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Abstract Approximate nonlinear equation about modes is derived by W. K. B. method for waveguide with perfectly
matched layer (PML). Asymptotic solutions for the leaky modes and Berenger modes are derived and the effect of

PML is analyzed. Theoretical analysis shows that for leaky modes of transverse electric (TE) case, asymptotic

become larger, the error will become smaller
matched layer (PML)
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—

solutions of waveguide are the same as that of open waveguide, but for transverse magnetic (TM) case, asymptotic
solutions of waveguide are different from that of open waveguide. For both TE and TM cases of three-layer slab
waveguide, if refractive index of top cladding is different form that of bottom cladding, there will be two traces of
Berenger modes, otherwise there is only one trace of Berenger modes
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asymptotic solutions of leaky modes and Berenger modes are very close to exact solutions and as the norms of modes
; leaky mode
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1 2
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Table 1 The relative errors of asymptotic solution of some

Berenger modes for TE case of two-layer slab waveguide

Exact solutions Relative error  Relative errors

2 PIZW T TE B LA Berenger 5214 47 JE i 1
AR 15 22
Table 2 The relative errors of asymptotic solution of some

Berenger modes for TE case of two-layer slab waveguide

Exact solutions Relative error  Relative errors

Wk /ko) of Ref. [7] of formula (24)
3.0237—4.52321 0.0096 0.0149
5.9357—8.5198i 0.0025 0.0035
8.8635—12. 6871 0.0021 0. 0005
11.795—16. 8891 0.0012 0. 0005
14.729—21. 0881 0. 0008 0. 0005

Wk /o) of Ref. [7] of formula (24)
2.8830—4. 24471 0.0189 0. 0005
5.7481—8.51321 0.0047 0. 0005
8.6488—12. 7411 0.0021 0. 0005
11.562—16. 9561 0.0012 0. 0005
14.480—21. 1651 0.0008 0. 0005
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Table 3 The relative errors of some Berenger modes

for TE case

Exact solutions

Asymptotic

solutions (/&)

Relative eeeor of

asymptotic solutions

when exact solution cannot be given
HOAHA TM B3 5,55 6 128 Al )L~ Berenger
AT AL A S LR R 22
# 5 TM P JLA> Berenger A5 A 7 0T % S FLAR X i 2%

Table 5 Asymptotic solutions and the relative errors of

some Berenger modes for TM case

Exact solutions

)

Asymptotic

solutions (/&)

from formula (22)

Relative error of

asymptotic solutions

from formula (22)

6.4849+43.93541 6.6712+4. 08631 0.0316
6.5033+6.1154i 6.6748+6.1540i 0.0197
6.8676+8.2501i 7.0137-+8.2285i 0.0138
7.4197410. 2921 7.5425+10. 231i 0.0108
8.0669+12. 2561 8.1752+12. 164i 0.0097
8.7950+14.1601 8.8685+14.042i 0.0084

Wk from formula (11) from formula (11)
8.5216-+0.00361 8.5087-+0.0112i 0.0018
8.5481+0.01431 8.5265+0. 02701 0.0029
8.5920-+0. 03191 8.5615-+0. 04641 0.0038
8.6531+0.05601 8.6143+0.0702i 0.0048
8.7309-+0.08601 8.6846-+0.09901 0. 0055
8.8246-+0.12131 8.7720+0.1327i 0.0061

A R BRI B U7 15 7% 2 Y Berenger 45 A
W i 75 1543 B 1) Berenger 5%,

AL Tt S Ry TE A TM KL, i 1y
Berenger #8 H #2235 TR i i) Berenger #2, H [ %
AR - PN SRR <E

# 4 TE P JLA Berenger 550 #1 1T fifk S H AR 2 22
Table 4 Asymptotic solutions and the relative errors of

some Berenger modes for TE case

Asymptotic Relative eeeor of

Exact solutions

solutions (/&)

asymptotic solutions

e from formula (12) from formula (12)
12.854+0.01441 12.862-+0.01201 0. 0007
12.853+0.00461 12.850-+0.0052i 0.0002
12.872+0.01841 12.923-+0.03311i 0.0041
12.9034+0.03071 12.887-+0.02101 0.0015
12.946+0. 04681 13.031-+0.06791 0.0067
13.003+0.06651 12.971-+0.0487i 0.0028

P 3 2 b B B G 7 1545 3 /9 Berenger #LA

W AT i 7 15 A B A Berenger £,

3.5F o .

3.0t O [T
—_ 251 o 0+ odiscrete matrix
£ 90l o+ method J
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& 15)o0+ method
E o
= 1.0} o+ &

0.5} o b

ol + SOQ [} ° "(')o *0rep |
1.6 1.8 2.0 22 24 26 28 30 32
Re[(k)"/k,]
B4 MICTE 4 HORT  fig B TM I8 i JLAS Berenger

0 L %5
Fig. 4 Comparison of some Berenger modes for TM

case when exact solutions cannot be given
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Table 6 Asymptotic solution and the relative errors of

some Berenger modes for TM case

i Asymptotic Relative error of
Exact solutions
solutions (/&)
Wk
from formula (23)
10. 850+1. 83591 10.7713+2.1748i 0.0316
9.9639-+3. 34631 10.0579-+3. 62571 . 0281
9.3537+5.32731 9.5300+5.4908i . 0223

0

0
9.1414+47.55151 9.3341+7.6072i 0.0169

0

0

asymptotic solutions

from formula (23)

9.2710+9. 79501 9.4574-+9.7812i . 0139
9.6801+12.0401 9.8057+11.914i . 0115
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