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The mechanism and characters of diffraction radiation of subwavelength metallic grating AN ARR T

structure are analysed and discussed. Using the three dimensinal particle-in-cell simulation, the
contour map of electric field of the grating is obtained excited by moving electron bunch.
Combined with the Brillouin diagram, it shows that the diffraction radiation in the upper and
lower half-space can also be explained by the formula of Simth-Purcell radiation. Then, the
influences of the gap width and the thickness of the grating to the diffraciton radiation are also
analyzed. Based on the comparison for the asymmetric graing excited by different beam
energies, the physical mechanism of the diffraction radiation in the lower half-space are
discussed in further. For asymmetric grating, the diffraciton radiation in the lower half-space
are determined by the velocity of elelctron and the grating period, and by the radiation in the
upper half-space.

Keywords: Subwavelength Grating Diffraction radiation Asymmetric grating Particle-in-cell
simulation

WeAi H ) 2012-07-11 &[0 H ] k4 ik A H 4] 2012-08-30
DOI: 10.3788/9zxb20134205.0537

HIH -

E R B8RR34 (No. 61001031) % i)

T AE#
& fi -

EEPEN

[1] EBBESEN T W, LEZEC H J, GHAEMI H F, et al. Extraordinary optical transmission through sub-
wavelength hole arrays[J]. Nature, 1998, 391: 667-669. erosd™!

[2] GARCIA de ABAJO F J. Collogium: Light scattering by particle and hole arrays[J]. Review of

Modern Physics, 2007, 79(4): 1267-1290.
[3]1 PENDRY J B, MARTIN-MORENO L, GARCIA-VIDAL F J. Mimicking surface plasmons with



structured surfaces[J]. Science, 2004, 305(5685): 847-848.

[4] CAO Zhao-liang, LU Zhen-wu, ZHANG Ping, et al. Fabrication of antireflective subwavelength
grating at infrared 30um region[J]. Journal of Infrared and Millimeter Waves, 2004, 23(1): 6-10.%
AR, R, 5K, AF. ZAN30umIER ST I [I]. 040 KA 4R, 2004, 23(1): 6-10.

[5] LIU Hai-tao, LALANNE P. Microscopic theory of the extraordinary optical transmission[J].

Nature, 2008, 452: 728-731. cresi™

[6] LIU Sheng-gang, HU Min, ZHANG Ya-xin, et al. Electromagnetic diffraction radiation of a
subwavelength-hole array exited by an electron beam[J]. Physical Review E, 2009, 80(3):
036602.

[7] ZHANG Ping, ZHANG Ya-xin, HU Min, et al. Diffraction radiation of a sub-wavelength hole
array with dielectric medium loading[J]. Journal of Physics D: Applied Physics, 2012, 45(14):
145303.

[8] HU Min, ZHANG Ya-xin, YAN Yang, et al. Terahertz radiation from interaction between an
electron beam and a planar surface plasmon structures[J]. Chinese Physics B, 2009, 18(09):
3877.

[9] SHIN Y M, SO J K, JANG K H, et al. Evanescent tunneling of an effective surface plasmon
excited by convection electrons[J]. Physical Review Letters, 2007, 99(14): 147402.

[10] ZHANG Ya-xin, HU Min, YAN Yang, et al. Terahertz radiation of electron beam-cylindrical
mimicking surface plasmon wave interaction[J]. Journal of Physics D: Applied Physics, 2008, 42
(4): 045211.

[11] van den BERG P M. Smith-Purcell radiation from a line charge moving parallel to a reflection
grating[J]. JOSA, 1973, 63(6): 689-698.

[12] SMITH S J, PURCELL E M. Visible light from localized surface charges moving across a
grating[J]. Physical Review, 1953, 92(4): 1069.

[13] LI D, IMASAKI K. Improvement of grating for Smith-Purcell device[J]. Journal of Terahertz
Science and Technology, 2008, 1(4): 221-229.

AT rh R ARl S

1. e T TR T RE 25 2 . DBRIBAE G LT HOE SR B K T [I]. 61244, 2004,33(12):
1417-1420

2. % weroneO09. HETE M AT R tE 4[], e ¥4k, 0,0(0): 0-0

3. SRR SR B S MR [ B R E —50°C~+150°C KR VL N HFBGIIM KL 1 =4 iz ik R4
[J]. Y5244, 2005,34(10): 1501-1505

A AR s A R T U T S O 2T Brag @y iy A4 i 5 suskepi e 7 0] k7244, 2005,34(7): 1036-
1038

S, A A I A L0 TR TR Rk T EORE G £ A1 Wk e Bt 5 ORI (Bt e e iy s A D)
T3, 2005,34(11): 1701-1705

6. Pt TUA KBRS RGOS0 R g T 5D e 72#4, 2012,41(7): 776-780

7 e S SR A Y AL TR W s A B A TR 2 3 S R FBO AL I S I BR D). 241,
2006,35(4): 569-572

8. T Ik R O A B IE D] Je ek, 2006,35(2): 248-251
9. HKTEITRO SR & PN s R — BB SR R i i i e £ Brag g e b i e ke I]. S 7244, 2006,35
(2): 232-234

10, Zegl ol o ks AR AR TRV A ¥ BH 22 - G 1 £ — 2 g ELIAA R A 4 ROz 1. 5612441,
2006,35(2): 239-243

11, B BeUD WA 500 ARRAK WD & 2 2 0] St 7444, 2007,36(4): 702-705

12, WIERE WIF5HE S SOR- 4 Y M 1 4 i) 2 e TERE o520 T D k7244, 2007,36(6): 1138-
1141

13, gt Bt s FDGEF D T EoR M & SR ok 240 o724, 2007,36(5): 890-893
14, 0 755 JPbEz RS- N LR S S AR R AR L] Jby2+4ik, 2009,38(3): 641-645
15, 250 X AL OCLOM = 4N AR vt S s B D124, 2009,38(3): 656-659

SCHEVE I GREREA AT F 50 WA SR IIHP A ER R R AR )

RBA || Ak | |

&ﬁg | L) | 0993

I



| B ||

Copyright§ 2008 by -y 7244



