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POLISHING FLUID, POLISHING METHOD, 
SEMICONDUCTOR DEVICE AND 

SEMICONDUCTOR DEVICE FABRICATION 
METHOD 

FIELD OF THE INVENTION 

[0001] The invention relates to semiconductor devices and 
fabrication methods, and more particularly to polishing of 
device layers. 

BACKGROUND OF THE INVENTION 

[0002] Surface ?nishing in many arts may utiliZe polishing 
and/or planariZation. As used herein the term “polishing” 
shall include polishing and/or planariZation. Polishing is of 
particular importance in the manufacturing of semiconduc 
tor devices. The concentration of integrated circuit compo 
nents included on a semiconductor chip is continually 
increasing. Concentration may be increased by decreasing 
component siZe. As component siZe decreases, surfaces on 
Which components are formed should be increasingly 
smooth to produce desired component con?gurations and 
thereby reduce failure rates and increase product yield. 
Therefore, the effectiveness of polishing ?uids has signi? 
cant impact on the quality of integrated circuits produced. 

[0003] Semiconductor devices typically comprise mul 
tiple layers, throughout Which are incorporated integrated 
circuits. Integrated circuit features and components, Which 
may vary in height, are typically created by lithographic 
processes on each layer. Height variations contained on one 
layer may present themselves on subsequent layers creating 
nonplanar layer surfaces. Such surface irregularities may be 
problematic in lithographic processes used to form addi 
tional circuit components. Therefore, it is desirable to per 
form lithographic processes only on substantially smooth 
and planar surfaces. 

[0004] A typical semiconductor device fabrication litho 
graphic process includes depositing a radiation sensitive 
material or resist on a surface, exposing the resist to radia 
tion through a mask to transfer a desired pattern onto the 
surface, and developing the resist to reveal the exposed 
pattern. Typically, if a resist is deposited on an irregular 
surface, it Will have a corresponding irregularity. Such 
irregularities may cause variations in a depth of focus across 
the device so that pattern features may not be brought 
uniformly into sharp focus. If portions of the surface are not 
in focus, the pattern may not be accurately transferred. 

[0005] Additionally, surface irregularities may adversely 
affect device interconnect reliability because metal layers 
deposited over a surface irregularity may acquire unWanted 
con?gurations. These con?gurations may cause undesirable 
current croWding in metal layers. For the above reasons 
polishing is an important step in semiconductor device 
fabrication processes. 

[0006] Chemical-mechanical polishing (CMP) is a tech 
nique Widely used in the fabrication of semiconductor 
devices. CMP is performed by introducing a polishing ?uid 
or slurry betWeen a Workpiece surface and a polishing article 
and moving the article and device relative to one another. 
The slurry generally comprises abrasive particles Which may 
mechanically and chemically Wear doWn unWanted surface 
irregularities. Additional constituents chemically react With 

Nov. 1, 2001 

the Workpiece surface to smooth and planariZe it. Apolish 
ing article, such as a polishing pad may also mechanically 
Wear aWay surface irregularities. 

[0007] CMP reaction products may become imbedded in 
the surface Which is being polished, and may cause 
scratches, particle defects and impurities in surfaces. For 
example, during copper CMP, traces of copper and barrier 
metal may be seen in the oxide dielectric layer. Defects, 
scratches and impurities may reduce the reliability of the 
device. It is knoWn in the art to utiliZe chemical solutions 
such as hydro?uoric acid to clean a surface after CMP 
to reduce adverse effects of reaction products. Although 
generally helpful in removing reaction products, such solu 
tions may etch aWay a portion of the layer that Was polished. 
Additionally, planarity or smoothness may be degraded by 
such post-CMP processes because of step generations 
caused by dielectric oxide removal. Furthermore, solutions 
such as HF used in copper CMP may attack barrier ?lms 
causing localiZed corrosion in copper trenches. Therefore, it 
is desirable to develop a polishing ?uid and method that 
remove reaction products from the surface being polished 
Without damaging the polished layer. 

SUMMARY OF THE INVENTION 

[0008] The invention relates to a polishing ?uid and 
method for polishing particularly useful in the fabrication of 
semiconductor devices. Further disclosed is a semiconductor 
device and a method for fabricating a semiconductor device 
employing the polishing ?uid. 

[0009] The polishing ?uid comprises a distributed organic 
phase having a complexing agent and a continuous aqueous 
phase having abrasive particles dispersed therein. Reaction 
products generated during polishing interact With the com 
plexing agent to form organometallic complexes in the 
organic phase, thereby substantially removing them from the 
surface being polished. 

DESCRIPTION OF THE DIAGRAM 

[0010] A cross-sectional vieW of a semiconductor device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0011] It Will be appreciated that the folloWing description 
is intended to refer to speci?c embodiments of the invention 
selected for illustration and is not intended to de?ne or limit 
the invention, other than in the appended claims. 

[0012] The polishing ?uid of the invention comprises a 
distributed organic phase and a continuous aqueous phase. 
The organic phase is dispersed in the continuous aqueous 
phase resulting in an oil-in-Water type of emulsion useful, 
for example, as a CMP slurry. Advantageously the distrib 
uted organic phase contains one or more complexing agents 
Which, during polishing, interact With reaction products to 
form organometallic complexes. Reaction products are spe 
cies removed from the Workpiece surface during polishing 
such as, for example, tungsten, copper, aluminum, titanium, 
silicon tungstenoxide, copperoxide, titaniumoxide and sili 
conoxide. 

[0013] The general equation for the formation of the 
organometallic complexes is: 
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[0014] Where M+(aq) is a metal ion in the aqueous phase, 
R—OH is the complexing agent and M—OR is an organo 
metallic complex. 

[0015] The reaction products diffuse to an organic/Water 
interface. Upon entering the organic phase they react With 
the complexing agents to form organometallic complexes. 
Once organometallic complexes are formed they generally 
remain in the organic phase as polishing proceeds. There 
fore, by diffusion to the organic phase and subsequent 
formation of organometallic complexes, reaction products 
are substantially removed and maintained aWay from a 
Workpiece surface. Removing and maintaining metals aWay 
from the Workpiece surface substantially eliminates possible 
detrimental effects posed by continued polishing With a 
reaction product-containing slurry. 

[0016] A complexing agent may be any compound that 
Would react With metal ions in the organic phase to form 
organometallic complexes. Diethylene-triamine-penta 
acidic acid is generally an effective complexing agent for 
any metal. For copper applications bipyridine or ortho 
phenanthroline have been found to be particularly effective. 
8-hydroxy-quinoline may be used as a complexing agent and 
has been found to be particularly effective for slurries used 
to polish aluminum. Combinations of complexing agent may 
also be used. 

[0017] The organic phase may advantageously be regen 
erated and reused for emulsion formation. After the polish 
ing ?uid has been utiliZed, organometallic complexes are 
dissolved in the organic phase. The organometallic com 
plexes can be split from the organic phase to regenerate 
organic solvent. Regeneration may be performed by ion 
exchange or by dissolution in an acidic medium or any other 
method that strips the solvent of the organometallic com 
plexes. 

[0018] The aqueous phase contains abrasive particles 
Which may mechanically Wear aWay material from a Work 
piece being polished and may also react chemically With the 
surface material to further effect polishing. Abrasive par 
ticles preferably comprise about 5 Weight percent to about 
30 Weight percent of the polishing ?uid. Examples of 
abrasives include, but are not limited to, ceria, alumina, 
silica, magnesium oxide, and combinations thereof. These 
abrasives are particularly effective in chemical mechanical 
polishing of semiconductor device layers. 

[0019] The diameter of the abrasive particles is preferably 
in the range of about 10 nm to about 1000 nm, more 
preferably in the range of about 200 nm to about 500 nm and 
most preferably in the range of about 300 nm to about 400 
nm. Particles may be any shape, With the “diameter” denot 
ing roughly the longest dimensional line of the particle taken 
from one surface point to another, through the particle 
midpoint. If particles are too large, meaning greater than 
about 1100 nm, scratching of the surface being polished may 
occur. Additionally, removal rates may be too high and, 
therefore, difficult to control or limit, and polishing results 
may be less uniform. 

[0020] The Weight percent of solids contained in the slurry 
may affect polishing results. For example, too high a Weight 
percent of solids, generally greater than 50%, may cause 
scratching of the surface being polished, higher than desired 
removal rates or non-uniform polishing. Solids as used 
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herein refer to abrasives, salts such as for example NH4NO3, 
stabiliZers, abrasive agglomerates and any other component 
present in a solid phase. The percent solids is preferably in 
the range of about 20 Weight percent to about 50 Weight 
percent of the polishing ?uid. 

[0021] The organic phase may contain additives to attain 
a particular pH, the desired value of Which is dependent on 
the slurry application. Additives may also be used to alter 
reaction it characteristics to tailor the chemical potential 
gradient Which transports metal species across the aqueous 
phase. Other components that may enhance polishing or 
improve characteristics of the polishing ?uid, such as for 
example, to increase shelf life or polishing uniformity, may 
also be added to the organic phase. 

[0022] The aqueous phase may also include one or more 
of the folloWing constituents: oxidants, emulsion stabiliZers, 
surfactants, and acids or alkali components. Other compo 
nents that may enhance polishing or improve characteristics 
of the polishing ?uid may also be added to the aqueous 
phase. 

[0023] Oxidants may include, for example, NH4OH, 
NH4NO3, H2O2 or mixtures thereof. These components 
oxidiZe metal surfaces to enhance polishing. The oxides of 
metals such as for example, Ta, Ti, W and A1, are softer than 
the pure metal and, therefore, are more easily polished. For 
some metals, for example copper, oxidants also protect the 
surface from corrosion. An oxidiZed layer acts as a passiv 
iZation layer that protects the bulk metal from corrosion. In 
this manner CMP and oxidation may occur simultaneously. 

[0024] Emulsion stabiliZers keep phases substantially uni 
formly dispersed and protect the polishing ?uid from deg 
radation such as from fungal groWth. Emulsion stabiliZers 
may include, for example, sulfonates, but any emulsion 
stabiliZer that aids in substantially uniformly dispersing the 
phases or that protects against slurry degradation may be 
used, provided that its bene?ts do not outWeigh any negative 
effects on polished surfaces or to slurry polishing capabili 
ties. 

[0025] Surfactants may be utiliZed to aid in creating and 
maintaining the distributed phase Within the continuous 
phase. Surfactants comprise hydrophilic and hydrophobic 
groups alloWing them to attract both the distributed and 
continuous phases, thereby facilitating immiscibility. Sur 
factants may also improve the slurry’s ability to Wet the 
Workpiece or polishing article. Surfactants may include, but 
are not limited to, alkyl, benZyl, lauryl sulfonates or com 
binations thereof. 

[0026] Acids or alkali solutions may be added for pH 
control. The desired pH of the polishing ?uid depends on the 
type of surface being polished. For example, a pH in the 
range of about 2 to about 6 is preferable When polishing 
metals, Whereas a pH in the range of about 9 to about 13 is 
preferable When polishing dielectrics Which typically com 
prise oxides. Generally, in applications of the inventive 
slurry the pH is preferably betWeen about 2 and about 6 and 
more preferably betWeen about 3 and about 5. 

[0027] The ratio of the distributed phase to the continuous 
phase is preferably in the range of about 2:98 volume 
percent to about 50:50 volume percent of the polishing ?uid, 
and more preferably in the range of about 5:95 volume 
percent to about 40:60 volume percent. Volume percent of 
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the distributed phase to the continuous phase in excess of 
50:50 may result in reversal of the distributed and the 
continuous phases. Therefore, to ensure the integrity of the 
slurry system, the volume percent ratio should be main 
tained beloW 50:50. 

[0028] The invention further includes a semiconductor 
device and fabrication method Wherein at least some device 
layers are polished utilizing the polishing ?uid of the inven 
tion. Device performance and reliability is expected to be 
improved due to the removal of reaction products from 
surfaces during polishing steps. The removal of reaction 
products Will generally reduce scratching, alloW for 
smoother, more planar surfaces, and reduce interference of 
device functions by reaction products. 

[0029] The draWing depicts a schematic of a semiconduc 
tor device 200. Those skilled in the art Will understand that 
it shoWs a simpli?ed draWing of semiconductor device 200 
for illustrative purposes only. For example, an actual device 
may have layers of varying thicknesses and may contain 
other components. Semiconductor substrate 202 is covered 
by a ?rst dielectric layer 204. Above ?rst dielectric layer 204 
is a ?rst metal layer 206. Vias or interconnects 208, 210, 212 
and 214 penetrate layer 204 and conductively connect ?rst 
metal layer 206 to semiconductor substrate 202. First metal 
layer 206 is covered by second dielectric layer 216 Which 
contains vias 218, 220 and 222 to connect ?rst metal layer 
206 to a second metal layer 224. This layering sequence may 
be repeated as necessary as shoWn in part by layers 226 and 
228, and interconnects 232, 234 and 236. A top passivation 
layer 230 may be applied to protect device 200 from adverse 
electrical, chemical or other conditions, and to provide 
electrical stability. 

[0030] Semiconductor substrate 202 may comprise silicon 
for example. Common dielectrics include, but are not lim 
ited to, silicon oxides, such as boron phosphorous doped 
silicate glass (BPSG), tetraethylorthosilicate (TEOS) and 
silicon dioxide (SiOZ). Common metals include, for 
example, aluminum, copper and tungsten. In addition, to 
improve adherence betWeen metal and dielectric layers, thin 
layers may be introduced betWeen them. Titanium is com 
monly used for this purpose. Electronic circuitry is de?ned 
in the layers by a lithographic technique. 

[0031] In the lithographic process used to form the cir 
cuitry in device 200 a resist is deposited over a device layer. 
The resist is exposed by transmitting radiation through a 
mask or reticle onto the layer surface. The mask pattern 
de?nes the desired circuitry or other feature. The form of 
radiation used is dependent on the type of resist and other 
fabrication parameters. Any form of radiation that may 
expose the resist Without adverse effects to the Workpiece 
may be used. Common examples include, ultraviolet radia 
tion, electron beam radiation and x-rays. If a positive resist 
is used, the exposed areas Will be removed revealing the 
dielectric layer beloW. The dielectric layer may then be 
removed, for example by etching. Any technique that Will 
remove the exposed dielectric layer While leaving the resist 
covered portions intact may also be used. Negative resists 
may be used Wherein the exposed resist areas are left intact 
after exposure and the nonexposed areas are removed. For 
negative resist processes a mask is used that de?nes the 
spaces betWeen circuit components rather than the circuitry 
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itself Similar lithographic processes may also be employed 
to form the interconnects in the dielectric layers or other 
device features. 

[0032] Surfaces of some or all of the device layers may be 
polished during device 200 fabrication to create a substan 
tially smooth, planar surface for accurate transfer of circuit 
patterns and creation of circuit components, and to satisfac 
torily carry out other fabrication steps. At least some of the 
polishing may be carried out using the slurry and method 
described herein. Surfaces are polished by bringing a pol 
ishing article in at least partial contact With the surface. The 
polishing ?uid of the invention is introduced betWeen the 
semiconductor device surface being polished and a polishing 
article. The semiconductor device surface and polishing 
article are effectively moved in relation to one another. This 
may be accomplished by either moving the device or the 
polishing article in relation to a polishing apparatus or 
moving both the device and the polishing article in relation 
to one another. Once the layer is polished it can undergo 
further processes if necessary to fabricate the semiconductor 
device. 

What is claimed is: 
1. Apolishing ?uid comprising a distributed organic phase 

and a continuous aqueous phase, the distributed phase 
having at least one complexing agent, and the aqueous phase 
having abrasive particles dispersed therein, Wherein reaction 
products generated during polishing interact With the com 
plexing agent(s) to form organometallic complexes. 

2. The polishing ?uid of claim 1 wherein the complexing 
agent is selected from the group consisting of diethylene 
triamine-penta-acidic acid, bipyridine, orthophenanthroline, 
8-hydroxy-quinoline and a combination thereof. 

3. The polishing ?uid of claim 1 Wherein the aqueous 
phase further comprises one or more components selected 
from the group consisting of oxidants, surfactants and emul 
sion stabiliZers. 

4. The polishing ?uid of claim 3 Wherein the oxidant is 
selected from the group consisting of NH4OH, NH4NO3, 
H202 and a combination thereof. 

5. The polishing ?uid of claim 3 Wherein the emulsion 
stabiliZer is a sulfonate. 

6. The polishing ?uid of claim 3 Wherein the surfactant is 
selected from the group consisting of alkyl, benZyl, lauryl 
sulfonates and combinations thereof. 

7. The polishing ?uid of claim 1 Wherein the abrasive 
particles are selected from the group consisting of ceria, 
alumina, silica, magnesium oxide and combinations thereof. 

8. The polishing ?uid of claim 1 Wherein the ratio of the 
distributed phase to the continuous phase is about 2:98 
volume percent to about 50:50 volume percent of the 
polishing ?uid. 

9. The polishing ?uid of claim 1 Wherein the ratio of the 
distributed phase to the continuous phase is about 5:95 
volume percent to about 40:60 volume percent of the 
polishing ?uid. 

10. The polishing ?uid of claim 1 Wherein the pH of the 
polishing ?uid is in a range of about 2 to about 6. 

11. The polishing ?uid of claim 1 Wherein the pH of the 
polishing ?uid is in a range of about 3 to about 5. 

12. The polishing ?uid of claim 1 Wherein the abrasive 
particles comprise about 5 Weight percent to about 30 Weight 
percent of the polishing ?uid. 
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13. The polishing ?uid of claim 1 wherein the solids 
comprise about 20 Weight percent to about 50 Weight 
percent of the polishing ?uid. 

14. The polishing ?uid of claim 1 Wherein the diameter of 
the abrasive particles is in the range of about 1100 nm to 
about 1000 nm. 

15. The polishing ?uid of claim 1 Wherein the diameter of 
the abrasive particles is in the range of about 200 nm to 
about 500 nm. 

16. The polishing ?uid of claim 1 Wherein the diameter of 
the abrasive particles is in the range of about 300 nm to 
about 400 nm. 

17. A method for polishing a Workpiece comprising: 

introducing a polishing ?uid betWeen the Workpiece and 
a polishing implement; and 

effectively moving the polishing implement and the Work 
piece relative to one another; Wherein the polishing 
?uid comprises: 

a distributed organic phase and a continuous aqueous 
phase; 

the distributed phase having at least one complexing 
agent; and 

the aqueous phase having abrasive particles dispersed 
therein, Wherein reaction products generated during 
polishing interact With the complexing agent(s) to 
form organometallic complexes. 

18. The polishing method of claim 17 Wherein the com 
plexing agent is selected from the group consisting of 
diethylene-triamine-penta-acidic acid, bipyridine, ortho 
phenanthroline, 8-hydroxy-quinoline and a combination 
thereof 

19. The polishing method of claim 17 Wherein the aque 
ous phase further comprises one or more components 
selected from the group consisting of oxidants, surfactants 
and emulsion stabiliZers. 

20. The polishing method of claim 19 Wherein ,he oxidant 
is selected from the group consisting of NH4OH. NH4NO3, 
H202 and a combination thereof. 

21. The polishing method on claim 19 Wherein the emul 
sion stabiliZer is a sulfonate. 

22. The polishing method of claim 19 Wherein the abra 
sive particles are selected from the group consisting of ceria, 
alumina, silica and magnesium oxide. 

23. The polishing method of claim 17 further comprising 
regenerating the organic phase. 

24. The polishing ?uid of claim 23 Wherein the organic 
phase is regenerated by ion exchange. 

25. The polishing ?uid of claim 23 Wherein the organic 
phase is regenerated by dissolution in an acidic medium. 

26. The polishing method of claim 17 Wherein the ratio of 
the distributed phase to the continuous phase is about 2:98 
volume percent to about 50:50 volume percent of the 
polishing ?uid. 

27. The polishing method of claim 17 Wherein the ratio of 
the distributed phase to the continuous phase is about 5:95 
volume percent to about 40:60 volume percent of the 
polishing ?uid. 
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28. The polishing method of claim 17 Wherein the pH of 
the polishing ?uid is in a range of about 2 to about 6. 

29. The polishing method of claim 17 Wherein the pH of 
the polishing ?uid is in a range of about 3 to about 5. 

30. The polishing method of claim 17 Wherein the abra 
sive particles comprise about 5 Weight percent to about 30 
Weight percent of the polishing ?uid. 

31. The polishing method of claim 17 Wherein the solids 
comprise about 20 Weight percent to about 50 Weight 
percent of the polishing ?uid. 

32. The polishing method of claim 17 Wherein the diam 
eter of the abrasive particles is in the range of about 100 nm 
to about 1000 nm. 

33. The polishing method of claim 17 Wherein the diam 
eter of the abrasive particles is in the range of about 200 nm 
to about 500 nm. 

34. The polishing method of claim 17 Wherein the diam 
eter of the abrasive particles is in the range of about 300 nm 
to about 400 nm. 

35. A method for fabricating a semiconductor device, the 
semiconductor device comprising one or more layers, the 
layer(s) having an integrated circuit disposed therein, 
Wherein the method comprises polishing a surface of at least 
one of the layers by: 

introducing a polishing ?uid betWeen the surface and a 
polishing article; and 

effectively moving the device surface and the polishing 
article With respect to one another, 

Wherein the polishing ?uid comprises a distributed 
organic phase and a continuous aqueous phase, the 
distributed phase having at least one complexing agent, 
and the aqueous phase having abrasive particles dis 
persed therein, Wherein reaction products generated 
during polishing interact With the complexing agent(s) 
to form organometallic complexes. 

36. A semiconductor device comprising one or more 
layers, the layer(s) having an integrated circuit disposed 
therein, Wherein a surface of at least one of the layers is 
polished by: 

introducing a polishing ?uid betWeen the surface and a 
polishing article; and 

effectively moving the device surface and the polishing 
article With respect to one another, 

Wherein the polishing ?uid comprises a distributed 
organic phase and a continuous aqueous phase, the 
distributed phase having at least one complexing agent, 
and the aqueous phase having abrasive particles dis 
persed therein, Wherein reaction products generated 
during polishing interact With the complexing agent(s) 
to form organometallic complexes. 


