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Optical Waveguide Calculation and Discussion with Finite—Difference
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Abstract This paper mainly covers the issue of Finite-Difference Beam Propagation Method (FD-BPM), which is one of the
numerical methods of optical waveguide calculation. In order to discuss the problem and bring in the foundation of the
method, the following problem is discussed ordinarily: theory of optical waveguide, numerical method of optical waveguide,
difference method of partial differential equation. With the basis, the FD-BPM becomes clear. After all these theories, the
boundary condition, especially the transparent boundary condition (TBC) are discussed. At last, a concrete optical waveguide
structure is inducted. A series of calculations and discussions are followed in order to compare the usage of different
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parameters.

Key words numerical calculation methods; FD-BPM; optical waveguide

18

FEWE i P AR A BUE T Al E AR
1 TSI, Feit 1 Fleck 4 H i b i 5 0t
R AR (FFT-BPM) i 3 2 /M 5 Fh 28 U
Ve AR R AN R i, (BRI TFAR R B
P, fE 5 briz A il 2R BR il 4 22 , andse KA 5 2
BRI RAERE A TR S, F3X
$ela] | 1989 4E,D. Yevick 41 T —Fg ko2
— A7 FR2E SR AL ik (FD-BPM) . I S 1816 4%
TIARZ IR, EH—MEAMFEZES TR R
N AL, AT SR MR 093 0 A | ek
AP F P R% 5 7€ FD-BPM {638
AR IR, T o,y RALAA R F T LIRS
33 FD-BPM J5 2+, H AT AR R BAY , TEAL PR
fEla) | | b FFT-BPM &7, 5T A3 TE $H1 TM
B, FEALERES i T, o TG A9 54% , AT F M

e AL AL FRAPR R TR M AT  X R A UABL T 1
FEVTA v RS AL R AR , T FLARMERR AR T 7E
RARAR/RITELL T BB AR , nTvER A T FE
SHERERFE, UILD FEEMP, ASURYE FD-BPM
TEN B ISR, Theh AR AR AR,
A RIRRCHE A, TR R BEEIITR
MG E5E B BB RS R, AT R T
i T AR EE

2 LAY
PR Z I 2 R

’ P PP I D 2
=t o + 52 +k(x,y,2)*P=0 (D

BRECBAEAT TP 2 ek, 2
D(z,y,2)=u(x,y,2)exp(ikz)
ERET R ¢ P MEEEE). 8
JURY ) YE P L5 AT R A AL BE , (1)3AT L = 4k

TEEEA: A 1964-), 5 WL RFEER , 191, FRNFOLE FHARBAPI, E-mail: wjlin@zju.edu.cn



# * 314

504 i E3|
R —HEwite

2iku AUt U+ (K-kHu=0 2

2iku AU+ (K- )u=0 3)

TERA [ BPM Bk B A RIS H w(x,2,),
1E 2o+ Az LI 53 A
u(x,20+A2)=y(x,20+A2)exp(il” ) (CY)
A 3 R e B e R 3 ke o R AR R
Hy(zo+A2) AT LT ROCBALRE M AR S 4, EAE
2, Al B EH T 2 BiEREN 0L, RIS H AN
FERRFHRXIRA, B Az LUK « J5 1 Mg
BIR/N Az, —MRRE , X FTMEAR/D , 55 Tl
7E FD-BPM
uU=A(x,2)U+B(x,2)u )
HRAE D il 53 7 2 25 5r 38, #% B8 Crank-Nicolson
MK, 2 h=Az, p=A2/A2* 7] 11§%] FD-BPM
A REA A
auy +bu’ +euli=d;, s=1,A,N-1
a=c=-pA’"* (6
b=[2(1-pAT")+hB;"* Jui+pAs ' (us, +ul)
HERGERIRIC 51, 856 — & AR %00, 8
AETH L3 e S ML E e i . TR,
SO 2 5 r Y4 RA )G H r+1
B o34 | 2 AR RN AT,

3 EW R

WP BT, FAMETTELRETEFN,
B3 50 A R R — B S RUE I AT AT 1
3RS ANS, T AR ¥ A9 Dirichlet i 5 2 2K
Neumann 5 2&H4, SR, FEAEAAEBGAEHE IS
i P FAAR GO, A i AR A, a5
A AR RIIFAE , AP —T4, Hadley $2HH T
B L AN, AR T T8 O 830 R
B, i EADRFHE AT,

YRR AL R R E AR E T
SR < Al A A B, MRE R ST AE Y HE RS

x ox

p F, RRE I G H FARER , F, RFHAL DR
AIREML . XF P50 A BRI 58 2% iY , AT (LY
FIEH P&, UTFRHHEREETALRN,
B u=uexp(ik,x), 7T LATS F] F,=Re(k,)|u®)| %, R
Bk, BB IER, XTI R R ALK
T Y, s R SN BB IR TGRS L B 1 A

%{ |u|2dx=2kL(u’ﬂ—u£) o=-F+F, (T)

R AEF R E O BB A KM k, RE,
B Xt F &, (B A HUE A XA A3 T TBC &A1
PR,

BARM -4 F R H R AR, RFEHR
& DG R &M, B A B0 P15 S0
(B 2 18 3K R (u=woexp(ik, 2) %) , B

Uk _ U _exp(ik, Ax) ®)

Un1 Uy

ke, JB— R, TR R K R 0<Re(k)<n/Ax, 5
kA8, AT LMER EL 2GRN » B 54, SRR 56
B %) 2 BB ) A, AR B (8) A5 Hh 58 BV K, {L,
RIGXMFGHATBIE B RS v+ 1 BV &, {8 X K,
(B A TE A2 R AT 55 30 5 BT A B A O, Gl 1,

N-2 N-]
(a) (b)
1 55 r Bt i 5 9 Ui

Fig.1 In 7 order boundary
A 1@)F7REE r Bt (90 TS T a s
LR RIS r+1 Bt BT A 3 4948, du st
R v+l B R S BE, R r B8 N-m DLK
N-m~1 VEFIMER
#HET Y K, BUE, B @)X AL T

exp(ik, Ax)= J‘Kl €))
m LR RRE
_Az k
Y- ; (10)

A0 k, B E—Br iR R k1, B SEPR
R &R,
ORXMERMERE—BW , BT RBFK
R AR (9) A B I iy 3 i — B R Z A
WAITEmMAN, XFERRBT B 1(2)BHT™4:
RO ROHES , A B AT REHF R AVBL KGR K,
1) B W15 8 N-1 LA K N-2 i)
(ERAGTEE rem BYEOME, K, BT AR ST

‘ n=a (1= (11)
n R ke, PE (K R R
n=exp(ik, Ax) (12)

i 55— N2 a FFE B P A LA K R A



WU T g

Supplement, MORE. JEHS R R CHRAERE T Rt 505
iy, B B4 BRI S 055 | B i S
e & (13)  SVFFERIEHMGR, R iR, TR
Ar /oK YR A B SRR, . RS , B4 FD-BPM ()

A0)RFA)R AT R EM A, R4 R A
Wi a B2 m, =1, WEEEER m, HH k. (908
RZ<1, WEBAEN a T k, BE., 3 FEFBRTE
&L, BY m=1 AOEHE , LL_ESXPRMEN R S 2S M,

THEFEW DR &M 2D-TBC) Bm A &%
L

D RES r B RE M, 13 (9)~13)K
Fit B v+l BHE RN ko PR Mk, R2—
ANELE WO ; IR ke, B SEER A 1, W3 — 25
Hoes i,

2) HHE SGAF A w HR RN, RIER R
2 8K R,

3) LS HFRERE r+1 PraORE S
08 ; 38 o AN F A T R AR BISE v+ 1 BYRYIA SR
REP= NI

uy' =uy exp(ik, Ax)

4) R EAGETR 1)~3) BN Al 18t i 4% 7 ) 2
965340

YRR TR R R B E R, AR
] (o B LA EE, A — = 4E B MRS, 5]
A58 7 R AN [ 4 4 1) 43 B LA [RIRE 9 7 AL 3
z+Az fh e T 2 bR A AT IR
PEEE!

u(z+Az)=exp| % |DAZ)D (A2)u(z)

D(A2)H 3 =z etk Az BERSZ R0 . T4
AN AT TBC Rk — 7.5, MTFARRFT
S k, AR, AT LARIETTIIRIEE » Bl s
Bi5E r+1 BYES k{6, SES —HERHRFEIREEES .

4 VAR S a5 )

FF— XRS5 E KR40 A9 S , i B
AFREMECAREREEEBIER, FF7EERE |, X
TR RO SN SROERITHHE .

WnE 2 F kR SRR B S 450, B PO R
BE 1 pm, OISR 150, WEITHTER 145,

n,=1.45 x=d

n,=145 ey

B 2 XFRHRE A
Fig.2 A concrete optical waveguide structure

B 454 TBC &4, R = LB 2 1 .
4.1 EBEHNITERE

R1845 58K . h=1.1552, p=1.0436 ,3=5.9698,, 1l
& 3 B,

i TE, mode beam distribution
09 'ﬂ
0.8
07 l
: 0.6 jl ‘

= 05 1 l'
0.4 ‘,’ \
0.3 / ’.‘
0.2 |
0.1 J.:"' x‘-.ﬁ\
o s A A

-10-08-06-04-02 0 02 04 06 08 10
x

B 3 TE, B AGEH 2 e e A
Fig.3 Beam distribution of TE, mode along with 2

4.2 FD-BPM itH¥kS

HE B 0 . -40d<x<40d,

BEREZE  —d<a<d,

Ax: d/5,Az: d/5,

HHEKE .50 (BIXEEHE T 50A2=10d R
Do

HREH. mATEOITRSRSEE, GAK
H—TE, 8%,

BTSSR

h=1.1552,p =1.0436,m, =1.50 ,n,=1.45,d =0.5,
ko=27/1.550 ,a=(ni-nd)k3,f= 5.9698,

AR TE, 863, 315 50 4~ Az, iHHG3]
HeGg s g R 4, .

AT LAE H, FEN R AR % G AL , A —E 0 U

FD-BPM
1.0

%T e input. TE, mode
0.9 . = 50 step Az

08 i
07
0.6
05
0.4
03

.
0.2

0.1 \

0 BTN

0 50 100 150 200 250 300 350 400

A 4 FD-BPM 3L S #E 501
Fig.4 Beam distribution of FD-BPM optical
waveguide calculation
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