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METHODS OF FORMING AN INTERCONNECT ON A 

SEMICONDUCTOR SUBSTRATE 

FIELD OF THE INVENTION 

5 The present invention relates to the field of semiconductor devices, 

and in particular, to the formation of interconnections for those devices. 

BACKGROUND OF THE INVENTION 

As devices are scaled to sub-micron dimensions, formation of 

10 reliable, sub-micron interconnections (interconnects) becomes increasingly 

important. Also important for sub-micron devices is the use of 

planarization technologies during interconnect and wiring fen.nation, as 

well as other stages of device formation. Many current processes used to 

form interconnects are unable to form interconnects with a sub-micron 

15 width in production. ~ese ·processes fail for one or more reasons as 

described below. 

A common .method of forming an interconnect includes the steps of: · 

1) forming a patterned dielectric layer having contact openings to at least 

one underlying layer; 2) depositing a metal layer over the patterned 

. 20 dielectric layer; 3) forming a patterned photoresist layer over the metal 

layer; 4) etching the metal layer to form the interconnect; and 5) removing 

the patterned photoresist layer. This method has several problems. First, 

the metal layer typically has poor step coverage that causes the metal to be 

thinner along the walls of the contact openings. The thin metal increases 

25 resistance and may break when the device is stressed, causing an open 

circuit. Second, there may be problems with etching. Wet chemical 

etchants etch isotropically and generally give insufficient dimensional 

control for sub-micron devices. Dry etching is typically used, but some 

metal layers, such as copper and gold, are difficult to plasma ·etch. Third, 

30 ·aluminum can be plasma etched, but it also has problems. The substrate is 

typically alloyed or subjected to at least one neat cycle after the aluminum· 
. . .. ~ 

· has been deposited and patterned. TI1e heat cycle.may cause the aluminum .v . 
. . .. - .·· 

to spike into the silicon substrate lying at the bottom of a contact opening. 
··:·· 
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Also, aluminum can fortn hillocks during an alloy or other post­

metalization heat cycles. The hillocks may protrude from the interconnect 

to make electrical connection between adjacent interconnects, thereby 

shorting the interconnects together. Fourth, even if the interconnects may 

5 be formed without any of the previous problems, a subsequent dielectric 

layer that covers the interconnects typically has step coverage problems 

between narrowly spaced interconnects or requires a planarization process 

sequence. 

Selective Electroless Metal Deposition (SEMO) is a method capable 

10 of forming an interconnect with a sub-micron width. A dielectric layer is 

deposited and patterned to form a patterned dielectric layer having an 

interconne.ct channel. As used in this specification, an interconnect channel 

is a pattern within a dielectric layer, wherein part of the dielectric layer is 

etched away. The interco.nnect is subsequently formed within the 

15 interconnect channel. Before ·depositing the metal using SEMO, the surface 

upon which the metal is to be deposited typically needs a treatment within 

the interconnect channel, so that metal deposits within the interconnect 

channel but not on the patterned dielectric layer. A common technique for 

treating the surface includes very heavily doping the interconnect channel 

20 with silicon ions at a dose of at least 1 x 1Q16 ions/cm2. Another treatment 

method includes contacting the surface with !in activating solution. Surface 

treatments typically involve at least one additional processing step and may 

cause processing complications. Surface treatments may not be completely 

.effective, such that metal does not properly deposit within the interconnect 

25 channel. In addition, particles and other foreign materials may lie on the 

dielectric layer and act as nucleating sites during the metal deposition. 

Therefore, metal particles are typically formed on the _patterned dielectric 

layer. The metal particles may cause electrical shorts or other defects 

within the device. The inconsistent effectiveness and complications of the 

30 surface treatments steps and the formation of metal particles have 

prevented the SEMO method from being used in a production mode. 

Dua) damascene is another method of fom1ing interconnects within 

interconnect channels. A single dielectric layer is deposited and patterned 

.• " . 
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using a two-step etch proces.s. The first step etches most of the dielectric 

layer within contact openings and the second step etches the interconnect 

channels and the rest of the ·dielectric layer within the contact openings. 

The depth of the interconnect channels are difficult to control because of 

5 film deposition and etch nonuniformities. The interconnect channels may 

be too deep in the center of the wafer and too shallow near the edge of the 

same wafer, resulting in large variations of interconnect resistance across 

the wafer. Metal deposition is complicated because the contact openings 

may have an aspect ratio of 2: l, 3: 1, or more. The high aspect ratio makes 

10 sputter depositions virtually impossible. A metal layer may be deposited 

by chemical vapor deposition within the contact openings and interconnect 

channels. However, widely used interconnect materials such as aluminum, 

copper, gold, and silver are not typically deposited by chemical vapor 

deposition in production. Polysilicon and tungsten may be deposited by 

15 chemical vapor deposition, but these materials have higher resistivities 

compared to aluminum, copper, gold, and silver and are not generally used 

as interconnect materials. The SEMD method may be used but has the 

previously discussed problems. In addition, the SEMD method may form a 

metal void if metal deposited within the interconnect channels seal off their 

20 underlying contact openings before the contact openings are filled. 

Copper is typically not used as an interconnect material. Although 

copper has a relatively low cost and low resistivity, it has a relatively large 

diffusion coefficient into silicon dioxide and silicon. Copper from an 

interconnect may diffuse into the silicon dioxide layer causing the dielectric 

25 to l;>e conductive and decreasing the dielectric strength of the silicon 

dioxide layer. Copper int~rconnects should be encapsulated by at least one 

diffusion barrier to prevent diffusion into the silicon dioxide layer. Silicon 

nitride is a diffusion barrier to copper, but the prior art teaches that the 

interconnects should not lie on a silicon nitride layer because it has a high 

30 dielectric constant compared to silicon dioxide. The high dielectric 

constant causes an undesired increase in capacitance between the 

interconnect and other interconnects and the substrate. 
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SUMMARY AND OBJECTS OF THE INVENTION 

The _embodiments of.the present invention form an interconnect 

channel and an interconnect within a semiconductor device. In general, a 

first dielectric layer is deposited over a substrate and patterned to form a 

5 contact or via opening that is filled to form a.contact or via plug. A second 

dielectric layer is deposited over the patterned first dielectric layer and the 

contact or via plug and is selectively etched to form an interconnect 

channel in the second dielectric layer. The first or second dielectric layers 

may comprise m_ore than one individual dielectric layer. Preferably, the 

10 first dielectric layer acts as an etch stop when the second dielectric layer is 

selectively etc?ed to form the interc~nnect channel. An interconnect layer 

is deposited over the second dielectric layer and within the interconnect 

channel. The substrate is polished with a polishing solution to remove that 

portion of the interconnect layer that lies on the second dielectric layer to 

15 form an interconnect within the interconnect channel. The interconnect 

layer may include a barrier layer and a metal layer .. Additional 

interconnect levels may be formed in a similar mariner. If needed, a 

diffusion barrier layer may be .deposited before forming another 

interconnect level. A passivation layer is deposited over the uppermost 

20 interconnect level. 

The embodiments h~ve numerous benefits over prior art methods. 

The depth of the interconnect channels is easier to control because the first 

dielectric layer acts as an etch stop when selectively etching the second 

dielectric layer. A longer overetch during interconnect channel formation 

25 may be used without significantly etching the first dielectric layer. A 

copper interconnect may be formed, which may be thinner than an 

aluminum interconnect while giving the same or lower resistance. The 

poJishing step forms a substantially planar substrate surface. Therefore, 

additional steps required for planarization schemes are not needed. One 

30 embodiment includes an encapsulated metal layer to provide more 

flexibility when selecting dielectric, metal, and plug materials. 
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Other objects, features, and advantages of the present invention will 

be apparent from the accoinpanying drawings and from the detailed 

description that follows. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of ex_ample and not 

limitation in the following figures in which: 

5 Figure 1 shows a flow diagram of a currently preferred 

embodiment. 

Figure 2 shows a cross-sectional view ofa substrate including a 

monocrystalline silicon layer and a doped region. a borophosphosilicate 

10 glass layer, and a silicon nitride layer. 

15 

Figure 3 shows the substrate of Figure 2 after a contact opening 

· within the borophosphosilicate glass and silicon nitride layers has been 

formed. 

Figure 4 shows the substrate of Figure 3 after the contact opening 

has been filled with a contact plug. 

Figure 5 shows the substrate of Figure 4 after a patterned silicon 

20 dioxide layer having interconnect channels has been formed over the 

patterned silicon nitride layer in accordance with a currently preferred 

embodiment. 

Figure 6 shows the substrate of Figure 5 after a titanium nitride 

25 layer a~d a copper layer have been deposited over the patterned silicon 

dioxide layer and within the interconnect channels. 

Figure 7 shows the substrate of Figure 6 after chemical mechanical 

polishing with a polishing solution in accordance· with a currently 

30 preferred embodiment. 
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Figure 8 shows the substrate of Figure 7 after a· silicon oxynitride 

passivation layer have been deposited over the patterned silicon dioxide 

layer and the interconnects. 

5 Figure 9 shows the substrate in Figure 7 after forming a second 

interconnect level including a via and depositing a silicon oxynitride 

passivation layer. 

Figure 10 shows an alternate embodiment having a tungsten contact 

10 plug and an aluminum interconnect layer. 

15 

Figure 11 shows the substrate. in Figure 10 after chemical mechanical 

polishing to form interconnects within the interconnect channels in 

accordance with an alternate embodiment. 

Figure 12 shows an alternate embodiment having encapsulated 

copper interconnects. 

Figure 13 shows a substrate having a tungsten contact plug and gold 

20 interconnects in accordance with an alternate embodiment. 
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DETAILED DESCRIPTION 

The embodiments of the present invention form an interconnect 

channel and an interconnect within a semiconductor device. In general, a 

first dielectric layer is deposited over a substrate and patterned to form a 

5 . contact or via opening that is filled to form a contact or via plug. A second 

dielectric layer is deposited over the patterned first dielectric layer and the 

contact or via plug and selectively etched to form an interconnect channel. 

The first or second dielectric layers may comprise more than one 

individual dielectric layers. Preferably, the first dielectric la~er acts as an 

IO etch stop when the second dielectric layer is selectively etched to form the 

interconnect channel. An interconnect layer is deposited over the patterned 

dielectric layer and within the interconnect channel. The substrate is 

polished with a polishing slurry to remove that portion of the interconnect 

layer that lies on _the patterned second dielectric layer to form an 

15 interconnect within the interconnect channel. The interconnect layer may 

include a barrier layer and a metal layer. Additional interconnect levels 

may be formed in a similar manner. If needed, a diffusion barrier layer 

may be deposited before forming another interconnect level. A passivatiOn 

layer-is deposited over the uppermost interconnect level. 

20 A number of materials may be used with the present invention. In 

general, the dielectric layers comprise one or more layers of silicon 

nitride, silicon dioxide (doped or undoped), silicon oxynitride, 

fluoropolymer, parylene or polyimide. The interconnect and metal layers 

may include aluminum, aluminum alloys (including, for example, Al-Cu, 

25 Al.CU-Ti, Al-Sc), copper_, gold, silver, tungsten,.or molybdenum; the 

barrier layer may include tungsten, tantalum, titanium nitride, niobium, or 

molybdenum; the contact plug may include tungsten, tantalum, titanium 

nitride, molybdenum, polysilicon, or a silicide (including for example, 

TiSix, WSix. NiSix. MoSix. TaSix, PdSix, CoSix, and others); and the 

30 diffusion barrier layer may include silicon nitride, phosphosilicate glass 

(PSG), silicon oxynitride, aluminum, aluminum oxide (AlxOy). tantalum, 

titanium nitride, nionbium, or molybdenum. These materials are 
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preferably deposited by chemical vapor deposition (CVD), or they can be 

deposited by sputter deposition. 

The selection of materials depends on a number of factors. A 

contact or via opening may be deep relative to ·its width and should be at 

5 least partially filled with a material that is deposited by chemical vapor 

deposition. Therefore, the contact or via plugs may include tungsten or 

heavily doped polysilicon since these materials can easily be deposited by 

chemical vapor deposition. The first and second dielectric layers typically 

include different materials, so that the first dielectric layer acts as an etch 
' 

10 stop when patterning the second dielectric layer to form the interconnect 

channel. If the metal layer significantly diffuses into a dielectric layer, the 

metal layer must be encapsulated by diffusion barriers. One material _that 

is a diffusion barrier against one metal may not be a diffusion barrier for 

another metal. The embodiments described include various dielectric, 

15 diffusion barrier, and metal combinations. Every possible combination.of 

dielectric, diffusion barrier, and metal is not included in this specification 

due to the large number of possible combinations. Tests may be conducted 

to determine diffusivities and interactions of metals with silicon, dielectric 

layers, or refractory' metals. ~e materials to be tested are formed on a 

20 substrate and subjected to the highest .temperature cycle to which the 

material will be exposed. Diffusivities and interactions may be determined 

by methods including Auger analysis, SIMS analysis, voltage-capacitance 

measurements, current-voltage measurements etc., for example. If the 

diffusivities and interactions are acceptable, the materials may be used as 

25 the dielectric, diffusion barrier, or metal materials when forming the 

interconnects. 

The embodiments may be used to make ,electrical contact to deyice 

structures including polysilicon gates, word lines, source regions, drain 

regions, bit lines, bases, emitters, collectors, etc. Although the present 

30 invention is illustrated in conjunction with making electrical contact to an 

N+ region in a silicon layer, it will be obvious to one skilled in the art that 

the present invention can be used with ·any semiconductor teclmology 
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including NMOS, PMOS, CMOS, BiCMOS, bipolar, multi-chip modules 

(MCM) and III-VI semiconductors.· 

Figur.e l includes a flow diagram of the current preferred 

embodiment. of the present invention. In general, borop~osphosilicate glass 

5 (BPSG) and silicon nitride Ia~ers are deposited and patterned to form with 

a contact opening that is filled with a contact plug including titanium 

nitride and tungsten. Next, a silicon dioxide layer is deposited and 

patterned to form an interconnect channel. Titanium nitride and copper 

layers are deposited over the patterned dielectric layer and within the 

10 interconnect channel. The substrate is then chemically mechanically 

polished to remove that portion of the titanium nitride ·and copper layers 

that lie on the patterned silicon dioxide layer. After the polishing step, 

additional interconnect levels may be formed over the substrate in a similar 

manner. A silicon oxynitride passivation layer is deposited over the 

15 substrate after the iast interconnect layer is formed. 

The patterning of the interconnect channels described below can be 

performed by any one of several well known method. For line widths in 

the deep submicron range (approximately 0.5µ and less), E-beam, X-ray, 

or deep UV lithography may be used, for example. In the present 

20 invention, deep UV lithography on a stepper system has been utilized to 

produce reliably channels having a width of approximately 0.4 µ. 

In a currently preferred embodiment, an interconnect makes 

electrical contact to an N+ region within a semiconductor substrate. Figure 

2 includes the substrate having a monocrystalline silicon layer 20 and an 

25 N+ region 2i. A borophosphosilicate glass (BPSG) layer 22 is deposited 

over the substrate. The BPSG layer includes silicon dioxide, about 4 

weight % boron, and 4 weight % phosphorus and is deposited to a thickness 

of about 8000 A. The thickness of the BPSG layer 22 can be in the range 

of approximately 5000 to 10,000 A, and the boron and phosphorus content 

30 can vary depending on the characteristics that are desired for the BPSG 

layer 22 including sodium ion gettering and flow characteristics of the 

glass layer. The BPSG layer 22 is subjected to a thermal cycle to densify 

or reflow the BPSG layer 22. The conditions for the thennal cycle are 
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well known in the art. A silicon nitride layer 23 about 1000 A thick is 

deposited over the BPSG layer 22. The silicon nitride layer 23 is relatively 

~in compared to the BPSG layer 22 but is thick enough to act as an etch 

stop during a subsequent etch step. The silicon nitride layer should be 

5 about 500 A to 1500 A thick. In a preferred embodiment, BPSG layer 22 

and silicon nitride layer 23 make up the first dielectric layer. 

The substrate is coated with a photoresist layer which is exposed and 

developed to form a patterned photoresist layer having openings over 

regions to be contacted such as region 21 (not shown). The silicon nitride 

10 and BPSG layers exposed by the opening in the photoresist layer are then 

etched by well-known methods. The photoresist layer is removed leaving a 

patterned first dielectric layer having a contact opening 30 about 0.5 µm 

wide extending to the N+ region 21 as shown in Figure 3. Next, a titanium 

nitride layer 40 about 1200 A thick is deposited over the patterned first 

15 dielectric layer and within the contact opening. The titanium nitride layer 

40 is typically deposited to a thickness between 500 A and 1500 A. A 

tungsten layer 41 is chemically depo_sited to a thickness about 5000 A. The 
. . ' 

tungsten layer 41 must be at least thick enough such that the combination of 

the titanium nitride layer 40 and the tungsten layer 41 completely fills the 

20 contact opening 30. The substrate is anisotropically etched to form a . 

contact plug, which includes the titanium nitride layer 40 and the tungsten 

layer 41 as shown in Figure 4. In an alternate embodiment, the contact 

· plug may comprise of tungsten, heavily doped polysilicon, or a silicide as 

long as 1) the tungsten, heavily doped polysilicon, or silicide is a diffusion 

25 barrier to a subsequently deposited metal layer or 2) a barrier layer is 

deposited over the tungsten, the heavily doped polysilicon, or the silicide 

before depositing a metal layer. 

Next, a silicon dioxide layer is deposited to a thickness of 

approximately 6000A. A photoresist layer is coated over the silicon 

30 dioxide layer and patterned to fonn a patterned photoresist layer having an · 

interconnect channel pattern (not shown). The silicon dioxide layer 

exposed by the patterned photoresist layer is etched using reactive ion 

etching (RIE) in a preferred embodiment to form interconnect channels 51. 
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The RIE gas chemistry can be chosen by one skilled in the art such that 

silicon nitride, titanium nitride, and tungsten etch at a slower rate than 

silicon dioxide. Therefore, silicon nitride layer 23 ·acts as an etch stop 

during the int~rconnect channel etch step. The patterned photoresist layer 

5 is removed lea1ling a patterned silicon dioxide layer 50 having interconnect 

channels 51 each about 0.1 µm wide or greater extending to the silicon 

nitride layer 23 or the contact plug as shown in Figure 5. After forming 

the interconnect channels 51, a titanium nitride barrier layer 60 is 

deposited to a thickness of about 1200 A over the patterned silicon dioxide 

IO layer 50 and within the interconnect channels 51. The· barrier layer 60 

needs to be thick enough to act as a diffusion barrier for a subsequently 

deposited copper layer and is deposited to a thickness between 

approximately 500A to 1500A. A copper metal layer 61 is deposited to a 

thickness of about 6000.A over the barrier layer 60, as shown in Figure 6. 

15 The.metal layer th~ckness may be varied as long as the interconnect 

channels 51 are filled by the barrier layer 60 and the metal layer 61. 

There is no upper limit on the thickness of the metal layer 61, but a thicker 

. metal layer 61 makes a subsequent metal polishing step longer and is 

generally not desired. 

20 The substrate is chemically mechanically polished with a polishing 

solution to remove that portion of the barrier layer 60 and the metal layer 

61 that lie on the patterned dielectric layer to form interconnects within the 

interconnect channels 51 as shown in Figure 7. The polishing is done using 

a chemical mechanical polisher, ~uch as the Westech 372n.1 polisher or 

25 similar polishers made by Strasbaugh, Cybeq, and Speedfam. The 

polishing solution in a preferred embo_diment comprises approximately 

10% by weight colloidal silica having a particle size of about 0.3 µm and 

about 5% by weight ammonium hydroxide. The polishing solution in a 

preferred embodiment has a pH of about 10.5, but may be in the range of 

30 approximately 9 to 13. 

The polishing ~ad preferably is· a polyurethane-based pad and may 

include plastic microballoons. The polishing pads may include the SUBA 

family of woven felt_ pads made by Rodel. The polishing pressure 



---·------· -----··-·-

- 13 -

preferably is about 4 psi, although pressure·s as high as 14 psi may be used. 

The platen and carrier each preferably rotate at about 35 rpm, but either 

can be varied from 0 to 100 rpm. Using a preferred embodiment, the 

re~oval rate of the metal layer should be about 1200 A/minute. 

5 Formulatjons other than those given above may be used for the 

polishing solution. For example, alumina may be used instead of silica. 

The solution does not require any solids, but if solids are included, the 

solids should not make up more than 10 weight % of the solution. The 

particle size may vary from 0.05 µm to 1.0 µm. Smaller particles 

IO generally give better selectivity and etch at a slower rate, and larger 

particles generally have worse selectivity and ~tch at a fas"tet rate. 

Additions other than ammonium hydroxide can be added to react with and 

dissolve the metal being polished. For example, prior art neutral or acidic 

solutions (pH less that 7) may be used to polish copper or other metals. 

15 Figure 7 illustrates one interconnect making electrical connection 

with the N+ region 21 and the other interconnect making electrical contact 

to other portions of the substrate (not shown). The interconnect lies on the 

patterned silicon nitride layer and the contact plug. Contrary to the prior 

art, the interconnects may lie on silicon nitride without a significant 

20 decrease in device performance if the silicon nitride layer is not too thick 

(no greater than about 1500 A). A silicon oxynitride passivation layer 80 

is deposited over the substrate as shown in Figure 8. 

The present invention has numerous benefits over prior art methods. 

The silicon nitride layer 23 acts as an etch stop during the formation of the 

25 interconnect channels 51. Because of film thickness and etch rate 

variations across the substrate, the etch step used to form the interconnect 

channels 51 would etch a significant amount of the BPSG layer beneath the 

interconnect channels 51 if the silicon nitride layer 23 were.not present. 

The silicon nitride layer 23 allows a longer overetch during the 

30 interconnect channel etch step without etching the BPSG layer. The longer 

overetch ensures that interconnect channels 51 are completely etched in all 

areas of the substrate regardless of variations in the thickness of silicon 

dioxide layer 50. The interconnect includ~s copper, which has a lower 
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resistivity compared to aluminum. Therefore, a thinner interconn_ect can 

be used while giving the same or lower resistance and a higher reliability. 

The polishing step forms a substantially planar substrate surface. (Note, 

when used in this context, "substrate" includes the semiconductor substrate 

5 as well as all layers fabricated on the semiconductor substrate up to the 

point of processin_g under. discussion. Therefore, substrate surface refers 

to the present uppermost surface of the substrate, including all structures 

formed thereon.) Therefore, additional steps required for .planarization 

schemes are not needed. The copper within the interconnects is 

10 encapsulated to prevent copper diffusion into ·a silicon dioxide layer. 

Figure 8 illustrates the copper being surrounded by the titanium nitride 

barrier layer 60 and the silicon oxynitride passivation layer 80. Titanium 

nitride and silicon oxynitride act as diffusion barriers to the copper. 

Furthermore, in the prior art, an interconnect formed by deposition 

15 of a metal layer, patterning and etch must be wider than the width of the 

contact region with which the interconnect is making connection in the area 

where contact is made. This is due to the fact that the patterning layer can 

be misaligned. If the interconnect line width were. equal to ~e contact 

region width, then the misalignment would allow etchant to reach the 

20 contact fill material. Since the contact fill material and the interconnect 

material are usually the same or similar materials, this causes etching of the 

contact fill during the interconnect etch. Generally, in the prior art, the 

interconnect line must be at least as wide as the contact region plus twice 

the alignment tolerance (to allow for misalignment in any direction) in the 

25 area where it makes contact to a contact plug. This consumes a 

considerable amount of area on the chip, thereby limiting scaling. 

Although many prior art layouts stagger the location of contact regions to 

minimize the effect, the presence of the widened region on each 

interconnect line causes adjacent interconnects to be spaced further apart 

30 than if no widened region were present. 

In contrast to the prior art, the interconnects of the present invention 

can be the same width at the contact region, even if both the interconnect 

and the contact fill are formed of the same metal. For example, the 
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interconnect formed by layers 60 and 61 in interconnect channel 51 

overlying the contact plug formed by layers 40 and 41 of Figure 8 needs 

only be as wide as the contact plug. (Although it can be wider, as shown). 

As can be readily appreciated, even if the interconnect is only as wide as 

5 the contact plug, there will be no etching of the contact plug when the 

interconnect is formed by polishing as described above. This is true even 

if the interconnect channel 50 had been misaligned as no etchant can reach 

the contact plug sinc_e polishing proceeds only until the upper level of 

silicon dioxide layer 50 is reached. 

10 The present invention may be used to fotm more than one level of 

interconnects as shown in Figure 9. After polishing the substrate (Figure 

7), a second silico~ nitride layer 90, a second silicon dioxide layer 91, and 

a third silicon nitride layer 92 are deposited over the substrate. The three 

layers are patterned to form a via opening to one of the first level 

15 interconnects. A second titanium nitride layer 93 and a second tungsten 

layer 94 are deposited and anisotropically etched to form a via plug within 

the via opening. Formation of the via opening and the via plug is similar 

to the formation of the contact openi:Og and the contact plug. A contact 

plug makes electrical contact between the first interconnect level and the 

20 silicon substrate, whereas a via plug makes electrical contact between 

different interconnect levels. A third silicon dioxide layer 95 is deposited 

and patterned to form a second level interconnect channel. The third 

silicon nitride layer 92 acts as an etch stop during the formation of the 

second level interconnect channels. A second titanium nitride barrier layer 

25 96 and a second copper metal layer 97 are deposited and chemically 

mechanically polished to form a second level interconnect. Formation of 

the second level interconnect cha~el and the second level interconnect are 

similar to formation of the first level interconnect channel and the first 

level interconnect, respectively. Other interconnect levels may be formed 

30 in a simila.r manner.· After forming all of the interconnect levels, a silicon 

oxynitride passivation layer 98 is deposited over the s_ubstrate. Referring 

to Figure 9, copper is encapsulated by titanium nitride and silicon nitride 

or titanium nitride and silicon oxynitride. 
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Figures 10 and 11 illustrate an alternate embodiment of the present 

invention. In general, metals other than copper can be used to form 

interconnects according to the methods of the present invention. However, 

the chemical mechanical polishmg works best with methods which are 

s deposited conformally, and is therefore preferably used with metals which 

are CVD deposited or are otherwise reflowed. Although aluminum or 

aluminum alloys, for example, are difficult to deposit conformally, they 

can be used in the alternate embodiment described herein. Briefly 

referring to Figure 3, the BPSG layer 22 and the silicon nitride layer 23 

10 are deposited and patterned to form the contact opening 30 to the N+ 

region 21. A tungsten layer is chemically deposited and anisotropically 

etched to form a contact plug I 00 as shown in Figure I 0. A silicon dioxide 

layer 101 is deposited in the range of approximately 0.5-1.0 µthick and 

patterned to form interconnect channels about 0.8 µm wide. The silicon 

15 nitride layer 23 and the contact plug 100 act as etch stops during the 

interconnect channel formation. An aluminum or aluminum alloy layer 

· 102 is sputter deposited tp a thickness of about 8000 A. The substrate is 

chemically mechanically polished with the polishing solution described 

above to remove the aluminum layer 102 that lies over the patterned silicon 

20 dioxide layer 101 to form interconnects within the interconnect channels as 

shown in Figure 11. Other additional interconnect levels may be formed 

(not shown). A passivation layer comprising silicon oxynitride or 

phosphosilicate .glass is deposited over the uppermost interconnect level 

(not shown). The aluminum interconnects are not encapsulated because 

25 aluminum does not diffuse into silicon dioxide as opposed to copper. Since 

aluminum has a higher resistivity than copper, the line width of the 

aluminum interconnect of Figure 1 is greater than the line width of the 

copper interconnects or"Figure 9. The tungsten contact plug acts as a 

diffusion barrier between the aluminum interconnect and the N+ region. 

30 Therefore, silicon is not needed within the aluminum layer. 

Figure 12 illustrates a further alternate embodiment that encapsulates 

an inter~onnect so that it does not diffuse into adjacent layers. Briefly 

referring to Figure 5, the substrate includes the N+ region 21, the 
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patterned BPSG layer 22, and silicon nitride layer 23, the contact plug 

including the titanium nitride layer 40 and the tungsten layer 41, and 

patterned silicon dioxide layer 50 (not shown in Figure 12) including 

interconnect channels 51 (not shown in Figure 12) that are formed as 

5 described above. A copper metal layer 120 is deposited over the patterned 

silicon dioxide layer 50 and within the interconnect channels 51 and 

chemically mechanically polished with an alkaline polishing solution to 

form copper interconnects 120 that lie on the contact plug and part of the 

patterned sili.con nitride layer as s.hown in Figure 12. The patterned silicon 

10 dioxide layer is removed and a second silicon nitride layer 121 is deposited 

over the copper interconnects. A second silicon dioxide layer 122 is 

deposited over silicon nitride layer and is planarized by, for example; 

polishing. A silicon oxynitride passivation layer. 123 is deposited over the 

second silicon dioxide 122 and the second silicon nitride layer 121. The 

15 copper interconnects are encapsulated by silicon nitride layers or the 

silicon nitride layers and the contact plug. Other materials such as 

molybdenum or tantalum may be used in.place of the titanium nitride layer . . 

40 of the contact plug. Also, molybdenum or tantalum may be used in 

place of the second silicon nitride layer 121, with some additional 

20 processing. Unlike. the second silicon nitride layer 121, a molybdenum or 

tantalum layer over the copper interconnects 120 must be formed such that 

the top and sides of the interconnects 120 are covered, yet, the 

interconnects must not be electrically connected to each other. This can be 

d.one, for example, by an isotropic etching of material from the spaces or 

25 by selective deposition. The second silicon nitride layer 121 should be used 

with this embodiment to avoid the extra patterning step that may be 

difficult to perform because of narrow spaces between interconnect lines. 

Other interconnect levels may be fom1ed before the passivation layer is 

deposited over the substrate. 

30 Figure 13 shows a fm1her alternate embodiment including the 

substrate· having the N+ region 21. A BPSG layer 130 is deposited to a 

thickness of about 9000 A and patterned to form a contact opening about 

0.5 µm wide. A tungsten layer is chemically deposited over the patterned 
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BPSG layer 130 and within the contact opening. The tungsten layer 131 is 

anisotropically etched to form a contact plug within the contact opening. A 

silicon dioxide layer 132 is deposited to about 8000 A thick and patterned 

to form interconnect channels about 0.1 µm wide ·or greater. Because no 

5 etch stop is used, the silicgn dioxide thickness and etch rate across the 
. . :· 

substrate need to be reasonably uniform to minimize overetch during 

interconnect channel etch step. A gold layer 133 is deposited over the 

patterned silicon dioxide layer and within the interconnect channels. The 

gold layer is deposited at least until the interconnect channels are filled. 

10 The substrate is· chemically mechanically polished to form gold 

interconnects 133. Additional interconnect levels may be formed. After 

all interconnect levels are formed, a passivation layer comprising silicon 

oxynitride or phosphosilicate glass is deposited over the substrate. The 

gold interconnects 133 are not encapsulated because gold has a significantly 

15 lower diffusion rate into silicon dioxide compared to copper. 

In the foregoing specification, the invention has been described with 

reference to specific embodiments thereof. It will, however, be evident 

that various modifications and changes made thereto without departing 

from the broader spirit and scope of the invention as set forth in the 

20 appended claims. The specification and drawings are, accordingly, to be 

regarded in an illustrative rather than a restrictive sense. 
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1. A method of forming an interconnect channel on a 

5 semiconductor substrate comprising the steps of: 

· depositing a first dielectric layer on said substrate; 

patterning said first dielectric layer to form a patterned first 

dielectric layer having a first opening; 

filling said first opening with a conductive plug; 

IO depositing a second dielectric layer over said patterned first 

dielectric layer and said conductive plug; and 

patterning said second dielectric layer to form a patterned second 

dielectric layer having said interconnect channel, wherein part of said 

intercoJUlect channel lies over at least part of said conductive plug, and 

15 wherein at least the upper portion of said first dielectric layer has a lower 

etch rate than said second dielectric layer such that said first dielectric 

layer acts as an etch stop. 

2. The method of claim 1, wherein said first and said second 

20 dielectric layers comprise a material selected from the group consisting of 

silicon dioxide, silicon nitride, silicon oxynitride, fluoropolymer, parylene, 

and polyimide, and wherein said first opening is a type selected from the 

group consisting of a contact opening and a via opening, said conductive 

plug is a type selected from the group consisting of a contact plug and a via 

25 plug, and said conductive plug comprises a material selected from the 

group consisting of tungs~en, tantalum, titanium nitride, molybdenum, 

silicide, and polysilicon. 

3. The method of claim 1 further comprising the steps of: 

30 depositing a barrier layer over said patterned second dielectric layer 

and within said interconnect channel; 

depositing a metal layer over said barrier layer; 

li1i1iii11iIDOr 
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polishing said substrate with a polishing solution to remove that 

portion of said barrier and metal layers that lie on said patterned second 

dielectric layer to form an interconnect within said interconnect charniel; 

and 

5 depositing a. diffusion barrier layer over said patterned second 

dielectric layer and said interconnect. 

4. The method of claim 3, wherein said barrier layer comprises a 

material selected from the group consisting of tungsten, tantalum, titanium 

10 nitride, niobium, and molybdenum, wherein said metal layer comprises a 

material selected from the group consisting of aluminum, aluminum alloy, 

copper, gold, silver, tungsten, and molybdenum, wherein said polishing 

solution comprises ammonium hydroxide and has a pH in a range of 9-13 

and said polishing continues until the surface of said substrate is 

15 substantially planar, and wherein $aid diffusion barrier layer comprises a 

material selected from the group consisting of silicon nitride, niobium, 

silicon oxynitride, tantalum, titanium nitride, and molybdenum. 

5. The method as described in claim I wherein said first 

20 dielectric layer comprises a lower layer comprising silicon dioxide and an 

upper layer comprising silicon nitride, said second dielectric layer 

comprises silicon dioxide, and wherein said step of patterning said second 

dielectric comprises the steps of: 

forming a patterned photoresist layer on said second dielectric 

25 layer, said patterned photoresist layer exposing portions of said second 

dielectric layer; 

30 

etching said exposed portion of said second dielectric layer; 

and, 

removing said patterned photoresist fayer. 

6. The method as described in claim 3 wherein said first 

d~electric layer comprises a lower layer comprising silicon dioxide and an 

upper layer comprising silicon nitride, said second dielectric layer 

-

~~~~~~~~ 

11111111111111 11111 1111111 1111 
* C L M S * 



ii1i1HiltliUr - 21 -
THIS SHEET:ttAS BEEN 

REP~CED 

comprises silicon dioxide, and wherein said step of patterning said second 

dielectric comprises the steps of: 

forming a patterned photoresist layer on said second dielectric 

layer, said patterned photoresist layer exposing portions of said second 

5 dielectric layer; 

10 

etching said exposed portion of said second dielectric layer; 

and, 

removing said patterned photoresist layer. 

7. A method of forming an interc.onnect on a semiconductor 

substrate comprising the steps of: 

depositing a dielectric layer on said substrate; 

patterning said dielectric layer to form a patterned dielectric layer 

having an interconnect channel; 

15 depositing an interconnect layer over said patterned dielectric layer 

and within said interconnect channel; and 

polishing said substrate with a polishing solution to remove that 

portion of said interconnect layer that lies on said patterned second 

dielectric layer to forin said interconnect within said interconnect channel. 

8. The method ·of claim 7, wherein said step of depositing said 

interconnect layer comprises the steps of: 

depositing a barrier.layer over said patterned dielectric layer and 

within said interconnect channel; and 

25 depositing a metal layer over said barrier layer. 

9. The method of claim 8, wherein said dielectric layer 

comprises a material selected from the group consisting of silicon dioxide, 

silicon nitride, silicon oxynitride, fluoropolymer, parylene, and polyimide, 

30 wherein said metal layer comprises a material selected from the group 

c;:onsisting of aluminum, aluminum alloy, copper, gold, silver, tungsten, 

and molybdenum, and wherein said polishing solution comprises 

111111111111111111111111111111 
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ammonium hydroxide and has a pH in a range of 9-13 and said polishing 

continues until the surface of said substrate is substantially planar. 

10. The method of claim 7 further comprising the steps of: 

5 removing said first dielectric layer after said step of polishing said 

substrate; and 

depositing a diffusion barrier layer over said interconnect. 

11. 111e method of claim 10, wherein said diffusion barrier layer 

IO comprises a material selected from the group consisting of silicon nitride, 

silicon oxynitride, tantalum, titanium nitride, niobium, and molybdenum. 

12. A method of forming an interconnect on a semiconductor 

sub_strate comprising the steps of: 

15 · depositing a first dielectric layer over said substrate; 

patterning said first dielectric layer to form a patterned first 

dielectric layer having a first opening; 

filling said first opening with a conductive plug; 

depositing a second dielectric layer over said patterned first 

20 dielectric layer and said conductive plug; 

patterning said second dielectric layer to form a patterned second 

dielectric layer having an interconnect channel; 

depositing an interconnect layer over said patterned second dielectric 

layer and within said interconnect channel; and 

25 polishing said substrate with a. polishing solution to remove that 

portion of said interconnect layer that lies on said patterned second 

dielectric layer to form said interconnect within said interconnect channel. 

13. 1l1e method of claim 12, wherein said first dielectric layer 

30 comprises silicon nitride and all of said interconnect lies on at least part of 

said conductive plug and at least part of said first dielectric layer. 

1111\11111111\ 111\11\1111\ \Ill 
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14. The method of claim 12, wherein said step of depositing said 

intercon.nect layer comprises the steps of: 

depositing a barrier layer over said patterned second dielectric layer 

and within said interconnect channel; and 

5 depositing a metal layer over said barrier layer. 

15. The method of claim 14, wherein said first dielectric layer 

comprises a material selected from the group consisting of silicon dioxide, 

silicon nitride, silicon oxynitride, fluoropolymer, parylene, and polyimide, 

IO wherein said first opening is a type selected from the group consisting of a 

contact opening and a via opening, said conductive plug is a type selected 

from the group consisting of a contact plug and a via plug, and said 

conductive plug comprises a material selected from the group consisting of 

tungsten, tantalum,. titanium nitride, molybdenum, silicide, and polysilicon, 

15 wherein said second dielectric layer comprises a material selected from the 

group consisting of silicon dioxide, silicon nitride, silicon oxynitride, 

fluoropolymer, parylene, and polyimide, wherein said barrier layer 

cqmprises a material selected from the group consisting of tungsten, 

tantalum, titanium nitride, niobium, and molybdenum, wherein said metal 

20 layer comprises a material selected from the group consisting of aluminum, 

aluminum alloy, copper, gold, silver, tungsten, and molybdenum, and 

wherein said polishing solution comprises ammonium hydroxide and has a 

pH in the range of 9-13 and the polishing continues until the surface of said 

substrate is substantially planar. 

25 

16. The method of claim 14 further comprising the step of 

depositing a diffusi.on barrier layer over said interconnect, said metal layer 

being encapsulated by said barrier layer and said diffusion barrier layer. 

30 17. A method of forming an ·interconnect on a semiconductor 

substrate comprising the steps of: 

depositing a silicon nitride layer on said substrate; 

111111111111111111111111111111 
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patterning said silicon nitride layer to form a patterned silicon 

nitride layer having a first opening; 

filling said first opening with a conductive plug; 

depositing a dielectric layer over said patterned silicon nitride layer 

5 and said conductive plug; 

patterning said dielectric layer to form a patterned dielectric layer 

having an interconnect channel such that at least part of said interconnect 

channel lies over at least part of said conductive plug; 

depositing an interconnect layer over said patterned dielectric layer 

IO and within said interconnect channel; and 

patterning said interconnect layer to form said interconnect such that 

said interconnect lies on at least part of said conductive plug and part of 

said patterned silicon nitride layer. 

15 18. The method of claim 17, wherein said dielectric layer 

comprises a material selected from the group consisting of silicon dioxide, 

silicon nitride, silicon oxynitride, fluoropolymer, parylene, and polyirnide, 

wherein said first opening is a type selected from the group consisting of a 

contact_ opening and a via opening, said conductive plug is a type selected 

20 from the group consisting of a contact plug and a via plug, and said 

conductive plug comprises a material selected from the group consisting of 

tungsten, tantalum, titanium nitride, molybdenum, silicide, and polysilicon, .. 
and wherein said interconnect layer comprises a material selected from the 

group consisting of aluminum, aluminum alloy, copper, gold, silver, 

25 tungsten and molybdenum. 

19. The method of claim 18 further comprising the steps of: 

removing said patterned dielectric layer after said step of patterning 

said interconnect layer; and 

30 depositing a diffusion barrier layer over said interconnect, said 

interconnect being encapsulated by said patterned silicon nitride layer, said 

conductive plug, and said diffusion barrier layer. 

111111111111111111111111111111 
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20. The method of claim 19, wherein said diffusion barrier layer 

comprises a material selected from the group consisting of silicon nitride, 

silicon oxynitride, tantalum, titanium nitride, and molybdenum. 

5 21. The method 9f claim 17, wherein said step of depositing said 

10 

15 

interconnect layer comprises the steps of: 

depositing a barrier layer over said patterned dielectric layer and 

within said intercmmect channel; and 

depositing a metal layer over said barrier layer. 

22. The method of claim 21 further comprising the step of 

depositing a diffusion barrier layer over said patt.emed second dielectric 

layer and said interconnect, said metal layer being encapsulated by said 

barrier layer and said diffusion barrier layer. 

23. The method of claim 22, wherein said barrier layer comprises 

a material selected from the group consisting of tungsten, tantalum, 

titanium nitride, niobium, and molybdenum, wherein said metal layer 

comprises a material selected from the group consisting of aluminum, 

20 aluminum alloy, copper, gold, silver, tungsten and molybdenum, wherein 

said diffusion barrier layer comprises a material selected from the group 

consisting of silicon nitride, silicon oxynitride, tantalum, titanium nitride, 

niobium, and molybdenum, and wherein said polishing solution comprises 

ammonium hydroxide and has a pH in a range of 9-13 and said polishing 

25 continues until the surface of said substrate is substantially planar. 

24. A semiconductor device comprising: 

a semiconductor substrate; 

a patterned silicon nitride Jayer disposed on said substrate, said 

30 patterned silicon nitride layer having a first opening; 

a conductive plug within said first opening; and 

an interconnect lying on at least part of said conductive plug and at 

least part of said patterned silicon nitride layer. 

11111111111111 11111 1111111 1111 
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25. The device of claim 24 further comprising a diffusion barrier 

layer disposed on said interconnect and said patterned silicon nitride layer, 

said interconnect being encapsulated by said patterned silicon nitride layer, 

5 said conductive plug, and said diffusion barrier layer. 

26. The device of claim 24 further comprising a patterned 

dielectric layer disposed on said patterned silicon nitride layer, said 

patterned dielectric layer having an interconnect channel such that said 

10 interconnect lies within said interconnect channel. 

27. The device of claim 26, wherein said interconnect comprises: 

a barrier layer lying along the bottom and walls of said interconnect 

channel; and 

15 a metal layer over said barrier layer. 

28. The device of claim 27 further comprising a diffusion barrier 

layer over said patterned dielectric layer and said interconnect, said metal 

layer being encapsulated by said barrier layer and said.diffusion barrier 

20 layer. 

29. The device of claim 28, wherein said first opening is a type 

selected from the group consisting of a contact opening and a via opening, 

said conductive plug is a type selected from .the group consisting of a 

25 contact plug and a via plug, and said conductive plug comprises a material 

selected from the group consisting. of tungsten, tantalum, titanium nitride, 

molybdenum, silicide, and polysilicon, wherein said patterned dielectric 

layer comprises a material selected from the group consisting of silicon 

dioxide, silicon nitride, silicon oxynitride, fluoropolymer, parylene, and 

30 polyimide, wherein said barrier layer comprises a material selected from 

the group consisting of tungsten, tantalum, titanium nitride, niobium, and 

molybdenum, and wherein said metal layer comprises a material selected 

from the group'consisting of aluminum, aluminum alloy, copper, gold, 
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silver, tungsten and molybdenum and wherein said diffusion barrier layer 

comprises a material selected from the group consisting of silicon nitride, 

silicon oxynitride, tantalum, titanium nitride, niobium, and molybdenum. 

30. A method of forming an interconnect channel on 

a semiconductor substrate substantially as hereinbefore 

described with reference to the accompanying drawings. 

31. A semiconductor device substantially as 

hereinbefore described with reference to the accompanying 

drawings. 
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