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آن، مقذار پاشىذگی ي تغییرات آن در سرتاسر پُىای با تىظیم پارامترَای ساختاری  شًد کٍ ارائٍ میسیلیکًوی  یدر ایه مقالٍ، مًجبر -چکیذٌ 

   بسیار کم بیه دي مقذار  nm 350 برای پُىای باوذی در حذيد پاشىذگی سرعت گريٌای کٍ  ، بٍ گًوٍیافتٍ استکاَش ای  بٍ طًر قابل ملاحظٍباوذ 

ویس، برای  َای مراتب بالاتر پاشىذگیالعادٌ مسطح بًدن مىحىی پاشىذگی سرعت گريٌ،  بٍ دلیل فًق .کىذ تغییر می ps/(nm.km)  3.3+ ي  1.1-

. است nm، 355.6 ( W-1m-1) 1550 در طًل مًج مًجبر بُیىٍبرای پارامتر غیرخطی بخش حقیقی . دارای مقادیر بسیار کمی َستىذساختار بُیىٍ 

در  با بازدٌ بالا، برقرار شذٌ است کٍ آن را برای کاربردَای غیرخطیدر ایه مًجبر  پاشىذگیي پارامتر غیرخطی  تًازن مىاسبی بیه بىابرایه،

 گرداوذ.   مىاسب می µm-1.55 محذيدٌ طًل مًجی

 .مهىدسی پاشىدگی دار، ،  مًجبر شکافاپتيک غيرخطی، اپتيک مجتمع -كليد ياشٌ

Optimum Designation of a Highly Nonlinear Silicon Waveguide with Ultra-flat 

Dispersion for Nonlinear Applications  

Zeinab Jafari and Farzin Emami 

Optoelectronic Research Center, Electrical and Electronic Department, Shiraz University of Technology, Shiraz, Iran 

Abstract- A silicon waveguide is proposed in which dispersion value and its variation is effectively reduced over bandwidth. 

Dispersion tailoring is performed by tuning the structural parameters of the waveguide. Group velocity dispersion is varied between 

very low values of -1.1 and +3.3 ps/(nm.km) over an approximately 350-nm bandwidth for an optimum structure. Because of ultra-

flat group velocity dispersion profile, higher order dispersions are also very low. Real part of nonlinear parameter for the optimum 

waveguide is 355.6 (W-1m-1) at 1550 nm. Therefore, a good balance between nonlinearity and dispersion is provided that makes the 

waveguide applicable for highly efficient implementation of nonlinear functions in 1.55-µm wavelength range.  
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فًق العادٌ مسطح  مًجبر سیلیکًوی با شرایط غیرخطی زیاد ي پاشىذگیطراحی بُیىٍ 

   کاربردَای غیرخطیبرای 

 فرزیه امامی زیىب جعفری ي

 صىعتی شيراز، شيراز، ایرانمركس تحقيقات الکتريويک وًری، داوشکدٌ برق ي الکتريويک، داوشگاٌ 
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Optimum Designation of a Highly Nonlinear Silicon Waveguide with 

Ultra-flat Dispersion for Nonlinear Applications 
 

 

                                                              
 

1 Introduction 
 

In the last few years, nonlinear silicon photonics 

has attracted many interests.  In this regard, silicon 

waveguides are extensively studied and used 

because of their high confinement, high 

nonlinearity, cost-effectiveness and compatibility 

with CMOS technology [1]. For a wide variety of 

nonlinear applications such as four-wave mixing 

[2], soliton formation [3] and supercontinuum 

generation [4, 5], dispersion tailoring is an 

essential step in design procedure. However, 

dispersion engineering of silicon waveguides is a 

difficult task due to their high index contrast of 

materials which it causes large waveguide 

dispersion. Slot silicon waveguides have brought 

more design freedom not only in dispersion 

engineering [3-5], but also in nonlinearity tailoring 

[3, 6]. Recently, a silicon waveguide with a 

centered slot; made of silicon nano-crystal (SiNC); 

has been proposed in which nonlinear parameter 

(re) is a high value of 2874 (W
-1

m
-1

) at 1550 nm. 

There is a high group velocity dispersion (GVD) of 

±160 ps/(nm.km) over a 244-nm bandwidth, and 

dispersion profile has two zero-dispersion 

wavelengths (ZDW) [6].  In another work, Zhang 

et al. [4] have presented a strip/slot hybrid silicon 

waveguide with a silicon dioxide slot. The 

waveguide exhibits a flat dispersion profile with 

four ZDWs. Dispersion variation is from -22 to 

+20 ps/(nm.km) over a 670-nm bandwidth.  

Nonlinear parameter of the waveguide is almost 

100 (W
-1

m
-1

) at 1550 nm. 

In this paper, a strip/slot hybrid silicon 

waveguide is presented in which dispersion profile 

has four ZDWs, and dispersion is extremely 

reduced over bandwidth. On the other hand, 

nonlinear parameter of the flattened dispersion 

waveguide is large enough at 1550 nm. It should 

be pointed out that reduction of dispersion and 

enhancement of nonlinear parameter are two 

important aims for utilizing highly efficient 

phased-matched nonlinear effects, which are 

reached in this work.  

 

2 Dispersion Tailoring  
 

 As shown in Fig. 1, to design a highly nonlinear 

waveguide, a horizontal SiNC slot is surrounded 

by two layers of silicon. SiNC is a highly nonlinear 

material with a Kerr index of 4.8×10
-17

 at 1550 nm 

[7] (approximately one order of magnitude greater 

than that of silicon [8]). Substrate of the waveguide 

is made of SiO2, and has a 3-μm thick. Cladding 

layer is considered to be air. Due to large index 

discontinuity between the slot and the silicon 

strips, electric field is enhanced in the slot region 

for the fundamental quasi-TM mode [9]. Power 

distribution of the fundamental quasi-TM mode for 

an optimum structure (W=626 nm, HL=307.5 nm, 

HS=65 nm, HH=90 nm) at different wavelengths is 

shown in Figure 2. 

Simulations are carried out by using finite-

element-method. GVD is defined as 
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and calculated by fitting effective indices to a 9-

order polynomial. Material dispersion of Si, SiNC 

and SiO2 are taken into account via their sellmeier 

relations [10-12]. The waveguide’s real part of 

nonlinear parameter is calculated by a full-

vectorial model presented in [13] 
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where n is material refractive index, n2 is Kerr 

index of materials, and λ is wavelength. It has a 

high value of 355.6 (W
-1

m
-1

) at 1550 nm, for the 

optimum structure. 
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Figure 1: Structure of the waveguide 

 
Figure 2: Power distribution of the fundamental quasi-

TM mode at different wavelengths 

Dispersion engineering is performed by properly 

tuning the structural parameters of the waveguide. 

As depicted in Figure 3, a saddle-shaped dispersion 

profile with four ZDWs is achieved by setting the 

structural parameters as W=626 nm, HL=307.5 

nm, HS=65 nm and HH=90 nm. Ultra-flat and low 

GVD is varied between -1.1 and +3.3 ps/(nm.km) 

over a 349-nm bandwidth from 1421 to 1770 nm. 

ZDWs are located at 1428, 1549, 1642 and 1764 

nm. Total dispersion variation is also very low; in 

such a way that flatness parameter (which is 

defined as total dispersion variation divided by 

bandwidth) is 0.0126, considerably lower than that 

of the previous works [5, 6].  
Because of ultra-flat GVD profile and its very 

low slope, higher order dispersions of the optimum 

waveguide are also very low. Specifically, third 

order dispersion (TOD) is studied. As shown in 

Figure 4, TOD dispersion variation is from -

0.4×10
-3

 to 0.088×10
-3

 (ps
3
/m) over the bandwidth. 

Principle of dispersion tailoring is valuable to 

be investigated, and can be explained as follows. 

At short wavelengths, most part of the mode is 

propagated in the lower silicon layer. Thus, 

material dispersion of silicon is dominant, and total 

dispersion is negative. At long wavelengths, more 

parts of mode power enter to the substrate and 

cladding layers. As a result, waveguide dispersion 

is dominant, and makes total dispersion negative. 

In the middle wavelength range, some unique 

features, so-called mode transition and anti- 

crossing effect cause providing additional negative 

dispersion in the middle of bandwidth and 

generating another two ZDWs. Thus, a saddle- 

 
Figure 3: Dispersion profile of the optimum waveguide 

 
Figure 4: Third order dispersion of the optimum 

waveguide 

shaped dispersion profile with four ZDWs is 

obtained [4, 6].   

To Study effects of each structural parameter on 

the dispersion properties, it is changed slightly 

around the optimum value, while the other 

parameters are constant [4]. As depicted in Figures 

5(a) and 5(b), lower and upper silicon heights (HL 

and HH) can be used for moving dispersion profile 

into normal or anomalous dispersion regime. 

Furthermore, total dispersion variation can be 

efficiently reduced by decrease of HH. This point 

is utilized here for reduction of total dispersion 

variation. On the other hand, width of the 

waveguide (W) and slot height (HS) can be utilized 

for controlling location of ZDWs and slope of 

dispersion profile (to control higher order 

dispersions), as shown in Figures 5(c) and 5(d). 

Thus, changing the structural parameters of the 

waveguide provides a valuable space in device 

design for nonlinear applications. 

 

3 Conclusion 

 
A strip/slot hybrid silicon waveguide with a 

horizontal SiNC slot was proposed to design a 

highly nonlinear waveguide. Dispersion is 

effectively reduced over bandwidth for an 

optimum structure in comparison with the previous 
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works. On the other hand, real part of nonlinear 

parameter is large enough. Therefore, the 

waveguide is suitable for implementing highly 

efficient phased-matched nonlinear applications 

such as four-wave mixing based amplification and 

wavelength conversion.  

  

  

Figure 5: Dispersion profile for different structural parameters
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