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SIO2-COATED MIRROR SUBSTRATE FOR EUV 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This is a continuation of PCT/EP99/04209, Which 
is pending. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

REFERENCE TO A MICROFICHE APPENDIX 

[0003] Not applicable. 

BACKGROUND OF THE INVENTION 

[0004] 1. Field of the Invention 

[0005] This invention relates to a mirror substrate, a 
mirror With such a mirror substrate, and a production process 
therefor, and also an EUV projection exposure device there 
With. 

[0006] Monocrystalline silicon is a preferred substrate 
material for robust mirrors With a high thermal loading and 
best shape stability. 

[0007] For applications in the X-ray region, in particular 
for soft X-radiation, also termed “extreme ultraviolet” 
(EUV), extremely smooth surfaces With micro-roughness 
values in the angstrom range are required. This is attained 
With so-called “super-polish”. 

[0008] It has been found by experience that silicon sub 
strates can be homogeneously polished to this standard only 
poorly or not at all homogeneously over suf?ciently large 
surfaces, particularly in the case of strongly curved surfaces. 

[0009] 2. Discussion of Relevant Art 

[0010] The preferred application of such EUV mirrors is 
in EUV lithography, for the mirrors of illumination, mask 
and projection objective. Their quality of polishing is then 
decisive for the usability of the Whole system. This folloWs, 
e.g., from K. Hoh, Bull. Electrotechn. Lab. 49, No. 12, 
October 1985, pp. 47-54; T. E. JeWell et al., Proc. SPIE, Vol. 
1527 (1991); and David M. Williamson, OSA IODC Con 
ference Paper LWA 2-1, pp. 181-184, Jun. 10, 1998. 

[0011] An X-ray mirror is knoWn from Japanese Patent 
Document JP-B2-96/032 592, in Which a matrix With sin 
tered SiC is coated With crystalline SiC, by Which means a 
precisely smooth surface is obtained. 

SUMMARY OF THE INVENTION 

[0012] The invention has as its object the provision of a 
mirror substrate Which combines the positive properties of 
the silicon single crystal substrate With outstanding “super 
polish” properties. 
[0013] This object is attained by a mirror substrate of 
crystal, Wherein an amorphous cover layer is applied to the 
substrate, and the amorphous cover layer is covered With a 
multilayer re?ecting layer. According to one feature of the 
invention, a thin, amorphous layer, eg of quartZ glass, 
amorphous SiO2, or A1203, is applied to a substrate member 
comprising a crystal With loW thermal expansion and high 
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thermal conductivity (diamond, BN, SiC, silicon, as 
examples). A cover layer Which is knoWn to be Well suited 
for “super-polish” is thereby prepared, Without impairing the 
other properties of the substrate. 

[0014] The invention also includes the folloWing features: 

[0015] The substrate comprises at least one of the folloW 
ing materials: diamond, BN, SiC, or silicon. 

[0016] The cover layer comprises at least one of the 
folloWing amorphous materials: quartZ glass, SiO2 or A1203. 

[0017] The amorphous cover layer has a thickness in the 
range of 1 pm through 100 pm. 

[0018] The micro-roughness of the amorphous cover layer 
is in the angstrom range. 

[0019] The multilayer re?ection layers are constituted for 
a Wavelength region of 10 nm to 20 nm, preferably 13 nm. 

[0020] The mirror has a curved surface. 

[0021] In a production process for such a mirror, a sub 
strate of crystal is shaped close to the ?nal contour, an 
amorphous cover layer is deposited on the mirror side of the 
substrate, an optical ?nal polishing takes place and a mul 
tilayer re?ecting layer is applied. 

[0022] The amorphous cover layer is deposited by means 
of CVD. 

[0023] Application of mirrors according to the invention 
in EUV projection exposure devices comprises an EUV 
projection exposure device With an EUV source, an illumi 
nating optics, a mask, a projection objective, and a Wafer, 
Wherein at least one mirror according to the invention is 
contained in the illuminating optics or in the projection 
objective. 

BRIEF DESCRIPTION OF THE DRAWING 

[0024] The invention Will be described in more detail With 
reference to the draWing: 

[0025] FIG. 1 shoWs schematically an EUV projection 
exposure device according to the invention. 

DETAILED DESCRIPTION OF EMBODIMENT 

[0026] The structure of such a EUV projection exposure 
device is knoWn per se in numerous variants, eg from the 
above-cited reference JeWell and Williamson and the refer 
ences cited therein. It includes a EUV source 1, e.g., a 
synchrotron or a laser plasma focus source, Which produces 
a EUV beam 2 With, e.g., 13 nm Wavelength, or another 
Wavelength in the preferred range of about 10-20 nm, for 
Which suitable multilayer re?ecting layers (see the re?ecting 
layer 533, beloW) are available. 

[0027] An illuminating optics 3 serves for the suitable 
shaping of the EUV light as regards light conducting value, 
pupil ?lling, homogeneity, telecentricity, and the like. The 
mask 4 is thereby illuminated, shoWn as a transmission 
mask, but in many cases, hoWever, preferably as a re?ection 
mask. This mask 4 is imaged on a reduced scale by a 
projection objective 5 onto the object 6, the Wafer. 

[0028] The projection objective 5 contains, as in many 
knoWn designs, four curved mirrors 51, 52, 53, 54. The 
structure according to the invention is representatively 
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shown on mirror 53 of these, With the silicon single crystal 
substrate 531, a thin cover layer 532 of amorphous quartz, 
Which With “super-polish” de?nes the highly accurate ?nal 
contour of the mirror 53, and the multilayer re?ecting layer 
533. The latter provides, as a distributed Bragg re?ector, a 
relatively high re?ectivity of about 40-60% for a given 
spectral region. 
[0029] The shape of the substrate 531 is determined by the 
requirements of mechanical stability, cooling, installation 
into a mount, matching to the beam path (vignetting), and 
the like. The usable surface is ?rst precisely optically 
polished to near the ?nal contour. The thin amorphous quartZ 
layer is then deposited. The CVD process, for eXample, is 
suitable for this. Deformations of the mirror surfaces due to 
strains in the layer 532 can be kept to a minimum by the 
process parameters and after-treatments. They can be kept to 
a minimum by de?ection during the shaping of the substrate 
531 and by corresponding polishing of the quartZ layer 532. 

[0030] The amorphous quartZ layer 532 thus does not 
serve as an adhesive base, diffusion barrier, or similar 
auXiliary layer of the multilayer re?ection layers 533, but 
rather as the material Which supports the contour of the 
mirror 53. 

[0031] The ?nal shaping processing, the so-called “super 
polish”, thus folloWs after the coating With the quartZ layer 
532. 

[0032] A re?ection layer 533, constructed as a multilayer 
EUV re?ection layer, is then arranged on this layer 532 in a 
knoWn manner. 

[0033] Mirrors constructed in this manner can of course be 
used at any other place of the projection eXposure device and 
also in other devices, e.g., X-ray microscopes or telescopes. 

[0034] Each material of the substrate member, Which is 
used for the “bulk”, such as the above mentioned materials 
of loW thermal expansion and at the same time high thermal 
conductivity, can be provided With a thin cover layer of 
material Which can Well be polished to optical quality. 
Conformity as regards adhesion properties, strains, corro 
sion, and the like can be attained With knoWn criteria. 

I claim: 
1. A mirror comprising: 

a substrate of crystal, 

an amorphous cover layer applied to said substrate, 

and a re?ecting layer that covers said amorphous cover 
layer. 
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2. The mirror according to claim 1, Wherein said substrate 
comprises at least one of the folloWing materials: diamond, 
BN, SiC, and silicon. 

3. The mirror according to claim 1, Wherein said cover 
layer comprises at least one of the folloWing amorphous 
materials: quartZ glass, SiO2, and A1203. 

4. The mirror according to claim 1, Wherein said amor 
phous cover layer has a thickness in the range of 1 pm 
through 100 pm. 

5. (Amended) The mirror according to claim 1, Wherein 
said amorphous cover layer has a micro-roughness in the 
angstrom range. 

6. (Amended) The mirror according to claim 1, Wherein 
said re?ecting layer comprises a multilayer constituted for a 
Wavelength region of 10 nm to 20 nm. 

7. (Amended) The mirror according to claim 6, Wherein 
said multilayer is constituted for a Wavelength region of 13 
nm. 

8. The mirror according to claim 1, Wherein said mirror 
has a curved surface. 

9. Aproduction process for a mirror, comprising the steps 
of 

shaping a substrate of crystal close to its ?nal contour, 

depositing an amorphous cover layer on a mirror side of 
said substrate, 

optical ?nal polishing, and 

applying a re?ecting layer. 
10. The production process according to claim 9, com 

prising depositing said amorphous cover layer by CVD. 
11. (Amended) An EUV projection eXposure device, 

comprising: 

an EUV source, 

an illuminating optics, 

a mask, 

a projection objective, 

a Wafer, and 

at least one mirror comprising a substrate of crystal, an 
amorphous cover layer applied to said substrate, and a 
re?ecting layer that covers said amorphous cover layer 
included in said illuminating optics or in said projection 
objective. 


