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to the top of a dielectric layer. The method includes the steps 
of forming a dielectric layer over a substrate, and then 
forming a cap layer over the dielectric layer. The cap layer 
?lls the trench in the dielectric layer directly above the 
alignment mark and covers the area surrounding the trench. 
Thereafter, a global planariZation is carried out to remove 
the top portion of the cap layer. Finally, the remaining 
portion of the cap layer is removed to expose the dielectric 
layer so that an alignment mark re-emerges on top of the 
dielectric layer. 
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METHOD FOR RESTORING AN ALIGNMENT 
MARK AFTER PLANARIZATION OF A 

DIELECTRIC LAYER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of Invention 

[0002] The present invention relates to a method for 
forming an integrated circuit device. More particularly, the 
present invention relates to a method capable of restoring the 
alignment mark on a substrate to the top of a dielectric layer 
after planariZation. 

[0003] 2. Description of Related Art 

[0004] Photolithography is a critical process in the fabri 
cation of semiconductor devices. Depending on the com 
plexity of the semiconductor device, the number of photo 
resist depositions and light exposure operations ranges from 
10 to 18. Hence, in order to transfer correctly a pattern to a 
Wafer, the photomask must be properly aligned before the 
photoresist is exposed to light. 

[0005] In conventional photo-exposure operation, align 
ment marks must be formed on the silicon Wafer so that the 
alignment marks are able to match With the corresponding 
marks on the photomask. Step height of an alignment mark 
is capable of providing a scattering ?eld or a diffraction 
edge. When a laser light source, for example, a helium-neon 
(He-Ne) laser having a Wavelength of 635 nm shines on the 
alignment mark, a diffraction pattern is generated. The 
diffraction pattern can be re?ected back and intercepted by 
an alignment sensor or a ?rst order diffraction interferometer 
alignment system for recording the positional data. HoW 
ever, if the step height of theo alignment mark on the Wafer 
is beloW a threshold of 200 A, for example, the amount of 
diffraction generated by the alignment mark is too small to 
produce a strong alignment signal. In other Words, When the 
noise ratio is too big, return signal from the alignment mark 
is too Weak for the alignment sensor to determine the correct 
position. 
[0006] FIGS. 1A through 1C are cross-sectional vieWs 
shoWing the steps according to a conventional method of 
fabricating a semiconductor device. First, as shoWn in FIG. 
1A, a local oxidation of silicon (LOCOS) method or a 
shalloW trench isolation (STI) method is used to provide an 
isolation region 102 on a substrate 100. Thereafter, an 
alignment mark 106 is formed by etching the substrate 100 
to form a trench 104. The step height 170 or the difference 
in height level betWeen the upper surface 160 of the sub 
strate 100 and the bottom 150 of the trench 104 is roughly 
1000 Next, a gate terminal 108 and tWo source/drain 
regions 110 are formed in sequence Within the active device 
area bounded by the isolation structure 102. Hence, a ?eld 
effect transistor 112 is formed. Then, a dielectric layer 114 
is formed over the substrate 100 for isolating the ?eld effect 
transistor 112 from a subsequently formed conductive layer. 
The dielectric layer 114 can be a silicon oxide layer or a 
borophosphosilicate glass (BPSG) layer formed using, for 
example, chemical vapor deposition (CVD). 

[0007] Next, as shoWn in FIG. 1B, the dielectric layer 114 
is etched to form a contact opening 120 that exposes one of 
the source/drain regions 110. Thereafter, conductive mate 
rial such as tungsten is deposited, ?lling the contact opening 
120 and covering the dielectric layer 114 to form a conduc 
tive layer 122. The conductive layer 122 couples electrically 
With the source drain region 110. 
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[0008] Next, as shoWn in FIG. 1C, a portion of the 
conductive layer 122 is removed to form a conductive plug 
122a that couples electrically With the source/drain region 
110. In the subsequent step, another conductive layer is 
formed over the dielectric layer 114, and the conductive 
layer is patterned to form a conductive layer 124 directly 
above the conductive plug 122a. Furthermore, another con 
ductive layer 126 is formed above the alignment mark 106. 

[0009] The aforementioned method is capable of transfer 
ring the alignment mark 106 from the substrate 100 to the 
dielectric layer 114 and then from the dielectric layer to the 
conductive layer 126. HoWever, as the degree of integration 
for integrated circuit devices rises, the number of photoresist 
depositions and light exposure operations necessary for 
fabricating the devices Will increase correspondingly. To 
minimiZe inaccuracy in pattern transfer resulting from a 
rugged dielectric surface, the dielectric layer 114 is usually 
planariZed using a chemical-mechanical polishing method 
immediately after its is formed. In general, besides reducing 
processing dif?culties in subsequent operation, planariZation 
of the dielectric layer 114 is able to increase pattern transfer 
precision in photolithographic processes. FIG. 2A is a 
cross-sectional vieW shoWing the structure after the dielec 
tric layer 114 in FIG. 1A is planariZed. 

[0010] After the dielectric layer 114 is planariZed to form 
a dielectric layer 114a, a conductive plug 122a is formed 
Within the planariZed dielectric layer 114a as shoWn in FIG. 
2B. Thereafter, a conductive layer 123 is formed over the 
dielectric layer 114a, and then photolithographic and etching 
operations are conducted to pattern the conductive layer 
123. Consequently, a conductive layer 124 is formed that 
couples electrically With the conductive plug 122a as shoWn 
in FIG. 2C. Because step height 170 of the alignment mark 
106 is already lost after the planariZation of the dielectric 
layer 114a, the conductive layer 123 that covers the pla 
nariZed dielectric layer 114a does not have any step height 
markings for alignment. To provide the necessary alignment 
marks for subsequent process, a photoresist layer has to be 
deposited over the conductive layer 123, and then photo 
mask pattern has to be transferred to the photoresist layer. 
Finally, a portion of the conductive layer 123 above the 
alignment mark 106 is etched so that the alignment mark 106 
reappears above the dielectric layer 114a. HoWever, the 
above process of recovering lost alignment marks Will 
increases the number of additional photomask-making and 
etching operations, thereby increasing production cost and 
manufacturing time. 

[0011] In light of the foregoing, there is a need to provide 
an improved method of recovering the lost alignment mark 
above the dielectric layer. 

SUMMARY OF THE INVENTION 

[0012] Accordingly, the present invention is to provide a 
method for restoring the alignment mark on a substrate to the 
top of a dielectric layer after planariZation. The method is 
capable of restoring the alignment mark on the substrate 
after the formation of a conductive plug and the planariZa 
tion of the dielectric layer Without additional photolitho 
graphic and etching operations. The restored alignment 
mark is formed on the upper surface of the planariZed 
dielectric layer. 

[0013] To achieve these and other advantages and in 
accordance With the purpose of the invention, as embodied 
and broadly described herein, the invention provides a 
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method for restoring the alignment mark from the substrate 
to the top of a dielectric layer after planariZation. The 
method includes the steps of forming a dielectric layer over 
a substrate, and then forming a cap layer over the dielectric 
layer. The cap layer ?lls the trench on the upper surface of 
the dielectric layer directly above the alignment mark and 
covers the surrounding trench region. Thereafter, a global 
planariZation is carried out to remove the top portion of the 
cap layer. Finally, the remaining portion of the cap layer is 
removed so that an alignment mark re-emerges on top of the 
dielectric layer. 

[0014] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary, and are intended to provide further explana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve to explain the principles 
of the invention. In the draWings, 

[0016] FIGS. 1A through 1C are schematic, cross-sec 
tional vieWs shoWing the steps according to a conventional 
method of fabricating a semiconductor device; 

[0017] FIGS. 2A through 2C are schematic, cross-sec 
tional vieWs shoWing the steps according to a conventional 
method of fabricating a semiconductor device after planariZ 
ing the structure as shoWn in FIG. 1A; and 

[0018] FIGS. 3A through 3F are schematic, cross-sec 
tional vieWs shoWing the steps in fabricating a semiconduc 
tor device having an alignment mark on top of the dielectric 
layer recovered from the substrate according to one pre 
ferred embodiment of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. 

[0020] FIGS. 3A through 3F are schematic, cross-sec 
tional vieWs shoWing the steps in fabricating a semiconduc 
tor device having an alignment mark on top of the dielectric 
layer recovered from the substrate according to one pre 
ferred embodiment of this invention. First, as shoWn in FIG. 
3A, an isolation region 302 is formed in a substrate 300. 
Then, an alignment mark 306 is formed in the substrate 300 
by etching out a trench 304. Next, a gate terminal 308 and 
tWo source/drain regions 310 are formed in sequence Within 
the active device area bounded by the isolation structure 
302. Hence, a ?eld effect transistor 312 is formed. In 
general, the isolation region 302 can be a pattern of ?eld 
oxide layer for marking out the active device region. The 
pattern of ?eld oxide layer is formed using a local oxidation 
of silicon (LOCOS) method, for example. Alternatively, the 
isolation region 302 can be shalloW trench isolation (STI) 
formed by etching out a trench in the substrate 300 and then 
depositing oxide into the trench using a chemical vapor 
deposition (CVD) method. The step height 370 or the 
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difference in height level betWeen the upper surface 360 of 
the substrate 300 and the bottom 350 of the trench 304 is 
roughly 1000 A. 

[0021] Next, as shoWn in FIG. 3B, an inter-layer dielectric 
(ILD) layer 314 is formed over the substrate 300. The ILD 
layer 314 is used to isolate the ?eld effect transistor 312 and 
a subsequently deposited conductive layer. Since the bottom 
350 of the alignment mark 306 is at a loWer level than the 
upper surface 360 of the substrate 300, a trench 316 Will 
form directly above the alignment mark 306. In general, the 
trench 316 has a step height 375 similar in magnitude to the 
original step height 370 of the alignment mark 306. In the 
subsequent step, a cap layer 318 is formed over the ILD 
layer 314. The cap layer ?lls the trench 316 and its sur 
rounding region 317. The ILD layer 314 can be a silicon 
oxide layer or a borophosphosilicate glass (BPSG) layer 
formed using, for example, chemical vapor deposition 
(CVD). The cap layer 318 should be formed from a material 
having an etching rate that differs from the ILD layer 314. 
If the ILD layer is a silicon oxide layer, the cap layer 318 is 
preferably a silicon nitride layer, a polysilicon layer or an 
amorphous silicon layer. The cap layer 318 can be formed 
using chemical vapor deposition (CVD), as Well. 

[0022] Thereafter, as shoWn in FIG. 3C, a portion of the 
ILD layer 314 and a portion of the cap layer 318 are removed 
by performing a global planariZation operation, for example, 
a chemical-mechanical polishing operation. Preferably, the 
planariZed cap layer 318a still covers the trench 316 and its 
peripheral region 317 entirely, but the thickness of the cap 
layer in the peripheral region 317 should be as thin as 
possible. For example, thickness of the cap layer in the 
peripheral region 317 should be smaller than 300 Next, 
the cap layer 318a and the ILD layer 314a are patterned to 
form a contact opening 320 that exposes one of the source/ 
drain regions 310. Then, conductive material is deposited 
?lling the contact opening 320 and covering the ILD layer 
314a as Well as the cap layer 318a to form a conductive layer 
322. Hence, an electrical connection With the source/drain 
region 310 is formed. The conductive layer 322 can be a 
tungsten layer, for example. Furthermore, a titanium/tita 
nium nitride glue layer can be formed prior to the deposition 
of tungsten using chemical vapor deposition (CVD) so that 
adhesion betWeen the tungsten layer and the ILD layer 314a 
is increased. 

[0023] Next, as shoWn in FIG. 3D, the conductive layer 
322 above the ILD layer 314a and the cap layer 318a is 
removed to form a conductive plug 322a that couples 
electrically With the source/drain region 310. The conduc 
tive layer 322 can be removed using, for example, chemical 
mechanical polishing (CMP). Thereafter, the cap layer 318a 
is removed to expose the dielectric layer 314a including the 
trench 316. The cap layer 318a can be removed in an 
anisotropic etching operation using, for example, a reactive 
ion etching (RIE) method. 

[0024] Since a layer of cap material still covers the trench 
316 and its surrounding region 317 after performing the 
global planariZation operation, a step height 375 in the 
dielectric layer 314a having a magnitude similar to the step 
height 370 in the substrate Will be restored after the removal 
of the cap layer 318a. Therefore, the original alignment 
mark 306 in the substrate 300 having a step height 370 
re-emerges as an alignment mark 316 having similar step 
height 375 above the dielectric layer 310a. 
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[0025] Next, as shown in FIG. 3E, another conductive 
layer 323 is formed over the ILD layer 314a. The conductive 
layer 323 can be an aluminum layer formed using physical 
vapor deposition (PVD). 
[0026] Finally, as shoWn in FIG. 3F, the conductive layer 
323 is patterned to form a conductive layer 324 that couples 
electrically With the conductive plug 322a and a conductive 
layer 326 over the dielectric layer 314a above the alignment 
mark 306. The conductive layer 326 has a trench having a 
step height 380 similar in magnitude to the step height 370 
of the alignment mark 306. 

[0027] In summary, major aspects of this invention 
include the capacity to restore the alignment mark on the 
substrate to the top of the dielectric layer Without having to 
perform additional photolithographic and etching opera 
tions. Therefore, the method is capable of saving production 
time and increasing productivity. Furthermore, although an 
alignment mark is formed on an inter-layer dielectric layer 
in the above illustration, the same method can be applied 
equally to form an alignment mark on inter-metal dielectric 
(IMD) layer or on an inter-polysilicon dielectric (IPD) layer, 
as Well. 

[0028] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure of the present invention Without departing from the 
scope or spirit of the invention. In vieW of the foregoing, it 
is intended that the present invention cover modi?cations 
and variations of this invention provided they fall Within the 
scope of the folloWing claims and their equivalents. 

What is claimed is: 
1. A method for recovering the alignment mark on a 

substrate to the top of a dielectric layer, comprising the steps 
of: 

providing a substrate having an alignment mark thereon; 

forming a dielectric layer over the substrate such that a 
trench is formed directly above the alignment mark; 

forming a cap layer over the dielectric layer; 

performing a global planariZation of the cap layer While 
retaining a portion of the cap layer over the trench and 
its surrounding area; and 

removing the cap layer to expose the dielectric layer so 
that an alignment mark re-emerges on top of the 
dielectric layer. 

2. The method of claim 1, Wherein the step of forming the 
dielectric layer includes depositing dielectric material to 
form an inter-layer dielectric layer. 

3. The method of claim 1, Wherein the step of forming the 
dielectric layer includes depositing dielectric material to 
form an inter-metal dielectric layer. 

4. The method of claim 1, Wherein the step of forming the 
dielectric layer includes depositing dielectric material to 
form an inter-polysilicon dielectric layer. 

5. The method of claim 1, Wherein the cap layer and the 
dielectric layer each has a different etching rate. 

6. The method of claim 2, Wherein the cap layer and the 
dielectric layer each has a different etching rate. 

7. The method of claim 3, Wherein the cap layer and the 
dielectric layer each has a different etching rate. 

8. The method of claim 4, Wherein the cap layer and the 
dielectric layer each has a different etching rate. 
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9. The method of claim 5, Wherein the step of forming the 
cap layer includes depositing silicon nitride. 

10. The method of claim 5, Wherein the step of forming 
the cap layer includes depositing polysilicon. 

11. The method of claim 5, Wherein the step of forming 
the cap layer includes depositing amorphous silicon. 

12. The method of claim 1, Wherein the step of performing 
a global planariZation of the cap layer includes using chemi 
cal-mechanical polishing. 

13. The method of claim 1, Wherein the thickness of the 
cap layer Within the trench and its surrounding area after the 
global planariZation is about 500 

14. The method of claim 1, Wherein the step of removing 
the cap layer includes using reactive ion etching. 

15. The method of claim 1, Wherein after the step of 
performing a global planariZation of the cap layer but before 
the step of removing the cap layer, further includes forming 
a conductive plug in the dielectric layer. 

16. A method for recovering the alignment mark on a 
substrate to the top of a dielectric layer, comprising the steps 
of: 

providing a substrate having an alignment mark thereon; 

forming a dielectric layer over the substrate such that a 
trench is formed directly above the alignment mark; 

forming a cap layer over the dielectric layer; 

performing a global planariZation of the cap layer retain 
ing a portion of the cap layer over the trench and its 
surrounding area; 

forming a conductive plug in the dielectric layer; and 

removing the cap layer to eXpose the dielectric layer so 
that an alignment mark re-emerges on top of the 
dielectric layer. 

17. The method of claim 16, Wherein the step of forming 
the dielectric layer includes depositing dielectric material to 
form an inter-layer dielectric layer. 

18. The method of claim 16, Wherein the step of forming 
the dielectric layer includes depositing dielectric material to 
form an inter-metal dielectric layer. 

19. The method of claim 16, Wherein the step of forming 
the dielectric layer includes depositing dielectric material to 
form an inter-polysilicon dielectric layer. 

20. The method of claim 16, Wherein the cap layer and the 
dielectric layer each has a different etching rate. 

21. The method of claim 20, Wherein the step of forming 
the cap layer includes depositing silicon nitride. 

22. The method of claim 20, Wherein the step of forming 
the cap layer includes depositing polysilicon. 

23. The method of claim 20, Wherein the step of forming 
the cap layer includes depositing amorphous silicon. 

24. The method of claim 16, Wherein the step of perform 
ing a global planariZation of the cap layer includes using 
chemical-mechanical polishing. 

25. The method of claim 16, Wherein the thickness of the 
cap layer Within the trench and its surrounding area after the 
global planariZation is about 500 

26. The method of claim 16, Wherein the step of removing 
the cap layer includes using a reactive ion etching method. 


