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1. Abstract 
This report is a continuation of our assessment of the finishing of low thermal expansion 

material wafers obtained through three different commercial pathways. 
This quarter we have patterned and printed a ULE@ wafer (Rode1 1) and saw no difference 

between its images and those from silicon wafer substrates. This further demonstrated that ULE@ can 
be used as the EUVL mask substrate material. 

We have also evaluated substrates produced by three vendors: Hoya, General Optics, and 
Rodel. Consistent with our results reported last quarter, surface roughness of the bare substrates from 
all three companies does not depend on the position. For Hoya, the wafers it produced had a low 
roughness than those from last quarter. However, the cleanliness of the wafers needs to be improved. 
For General Optics, the wafer roughness has increased, and it was only able to deliver one wafer this 
quarter. General Optics will be replaced by Schott ML next quarter. For Rodel, one of its wafers 
(Rode1 1) that had been cleaned in-house showed excellent finishing and was selected to be patterned. 
We also observed that the sleeks on the substrates were smoothed by the ML coating. The other two 
Rode1 wafers (Rode1 2 and Rode1 4) had too many defects and the roughness values derived from 
AFM are not reliable. 
2. Introduction 

EUVL is a leading candidate to be the Next Generation Lithography (NGL) currently 
proposed to be inserted at the 70nm node. One of the key differences between EUVL and 
conventional optical lithography is that EUVL employs light that is 13.4nm in wavelength. Since the 
EUVL mask is reflective and coated with Mo/Si multilayers (ML), its requirements and properties are 
have significant differences from today’s photomask. Silicon wafers are used as the mask substrates 
for development purposes down to the 1OOnm node for their low defect levels and low roughness. 
Silicon, however, has a high thermal expansion coefficient that would cause an image placement 
distortion that exceeds the overlay-error budget allocated for the 70nm node and beyond. Hence, a 
Low-Thermal-Expansion Material (LTEM) will be required. Presently, the low-expansion-mask 
substrates are produced in the shape of a standard 200mm silicon wafer with a notch to minimize the 
cost for changing our infrastructure. However, a 152mm-square and 6.35rnm-thick photomask 

Figure 1. The three commercial paths for obtaining low-expansion mask substrates. 



format will likely be adopted as the SEMI standard for production-class EUVL tools. The substrates 
evaluated in this report were all 200mm wafers. 

Three commercial pathways for producing EUVL mask substrates are through a photomask 
supplier (Hoya), a super-polishing vendor (General Optics), and a CMP vendor (Rodel). We 
evaluated two wafers from Hoya, one from General Optics (GO), and three from Rodel. After these 
wafers were delivered, they were sent to an EUV LLC member company to be cleaned by distilled 
water with megasonic agitation and to receive a back-coating of Cr (for electrostatic chucking during 
ML-deposition). The wafers were then sent to Lawrence Livermore National Laboratory (LNLL), 
where they were inspected by AFM, coated with 41% bilayers of Mo/Si, and reinspected by AIM. 
They were then sent to the Advanced Light Source (ALS) at Lawrence Berkeley National Laboratory 
to check for EUV reflectance. The reflectance spectrum of the sample was taken at the center of the 
sample. One of the wafers (Rode1 1) was chosen to be patterned and printed (details in section 4.1). 

The EUV LLC/VNL infrastructure was converted from the 150mm wafer to the 200mm wafer 
format this quarter. The larger substrate presents an even greater challenge to our vendors, who have 
also been encouraged to vary their polishing parameters to optimize the finishing results. Thus this 
quarter’s substrates have a larger variance in roughness than those reported in the last quarter. 

Cleaning remains a challenge to the fabrication mask substrates. Although all six wafers were 
cleaned with distilled water and megasonic agitation, there were still too many defects to be measured 
by our light scattering tools (KLA-Tencor SP-1 and ADE Constellation) after a 70nm silicon coating. 
In the AFM scans of the four wafers that had not undergone thorough cleaning immediately after 
finishing (Hoya3, Hoya 4, Rode1 3 and Rode1 4), we still saw numerous defects even on a 1Opm by 
10pm scan of the AFM. The two wafers where the AFM observed no defects (GO 1 and Rode1 1) 
had been cleaned by the vendor in-house immediately after finishing. We 
cleaning was ineffective because the wafers had been allowed to dry before. 

3. Data analysis 

believe our megasonic 

The AFM data were collected by a DI 7000 located in a class-100 cleanroom at Lawrence 
Livermore National Laboratory (LLNL). The nominal sensitivity of the instrument for measuring 
surface roughness is 0.06-0.07nm rms. In the roughness calculation, most of the features that should 
be classified as defects were excluded. This is represented on the image by rectangular boxes with an 
‘lx” in the middle. The roughness value calculated from each AFM topograph is listed in Table 2 on 
p. 8. 

Each wafer was scanned in two areas: the center and 80mm from center (Fig.2). For each 
area, two AFM scans of lOl.trn and lpm were carried out, representing Mid Spatial Frequency 
Roughness (MSFR) and High Spatial Frequency Roughness (HSFR). The two regimes of roughness 
have different functional impact on lithography. MSFR leads to small angle scattering and may result 
in speckle, whereas HSFR scatters light out of the pupil and leads to a loss of effective multilayer 
reflectivity. The current mask substrate requirements for MSFR and HSFR are 0.20 and 0.15nm rms 
(updated 9/99), respectively. Consistent with our last report, we observed no finishing uniformity 
dependence on position for any of our substrates. 



Figure 2. The two scanned areas of each 
wafer. 

We will not be reporting the defect counts 
in this report. Our original plan was for the 
wafers to be coated with about 70nm of ion- 
sputtered silicon (at room temperature) and 
inspected with our KLA-Tencor light scattering 
tool. However, the number of defects was so 
large that it overwhelmed the buffer of the 
inspection tools (>32,000 defects). Furthermore, 
we ran the risk of contaminating the inspection 
tools which are an integral part of the low-defect 
mask blank production. Wafer cleaning will be 
key area of development for the next calendar 
year (to be addressed in the summary section). 

The ML coating was carried out at the Ion 
Beam Sputtering Deposition (IBSD) tool located 
at Lawrence Livermore National Laboratory. 
Forty-one and a half Mo/Si ML were deposited 
onto the ULE substrates by ion sputtering. The mask blanks were sent to the Advanced Light Source 
(ALS) at Lawrence Berkeley National Laboratory for wavelength qualification. 

For the printing demonstration, “Rode1 1” was chosen as the mask blank to be patterned and 
printed because it had the lowest roughness and lowest defect count. The details of the printing will 
be discussed in section 3.2. 
3.1.1 Hoya 

The AFM topographs of the Hoya-lapped wafers are shown in Figures H in the appendix. The 
roughness data derived from those topographs are listed in Table 2. The average MSFR of the 
uncoated wafers (0.34nm rms) is similar to that of the two wafers from last quarter (0.35nm rms), but 
the HSFR has significantly improved from 0.35 to 0.28 nm rms. 

Distinct defects were observed on both Hoya 3 and Hoya 4 wafers, but we do not believe they 
are uncorrectable problems. Both wafers were polished with colloidal silica but under slightly 
different conditions. On Hoya 3, the slurries have agglomerated into discrete islands. These islands 

I on Hoya 3 are approximately 200-400nm wide and 20-33nm high. We believe these is!snds formed 
because the slurries were exposed to the incorrect pH environment either during polishing or during 
cleaning, and this will be corrected in the future. On Hoya 4, we observe on both 1Opm scans 
semicircular streaks with radius of about 8pm. The height of these sleeks is about 5nm on Fig. 
H.4.0.10 and 2nm on Fig. H.4.80.10. These streaks have not been observed on other polished 
samples before and their origin is unclear. We do not believe they are reproducible events but will 
continue to monitor their reappearance in Hoya’s future samples. 

At Hoya Optics, no semiconductor-class cleaning tool was used. The substrates were dried 
and then sent to an EUV LLC company for cleaning with a semiconductor-class cleaning tool 
(distilled water and megasonic agitation) before being scanned with an AFM. The rudimentary 
cleaning immediately after finishing did not remove a significant number of defects. Once these 
defects were allowed to dry they became even more difficult to remove. 

After ML-coating the surfaces of the wafers undergo significant changes. The AFM scan of 
the center area of Hoya 3 after coating (Fig. MH.3.0.10) shows that the underlying defects have 
caused ridges on the mulitlayer surfaces. These ridges range from 3-12nm in height and lOO-700nm 
in width. This is consistent with observations by P. Mirkarmi that smoothing occurs on high aspect 



ratio defects such as gold sphere of -5Onm in size, which have an aspect ratio of unity, but 
roughening may occur in lower aspect ratio defects such as the agglomerated island, which have 
aspect ratios of about 0.1 This reinforces our view that cleaning is a critical part of the finishing 
process. On Hoya 4, the coating appeared to have conformed to the substrate surface. This may be 
due to the fact that ML coating conditions are slightly different at the center of the substrate and at 
80mm from the side substrates. Improving the uniformity of the ML coating is a focus of mask blank 
program for Y2000. 

Both ML-coated wafers have EUV reflectance of about 54%, which is expected given the 
HSFR values at the center of the two substrates. 
3.1.2. General Optics 

GO is not a volume producer and was only able to deliver one ULE@ wafer this quarter. (It 
will be replaced by Schott ML in the next quarter.) With approval from Sematech, the second wafer 
from GO was replaced with an additional wafer from Rodel. The eight AIM topographs of the GO- 
finished mask substrates are shown in Figures G of the appendix. The overall quality of the finishing 
of the bare substrates has deteriorated from that of the wafers produced by Go in the last quarter. 
Both the MSFR and HSFR increased from 0.22 and 0.21 nm rms in the last quarter to 0.24 and 
0.38nm rms, respectively. Furthermore, we saw more pits and sleeks on this quarter’s wafer than on 
last quarter’s. However, no particles were observed in the scanned areas, probably because Go 
cleans the surface thoroughly with surfactants and deionized water immediately after the wafer was 
finished. The wafer was further cleaned with megasonic agitation at the EUV LLC member 
company. 

The ML coating significantly smoothed the surface, decreasing both the MSFR and HSFR to 
0.16 and 0.14 nm rms, respectively. The low roughness of the coated surface also is probably the 
reason that this wafer has the highest reflectance of all samples. 
3.1.3. Rode1 

Rode1 is a major supplier of slurries and pads for the optical finishing and chemical 
mechanical polishing (CMP) industries. Its laboratory is geared for developing CMP processes for 
the semiconductor industry. Rode1 interacts closely with chipmakers, silicon wafer manufacturers, 
and photomask suppliers and therefore understands the importance of low defect levels and low 
surface roughness. All of Rodel’s CMP operations and metrology are carried out in a cleanroom 
(class-100) and it possesses a comprehensive set of tools for cleaning, defect inspection,, and surface ~ 
finishing. 

Because of EUV LLC/VNL scheduling and deadline pressure to coat and pattern these wafers, 
Rode1 was only able to clean one (Rode1 1) of the three samples before delivery. Rode1 1 received a 
SC-l clean by a semiconductor-class cleaning tool immediately after finishing, whereas Rode1 2 and 
Rode1 4 only received rudimentary cleaning. The difference between the samples can be easily told 
from the topographs. The subsequent cleaning at the EUV LLC company was insufficient for Rode1 
2 and Rode1 4. This reinforces the view that cleaning immediately after finishing is crucial to 
producing low-defect surfaces. Rode1 4 was not scanned by the AIM before coating because the 
ISBD tool was about to become unavailable for three weeks for maintenance and the coating had to 
be done immediately. The large number of defects present on Rode1 3 also severely restricted our 
ability to measure the substrate surface topography and roughness. We therefore will concentrate our 
analysis below on Rode1 1. 

The twenty AFM topographs of the Rodel-finished mask substrates are shown in Figures R of 
the appendix, and it was evident from the topographs that the Rode1 substrates have the lowest 
roughness. The average MSFR and HSFR of Rode1 1 are 0.20 and 0.14nm rms, which are slightly 
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inferior to last quarter’s values of 0.16 and 0.15nm rms, but they met our specifications. The sleeks 
on these wafers have an average depth of 0.37nm and a top width of 280nm. After ML-coating, the 
surface became rougher, with the average MSFR increasing from 0.20 to 0.26nm and the average 
HSFR increasing from 0.14 to 0.2lnm rms. The AFM scans of the coated surfaces Figs. MR. 1 .O. 10 
and MR. 1.80.10 show the sleeks have been further smoothed by the multilayers. These sleeks are not 
printable. 

Rode1 1 had a reflectance of about 55%, which is slightly lower than what one would expect 
for substrates with MSFR and HSFR of 0.21 and 0.15nm rms. However, after the coating the MSFR 
and HSFR of the surface have increased to 0.30 and 0.26nm rms, respectively. This may be a factor 
in the expectedly low reflectance of Rode1 1. For Rode1 2 and Rode1 4, their reflectance values were 
low probably because of the high number of defects on the substrates. 
3.2 Printing 

Rode1 1 was selected as the wafer to be printed for its cleanliness and low roughness. The 
ML-coated wafer was sent to an EUV LLC company for patterning. The patterning steps are as 
follows. 

1. Deposit 45nm of SiO:! buffer layer by chemical vapor deposition. 
2. Deposit 1 OOnm of TiN absorber layer by plasma enhanced chemical vapor deposition. 
3. Spincoat photoresist on wafer. 
4. Pattern with DUV exposure stepper. 
5. Strip photoresist with oxygen plasma. 
6. Remove buffer layer with fluorine plasma. 

The patterned mask was printed at Sandia National Laboratories with the 10x microstepper. The 
resultant images for 80,90, and 1 OOnm line pitches are shown in Figure 3. To within the repeatability 
of the microstepper, these images are indistinguishable from other images of EUVL masks made from 
silicon substrates. This demonstrates the ULE@ can be used as substrate material for EUVL mask production. 

h 
___ ..-_. _ 

80nm isodense lines 90nm isodense lines 1 OOnm isodense lines 
Figure 3. The first successful printing of an EUVL mask made from a ULE substrate. These results 
are indistinguishable from images of other EUVL masks made from silicon substrates. 



4. Summary 
This report is a continuation of our assessment of the finishing of LTEM wafers obtained 

through three different commercial pathways. For Hoya, the roughness of the wafers it produced 
improved from last quarter. However, the cleanliness of the wafers needs to be improved. For GO, 
the wafer finishing quality has declined, and it was only able to deliver one wafer this quarter. For 
Rodel, one of its wafers (Rode1 1) that had been cleaned in-house showed excellent finishing and was 
selected to be patterned. We also observed that the sleeks on the substrates have been smoothed by 
the ML coating. The other two wafers (Rode1 2 and Rode1 4) had too many defects and the roughness 
values derived from AFM are not reliable. 

The printed images from Rode1 1 were indistinguishable from other images derived from 
silicon wafer substrates. This demonstrates that ULE@ can be used as the EUVL mask substrate 
material. 

It is clear that cleaning is an area that requires development. We observed that cleaning the 
wafers immediately after finishing is necessary to reduce the defects. Otherwise, the slurries will 
become dried and bound to the substrate. A one-step cleaning with distilled water and megasonic 
agitation is likely to be insufficient. Furthermore, ULE@ and silicon have different surface 
chemistries which would require the use of different cleaning reagents. 

The wafers evaluated in this report could not be inspected by the light scattering tools (KLA- 
Tencor SP-1 and ADE Constellation) because of the high defect counts, which saturated the buffer. 
Our goal will be to obtain substrates with a low enough defect count to allow them to be inspected. 

Our plan for the next calendar year is as follows. 
1. Replace GO with a photomask company, Schott ML. GO’s low volume manufacturing was 

only able to deliver one wafer and its finishing is not superior those of the other vendors’. 
Schott ML is the main photomask supplier from Europe that has inspection and clean 
infrastructures. Both Schott ML and Hoya have inspection and cleaning in their photomask 
production facilities. This will allow us to evaluate the state of the art in photomask finishing. 

2. Producing clean substrates requires inspection. A limited number of LTEM photomasks and 
wafers will be inspected by KLA-Tencor with its development mask inspection tool. The 
results will provide feedback to the finishing vendors. 

3. Substrates made of Zerodur’:, which is low-expansion glass-ceramic, v:iil be produced for the 
first time. Schott ML will supply both Zerodur@ and ULE@ photomask substrates every 
quarter for our evaluation. 

4. The clean and inspection infrastructure of the silicon wafer industry still produces substrates 
with superior defect counts to the photomask industry and may be leveraged to produce low- 
defect substrates. We will explore the viability of applying an amorphous silicon coating of 
about 1 pm on the LTEM substrates, which can cover up discrete defects and allow access to 
the more sophisticated silicon cleaning tools and recipes for defect removal. The silicon 
coating will be repolished and cleaned by Rodel, which has vast experience in finishing 
process development for silicon. 
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Table 2. Surface roughness derived from AFM topographic data of mask substrates finished by 
the three vendors. Rode1 4 was not prescanned by AFM before coating because of scheduling 
conflict between AFM and LDD tool. An asterisk (*) denotes the roughness count may not be 
accurate due to the influence of discrete defects. 

!+I NA ( NA lo.45 lo.32 JNA INA IO.39 10.43 152.8 (13.5 biks 
I?<. 



Appendix: AFM topographs and reflectance curve of the wafers 

Six wafers from three companies were evaluated. Two areas on each wafer was 
scanned at two scan sizes (10pm and 1 pm) before and after coating, bringing the total 
number of scans to forty-eight. It is important to note that the AFM scans carried out in 
the same nominal area were not necessarily done in exactly the same area, as the cross- 
registration for the AFM is too time-consuming to be carried out for this study. The 
reflectance for each wafer was measured at the center of each wafer. 

The figures in this section are organized as follows. 

0 The first letters of the figure name denotes the company (H for Hoya, G for 
General Optics, R for Rodel) and whether the surface was mulitlayered coated 
(M for multilayer coated). 

l The first numeral corresponds to the wafer number. 

0 The second numeral refers to the region where the scan was made (“0” refers 
to center, “80” refers to 80mm from center, see also Figure 2). 

l The third numeral refers to the scan size (10 for 1 Oprn and 1 for 1 ym scans). 

l An asterisk (*) on the roughness value denotes the high defect count on the 
substrate has introduced large uncertainty to the number. 

l Note that Rode1 4 had not been scanned with an AFM prior to ML-coating 
because of scheduling constraints. 

For example, “Figure MR.3.80.1” means the scan was taken from a mulitlayer coated 
Rode1 wafer 3, 80mm from the center, and with a scan size of lpm. 
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Figure H.3.0.10: 10ym scan, Hoya ULE wafer no.3, center. MSFR = 0.32 rms. The 
defects, which been excluded from the roughness calculation, are likely to be 
agglomerated slurries. These islands have dimensions of 200-400nm in width and 20- 
30nm in height. 
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Figure H.3.0.1: 1 urn scan, Hoya ULE wafer no.3, center. HSFR = 0.25nm rms. The 
defect on the right corner was excluded from the roughness calculation. 
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Figure H.3.80.10: 10pm scan, Hoya ULE wafer no.3, 80mm from center. MSFR = 0.32nm 
rms. 
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Figure H.3.80.1: lpm scan, Hoya ULE wafer no.3, 80mm from center. HSFR = 0.26nm 
rms. The defect on the lower right corner was excluded from the roughness 
calculation. 
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Figure MH.3.0.10: 10pm scan, multilayer-coated Hoya ULE wafer no.3, center. MSFR = 
0.39nm rms. The ridges, which were likely caused by the underlying defects, were 
excluded from the roughness calculation. 
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Figure MH.3.0.1: lpm scan, multilayer-coated Hoya ULE wafer no.3, center. HSFR = 
0.27nm rms. The ridge was excluded from the roughness calculation. 
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Figure MH.3.80.10: 10pm scan, multilayer-coated Hoya ULE wafer no.3, center. MSFR = 
0.29nm rms. The discrete defects were excluded from the roughness calculation. 
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Figure MH.3.80.1: lpm scan, multilayer-coated Hoya ULE wafer no.3,80mm from center, 
HSFR = 0.34nm rms. The discrete defects were excluded from the roughness 
calculation. 
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Figure H3.RF: Reflectance curve of ML-coated Hoya3 substrate. Peak reflectance = 
53.5%, Peak wavelength = 13.4nm. FWHM= 13.4nm. 

14 



n2.0 nw 

d 2:s 5:o 7:s lo’, 

i0.a 

7.5 

,5.0 

.2.5 

-0 
,oJJM 

1.a nn 

0.0 nn 

Figure H.4.0.10: 1Opm scan, Hoya ULE wafer no.4, center. MSFR = 0.33 rms. The ridges 
on this surface are 2 to 3nm in height have not observed in other samples. 
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Figure H.4.0.1: lpm scan, Hoya ULE wafer no.4, center. HSFR = 0.29nm rms. The 
defects were excluded from the roughness calculation. 
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Figure H.4.80.10: 10pm scan, Hoya ULE wafer no.4,80mm from center. MSFR = 0.38nm 
rms. 
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Figure H.4.80.1. 1 pm scan, Hoya ULE wafer no.4,80mm from center. HSFR = 0.29nm 
rms. 
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Figure MH.4.0.10: 10ym scan, multilayer-coated Hoya ULE wafer no.4, center. MSFR = 
0.34nm rms. 
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Figure MH.4.0.1: lpm scan, multilayer-coated Hoya ULE wafer no.4, center. HSFR = 
0.30nm rms. 
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Figure MH.4.80.10: 10pm scan, multilayer-coated Hoya ULE wafer no.4, center. MSFR = 
0.27nm rms. 
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Figure MH.4.80.1: 1 pm scan, multilayer-coated Hoya ULE wafer no.4, 80mm from 
center. HSFR = 0.23nm rms. I 
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igure H4.RF: Reflectance curve of ML-coated Hoya 4 substrate. Peak reflectance = 
6.7%, Peak wavelength = 13.4nm. 
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Figure Gl .O.lO: 1 Opm scan, GO ULE wafer no.1, center. MSFR = 0.19nm rms. 
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Figure Gl .O.l : 1 pm scan, GO ULE wafer no.1, 
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center. HSFR = 0 .38nm rms. 
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Figure Gl.80.10: 1 Opm scan, GO ULE wafer no.1, 80mm from center. MSFR = 0.29nm 
rms. The boxed areas denote sleeks which have been excluded from the calculation of 
roughness. 
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Figure Gl.80.1: lpm scan, GO ULE wafer no.l,80mm from center. HSFR = 0.38nm rms. 
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Figure MG1.0.10: 1Oym scan, multilayer-coated 
0.34nm rms. 
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Figure MGl .O.l: lpm scan, multilayer-coated GO ULE wafer no-l, center. HSFR = 
0.30nm rms. 
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Figure MGl.80.10: 10ym scan, multilayer-coated 
center. MSFR = 0.27nm rms. 
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Figure MGl.80.1: 1 pm scan, multilayer-coated GO ULE wafer no.1, 80mm from center. 
MSFR = 0.23nm rms. 
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Figure Gl .RF: Reflectance curve of ML-coated GO1 substrate. Peak reflectance = 
56.7%, Peak wavelength = 13.4nm. 
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Figure Rl .O.lO: 1 Oprn scan, Rode1 ULE wafer no.1, center. MSFR = 0.21 nm rms. The 
polishing sleeks on this surface are on the average 0.37nm deep and 280nm width at 
the top. 
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Figure Rl.0.1: lym scan, Rode1 ULE wafer no.1, center. HSFR = 0.15nm rms. 
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Figure Rl.80.10: 1 Opm scan, Rode1 ULE wafer no.l,80mm from center. MSFR = 0.19nm 
rms. 
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Figure Rl.80.1: 1 pm scan, 1 pm scan, Rode1 ULE wafer no.l,80mm from center. HSFR = 
0.13nm rms. 
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Figure MRl .O.lO: 10ym scan, multilayer-coated Rode1 ULE wafer no.1, center. MSFR = 
0.30nm rms. The sleeks on this surface have been further smoothed by the ML coating 
process. They are not printable. 
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Figure MRl.0.1: 1 ym scan, multilayer-coated Rode1 ULE wafer no.1, center. HSFR = 
0.26nm rms. 
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Figure MRl.80.10: 10pm scan, multilayer-coated Rode1 ULE wafer no.1, 80mm from 
center. MSFR = 0.22nm rms. The sleeks on this surface have been further smoothed 
by the ML coating process. They are not printable. 
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Figure MRl.80.1: 1 pm scan, multilayer-coated Rode1 ULE wafer no.1, 80mm from 
center. HSFR = 0.16nm rms. 
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Figure Rl .RF: Reflectance curve of ML-coated Rl substrate. Peak reflectance = 55.1%, 
Peak wavelength =13.4nm. 
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Figure R2.0.10: 1Oym scan, multilayer-coated Rode1 ULE wafer no.2, center. MSFR = 
0.47nm rms. * 

l-l 2.0 nbt 

1.0 nt4 

-1.00 

0.75 

-0.25 

-0 

1.0 nw 

0.0 nt4 

Figure R2.0.1: lpm scan, Rode1 ULE wafer no.2, center. HSFR = 0.33nm rms. l 
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Figure R2.80.10: 1Opm scan, Rode1 ULE wafer no.2, 80mm from center. MSFR = 0.65nm 
rms. * 
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Figure R2.80.1: 1Frn scan, Rode1 ULE wafer no, 
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Figure MR2.0.10: 10ym scan, multilayer-coated Rode1 ULE wafer no.2, center. MSFR = 
0.42nm rms.* 
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Figure MR2.0.1: 1 pm scan, multilayer-coated Rode1 ULE wafer no.2, center. HSFR = 
0.21 nm rms.* 
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Figure MR2.80.10: 10pm scan, multilayer-coated Rode1 ULE wafer no.2, 80mm from 
center. MSFR = 0.42nm rms.* 
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Figure MR4.80.1: lpm scan, multilayer-coated Rode1 ULE wafer no.2, 80mm from 
center. HSFR = 0.19nm rms.* 
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Figure RS.RF: Reflectance curve of ML-coated R2 substrate. Peak reflectance = 51.5%, 
Peak wavelength =13.4nm. 
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Figure MR4.0.10: 1Opm scan, multilayer-coated Rode1 ULE wafer no.4, center. MSFR = 
0.45nm rms. * 
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Figure MR4.0.1: lpm scan, multilayer-coated Rode1 ULE wafer no.4, center. HSFR = 
0.32nm rms.* 
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Figure MR4.80.10: 10pm scan, multilayer-coat 
center. MSFR = 0.39nm rms.* 
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Figure MR4.80.1: lpm scan, multilayer-coated Rode1 ULE wafer no.4, 80mm from 
center. HSFR = 0.20nm rms.* 
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Figure R4.RF.80.10: Reflectance curve of ML-coated R4 substrate. Peak reflectance = 
52.8%, Peak wavelength = 13.5nm. 
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