected to by the Examiner. 

1 O)~ The drawing(s) filed on 31 March 2000 is/are objected to by the Examiner. 

11 )0 The proposed drawing correction filed on __ is: a)O approved b )0 disapproved. 

12)0 The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S. C. § 119(a)-( d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 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. 

14)0 Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e). 

Attachment(s) 

15) ~ Notice of References Cited (PT0-892) 18) 0 Interview Summary (PT0-413) Paper No(s). __ . 

16) ~ Notice of Draftsperson's Patent Drawing Review (PT0-948) 19) 0 Notice of Informal Patent Application (PT0-152) 

17) ~ Information Disclosure Statement(s) (PT0-1449) Paper No(s) 1.. 20) 0 Other: 

U.S. Patent and Trademark Office 
PT0-326 (Rev. 01-01) Office Action Summary Part of Paper No. 4 
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Application/Control Number: 09/540,610 

Art Unit: 2815 

DETAILED ACTION 

1. The preliminary amendment, which is filed on March 31, 2000, has been entered. 

Page 2 

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 l .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 l .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 

Art Unit: 2815 

Page 3 

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 "hl ." 

On page 27, line 9 of the specification refers to a width "wl." 

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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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 § 608.0l(b). 

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

On page 16, lines 14 ~ 18, there are two brief descriptions 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(1)--. 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(1). Therefore, the reference to Figure 4(H) should be changed to 

Figure 4(1). 

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 l.75(c), as being of improper dependent 

form for failing to further limit the subject matter of a previous claim. Applicant is required to 

cancel 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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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 -35USC§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(1) 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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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 or 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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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 electrically insulati ve 

spacer (18) in the contact opening adjacent to the second electrically conductive 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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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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19. The prior art made ofrecord 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 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. 

c.c. 
May 30, 2001 

• 

Chris C. Chu 

EDDIE LEE 
SUPERVISORY PATENT EXAMINER 

TECHNOLOGY CENTER 2800 
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Filing Date 
March 31, 2000 

Examiner 
Chris C. Chu 

TO THE COMMISSIONER FOR PATENTS 

ase No. 10200/12 
. Client Ref. No. PM95012D 

Group Art Unit 
2815 

(. ~-,. 

Transmitted herewith is Transmittal Letter (in duplicate), Amendment and Response, Petition for On&'- ( 1) Morllth 
Extension of Time, Check for $110 and Return Postcard. 

D Small entity status of this application under 37 CFR § 1 .27 has been established by verified statement ~~eviol\S-IY 
submitted. 

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

Petition for a one month extension of time. 

No additional fee is required. 

The fee has been calculated as shown below: 

Small Entity 

Claims Highest No. or 
Remaining Previously Present Add'I 
After Paid For Extra Rate Fee 
Amendment 

Total Minus x $9= 

lndep. Minus x 42= 

First Presentation of Multiple Dep. Claim +$140 
= 

Total $ 
add'I fee 

Other Than 
Small Entity 

Add'I 
Rate Fee 

x $18= 

x $84= 

+ $280= 

Total $ 
add' I fee 

0 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 $ ll.Q 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. 1 6 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. 

~ I 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. 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, ILLINOIS 60610 
(312) 321-4200 

Pafu:Rauch, Ph.D. 
Registration No. 38,591 
Attorney for Applicant 

I 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. ~/~ ~ 

Date: lo/, (o···r Signature: CC~ ~ 
rev. Dec.-01 1 ---~-~"----------------'"'-~~-----.. -

Document5 
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d~posited ':ith Yni{B iis Postal ~e~vice, 
with sufficient pos , · 1rst class mail m 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. 38,591 

Name of applicant, assignee or 
Registered R tative 
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BHGL Case No. 1020W12 

Client Ref. No. PM95012D 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Nulty et al. 

Serial No: 09/540,610 

Filed: March 31, 2000 

For: STRUCTURE HA YING 
REDUCED LATERAL SPACER 
EROSION 

Examiner: Chris C.Chu 

Group Art Unit: 2815 

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 t; 2001 for a period of l month. 

[ZI Applicant is: 
D a small entity, verified statement is: 

D attached 
D already filed 

Hi/05/i?~HVUOMGi 00000126 09540610 

Oi FC:i15 110.00 OP 
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rg] other than small entity 

Extension Other Than 

BHGL .se No. 10200/12 
Client Ref. No. PM95012D 

Small Entity 
Months Small Entity 

rg] One Month 

D Two Months 

D Three Months 

D Four Months 

D Five Months 

Fee Payment 

$110.00 
$400.00 
$920.00 
$1,440.00 
$1,960.00 

$55.00 
$200.00 
$460.00 
$720.00 
$980.00 

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. 
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. 

Dated: October l, 2001 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, IL 60610 
(312) 321-4200 

Rev. Oct.-01 

- 2 -

• 

Respectfully submitted, 

~--. 
Paul E. Rauch 
Registration No. 38,591 
Attorney for Applicant 
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__ P......,a~I E. Rauch, Ph.D., Reg. No. 38,591 
Name of applicant, assignee or 

R~ ...... ·e--

7 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. 

Serial No. 09/540,610 

Filing Date: March 31, 2000 

For STRUCTURE HAVING REDUCED 
LATERAL SPACER EROSION 

) 
) 
) 
) Examiner Chris C. Chu 
) 
) Group Art Unit No. 2815 
) 
) 
) 
) 

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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. f This application is a divisional of applic;ation Ser. No. 08/577,751, now U.S. Pat. 
---- /.)SJ..UI Pr1 fV(~ ~3, ZCO:l,. -, I No. 6,066,555, filed December 22, 1995.f~' :.:.:.::.~.:........:_--+----.:-=-_::.-----------

!
--- Please replace the following paragraphs: 

1~~::£_;·~1,~ln~·21~9-~pg~.~2~.~ln~.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 

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 layer. 
~~~~-=-~~~~~-~~_._._.·~----~----

[ :. 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 

(33 shrink, the forming of discrete 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. 
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L 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-

(; t/ 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). 

r--§ 6, In. 9111 
~ 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. (1 C). 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. 

·:.:',,...,...-

[ [P9:,6. ln.18~~ 
~ The self-aligned contact 130 is separated from a conducting polysilicon layer 11 O 

by an encapsulating dielectric layer 120 such that the contact 130 can also overlap the 

polysilicon layer 11 O without making electrical contact to the layer ·11 O 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. 

,. .. ----
\ (§. 6, In. 24-pg. 7,~ 
~ 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 
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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 11 O 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. 

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 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 . 

. -·--
: \ "f§;7, In. 23-pg. 8, 1n1J 

\__E:::. A layer of photoresist material 280 overlies the planarized BPTEOS layer 250 to 

expose the contact opening 270. In Figu~e 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 

.\ 
1. 
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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 completely encapsulated. 

--------==~-==-=---==~-==~--------,--
1 pg. 8, In. 6-13 
L-

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 seem CHF3 and 30 seem 0 2 at 60 mtorr and 100 

watts of power. The result of the high selectivity etch is illustrated in Figure 2(8). 

O[?g.~8, In. 14-ln'EJ 

Figure 2(8) 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(8) 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°. 

----
1 §·In. 24-pg. 9, In~ 
L.::= 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 
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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(8). 

, pg. 9, In. 11-26 
L----

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 

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

Figure 3, a gate oxide 31 O 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. 

----~ 10, In. 1=Ti] 

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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\.1 

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 dt and d2 is greater than the difference between v1 and v2. 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. 

I @10, In. 17-pg. 11,~ 
_ 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 

I, 

'1' 

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 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. w1 represents the width at the top of the planarized layer 

and w2 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 

8'6 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, 

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 

plariarized. 

c pg. 16,~!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). 

pq ~~-,-
[ §_. 16, In. 10-J2} . 

. \ 

. v---" Figure 2 is a cross-sectional side view illustrating the formation of a prior art 

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

layer, and Figure 2(8) illustrates the results of that etch. 

·-
\ ffi-16, In. 13:iil 

~- Figure 3 is a cross-sectional side view of a prior art contact opening formation 

during a sputter cleaning etch. 
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[~~,~~~----~-------------------
Figure 4(E) illustrates a cross-sectional planar side view of a series of gates 

f5//J encapsulated with insulating material, wherein the diffusion regions are implanted with, 

for example, a silicide. 

[ !?£1?,ln.1® 
- 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. 

-~ 

-=j=,-==L~-p~g._1_?_,1_n._2_3_-p_g_.1_a_~_1n_.2~~~~~~~~~~----~~~--~~~--~---
- Figure 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 

fjl 1 separated from the diffusion regions by the etch stop layer. 

. \ 

~-

[§18,ln.ii} 
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 

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, 
' 
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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., 

f:)J:li 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. 

~-J[~~~·~~~--Y.~,g~.~2~0,~ln~.~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 

regions 405. 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. 
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 could also be a silicide, consisting of WSi2, 

MoSi2, TaSi2, PtSi, PdSi, or that this conducting layer 415 can further be a layered 

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

l if.- 20, ln.19-pg. 21, ~ 
. 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 
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("SACVO"), utilizing, for example, TEOS and oxygen, or TEOS and ozone chemistries. 

As used herein, reference to, for example, a PECVO TEOS oxide denotes an oxide 

layer deposited by PECVO utilizing TEOS chemistry. Additionally, one or more layers of 

dielectric layer 410 may be a spin-on-glass ("SOG") layer. 

\ pa. 21, In. 13-23 ~~l~-~::::::::=-~~----~~---------
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(8), 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 

f81<./ contact openings. The etches are performed using a parallel plate plasma etcher with a 

power of 200-300 watts. First, a fluorocarbon photolithographic etch, CHF:YC2F5 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 (Cl2/He) to define a polysilicon 

conducting layer 415 above the transistor or gate regions. 

r_=- pg. 22, In. 5-20 

Referring to Figures 4(C) and 4(0), 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(0). 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 seem He, 30 seem CHF3, 90 seem 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. 

~b [~· 22, In. 21-i5} . 

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 WSi2 and TiSi2, 

may also be formed. Figure 4(E) illustrates silicide formation 445 in the diffusion 

regions 405. 

. \ 

----} § 23, ln.1:E'J 

l--=. 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, Si02, ONO, or SiOxNy(Hz). 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"), 

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. 

~23,ln.13~ 
_ 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 µm) 

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

r §: 23, In. 19-pg. 24, I~ 
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 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, Si02, ONO, or SiOxNy. 

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

layers formed by various methods. 

--~ l /ii 24, In. fi) 
- 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 seem 

CHF3, 6 seem 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(1). 

[§ 24, In. 9~ . 

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 seem, He, 85 seem 

C2F6, 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. 

~- 24, In. 16;iil 

Figure 4(K) is a close-up view of the cross-sectional portion of contact opening 

fJS 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. 

i :\ 

l----2g. 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 

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 etch. Of primary 

significance, the spacer portion 435 of the TEOS layer 420 retains its substantially 

· rectangular profile. 

-~ 

1 E25, In. 1~15J 
L 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 
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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. 

L E~25. In. 16-pg. 26.~ 
- The silicon nitride etch stop layer 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. 

J~~ pg. 26, In. 8-10 

f811 

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. 

!JF· 26, In. 11EJ . 

; 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. 

{?(l [§. 21, 1n. 11] 
The invention contemplates that effective contact openings may have base 

widths as small as 0.2 µm (and as small as 0.5 µm when measured from the top of the 

optional planarized layer), and base areas as small as 0.1 µm2
. Thus, the invention 

contemplates aspect ratios for effective contact openings of 1.0-2.4, wherein an a~pect 

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. 

. I 

' ' 

/ 

r~ ::::: ::~~:::ht::e:b:~~:· ~:·~:g: :~:th the following new Ab&ract: 
L-~--~~~~~~~-'-----~----~~~-=-~~~~~~~~~~~ 

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 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 
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underlying device region such as a source or drain, or some other layer or structure, and is 

8f? an effective structure for small feature size structures, particularly self-aligned contact 

structures. 

- ·.:. . ...:..~-· --
IN THE CLAIMS 

Please amend the claims as follows: 

mended) The semiconductor apparatus of claim 27 wherein said etch 

stop layer compris silicon nitride. 

ded) The semiconductor apparatus of claim 27 wherein said etch 

stop layer comprises sili on dioxide. 

Amended) A structure, comprising: 

ectrically conductive material formed in and/or on a surface of a 

substrate; 

ening in a region adjacent to a second electrically conductive 

tJ d material formed on the substrate; 

.\ 

(c) an electrically ·nsulative spacer in the contact opening adjacent to the second 

electrically conductive ma erial; 

(d) an etch stop mat rial over the electrically insulative spacer and the first and 

second electrically conductiv materials, the etch stop material being distinct from the 

insulative spacer; 

(e) a blanket layer over th etch stop material; and 

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

conductive material. 

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 selectivity 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 contact 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 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 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 Si3N4 (col. 

3, In. 33-34 ). The reference further states "a thin layer 20 of Si3N4 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 SbN4, 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 depend. 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. 

Objections 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 

layer 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. 
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Objections 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(1) 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. 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, ILLINOIS 60610 
(312) 321-4200 

Respectfully submitted, 

e~-
Registration No. 38,591 
Attorney for Applicant 
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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~ [the] first metal layer is called a 

"contact 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/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 (8) 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.§ [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. (1 C). 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 11 O 

by an encapsulating dielectric layer 120 such that the contact 130 can also overlap the 

polysilicon layer 11 O without making electrical contact to the layer 11 O or gate. The 

polysilicon layer 11 O 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, ln.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 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 11 O 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 240.1 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. Hencei 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 Figµre 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 seem CHF3 and 30 seem 0 2 at 60 mtorr and 100 

watts of power. The result of the high selectivity etch is illustrated in Figure 2(8). 

pg. 8, In. 14-ln. 23 

Figure 2(8) 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(8) 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 
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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 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 [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, 

illustrated 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 

contact region. The sloping or tapered spacer portion 370 adjacent the polysilicon layer 

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 dt and d2 is greater than the difference between 

v1 and v2. 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, ln.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 spacer 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. w1 represents the width at the top of the planarized layer 

and w2 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.I. [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 .§ 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(8) 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 

Figure 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 opening.§ to the [a] diffusion region.§ [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 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., at the base of the contact openings) of 0.2 microns and minimum contact 

31 

• 

SAMSUNG-1002.119



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. 

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 ~o 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 

regions 405. 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. 
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 

WSi2, MoSi2, TaSb, 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 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 

("SACVD"), [for example] utilizing, for example, TEOS and oxygen.1. 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 41 O may be a spin-on-glass ("SOG") layer. 
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pg. 21, In. 13-23 

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 [exposes] diffusion regions 405 in the semiconductor substrate. 

Referring to Figure 4(8), 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/C2F6 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 (Cl2/He) to define 

a polysilicon conducting layer 415 above the transistor or gate regions. 

pg. 22, In. 5-20 

Referring to Figure§ 4(C) and 4(0), 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 opening§ 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(0). The spacers 435 serve to insulate the 

polysilicon layers 415 from the conducting material that will fill the contact opening§ 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 seem He, 30 seem CHF3, 90 seem 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 WSi2 and TiSi2, 

may also be formed. Figure 4(E) illustrates silicid~ 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, Si02, ONO, or SiOxNy(Hz). 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 µm) 

relative to widths of 0.32 µm 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 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, Si02, 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 etch is a 

fluorocarbon photolithographic etch (7 seem CHF3, 6 seem 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, (900 mtorr, 100 seem, He, 85 seem 

C2F6, 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 

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 

37 

• 

SAMSUNG-1002.125



. J, 

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 µm (and as small as 0.5 µm when measured from the top of the 

optional planarized layer), and base areas as small as 0.1 µm2
. 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 h1, and a width, w1, 

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.§ [said] semiconductor body.1. 

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.1. 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.I. 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.I. 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] materia'I; 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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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 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. 

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 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 
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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 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 
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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 -35USC§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, Si)N4, 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 . 

. I 
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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-

0956. 
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Application No. 

09/540,610 
Interview Summary 

Examiner 

Chris C. Chu 

All participants (applicant, applicant's representative, PTO personnel): 

(1) Chris C. Chu. 

(2) Paul E. Rauch. 

Date of Interview: 14 March 2002. 

Type: a)IZJ Telephonic b)O Video Conference 

(3)Eddie Lee. 

(4) __ . 

Applicant(s) 

NULTY ET AL. 

Art Unit 

2815 

c)O Personal [copy given to: 1 )0 applicant 2)0 applicant's representative) 

Exhibit shown or demonstration conducted: d)O Yes e)IZJ 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)O was reached. g)IZJ was not reached. h}O NIA 

Substance of Interview including description of the general nature of what was agreed to if an agreement was 
reached, or any other comments: Applicant argued that the claims define the material of the etch stop material as 
being distinct or different material from the material of the insulating spacer. However. no limitations regarding 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 i$ available, a summary thereof must be attached.) 

i)O It is 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 unless it is an 
Attachment to a signed Office action. 

U.S. Patent and Trademark Office 
PT0-413 (Rev. 03- 98) 

• 

Interview Summary Paper No. 8. 

SAMSUNG-1002.145



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. 

Title 37 Code of Federal Regulations (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. ft is 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 fife, 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.) 
An indication 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 being 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 deslrable 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 include 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 general 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. ff 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. 
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Serial No. 
09/540,610 
lnventor(s) 
Nultv et al. 
Title of Invention 

BGH & L 
r"' 

, . ..ANSMITTAL LETIER 

I Filing Date 
March 31, 2000 

I examiner 
Chri11 C. Chu 

STRUCTURE HAVING REDUCED LATERAL SPACER EROSION 

TO THE COMMISSIONEFI FOR PATENTS 

312 321 4299 P.02 
r 1. 

Case No. 10200/12 
Client Raf. No. PM95012D 
Group Art Unit 
2815 

Tr<msmitled herlilwith is Transmitt51I Letter (in duplicate), Petition and Fee for One !11 Month Extension.of Tjme !in 
guplioate), and Amendment and B~ .. BP~e...6.fJ:ll.t..Snlll. 

D Small entity status of this appllcation under 37 CFR § 1.27 has been established by verified 11tatlilment previously 

submitted. 

0 A verified etstement to establish small entity status under 37 CFR § § 1.9 an.d 1.27 is enclosed. 

[2J Petition for a l_month extension of time. 

IZI No ;idditionsl fH 111 rei;ivlred. 

D Thli! fee hei~ been o;ilo1.1lii1ted ;i~ ehown below: 

Other Than 
s n e · rna nt1tv S II E ' ma fltltV 

Claim$ Highest No. or 
Remaining Pravioosly Pres ant Add'I Add'I 
After Paid For Exua Rate Fee Rate Fee 
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Total Mini.IS x $9= x $18= 
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duplicate copy of thi$ $heet 111 enclosed. 

D A check in the amo1,1nt of $ __ to cover the filing foe is enclosed. 

k8J The Commissioner is hereby authorized to ch;ir!le p<1yment of any additional filing fees required under 37 CFR § 

1 .16 and any p<1tent application processing feQs under 37 CFR § 1.17 a11,.1;1ci<1ted with this communication or credit 
;iny overpayment to Oeposlt Account No. 23-1925. A dvplicate copy of this sheet is enclosed. 

~ I hereby petition under 37 CFR § 1 .136(a) for any exteni;i1;1n of time required to ensure that this paper Is tlmely 
filed. Please charge any associated feell! whlr;ih tiuve not otherwise been paid to Oeposit A1;1count No • .23-192lS. A 
duplioate copy of thi11 uheet is enclosed. 
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l examiner 
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Case No. 10.200/12 
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D Small entity status of this application under 37 CFR § 1.27 has been established by verified statement previously 
submitted. 
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any overpii!yrnent to Deposit Account No. 23-19.:?6. A cfupfioate.copy of this sheet is enclosed. 

l8J I hereby petition under 37 CFR § 1. 136(a) for iilny e><tension of time required to ensure .that this paper is timely 
filed. Please charge .,.ny 11ssociated fees which have not otherwise been paid to Deposit Account No. 23· 1925. A 
duplfcate copy of this sheet i111 enclosed. 
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elate: #· ~-- Slonet~te: ---J.~2::=..:~~==::::==::======---
Received from< 312 3214299 > at 5120102 3:26:23 PM ~astern Daylight Timej 

• 

P.03 

SAMSUNG-1002.149



. ~ l. 

:.\ 
\ 

.:tC;l),I ~~ 
312 321 4Zc:. 't,'"'lo ,;z • . 

I hereby certify that this correspondence is being sent via 
facsimile 703-306-7722 to Examiner Chris C. Chu, Group M 
Unit 2615, at the United States Patent and Trademark Offl 
on: 

Paul E. Ravch, F'li.D. - Reg. No. 36,591 
Name of applicant, assignee or 

Registered Repre e ' 
,1 &:-::::::.~------· 

I ' cw ,:.1.1.-< 
~ w2~•0'2.. 

Mv'lt.r"'-

Our Case No. 10200/12 
Cypress 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 

Filing Date: March 31, 2000 

For Structure Having Reduced Lateral 
Spacer Erosion 

) 
) 
) 
) Examiner Chu, Chris C. 
) 
) Group Art Unit No.2815 
) 
) 
) 
) 

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 

Please amend claims 25-27 and 34 as follows. 
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,J'Ol 1 25. (T ·ce Amended) The semiconductor apparatus of claim 27 wherein said etch slop 

re" 

'. :'.\ 

\ 

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

material com rises silicon dioxide. 

27. (~ended) A structure, comprtslng: 
\ 

( a conductive layer disposed over a substrate; 

(b) first insulating layer on the conductive layer; 

(c) contact region in said first insulating layer; 

(d) at east one insulating spacer in the contact region adjacent to the first insulating 

layer; and 

(e) an tch stop material over said first insulating layer and adjacent to the 

insulating space , the etch stop material being a different material from the insulating 

spacer. 

-------------------- ..... ------------~~~-----------------

mended) A structure, comprising: 

(a) a 'rst electrically conductive material formed in and/or on a sulface of a 

substrate; 

ct opening in a region adjacent to a second electrically conductive 

material formed o the substrate; 

(c) an electri ally insulatlve spacer in the contact opening adjacent to the second 

electrically conductiv material; 

(d) an etch stop aterial over the electrically insulative spacer and the first and 

second electrically cond ctive materials, the etch stop material being a different material 

from the insulative space · 

(e) a blanket layer werthe etch stop material; and 

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

conductive material. 

2 
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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 to a semiconductor device with well defined contact 

openings. The current practice with respect to forming 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 transfonn 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 whlchcan 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 pr~sent invention includes at least one insulating 

spacer in the contact reglon 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 under35 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. 

51234,856), is respectfully traversed. Dennison et al. describes a barrier layer rather 

3 
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than an etch stop material, and does not suggest that it ls 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 havf ng insulating spacers and caps 18 (Figure 1 ). 

The spacers and caps 18 preferably comprise an insulative nitride, such as SiaN4 (col. 

3, In. 33-34). The reference further states "a thin layer 20 of SisN4 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 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 material that is different from the 

insulating spacer. The barrier layer of Dennison et al. is described as Si3N4, 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 

fayer. 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. 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, ILLINOIS 60610 
(312) 321-4200 
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Paul E. Rauch; Ph.D. 
Registration No. 38,591 
Attorney for Applicants 
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APPENDIX A 

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

[layer] 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 ,g [distinct] different material from the 

insulating spacer. 

34. (Twice 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 .§ [distinct] different 

material from the lnsulative 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. 

5 
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via facsirnile 703-308-7722 to Examiner Chris C. Chv, 
Group Art Unit 2615, at the Uniwd S atc6 Patent and 
Tn1.1.lemark Office on: 

312 321 4299 
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BHGL Case No. 10200/12 
Client Ref. No. PM95012D 

IN THE UNITED STATES PATENT AND T:RADEMARK 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(a)) 

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 l month. 

[gl Applicant is: 

0 a small entity 

[8J other than small entity 
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[2?] 
D 

§ 
Fee Payment 

BGH & L 

Extension 
Months 

One Month 
Two Months 
Three Months 
Four Months 
Five Months 

Other Than 
Small Entity 

$110.00 
$400.00 
$920.00 
$1,440.00 
$1,960.00 

312 321 4299 P.10 

BHt;L Case No. 10200/12 
Client Ref, No. PM95012D 

Small Entity 

$55.00 
$200.00 
$460.00 
$720.00 
$980.00 

Attached is a check for$ __ for the Petition fee. 
Charge Petition fee to Deposit Account No. 23ul925. A duplicate copy of this 
Petition is attached. 
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. 

Dated: ~fa.-.,. --+-; -+-( --

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, IL 60610 
(312) 321-4200 

Received from< 312 3214299 >at 5/20/02 3:26:23 PM [Eastern Daylight Timej 

• 

- 2 -

Respectfully submitted, 

. ~/-?P'J 
p~_, ____ _ 

PaUiE.RaUCh 
Registration No. 38,591 
Attorney for Applicants 
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I hereby oeni fy 1hai dtis oolTC3ponQcncc is being sent 
vi' facsirnileo 703-30&-7722 to Examiner Chris c. Chu, 
Group Ari Unit 2815, at lhe United S tes Patent and 
Tra.del'lt9.rk Office on: 

Paul E. Rauch, Ph.D. - Reg. No. 38,591 
Name of appliellltr, assignee or 

Registered ivc: 
...-' 

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 

~xaminer: Chris C.Chu 

Group Art Unit: 2815 

PETITION AND FEE FOR EXTENSION OF TIME (37 CFR § 1.l36(a)) 

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! month. 

IZI Applicant is: 

0 a small entity 

. [8J other than small entity 

Received from< 312 3214299 >at 5/20102 3:26:23 PM ~astern Daylight Timej 
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Extension Other Than 

;'' 

312 321 4299 P.12 
/ ' 

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

Small Entitv 
Months Small Entity 

[gj One Month $110.00 $55.00 

D Two Months $400.00 $200.00 
D Three Months $920.00 $460.00 

D Four Months $1,440.00 $720.00 

D Five Months $1,960.00 $980.00 

Fee Payment 

D Attached is a check for $ __ for the Petition fee. 
IZI Charge Petition fee to Deposit Account No. 23Ml925. A duplicate copy of this 

Petition is attached. 
[8J 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. 

Dated: fv,~. 
____,_! -+-I --

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, IL 60610 
(312) 321-4200 

Received from< 312 3214299 >at 5120/02 3:26:23 PM !Eastern Daylight Time] - 2 
-

• 

Respectfully submitted, 

~-: 
Pau1 E. Rauch 
Registration No. 38,591 
Attorney for Applicants 
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FACSIMILE COVER SHEET 

Date: 

To: 
Fax No: 

l=rom: 

Tel.No: 

April 29, 2002 

Examiner Chris c. Chu 
(703) 308.7722 

Paul E. Rauch, Ph.D. 

(312) 321-4780 

Client No: 10200/12 
Cyl)ress Ref. No. PM95012D 

No. of Pages 
(inc. this page): 1.2 

Conflrmation Copy To Follow: Yes D No l8l 
IF 'rOU HAV!i ANY PROBL!iMS AECEIVING TlollS MESSA13~, 
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UNITED STATES PATENT AND 'IRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

091540,610 03/31/2000 

7590 06/13/2002 

Blakely Sokoloff Taylor & Zafman 
12400 Wilshire Boulevard 
Seventh Floor 
Los Angeles, CA 90025 

FIRST NAMED INVENTOR 

James E. Nulty 

UNITED STA DEPARTMENT OF • MMERCE 
United Sta.tee ~tent and Trademark. fl'ioe 
Address: COMM!$SIONER OF PATENTS A?lfb TRADEMARKS 

Washington, D.C. 20231 
www.uapio.gov 

I ATTORNEY DOCKET NO. I CONFIRMATION NO. 

16820.P097 2171 

EXAMINER 

CHU, CHRISC 

ART UNIT PAPER NUMBER 

2815 

II DA TE MAILED: 06/13/2002 

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

Application No. 

091540,610 

Examiner 

Chris C. Chu 

Applicant(s) 

NULTY ET AL. 

Art Unit 

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 rejection 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 compliance with 37 CFR 1.114. 

PERIOD FOR REPLY [check either a) or b)] 

a) ~ The period for reply expires .i_months from the mailing date of the final rejection. 

b) 0 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). 

1.0 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.~ The proposed amendment(s) will not be entered because: 

(a) ~ they raise new issues that would require further consideration and/or search (see NOTE below); 

(b) O they raise the issue of new matter (see Note below); 

(c) ~ 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) O they present additional claims without canceling a corresponding number of finally rejected claims. 

NOTE: See Continuation Sheet. 

3.0 Applicant's reply has overcome the following rejection(s): __ . 

4.0 Newly proposed or amended claim(s) __ would be allowable if submitted in a separate, timely filed amendment 
canceling the non-allowable claim(s). 

5.0 The a)O affidavit, b)O exhibit, or c)O request for reconsideration has been considered but does NOT place the 
application in condition for allowance because: __ . 

6.0 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.~ For purposes of Appeal, the proposed amendment(s) a)~ will not be entered or b)O 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: __ . 

8.0 The proposed drawing correction filed on __ is a)O approved or b)O disapprov 

9.0 Note the attached Information Disclosure Statement(s)( PT0-1449) Paper No(s). ~-.,;,, 

10.0 Other: 

U.S. Patent and Trademark Office 

PT0-303 (Rev. 04-01) Advisory Action 

• 

EDDIE LEE 
SUPERVISORY PATENT EXAMINER 

TECHNOLOGY CENTER 2800 

Part of Paper No. 11 
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Continuation Sheet (PT0-303) Application No. 09/540,610 

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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Bate of Deposit: June 5" 2002 

CONTINUED PROSECUTION APPLICATION (CPA) 
REQUEST TRANSMITTAL 

Submit an original, and a duplicate for fee processing. 

! : :: 

CHECK BOX, if applicable: 

(Only for Continuation or Divisional applications under 37 C.F.R. § 1.53(d)) 0 DUPLICATE 

Attorney Docket No. 10200/12 
of Prior Application ~ , .. 
-----1-------1,~· 

Address to: First Named Inventor J. Nulty 

Commissioner for Patents 
Examiner Name C.Chu 

Box CPA 
Washington, DC 20231 Group/Art Unit. 2815 

Express Mail Label No. 

1. !8J Enter the unentered amendment previously filed on April 29, 2002 under 37 C.F.R. § 1.116 in the prior 
nonprovisional application. 

2. 0 A preliminary amendment is enclosed. 

3. This application is filed by fewer than all the inventors named in the prior application, 37 C.F.R. § 
1.53(d)(4). 

a. 0 DELETE the following inventor(s) named in the prior non provisional application: 

b. 0 The inventor(s) to be deleted are set forth on a separate sheet attached hereto. -l 
('"') 

4. 0 A new power of attorney or authorization of agent is enclosed. I'\) 

co 
5. Information Disclosure Statement (IDS) is enclosed: 0 

0 

a. D PT0-1449 3: 
l> 

b. D Copies of IDS Citations r-

. , r·<:· 

Page 1 of 2 

• 

:::u c_ 
c:: fTl z (") 

N fl1 
< rn 

Rev. Oct.-01 1 
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2 NUMBER FILED 4 RATE 5 CALCULATIONS 
15 - 20 = x$18.00 $ 

O x$ 84.00 

740.00 

$740.00 

6. Small entity status: 

a. D A small entity statement is enclosed. 

b. D A small entity statement was filed in the prior nonprovisional application and such status is still proper and 
desired. 

c. D Is no longer claimed. 

7. The Commissioner is hereby authorized to credit overpayments or charge the following fees to 

8. 

9. 

Deposit Account No. 23-1925: 

a. 

b. 

c. 

0 
D 

0 Fees required under 37 C.F.R. § 1.16. 

D Fees required under 37 C.F.R. § 1.17. 

D Fees required under 37 C.F.R. § 1.18. 

A check in the amount of$ 740 is enclosed. 

Other: --

10. SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

NAME 

SIGNATURE 

Reqistration No. 
DATE 

Paul E. RaJ..!c-~h. D. 
. --- -:,,; I. _£--" __)"" .d-1"- r \. 

~8,591 
June 5, 2002 

Brinks Hofer Gilson & Lione 
P.O. Box 10395 

Chicago, IL 60610 

Page 2 of 2 
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Rev. Oct.-01 
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Application or Docket Number 

PATENT APPLICATION FEE DETERMINATION RECORD 
Effective October i , 2001 

CLAIMS AS FILED • PART I 
Column 1 

. TOTAL CLAIMS 

FOR NUMBER FILED NUMBER EXTRA 

TOTAL CHARGEABLE CLAIMS IS" minus 20= * -;L minus 3 = * INDEP.ENDENT CLAIMS 

MULTIPLE DEPENDENT CLAIM PRESENT D 
* If the difference in colun;in 1 is less than zero, enter "O" in column 2 

CLAIMS AS AMENDED· PART II 
Column 1 Column 2 Column 3 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

AFTER PREVIOUSLY EXTRA 
AMENDMENT PAID FOR 

Total * Minus ** 
Independent * Minus *** 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

. Column 2 Column 3 
HIGHEST 
NUMBER PRESENT 

PREVIOUSLY EXTRA 
PAID FOR 

Total * Minus ** = 

Independent * Minus *** 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 0 

Column 2 Column 3 
HIGHEST 
NUMBER PRESENT 

PREVIOUSLY EXTRA 
PAID FOR 

Total * Minus ** = 

Independent * Minus *** 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

RATE FEE 

BASIC FEE 370.00 

X$ 9= 

X42= 

+140= 

TOTAL 

09 5'-fo lolO 
OTHER THAN 

OR SMALL ENTITY 

RATE FEE 

OR BASIC FEE 740.00 

OR X$18= 

OR X84= 

OR +280= 

OR TOTAL 

OTHER THAN 
SMALL ENTITY OR SMALL ENTITY 

ADDI- ADDI-

RATE TldNAL RATE TIONAL 
FEE FEE 

X$ 9= OR X$18= 

X42= OR X84= 

+140=. OR +280= 

TOTAL 
ADDIT. FEE 

TOTAL 
OR ADDIT. FEE----t 

ADDI- ADDI-
RATE . TIONAL RATE TIONAL 

FEE FEE 

X$ 9= OR X$18= 

X42= OR X84= 

+140= OR +280= 

TOTAL 
ADDIT. FEE 

TOTAL 
OR ADDIT. FEE---.. 

ADDI- ADDI-

RATE TIONAL RATE TIONAL 
FEE FEE 

X$ 9= OR X$18= 

X42= OR X84= 

+140= OR +280= 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. TOTAL TOTAL 
**If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20." OR ADDIT. FEE ___ ,.. 
***If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3." 

ADDIT. FEE 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

FORM PT0-875 (Rev. G/01) Patent and Trademark Of1ice, U.S. DEPARTMENT OF COMMERCE' 

• 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

Page 1 of2 

COMMISSIONER FOR PATENTS 
UNITED STATES PATENT AND TRADEMARK OFFICE 

WASHINOlON, D.C. 20231 
www.uspto.gov 

APPucAT10N NUMBER FILING DATE I GRP ART uN1T I FIL FEE REC'D IAnv.DocKET•Nol DRAWINGs I rnTcLA1Ms I 1ND cLA1Ms I 

09/540,610 03/31/2000 2815 690 16820.P097 8 13 2 

Blakely Sokoloff Taylor & Zafman 
12400 Wilshire Boulevard 
Seventh Floor 
Los Angeles, CA 90025 

CONFIRMATION NO. 2171 
CORRECTED FILING RECEIPT 

I llllllll llll llll lllll lllll lllll lllll lllll lllll lllll lllll lllll 111111111111111111111111111111111 
·ocoooooooos3123s1 • 

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 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 
Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

Page 2of2 

The applicant has been granted a lic"ense 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 earlier 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 O)); 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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UNITED STATES P.ATENT AND TRADEMARK 0FF1GE 

APPLICATION NO. FILING DATE 

09/540,610 03/31/2000 

7590 09/11/2002 

Blakely Sokoloff Taylor & Zafinan 
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Seventh Floor 
Los Angeles, CA 90025 

FIRST NAMED INVENTOR 

James E. Nulty 
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i' 

DEPARTMENT OF COMMERCE 
tent and Tradmnark Office 

Address: COMM! !ONER OF PATENTS AND TRADEMARKS 
Washin n, D.C. 20231 
WWW,UBiji,: .gov 

CONFIRMATION NO. 

16820.P097 2171 

EXAMINER 

CHU,CHRISC 

ARTUNIT PAPER NUMBER 

2815 

/J DATE MAILED: 09/11/2002 

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

PT0-90C (Rev. 07-01) 
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Application No. . .. ,.,plicant(s) 

09/540,610 NULTY ET AL. 

Office Action Summary Examiner 

Chris C. Chu 

Art Unit 

2815 
-- The MAILING DA TE 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 I. 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 )!ZI Responsive to communication(s) filed on 20 May 2002. 

This action is FINAL. 2b)!ZI This action is non-final. 2a)0 

3)0 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)!ZI Claim(s) 25 - 39 is/are pending in the application. 

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

5)0 Claim(s) __ is/are allowed. 

6)!ZI Claim(s) 25 - 39 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O 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 )0 The proposed drawing correction filed on __ is: a)O approved b)O disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12)0 The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. §§ 119 and 120 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1. 0 Certified copies of the priority documents have been received. 

·· 2.0 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. 

14)0 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application). 

a) 0 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 arid/or 121. 

Attachment(s) 

1) !ZI Notice of References Cited (PT0-892) 4) 0 Interview Summary (PT0-413) Paper No(s). __ . 
2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 5) 0 Notice of Informal Patent Application (PT0-152) 
3) 0 Information Disclosure Statement(s) (PT0-1449) Paper No(s) __ . 6) 0 Other: 

U.S. Patent end Trademark Office 
PTQ-326 (Rev. 04-01) Office Action Summary Part of Paper No. 13 

• 

I 
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Application/Control Number: 09/540,610 

Art Unit: 2815 

DETAILED ACTION 

Response to Amendment 

,·--, 

Page 2 

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), 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; 

• 
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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 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 material (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 

portion 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 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: 

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 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); 

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). 

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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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 .~top 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 grofuld(s) ofrejection. 

• 
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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) 308-1690. 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) 308-0956. 

c.c. 
August 14, 2002 

• 

Chris C. Chu 
Examiner 
Art Unit 2815 

~~ 
GEORGE C. ECKERT \1 

PATENT EXAM1NEA 
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Washington, D.C. 20231 
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Group Art Unit No. 2815 

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 

SAMSUNG-1002.182
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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, etal., 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 Si3N4 (Figure 1; column 3, 

lines 25-36). A thin layer 20 of Sl3N4 is provided atop the wafer to function as a diffusion 

barrier (column 3, lines 34-36). Dennison. et al. 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 (Si3N4) where 

2 
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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 6-1 O; 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 6-1 O); 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 overlyin.g 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. 

aul 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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Office Action Summary Examiner 

Chris C. Chu 

Applicant(s) 

NULTY ET AL. 

Art Unit 

2815 
•• The MAILING. DA TE 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 ;J. 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 fifed, may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b). 

Status 

1 )tzl Responsive to communication(s) filed on 11 March 2003 . 

2a)tz] 

3)0 

This action is FINAL. 2b)0 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 0. G. 213. 

Disposition of Claims 

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

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

5)0 Claim(s) __ is/are allowed. 

6)tz] Claim(s) 25 - 39 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)D accepted or b)O 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 )0 The proposed drawing correction filed on __ is: a)O approved b)O disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12)0 The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. §§ 119 and 120 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

: a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 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. 

14)0 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application). 

a) D The translation of the foreign language provisional application has been received. 

15) lZl Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 
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1) lZJ Notice of References Cited (PT0-892) 4) 0 Interview Summary (PT0-413) Paper No(s). __ . 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 5) 0 Notice of Informal Patent Application (PT0-152) 

3) 0 Information Disclosure Statement(s) (PT0-1449) Paper No(s) __ . 6) 0 Other: 
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DETAILED ACTION 

Response to Amendment 

1. Applicant's amendment filed on March 11, 2003 has been received and entered in the 

case. 

Claim Rejections-35USC§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, ifthe 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 (1 O); comprising: 

a conductive 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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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). 

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 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 3 6 ~ 3 8). 

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 wit1:10ut overlying etch stop material (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 

portion 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 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: 

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 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); 

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). 

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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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 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 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, clearly 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 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." This argum~nt is not persuasive. As 

explained in the paragraph three of this Office action, since examiner replaced 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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6. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension ohime 

policy as set forth in 3 7 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 3 7 

CFR l.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. 

c.c. 
May 14, 2003 

• 

Chris C. Chu 
Examiner 
Art Unit 2815 

ALLAN R. WILSON 
PRIMARY EXAMINER 
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United States Patent and T oidemark Office on 

Paul E. Rauch. Ph.D. 
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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 

For Method for Eliminating Lateral Spacer 
Erosion on Enclosed Contact 
Topographies During RF Sputter 
Cleaning 
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) Examiner Chris C. Chu 
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) Group Art Unit No. 2815 
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Commissionef fof Patents 
P.O. Box 1450 
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Dear Sir: 
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Credit card Payment Form 
Two MOtlth Extension otTlme (In dupl!cate) 
Notice of Appeal (In duplicate) 
Amendment and Request for Reconsideration 

No additional fee is required. 
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CENTRAL FAX CENTER 

OCT 2 1 2003 

OFFICIAL 
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' Date of Facsimile 

Paul E. Rauch. Ph.D. 
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IN THE UNITED STATES PATENT AND TRAOEMARK OFFICE / t).j~ 3 

In re Application of: ) ef- -
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~ Group Art Unit No. 2815 
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Serial No. 09/540,61 o 

Filing Date: March 31, 2000 

For 
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Erosion on Enclosed Contact 
Topographies During RF Sputter 
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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. 
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01002. A Credit Card Payment Form is attached. A duplicate copy of this Petition is 

attached. 

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

SONNENSCHEIN NATH & ROSENTHAL LLP 
P. 0. BOX 061080 
WACKER DRIVE STATION, SEARS TOWER 
CHICAGO, IL 60606 
(312) 876-8000 
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• 

SAMSUNG-1002.200



OCT. 20. 2003 3: 04PM SONNL ,CHE!N 

I hereby certify that this correspondence is being sent via 
facslmlle 703-308-7722 to Examiner Chris C. Chu at the 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

James E. Nulty, et al. 

Serial No. 09/540,610 
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Commissioner for Patents 
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Dear Sir: 
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This ls 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. 

~.-::;.-~-· --------·- .. -- .. 

Paul E. Rauch> Ph.D. 
Registration No. 38>591 
Attorney for Applicant 
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In re Application of: 
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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), 
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~~ =====--· 7 ~ure 

NQ. 7127 P. 8 

Our File No. 09799940-0011 

IN THE UNITED STATES PA'l"ENT AND TRADEMARK OFFICE 

In re Application of: 

James E. Nulty, et al. 

Serial No. 09/540,61 O 

Filing Date: March 31, 2000 

For Method for Eliminating Lateral Spacer 
Erosion on Enclosed Contact 
Topographies During RF Sputter 
Cleaning 

) 
) 
) 
) 

} Examiner Chris C. Chu 
) 
) Group Art Unit No. 2815 
) 
) 
) 
) 

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 maybe required, 

or credit any overpayment to Deposit Account No. 19-3140. A duplicate copy of this sheet is 

enclosed. 

SONNENSCHEIN NATH & ROSENTHAL 
P. 0. BOX 061060 

~d, - __ _...____ ___ _ 

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

WACKER DRIVE STATION, SEARS TOWER 
CHICAGO, IL 60606 
, ... , -· --- ----

Received from< 312 876 7934>at10120103 4:01:21 PM [Eastern Daylight Time] 
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FEB. 6. 2004 11: 42AM SONNENSCHEIN 

Sonnensch.ein 
SONNE NSCHEIN NATH & ROSENTHAL LLP 

Facsimile Transmittal Sheet 

DATE• February 6, 2004 

PL~SE DEUVcR THE FOLLOWING PAGES TO: 

NAMEr Examiner Chris C. Chu 

FIRM• USPTO, Group Art Unit 2815 

PHONE• 571-272-1724 

FAX,, 703-746-3865 

CLIENT I MA ITER• 09799940-0011 

FROM.; Paul E. Rauch 

TOTAL NUMB/ER OF PAGES TRANSMITTcD, INCLUDING THIS SHEET: 17 

MESSAGE• 

NO. 0832 P. 1117 

aooo Sears Tower 

Chicago, IL 60606 Chicago 
312.876.8000 Ksnsss City 

312.876.7934 fax 
Los Angeles 

www.sonnensc:h~ln.com New York 

San Francisco 
Sllort Hilla, NJ 

St. Louis 
Washington, D.C. 
West Palm Beach 

Re U.S. Application Serial No. 09/540,610 

Original will NOT be mailed 

CONFIDENTIALITY NOTE 

The documents accompanying this fe0$/m/le ttansmlssion and the Facsimile Transmission ShHt contain information from the law firm of 
Sonnenschein Nath & Ro.senthal LLP wllich Is confidential or pfivileged. The inf~rmation is intencfect to be for the IJSe of the lndlvidus/ or entity 
named on this transmiuion sheet. If you sre not the intended racipient, be awatll that any disclosure, copying, distribution or use of the 
contents of this facsimiled information Is prohibited. If you have reaelved this faC$imile in error, please notify us by telephone Immediately so 
that we can a"angs for th1;1 retrlev~I of the original documents st no oost to you. 

IF YOU DO NOT RE!Cc/Vc ALL OF THE PAGES ABOVE, PLEASE CALL 312.876.8101 AS SOON AS POSSIBLc. 

SN&R FACSIMILE DEPARTMENT USE! ONLY.· 

TRANSMISSION COMPLETED AT; DOCUMENT TRANSMITTED /3Y: 
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6. 2004: 11: 42AM SONNENSCHEIN1-> 
~ 

TO: Auto-reply fa>< to· .• ~2 876 7934 COMPANY: 

,i.,ghtPAX 

I, ' 

Auto-Reply Facsimile Transmission 

~a) UN!TW STATES 
•• i PATENT AND 

* * *~* Th.A DEMARK OFFICE 

TO: 

Fax Information 
Date Received: 
Total Pages: 

Fax Sender a1 312 876 7934 

10/?0/03 4:01:21 PM [Eastern Daylight Time] 
14 (including cover page) 

ADVISORY; This is an automatically generated return receipt connrmatlon of the facsimile transmission received by 
thf;l omae. Pf ease check to make sure that the number or pages listed as rece/Ved In Total Pages above matches 
what was Intended (o be sent Applicants are advised to retain tMs receipt In the unflkely event that proof of this 
facsimile transmission Is nec.ssary. Applicants are also advised to UH the certtncate of facsimile transml:sslon 
procedures set forlh In 37 CFR 1.B(a) and (b), 37 CFR 1.6(1). Trademark Appllaant1;;, al$0 see the Traclemat'K 
Manual or Examining Prooedu/"9 (TMEPJ section 306 et seq. 

Received 
Cover 
Page 

=======> 

*"'!"• s....a... ()cll c. Cll• 

- (11PTO, ~MUNl:UIS 

-· 70H05-'lt4 
IWI• 102..JOI~ 

12JENTJ,.,,TIEll• ~Oii 

"""'" hlG. ll. ir.-:11 
ror .... -aoM .. 1-.Mt:UD>W1!11S8HlWI! 11 

MOO 1-a 1'6MI 

~'"'- CMim;o 
~q.- -"' 

11u1a'11M"1. ... ~ 
_,..,_ 

.!1111-_,.IU 
alooill --a.e. W...PMllll..,. 

Ro U.S. App1Jc11tlan Sarlal1 No, 09154CM110 
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FEB. 6. 2004 11 :42AM·---SONNENSCHEIN- . 'NO. 0832-P. 3/17 

* corv)ICATION RESULT REPORT (OCT. 20. :~ 3:06PM) x >: * ~ 

TRANSMITTED/STORED OCT. 20. 200:3 3:03PM 
TTI SONNENSCHEIN,. tfl 

FILE MODE OPTION ADDRESS 
------------------------------ RESULT PAGE 1121 MEMORY TX ------------G;=;r~#o88917oia729318 ______________ 0K-------------;4i;

4
--

~M&'• ecammer Chris c. Chu 

,,1"M• USPTO, Gl'OU)> Art Unit 28 lS 

PHO~· 703~05-6HM 

MX• 703.~08~7722 

CLISVT I' MATTER• 09799940•0011 

PROM• Paul B. RllUCih 

TOT.AL NUMa/!!R OF PACD4'~ 7RANSMITTSD, JNCl.IJDINQ THI$ l$Ht!!t!lT: l4 

MB.SSAGlii• 

eoooa_T_ 
c"Lc:aGo, 11. eoeoe 

312.l!l?llUIOOO 
812,$71!1.7934 ,_ 

www .. ormen-.oh•ln."""' 

Ro U.S. AppUcatton Serial No. 09/640,810 

Orltlln•I wwlR NOT - m•tfn 

CON~Dl!!NTIAUT'VHOTlii 

Chl­
k--G'I)' 
l.ofl'4npmhit• 
Nltw Y'c1l1' 
&lllFIWtf:fM:Q 
:fht#tHllla, NJ 
St. L.o..,_. 
""""•11111g!Qn, D.C. 
~P.imBHOh 

»HI dociumtnC. •c::compa1',1/fi711 th/• r.r:.1rn11e li'>rnam#N/On IJlffl Ill• FlloaimH. ~f.fpon Sltlll•t rKJ11'111/n lfllbmtilllon tr'Olrl ,,,. ,_ lfl'll2 Of 80nnlir>"°"•_, ~tit & Ro#nl"-1 LI.I' whlDh Iii ~ti., OI' prl~ ~ ~lit lntwfflfld ID be' 1121' ,,.. Wl9 of- fndlYfdll•I or enll(y 
nwtlfG ~ lltla -n.,.U.•lan .,_c, If ;you •N- not flte lnr.n<Hd ~nt, ae .mWill9 tltef .,..,, d/Wo1M.119>, CQllJf/n'1, rdldr1bUlfOll W' _. Of lh• 
OGl'lttnf• at rhlll l'N:.lltl'll/od 1rWbrmatfOn 1.1 pmll/~llitld, lfJll!N h- -roted Htf.IJ '-"1Mu. tn - plea.I• notJf¥ ""OJI~ rm~ •1:> 
that- .,.,, 1Unnfi1'1 ror m. ,..&MWll ot't,.,. original d~ntm •t no c:o.lf to you. 

IE VOU bo Wr BECEIV§'ALL OP THI!! PAGE§ABO!I§; PUfA§.E CALL ~12. 871.11101 AS SOON AS POSS/Bl.If. 

SN4R l"'ACSIM/Llf!t 01=PAATMBllrr ve ONt. YI 

Tl'(ANSMISSJOIV COMPLETl!U> AT.· 
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FEB. 6. 2004 11: 43AM 

Sonnenschein 
SONNENSCHEIN NATH !. ROSENTHAL LLP 

SONNENSCHEIN 
,,.:.;:...., 
.. i 

Facsimile Transmittal Sheet 

DA 7E • October 20, 2003 

PLEASE DELIVER THE FOLLOWING PAGES TO: 

NAME• ExaminerChrisC.Chu 

FIRM• US:PTO, Group Art Unit 281S 

PHONE• 703-305-6194 

FAX• 703-308-7722 

CLIENT I MAITER• 09799940-0011 

FROM• Paul E. Rauch 

TOTAL NUMBER OF PAGES TRANSMITTED, INCLUDING THIS SHEET: 14 

MESSAGE• 

' \ .. · 

NO. 0832-P. 4/17 

eooo Sears Tower 

Chicago, IL 60606 Chicago 

312.876.5000 Kenses City 

312.876. 7934 fax t.os Angeles 
www.sonnensehein.com New Yori< 

Ssn Franci$.CO 
Shott HiUs, NJ 

st. Lollis 
Washington, D. C. 
We.st Palm Beaah 

Re U.S. Application Serial No. 09/540,610 

Original will NOT btl malled 

CONFIDEN17AUTY NOTE 

Tl'Je docum&nts accompanying this far:simile transmission and th& Facsimi/8 Transmfsslon Sheet contain information from the law firm of 
Sonnenacheln Nath & Fiosenthsl LLP whloh is confidential or prfvllaged. The informaPon fa Intended to be for tile u.se of the Individual or entily 
named on this transmission sheet. ff yau are not the fntended mcipitmt, b11 sware that any dlsclosUt'tl, copying, distribution or use of the 
contents of this facsimiled lnfonnelion is prohibited. If you hsve mceived this faosfmlle In error, please notify us by telephone immediat&ly $0 
that we c:an llmlnge for the retrieval of thlJ original ciocuments at no co.st to you. · 

TF YOU DO NOT Rt:.CE.IVE ALL OF THE PAGES ABOVE, PLEASE CALL 312.876.8101 AS SOON AS POSSIBLE. 

SN&R FACSIMILE DEPARTMENT USE ONLY: 

TRANSMISSION COMPLETED AT: DOCUMENT TRANSMITTED SY: 
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FEB. 6. 2004 11: 43AM SONNENSCHEIN NO. 0832 P. 5/17 -
United States Patent & Trademark Office 

Credit Card Payment Form 
Please Read Instructions before Com letin - this Form 

Credit Card Type: American Express 

Credit Card Account#: 3785-716974-01002 CH 

Credit Card l:xpiratlon Date: July 2004 

Name as it Appears on Credit Card: Karen A. Gifford 

Payment Amount (US Dollars}: $750.00 

Signature: ~~ Date: October 20, 2003 

Refund Polley: This Office may refilnd a fee paid by mistake or in excess of that required. A change of purpose 
after Iha payment of a fee wnr not entitle a party to a refund of such fee. The Office wlll not refund amounts of Lwanty­
five dollars or less unless a refund is speclfically requested, and will not notify the payor of $UCh amounts (37 CFR 
1.26). Refund of a fee paid by credit card will be via ctedit to the credit card account 
Service Charge: There Is a $50.00 service charge for pnJcessing each payment refused (including a check returned 
·un aid" or char ad back b a financial Institution 37. CFR 1.21 m • 

Street Address 1: Post Office Box 061080 

Street Address 2: Wacker Drive Station, Sears Tower 

City: Chicago 

Country: USA 

State: Illinois Zip: 60606-1080 

Daytime Phone#". (312) 876-8000 Fax#: (312) 876-7934 

Request and Payment Information 
Description of Request and Payment Information: 
Two Month Extension of Time $420 and Notice of ADDeal $330. 

Patent l=ee Patent Maintenance Fee Trademark Fee other Fee 

ApplicaUon No. Application No. Serial No. IDON customer No. 
09/540,610 
Patent No. Patent No. Registration No. 

Attomey Docket No. Identify or Describe Mark 
09799940-0011 
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FEB. 6.200411:43AM SONNENSCHEIN -' J 

I hereby certify that this correspondence is being sent via 
facsimile 703-308-7722 to Examiner Chris C. Chu at the 
United States Patent and T ademark Office on 

Paul E. Raucb. Ph.O. 
Name of Applicant, assignee or 

/~presen~tive ~ 
7 Signature "'"-.;. .. , 

NO. 0832-P. 6/17 

. ' 

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 

For Method for Eliminating Lateral Spacer 
Erosion on Enclosed Contact 
Topographies During RF Sputter 
Cleaning 

) 
) 
) 
) 
) Examiner Chris C. Chu 
) 

~ Group Art Unit No. 2815 

) 
) 
) 

TRANSMITTAL 
Mall Stop-AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

lransmitted herewith is: 

Credit card Payment Fonn 
Two Month Extension ofTlme (In duplicate) 

No6ce of Appeal (in duplicate) 

Amendment and Request for ReconsidEl!"cition 

No additional fee is requited. 
The Commissioner Is hereby avlhor!zed to dlarge any fees associated with this communlcaUon not covered by meek or credit c;ard 
payment or credit any overpayment to Deposit Account No. 19-3140. A duplicate oopy of this sheet Is attached. 

tteO,") 
/·' .. ---~-~ 

Paul E. uch, Ph.D. ·· 
Registration No. 38,591 

SONNENSCHEIN NATH & ROSENTHAL LLP 
P. O. BOX 061080 
WACKER DRIVE STATION, SEARS TOWER 
CHICAGO, IL 60606 
(312) 876-8000 
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FEB. 6. 2004 11: 43AM SONNENSCHEIN 
~ 
I I 

1 Dat80fFacsimile 

Paul E. Rauch. Ph.D. 
Name of Applicant, as$ignee or 

~-"~-

NO. 0832 -·-p, 7/17 

~" . , 

Our File No. 09799940-0011 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

1n re Application of: 

James E. Nulty, et al. 

Serial No. 09/540,61 o 

Filing Date: March 31, 2000 

For Method for Eliminating Lateral Spacer 
Erosion on Enclosed Contact 
Topographies During RF Sputter 
Cleaning 

) 
) 
) 
) 
) Examiner Chris c. Chu 
) 

) Group Art Unit No. 2815 
) 
) 
) 
) 

TRANSMITTAL 
Mail Stop - AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

Transmitted herewith is: 

Credit Card Payment Form 
Two Month Extension ofTirne (in duplicate) 

Notice of Appeal (In duplicate) 
Amendment and Request for Recom;;lder.itlon 

No aodlUonal fee Is required. 
The Commissioner ls hereby authorized to dlarge any fees associated with this communication 'not covered by check or credit card 
payment or cre<.ilt any overpayment to Deposit Account No. 19-3140. A duplicate CQPY of this sheet Is attached. 

?Z?--=-:~--~ ............ ·-
Paul E. Rauch, Ph.D. 
Registration No. 38,591 

SONNENSCHEIN NATH & ROSENTHAL LLP 
P. 0. BOX 061080 
WACKER DRIVE STATION, SEARS TOWER 
CHICAGO, IL 60806 
(312) 876-8000 

PAGE 7/17 * RCVD AT 2.16/200412:40:08 PM (Eastern Standard Time]* SVR:USPTO·EFXRF·2.11 ii DNIS:7463865 ii CSID: ii DURATION (mm·ss):03·36 
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FEB. 6. 2004 11: 43AM SONNENSCHEIN 

::-i 
I hereby certify that this correspondence is being sent via 
facsimile 703-308-7722 to Examiner Chris c. Chu at the 
United S1ates Patent and Trademark Office on 

to/20/cp 
'Oa:<e of Facsimile 

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

~-/' ~ .. gnature -- ~ -... 

I!, I' ,( 

NO. 0832- P. 8/17-

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 C. Chu 
) 

For Method for Eliminating Lateral Spacer 

) Group Art Unit No. 2815 
) 
) 

Erosion on Enclosed Contact 
Topographies During RF Sputter 
Cleaning 

) 
) 

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

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 201 2003 for a period of two months. 

Please charge the $420.00 fee to American Express ~ccount No. 378&.716974-

01002. A Credit Card Payment Form is attached. A duplicate copy of this Petition is 

attached. 

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

SONNENSCHEIN NATH & ROSENTHAL LLP 
P. 0. BOX061080 
WACKER DRIVE STATION, SEARS TOWER 
CHICAGO, IL 60606 
f~1 '' R7A-Rnnn 
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FEB. 6. 2004 11 :44AM SONNENSCHEIN 

. '. } 

I hereby certify that this correspondence Is being sent via 
facslmlle 703-308· 7722 to Examiner Chris C. Chu at the 
United States Patent and Trademark Office on 

ro{"'U:J/dJ 
Dati of Facsimile 

Paul E. Rauch. Ph.D. 
Name of Applicant, assignee or 
Registe~entat~ 

7~- ---- pyr File No. 09799940-0011 

IN THE UNITED STATES PATENT ANO TRADEMARK OFFICE 

In re Application of: 

James E. Nulty, et al. 

Serial No. 09/540,61 o 

Filing Date: March 31, 2000 

For Method for Eliminating Lateral Spacer 
Erosion on Enclosed Contact 
Topographies During RF Sputter 
Cleaning 

) 
) 
) 
) 
) Examiner Chris c. Chu 
) 

) Group Art Unit No. 2815 
) 
) 
) 
) 

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

Mail Stop-AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

This is a petition tor 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. 

Res~, 
~~=----------.-......-
Paul E. Rauch, Ph.D. 
Registration No. 38,591 
Attorney for Applicant 

SONNENSCHEIN NATH & ROSENTHAL LLP 
P. 0. BOX 061080 
WACKER DRIVE STATION, SEARS TOWER 
CHICAGO, IL 60606 
l'H -:I\ A7A32(\(\(\ 
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FEB. 6. 2004 11 :44AM SONNENSCHEIN 

~ 
I hereby certify that this correspondence is being sent via 
facslmlle 703-308-7722 to Examiner Chris C. Chu at the 
United States Patent and l"rec:lemark Office on 

!~/~~Facsimile 
Paul E. Rauch. Ph.D. 

Name of Applicant, assignee or 
Reglstere esentative 

NO. 0832-P. 10/17- ·-

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 

For Method for Eliminating Lateral Spacer 
Erosion on Enclosed Contact 
Topographies During RF Sputter 
Cleaning 

) 
) 
) 
) 

) Examiner Chris C. Chu 
) 
} Group Art Unit No. 2815 
) 
) 
) 
} 

NOTICE OF APPEAL. 
Mail Stop AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA22313-1450 

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. 

SONNENSCHEIN NATH & ROSENTHAL 
P. 0. BOX 061080 

~~---
Pa u IE. Rauch, Ph.D. 
Registration No. 38,591 
Attorney for Applicants 

WACKER DRIVE STATION, SEARS TOWER 
CHICAGO, IL 60606 
f"H ")\ 07Q onnn 
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FEB. 6. 2004 11: 44AM SONNENSCHEIN 
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Paul E. Rauch. Ph.D. 
Name of Applicant. assignee or . 

Registered Representative 

~~ ------... 7 ~ure ·· ... 

Our File No. 09799940~011 

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 

For Method for Eliminating Lateral Spacer 
Erosion on Enclosed Contact 
Topographies During RF Sputter 
Cleaning 

) 
) 
) 
) 

) Examiner Chris C. Chu 
) 
) Group Art Unit No. 2815 ) . 
) 
) 
) 

NOTICE OF APPEAL 
Mail Stop AF 
Commissioner fqr 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 37C.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. 

SONNENSCHEIN NATH & ROSENTHAL 
P. 0. BOX 061080 

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

WACKER DRIVE STATION, SEARS TOWER 
CHICAGO, IL 60606 
,., .. ">\ 0'7C onnn 
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FEB. 6. 2004 11 :44AM SONNENSCHEIN 

I hereby certify that this correspondence Is being sent via 
facsimile 703·308-7722 to Examiner Chris C. Chu at the 
United States Patent a Trademark Office on 

( 

Date of Facsimile 

Paul E. Rauch. Ph.D. 
Name of Applicant, assignee or 
~resentative 

:::....--I Signature 

··-·No. os32·-p. 1211r---

,' 

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 

For Method for Eliminating Lat~ral 
Spacer Erosion on Enclosed 
Contact Topographies During RF 
Sputter Cleaning 

) 
) 
) 
) 
) Examiner Chris C. Chu 

~ Group Art Unit No. 2815 
) 
) 
) 
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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 material being a different material from the insulating 

spacer .. 

9-p~ a .... Su..!. -"'~te< Iii>'-(' 

.......... -- j V.v-· "'/4.fl K [~,..·~-
28. (Cancelled) f 11 -fl,,e. .;'<IA~!l'°t·.._ • .ie::.. i;:,A k ,t;, .( 
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) . 

32. (Previously presented) The structure of Claim 27, further comprising a 

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 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 materi~l" 

wherein the electrically insulative spacer has a substantially 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 

insulating~ spacer has a surface portion without overlying etch stop material. 

37. (Currently amended) The structure of Claim 36, wherein the electrically 

insulatiA§~ 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 comprising 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 correct a typographical error. 

No new matter has been added. 

Applicants respectfully 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 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. 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 capacitor 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 bei_ng 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 ls 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. 

Fi9ura 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 condition for allowance. Early notice of such action is earnestly solicited. 

Res~~bmilted, 

& -===· r 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 

a· 
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Date of F}il:simile ' 

Paul E. Rauch. Ph.D. 
Name of Applicant. assignee or 

Regis! epresentalive 

Our File No. 09799940-0011 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

James E. Nulty, et al. 

Serial No. 09/540,61 O 

Filing Date: March 31, 2000 

For Method for Eliminating Lateral Spacer 
Erosion on Enclosed Contact 
Topographies During RF Sputter 
Cleaning 

) 
) 
) 
} 

) Examiner Chris C. Chu 
) 
) Group Art Unit No. 2815 
) 
} 
) 
) 

TRANSMITTAL 
Commissioner for Patents 
P.O. Box 1450 

FAX R-ECElVED 

FEB 2 O 2004 

TEC'. !~JOLOGY CENTER 2800 Alexandria, VA 22313-1450 

Dear Sir: 

Transmitted herewith is: 

Two Month E><tenslon ofTime (In duplicate) 
Amendment 
The Commissioner is heraby authorized to charge r;iny fees aS$0Clated with this communication to Deposit Account No. 19· 
3140. A duplicate CQPY of this sheet is attached. 

~---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) 676-8000 
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I hereby certify that this correspondence is being sent via faC$1mlle 
671-273-1724 to Examiner Chris C. Chu at the United states Patent 
and Trademark Oflloe on { 

f~~. ~~ iOG 

Paul E. Rauch. Ph.D. 
Name of Applicant, assignee ot 

Registered epresantative 

Our File No. 09799940-0011 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

James E. Nulty, et al. 
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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 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313·1450 

Dear Sir: 

Transmitted herewith is: 

Two Month Extension of Time (in duplicate) 

Amendment 

TRANSMIITAL 
fA.X RECEIVED 

FEB 2 O 2004 

n:c::' '.'JOLOGY CENTER 2800 

The Commissioner Is hereby a1.11horfzed to charge any fees associated with tnls communication to Deposit Account No. 19-
3140. A dupllcate copy of this sheet Is attached. 

~mltled, = 
'Pallle. Rauch, Ph.D. 
Registration No. 38,591 
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WACKER DRIVE STATION, SEARS TOWER 
CHICAGO, IL 60606 
(312) 876-8000 
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571-273-1724 to Examine( Chris C. Chu at the United States Patent 
and Trademafk Dfli,?: on 1 
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Date o?FacsJmile 

Our File No. 09799940-0011 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) 
) 
) 
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~ 

James E. Nulty, et al. 

Serial No. 09/540,610 ) Examiner Chris C. Chu FAX HECEIVED 
) 

Filing Date: March 31, 2000 

For Method for Eliminating Lateral Spacer 
Erosion on Enclosed Contact 
Topographies During RF Sputter 
Cleaning 

) Group Art Unit No. 2815 FEB 2 0 2004 
) 

~ TEC'. !~JOLOGY CENTER 2800 
) 

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

Mail Stop - AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

This is a petition for a two month extension of time for the filing of an Appeal 

Brief. 

The Commissioner is hereby authorized to charge any fees associated with this 

communication to Deposit Account No. 19-3140. A duplicate copy of this sheet is 

attached. 

~Y submH!ed, 

Paul~-.D-.--· --­
Registration No. 38,591 
Attorney for Applicant 

SONNENSCHEIN NATH & ROSENTHAL LLP 
P. 0. BOX 061080 
WACKER DRIVE STATION, SEARS TOWER 
CHICAGO, IL 60606 
(312) 876-8000 
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United Sbates Patent and Trademark Office on 

Fe/., . ?A J 2JJo f-_ 
Date of Facsimile 

Paul E. Rauch. Ph.D. 

I Signature 

Our F=ile 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 

For Method for Eliminating Lateral 
Spacer Erosion on Enclosed 
Contact Topographies During RF 
Sputter Cleaning 

) 
) 
) 
) 
) Examiner Chris C. Chu 
) 
) Group Art Unit No. 2815 

) 
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~ FAX RECEIVED 
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AMENDMENT 
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: 

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) 

(Previously presented) The semiconductor apparatus of claim)o?'wherein 

said etch stop material comprises silicon nitride. 
3 I 

28. (Previously presented) The semiconductor apparatus of claim-2-rwherein 

said etch stop material comprises slllcon dioxide. 
I 

2!r: (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 material being a different material from the insulating 

spacer, 

wherein a side of the insulating spacer has an angle relative to the 
.\..h"'t- ,s e;+h_er °' v-~'11r-t' O...\f\~\-e or- CA.V! ~c::..v-1--<. O-.VlC;J!e­

substrate surface of more than 851> a substttntially rootan~t:Jlar profile in the~ 

FOgien. 

~8. 
4 
2!. 

(Cancelled). 
J 

(Previously presented) The structure of Claim..2¥-;'"wherein the insulating 

spacer has a surface portion in the contact region without overlying etch stop material. 

ti:' (Previously presented) The structure of Clalmt. wherein the Insulating 

spacer surface portion without overlying etch stop material comprises an insulating 

spacer surface portion most distant from said substrate. 

3-'I. (Cancelled). 

3 
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~ \ 
~ (Previously presented) The structure of Claim~ further comprising a 

second insulating layer on the etch stop layer and over the conductive layer. 

1 ~ 
a3: (Previously presented) The structure of Claim~ further comprising a 

second conductive material in the contact region. 

J; (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 

D -Z..... 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 dffi'erent 

material from the insulatlve 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 insulatlve spacer has a sldes~ntially rectangular 

cross sec-tionalsha13e i_n _a pla.ne~hat is subs~Rtlally J3BFJ;)endicular an angle relative to 

the substrate siT~;crof~o;e1tKarfa5° ~ -('~ j ~+- °' (\j 1 
e_ t) 

1 CA.VI o..c...'"' 1;-e_ °'("\ ~ £..e.-

;:---- l'-
35. (Cancelled).-

(Previously presented) The structure of Claim 3l4, wherein the electrically 

insulative spacer has a surface portion without overlying etch stop material. 

~ (Previously presented) The structure of Claim 31 wherein the electrically 

lnsulative spacer surface portion without overlying etch stop material comprises a 

surface portion most distant from the substrate. 

4 
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.a1r. (Previously presented) The structure of Claim ~. further comprising a 

second insulating layer on the etch stop layer and over the conductive layer. 
tZ.. ,, 
~ (Previously presented) The structure of Claim 38, further comprising a 

second conductive material in the contact region. 

-----·--- --------------

.. 

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 101 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. 

aul 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 

FAX RECEIVED 

FEB 2 0 2004 
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I hereby certify that this correspondence is being sent via 
facsimile 571-273-1724 to Examiner Chris C. Chu at the 
United Slates Patent and Trademark Office on 

N\ o. rclt ?> l , c;. o0<.f 
Date of Facsimile 

i 
i 
I 

NO. 3527-P. 2 

RECEIVED 
CENTRAL FAX CENTER 

MAR 3 1 2004 

OFFICIAL 

Our File No. 09799940-0011 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

James E. Nulty, et al. 

Serial No. 09/540,61 O 

Filing Date: March 31, 2000 

For Method for Eliminating Lateral 
Spacer Erosion on Enclosed 
Contact Topographies During RF 
Sputter Cleaning 

) 
) 
) 
) 
) Examiner Chris C. Chu 
) 
) Group Art Unit No. 2815 
) 
) 
) 
) 

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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MAR. 31. 2004 12:36PM SONNENSCHEIN NO. 3527-P. 3-··-·-

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; 

(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 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 substantially reotangular profile in the seRtaet 

FO~ien. 

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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MAR. 31. 2004 12:37PM SONNENSCHEIN NO. 3527 P. 5 

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 lnsulative 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 lnsulative spacer has a swlasiantially rectangular 

cross seotionalshapo iR a plane that is substaRtlally ~orpondicular an angle relative to 

the substrate surface of more than 85Q, 

35. (Cancelled). 

36. (Previously presented) The structure of Claim 34, wherein the electrically 

insulative spacer has a surface portion without overlying etch stop material. 

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 
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REMARKS 

i' 
i 

NO. 3527-P. f 

The amendment to claims 27 and 34, and the specification, are supported by the 

specification, page 8, lines 19-23, and page 1 o, 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, 

fu~ I~.,, r1v. 
Paul E. Rau~.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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Application No. Applicant(s) 
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NULTY ET AL. 09/540,610 
Notice of Allowability Art Unit Examiner 

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. ~ This communication is responsive to 2120104. 

2. ~The allowed claim(s) is/are 25 - 27. 29. 30. 32-34 and 36-39. 

3. 0 The drawings filed on __ are accepted by the Examiner. 

4. 0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) D All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason(s) why the oath or declaration is deficient. 

6. ~ CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

(a) [gl including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) D hereto or 2) [gl to Paper No./Mail Date fl.. 
(b) [g1 including changes required by the attached Examiner's Amendment I 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. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIA~ must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PT0-892) 

2. D Notice of Draftperson's Patent Drawing Review (PT0-948) 

3. D Information Disclosure Statements (PT0-1449 or PTO/SB/08), 
Paper No./Mail Date __ 

4. D Examiner's Comment Regarding Requirement for Deposit 

of Biological Material 

5. D Notice of Informal Patent Application (PT0-152) 

6. D Interview Summary (PT0-413), 
Paper No./Mail Date __ . 

7. [gl Examiner's Amendment/Comment 

8. [gl Examiner's Statement of Reasons for Allowance 

9. D 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: 09/540,61 O 

Art Unit: 2815 

DETAILED ACTION 

Drawings 

Page 2 

1. The proposed drawings mailed on October 4, 2001 are approved by Examiner. However, 

applicant should submit formal replacement sheets with labeled as such in the header according 

to 3 7 CFR 1.121 ( 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 follow/// 

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 

Art Unit: 2815 
Page 3 

In claim 34, at the last line, after "substrate <utl~ce," 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 contact 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 communications 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 . 

• 

SAMSUNG-1002.241



:.\ 
I 

Application/Control Number: 09/540,610 

Art Unit: 2815 

Page4 

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). 

c.c. 
417104 5:41:46 PM 

• 

Chris C. Chu 
Examiner 
Art Unit 2815 

ijfiAfJLEY BAUMEISTER 
PRIMARY EXAMINER 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United Stales Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 14SO 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

26263 7590 04/20/2004 

SONNENSCHEIN NA TH & ROSENTHAL LLP 
P.O. BOX 061080 
WACKER DRIVE ST A TI ON, SEARS TOWER 
CHICAGO, IL 60606-1080 

EXAMINER 

CHU,CHRISC 

ART UNIT PAPER NUMBER 

281 s 

DA TE MAILED: 04/20/2004 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO, 

09/540,610 03/31/2000 /'/ James E. Nulty 16820.P097 2171 

TITLE OF INVENTION: STRUCTURE HAVING REDUCED LATEkAL SPACER EROSION 

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOT AL FEE(S) DUE DATE DUE 

non provisional NO $1330 $300 $1630 07/20/2004 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION .QN 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. TillS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.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. Rev·iew the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: . 
A. If the status is the same, pay the TOT AL FEE(S) DUE shown 
above. 

B. If the status is changed, pay the PUBLICATION FEE (if 
required) and twice the amount of the ISSUE FEE shown above 
and notify the United States Patent and Trademark Office of the 
change in status, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY Status, check the box below and enclose 
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above. 

Cl 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 application 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. 
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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 

orfu 

Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 
(703) 746-4000 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks l 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 unless corrected below or directed otherwise in Block I, by (a) specifying a new 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 I) 

26263 7590 0412012004 

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 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

SONNENSCHEIN NATH & ROSENTHAL LLP 
P.O. BOX 061080 

Certificate of Mailing or Transmission 

WACKER DRIVE STATION, SEARS TOWER 
CHICAGO, IL 60606-1080 

I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal S'ervice with sufficient postage for first class mail in an enveloP.e 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the US PTO, on the date indicated below. 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

09/540,6!0 03/31/2000 James E. Nulty 16820.P097 

TITLE OF INVENTION: STRUCTURE HAVING REDUCED LATERAL SPACER EROSION 

APPLN. TYPE SMALL ENTITY ISSUE FEE 

nonprovisional NO $1330 

EXAMINER ART UNIT 

CHU, CHRISC 2815 

I. Change of correspondence address or indication of"Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/l 22) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE TOTAL FEE(S) DUE 

$300 

CLASS-SUBCLASS 

257-774000 

2. For printing on the patent front page, list (I) the 
names of up to 3 registered patent attorneys or 
agents OR, alternatively, (2) the name of a single 
firm (having as a member a registered attorney or 
agent) and the names of up to 2 registered patent 
attorneys or agents. If no name is listed, no name 
will be printed. 

$1630 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

(Depositor's name) 

(Signature) 

(Date) 

CONFIRMATION NO. 

2171 

DATE DUE 

07/20/2004 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has 
been previously submitted to the US PTO 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); 0 individual 0 corporation or other private group entity 0 government 

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s): 

0 Issue Fee 0 A check in the amount of the fee(s) is enclosed. 

0 Publication Fee 0 Payment by credit card. Form PT0-2038 is attached. 

0 Advance Order - #of Copies--------- 0 The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to 
Deposit Account Number (enclose an extra copy ofth1s form). 

Director for Patents is requested to apply the Issue 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 attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

This collection of information is required by 37 CFR l .3 l l. The information is required to 
obtain or retain a benefit b:y the public which is to file (and by the USPTO to process) an 
application. Confidentiality 1s governed by 35 U.S.C. 122 and 37 CFR l .14. This collection is 
estimated to take 12 minutes to complete, 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, 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 persons 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. l l /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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09/540,610 03/31/2000 

26263 7590 04/2012004 

SONNENSCHEIN NA TH & ROSENTHAL LLP 
P.O. BOX 061080 
WACKER DRIVE STATION, SEARS TOWER 
CHICAGO, IL 60606-1080 

FIRST NAMED INVENTOR 

James E. Nulty 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PA TENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

16820.P097 2171 

EXAMINER 

CHU,CHRISC 

ART UNIT PAPER NUMBER 

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. 
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I certify that this correspondence Is being deposited with the United 

0
.-\ ~p-."'"atee Postal Service with sufficient postage as first class mail In an 

e pe addressed to: Commissioner for Patents 
P. x 1450,Alexandria, VA 22313-1450 on: 

& 
JUl 1 9 2D!K "" 

"O j! 
~ .,.. 
~,. ~~~· Paul E. Rauch. Ph.D .. Registration No. 38.591 

'i1lAOtlfl~· ~--------
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Signatura 

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 

Filing Date: March 31, 2000 

For Structure Having Reduced Lateral 
Spacer Erosion 

) 
) 
) 
) 
) Examiner Chris C. Chu 
) 
) Group Art Unit No. 2815 

) 

TRANSMITTAL 
M.S. - Issue Fee 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

Transmitted herewith is: 

Credit Card Payment Fonn 

Part B Fee T~nsmittal Form PTOL-85 (in duplicate) 
Change of Correspondence Address 
Letter to Official Draftsman 
7 Sheets of Formal Drawings (FIQUl'8$1-4) 

No additional fee Is required. 
The Commls$1oner is hereby authorized to charge any fees associated with this communication not covered by check or 
credit card payment or credit any ove11>ayment to DePoSlt Account No. (50-3123). A duplicate copy of thlS sheet is 
attached. . 

Evan Law Group LLC 
566 West Adams 

· Suite350 
Chicago, Illinois 60661 
(312) 876-1400 

Respectfully submitted, 

~--~~~~~-
Pa u I E. Rauch, Ph.D. 
Registration No. 38,591 
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~ UnderthePa • ReductlonActof1995 no 

PTO/SB/122 (09-03) 
Appr~ for use through 11130/2005. OMB 0651.Q035 

U.S. Patent and Tra!181fiark Office; u.s. DEPARTMENT OF COMMERCE 
to a collection of Information unless It dis a a valid OMB control numbet; 

~,..,.. 'fl-4:.·' 
'ni"oi"'~·· CHANGE OF 

CORRESPONDENCE ADDRESS 
Application 

Address to: 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450. 

A lication Number 

Filin Date 

First Named Inventor 

Art Unit 

Examiner Name 

Please change the Correspondence Address for the above-identified patent application to; 

[ZJ Customer Number: I 43320 I 
OR 

D Finn or 
Individual Name 

Address 

Address 
i 

Cltv I State I 
Countrv 

Teleohone I Fax I 

09/540,610 

March 31, 2000 

James E. Nulty, et al. 

2815 

ChrisC. Chu 

CYP01-007-DIV·US 

l ZID T 

This fonn 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 CU$lomer Number Data 
Change• (PTO/SB/124). 

I am the: 

0 Applicant/Inventor 

D Assignee of record of the entire Interest. 
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96). 

l1J Attorney or Agent of record. Registration Number 38 591 

D Registered practitioner named in the application transmittal letter in an appUcation without an 
executed oath or declaration. See 37 CFR 1.33(a)(1). Registration Number 

Typed or Printed 
Name Paul E. Rauch, Ph.D. 

Sianatura ~~ 
Date A/ If~ 20°7"' I Telephone 312·876-1400 

/.J .--- I 

NOTE: Slgna'Ulres ~the lnvenlOlll or mgnlles ot record of the en1lre Interest or their representative(&) are requlaw. Submit muttiple 
forms If more than e slanature Is ....,ulred see below". 

IZJ "Total of 1 forms are submitted. 

This colleetlon of Information Is required by 37 CFR 1.33. The lnrotmation Is required to obtain or retain a benefit by the public which ls to me (and by the USPTO 
to process) an application. Confidentiality Is governed by 35 u.s.c. 122 and 37 CFR 1.14. This coJJecllon Is estimated to take 3 mlnUtes to complete, lncludlng 
gathering, preparing, and submitting the completed application form to the USPTO. Time wlD wry depending upon the Individual case. Anv c;ommenls on the 
amount of time yau require to complete this form and/or suggestions for reducing this burden. should be sent to the Chief Information Otlloer. U.S. Patent and 
Trademarll 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, can 1-800..PT0-9199 and select option 2 . 
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\ p . . PARTB- FEE(S)TRANSMITTAL 

e&>and send r~ orm, tog1tber whn applicable fee(s), to: Mlil Mall Sto1> ISSUE FEE 
··~ Commissioner for Patents 

n. - ,,. P.O. Box 1450 
,lU\. \ 111 ~ Alexandria, Virginia 22313-1450 

~,;- or Eu. (703) 746-4000 

26263 7S90 04/2Cll004 

9 iJ R filtf8 &IJBH fl I' V 1 Ji ii Q Olii1 JiiH t1 tl!!ll' 
P 0 DQJf0611Dll 
'\LOG"FP ann:r Evan Law Group LLC 
n. ... ,. • liil8 te eH 566 West Adams • 

Suite 350 

\ Chicago, Illinois 60661 

' 

Note: A certificate or mailing can only be used for domeslie mailings of die 
Pie(i} Tnwmi1ral. This =Ulicate ClllllOI be used (or an)! olher accompanying 
papers. l!ach addilional "P!lpcl'.• such as an assignment or formal drawing, must 
have its own certificate or mailing or transmission. . 

CertUle111e of Ma1Ua11 or Tnu11mbsloa 
I hereby certify Chat !his Fee(a) Tn111Smitral is being deposited wilh Ille United 
Slates Postal Scrvk:c wilh 111fftcicnt postage:: for fi11t &:lass mail in 111 envelOJ!O 
addreased 10 Ille Mall SIDp ISSUE- PU-addms above, or being fac:simde 
transmitted 10 lhe USPTO on lhc:: date indlcaled bc::low . 

Paul E. Rauch, Ph.D., Registration No. 38,591<DcpoliWf-> - ,,~ ./ (Siplart) ,, r 

/),J,u I.>. ~CJf./ (Dais) 

,, . 
Al'PUCATION NO. I FIUNOOATB I FIRST NAMED INVBNTOIC I I A1i0RNEYDOCKl!TNO. I CONFIRMATION NO. 

09/540,61 o OJ1J 1nooo James E. Nulty 16820.P097 2171 

TITl.E OF INVENTION: STRUCTURE HAVING REDUCED LATERAL 'SPACER l!JtOSION 

APPLN.TYPE SMALL BNTITY JSSIJl!~E PUBLICATION F8I TOTAL Fl!E(S} oue DATE DUE 

nonprovisional NO $1330 $300 11630 07/2°'2004 

BXAMINBll ART UNIT 

CHU,CHRISC 2815 2S7-774000 

t. Chan11e of cormpondent11 address or indicalion of "fee Address" (37 
CFR 1.363). 2. Por prinrins on die: patent flon1 pap, list (I) lhe EVAN LAW GROUP LLC 

names of up to 3 registered patent attorneys or 

}:('.Change of <:orrcs11cmdencc: addl"C55 (ar Change of Correspondence 
~dd.ress fonn PTO/SB/122) auached. 

agents OR, alternatively, (l) lhll name of' a single 
finn (having as 1 member a rc::pstored auomcy or 
agent) and lhe names or up to 2 registored p,atent 

0 "Pee Addreas" Indication (or "Fee: Addzess" lndicalion fonn 
PTO/SB/47; Rev 03..02 or lllOf'e recent) auadied. V1e or a cusromer 
Number Is requlnd. 

attorneys or agents. Jf no name ii listed, no name 3.__ _________ _ 
will be printed. 

3. ASSIGNEE NAME AND RESIDl!.NCE DATA TO BE PRINTBO ON THR PATSNT (print or cype) 

PLEASE NOTE: Unless an assignee is idenlified below, no assignee dsta will ap~ on !be ~L lnclllsioA of assi~ data is onlv appropriate:: when an assignment baa 
been previously submitted IO lhe USPTO or is being submitted wider separate:: cover. Completii>n oflhis fonn ii NOT a subslitutt; for filing ID assignment. ' 
(A) NAME OF ASSIGNEE (B) RESIDENCB: (CITY and STATB OR COUNTRY) 

CYPRESS SEMICONDUCTOR CORPORATION SAN JOSE, CALIFORNIA 

. Please check the appropriate wignc::c:: category or categories (will not be printed on die patent); Cl individual • corporation or olher private group entity 0 government 
4a. Theo followh>g fcc(s) imi orn:loscd: 

°b(lssue Fee 
)(Publication Fee 

4b, P&ymcnt ofFee(s): 

o A check in Ille amo11111 or the fee(s) is enclosed. 
ment by credit eard. Fonn PT0-2038 i• auached. 

~Advance Order- #ofCopics ___ 1_0 ____ _ e DirectOr is hereby iulhorized by charge lho required fee(s). or ereclil ID)' overpayment, ro 
ii Acc:ounl Numboi 5!!..3123 (enclQSe ID Ulm copy oflh .. form). 

Director for Parents ia requested lo apply the Issue Fee IU1d Publicaiion Fee (if any) or 1o rc::-apply aay previously paid issue fee IO die applicaliOn identified above::. 

This colleclion or lnfonnarion is fCllUired by 37 CFR 1.311. The:: Information is required to 
obtain or retain a benefit by lhe public which is to me (and by lhe USPTO to ~s) an : 
•(lj)lication. Conlidenlialily is governed by JS U.S.C. 122 and 37 CFR 1.14. Thia colleclion is : 
estimated to take:: 12 minutes ID comple~ induding gathering, preparing. and submiltinJ Che . 
compleled applica1ion fgnn IO the IJSri 0. Time wlll ~-depending u~ the individual 
case. Any comments on lhe lllllOUlll of lime you reqt!irc:: to complete:: lhil; fonn andlot 
suggestiana for rc::dudng Chi$ burden, should be scnl ID the Chief lnfonnaaion Officc::r, U.S. , 
Patent and Tmdemarti Office, U.S, Cle~enl of Commerce, Alexandria, Virgi!lia 
22313·1450. DO NOT SEND Fl!BS OR COMPLIITSD FORMS TO THIS ADDRESS. 
SEND TO: Commissioner for Patents, AleW'ldria, Virginia 22313-1450. ' 

Under the Pa~rwori: Reducllon Act of 1995, no persons arc:: ~uirc::d lo respond ID a 
collection of irifonnalion unless it displays a valid OMB control number. 

07/20/2004 RMEBRAH1 0000000£ 09540£10 

01 FC:1501 
02 FC:1504 
03 FC:8001 

1330.00 OP 
300.00 OP 
30.00 OP 

TRA'NSMITTHfS FORM WITH PEE(S) 
,.....,,. ... n<¥rt nn.,.,, •• r ft'••·-•·-• ..... -• .. -•_.• _ _,••~ •11~ ~.-tnan"tl"a•f'1'-n",..._ ... ,..nn,...n 
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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 

Filing Date: March 31, 2000 

) 
) 
) 
) 
) Examiner Chris C. Chu 
) 
) Group Art Unit No. 2815 

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, PT0-948 attached to Paper No. 4 and 

22. 

Evan Law Group LLC 
566 West Adams 
Suite 350 
Chicago, Illinois 60661 
(312) 876-1400 

~~~-itted~·~--~~ 
Paul E. Rauch, Ph.D. 
Registration No. 38,591 
Attorney for Applicant 
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ND TRADEMARK OFFICE 
Commissioner for Patents 

United States Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

EVAN LAW GROUP LLC 
600 WEST JACKSON BLVD., SUITE 625 
CH I CAGO IL 60661 

P75M 
DATE PRINTED 

03/10/08 

MAINTENANCE FEE REMINDER 

www.uspto.gov 

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 CPR 1.363) has not been paid within the six-month period set forth in 37 CPR 1.362(d). 
THE MAINTENANCE FEE MAY STILL BE PAID WITH THE APPLICABLE SURCHARGE SET FORTH 
IN 37 CPR 1.20(h), WITHIN THE SIX-MONTH GRACE PERIOD SET FORTH IN 37 CPR 1.362(e). 

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 CPR 1.8. 

PATENT FEE MAINT. 
NUMBER AMT SURCHG 

U.S. 
APPL 
NUMBER 

PATENT 
ISSUE 
DATE 

APPL. 
FILING 
DATE 

PAY- TOTAL ATTORNEY 
MENT SMALL PYMT DOCKET 
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 63197-900q. 

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 application!! under 35 U.S.C. 120, 121, or 365(c), the patent 
term ends 20 years from the date on whfoh 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. 

MF4401 (7/2007) 
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Applicalio1i or Dockel Numl::Jer 

PATENT APPLICATION FEE DETERMINATION RECORD . 01/5qotp!O 
Etteclive October 1. ·2003 

CLAIMS AS FILED - PART I SMALL ENTITY OTHER IHAN 
!Column 1) (Col:,Jn111 2l TY.P'E c=i.· OR SMALL E:=NTITY 

-

TOTAL CL.AIMS 
RATE FEE· RATE FEE . . .. 

FOR NUML11~R r-11.EO M\JMOER EXl f·l/\ BASIC FEE 385.00 OR BASIC FEE 770.00 

TOTAL CHARGEABLE CLAIMS minus 20= ' XS.9:: XS18= OR 
• INDEPENDENT CLAIMS minus 3 = X4:h: X86= OR 

MULTIPLE DEPENDENT CLAIM PRESENT D 
"1<15" OR t290~ 

•·If \he difference in column 1 is less lhan zero. t~nler ·o .. 111 colun1n 2 TOTAL OR TOTAL 

CLAIMS AS AMENDED - PART 11 . OTHER THAN 

iColLlllllt 1) 1C1 )lu1nn ~) !C<.~h1p1!\ J1 SMALL ENTITY ()Fl SMALL ENTITY 

y .. : t /11~ .. ,~~ ! I : ..•. :; ;f ";.: r--

~ 
·: ~. : L= ! /~f)f)I 

~ Hl:MAININ(; i'il.lt:IUE H j".j{j: · .. •i. i; i 
TIONAL HATc. TIONAL I- AFTER r>nt: v1ou:,:1. Y c .:rn:. z /\MC:i·lDMEtH l'/•.l[.l FC•il ~E FEE w 

~ 
-···---··· .. ·-· --·---·-·- ---·-·-- .......... 

0 Total . J;J- Minus ;., ;)(J ::· xs9~ !cm- XS18= z !'-.... 
-w Independent ·~ Minus .... 3 x~ ~ • .. 

~~ ... 
~ D 

OR ~. 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

'~ ~.145,, OR t290= 
I . 

1'(;1'.l.L JOT!>.L 

''ODIT FEE OR ADDIT FEE 
.. 

(Column 1 i tColum11 2; Column Ji 
CLAIMS HIGHEST AODI· ADDI· ID REMAtNING NUMGER rRE'SEl·JT 

Tl ON AL I- AFTEF.l PREVtOUSL' r:-.;n~r, l~t.,TE TlONAL RATE 
z AMENOM(NT P.1.1.tDFOR FEE FEE w --•-No• .... -

:E 
Total Minus XS~:· xs1n~ 0 . .. UR· z '---w lna~pendent • Minus **" = XBS= :E X4,,, OR < FIRST PRESENTATl9N OF·MULTIPLE DEPENDENT CLAIM 0 ___;._ 

- .. i·t.46::. OR +290= 
' 

T()1AL TOTAL 
A[lOIT f:_:.:; Of'.·ADDIT FEE ! 

<Column 11 ·(Column 21 iColumn 3i : 

\ ·CLAIMS HlGHEST 
AUDI· ·ADDI-() REMAINING NUMBER rnESENT TIONAL; !i AFTER PREVIOUSLY EXTRA· RATE Tl ON AL RATE . . 

AMENDMENT . PAID FOR ·FEE FEE 
~· - : . ' 

Total • Minus ... -· XSi 9::. OR' X$18= 
·ffi. .. 

lndepencjent • Minus *** = : 
:! Y49~ X86= 
ct FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D OR 

' + 145= . Ofl +290= ; 

• If the entry in column 1 is less than the entry In colucnn 2. write ·o· in column 3. TOTAL TOTAL 
· ..,. II the ~Highest Number Previously Paid For• IN T~IS SPACE Is less than 20, enler ·20: ADDIT. FEE OR ADDIT. FEE 

-11 the "Highest Number. Prevtously Paid Fof"· IN THIS SPACE ~s less than 3, ent~r ."3· · 
The •Highest Number Prevl0usly Paid For' (Total or lndependen!I is the hlghesl number found in \he appropriate box.In column 1,. .. 

.. _ __;,J ... . ... 
TM NT OF COMMf:RCE 

FORM PT0·875 !Rev 10/031 Patent and Trademall< ~oee._y.s. OEPAR E 
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Application or Docket Number 

PATENT APPLICATION FEE DETERMINATION RECORD 
Effective October 1, 2001 

CLAIMS AS FILED • PART I 
Column 1 

TOTAL CLAIMS 

FOR NUMBER FILED NUMBER EXTRA 

TOTAL CHARGEABLE CLAIMS minus 20= * 
INDEPENDENT CLAIMS minus 3 = * 

MULTIPLE DEPENDENT CLAIM PRESENT D 
* If the difference in colurr;m 1 is less than zero, enter "O" in column 2 

CLAIMS AS AMENDED • PART II 
Column 2 Column 3 
HIGHEST 
NUMBER PRESENT 

PREVIOUSLY EXTRA 
PAID FOR 

Independent * ~Minus =__--
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

Total 

Independent * 

Column 1 
CLAIMS 

REMAINING 
AFTER 

AMENDMENT 

Minus 

Minus 

Column 2 Column 3 
HIGHEST 
NUMBER PRESENT 

PREVIOUSLY EXTRA 
PAID FOR 

** 
*** 

=-
D 

Column 3 

PRESENT 
EXTRA 

= 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

SMALL ENTITY 
TYPE CJ 

RATE FEE 

BASIC FEE 370.00 

X$9= 

X42= 

+140= 

TOTAL 

OTHER THAN 
OR SMALL ENTITY 

RATE FEE 

OR BASIC FEE 740.00 

OR X$18= 

OR X84= 
11------+-----11 

OR +280= 

OR TOTAL 
___ .,. 

OTHER THAN 
SMALL ENTITY OR SMALL E.NTITY 

ADDI- ADDI-
RATE TldNAL RATE TIONAL 

FEE FEE 

X$9= OR X$18= 

X42= OR X84= 

+140=. OR +280=:: 

TOTAL 
ADDIT. FEE 

• TOTAL 
OR ADDIT. FEE---... 

ADDI-
RATE TIONAL RATE 

FE;'. 

X$9= OR X$18= 

X42= ) X84= 

+140= / OR +280= 

TOTAL f 

ADDIT. FE.E 
TOTAL 

OR ADDIT. FEE---.. 

ADDI- ADD I-
RATE TIONAL RATE TIONAL 

FEE FEE 

X$9= OR X$18= 

X42= OR X84= 
1-----+-----1 

+140= OR +280= 
* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. TOTAL fl.JTAL 
**If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20." OR ADDIT. FEE ___ ,.. 
***If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3." 

ADDFT. FEE 

The "Highest Number Previously Paid For" (Total or Independent} is the highest number found in the appropriate box in column 1. 

FORM PT0-8715 (Rev. 8/01) 
·*u.S.GP0:2001 482-124/59197 

Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE 
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Application or Docket Number 

PATENT APPLICATION FEE DETERMINATION RECORD 
Effective December 29, 1999 

CLAIMS AS FILED - PART I 

FOR 

BASIC FEE 

TOTAL CLAIMS . LJ minus 20= * 

INDEPENDENT CLAIMS :J_, minus 3 = * 

MULTIPLE DEPENDENT CLAIM PRESENT 

* If the f;rence in column 1 is less than zero, enter "O" in column 2 

~\vi/\/.~~] ( {) CLAIMS AS AMENDED - PART II 
l 1 Column 1 Column 2 Column 3 

CLAIMS HIGHEST. 
REMAINING NUMBER PRESENT 

AFTER PREVIOUSLY EXTRA 
AMENDMENT 1--~P~A~ID~F~O~R'---+-~~~~ 

** = 

Minus *** = 

Column 1 Column 2 Column 3 
CLAIMS HIGHEST 

REMAINING NUMBER PRESENT 
AFTER PREVIOUSLY EXTRA 

AMENDMENT PAID FOR 

Total * Minus ** = 

Independent * Minus *** = 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

Column 1 Column 2 Column 3 
CLAIMS HIGHEST 

REMAINING NUMBER PRESENT 
AFTER PREVIOUSLY EXTRA 

AMENDMENT PAID FOR 

Total * Minus ** = 

Independent * Minus *** 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

SMALL ENTITY .OTHER THAN 
TYPE C::l OR SMALL ENTITY 

FEE FEE 

345.00 OR 690.00 

X$9= OR X$18= 

X39= OR X78= 

+130= OR +260= 

TOTAL TOTAL t, \ 

OR 7 
OTHER THAN 

SMALL ENTITY OR SMALL ENTITY 

ADDI- ADDI-
RATE TIONAL RATE TIONAL 

FEE FEE 

X$9= OR X$18= 

X39= OR X78= 

+130= OR +260= 

TOTAL 
ADDIT. FEE 

TOTAL 
OR ADDIT. FEE 

ADDI- ADDI-

RATE TIONAL RATE TIONAL 
FEE FEE 

X$9= OR X$18= 

X39= OR X78= 

+130= OR +260= 

TOTAL 
OR ADDIT. FEE 

TOTAL 
ADDIT. FEE 

ADDI- ADDI-
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S~·foct!v~ diy etching in a high density plasma for 0.5 µm complementary 
metaf-'oxide-semiconductor technology 
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0.5 µm complementary metal-oxide-semiconductor structures were utilized to investigate the 
selective nature of a high density plasm.:. reactor. The formation of borderless contacts wd local 
interconnecrs by the selective clch stop film approach was discussed and shown to be affected by 
topography. planarization, and nonunifonnities. A factorial design of experiments determined the 
optimum conditions of the selective oxide etch chemistry. The resulting etch chemisuy was 
characterized by measurable quantities such as an oxide etch rate of 1200 nm/min. a patterned (0.5 
µm imag~1 etch-rate: ratio for oxide:nirride >100:1 and 5%·3cr uniformity. And, finally. an 
integrated in sifll oxide etch/resist stripmi1ride etch was presented. 

L INTRODUCTION 

The reduced cell siz:c of static random acces~ memoi;.· 
SR.AM) and desired enhancement:; in logic performance n:­

.:essitate the use of borderless contacts and local intercon­
·1ec1s in very high performance 0.5 µ.m complementar:· 
netal-oxide-scmicooductor (CMOS) technologies. After 
Jevice fabrication. local interconnects and borderless con· 
.acts can be fanned simultaneously using a tungsten dama· 
'cene stud proccss.1 One such approach urilizes a silicon · 
nitride film (as an etch stop) coupled with a h:igbJ~· select:i\'e 
oxide:nitridc etch chemistry. Using a plasma enhanced 
::hemical vapor deposition (PECVD) for the nitride film pro­
·ddes a low temperature (T mox"'600 °C) ID:!tallization. 
'Cherne with its inherent advantages.1 

The key to the etch stop approach is the use of a selective 
Jxide:nitride etch process. This selective e1ch is difficult to 
:1chie\'e since both materials behave ~imilarly. Oxide selec­
:ivities have beeo obtained bl combining polymr:r deposition 
:md high ion boml:>ardmcmt:-' However, in con,·entional re­
:ictive ion etch I RYE) and magnetically c:nhanced RIE 
t~MERJE) reactors, I.be control of polymer deposi1ion and ion 
:,on1bardment energy is limited. Thus. the etch process is 
:mirginal for both maintaining selectivity to nirrid~ and su.'­
:aining the oxide etch rate. 

This article pre$:!ntS the etch process windo"· for a selec· 
-~ive oxide: nicride etch chemistry which could b; used for th~ 
:ibove 3pplication. faperirncnts were performed u~ing reali;;­
ric semiconductor s:ructures (0.5 µm feature sizes) utilizing 
:i PECVD nitride film as the elch stop layer. AJI experimeors 
were done in a high density plasma iHDPi etch system and 
correlations berweeD the HDP conditions and etching char­
af::Leristics are pre~oted. 

II. 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 nonrcsonant, multiple tum 

antenna wound around a quartz CJ linder. The antenna is ca· 
pable of delivering up to 3000 W of rf power to the- chamlxr 

to generate a very high plasma densiiy. 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 c.oupfed to the wafer to con· 
trol ion energy. In addition to being operated :"off reso­
nance," this configuration improves upon establi5hed helical 
resonator technology with tbe inclusion of a top electrode in 
the source region. This electrode provides a large area de 
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 turbomolecul:i.r pump 
allowing the process to operate at <10 mTorr. Ion densities 
in excess of 1£12 have been recorded ~ing Langmuir probe 
techniques to measure an argon plasma. di~charge ar a pres­
sure of 10 mTorr with a source power of 2500 W.5 

Ill. RESULTS AND DISCUSSION 

A. Borderless contact pro·cess window 
I 

The implementation of borderless contacts/local intcrcon· 
nects ·requires a determination of the process v:iTidow. The 
silicon nitride etch stop approa~h has been evaluated with the 
basis of the analysis being the selectivity calculation, i.e., 
etch-rate ratio (ERR). The feasibility of this approach relie~ 
en the following two ERRs: 

(1) selectively etching oxide insulator layer to nitride 
film; 

(2) selectively etching niuide film to silicon and oxide. 

These two etches .are performed in succession, respectively. 
Intuitively, the sele~tivity required for etching oxide to ni· 
ttide is inversely proportional to ·the nitride thickness, 
whereas, the selectivity needed for etching nitride td silicon 
and oxide is proponional to the nitride thickness. As one can 
infer, the. silicon nitride etch Stop lhicknes~ must be opti~ 

mized based on the empirical results of the selective etch 
chemistries. For this article, we shall ooncentrate on the se­
lective etching of oxide to nitride in our calculations. 
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Fu:;. J. Schematic of the high densi~· plasma reactor used for thi~ stud). 

When anal:;izing ;be etch stop process, the first factor to 
be considered is ;he degree of functionality offered to the 
technology. In other words, what type of contact or intercon­
nect is to be: made~ \Vill the contact be bordered (protective 
spacing added) or borderless (eliminates critical lithographic 
alignment) to the gate and/or device isolation? The most dif­
ficult application is the sourcefdrain contact which is border­
Jess to the gate. This particular contact is pennltted to land 
on the gate strucrure. but remain electrically isolated from 
the gate, while making electrical connection to the source 
and drain A contact that is borderkss to the gate contact 
demands the largest ERR. Figure 2 depicts !he border!ess to 
gate (a) and borderless to diffusion (b) comacts. 

After examining 1he process functionality, one must 
evaluare the process sreps and their relationship to the ERR 
calculation. The important parameters lO consider are the de­
vice topography :and rolcrance, nitride thickness and toler­
ance, insularor tbkkness and rolerancc, percent pl:marizarion, 
and percent over~tcll and etch tolerance. A staristical analysis 
of th~ 3-0' process window is depicted in Figs. 3, 5, and 6. 

(a) (b) 

____ .,,,.- .. , _____ _ .. "-
____ [~olatzon 

FICi. 2. S.:hcmatic oi :~( =hys1cal cro~s scc:iol\S for~ horderle~s to gate 1:11 

coni.ct ~nd J bo1dc:::!<, :.~ <liffo~ion il;o) comaet. 

J. V11c:. Sci. Technol. 9, Vol. 12, No. 1, Jan/Feb 1994 

.. 

Figure 3 shows the effa:: of etch stop tl\ickness on the 
selectivity required for the ':orderless contact. Thi.s calcula-
tion has ~ssumed a gate s:.:ldc of 5500 and 8250 A of insu­
lator. The significance of Ii:~ g:raph is the inverse relationship \~, 
of the ERR to nitride film :.1.ickness and the dramatic effect :·; . 
of plan:irizalion on the reqn...ired selectivity. The inverse ERR ,• ... 
relationship is a critical pm.meter for integration concems. · ~ 
When removing the nitri~ etch stop. minimizing the n:· ~.:t 
moval of device isolation v:tide is the main objective. Ooc · 
obvious technique is to ~ rhe etch stop rhickness for a ;, 
given nitride etch process :.::us moving thr oxide loss distri· · ... 
bution to lower values. Eowever. the generation of large, ·· 
controllable oxidc::nitride ~!ectivities is very difficult in coo- ,~,.. 

. ventional RIE and ME~ systems.~ Therefore, .:t realistic 
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(a) ' 

o~ .• p !anar:za lion 

(t:) 

1 OQ~;, Plal'\3rization 

PhOIO 
11es\sl 

Fiii J. lllum::oo;: of the cffccl af planarizarion. Pl~na.rizalion removes the 
in>ularnr chid:.n ::$$ differences beiwetn dense lnd iS()l3tcd ~ll'\IC11Jrc~i. 

ev[lluation of the overall process window must account for 
both oxide:nicide selectivity and subsequent device isolation 
Joss, (The process must minimize nitride remaining after the 

f.·. oxide eich and minimize nitride overetch in the nitride etch.) 
t Also shO\l.'ll in Fig. 3 is the dramatic effect of planari?a­
. don on the required selectivity. Planarization produces a sig­
;. nificant reduction in the ERR requirement and opens the pro-

cess windov; to allow for a decrease in the etch stop 
thickness. Tnis improvement is accomplished by reducing 
rhe oxide thickness differences between highly dense: semi­
conductor cc,·ices and .isolated structures which in turn re-

• duces the amount of oveTttch on the nitride film in the iso• 
:; lated areas thus decreasing the necessary selectivity. Figure 4 

k • ' l 

) 

!. r 
~ 
~ 

illustrates the effect of planarization. 
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PSG 1111ckness A 

Fie;, s. Thi~ .£nph of the ERR vs the PSG (insulator) thic~ .sbow:i 3 

linc:ir depc:ndcoo: as cslcula1cd. This is a direct result of geleCllVJl)' bemi 
propcinion~ 10 ti!(' toler:mc.cs (no11unifonnities) of the pl"OCCa A 1500 
eccb srop film and 5500 A stack height m a.s.surned. 
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Stack Height A 

Fic;. fi. The ERR :u a functioo of the underl)ins stacl: height lE.~tr topog· 
r.:iphy). n.e sel:eti''ity necessary 10 fabricate bordcrless conLaru .is .propor­
tional to the gate topography. The a113lysis a~surncd ~ 1500 A n1tnde film 
arid PSG tbickncs~ given by 1.5 X the sucl: 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 to 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 tbe improve­
ment in process margin afforded by planarizaticin. , 

The relationship of selectivity !ind gate srack topography 
is shown in Fig. 6. The analysis assumed a 1500 A nitride 
film and PSG thickness given by l.SX 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 thi~kness, and gate stack height 
and the required ERR were revealed. Optimization of these 
parameters, coupled 'l\ith planarization, provides an enlarge­
ment of the process 1,1,indow for the selective etch chemistry 
and reduction in the ERR. Conversely, utilization of a highly 

TADl.E [. O>.:idc c1ch pro.:es~ ueod ~ummary. Ada.sh means par.un~tC'T is DOI 

function of chsnge in process variable. 
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430 Givens et al.: Sel&Ctlve dry tllchlng In a HOP 

T.uiu U. Oridc 3nd niuidc clch coa:iparl!oa. 

Coave111ioaal RJE. HDPc:l'h 

Oxide etch r~~ 4000 Ataiin 12000 Nmin 
(4 WI% PSG) 

Selwivi1y 8.1 100:1 
(PSG: niuidc) 
(Meas. O.S µm hcle) 

Uniionni1y 9%-3sigma 53·3sigma 
Critical dimension slope 86-88 deg 88-90 deg 

Ni1ridc :icn me 500 A.1min 2500 AfmiD 
(PECYD nitride) 

Sdtc1ivi1y 3:1 7:1' 
(Blankc1l 
(N'i1ridc: TEOS) 

Uniformity 6~0-lsigm~ 15%-lsigma' 

'PrclimiMry resuJis. 

c: O sekcrive oxide etch would increase t!)e processing latitude 
• for each of these parameters. 

B. HOP oxide etch 

The key co generating a highly selective oxide:nitride etch 
is the reduction of ftuorine in the polymer by-product gener­
ated during the etch process. This has been accomplished by 
using a heated Si tof pl:ite and a high C:F ratio fluorocarbon 
in the HDP reactor. 

A computer aided design of experiments was perfolllled 
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:if 6 flow. pressure, source power, 
bias power, and Si top-plate temperature. The measured re­
sponses were: oxide etch race, nitride etch rate, profile angle, 
and microloading. Oxide and nitride wafers patterned with a 
deep ulrcaviolet (UV) resist at 0.5 µm dimensions were used 

Artifact ol 
Sample Prep 

PSG 

Nlulde 

Oxide 

SI 

Frr.. 7. C10~.Ncc1ionul TE;\I microgr3ph dcpic1in~ 1hc ;clcctivny of the 
HDP n~idc ¢\Ch procm. The empiric11l ~lectivi1y of PSG (4 ·~1 %J 10 
PECVD nicridc W~I u~rcrinincd lo be gre:uer than lOO: I. 

.I v.,,, ~cl. Tnchnol. 9. Vol. 12. No. 1, Jan/F!b 1gg4 

1'1.61 ~.(~ ' \I •I ' I 
1 

: • ,i, , ' 

F\G. S. SEM microgr~ph~ dcpicri.ag the HDP oxide crch r:i.ic s.~ a funciioo of 
conracr im.,ge $i.'le. The crch rJJJ: is con$tan1 for all in1agc si7.C5 (~mallc:$1 
fe:m1rc=l).S }Lm•. 

as monitors. Etch rates were determined by scanning electron 
microsc.opy 1 SEM) cross-sectional measurements in 0.5 µm .. 
structures on 200 mm wafers. ' 

Table I provides a summary of the trends generated by lhe "'~ 
factorial experiments. The ~F6 flow, and source power are · "f 
shown to ha\'e a strong effect on the nitride etch rate, while .. ~ 

(~\ 

1µm 

Fu;. 9. Til~ ri.~icie crcil rJlt is shown 10 be constam with vari~blc spacin~ 
hc:twccn 1:un1~c!~. 111~ SE'.\i tuiao~phs ~(so i>how !Ital cnh.1nccd rc~is1 
si;ov11trln¥ c.:ir. . ·.;~ur with mini-1 ima~t sp:icing. 
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power. C!iing the result~ of 1!:; ma1rices. the process was pressure!. 

· . optimized for the measured mponses. Tne resultant condi- ======= ... =.,.=tn=.d=c=E=,,=========== 
Puame1c~ " " Oxid~ ER hofilu tions were 

35 seem C2F6, 4 mTorr. :700 W s.ource, 

1400 w bias, 250 •c. 
Table II presents the measured. propenies of the optimized 
HDP oxide etch process as compared to conventional RIEi 
MERIE. Readily seen from this data are the improvements in 
oxide etch rate, selecti\ity, uniformity, and anisotropy. 

Figure 7 is a transmission electron microscopy (TEM) 
cross section of a patterned strucrure which has been etched 

. 'With the optimized conditions. The PSG (4 wt% phos­
phorus) has been etched down to the PECVD (480 •c depo­
sition process) silicon nitride. The nitride was subjected to 
100% overetch and exhibited ... 125 A loss. A consetVative 
estimate of the selectivity (PSG etch divided by nitride etch 
rate) yields 100:1. The selecth·ity .is conservative because it 
is independent of the overetch. An initial material loss no 

·etch rate is observed on the nitride film. After the etch clears 
· the PSG and e;xpo5es tlie nitride. the nitride initially etch~s 
buc this process is rapidly terminated as deposi1ion of the 

·carbon rich polymer begins on che nicride. 
The effect of pattern factOi on microloading is shown in 

the scanning electron microscopy (SEMl cross sections of 
Figs. 8 and 9. This expcrimcn1 also used the optimized etch 

. process. Figure 8 prescuis microloading as a function of vari­

. able comact size. No degradaiion in the etch rate is observed 
· v.ith th: decreasing contact diameter (smallest fearure::;Q.S 
.''µ.m). Figure 9 show'S 1ki1 the HDP etch rate does not change 
with variable spacing between images. However, at very 

: small sp;icing, the resist e~p~riences enhanced sputtering. 
This is a geometric phenomenon stemming from the resist 
having. a triangular profile ratb:r than the expected rectangu­
lar shape. The scalloping depicted in the micrographs is cur­
rently being investigated. The microloading results are in 
agrei:ment with earlier work.-

(a) (b) 

Ql)F \. / • More 
taper 

co. ...... 
Pressure ., ·. More 

taper 
Source / ''·· 
D~ "' / 

C. HOP nitride etch 

In order to examine the feasibility of etching nitride se­
lecti'llely to oxide, a two level fractional fac1oria1 with five 
factors and one cenier point was perfolllled. The five vari­
ables studied were: CH3F flow, C02 flow, pressure, source 
power, 3Ild bias power. The measured responses v.-ere niiride 
eicb rate, o.:cide etch rate, and profile angle. Unpanemed ox­
ide and nitride wafers were used as planar etch rat: monitors. 
The oxide film was an undensiJied low-pressur: chemical 
vapor deposition (LPCVD) tetraethylorthosi!icaie (TEOS) 
and the nitride was deposited by PECVD ( 480 •c process). 
Nitride wafers panemed with a deep-UV resist at 0.5 µm 
dimensions were used as profile monitors. Etch rates were 
detenni.ned by spectral reflectivity measurement~ on the 200 
mm wafer surfaces . 

Table ID provides a summary of the trends generated by 
the factorial .experiment. The C02 flow is shouii 10 have a 
strong effect on the oxide etch rate, while the oxide etch rate 
is very setiSidve to changes ill the bias power. Th: results of 
the matiU revealed a process which selectively etczhed nitride 
to oxide '\l.ith a ratio of 7:1. The resultant conditions were 

34 seem CH3F, 92 seem C02, ~5 mTon. 

2700 W source, 150 W bias. 

(c) 

600 nm 600nm 380nm 

:fie. 10. SEM microsnph:lsbowin~ the HDP in sizu proce~s flow. (3) The: oxide etch rt~ lbc i.osi.ila10r ~d sclee1ivcl;Y slops on lhe nitride layer. (b) The 
\ymc:r gcncra1ed at the boclom or \he CODlllCI and the remaining rei:ist arc removed by a.o Oz plnma. (()Thi: nitride c1ch Slop i~ C!Ched selectively to tlu: 
dcrlying ~ilicidc and o,Wc i>.-olation. 

JVST B - Mlcroolectronla and Nanomettr Structures 
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Local 
-FSG 

-N1tnde 

1.0 µrn 

Fro. 11. SEM cross section of ~ local inrcrcor.;:~c1 bi>rdeclcs.~ 10 the device 
isol."ltion. The in1crconnec1 i5 "'ired 10 the mc1;:; I l~ycr thru a con1act stud. 

More experiments examining the process and palrcrned se­
lecti...-iry are in progress. The preliminary results for this pro­
cess are shown in Table II. 

The significance of the cursory nitride ev~luacion is that 
an incegrated, highly s~lective, in siru c!Ch solution was now 
possible. Figure 10 is a sequence of SE>-1: micrographs show· 
iog the I-IDP in situ process\ flow. The ;;.::quence of processes 
withln the HDP reactor are shown to be the following. 

(a) The oxide etch removes the iosularor and selectively 
stops on the nitride e1eh stop layer. 

(b) The polymer generated at the bottom of the contact 
and the remaining resist are removed by an 0 2 plasma. 

(c) The nitride layer is etehed selectively to che underly­
ing silicide and oxide isolation. The dip shown in the bottom 
right comer of the mic~ograph is the ma1erials interface be­
r.veen the device silicon and the planarized oxide isolation. 

Fie. 1.2. SRAM wiring is sho"'n in this SEM microgr:iph. Extensive local 
int=noect usuge is appmnt. The pas~ivating and insulating layers have 
ba::a removed by sample pn!par:uion, 

J. Vac. Sci. Technor. B, Vol. 12, No. 1. Jan1Feb 1994 

• 

TASU! CV. Scetrical improvcmenLS for HDP over convcntioa:tl R!E. 

Pbysic:il 
P:lr.ullcter lmprovcmeni 1:0nclstio11 

JIUICrioo leakage !OX' Silicide d:un.lge 
isobtio11 loss 

Rb . 33%0 CD Qlnrrol 
Contae'I ~ist9nce is~· Silicide damag~ 

CD i:flnll'ol 

'Di.sttibu.lioo fails reduced; 
"Sbcel resistance. 

The discontinuity is due to device processing aod not the 
result of plasma etch trenching. 

D. Electrical characterization 

The HPP selective oxide etch was utilized ::.s part of :he 
tungsten damascene stud process for contact and intercon­
nect fonnation. Figures 11 and 12 are SEM micrographs de­
picting typical W interconnect structures. The e!;.:trical data 
for the HDP oxide etch is compared to conventional RIE 
resulrs in Table :IV. The highly selective nature uf the HDP 
process caused less silicide damage and isola1ion loss which 
translated into a lOX improvement in diffusion junction leak­
age for the borderless contacts. Improveinents i.o ~tch unifor· 
miry and contact profile were eleccrically ch:ir:.mrized by 
reductions in sheet resistance and comact resistir.ce. The full 
benefit of the HDP process cannot be realized unril both che 
oxide and nitride are removed in this reactor. 

:,. 
.·; 

:, ' 

IV. SUMMARY ·.~.·· 

0.5 µm CMOS stroeturcs were u1ilized 10 in"·estigace the 
selective na1ure of a high density plasma (HOP• reactor. The 
formation of bordeiless contacts and local interconnects by 
the selective etch srop film approach was dL::...'"lls.~ed and 
shown. to be affected by topoeraphy, planarizatioa. and non­
unifonnities. A factorial design of experiments detennined 
lhe optimum conditions of the selective oxide ecch chemistry. 
The resulting etch chemistry was characterized by measur• 
able quanrities such as an oxide etch rate of 1200 nm/min, an 
ERR for oxide:ninide>100~1. and 5%-3u unifonnity. And 
finally, an integrated in situ oxide etch/resist strip nitride etch 
was presented. 

re. K3.anta et al, IEDM Te.:11. Dig. 1987, 209. 
· 1F. White er al .• IEDM Tech. Dig. 1?92, 302. 

3J. W. ButtcrbaueJ!. D. C. Gray. an~.H. H. Sawin, I. Va.:. Sci. Tcchnol. B 
9, 1461 (199\). 
~N. IUgnmi et aL. Jpa. J. Appl. Phys. :n. 2620 (1992!. 
5J. Marks er oL, Proc. SPIE. 1803 (1992). 
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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. Warson Research Cenrcr, Yorktown H<!ights, New York 10.598 

(Received 28 June 1993; accepted 4 September 1993) 

Phase-shift masks were prepared using sputter deposited film$ for the phase-shift layer and etch 
stop layer on fused quartz silica substrates. It has been found that the combination of Si02 for 
the phase-shift layer and Hf02 for the etch-stop layer offers a unique combination of properties 
advantageous for the preparation of phase-shift masks. The optical transmission properties of 
Hf02 layers with or without a Si02 phase-shifting layer on quartz substrates are presented. 

The use of the phase shift approach to increa,se the res­
olution of lithography has been rcported. 1-" Several meth­
ods have been reponed for obtaining the 180° optical 
phase-shift pattem. Etching into the surface of the quartz 
plate has a number of advantages but requires great care in 
etching uniformly 10 the correct depth. Spin-on-glass lay­
ers have also been reported. These require special thc!rfual 
processing to achieve. the desired properties. We have in· 
vestigated the use of sputtered, films of Si02 • In order to 
etch the phase-shift la.yer without etchi9g the quartz sub­
strates, an etch-stop layer is necessary. Al20 3 (Ref. 5) has 
been recommended as an etch-stop layer because it has 
good optical transmission at i line and in the deep UV, and. 
it also has good etch selectively for the Si02 phas"'"'"shift 
layer. We have found that it is difficult to produce Al20 3 
films that are resistant to typical chemical cleaning process 
(e.g., 4:1 H2S04: H20 2 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, 6 alternative 
materials were sought for this application. We have re· 
viewed the literature and found that Hf02 films have good 
UV transmission properties and are difficult to etch. Since 
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f!C. I. Optic:il transmission of Hf02 films ll'ith different thickness on 
fu~cd qu:ircz sub~tr4t~. 

the other properties of Hf02 films are not well known, it is: 
of interest to study them and to determine whether Hf02: 

films are good etch"stop layers for PSMs. . : 
We then discovered that Hf02 films not only ha ... e good: 

optical transmission at i line, and deep UV, good etch se-' 
lectivitY with the Si02 phase-shifting layer, low film stress I 
on quartz substrates, but are also not attacked by the! 
chemical cleaning solution at 90 •c. The Hf02 films were! 
deposited by a rf sputtering process. The sputtering system 
was evacuated to Jess than 10-7 Torr by a turbomolecular; 
pump prior to the introduction of the argon-<>xygen gas 1 

mixture. 5 in. 2 fused silica plates were used as substrates l 
and were mounted on· a water-cooled 8 in. diam plate. 
During the deposition inpu,t power was between 200 and · 
400 W. Argon-oxygen gas mixture was ~ed, and the total ! 
pressure was 5 mTorr. The oxygen content in the sputter-'. 
ing gas wa.s -10%; oxygen contents as high as 4-0% ha~·e 
been used wich no significant effects on deposited films. i 
After deposition, thicknesses were detennined by a Tencor 1' 

Alpha-step Profilometer. Films were grown with thick· , 
nesses varying from - 50 to l 05 nm. For some of the sam· ! 
pies, Si02 phase-shifting layers were deposited on !Op of I 
some Ef02 films for the study of their optical properties. I 
Optical transmission was measured using a Varian OMS· ! 

I 
I 

I im 1~ 1 

-'-REFRACTIVE INOEX 
2.15 --EXTINCTION CCEFFICIENT 3 

2.10 I 10·1 ..... 
I :r 

x "" \ ;:; 
l5 2.05 \ 3 ;;:: 

= ..... 
.... \ ~ 
~ 2.00 \ 10·2 '-' 

\ :z: 
~ \ g 
~ 1.95 \ 3 <.> 

0: \ ~ 
\ >< 

1.~o ' 10-3 ... 
' ' ' 3 1.65 ' ', -... 

10·• 1.eo 
200 'so }00 350 400 450 SOD 550 600 

). (nlJll 

flC. 2. Rcfrsct\ve lndc~ of H[01 on quam: ~ubmates between 200 and 
600 nm. 
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FIG. 3. Opticul transmission spectra or a PSM d~igoed for an i-line ( :i65 
nm) st~pcr. 

200 UY visible spectrophorometer. 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 Hf02 films is sufficiently low that no more 

than two fringes between the coated substrates and the 
optical fiat plate was observed. The Hf02 film etch rate was 
evaluated using reactive ion etching (RIE) employed for 
patterning the Si02 layer. We tested the etch rate on a 

1 Plasma-Therm RIE system using CHF3 gas at 100 W 
power and 50-100 mTorr pressure. A series of runs was 
carried out to determine the optimum Si07 etching condi· 
tions. It was found that the ratio of etch rate for Hf02 to 

SiO,'is better than 1 to 16. These results of etch studies will 
be ;eported in detail in another article.7 

The transparency of Hf02 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. I, for i-line application, a. film with a thick­
ne~s 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 
ant 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 opllcal transmission curves for the 
, given thickness of the films. The results are shown in 
I f' . 1g. 2. 

Figure 3 shows the measured optical transmission spec-
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Fto. 4. Optic:al transmission spectra oi :i P'SM de.~\g11cd for a deep-UV 
(248 nm) stepper. 

tra of a PSM designed fqr an i-line stepp¢r. The thickness 
of the etch-stop layer was -95 nm and that of the phase­
shifting layer was -345 nm. ·A small transparency differ­
enc~ 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 Si02 layer at 248 nm. We have made 
a seri~s of PSMs using these materials with etched patterns 
on 5 and 6 in.2 quartz substro.tes. Det&ils of d~ign and 
fabricarion of these masks will be published later.7 

In summary, we have found that HfOl 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 Si02 film. This material also is chemi­
cally stable and not attacked by chemical cleaning solu­
tions. In general, the sputtered Hf02 films have been found 
to be very reproducible and are easily prepared in the 
chemically resistant, low stres~ eondirion. 
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Entry printed from Oxford English Dictionary 
©Oxford 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 Nature 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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