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Electrically - controlled Terahertz Modulator Based on
Cross-shaped Subwavelength Metal Hole Arrays

LIANG Xiao-xin"*, YAN Yue peng'

(1 Institute of Microelectronics of Chinese Academy of Sciences, Beijing 100029, China;
2 Imperial College, London SW7 2AZ,UK)

Abstract: The transmission and tuning properties of an electrically-controlled terahertz modulator based on cross-
shaped subwavelength hole array is investigated. The metal-semiconductor forms a Schottky junction, where the
depletion region modifies the substrate conductivity through an external reverse voltage bias. This achieves effective
control of the resonance enhanced terahertz transmission. We introduce a simulation method which combines
electrical specification of the substrate and electromagnetic mechanism of the device. Our proof-of-concept modulator
achieves an intensity modulation depth of 76% by changing the external voltage bias from 0 to 16 volts. In addition,
the silicon substrate and relative simple device structure achieve reduced fabrication cost and difficulty. This design
approach and device structure can be also translated to other terahertz and optical frequency range, especially in the
optical frequencies, where the switching performance could be more promising.

Key words: terahertz; modulator; co-simulation

[7]

[3] 9]

: 2014—06—17; : 2014—08—10



2015

b

[11]

K/(G—L)<1 ,

(ol 2011
1
(D Lol
Ao:: 2.1L
Q. G
[13-14] .

0.3~0.6 THz

[12]

(G:L:K)

(@Y

Ap.

/1,- — A() «/87 (2)
LXSM sAr
Ao
, Drude
L15]:
wZ
- ,4"744%L4* (3)
sy e e +iw/t
s (W s &p
s Wy ’ (4)
s T
w0 = | N D
gy m
JV s MK . €
2 €0
N s
b ’ n
’ G=16 ﬂﬂlq L
:14 ‘(},1’1’1, k:5 ;J,m, h:100 nm.,
1 pm, N=1X10" em*® n
’ . n
, 2
(a)
(b)
2



, n
(a)
3
(h0o V
3
Device
’ (016 V
4 5
4\ 5 . 1 ;J,m n
s 16
\% ,
4
(a)
n ’
[16]
18
N:6.242><1() % 10 5)
©
.= 3.108 3—3.262 6 —1.219 6 > —0.139 23 2* (6
- 1+1.026 504 0.387 55 22 +0.418 33 z°
(5).(6) oV
,  CST Microwave
Studio

b

unit cell, = open

space, x oy ()16 V



8 2015
s 6 (o) )
> s
. s , Ty 1~
6 . s 6(b) 10 THz 10%; 16 V
s , , s
s 4. 87
THz Tisv 42%,
p=Tuy=Tov 600 6
Tisv
s
, N
s s
(a)0 V CST ’
S
Y% 16 V
4.87 THz 76% s
(D16 V CST ¥ ’
057 ’
04 ’
%}0.3 F
021 ’
0.1
W5 33 35 6 7 8 9 10
$% /THz
(o)
[1] Ferguson B, Zhang X C. Materials for terahertz sci-
ence and technology [J]. Nature Materials, 2002, 1
(1): 26-33.
[2] Siegel P H. Terahertz technology [J]. IEEE Transac-
tions on Microwave Theory and Techniques, 2002, 50
(3): 910-918.
[3] Chan W L, Chen H T, Taylor A J, et al. A spatial
light modulator for terahertz beams [ J]. Applied
Physics Letters, 2009, 94(21): 213511.
(D16 vV 4.87 THz , ,
6 [4] Chen H T, Padilla W J, Cich M J, et al. A metamate-

rial solid-state terahertz phase modulator [ J]. Nature



Photonics. 2009, 3(3): 148-151.

[5] Fekete L, Kadlec F, KzP, et al. Ultrafast opto-tera-
hertz photonic crystal modulator [J]. Optics Letters,
2007, 32(6) . 680-682.

L6] . HEMT

[Jl. , 1990, 7(2). 12-14.

[7] Rahm M, LiJ S, Padilla W J. The wave modulators:
a brief review on different modulation techniques []J].
Journal of Infrared, Millimeter, and Terahertz
Waves, 2013, 34(1). 1-27.

[8] Ebbesen T W, Lezec H, Ghaemi H, et al. Extraordi-
nary optical transmission through sub-wavelength hole
arrays [ J]. Nature, 1998, 391(6668): 667-669.

[9] Macdonald M E, Angelos Alexanian, York R A, et
al. Spectral transmittance of lossy printed resonant-
grid terahertz bandpass filters [J]. IEEE Transactions
on Microwave Theory and Techniques, 2000, 48(4):
712-716.

[10] Chen H-T, Lu H, Azad A K, et al. Electronic control
of extraordinary terahertz transmission through sub-
wavelength metal hole arrays [J]. Optics Express,
2008, 16(11). 7641-7648.

[11] Shu]J, QiuC, Astley V, et al. High-contrast terahertz
modulator based on extraordinary transmission
through a ring aperture [ J]. Optics Express, 2011,
19(27) . 26666-26671.

[12] Melo A M, Gobbi A L, Piazzetta M H, et al. Cross-

shaped terahertz metal mesh filters: historical review
and results [J]. Advances in Optical Technologies,
2012(530512) :12.

[13] Qg D, Grischkowsky D, Zhang W. Terahertz trans-
mission properties of thin, subwavelength metallic
hole arrays [ J]. Optics letters, 2004, 29 (8);
896-898.

[14] Ghaemi H F, Thio T, Grupp D E, et al. Surface plas-
mons enhance optical transmission through subwave-
length holes [J]. Physical Review B, 1998, 58(11):
6779-6782.

[15] Ulbricht R, Hendry E, Shan J, et al. Carrier dynam-
ics in semiconductors studied with time-resolved tera-
hertz spectroscopy [J]. Review of Modern Physics,
2011, 83(2): 543-586.

[16] Astm F723-99. Standard practice for conversion be-
tween resistivity and dopant density for boron-doped,
phosphorus-doped, and arsenic-doped silicon [ M J.
West Consho Hocken: ASTM International, 2003.

, (1979, ,
. E-mail: liangxiaoxin(@ime. ac. cn.

, (1963-) s

( 4 )
108 0 .
8 RTL .
2 0
8 RTL DC 19%.
0
, 108 0

[1] . , .
(. ,2003,20(8) :163-166.

[2] . . .o 1
[Jl. ,2013,40(4) ;24-28.

[3] , . ) 0

L. ,2008,31(1) :84-87.
[4] , . . FFO 0
L. ,2010,32(7) :69-71.
[5] Jan M Rabaey. — N
(M2 . .o : ,2000.
(6] ; , . 0/1
LJ1. ,2007,24(22) :82-85.

’ (19707> ’ b
SOC . E-mail: yongli@nudt. edu. cn.
,(1986-) ,

, (1976-), ,
EDA



