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یک لایه  در این ساختار در این مقاله یک ساختار جدید جهت افزایش میزان جذب در آشکار سازهای نوری پلاسمونیک ارائه شده است. –چکیده 

، انتقال موج به طرفین باعث به وجود آمدن مسیرمناسب تری برای نفوذ نور به زیر طلا . این لایهقرار داده شده است شیشه بین طلا و نیمه هادی

نیمه هادی شده است. این نور به درون  تزویجو افزایش  حفره -ونرتولید زوج الکت قطعه، درگیر کردن بخش بیشتری از نیمه هادی در فرایند

برابر آشکار ساز های مشابه رسیده  ب در این مقاله به چهارشبیه سازی شده است. افزایش جذ FDTDو به روش  Lumericalساختار با نرم افزار 

 است. 

 ساختارهای نانویی، گریتينگآشکار ساز نوری، پلاسمونيک،  -كليد واژه

  A new approach for absorption enhancement in plasmonic photodetectors 

Kamal Jamalpoor, Abbas Zarifkar, and Abbas Alighanbari  

School of Electrical and Computer Engineering, Shiraz University 

Abstract- A new structure for absorption enhancement in plasmonic MSM photodetector is presented. This structure contains a layer 

of SiO2 between gold and semiconductor layers. The SiO2 layer creates a more suitable path for light to penetrate under the metal 

layer, transmits the wave to both sides of the device, involves a greater part of semiconductor in electron-hole generation, and 

increases the coupling of light into the semiconductor. This construction is simulated using Lumerical FDTD. Absorption 

enhancement in this paper is 4 times greater than similar structures.   
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  افزایش میزان جذب در آشکار ساز نوری پلاسمونیکبرای ارائه راهکاری 

 عباس علی قنبریعباس ظریفکار و كمال جمالپور، 

 دانشگاه شيراز، دانشکده مهندسی برق و كامپيوتر
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1 Introduction 
High-speed chip-to-chip connections and high-

speed sampling are two main properties to make 

the metal-semiconductor-metal photodetectors 

(MSM-PDs) attractive for optical fiber 

communication systems [1, 2]. In the past decade, 

many experimental and theoretical works have 

been carried out to analyze Extraordinary Optical 

Transmission (EOT) through a subwavelength 

aperture and demonstrate light absorption 

enhancement through the nano-patterning of the 

metal fingers of the MSM photodetectors [3-5]. 

Recently, excitation and propagation of surface 

plasmon polaritons (SPPs) along the interface of a 

metallic-grating and a semiconductor material have 

been demonstrated using the finite-difference time-

domain (FDTD) method [6, 7]. For instance, Bhat 

et al. presented a theoretical approach for light 

absorption enhancement of over 100 times, 

compared to the conventional MSM photodetectors 

using FDTD-based simulation of a subwavelength-

aperture MSM photodetector structure [7]. These 

theoretical enhancements encouraged the 

researchers to design and fabricate novel high-

speed high-responsivity MSM photodetector 

structures [8, 9]. 

In the present paper the initial model is adopted 

from [10]. Moreover, the optimization of the metal 

grating simulated in [11] is used. Then, our 

proposed structure is presented in which a layer of 

SiO2 is added to the device. The three different 

structures are simulated with Lumerical FDTD and 

their light absorption is compared. 

The rest of this paper is organized as follows. In 

Section 2, the previous MSM plasmonic 

photodetector structures and our proposed design 

are explained. In Section 3, the results for the 

absorption coefficient are presented and 

compared.Finally, we conclude our discussion in 

Section 4.  

 

2 Structure Design 
Tan et al. presented and optimized an MSM 

plasmonic photodetector structure which consists 

of three separated parts: the metal grating, the 

subwavelength aperture and the substrate, as 

shown in Fig. 1 [11]. The metal grating includes a 

perfect conductor whose grooves are parallel to the 

z-direction and the dimensions are optimized in 

order to couple the light at the desired wavelength 

and excite SPPs along the x-direction. 

Figure 1: The MSM photodetector structure with the 

metal grating and a subwavelength aperture [11]. 

 
 In a metal grating the wave vector of the SPPs is 

as follows [8]:  

2
sin m d

sp

m d

k j
c c

   

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  
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           (1) 

Where  ,  ,  , and c are the grating period, 

angular frequency, light incidence angle, and speed 

of light in vacuum, respectively. m m mi     is 

the permittivity of metal and 
d  is the air 

permittivity.  
 Each metal grating groove excites surface 

plasmon polaritons propagating along both positive 

and negative x directions mentioned as an electric 

field called Espp. The intensity of the SPP wave is 

reduced exponentially with the propagation 

distance and has a penetration depth that depends 

on the material permittivity [11]. This limits the 

SPP triggered by the peripheral (non-central) 

grooves to propagate towards the sub-wavelength 

aperture, where the SPP wave interferes (couples) 

with the incident light (represented by the electric 

field Ei), as described in [3]. This collection of the 

SPP waves results in optical transmission 

enhancement through the subwavelength aperture. 

In fact, the metal grating acts as a wave collector, 

or a focusing lens at resonance frequency. 

As shown in Fig. 2, the coupling of the SPP wave 

(Espp) with the incident wave (Ei) results in a 

combined transmission of t12. 
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Figure 2: Extraordinary absorption model, based on the 

semi-analytical Fabry–Perot model proposed in [10] 

 
Using the semi-analytic Fabry–Perot analysis [10], 

the modal expansion formalism [12], and the 

Green’s tensor analysis [13], it is concluded in [11] 

that with the subwavelength aperture width (xd) 

much smaller than the propagating wavelength 

( 0 ), light transmission enhancement and 

improved absorption in the semiconductor 

substrate can be obtained. On the other hand, in 

[14], Sturman et al. modelled the light transmission 

enhancement through the subwavelength aperture, 

accurately. 

The change of parameters in Fig. 1 leads to change 

in the transmission of the light into the 

semiconductor at the desired wavelength. 

Therefore, the best values for the parameters are 

optimized in [11].  

The proposed design in this paper is shown in Fig. 

3 in which the optimized grating dimensions are 

adopted from [11] and [15] to achieve the best 

response from the grating part of the photodetector. 

Also, a SiO2 layer is added under the metal (Au) 

contacts. Since SiO2 is a dielectric and refuses the 

generated electron-hole pairs in the semiconductor 

to reach the metal contacts, two metal side walls 

are added in both sides of the device to collect the 

carriers. Figs. 3 and 4 show metal (Au) walls and 

the SiO2 layer position more clearly, respectively. 

 

 
Figure 3: The proposed photodetector structure in which 

a SiO2 layer and two metal walls are added 

 

 
Figure 4: The SiO2 layer position in the photodetector 

structure, the arrow shows the wave insertion toward the 

semiconductor 

 

3 Results and Discussion  
The idea of adding a SiO2 layer at the end of 

the aperture is obtained from E-plain Tee 

divider which is used as a divider in 

microwave [16]. As shown in Fig. 2 in the 

conventional plasmonic photodetectors the 

greatest amount of absorption takes place 

exactly under the aperture, while Fig. 5 shows 

the travelling of the entered waves toward both 

sides of the device. 

 
Figure 5 power transmission of the light toward both 

sides of the photodetector 

The 100nm height SiO2 layer makes the waves 

propagate more easily toward the sides of the 

device and a greater part of the semiconductor 

is involved in the light absorption and carrier 

generation. The expansion of light under the 

contacts clearly increases the light absorption. 

Fig. 6 shows the absorption enhancement 

compared with Fig. 1 structure in which the 

transmission is enhanced using metal grating, 

the conventional structure with no grating and 

the structure with SiO2 layer without grating. 

The absorption pick takes place at 868 nm 

using 2D simulation of Lumerical FDTD 

software with 5nm mesh size.  
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Figure 6: Absorption enhancement comparison in three 

structures; black solid line: the proposed structure with 

grating and SiO2 layer, black dot line: the structure only 

with grating, gray dot line: conventional structure 

without grating, gray solid line: the structure with SiO2 

gap without grating 

 

4 Conclusion 
In this paper, we proposed a new design for a 

plasmonic photodetector by adding a SiO2 layer 

under the metal grating. This layer provides 4 

times improvement of the light absorption at 

868nm in comparison with the similar structures. 

 

References 
[1] J. B. D. Soole and H. Schumacher, “InGaAs 

metal-semiconductor-metal photodetectors for 

long wavelength optical communication,” 

IEEE J. Quantum Electronics, Vol. 27, No. 3, 

pp. 737–752, 1991. 

[2] M. Ito and O. Wada, “Low dark current GaAs 

metal-semiconductor metal(MSM) 

photodiodes using WSi contacts,” IEEE J. 

Quantum Electronics, Vol. QE-22, No. 7, pp. 

1073–1077, 1986. 

[3] F.J. García-Vidal, H.J. Lezec, T.W. Ebbesen, 

and L. Martín-Moreno,” Multiple Paths to 

Enhance Optical Transmission through a 

Single Subwavelength Slit”, physical review 

letters, Vol. 90, 213901, 2003.  

[4] L. Martín-Moreno, F.J. García-Vidal, H. J. 

Lezec, A. Degleron, and T. W. Ebbesen 

“Theory of Highly Directional Emission from 

a Single Subwavelength Aperture Surrounded 

by Surface Corrugations” physical review 

letters, Vol. 90, 167401, 2003. 

[5]  H. J. Lezec and T. Thio, “Diffracted 

evanescent wave model for enhanced and 

suppressed optical transmission through 

subwavelength hole arrays”, Optics Express, 

Vol. 12, Issue 16, pp. 3629-3651, 2004. 

[6] Z. Yu, G. Veronis, S. Fan, M.L. Brongersma, 

“Design of mid-infrared photodetectors 

enhanced by surface plasmons on grating 

structures”, Applied Physics Letters, Vol. 89, 

151116, 2006. 

[7] R. D. R. Bhat, N. C. Panoiu, S. R. J. Brueck, 

and R. M. Osgood, “Enhancing the signal-to-

noise ratio of an infrared photodetector with a 

circular metal grating” Optics Express ,Vol. 

16, Issue 7, pp. 4588-4596, 2008.  
[8] James A. Shackleford, Richard Grote, Marc 

Currie, Jonathan E. Spanier, Bahram Nabet, 

“Integrated plasmonic lens photodetector” 

Applied Physics Letter, Vol. 94, 2009. 

[9] J. Hetterich, G. Bastian, N. A. Gippius, S. G. 

Tikhodeev, G. von Plessen, and U. Lemmer, 

“Optimized Design of Plasmonic MSM 

Photodetector” IEEE Journal Quantum 

Electronic, Vol.43, pp.855-859, 2007 

[10] J. S. White, G. Veronis, Z. Yu, E. S. 

Barnard, A. Chandran, S. Fan, and M. L. 

Brongersma,“ Extraordinary optical 

absorption through subwavelength slits” Optics 

Letters, Vol. 34, Issue 5, pp. 686-688, 2009 

[11] C. L. Tan , V. V. Lysak, K. Alameh, and 

Y. T. Lee “Absorption enhancement of 980 nm 

MSM photodetector with a plasmonic grating 

structure” Optics Communications Elsevier, 
Vol. 283, Issue 9, pp. 1763–1767,2009 

[12] F. J. García-Vidal and L. Martín-Moreno, 

“Transmission and focusing of light in one-

dimensional periodically nanostructured 

metals” physical review B, Vol. 66, 2002. 

[13] J. Weiner, “The physics of light 

transmission through subwavelength apertures 

and aperture arrays”, reports on progress in 

physics, Vol. 72, No. 6, 2009. 

[14] B. Sturman, E. Podivilov, and M. 

Gorkunov, “Theory of extraordinary light 

transmission through arrays of subwavelength 

slits”, physical review B, Vol. 77, 2008. 

[15] A. Karar, N. Das, C. L. Tan, and K. 

Alameh, “Design of High-Sensitivity 

Plasmonics-Assisted GaAs Metal-

Semiconductor-Metal Photodetectors”, High-

Capacity Optical Networks and Enabling 

Technologies (HONET), pp. 138 – 142, 2010. 

[16] N. Marcuitz, waveguide handbook ,New 

York Dover Publications, pp.337-339,1950. 

 [
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.o
ps

i.i
r 

on
 2

02
5-

12
-1

9 
] 

Powered by TCPDF (www.tcpdf.org)

                               4 / 4

http://journals.aps.org/prl/
http://journals.aps.org/prl/
http://journals.aps.org/prl/
http://journals.aps.org/prl/
http://www.sciencedirect.com/science/journal/00304018/283/9
http://journals.aps.org/prb/
http://iopscience.iop.org/0034-4885
http://iopscience.iop.org/0034-4885
http://journals.aps.org/prb/
http://www.opsi.ir/article-1-791-fa.html
http://www.tcpdf.org

