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ABSTRACT 

A system and method for semiconductor processing using 
magnetorheological ?nishing (MRF) includes polishing of 
semiconductor substrates, ceramic bodies and glass lithog 
raphy masks, to a high degree of ?atness by the abrasive 
action of a magnetorheological ?uid ?oWing in a magnetic 
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SEMICONDUCTOR SUBSTRATE AND 
LITHOGRAPHIC MASK PROCESSING 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of provisional 
application Serial No. 60/255,040 ?led Dec. 11, 2000. 

FIELD OF THE INVENTION 

[0002] This invention relates, generally, to polishing sys 
tems and methods to obtain a substantially ?at surface 
pro?le and, more particularly, to polishing systems and 
processes using Magnetorheological ?nishing, MRF. 

BACKGROUND OF THE INVENTION 

[0003] The increasing need to form planar surfaces in 
semiconductor device fabrication has led to the development 
of process technology knoWn as chemical-mechanical-pol 
ishing (CMP). In the CMP process, semiconductor sub 
strates are rotated against a polishing pad in the presence of 
a chemical slurry. As each substrate is rotated against the 
polishing pad, the force of the polishing pad in conjunction 
With the action of the polishing slurry polishes aWay the 
surface of the substrate. In the slurry, chemical compounds 
undergo a chemical reaction With the semiconductor sub 
strate to enhance the rate of removal. 

[0004] A common requirement of all CMP processes is 
that the substrate be uniformly polished. Uniform polishing 
can be dif?cult because, typically, there is a strong depen 
dence of the polish removal rate on localiZed variations in 
the surface topography of the substrate. For example, the 
polishing rate at the center of substrate may differ from the 
polishing rate at the edge of the substrate. Uniform polishing 
of the entire surface of the substrate is important, because 
semiconductor manufacturers seek to use as much of each 
substrate as possible in order to maximiZe the number of 
integrated circuit devices, IC devices, that can be built on a 
useable area of the surface of each substrate. 

[0005] The useable area of a semiconductor substrate is 
reduced by an unusable region along an edge of the sub 
strate, at a perimeter of the surface, referred to as the edge 
exclusion area. Prior to the invention, the edge exclusion 
area Was 2 mm-3 mm Wide, as measured diametrically from 
the perimeter of the substrate surface. The edge exclusion 
area de?nes a boundary or perimeter that encircles the 
useable area available for fabrication of IC devices thereon. 
The useable area is knoWn as the FQA, ?atness quality area, 
Which is manufactured by polishing a major surface of a bare 
silicon Wafer to provide a ?at planar surface on the Wafer, 
folloWed by, successive layers of materials that are deposited 
onto the surface of the Wafer, constructed With a damascene 
architecture of circuit interconnects and conducting vias, 
and then planariZed by respective CMP operations. The 
planariZed layers of damascene architecture are of nonuni 
form planarity or ?atness, particularly at the unusable edge 
region of the substrate, Which contributes further to the edge 
exclusion area. There has been a need to reduce the edge 
exclusion area, Which Would increase the FQA on the Wafer 
for supporting an increased number of manufactured IC 
devices. 

[0006] The unusable edge region along the edge of a 
substrate surface is partly due to nonuniform edge polishing 
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of the cylindrical perimeter of a bare silicon Wafer, further 
referred to as, a silicon substrate or semiconductor substrate. 
Prior to the invention, edge polishing Was a time consuming 
process, since the edge regions on both sides of a bare silicon 
Wafer must be polished, one side at a time. 

[0007] Further, the unusable edge regions along the edge 
of a substrate is partly due to nonuniform polishing of a 
surface of the silicon Wafer in preparation for manufacture 
of IC devices thereon. First, the surface of the Wafer under 
goes a rough polishing operation. Rough polishing intends 
to provide the Wafer surface With a desired global planarity 
or global ?atness. HoWever, as disclosed by FIG. 1, such 
rough polishing causes an edge effect, on an edge region at 
the perimeter of a major surface 1 of the Wafer 2, that is 
disclosed as a roll off 3. IC devices can not be fabricated on 
the roll off 3, because the roll off 3 is not ?at and coplanar 
With the central region of the surface 1, and further, the roll 
off 3 extends beloW the elevation of the central region of the 
surface 1. It Would be desirable to loWer the surface 1 to a 
loWer elevation While maintaining its desired planarity, thus, 
substantially removing the roll off 3, and desirably increas 
ing the total useable area of the surface 1 on Which IC 
devices can be fabricated. 

[0008] The roll off 3 contributes to the unusable edge 
region along an edge of the substrate. During fabrication of 
multilayer circuit interconnects and conducting vias for IC 
devices, successive layers of materials are deposited onto the 
prepared surface 1 of the Wafer 2. The materials Which 
deposit onto the roll off 3, are unusable. Further, the cumu 
lative build up of the successive layers on the roll off 3 
increase the prominence of the roll off 3. 

[0009] After rough polishing, the Wafer 2 is subjected to 
an intermediate step of polishing that provides a useable area 
of the surface 1 With a desired local ?atness and nanoto 
pography. Nanotopography is expressed by, a manufacturing 
speci?cation of nanometer scale surface height variations of 
the surface 1 Within a unit distance of millimeter scale. The 
intermediate step of polishing improves the smoothness or 
texture of the surface 1. Further, the intermediate step of 
polishing, prior to the invention, Was capable of introducing 
further roll off, enhanced dopant striations and a degraded 
global ?atness that Was obtained by the previous rough 
polishing operation. 
[0010] The Wafer 2 undergoes a ?nal step of polishing, 
Which further improves the smoothness of the surface 1 in 
conformance With a manufacturing speci?cation of Ang 
strom scale RMS roughness of the surface 1 Within a unit 
distance of millimeter scale. The appearance of the surface 
1 changes from a haZe covered surface 1 to a surface 1 that 
is smooth, planar and haZe free With a re?ective ?nish. 

[0011] Other devices and materials, such as ceramic bod 
ies for use as magnetic heads and glass reticles used in 
lithography are also subject to non-uniform polishing, so as 
to have a similar edge effect as that illustrated in FIG. 1. The 
performance of magnetic heads and glass reticles is reduced 
due to the edge effect from CMP processing. For example, 
optical distortion, refraction and other deleterious optical 
effects can be encountered by a glass reticle because of 
non-uniform ?atness near the edge of the exposure ?eld of 
the reticle. 

[0012] Magnetorheological Finishing (MRF) has been 
recently developed for shaping optical components to mea 
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surement levels Well below the capabilities of current meth 
ods (e.g., lapping, grinding, polishing). Some of the major 
advantages of an MRF system include: less than 50 nm (0.5 
microns) peak-to-valley ?atness capability, conformal pol 
ishing media, and deterministic polishing on a variety of 
materials. FIGS. 5 and 6 illustrate the 

[0013] An MRF system is a computer numerically con 
trolled (CNC) polishing tool that can be used to remove 
sub-surface damage and improve surface features on a 
variety of materials. MRF systems are described in, for 
example, US. Pat. Nos. 5,616,066 and 5,971,835 and 6,106, 
380, Which are incorporated by reference herein. 

[0014] The MRF system is designed to improve the shape 
of a previously polished Workpiece to metrology levels of 
measurement Well beloW the capabilities of current methods, 
such as lapping, grinding and polishing. The polishing 
media includes a magnetorheological ?uid for MRF that 
mimics a ?xed abrasive polishing pad as it comes in contact 
With the Workpiece. The MRF system incorporates the ?oW 
of a polishing ?uid onto a substrate to be polished. The 
substrate and polishing ?uid are positioned Within a mag 
netic ?eld having a form ?eld shaped by mathematical 
modeling. The ?uid contains a slurry of abrasive particles 
and ferromagnetic particles, Which are aligned by the mag 
netic ?eld. 

SUMMARY OF THE INVENTION 

[0015] Many of the MRF bene?ts to the optics industry 
can be applied to the ?atness processing of bare silicon 
Wafers in the semiconductor industry. According to the 
invention an optimiZed MRF system for polishing bare 
silicon Wafers can signi?cantly reduce defects of global 
?atness scale and defects of site ?atness scale, reduce edge 
polishing cycle time, and can planariZe and polish the 
surface 1. Additionally, MRF technology can be applied to 
the polishing of appliances, such as glass reticles and blank 
glass masks, and ceramic magnetic heads, to provide uni 
form ?atness across the entire Working surface of appliance. 

[0016] According to an embodiment of the invention, a 
process for shaping a semiconductor Wafer comprises; posi 
tioning a silicon Wafer having a surface in a ?xturing device; 
contacting the surface With a magnetorheological ?uid in the 
presence of a magnetic ?eld; and shaping the surface of the 
silicon Wafer to a predetermined degree of ?atness. 

[0017] According to another embodiment of the invention, 
a process for shaping a perimeter surface of a semiconductor 
Wafer comprises; positioning a silicon Wafer having a perim 
eter surface in a ?xturing device, Wherein the Wafer has 
opposing surfaces; contacting at least the perimeter surface 
of the silicon Wafer With a magnetorheological ?uid in the 
presence of a magnetic ?eld; and simultaneously shaping the 
opposing surfaces and the perimeter surface to a predeter 
mined degree of ?atness. 

[0018] According to another embodiment of the invention, 
an MRF system is used to polish a surface of a bare silicon 
Wafer, While maintaining its desired planarity, to substan 
tially remove its roll off, and desirably increase the FQA on 
Which IC devices can be fabricated. 

[0019] Embodiments of the invention Will noW be 
described by Way of example With reference to the accom 
panying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 illustrates a partial cross-sectional vieW of 
a semiconductor substrate in the form of a rough polished 
Wafer, for example, a Wafer of silicon; 

[0021] FIG. 2 is a schematic diagram of an edge polishing 
technique in accordance With the invention; 

[0022] FIG. 3 illustrates experimental results for polishing 
a glass substrate carried out in accordance With the invention 
using an MRF system; 

[0023] FIG. 4 illustrates experimental results obtained 
subsequent to the invention by using an MRF system for 
polishing a semiconductor substrate; 

[0024] FIG. 5 illustrates experimental results for polishing 
an amorphous glass substrate carried out in accordance With 
the invention using an MRF system; and 

[0025] FIG. 6 illustrates experimental results for polishing 
a crystalline glass substrate carried out in accordance With 
the invention using an MRF system. 

DETAILED DESCRIPTION 

[0026] In accordance With one embodiment of the inven 
tion, a semiconductor Wafer 2 is shaped to a ?atness of 
surface 1 substantially the same degree as that of a glass 
substrate using an MRF system. High end, prime silicon 
manufacturers are capable of consistently producing 200 
mm Wafers With global and site ?atness levels to 0.50 pm 
and 0.20 gm, respectively. A typical site siZe is 25x25 mm. 
In contrast to CMP processing, an MRF system is capable of 
achieving less than about 0.05 pm global ?atness, With even 
loWer site ?atness. To carry out the process, a Wafer ?xturing 
device is attached to the MRF system. The method used to 
hold or ?x a Wafer 2 during any polishing or ?nishing step 
is critical to achieve the desired shape or ?nish. In accor 
dance With the invention, a ?xturing device that can be used 
for positioning a semiconductor substrate or Wafer 2 in an 
MRF system includes, a vacuum plate (grooved or porous 
plate, ceramic or metal), an electrostatic chuck, a clamp 
mount, a template assembly mount and the like. Also, a 
semiconductor substrate or Wafer 2 can be Wax mounted to 
an appropriate support surface. An MRF process is then 
carried out to form a uniformly ?at surface across the entire 
surface of the substrate or Wafer 2. 

[0027] The process includes, positioning a substrate or 
Wafer 2 having a surface in a ?xturing device and contacting 
the surface 1 With a magnetorheological ?uid in the presence 
of a magnetic ?eld. The magnetorheological ?uid imparts 
abrasive action on the Wafer 2 by ?oWing in the magnetic 
?eld, such that relative motion of the surface 1 and the ?uid 
polishes and shapes the surface 1 With a predetermined site 
?atness having a nanometer scale topography. Conveying 
successive portions of the surface 1 in contact With the ?uid 
distributes the polishing and shaping operations onto suc 
cessive portions of the surface 1. Alternatively, the entire 
surface 1 to be polished is in contact With the ?uid. The ?uid 
is subjected to a magnetic ?eld having a form ?eld that is 
mathematically con?gured to conform the ?uid While the 
?uid polishes and shapes the surface 1 being polished. 

[0028] In an embodiment of the invention, an MRF system 
is used to edge polish a bare silicon Wafer 2, simultaneously 
polishing a cylindrical perimeter surface 4 and the edge 
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regional areas on opposing surfaces, including the surface 1, 
on respective sides of the bare silicon Wafer 2, Which 
reduces the manufacturing time for attaining an edge pol 
ished silicon Wafer 2, as Well as, increases the FQA by 
minimization of the edge effect due to edge polishing. 
Further, a bare silicon Wafer 2 that has been edge polished 
by MRF has a perimeter surface 4 of increased strength to 
resist breaking off of fragments of particulate material. 
Further, the surface 4 has a smooth polished ?nish to reduce 
contamination-related defects. The conformal polishing 
media in an MRF system is used to polish the complete 
substrate edge (both sides and the perimeter surface 4) at one 
time With good ?nishing control. 

[0029] As disclosed by FIG. 2, according to an embodi 
ment of the invention, a bare silicon Wafer 2, i.e. semicon 
ductor substrate, is positioned With the cylindrical perimeter 
surface 4 and the adjoining, edge regions on opposing 
surfaces on the Wafer 2 being contacted by a magnetorheo 
logical ?uid during an MRF process. By simultaneously 
polishing the edge regions on opposing surfaces and the 
perimeter surface 4 of the Wafer 2, the entire edge of the 
substrate or Wafer 2 is polished at a controlled material 
removal rate, With a minimiZed manufacturing time dura 
tion. The Wafer 2 is rotated about its central axis to convey 
successive portions of the Wafer 2 into contact With the ?uid, 
Which distributes the polishing and ?attening operations 
over the successive portions of the Wafer 2. Alternatively, the 
entire periphery of the Wafer 2 can be immersed in contact 
With the ?uid, While conforming the ?uid by a magnetic ?eld 
that is mathematically shaped to polish and conform the 
perimeter surface 4 and the edge regions that are polished by 
the MRF system. 

[0030] According to an embodiment of the invention, an 
MRF system is used to edge polish a bare silicon Wafer 2, 
simultaneously polishing the cylindrical perimeter surface 4 
and the edge regional areas on the surfaces 1 on both sides 
of the bare silicon Wafer 2, Which reduces the manufacturing 
time for attaining an edge polished silicon Wafer 2. 

[0031] In accordance With another embodiment of the 
invention, an MRF system and operation supplements the 
rough polish operation by replacing the intermediate polish 
operation used prior to the invention to prepare a bare silicon 
Wafer 2 for manufacture of IC devices thereon. Prior to the 
invention, the intermediate polishing operation tended to 
produce a surface 1 With Waviness, ripples or undulations 
having spatial Wavelengths ranging from about 0.5 mm to 
about 20 mm, Which comprise nanometer scale Waviness 
detrimental to the desired smoothness of the FQA of the 
surface 1 on Which IC devices are manufactured. The MRF 
operation in place of the intermediate polishing operation 
does not introduce nanometer scale defects in the surface 1 
in the form of Waviness, and, instead, smoothes the surface 
1 by minimiZing nanometer scale Waviness. Further, the 
MRF operation in place of the intermediate polishing opera 
tion substantially eliminates roll off 3, and improves the site 
?atness of the surface 1. By substantially eliminating the roll 
off 3, the FQA is maximiZed to increase the number of IC 
devices that can be manufactured on the surface 1. The MRF 
operation increases the FQA of the surface 1 substantially to 
as near the perimeter surface 4 of the Wafer 2 as can be 
measured by existing metrology, for example, by capaci 
tance gauge metrology. Improving the site ?atness, as mea 
sured by standard site ?atness metrology, reduces the occur 
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rence of nonplanar or rough surface areas, thus improving 
the yield of IC devices. As a further bene?t, the MRF 
operation leaves a surface texture of nanometer scale height 
variations that tailors the surface 1 for removal of the surface 
texture to a smooth ?nish by a ?nal polishing operation. 

[0032] Based on the experimental data using a glass 
sample described beloW, and shoWn in FIG. 3, the MRF 
system bene?ts a semiconductor substrate polishing process 
by replacing the traditional intermediate polishing operation 
With an MRF ?attening operation that does not create or 
enhance nanotopography surface features in the substrate. 

[0033] In accordance With a further embodiment of the 
invention, the ?atness of a semiconductor substrate or Wafer 
1 is improved using the MRF system to shape a substrate 
carrier plate (polishing plate) of apparatus for performing 
rough polishing of a Wafer 2, to compensate for the shape 
induced during a typical rough polishing process. The pol 
ishing plate is typically made of a ceramic or metal material. 
In accordance With the invention, an MRF system is pro 
grammed to shape the carrier plate to match the desired 
substrate shape. This technique can be used With Wax or 
free-mount (template assembly) ?xturing. 

[0034] In accordance With a still further embodiment of 
the invention, an MRF system is used to polish large glass 
sample materials, such as blank lithographic masks, and in 
particular lithographic masks used in ultra-violet (UV) 
lithography, to extremely ?at tolerances. Re?ective masks, 
such as those used for enhanced extreme Ultra-Violet (EUV) 
lithography must meet a much higher standard of ?atness 
than conventional transmissive masks. In a preferred 
embodiment, a blank glass mask is polished to a TIR 
measurement, i.e. a peak to valley ?atness of no more than 
about 0.050 pm. In comparison, conventional grinding, 
shaping, and polishing systems Will not meet this standard, 
Which typically provides about a TIR measurement of ?at 
ness on the order of about 500 nm. In accordance With the 
invention, using an MRF system, a blank glass mask can be 
prepared having a satisfactory Angstrom scale surface 
roughness. An additional bene?t of glass mask processing 
using an MRF system is that the surface can remain free of 
polishing induced defects, Which Will result in feWer defects 
in subsequent coatings applied to the mask. 

EXAMPLE 1 

[0035] A glass sample Was pre-measured for ?atness, 
polished, and post-measured using a Q22 MRF system 
commercially available from QED Technologies, Rochester, 
NeW York, and a Zygo GPI interferometer. The glass sample 
Was placed in the system, and a polish site siZe of about 100 
mm diameter Was polished for about 30 minutes. 

[0036] The results from the test are illustrated in FIG. 3. 
From left to right, the plots of FIG. 3 shoW the pre-polish 
?atness, the computer predicted values, and the actual 
post-polish ?atness. Based on the data the folloWing con 
clusions can be made: (1) the peak-to-valley ?atness Was 
reduced from the original value of about 1.01 pm to about 
0.14 pm; (2) the RMS measurement of ?atness Was reduced 
from the original value of about 0.214 pm to about 0.020 pm. 

EXAMPLE 2 

[0037] A sample of amorphous glass Was rough step 
polished and Was measured by apparatus, similarly as Was 
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the glass sample of EXAMPLE 1. As shown in FIG. 5, 
following rough step polish, the sample had a peak to valley 
?atness, PV=0.243 pm. The sample Was polished by an 
MRF system Which improved the peak to valley ?atness, 
PV=0.044 pm. 

EXAMPLE 3 

[0038] A sample of crystalline glass Was rough step pol 
ished and Was measured by apparatus, similarly as Was the 
glass sample of EXAMPLE 1. As shoWn in FIG. 6, folloW 
ing rough step polish, the sample had a peak to valley 
?atness, PV=0.913 pm. The sample Was polished by an 
MRF system Which improved the peak to valley ?atness, 
PV=0.044 pm. 

[0039] According to the invention an MRF system is used 
to polish a surface of a bare silicon Wafer, While maintaining 
its desired planarity, to substantially remove its roll off, and 
desirably increase the FQA on Which IC devices can be 
fabricated. 

[0040] Although an embodiment of the invention is dis 
closed herein, other embodiments and modi?cations are 
intended to be covered by the spirit and scope of the 
appended claims. 

What is claimed is: 
1. Aprocess for shaping a semiconductor Wafer compris 

ing: 
positioning a silicon Wafer having a surface in a ?Xturing 

device; 
contacting the surface With a magnetorheological ?uid in 

the presence of a magnetic ?eld; and 

shaping the surface of the silicon Wafer to a predeter 
mined degree of ?atness. 

2. The process of claim 1, Wherein positioning a silicon 
Wafer having a surface in a ?Xturing device comprises 
positioning a silicon Wafer in a vacuum stage, an electro 
static chuck, a clamp mount, a template assembly mount and 
a Wax mount stage. 

3. The process of claim 1, Wherein positioning a silicon 
Wafer comprises positioning a prime silicon Wafer. 

4. The process of claim 1, Wherein shaping the surface of 
the silicon Wafer comprises ?attening the surface to a peak 
to valley ?atness of less than about 0.05 micrometers. 

5. A process for shaping a perimeter surface of a semi 
conductor Wafer comprising: 

positioning a silicon Wafer having a perimeter surface in 
a ?Xturing device, 

Wherein the Wafer has opposing surfaces; 

contacting at least the perimeter surface of the silicon 
Wafer With a magnetorheological ?uid in the presence 
of a magnetic ?eld; and 

simultaneously shaping the opposing surfaces and the 
perimeter surface to a predetermined degree of ?atness. 

6. The process of claim 5, Wherein simultaneously shap 
ing the opposing surfaces of the perimeter surface comprises 
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rotating at least the perimeter surface of the silicon Wafer 
through the magnetorheological ?uid in the presence of the 
magnetic ?eld. 

7. A process for preparing a substrate comprising: 

rough polishing a surface of the substrate using an abra 
sive polishing agent to create a spatial Wavelength in 
the surface of the substrate; 

positioning the substrate in a ?Xturing device; 

contacting the surface With a magnetorheological ?uid in 
the presence of a magnetic ?eld; and 

shaping the surface to a predetermined degree of ?atness, 
such that the spatial Wavelength of the surface is 
substantially preserved. 

8. The process of claim 7, Wherein positioning a silicon 
Wafer having a surface in a ?Xturing device comprises 
positioning a silicon Wafer in a vacuum plate, an electro 
static chuck, a clamp mount, a template assembly mount and 
a Wax mount stage. 

9. The process of claim 7, Wherein the process for 
preparing a substrate comprises preparing a substrate 
selected from the group consisting of a semiconductor 
substrate, a glass substrate, and a ceramic substrate. 

10. A process for shaping a substrate carrier plate com 
prising: 

positioning a substrate carrier plate having a Workpiece 
surface in a ?Xturing device; 

contacting the Workpiece surface With a magnetorheologi 
cal ?uid in the presence of a magnetic ?eld; and 

shaping the Workpiece surface to a predetermined degree 
of ?atness. 

11. The process of claim 10, Wherein shaping the Work 
piece surface comprises shaping the Workpiece surface to 
substantially match the surface of a substrate to be placed on 
the Workpiece surface prior to carrying out a polishing 
process. 

12. The process of claim 11, Wherein positioning a 
substrate carrier plate having a Workpiece surface in a 
?Xturing device comprises positioning the substrate carrier 
plate in a ?Xturing device selected from the group consisting 
of a template assembly mount and a Wax mount stage. 

13. A process for a glass lithographic mask comprising: 

positioning a glass lithographic mask having a surface in 
a ?Xturing device; 

contacting the surface With a magnetorheological ?uid in 
the presence of a magnetic ?eld; and 

shaping the surface of the glass lithographic mask to a 
predetermined degree of ?atness. 

14. The process of claim 13, Wherein positioning a glass 
lithographic mask comprises positioning an ultra-violet 
lithographic mask. 

15. The process of claim 13, Wherein shaping the surface 
of the glass lithographic mask comprises shaping the surface 
to a peak to valley ?atness of no more than about 0.05 
micrometers. 


