Three Layer Waveguide Mode Chart

From page 84 of Palais's Fiber Optic Communications, figure 4-5 can be reproduced using Modeig.  The following are the input files and the plotted results.  

For the Mode Chart, first run the following input file:

CASE KASE=TE0 SYM

CASE EPS1=1E-7  GAMEPS=1E-7   QZMR=12.96    QZMI=0.00

CASE PRINTF=O  INITGS=0  AUTOQW=0   NFPLT=0  FFPLT=0

MODCON KPOL=1  APB1=0.25  APB2=0.25

STRUCT WVL=1.0

LAYER NREAL=3.55  TL=10

LAYER NREAL=3.60  TL=5.0

LAYER NREAL=3.55  TL=10

OUTPUT PHMO=1  GAMMAO=0 WZRO=1 WZIO=0 QZRO=1 QZIO=0

OUTPUT FWHPNO=0 FWHPFO=0 KMO=1 ITO=1

OUTPUT SPLTFL=0 MODOUT=1 LYROUT=1 SCROUT=0

GAMOUT LAYGAM=10 COMPGAM=0 GAMALL=0

!  LOOPX1  ILX='TL'  FINV=0.0  XINC=-0.05 LAYCH=2

LOOPZ1  ILZ='QZMR' FINV=12.60  ZINC=-0.008

END

This will loop QZMR (the square of the effective index) from 12.96 to 12.60 in decrements of -0.008.  This will find any and all TE modes propagating through a symmetric slab waveguide with an inner/core index of 3.60 and outer/cladding index of 3.55.  Open the .db file:

*

    QZMR    
      PHM    
      WZR    
      QZR    
       KM    
       IT    
 

1.295200E+01
 9.034379E-01
 3.598866E+00
 1.295184E+01
       7     
       2     
 

1.292800E+01
 1.804793E+00
 3.595473E+00
 1.292743E+01
       6     
       2     
 

1.288800E+01
 2.701544E+00
 3.589849E+00
 1.288702E+01
       6     
       2     
 

1.283200E+01
 3.589999E+00
 3.582055E+00
 1.283112E+01
       6     
       2     
 

1.276000E+01
 4.463459E+00
 3.572223E+00
 1.276078E+01
       6     
       2     
 

1.268000E+01
 5.305180E+00
 3.560695E+00
 1.267855E+01
       6     
       2     
 

(This file has been edited).  The PHM column will tell you the mode you are looking at and WZR is the effective index that particular mode is "seeing".  The integer value of PHM is the mode, so there are 5 TE (transverse electric) modes 0-5 propagating in this waveguide with a d/ of 5 (since we set =1.0 m and d=5m).  From here, input the above QZMR value for each mode, TE0-TE5, and modify the program to loop the thickness of the second layer from 5 to 0 ( which is the same as looping d/ from 5 to 0 for =1.0 m):

CASE KASE=TE0 SYM

CASE EPS1=1E-7  GAMEPS=1E-7  QZMR=12.952   QZMI=0.00

CASE PRINTF=O  INITGS=0  AUTOQW=0  NFPLT=0  FFPLT=0

MODCON KPOL=1  APB1=0.25  APB2=0.25

STRUCT WVL=1.0

LAYER NREAL=3.55  TL=10

LAYER NREAL=3.60  TL=5.0

LAYER NREAL=3.55  TL=10

OUTPUT PHMO=1  GAMMAO=0 WZRO=1 WZIO=0 QZRO=1 QZIO=0

OUTPUT FWHPNO=0 FWHPFO=0 KMO=1 ITO=1

OUTPUT SPLTFL=0 MODOUT=1 LYROUT=1 SCROUT=0

GAMOUT LAYGAM=10 COMPGAM=0 GAMALL=0

LOOPX1  ILX='TL'  FINV=0.0  XINC=-0.05 LAYCH=2

!  LOOPZ1  ILZ='QZMR' FINV=12.60  ZINC=-0.008

END

Repeat this for each mode.  Remember to change the QZMR value for the appropriate mode.  Also, the KPOL=1 in the fourth line set the polarization to TE.  For the TM cases, change this value to 2.  This will create a *.db file that looks like this:

*

    TL( 2)  
      PHM    
      WZR    
      QZR    
       KM    
       IT    
 

5.000000E+00
 9.034379E-01
 3.598866E+00
 1.295184E+01
       7     
       2     
 

4.950000E+00
 9.025513E-01
 3.598845E+00
 1.295169E+01
       7     
       2     
 

4.900000E+00
 9.016482E-01
 3.598824E+00
 1.295154E+01
       7     
       2     
 

4.850000E+00
 9.007283E-01
 3.598802E+00
 1.295138E+01
       7     
       2     
 

4.800000E+00
 8.997908E-01
 3.598780E+00
 1.295121E+01
       7     
       2     
 

4.000000E-01
 3.909396E-01
 3.566679E+00
 1.272120E+01
       7     
       2     
 

2.000000E-01
 2.244537E-01
 3.555999E+00
 1.264513E+01
       7     
       3     
 

1.500000E-01
 1.728061E-01
 3.553618E+00
 1.262820E+01
       7     
       3     
 

1.000000E-01
 1.175498E-01
 3.551697E+00
 1.261455E+01
       7     
       4     
 

5.000000E-02
 5.953008E-02
 3.550439E+00
 1.260562E+01
       7     
       4     
 

9.395262E-15
 1.123501E-14
 3.550001E+00
 1.260251E+01
       7     
      25     
 

(This file has been edited).  WZR is the effective index and TL(2) is the thickness of the second/middle layer.  This process was repeated for each mode and each polarization and plotted on the Symmetric Slab Waveguide Mode Chart.  Note the correlation between the Modeig plot and the text results.

The four Near Field plots were also created using Modeig.  Again the input files were slightly modified.  The input file set the thickness of d to 4.4 m and set the flags NFPLT=FFPLT=1 in the third line and commented out the loops at the end of the file to look like this:

CASE KASE=TE1 SYM

CASE EPS1=1E-7  GAMEPS=1E-7  QZMR=12.928 QZMI=0.00

CASE PRINTF=O  INITGS=0  AUTOQW=0  NFPLT=1  FFPLT=1

MODCON KPOL=1  APB1=0.25  APB2=0.25

STRUCT WVL=1.0

LAYER NREAL=3.55  TL=10

LAYER NREAL=3.60  TL=4.4

LAYER NREAL=3.55  TL=10

OUTPUT PHMO=1  GAMMAO=0 WZRO=1 WZIO=0 QZRO=1 QZIO=0

OUTPUT FWHPNO=0 FWHPFO=0 KMO=1 ITO=1

OUTPUT SPLTFL=0 MODOUT=1 LYROUT=1 SCROUT=0

GAMOUT LAYGAM=10 COMPGAM=0 GAMALL=0

!  LOOPX1  ILX='TL'  FINV=0.0  XINC=-0.05 LAYCH=2

!  LOOPZ1  ILZ='QZMR' FINV=12.60  ZINC=-0.008

END

This creates *.nf files that look like this:

*

       XXFT
       NFINT
       PHASE
      NFREAL
      NFIMAG

-8.0000E-01
  1.6126E-04
 -6.6432E-06
  1.2699E-02
 -1.4724E-09

-7.5000E-01
  2.2964E-04
 -4.6576E-06
  1.5154E-02
 -1.2319E-09

-7.0000E-01
  3.2702E-04
 -3.2633E-06
  1.8084E-02
 -1.0300E-09

-6.5000E-01
  4.6571E-04
 -2.2843E-06
  2.1580E-02
 -8.6036E-10

-6.0000E-01
  6.6320E-04
 -1.5968E-06
  2.5753E-02
 -7.1770E-10

4.9500E+00
  9.4445E-04
  1.8000E+02
 -3.0732E-02
  5.9755E-10

 5.0000E+00
  6.6320E-04
  1.8000E+02
 -2.5753E-02
  7.1770E-10

 5.0500E+00
  4.6571E-04
  1.8000E+02
 -2.1580E-02
  8.6036E-10

 5.1000E+00
  3.2702E-04
  1.8000E+02
 -1.8084E-02
  1.0300E-09

 5.1500E+00
  2.2964E-04
  1.8000E+02
 -1.5154E-02
  1.2319E-09

 5.2000E+00
  1.6126E-04
  1.8000E+02
 -1.2699E-02
  1.4724E-09

(This file was edited).  NFINT is the value of the Near Field Intensity at the position XXFT.  For the included plots, NFREAL is plotted vs. XXFT.  This was chosen to show the zero-crossings of the wave for each mode.  Each plot is symmetric about XXFT=2.2.  For the even modes, this is a maximum or minimum value and the wave is symmetric about the XXFT=2.2 line.  For the odd modes, this is a zero crossing and the wave is symmetric about the NFREAL=0 and the XXFT=2.2.  Since the waveguide is 4.4 m thick, and each wave is centered about 2.2, the boundaries occur at XXFT=0.0, 4.4.  For XXFT values outside this range, the wave is exponentially decaying.  Inside this range, it is oscillating.
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