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Frequency-selective THz reflectors based on nonuniform silicon
gratings

ZHANG Teng, WANG Li-Yan, WANG Xin-Yuan, CUIBin, YANG Yu-Ping’
(School of Science, Minzu University of China, Beijing 100081, China)

Abstract: As a special periodic structure, sub wavelength gratings have made important progress in fil-
ters, reflectors, couplers, sensors and so on. Among them, the non-uniform grating has a great degree
of design freedom, which enables it to have the characteristics of wide bandwidth and high reflectivity
in terahertz range. Moreover, different grating constants and filling factors will lead to high selectivity
in frequency spectrum, thus achieving tunable reflectors. In this paper, a non-uniform, silicon-based
grating was designed and fabricated, and its reflection characteristics were measured by terahertz time-
domain spectroscopy in reflection mode and calculated by finite element method. The results show that
the non-uniform, high-selectivity, silicon-based grating not only has the advantages of wide frequency
band and high reflectivity, but also has the characteristics of simple structure, small size, easy fabrica-
tion and large process tolerance.

Key words: terahertz, grating, reflector, frequency selective

PACS:42. 79Fm, 742.79.Dj, 07.57.Ty, 07.60.Hyv

RS S R LA MRS . AR M4

GO BURTEEE S R R (T g PR (Metamaterials) 0 — B A T 45 i K R
RSB 2R 0 B A R Tl £ Ay FUPHAPRIR A IR T 1SR A R AN 52 R
Rl e (B2 @A R Torht AR ) AL, 78 2L HR 50 3 B I S 30 Rk 2% Dk
T A S % 5 T 4 I R R RE AT 100 % 7 ST 720 S A SR e B 5 I ELHCHAR A 38 s

51

T

W B #A:2019- 02- 16, £ B B #7:2019- 09- 17 Received date:2019- 02- 16, Revised date:2019- 09- 17

ELWA : MR A KBRS (11574408) , [H K E SHFA TR (2017YFB00405400) , [H 5 R 2 “ i 4R 3 4 " K5 3711410 (2016-03-02) , 1 e R
RAF R A S5 (URTP2019110002)

Foundation items: Supported by National Natural Science Foundation of China (11574408) , the National Key R&D Program of China
(2017YFB0405400) , The Young-talent Plan of State Affairs Commission (2016-3-02) , the Undergraduate Innoviative Test Program funded by Minzu
University of China(URTP2019110002).

{EHE BT (Biography ) : 55 (1996-) , 5, INAEM A 0+, 3BT RBE 2263 8% LA B AL IS AR ST . E-mail : sdhmzt@foxmail. com
“BIAEZE (Corresponding author) : E-mail : ypyang@muc. edu. cn



134 L1 BN 5 K U IR 38 %

A LA i O LRGSR BT RO AR R R A
BPRHERI

H , 4 2 0 (0 BRI WSO 25 5 | /B A
DR RE AL , BRI 1 2 TR0 B 55 O, ik e
R T A5 B AL IR A i T A 1, A4

BRI, LT R A WL e A BB AL B (Dielec-
tric Metamaterials ) It K T 4IR S 35 T AT 42 14 8 35 2
S ERRAL TR R R A ) . R T OB S
i 3 3k A A v B AR B AR R BE RE 8 7 A= 3 iR
(electric dipole) 3L HE ;= 4= #% 15 ¥k (magnetic dipole) ,
FET DA a7 UKL (1) ROST AR 4 1 H e B A
TIEIRAPR AR . 50 M B AR L,
A2 TR AR KT R T LA S A 6 T 2 Y 6 O
W HIBE REIAAE . J3 50, 1 TR SRR Ak 1 . 37
FIE Y 2R B AT BTN, BRI S8 Bk
TR RST B RN 25 1, X ST 08 A S £
FA AL AR, H 32 S A% JC 7 B 52 0 LE#/)N . 2010
4F,A. B. Evlyukhin 8 A" B RBLAS H AE QYK BR
W %) 75 ' 2% ik Be AT LS B0 356 41 s I 3t D) e 5 2013
4F,B. Slovick % AN HE—25 NHELE BT aEgRER
W 30 S B e S S5 ) il e W A2 1 BB 2R A 5 2014
AF, P. Moita 5 AR FHAE A BT RE B 51 76 i 2140 i
BOE WA 2 M i KU A . TERBR X BB D.
Mittleman 55 A" 2006 452K H 58 5 # /e BELRE #4) 1 1)
— AT A B, LB T — RS 5 330 ~ 370
GHz AUBTC 2 TR, AT 5 i1 1 S A 58 A 42 5 o e
S AR N T HOR S J% S i S S E
AN 2015 A FRATT I T — A fe TG RN 42Uk B 1
BRAA BOEA OB, LT T TE A TM AT i
Rt R T IR RN R AIR L AR A T S B R R A
99 % VYIS iK 97. 9 %) THz S5t 3 M H R
SPRBEIAR | 25 Lo R AR R R s e

TE I L1 A0 Be i) TP A AT SO piF 5 v, 78
R R DG A5 A FIVRR G A A AR 00T 23t B —
o S o AT S IR AR, RN B iR , B R
TE A TEFAS 3% P L0 BEAR & 014325 5 3 0l S
FH, HLUHCE S 0 S S R P i ZARORE T Ol vy ] 4
Rtk SECDEHHRLE AR A EIHE BT A
PO X IO 43 A1 ARAE A S BE M R )
SR, 52 B SEMAT ATRE E RURERE R A E
DRAGFAT B IR, T I P 5 ) s 3 A4 i
SR 2RO BRI T DG % JT 380 0 A SR i 5 el
P AR AL DC FC 25 1 . X DAL R) R, AR SO T oK i

G, BT IR AL T —Flox Al 2% I AT e A 3R

AL A AR S REHOCHIES 1, R T AR
TE A R P AR AL VE T A5 T M T
Ji 393 P9 B B TCZE R 5 M S S5 R 2% o S0 i
25 0 ARG 2 S A 1 O 0 G S AR A7 40
M. G5 R AR Y SO e B R 2% 0 4 S St
AE B AT 0 R AR A B HAT A R ]
HLRBUN 5 T I TR T E 5 22 AR

1 SKIgER#f

1.1 FEEEXMOHE

FIHBOCES 240 TAEH A A Sr A p kS
JEtt R g A% . RATRAMBOCES 2% H 215 ot
PRI WOZ i P E s TR A
B, AN 1 Ca) B . R O R AR e 32 R R 4
PEE TR I V8 A5 2 i TARE 5 T A A BOE A O
i e LR G ER R 2 R A e R 2 AL A
FCBE (M1 AT M2) s, LSEBIOE R 32 sl T, B
A A A S — £ iz B, LAY A2 Bl
e P, IF BAPEAE /N P R (Lens )R
FEARAEFEANFTHRT- 10 Y B ) KNI SR A B
SEH SR I A2 Enpon 251 [ 25 N RD OGRS T
RAEO~50 WHELE A, — AL T 5 W, DG K
4355 nm, FWOLZI P FE A 100 mm/s.

FIHBEOCFTRRMLIN T A — e 2 B 50k
AR i 1 3 3 ' 2 BE R RN S AR R BB R 1 (e)
(D) PR . BEHEEE (1) R 100 pwm 1 5 BELEEVE A 2
R, R R 2% I 4 $RE T DL 220, LR AR A £ Al
ZLWE AT AR T A B 4K (100 pm~1 mm) >k
Uk, YCHAE v J5 ) J2 TR A i ), D i) JR 49 L 9
VA S S B 58 B A ) FH T ox, oy vy o, 278, Q0L 1(h)
i .
1.2 EERIERIEK

K B FE 5 0 B bR 2% B BOG T R 5
XEIN TG B SRR AE SR AT 003K, WL 2 iR . %
S FR G0 B = A Sl A T R S e S
G L 5 R R A 77 AR ) R 24 0 280 5 — S H Ay vl
B2 PM1 J5 728 B G AR, IF i vk e S1EASE A
P E BE PM2 b, S8 5 1 1 3R AR IR BB SS # ©
b, T D AR 2% % (THz 8 109 ¥ 37 2% 1 506 Mk
FE A 1) 75 O Gk = 25 B 5, O W i A T, 2
THz I AR B RS 26 R SR, th kA 50687
] Jif, 45° , T LA 23 — 043 6o 5 810 55 = Al
11 5% PM3 I, 5 J P10 2R 21 R8I AR (EO) I



61 B B T SRR KRR A 2 735

SRk A S2 SO AR G K 2% e L HLAE EO
R b A, I J ik HR DY IBURE A9 005 VR A 2% 0
R[] 22 A B o S IE

platform

©

K1 (B0 ESINTRGR L (b) ZIo L et s
AL ()RR, (d) WA IE

Fig.1 (a) Schematic diagram of laser direct writing machin-
ing system, (b) multi-subpart profile grating, (¢) low- and
(d) high-magnification images of the fabricated grating

B2 RO 2% O I R G B
Fig. 2 Schematic diagram of THz-TDS system in reflection

mode

I3 A T ) LA BE TR EAT 1Y, AR 0 Bsf ]
300 ms, A RO P BTEE R 0.2 ~ 2.5 THz, 41
R I 80 ps. B 2l 4w e 1w AGHIE & 2
S 8 R 2% ok w4 S Sk 232 ik b R S S ik o
FE A B AR AR B E AT S E., (0) FTE, ().
XK E (0) B H K E (o), BEAEEY
SICH AR I SR AT R8N r=E (0)/E (w).

2 RSt R SRR AT SN

KA BRITo A 77 (FEM) Fil CST %f—”lz‘i}fzﬂ/ﬁ”@*
PR A X5 TR 1 (b)) BT 718 Y JE AR 25 44 BA ST R AT 1 45

A P T x, x x0T 250.70.80
50,50 pwm, SEAAJE R £ = 100 wm, ASGHR 5 T™M
R R 2% 8 R 7 1) 5 A TRl AR TRD ), A 40045
B0 4R W8 B R R 3 s, & B OG5 A 7
1.03 ~ 1. 18 THz P Bt I S S % KT 98. 2 %. [FIAT,
TEZALE , TM B AATE A B 543 250, 2 T 1. 06 THz
FL. 14 THz AL, Ho 0 506 1 — A K KR , 45 H
TEREAE AU AL G o3 A an 18] 3 (b—c) R

@

e reflectivity
transmittance

1.00 1.05 110 115 120
Frequency/THz

(c) 1.14 THz

S (e)1.14

B3 (a) ZIC A G /oy foey/x, = 70/80/50/50 pm) 145 FL
ST M7 B, DL % 7E 1.06 THz #1114 THz AL (0753545 A
((b) () ) R L™ A= i) L i S A 201 ((d) A Ce))

Fig.3 (a) Simulated reflection and transmission spectra of bi-
70/80/50/50 pm), magnetic

field ((b) and (c)) and vector distribution of induced current

nary periodic grating (x,/x,/x,/x, =

((d) and (e)) at frequencies of 1.06 and 1.14 THz, respective-
ly.

F T TM Al B A58 2% 18 1) 1 3 O B 1 G ek A
D5 4R B0 Cy Jria) ) AR v P55 e w8 o i, AR 1k
1) R 1 4 0 3 BT ek A 0 AR T R AR B
Yy (R ) , BT T i 41 K 7 2% Dk 149 0 4 2% Ak i ™=
A IR LR A3 AR A 3 (d) A 3 (e) s . AT LLE
R IR AR A | 1 47 55 BN L AL Y 0 AR AN TR
I B4 4 3 S S 28803 R i R PR R TR T I T A K
QAR ) He A7 A BAE R . ZEAR A8 (1. 06 THz)
VA A R A 3 ), 5 B A Y A o A g (1. 14



736

AN RSP SN g 2 14

THz) , 5 “ AR IEEE T, otk . it
AR 2492 Z2 U 45 K 6 Ml A T R 9 1 RE AT A n s S
S A B L SEE 5 AN, B B e S S R B
Ph® S SR T S R 2 E T I R ZE
JEHZ BRI R IR DX s, DT ) T i B S 3

PRI I, 3 9 LA PR A PR BE

1.0
0.3
2
= 0.6
8
i
04
x,/x,/x/x,
= 70/75/55/50
0.2 ~— 70/80/50/50
—— 70/85/45/50
0.0 . . . .
1.00 1.05 1.10 115 120 1.25
Frequency/THz
(a)
10
0.8
2
z 06
3
=}
Q
& 04
x,/%,/x,/x,
— 65/85/50/50
02p —— 70/80/50/50
= 75/75/50/50
0.0 L L L L
1.00 1.05 1.10 115 120 125
Frequency/THz
(©)
10
0.3
2z
Z 0.6
3
o=
<
04
x,/x,/x,/x,
— 70/75/55/50
02 — 70/80/50/50
= 70/75/50/50
0.0 . . L .
1.00 1.05 1.10 115 120 125
Frequency/THz
©

&l 4

i G AR A X AR 35 20 e S R R RE A 2 )

TEJA (T ANZRY TG BUT RS 5T T Rk AL %2
JRE NG T 50 V8 ) SRR A B2 0, AN L 4 T . 1A (am
ARAEEAE 19 5 J3E 50 531 1] A 75 1) 346 o ik
AT Y B AR AR A SE R 0N, B
T 1] TS 1) RS Bl 1 TS N, HLRCR R AR 2
TREFAE97. 4 % LA L. PR 5 — MRUAEAE 58 HE I, DT

b) 55—

/NS wm.

L0
0.8
2
E 0.6
g
%5
& 04
x,/x,/x/x,
= 70/75/55/50
02 —— 70/80/50/50
= 70/85/45/50
0.0 . . . .
1.00 105 110 115 120 1.25
Frequency/THz
(b)
1.0
08
2
z 06
3
=}
2 04
x,/%,/x,/x,
— 65/85/50/50
02 —— 70/80/50/50
= 75/75/50/50
00 . . . .
1.00 1.05 110 115 120 125
Frequency/THz
(]
1.0
0.8
2
i 0.6
i
o=
2 04
x,/x,/x,/x,
— 70/80/55/45
02+ —— 70/80/50/50
= 70/80/50/50
0.0

100

110 L15 1.20

Frequency/THz
®

1.05 125

Fig.4 The effect of width change on the reflection performance of non-uniform grating
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