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Optimization Design and Numerical Simulation of Micro Programmable
Gratings with Tunable Blazed Angle
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Abstract: Based on the silicon bulk micromachining process, a micro programmable grating with tunable
blazed angle was designed and optimized. The relative light intensity in the cases of different blazed angle
and incident angle was theoretically calculated. Also, the far-field relative light intensity with the
changing incident parameters was surveyed by adopting the COMSOL, a finite element simulation tool.
The results show that: compared with the surface-micromachined gratings designed in our previous
research, the efficient reflecting area is increased by more than 8% , reaching to 83. 63%. The realized
maximum blazed angle of the designed grating is 6. 84°, and the maxmium diffraction efficiency can be
96. 67 % under the condition of normal incidence with the wavelength of 532nm and the blazed angle with
a tunable range of 0-10°.
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Fig.1 SEM photos for the first-generation micro programmable
grating with tunable blazed angle
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(a) The designed structural layout of the grating based
on the surface micromachining process
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(b) The optimized structural layout of the grating based
on the silicon bulk micromachining process
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Fig. 2 Structural layout of the micro programmable
grating with tunable blazed angle
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Table 1 Main structural parameters of the optimized

design of the second-generation grating

Parameter Value/pm
Grating
Length 250
Width 25
Thickness 2
Electrode
Length 250
Width 10
Thickness 0.3
Width of suspension 2
Air gap 4
Dimple depth 3.8
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Table 2 Maximum relative light intensity and its
diffraction angle as the blazed angle varying

Blazed Maximum relative light Diffraction
angle/ (%) intensity/(a. u. ) angle/ (%)
1 0.9667 2.12
2 0. 8847 3.81
3 0. 6822 5.75
4 0.7438 7.97
5 0. 9665 9.91
6 0. 3145 12.63
7 0. 8967 13. 90
8 0. 7200 16. 31
9 0.9137 18. 30
10 0. 6088 20. 18

Bl 5 R p=0°,10%, 20" iF A X5 6 58 43 A . ASH£f B
{10 745 A 51 2 DA R 8% o7 1) AT 5 A Al A% o O A%
NG TN G AR B AR A TR B NG R AR AT SO

5 1.0

=

Z 0.8

g

£ 0.6

5 04

2 02

k=

) 0 Al ls
=4

-10 -5 0 5 10 15 20
Diffraction angle 6/°
(a) p=0°

0405002~ 3



< 1.0
~
208
5
E 06
5 04
o
2 02
=
&) 0 al

-10 =35 0 5 10 15 20

Diffraction angle 6/°

o b) p=10°
& 10 Y
> (c) p=20°
'z 0.8
g
£ 06
=
204
2
g 0.2
[}
~ 0 L

-10 -5 0 5 10 15 20

Diffraction angle 6/°
(c) p=20°

ES MM LBEFBNGALTHLA AL
Fig. 5 Relative light intensity of diffraction at different

incident angle B

W BA — s 1 I8 A

3 “HRXFMHE
6 SR I COMSOL A1 BRIT 01y 24K HL 1 i 3
B A 3 ( Electromagnetic Wave Frequency Domain,
EWFD) ¥ # 1) — 4 't 27 {5 R A 7R B v o fi 4
45 25 R )= (Air) DL K 58 32 VB i 2 (Perfect Matched
Layer, PML) ; %E X Portl i A5tk ¥ 1, Port2 iy 3 Gt
Pedim F1. kg 7 A7 AR AL L BORH 4R 1 = A Gl S — AR SR
fift BT o 38 S it o JE 3 M 11 R 4% 44 (periodic boundary)
He R i 45 R g 22 T8 R KOG M 1 5 7] I, S 25 i A G
DG AE N 3R T S T I Y BE R AR E R R ewld.
normEfar Jy 1€ 3 45 5 T i 3 B, R H] | ewld.
normEfar|* FRAEZE 3 A7 X5 56 38 . BF 5% 58 5 A0 XF 6 58 43
A BEA S M S A OGP i A8 4 56 &L MR 181 7 TR
BT, 4553 1 AOC I 45 A 2 5 n] TH 5 e b R
TAENRE A N 6. 84°. 3 3 45 T 4l (i A Y i1y

St
PML
Port 1
V4 / Air
Grating
Port 2
L PML 7
Periodic boundary Periodic boundary

B6 —ftb¥Ffhrss

Fig. 6 Two-dimensional simulation model for the grating
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Fig. 7 Calculating model for the maximum blazed angle
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Table 3 Modeling parameters for the two-dimensional

optical simulation of the designed grating

Structural parameter Light source

Width of grating 25 pm  Incident wave Plane wave
Blazed angle 6. 84° Wavelength 532 nm
Thickness of PMLL 5 um  Incident angle 0°
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