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Optimization of structural parameters and fabrication of

monocrystalline silicon gratings with small blazed angle
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Abstract: In order to meet the requirements of the national synchrotron radiation source, the anisotropic wet-

etching technology of monocrystalline silicon grating with small blazed angle is studied, and the blazed grat-
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ing suitable for the medium wave soft X-ray band is prepared. Based on the rigorously coupled wave theory,
the structural parameters and process tolerance of the small blazed angle grating are designed. In the crystal
alignment process, the crystal orientation of the silicon wafer is determined by ring-preetching, and then the
grating mask is aligned with the crystal direction of monocrystalline silicon <111> based on the frequency
doubling adjustment method. At the same time, the effect of the photoresist ashing technique and the active
agent on the groove quality of the grating is investigated, and the scintillating gratings close to the ideal saw-
tooth groove shape are successfully prepared by the monocrystalline silicon anisotropic wet etching process.
The experimental results show that the blazed angle of the prepared grating is 1°, the linear density is
1200 gr/mm, and the root mean square roughness of the blazed surface is less than 0.5 nm. This method can

be applied to the fabrication of the medium wave soft X-ray blazed grating, which can greatly reduce the dif-

ficulty and cost of fabrication while achieving high diffraction efficiency.

Key words: blazed grating; monocrystalline silicon; crystalline alignment; wet etching
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Fig. 14 Grating preparation process. (a) Silicon wafer
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cleaning; (b) preparation of oxide layer; (c) spin
coated photoresist; (d) alignment exposure; (e) de-
velopment; (f) photoresist pattern transfer; (g) pre-
paration of oxide mask; (h) wet etching; (i) re-

move the surface mask
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Fig. 15 Comparison results of mask expansion ratio for

photoresist mask (a) before and (b) after ashing
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(a) before and (b) after using isopropanol
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Tab.3 AFM roughness measurement results (Unit: nm)
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Fig. 17 AFM test pattern of prepared blazed grating
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Tab.4 Blazed angle measurement results

Ik a5 IR £
1 0.969°
2 1.023°
3 0.974°
4 1.015°
5 1.009°
SFE 0.998°

ey Rq
1 0.287
2 0.436
3 0.365
4 0.253
5 0.220
6 0.379
7 0.409
8 0.293
9 0.333
10 0.400

FHIE 0.3375
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Fig. 18 Comparison of actual groove shape and designed

groove shape
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