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Abstract-A semi-analytical method for fast simulation of 
microring resonators with distributed Bragg reflectors (DBR-
MRR) is presented. Under the low loss condition, the structure 
exhibits a spectral response similar to that of a sampled-grating 
distributed Bragg reflector (SGDBR). However, the DBR-MRR 
can achieve higher reflectivity with significantly fewer gratings 
due to multiple reflection encounters with the same DBR gratings. 

 

I. INTRODUCTION 

Microring resonators (MRR) have become essential building 
blocks in photonic integrated systems, serving as filters, 
modulators, laser cavities, sensors, and switches. Their 
compact sizes and flexibility in design and function have led to 
active research in different configurations including multiple 
rings, cascaded in series [1] and parallel [2], 2D arrayed [3], 
embedded [4], and spiral shape geometry [5]. In this paper, we 
focus on MRRs containing DBR gratings for the application of 
compact reflectors for tunable laser cavities [6]. 
 

II. ANALYSIS 

In the analysis, we separate the structure into two parts: the 
ring and the DBR. The microring part of the structure has been 
extensively studied and is well understood [7]. Likewise, the 
DBR part also has been extensively investigated and analyzed 
[8]. We thus combine the two results to obtain the 
characteristics of the whole structure. 

We first use a black box model to represent the DBR in the 
ring. For simplicity in the analysis, we insert the black box at 
the center of the ring. Analysis for structures with the black 
box at different positions would proceed very similarly. Fig. 1 
shows a simplified model to be used in the analysis. The black 
box inputs and outputs are related by the scattering matrix SBB, 

 ቂ2ݐݑ݋1ݐݑ݋ቃ ൌ ܵ஻஻ ቂ݅݊1݅݊2ቃ ൌ ቂߪଵଵ ଶଵߪଵଶߪ ଶଶቃߪ ቂ݅݊1݅݊2ቃ.            (1) 
 

At the waveguide-ring interface, we have a coupling matrix 
[9], 

ܭ  ൌ ൤ ߬ ݆݆݇݇ ߬ ൨    (2) 

where k and τ are coupling and transmission coefficients, respectively 
and ݇ଶ ൅ ߬ଶ ൌ 1  for lossless coupling. Since the fields will 

propagate in both counterclockwise and clockwise directions in the 
structure, we will use superscripts + and − to indicate fields 
propagating in these directions respectively. With this convention and 
the fields named in Fig. 1, we obtain two matrix equations describing 
the coupling, 

 ቈܾଵାܾଶା቉ ൌ ܭ ൤ܽଵାܽଶା൨    (3) 

ቂܽଵିܽଶିቃ ൌ ܭ ൤ܾଵିܾଶି൨.    (4) 

 
The inputs to the black box will be: 
 ݅݊1 ൌ ௥భమ݁௝ഇೝమߙ ܽଶି                            (5) ݅݊2 ൌ ௥భమ݁௝ഇೝమߙ ܾଶା                            (6) 

 

where ߙ௥ ൌ ݁ିഐమ௅ is the optical field loss in one-round-trip in 
the ring excluding the black box. ρ is the optical loss 
coefficient, L is the circumference of the ring in the absence of 
the black box, and ߠ௥ ൌ ܮ௥ߚ ൌ ଶగ௡భ௅ఒ  is the one-round-trip 
phase change in the ring where n1 is the refractive index of the 
ring. Propagating these results to the waveguide-ring interface, 
we obtain: 

 ൤ܽଶାܾଶି൨ ൌ ௥݁௝ఏೝܵ஻஻ߙ ൤ܽଶିܾଶା൨.                    (7) 

Fig. 1.  Representing the DBR as a black box simplifies the analysis. The 
scattering matrix SBB relates the two inputs to the two outputs. A racetrack 
geometry may be used to simplify the fabrication processes for the straight 

DBR gratings. 



 
Thus, solving (3), (4), and (7) yields: 
 ܾଵା ൌ ఛିఈೝమ ௗ௘௧ሺௌಳಳሻఛ௘ೕమഇೝିఈೝ൫ఙభమ௞మାሺఙభమାఙమభሻఛమ൯௘ೕഇೝଵିఈೝሺఙభమାఙమభሻఛ௘ೕഇೝିఈೝమ ௗ௘௧ሺௌಳಳሻఛమ௘ೕమഇೝ         (8) ܽଵି ൌ ିఈೝఙమమ௞మ௘ೕഇೝଵିఈೝሺఙభమାఙమభሻఛ௘ೕഇೝିఈೝమ ௗ௘௧ሺௌಳಳሻఛమ௘ೕమഇೝ              (9) 

  
assuming aଵା is one and bଵି is zero. 

The second part of the analysis will investigate the DBR’s 
scattering matrix SBB. The DBR structure consists of multiple 
pairs of (n1, n2) alternating material. We have defined the black 
box such that it is a symmetric structure and its outermost 
refractive index is n2, as depicted in Fig. 2. One pair of grating 
can be seen as a (n1, n2, n1) Fabry-Pérot (FP) resonator with 
extended material of refractive index n1 at the right hand side. 
Using the scattering matrix of a FP resonator, 

 ܵி௉ோ ൌ ቎௰൫ଵି௘ೕమഇమ൯ଵି௰మ௘ೕమഇమ ൫ଵି௰మ൯௘ೕഇమଵି௰మ௘ೕమഇమ൫ଵି௰మ൯௘ೕഇమଵି௰మ௘ೕమഇమ ௰൫ଵି௘ೕమഇమ൯ଵି௰మ௘ೕమഇమ ቏ ൌ ቂݎ ݐݐ  ቃ          (10)ݎ

 
where ߁ ൌ ௡మି௡భ௡భା௡మ  and ߠ௜ ൌ ௜݀௜ߚ ൌ ଶగ௡೔ௗ೔ఒ , we obtain the 
scattering matrix for a pair of lossless gratings: 
 ܵ௣௔௜௥ ൌ ൤ ݎ ௝ఏభ݁ݐ௝ఏభ݁ݐ  ௝ଶఏభ൨.           (11)݁ݎ

 
Using scattering and transmission matrices [8] to cascade 

these sub-blocks allows numerical calculation of SBB. 
Substituting the elements of SBB into (8) and (9) completely 
solves the spectral response of the DBR-MRR structure. 

 

III. SIMULATION RESULTS 

Fig. 3a shows a simulation result of a DBR-MRR structure 
under the low loss condition of 1 dB/cm with only 10 pairs of 
(n1, n2) = (3, 3.01), (k2, τ2) = (0.1, 0.9), and the total ring 
circumference ܼ஽஻ோିெோோ ൌ 15 ఒ௡ ൌ ݉ߤ 7.75 , for a design 
wavelength ߣ ൌ -The spectral response of the DBR .݉ߤ 1.55
MRR structure is similar to that of SGDBR as shown in Fig. 
3b. The SGDBR has 45 sampled gratings, each of which is 
identical to the DBR of the DBR-MRR, but at a spatial 
sampling distance ܼௌீ஽஻ோ ൌ ଵଶ ܼ஽஻ோିெோோ . This factor of 2 is 
introduced because the resonance of the DBR-MRR at very 
low |ߪଵଵ|  and |ߪଶଶ|  coincides with that of a simple MRR 
structure, i.e. when the circumference is an integer multiple of 
the effective wavelength. Using the DBR-MRR reduces the 
reflector length by more than 20 times, which thereby enables 
more compact and integrable structures. 

 
[8] L. A. Coldren and S. W. Corzine, Diode lasers and photonic integrated 

circuits, Wiley-Interscience, 1995.  
 

IV. CONCLUSION 

    We presented a novel structure, the DBR-MRR, and a semi-
analytical technique for fast simulation of its optical properties. 
The buildup of field strength in the ring resonator configuration 
enables the DBR-MRR to achieve high reflectivity with only a 
few pairs of low index contrast gratings. 
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Fig. 2.  The DBR consists of multiple pairs of n1-n2 alternations. Note that a 
pair consists of two index-interfaces (solid lines). The interface at the dashed 

line will be accounted for by the next pair or the rightmost FP resonator. 

Fig. 3. Simulations of low loss structures. (a) DBR-MRR (b) SGDBR




