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Lecture 25 Outline 

• Integrated Optics components 

• Directional coupler 

• Modulators 

 
The final exam will consist of the final project presentation (10 minutes 
each).  Have a Powerpoint slide show ready on  data stick.   

Date: Thursday May 12, 8:00-11:00am. 

 

The Take-Home Exam  has been posted.  Take-Home Exam and final 
paper are also due on May 12. 
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Integrated Optics Structures 

 

Coupled Waveguides 



4 

Coupling Methods 

• Edge (Butt) Coupling 
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Effective coupling between two fields requires that they be phase 
matched, i.e. the two waves travel at the same phase velocity in 
the waveguide. 

Coupling Methods 

• Prism Coupler 

Air gap should be as small 
as possible 

𝑛𝑐  

𝑛𝑠 

𝑛𝑓 

𝑛𝑝 
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Why a radiation mode does not excite modes in a waveguide? 

• In a distance 𝐿, such that 

the field induced at 𝑧 = 0 is exactly out of phase 
with the field induced at  𝑧 = 𝐿. 
 
The polarization perturbation created by the 
radiation field within the waveguide excites the 
guided field but it cannot transfer energy. 
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Angle of incidence must be greater than the critical angle 

The k-vector for the field in the prism 

Evanescent overlap 
coupling 
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Below the prism-air interface, field decays exponentially 
with increasing distance. The x-component of the 
propagation coefficient is imaginary in this region, but 
the z-component remains the same as inside the prism. 
 

Since the z-component of k depends on the angle of 
incidence, it is possible to adjust the angle so the waves 
travel at the same velocity as in the waveguide. When 
this happens, strong coupling occurs. 

Phase Matching Condition 
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Mode analysis using a prism coupler 
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Mode analysis using a prism coupler 

• We assume TE polarization. There are 3 allowed TE modes with 

• From the phase matching condition 

• Incident angle on interface 

• From Snell’s Law 
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Mode analysis using a prism coupler 
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Coupling Methods 

• Grating Coupler 
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Coupling Methods 

• Parallel Waveguide Coupling (Directional Coupler) 
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Coupled optical waveguides 



15 

Coupled optical waveguides 
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Coupled optical waveguides 

A B 

UNCOUPLED 

Same transverse and longitudinal wavevectors 
 

The polarization perturbation in waveguide B arises from the presence of 
the evanescent tail of mode A.  The perturbation is actually due to the 
difference in index the evanescent field sees when in the core of 
waveguide B, compared to the normal cladding index. The perturbation 
induced by mode A acts as a source to excite mode B. 

𝑛2 𝑛1 𝑛1 
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Coupled optical waveguides 

A B 
The perturbation seen by B is of the form 

The device operates with codirectional coupling, so no backward wave is included 
(due to phase matching, it is impossible to couple energy into the backward wave).   

Equation of motion 

∆𝜀 

Indicates the field of a specific mode 
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Coupled optical waveguides 

A B 

Because of symmetry there is identical coupling 
from B to A 

The system reduces to 

The uncoupled equation can be solved directly.  With B.C.   𝐴 0 = 1  and  𝐵 0 = 0 
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General solution  

𝜕

𝜕𝑧

𝜕𝐴

𝜕𝑧
= −𝑗 

𝜕𝐵

𝜕𝑧
 

𝜕2𝐴

𝜕𝑧2 = −𝑗 (−𝑗 𝐴) 

𝐴 𝑧 = 𝐶1cos( 𝑧) +𝐶2 sin( 𝑧) 

B.C.  𝐴 0 = 1   𝐶1 = 1 
𝜕𝐴(0)

𝜕𝑧
= −𝑗 𝐵 0 = 0 𝐶2 = 0 

𝐴 𝑧 = cos( 𝑧) 

𝜕𝐴

𝜕𝑧
= −  sin( 𝑧) = −𝑗 𝐵(𝑧) 

B.C.  𝐵 0 = 0 

𝐵 𝑧 = −𝑗 sin( 𝑧) 



20 

Coupled optical waveguides 

A B 

Power can travel back and forth the waveguides with 100% transfer efficiency.  Also, 
there is always a precise phase difference between the driving and the driven field.  
The driven field always lags by 90.  The length of the interaction region determines 
the exact value of the coupling.  Complete energy transfer occurs for 

The power in waveguide B varies sinusoidally as a 
function of coupling length 𝐚 
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Directional Coupler 

A B 
It is possible to design couplers for different 
purposes by selecting the coupling length to 
obtain a certain percentage of transfer. 
 
• To tap a broadcast signal it may be 

sufficient to couple 1% of the power (-20 
dB) 

• For heterodyne detection, a 50% coupler 
(3dB) is desirable 
 

 Drawbacks 
 

The coupling constant depends critically on 𝜷.  A 3dB coupler at 
a certain wavelength may not yield 3dB at another wavelength 
 
Because of the dependence on 𝜷, single mode propagation is in 
general necessary. 
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Directional Coupler 

4𝜇m 

10𝜇m 

(uncoupled solution) 

Example – two coupled slab waveguides 
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Directional Coupler 

For this (uncoupled) waveguide 

4𝜇m 

10𝜇m 

(uncoupled solution) 

Example – two coupled slab waveguides 

𝜶 

𝜶 

𝒌𝒙 

7 
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From the Dielectric Slab Waveguide Java App 
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TE0 

𝜷 



26 TE0 

1942 cm-1 

2840 cm-1 

𝜷 



27 TE1 
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Coupled optical waveguides 

Example 
 

 

For normalization of eigenmode 

4𝜇m 

From numerical evaluation 
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Coupled optical waveguides 

Example 
 

 

Perturbation in the core of the left waveguide 

4𝜇m 

Coupling coefficient 
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Coupled optical waveguides 

Example 
 

 

4𝜇m 

Power couples back and forth according to 
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For different waveguides there are additional terms 
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Coupling Coefficients (Weak Coupling) 




