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Fig. 1 Refractive index profile of a four- layered Fig. 2 Refractive index profile of a three- layered

waveguides waveguide
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Fig. 3 The MQW waveguide with arbitrary refractive

index profile
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GaAs/GaAlaAs Z B FBHEK S WA 4 P, MBS n = 3. 30, 21 = 3.50, 2o = 3. 20, w=
Na=1um, He N KA.

Table 1. Numerical comparison of the different theories

(a) N =100
B/ ks Bl ke
A (um) thin film present A {um) thin film present
exact exact
approx. theory approx. theory
1.00 | 3.338094 | 3.338081 | 3.338094 | 1.35| 3.331893 | 3.331886 | 3.331893
1.05 | 3.337162 | 3.337150 | 3.337162 | 1.40 | 3.331077 | 3.331070 | 3.331077
110 3.336243 | 3.336232 | 3.336243 | 1.45| 3.330280 | 3.330274 | 3.330280
1.15| 3.335339 | 3.335329 | 3.335339 | 1.50| 3.329502 | 3.329497 | 3.329502
1.20 | 3.334451 | 3.334442 | 3.334451 | 1.55| 3.328744 | 3.328739 | 3.328744
1.25| 3.333580 | 3.333572 | 3.333580 | 1.60 | 3.328005 | 3.328000 | 3.328005
1.30 | 3.332727 | 3.332720 | 3.332727 | 1.65| 3.327285 | 3.327281 | 3.327285
) N =10
B/ko i Bk
s (um) thin film present A (umJt thin film present
exact i exact
approx. theory approx. theory
7100 | 3.339402 | 3.338112 | 3.339402 | 1.35| 3.332608 | 3.331914 | 3.332608
1.05 | 3.338350 | 3.337181 | 3.338350 | 1.40| 3.331740 | 3.331098 | 3.331740
1.10 | 3.337326 | 3.336263 | 3.337326 | 1.45| 3.330896 | 3.330301 | 3.330896
1.15 | 3.336330 | 3.335360 | 3.336330 | 1.50| 3.330075 | 3.329523 | 3.330075
1.20 | 3.335361 | 3.334472 | 3.335361 | 1.55| 3.329278 | 3.328765 | 3.329278
1.25 | 3.334418 | 3.333602 | 3.334418 | 1.60 | 3.328503 | 3.328025 | 3.328503
1.30 | 3.333501 | 3.332749 | 3.333501 | 1.65| 3.327751 | 3.327305 | 3.327751
(c) N =5
B/ ko B/ ko
A (um) thin film |  present |4 (um) thin film present
exact [ exact
approx. | theory Approx. theory
1.00 | 3.343437 | 3.338208 | 3.343437 | 1.35| 3.334813 | 3.332002 | 3.334813
1.05 | 3.342015 | 3.337276 | 3.342015 | 1.40| 3.333784 | 3.331184 | 3.333784
1.10 | 3.340668 | 3.336357 | 3.340668 | 1.45| 3.332794 | 3.330385 | 3.332794
1.15 | 3.339388 | 3.335453 | 3.339388 | 1.50 | 3.331841 | 3.329605 | 3.331841
1.20 | 3.338168 | 3.334565 | 3.338168 | 1.55| 3.330924 | 3.328844 | 3.330924
1.25 | 3.337002 | 3.333693 | 3.337002 | 1.60| 3.330039 | 3.328102 | 3.330039
1.30 | 3.335885 | 3.332838 | 3.335885 | 1.65| 3.329186 | 3.327380 | 3.329186
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Abstract A novel formula for dispersion properties of MQW waveguides with arbitrary
refractive index profile, which is based on the transfer matrix technique in the equivalent
index approximation, has been developed. It is shown that the numerical accuracy of the
formula is indepedent on the period numbers of the quantum well.
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