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- 1 -New Alignment Mark Scheme For STI Process To Save One Mask Step 

Background of Invention 

1) Field of the Invention 

· This invention relates generally to the fabrication of alignment makes in a 

semiconductor device and, more particularly, to a method involving shallow trench isolation 

(STI) using a specia~ mask to clear an insulating layer from over an alignment pattern in a 

semiconductor substrate and to clear the insulating layer from over Active areas in device areas. 

2) Description of the Prior Art 

As t~e level of integration in semiconductor devices has increased, device 

sizes have become smaller. Along with the trend, device isolation structures for electrical 

isolation between adjacent devices have also become smaller. 

For STI structures, trenches are formed into a semiconductor substrate. 

Thereafter, the trenches are filled with an insulating material, like an oxide film, to a thickness 

sufficient to bury the trenches. Subsequently, the insulating materials etched back by a chemical 

mechanical polishing (CMP) method until the surface of an adjacent active region is exposed, 

thereby planarizing the whole surface of the semiconductor substrate having the trenches formed 

thereon. Thus, the device isolation structure is oompleted. The STI method is free of bird's beaks 

and has an advantage over the LOCOS structures. with respeci to minimization of isolation 

spacing. It possesses, however, a distinct drawback that an ~ignment pattern necessary for 

subsequent photolithography steps is not obtained, since not enough step is created on the 

surface of the semiconductor substrate in the STI structure. Conventionally, when a laser is 
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projected from an aligner of a stepper and reflected on an alignment i:narks formed on the 

semiconductor substrate, an interference pattern formed due to the irregularities of the alignment 

mark pattern. The interference pattern is recognized in a detector, the direction and position of 

the semiconductor substrate are detected, and then the semiconductor substrate and equipment 

are adjusted in accordance with the detected direction and position of the semiconductor 

substrate, thereby performing alignment. However, in the STI, a device isolation oxide film is 

formed by etching back through using the chemical-mechanical polish method or the like, thus 

providing a planar semiconductor substrate without any step between the device formation area 

and the device isolation area. 

When an opaque film like a tungsten siiicide, used as a gate el~rode 

material, is formed on such a planar· surface, an interference pattern due to reflection will not be 

formed. The alignment of the photolithographic equipment, therefore, is practically difficult to 

perform. 

Fig 8 shows a top plan view of a preferred location of an alignment mark 

area 14 between prime dies 17 in a kerf 19 on a substrate 10. 

A method for forming alignment mark patterns in a shallow trench isolation 

{STI) structure using a special mask and conventional technology will now be described in 

detail, referring to the attached drawings. 



The importance of overcoming-th~ various deficiencies noted above is 

evidenced by the extensive technological development directed to the subject, as documented by 

the relevant patent and technical literature. The closest and apparently more relevant technical 

developments in the patent literature can be gleaned by considering US 5, 700, 732(Jost) shows a 

method ·of forming alignment marks in substrates using varying etch depths. 

US 5,401,691(Caldwell) shows a method of forming Alignment marks in 

layers using inverse frames. 

US 5,578,519(Cho) shows a method of forming an alignment mark using_an 

STI process. 

US 5,316,966(Van Der Plas et al.) shows a method of forming alignment 

marks using STI processes. 

US 5,369,0SO(Kawai) shows another method of forming alignment marks in 

isolation areas. 

Summary of the Invention 

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

insulating layers from over alignment marks using a mask that reduces the number of masking 

steps. 

It is an object ofthe present invention to provide a method for removing 

insulating layers from over alignment marks using a mask that also opens die area with some 

generation rule to improve CMP process. 



II 

... 

- 4 -
It is an object of the present invention to provide a method using a novel mask 

for removing insulating layers from over alignment marks and for removing insulating layers 

from over Active area (active area reverse mask) for chemical-mechanical polish processes. 

It is an object of the invention to use provide a first mask 60 that combines 

(1) active reverse mask (that removes oxide from the Active areas 44 in device areas 12) and (2) 

an alignment mark open mask (that removes oxide 50 from over the alignment mark areas 14). 

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

of fabrication an alignment mark in a semiconductor device. The method uses one mask 60 to 

that has two functions (1) a reverse active areas mask to remove the oxide from over active areas 

in the device areas 12 and (2) an alignment mark open mask 60 that removes the oxide from over 

the alignment mark area 14. The mask improves chemical-mechanical polish performance in 

the cell areas by removing the oxide over the active areas 44. Another key feature of the 

invention is the spacing of the alignment mark trenches 40 that ensure that the step distance 12 

between the top of the second insulating layer in the alignment mark trench 40 and the top 

surface of the substrate 10 is greater than 2000 A. This insures that the alignment mark are 

readable. The invention's spaces specifications are as follows: the alignment mark trenches have 

a width 40W greater than about 2 µm, and the active areas 41 in the alignment mark area 14 

having a width 41 W greater than 3 µm. 

The method includes the following steps. We form a first insulating film 

pattern 30 for defining STI regions in a cell array area 12 and defining alignment mark trenches 

regions in an alignment mark area 14 on a semiconductor substrate 10. Next STI trenches 42 are 

formed in the STI regions and alignment mark trenches 30 are formed in the alignment mark 
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area 14, using the first insulating film pattern 30 as a mask. The STI trenches 42 and alignment 

mark trenches 40 are formed defining active areas 44 41. The alignment mark trenches 40 have a 

width 40W greaterthan about 2 µm, and the active areas 41 in the alignment mark area 14 

having a width greater than 3 µm. 

Then, we forming a second insulating film 40 on the whole surface of the 

semiconductor substrate, while filling the STI trenches 30 and the alignment mark trenches 40; 

A important first mask (LU mask) is formed covering the STI regions in the 

cell array area and having an opening over the alignment mark area 14. 

We etch the second insulating film 40 formed on the active regions 44 41 of 

the cell array area and etch the second insulating film 40 formed on the alignment mark area, to a 

predetermined thickness. 

Subsequently, we chemical-mechanical polish the second insulating layer to 

expose the first insulating film pattern leaving portions of the second insulating layer in the 

alignment mark trenches and STI trenches. A step distance 12 between the top of the second 

insulating layer in the alignment mark trench and the top surface of the substrate is greater than 

2000 A. Lastly, the first insulating film pattern is removed. 

Additional objects and advantages of the invention will be set forth in the 

description that follows, and in part will be obvious from the description, or may be learned by 

practice of the invention. The objects and advantages of the invention may be realized and 

obtained by means of instrumentalities and combinations particularly pointed out in the append 

claims. 
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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 fabricating 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 IA, 2A, 3A and 4A are cross sectional views in a cell area 12 for 

illustrating a method for manufacturing an alignment mark according to the present invention. 

Figures lB, 2B, 3B and 4B are cross sectional views in a cell area 12 for 

illustrating a method for manufacturing an alignment mark according to the present invention. 

Figure 5A and 5B are top plan views for illustrating the alignment mark areas 

and first (LI 1) mask according to the present invention. 

FIG 6 is top plan view of the designs of the STI trench mask (LIO) and the 

first mask (LU) mask 60 that is used to expose and define the first photoresist mask according to 

the present invention. 

FIGS 7 A and 7B are cross sectional view of alignment mark trenches 

according to the present invention. FIG 7 A shows a trench with a width greater than 2µm and 

FIG 7B shows an alignment mark trench with a width less than 2 µm. 

Fig 8 shows a top plan view of a location of an alignment mark area 14 

between prime dies 17 in a kerf I9 on a substrate 10 according to the prior art. 
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Detailed Description of the Preferred Embodiments 

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

accompanying drawings. In the following description numerous specific details are set forth such 

as flow rates, pressure· settings, thicknesses, etc., in order to provide a more thorough 

understanding of the present invention. It will be obvious, however, to one skilled in the art that 

the present invention may be practiced without these details. In other instances, well know 

process have not be described in detail in order to not unnecessarily obscure the present 

invention. 

Fig lA shows the step of forming a first insulating film pattern 30 for defining 

STI regions in a cell array area 12 and defining alignment mark trenches regions in an alignment 

mark area 14 on a semiconductor substrate 10. The first insulating film pattern 30 can be formed 

of_two layers: a top silicon nitride (SiN) layer and underlying pad oxide. 

To pattern the first insulating film, a STI trench resist mask (not shown) (LIO 

mask) (Active area mask) is formed thereover. Opening are etched in the first insulating film to 

form the first insulating film pattern 30 shown in FIGS lA and lB. The opening define the 

shalJow trench isolation (STI) trenches 42 in the cell area 12 and the alignment mark trenches 40 

in the alignment mark area 14. 

Fig lA also shows forming STI trenches 42 in the STI regions and forming 

alignment mark trenches 40 in the alignment mark area 14, using the first insulating film pattern 

30 as a mask. The STI trenches 42 and alignment mark trenches 40 define the active areas 44 

41. A shallow trench isolation (STI) trench photoresist mask (not shown) (e.g., LlO mask) is 

used to define and etch the first insulating film pattern. 
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The alignment mark trenches 40 preferably have a width 40W in a range of 

between about 2 and 5 µm (must be> 2 µm) and a depth 40D in a range of between about 1000 

A and 5000 A (Tgt greater than 1000 A). Nikon steppers usually require 4 µm spacing 41 W 

between alignment mark trench~s, however with the invention's process, a> 2 µm spacing 41W 

is all that is required. 

The active areas 41 between the alignment mark trenches 40 preferably have 

a width in a range of between about 3 and 5 µm (tgt greater than= 3 µm ). 

Next, as shown in figure 2A and 2B a second insulating film 40 is formed on 

the whole surface of the semiconductor substrate, to fill the STI trenches 30 and the alignment 

mark trenches 40. The second insulating film 40 is preferably formed of oxide having a 

thickness in a range of between about 5000 and 10,000 A. 

In an important step, as shown in figs 3A and 3B, a first mask (Lll inask) 60 

is formed coveri.ng the STI regions in the cell array area, active areas openings over the active 

areas in the cell array area, and having an opening over the alignment mark area 14. See Figs SA 

and SB . It is important to note that the first mask 60 has resist covering the STI regions in the 

product areas but has a opening over the entire alignment mark area. See figure SB. Figures SA 

and SB are a top plan views for illustrating the alignment mark areas and Lll mask 60. The 

first mask has two functions: (1) a reverse active areas mask (reverse of the active areas mask -

see FIG IA) to remove the oxide 50 from over active areas 44 in the device areas 12 and (2) an 

alignment mark open mask 60 that removes the oxide 50 from over the whole alignment mark 

area 14. 
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Next, using the first mask 60 as an etch mask, the second insulating film 40 

formed on the active regions 44 41 of the cell array area is etched back and the second insulating 

film 40 formed on the alignment mark area is etched back, to a predetermined thickness. 

Fig 4A and 4B shows the.step of chemical-mechanical polishing the whole 

surface of the semiconductor substrate including the insulating layer 50. 

Fig 6 shows a top plan view of a comparison (overlaid) between the STI 

trench mask (LIO) and the first (LU) photoresist mask 60. The first mask is generated from the 

shallow trench isolation (STI) mask (not shown) (mask used to define the STI trenches 42 and 

alignment mark trenches 40 - See FIGS IA and lB). The purpose of this mask is to improve 

the STI CMP process. The first mask has the following areas: die area 114, active area 110 and 

open areas 112. 

Fig 7 A is a cross sectional view of the alignment mark trench 42 that has a 

width 42W greater than 2 µm and has a step 12 greater than 2 µm. The inventors have found 

that it is critical to have the alignment mark trench width 40W greater than 2 µm and the 

active area width 41W greater than 3 µm for the step 12 to be acceptable for the reader 

(step 12 is greater than 2 µm ). 

Fig 7B shows an alignment mark trench 40 with a width 40W less than 2 µm 

and that has an unacceptable step 12 (less than 2µm). The inventors have found a width 40W 

less than 2 µm results in steps 12 less than 2000 A that the alignment mark reader cannot 

reliably read. 

Fig 8 shows a top plan view ofa preferred location of an alignment mark 

area 14 between prime dies 17 in a kerf19 on a substrate 10. 
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It should be recognized that many publications describe the details of common 

techniques used in the fabrication process of integrated circuit components. Those techniques 

can be generally employed in the fabrication of the structure of the present invention. Moreover, 

the individual steps of such a process can be performed using commercially available integrated 

circuit fabrication machines. As specifically necessary to than understanding of the present 

invention, exemplary technical data are set forth based upon current technology. Future 

developments in the art may call for appropriate adjustments as would be obvious to one skilled 

in the art. 

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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THIS SHEET HAS BEEl\l 
REPLACED 

I. A method of fabrication an alignment mark in a semiconductor device, the method 

comprising the steps of: 

a) forming a first insulating film pattern for defining STI regions in a cell array area 

and defining alignment mark trenches reg~ons in an alignment mark area on a 

semiconductor substrate; 

b) forming STI trenches in said STI regions and forming alignment mark trenches in 

said alignment mark area, using said first insulating film pattern as a mask; said STI 

Trenches and Alignment mark trenches defining active areas; said alignment mark 

trenches have a width greater than about 2 µm, and said active areas in said 

alignment mark area having a width greater than 3 µm; 

c) forming a second insulating film on the whole surface of said semiconductor 

substrate, while filling said STI trenches and said alignment mark trenches; 

d) forming a first mask covering said STI regions in said cell array area, and having 

active areas openings over said active areas in said cell area, and having an opening 

over said alignment mark area; 

e) etching said second insulating film formed on said active regions of said cell array 

area and etching said second insulating film formed on said alignment mark area. to 

a predetermined thickness; 

f) chemical-mechanical polishing the said second insulating layer to expose said first 

insulating film pattern leaving portions of said second insulating layer in said 

alignment mark trenches and STI trenches; and 

g) removing said first insulating film pattern. 
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THIS SHEET HAS BEEN 
REPLACED 

2. The method of claim 1 wherein said alignment mark trenches and a depth in a range of 

between about 1000 A and 5000 A. 

3. The method of claim 1 wherein said active areas between said STI trenches have a width 

in a range width in a range of between about 3 and 5 µm. 

4. The method of claim 1 wherein after step (t) a step distance between the top of said 

second insulating layer in said alignment mark trench and the top surface of said substrate is 

greater than 2000 A. 

5. The method of claim 1 wherein first insulating film pattern is composed of a pad oxide 

layer and a silicon nitride layer. 

6. A method of fabrication an alignment mark in a semiconductor device, the method 

comprising the steps of: 

a) forming a first insulating film pattern for defining STI regions in a cell array area 

and defining alignment mark trenches regions in an alignment mark area on a 

semiconductor substrate; 

b) forming STI trenches in said STI regions and forming alignment mark trenches in 

said alignment mark area, using said first insulating film pattern as a mask; said STI 

Trenches and Alignment mark trenches defining active areas; said alignment mark 

trenches have a width greater than about 2 µm; said alignment mark trenches have a 

depth in a range of between about 1000 A and 5000 A; said active areas between 

said alignment mark trenches in said alignment mark area having a width in a 

range of between about 3 and 5 µm; 

c) forming a second insulating film on the whole surface of said semiconductor 

substrate, while filling said STI trenches and said alignment mark trenches; 
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d) forming a first mask covering said STI regions in said cell array area, and having 

active areas openings over the a~ive areas in the cell array area and having an 

opening over said alignment mark area; 

e) etching said second insulating film formed on said active regions of said cell array 

area and etching said second insulating film formed on said alignment mark area, to 

a predetermined thickness; 

t). chemical-mechanical polishing the said second insulating layer to expose said first 

insulating film pattern leaving portions of said second insulating layer in said 

alignment mark trenches and STI trenches; a step distance between the top of the 

second insulating layer in said alignment mark trench and the top surface of said. 

substrate is greater than 2000 A; 

g) removing said first insulating film pattern. 


