Modern Physics BLARAJ3E, 2020, 10(3), 23-34 Hans X
Published Online May 2020 in Hans. http://www.hanspub.org/journal/mp
https://doi.org/10.12677/mp.2020.103004

Research Progress of Terahertz Radiation
Source Based on Smith-Purcell Radiation

Mingjing Wu, Limei Qj, Jun Yang, Xiang Tao, Ziyu Liu
School of Electronic Engineering, Beijing University of Posts and Telecommunications, Beijing

Email: wumj1221@163.com

Received: Mar. 6", 2020; accepted: Mar. 25", 2020; published: Apr. 1%, 2020

Abstract

The terahertz radiation source based on Smith-Purcell radiation has been widely studied in the
scientific field because of its advantages such as high conversion efficiency, high power, good
stability, and convenient use. In this article, the research progress of one-dimensional and
two-dimensional terahertz radiation source structures is given, and the development trend of
Smith-Purcell radiation using metasurfaces is discussed for terahertz radiation sources.
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1. 5|

KRR R AT EA ) Z &2, X IX SN o, B iR e 2k L AT 32 A Ak
ZEARSTIR O B 1] RHBRZEWR M= A7 i — R A FAT A IR R R, RP SR
TEAE . BT AR, o EAE AR BN 2ZB, P2 A KR 28, (Rl THlE T2
MIBRGI, Z2 BOKI LR SRS T4, M DU R BN KR 220 B, BBk D Ak [2]-[11] . BT K
LT 2R R O 25 VR R LR R . DR R BONRHEF T LR #GR, Bl g i FEosEs. UIHeRER
SR AR LUK Smith-Purcell 45 5 28 F4%[12] [13] [14] [15].

Horr, T Smith-Purcell 48 5 1K FR 2205 3% B B CR & FRE R DI RS AU IRt A
A TIHAREPE IR AR 24 S R85V [16] o I8, 402 3l H a4 JE e R T, 2374 Smiith-Purcell
FEEF, XA S. J. Smith F1E. M. Purcell R RIII[17]. B RIERARRI KRR, A Bt #-75 F(Free
Electron Beam)-5 8 3% M s WV % K FLBE FAH EAE H#OR Smith-Purcell 48 5 BN =42 R4 I A X051
[18] [19]. HEHEZEAK(mm)ERAIOK (um) B 2% 0 JE A 25 )ROSE NI ] DA AR KR ZE AT AR o o A L B
VAT, 38 I eSO H R P B S KA 2% 4 SRR R AT YR, N TR AR R AR T AE AR B (AT R
P S E [20] o b2 AR 2 58 SR AR LW 51 7 110 32 B2 5 R AE A (1 mT R 0.1 THz & 10 Hz) Rl 2
2[21]. Smith-Purcell FHALHIA 223 ORGSR AF 45 AHH 24 % S B T DAR A H 1 SR 0 e s el gic
KA R AR . Rk, T Smith-Purcell £85I R 2Z 5RO 7L, BA HZ MBS A E AR AT 5

2. KiFZZHEH IR
2.1, —HEMR KRS IR SINA

T Smith-Purcell 45 1 24 48 SIS A 7 - T LUIB TS 1953 48, 2415 S. J. Smith A1 E. M. Purcell
171 AR E R E e R 1 iz 3 i A & @ iR iy, 27242 “O6”, il 1 Fras. X Fk “ok”
TR M AR AR R R REAR ST . FR AR ST KT B B S e ] A = L/|n|(1 B—cos6)
o, AR HEEESTEE, LRM R, n RS = vic RIERIHFHER T, 0 ZHET
IS 377 1) 5 FRE 0] 1 S 7 Tl R A

1998 4, E[H Dartmouth K% J. Urata S5 [22] 1 ML &2 3 [ %R LRI A . 25 I an ] 2 s,
SEBG AR A 173 pum (& @ MM E N BAEFH 450, BTSSR 20 keV~40 keV, #8141 TAEAR
N 0.3 THz~1 THz. Z544 3= BRI B v AR A B R, 76 Y63 s 2h i Fe 13 5 3R T = A A B
H, X PR AR 45 R ARAS R i B VR SR, AT P AR A P R . A SR A R R
[ 22 38 Y 2 TR 3t 2 7 A — P S SR S (58 5 Smiith-Purcell #8458 5T, 3 & —FoAH 48 5 . 724 Smith
RS I 25 PR H TR R R B — I S P, ARONEIR IR, MR BIX — G S IReT, A
TER A RESBURTHRFSE, M Smith-Purcell HFES DI A GeORRE . J&T Smith-Purcell &8 %85 B LT3R
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Figure 1. Spectrogram of the light emitted from the grating
surface at § = 20°. Central images are vertically aligned on the
left. First-order spectra appear on the right
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Figure 2. Superradiation structure diagram and power output diagram of Dartmouth University
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Figure 3. (a) Geometry used for simulations; (b) Terahertz radiation spectrum
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Figure 4. (a) The schematic of hole-grating; a hole is drilled in the fins of the grating. (b) The contour map
of Ez fields. (c) The time domain of Ez field for grating and hole-grating structure. (d) The corresponding
spectrums

4. (a) FLMREE, ELMEYEER EE T —FL, (b) Ez B FSLSWE, (o) SitfnFliis
8 Ez HHIEHEUE S, (d) X RZAYSTE

DOI: 10.12677/mp.2020.103004 26 BAR B


https://doi.org/10.12677/mp.2020.103004

HUIE 5

2014 4, T. Zhan 5[25] B 18 b2 W AR RE 52 i SRCIB0RN AL I A0 S e bl L1l B0 2 A0 S8 P 4
Ky, AR AR ZERR S, A 5 PR . KRREIE s Bl BT A RO A SRR B TR EOT I A
(K, H T A SR A5 B R OT R R IR L, LR Iz g o, T DLOKOKHR i S o o JF HLAT BA
3 SO A R A A S SR T S S AR OT IR, DR AT IR AR | R RE R SRR it T
.

~
o
—~
—
S
T
-,

Frequency (THz)
!
T
1

Figure 5. (a) Three-dimensional (3D) view and side view, (b) Fre-
quency at different chemical potential
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Figure 6. (a) The schematic of grapheme sheet with a micrometer dielectric slits array substrate. (b) The spectrum of the
radiation field (Ez) for the dielectric slits array with graphene and without graphene
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Figure 7. (a) The schematic of the CST simulation. (b) Snapshot of the distribution of the magnetic field B, component. (c)
Comparison of the theoretical predictions and the Fourier transform. (d) Comparison of the frequency dependence of [F(v)[?
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2.2. ZHER K2 ESTIRM IR

2017 4F, L. Liu Z5[28]89C T LTI EEIEI-PAT T H &8 C fLIEHR A 481 Babinet K fiizs)), 47t
PRI ZEAE = A 5 L REFE ST, W11E] 8 P ol Ik R JE 1, R 2 T ) SR A9 T AAE GHz 28 THz FIZL4t
JAE M. JFH, WTCT 10 GHz M LAESE, WiFe ST Z LN 3.7%. JREBFERE
TAEARER R SE I BE 0, HAE 10 THz 19 TAESER FHFEIRE 11%. HTAAERFE, IR 5550
W R R AFAE AR LR R R, W 9 fiios. PRIk, Babinet #8386 M2 Hlit mRl. BB M A2 H BT
FEUR A FR AR

2019 4F, P. Zhang %5 [29)F F 4k K518 2R Th1 52 D0 H 2% 42 1 T LR () Smith-Purcell 48 5F,  4nf&
10 fizm. R sh i HF Rl LAZEFERE SR R TH_E it = AN R, ez B KRS, g T
ER S5 P R T AR AR (0 A . FERE SR R TR AR 1K) Smith-Purcell 48 51 3758 EL E AT 90 J 5E 1A 48
SHAE GG S5 A I3 9K 3 £ .
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Figure 8. (a) Schematic of the Smith-Purcell emission from a Babinetmeta surface. (b) The simulated reflection (R), trans-
mission (T), and absorption (A) spectra of a Babinet at normal incidence of propagating waves
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Figure 9. (a) The energy flux densities of Siy, Syp, Sdown, @Nd Sz (b) The corresponding emission effi-
ciency (Sup/Sin and Sgown/Sin) and absorption efficiency (Sa/Sin)
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Figure 10. (a) The schematic of well-array metasurface structure. (b) Radiation spectrum of Ez
for well-array metasurface and grating structure. (c) Transient Ez field distribution in the
cross-section for the well-array metasurface and (d) grating structure
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Figure. 11. (a) Simulation structure for generation of SPR from a YUNA array deposited on an IMI substrate. (b) Top view.
(c) Simulation structure for incident to a single feed element deposited on an IMI substrate. (d) Simulation structure for ma-
nipulated SPR on an IMI substrate. (e) Simulation structure for feed element of a single YUNA on an IMI substrate. (f) Ge-
nerating two beams, using two groups of YUNA arrays, and (g) For three beams, using three groups of YUNA arrays

11. (a) EHHIARTE IMI E4R_ERY YUNA SIS B SPR Y ELEHS, (b) 1FHREL, () ASIE] IMI B4R BSR4k
THRAELZE, (d) 7€ IMI B4R ERYN SPR BIAELEM, () LT IMI B4R B8/ YUNA (R TR EZEM, () &
FARELE YUNA FEFIE AR AER, (0) RARIER =40 YUNA FEFIE =R

DOI: 10.12677/mp.2020.103004 30 BiACH


https://doi.org/10.12677/mp.2020.103004

HUIE 5

B~ T D-cnergy B W D-energy
0 1E-10 2E-10 3E-10 0 1E-10 2E-10 3E-10

400 400

300 g 300
2 / :
=] a
T, b
N 200 , N 200
a . N
100 100 200 300 400 500 600 100
X (4 nm)
(a)
B W D-energy B W D-energy
0 IE-10 2E-10 3E-10 0 1E-10 2E-10 3E-10

A

7 (4 nm)
z (4 nm)

B i
100 200 300 400 500 600

100
0
X (4 nm) y (4 nm)

(c)

100 200 300 400 500 600

Figure 12. (a)~(c) Snapshots of electric energy density contours in x-z plane for P = 136, 176 and 240
nm, respectively. (d) The electric energy density contour in the y-z plane
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Figure 13. (a) Schematic of Smith-Purcell radiation mediated by graphene metasurface; (b) Depen-
dence of the reflectance and phase on the width of the grapheme ribbons. Electric field distribution of
graphene metasurface at a frequency of (c) 2 THz and (d) 1.83 THz
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