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A Method for Increasing Interconnect Packing Density in Integrated Circuits 

Background of Invention 

1) Field of the Invention 

This invention relates generally to the fabrication of high density 

semiconductor circuits and more particularly to a method for fabricating interconnections and 

conductors (e.g.,- wiring lines) for h~gh density integrated circuits.· 

2) Description of the Prior Art 

Semiconductor technologies have dramatically increased the circuit density on 

a chip. The miniaturized devices built in and on a semiconductor substrate arc very closely spaced 

and their packing density has increased significantly. More recent advances in photolithographic 

techniques, such as phase-shifting masks, and self-aligning process steps have :further reduced the 

device sized and increased circuit density. This has lead to ultra large scale integration {ULSI) 

with minimum device dimensions Jess than a micrometer and more than a million transistors on a 

chip. With this improved integration, some circuit elements experience electrical limitations due 

. to their down sizing. 
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One such circuit element experiencing electrical limitations is the array of 

storage cells on a dynamic random access memory (DRAM) chip. These individual DRAM 

storage cells, usually consisting of a single metal-oxide-semiconductor field effect transistor 

(MOS-FET) and a single capacitor are used extensively in the electronic industry for storing data. 

A single DRAM cell stores a bit of data on the capacitor as electrical charge. metallization i~ · 

contact with the semiconductor substrate is called contact metallization. In MOS devices, 

polysilicon film and metal silicides have been the form of metallization used for gate and 

interconnection of MOS devices. Interconnection metallization, which interconnects thousands of 

MOSFET's or bipolar devices using ~ne line metal patterns, is generally the same as gate 

metallization. 

The inability to further miniaturize the contact metallization and first level 

interconnections is a major obstacle in the miniaturization of DRAMs and other devices, such as 

MOS and Bipolar devices. The interconnect packing density in integrated circuits is limited by 

printing resolution and etching capability. Significant increase in the packing density requires 

more advanced costly stepper and plasma etcher equipment. Thus, the problems fanning smaller 

first level contacts and first level interconnections must be solved to achieve higher packing 

density in a semiconductor memory devices. 

US 5,,-16,726 (Kim) shows conventional methods of forming metal layei:s and 
·""·' 

interconnects. US 5,466,640 (Choi) shows a method oifonning a plurality of metal lines d~ly 
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packed using two photo masks. US 5,444,015 (Aiken et al.) shows a method of forming 

interconnects by selective deposition of metal in insulating vias. 

However, many of the prior art.methods require substantially more processing 

steps or/and planar. structures which make the manufacturing process more complex and costly,. 

Also, other process methods rely on etching to a predetermined etch depth which can be quite . 

difficult to control in a manufacturing environment. For example, during plasma etching 

outgassing, virtual or real leaks, back streaming from pumps and loading effects, to name a few, 

can change the chemistry of the etching environment in the process chamber, making a calibrated 

etch time approach difficult to control. Therefore, it is very desirable to develop processes that 
.. 

~e as simple as possible and also provide methods that do not require etches with critical depths. 

There is a challenge to develop methods of manufacturing these interconnects 

and conductors that minimize the manufacturing costs and maximize the device yields. There is 

also a challenge to develop an interconnection process in which the interconnect size is not limited 

in size by the photolithographic techniques. In particular, there is a challenge to develop a 

method of forming more closely packed interconnects using conventional photolithography and 

etching equipment. 

-~-. 
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Summary of the Invention 

It is an objeet of the present invention to provide a method for fabricating more 

closely packed interconnects using the present generation of photolithography and etching 

equipment. 

It is an object of the present invention to provide a method for fabricating 

interconnects that are smaller than the photolithographic and etching dimensional limits. 

To accomplish the above objectives, the present invention provides a method 

of forming closely spaced interconnections (e.g., wiring lines) over a semiconductor structure. 

us•ng conventional photolithographic and etching methods and tools. The goals are achieved by 

the process which begins by providing an insulating layer 14 over a semiconductor structure 10. 

A conductive layer and an isolation layer are sequentially formed over the in8ulating layer 14. The 

conductive layer is patterned forming spaced first interconnects 16 covered by isolation layer 

blocks 20. Sidewall spacers are then formed on the sidewalls of the first interconnects and the 

isolation layer blocks 20. A second conductive layer is formed over the resulting surface. The 

second conductive layer is planarized forming second interconnects 30 and excess conductive 

pieces 31 between the sidewall spacers. The excess conductive pieces 31 are intended to be 

removed. The planariza$ion of the second conductive layer can be performed by etching back the 

second conductive layer or by chemical-mechanical polishing (CMP) back the second co~ductive 

layer .. A first photoresist layer 34 is formed over the resulting surface. The first photoresist layer 
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34 has first openings 36 over excess conductive pieces 31. The excess conductive pieces 31 are 

etched using the first photoresist layer 34 as an etch mask removing the excess conductive pieces 

31 and leaving the closely spaced first and second interconnects 16 30. The a final photoresist 

layer 34 is removed. This process can be repeated to fonn additional interconnect levels of 

closely spaced interconnects over lower interconnect levels. 

The present invention provides a method of forming closely spaced 

interconnections 16 30 over a semiconductor structure using conventional photolithographic and 

etching methods and tools. The sidewall spacer 22 process of the present invention allows 

interconnects to be fonned closer together than possible using conventional photolithographic 

!echniques. 
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Brief Description of the Drawings 

The features and advantages of a semiconductor device according to the 

present invention and further details of a process of fab~cating such a semiconductor device in 

accordance with the present invention will be more clearly understood from the following 

description taken in conjunction with the accompanying drawings in which like reference numerals 

designate similar or corresponding elements, regions and portions and in which: 

'Figures I through 5 are cross sectional views for illustrating a method for 

manufacturing a closely spaced interconnections according to the present invention. 

Figure 6 is a top down view for illustrating a method for manufacturing a 

closely spaced interconnections according to the present invention. 

Figure 7 is a cross sectional view for illustrating a method for manufacturing a 

closely spaced interconnections according to the p~sent invention. 

Detailed Description of the Preferred Embodiments 

The present invention will be described in detail with reference to the 

accompanying drawings. The present invention provides a method of fonning closely spaced 
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interconnections over a semiconductor structure using conventional photolithographic and etching 

methods and tools. 

As shown in figure 1, an insulating layer 14 is provided over a semiconductor 

structure 10. The semiconductor structure is a general term that is understood to possibly 

include a semiconductor wafer, active and passive devices formed within the wafer and 

layers/devices formed on the wafer surface. These devices can include resistors, transistors 

(bipolar and MOS including source, drain, and gates), etc. The semiconductor wafer is preferably 

a silicon wafer having a p-type impurity with a (100} crystal orientation. 

The insulating layer 14 electrically insulates elements over/in the wafer ( e.g:, 

semiconductor structure) and for surface flattening after fonning elements such as transistors, etc. 

on the wafer. The insulating layer 14 is preferably composed of a silicon oxide, 

borophosphosilicate glass (BPSO), or phosphosilicate glass (PSG), and preferably has thickness 

in a range of between about 4000 and 20,000 A. 

A conductive layer (not shown) and an isolation layer (not shown) are 

sequentially formed over the insulating layer 14. The conductive layer is preferably composed of 

AI, Cu, an Al-alloy or W or combinations thereof and has a thickness in a range of between about 
. ' 

2000 and 1s,ooo A. 

... .. 
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The isolation layer is preferably composed of a silicon oxide or 

phosphosilicate glass (PSG) and preferably has a thickness in a range of between about 1000 and 

5000 A. The isolation layer 20 has a significantly lower etch rate or/and chemical-mechanical 

polish rate - preferably approximately between about 2 and 20 times lower, compared to th~. 

conductive layer. 

The conductive layer and isolation layer is then patterned using conventional 

photolithographic processes thereby forming spaced first interconnects 16 (e.g., metal wires, 

conductive line, etc.) covered by isolation layer blocks 20. 

As shown in figure 2, sidewall spacers 22 are then formed on the sidewalls ·of 

the first interconnects 16 and the isolation layer blocks 20. The sidewall spacers 22 can be formed 

by conventional methods. The sidewall spacers 22 can be formed by depositing a spacer 

dielectric layer over the .resultant surface and anisotropically etching the spacer dielectric layer. 

The sidewall spacers 22 preferably have a width in a range of between about 1000 and 2000 A 

and composed of silicon oxide, phosphosilicate glass (PSG) or FSG material. The sidewall 

spacers 20 define first openings 23 and second openings 38 between the first interconnects 16. 

Second interconnects 30 will be formed in the first openings 23. The second openings 38 will be 

filled in with insulating/planarizing material. The first opening 23 ~ave a width 25 in a range of 
~ R 

.between about 0.1 and cf.4 µm. 

. . .. ,. 
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A second conductive layer (not shown) is formed over the resulting surface 

and fills the first openings 23. The second conductive layer can be formed of the same materials 

as the first conductive layer/first interconnects 16. As shown in figure 3~ the second conductive 

layer is planarized forming second interconnects 30 ·and excess conductive pieces 31 between the 

sidewall spacers 22. The excess co~ductive pieces 31 are intended to be removed. The 

planarization of the second conductive layer can be performed by etching back the second 

conductive layer or by chemical-mechanical polishing (CMP) back the second conductive layer. 

The etch back can be perfonned using a reactive ion etch using a Cl - based chemistry for Al and 

Cu and a F-based chemistry for W. The isolation layer blocks 20 are used as etch stops and 

chemical-mechanical polish stops. The planarization removes the excess of the second 

conductive layer which extends above the isolation blocks 20. 

Referring to figure 4, a first j>hotoresist layer 34 is formed over the resulting 

surface. The first photoresist layer 34 has first photoresist openings 36 over the excess 

conductive pieces 31 which we want to remove. The excess conductive pieces 31 are etched 

using the first photoresist layer 34 as an etch mask removing the excess conductive pieces 31 

from said second· opening 38 or space 38. The etch leaves the first and second interconnects 16 

30. The excess conductive pieces 31 are preferabJy removed using a pJasma etch. 

·. 

As shown in figure 5, the final pho~oresist layer 34 is removed. The first" .16 . •. 

~. 

and second interconnects 30 are very closely spaced. The sidewall spacers 22 electrically insulate 

adjacent interconnects 16 30 from each other. 
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Figure 6 shows a top down view of the closely spaced interconnects 16 30 of 

the present inventions. 

As shown in figure 7, another interconnect layer can be fonned over the lower 

interconnect layer 16 30 .. A planarization layer 40 is fonned over the resultant surface that fillfi in 

second opening 38. The planarization layer 40 can be composed of a HDP (high density Plasma) 

oxide and can be planarized by a chemical-mechanical polishing step. 

·Next, an interconnect opening is fonned in the planarization layer 40 and in the 

isolation layer 20 over the first or second interconnects 16 30 whichever is desired contact to be 

made to. An optional adhesion layer 44 is fonned in the interconnect opening. The adhesion layer 

44 is preferably formed of TiffiN. A second l~vei interconnect 48 is formed over the adhesion 

layer 44. The second level interconnect 48 can be formed of W or of an Al-Cl alloy or othe~ 

conductive alloys. 

Additional levels of closely spaced interconnects (e.g., third and fourth 

interconnects) can be formed by repeating the same process steps described above. 

The present invention provides a method of forming closely spaced 

interconnections over a semiconductor structure using conventional photolitli.ographic and ·etching 
" •.·· ....... 

methods and tools. The sidewall spac~s 22 process of ~e present invention allows interconnects 

to be formed closer together than possible using conventional photolithographic techniques. 
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It should be will understood by one skilled in the art that by including 

additional process steps not described in this embodiment, other types of devices can also be 

included on the semiconductor chip. For example, the conductive interconnect layer can be 

formed contacting a silicon substrate or contacting a first (or higher) level metal layer. It should 

also be understood that the figures depict only one section out of a multitude of sections that. are 

fabricated simultaneously on the semiconductor structure. 

While the invention has been particularly shown and described with reference 

to the preferred embodiments thereof, it will be understood by those skilled in the art that various 

changes in form and details may be made without departing from the spirit and scope of the 

invention. 
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CLAIMS 

· ,:.1. A method of forming closely spaced interconnections over a semiconductor structure 

compri~ing: 

a) providing an insulating layer over a semiconductor structure; 

b) sequentially forming a conductive layer and an isolation layer over said 

insulating layer; 

c) patterning said conductive layer forming spaced first interconnects covered 

by isolation layer blocks, said first interconnects and said isolation layer blocks 

having sidewalls; 

d) forming sidewall spacers on said sidewalls of said first interconnects and said 

isolation layer blocks, said sidewall spacers defining first openings and second 

openings therebetween; . 

e) forming a second conductive layer over the resulting surface and filling said 

first and second openings; 

f) planarizing said second conductive layer forming second interconnects in 

said first openings and excess conductive pieces in said second openings 

between said sidewall spacers, where said excess conductive pieces are 
-----------·---

intend~ to be removed; 
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g) forming a first photoresist layer over the substrate surface; said first 

photoresist layer having first photoresist openings over said excess 

·'conductive pieces~ 

h) etching said excess conductive pieces using said first photoresist layer as an 

etch mask removing said excess conductive pieces from said second openjngs 

and leaving said first and second interconnects; and 

i) removing said final photoresist layer. 

2. The method of claim I wherein said insulating Jayer is composed of silicon oxide and has 

a thickness in a range of between about 4000 and 20,000 A. 

3. The method of claim 1 wherein conductive layer composed of an Al-Alloy and has a 

thickness in a range of between about 2,000 and 15,000 A. 

4. The method of claim 1 wherein said isolation layer composed of silicon oxide and has a 

thickness in a range of between about 1000 and 5000 A. 

5. The method of claim 1 wherein said sidewall spacers fonned by depositing a spacer 

dielectric layer over thg.resultant surface and anisotropically etching said spacer dielectric 
..... 

layer. 
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6. The method of claim 1 wherein said sidewall spacers have a width in a range of between 

about 1000 and 5000 A and composed of a material selected from the group consisting of 

phosphosilicate glass , silicon oxide and FSG. 

7. The method of claim 1 wherein said first openings have a width in a range ofb~een_ 

about 0.1and0.4 µm. 

8. The method of claim 1 wherein said second conductiye layer has thickness in a range of 

between about 1000 and 5000 A. 

9. The method of claim 1 wherein the planarizing of said second conductive layer performed 

by etching back said secoµd conductive layer. 

10. The method of claim 1 wherein the planarizing of said second conductive layer is 

performed by chemical-mechanical polishing (C:MP) back said second conductive layer. 

11. The method of claim 1 which further includes forming a planarization layer over said first 

and second interconnects and filling said second openings; forming an interconnect opening in 

said planarization layer and in said isolation layer exposing said first interconnects; and 

forming an interconn~t in said interconnect opening. 
:,, 
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12. The method of claim 11 which further includes forming third and fourth interconnects over 

said interconnects by repeating steps (a) through (i). 

13. A method of forming closely spaced interconnections over a semiconductor structure_ . 

comprising: 

a) providing rui insulating layer over a semiconductor structure, 

b) sequentially forming a conductive layer and an isolation layer over said 

insulating layer; said conductive layer composed of Al-alloy and has a 

thickness in a range of between about 2000 and 15,000 A; 

c) patterning said conductive layer forming spaced first interconnects covered 

by isolation layer blocks, said first interconnects and said isolation layer blocks 

having sidewalls; 

d) forming sidewall spacers on said sidewalls of said first interconnects and said 

isolation layer blocks, said sidewall spacers defining first openings and second 

openings therebetween, said sidewall spacers formed by depositing a spacer 

dielectric layer over the resultant surface and anisotropically etching said 

spacer dielectric layer; said sidewall spacer have a width in a range of between 

about 1000 and 5000 A and composed of silicon oxide; 

e) forming a second conductive layer over the substrate surface; · 

I 11111111111111111111111 If 1111 
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t) planarizing said second conductive layer forming second interconnects and 

excess conductive pieces between said sidewall spacers in said second 

openings~ whereby said excess conductive pieces are intended to be removed; 

g) forming a first photoresist layer over the substrate surface; said first 

photoresist layer having first photoresist openings over excess conductive 

pieces; 

h) etching said excess conductive pieces using said first photoresist layer as an 

etch mask removing said excess conductive pieces from said second openings 

and leaving said first and second interconnects; and 

i) removing said a final photoresist layer. 

14. The method of claim 13 wherein said insulating layer is composed of silicon oxide and has 

a thickness in a range of between about 4000 and 20,000 A 

15. The method of claim 13 wherein said isolation layer composed of silicon oxide and has a 

thickness in a range ofbetween about 1000 and 5000 A. 

16. The method of claim 13 wherein said first openings have a width in a range of between 

about 0.1and0.4 µm: 

I lllllll llllll lllll lllll II llll 
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17. · The method of claim 13 wherein said second conductive layer has thickness in a range of 

between about 1000 and 5000 A. 

18. The method of claim 13 wherein the planarizing of said second conductive layer 

performed by et~hing back said second conductive layer. 

19. The method of claim 13 which further includes forming a planarization layer over said 

first and second interconnects and filling said second opening; forming an interconnect 

opening in said planarization layer and said isolation layer exposing said first interconnect ; 

and forming a interconnect in said interconnect opening. 

20. The method of claim 19 which further includes forming third and fourth interconnects over 

said interconnect by repeating steps (a) through (i). 
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