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Configuration Optimization of S-Shaped Bend Waveguide Using B-Spline
ZHANG Bing-na, ZHU Da-qing, LEI Wei, ZENG Si-hua
Abstract

(State Key Laboratory of Laser Technology » Huazhong University of Science and Technology , Wuhan, Hubei 430074, China)

,
S-shaped bend waveguide is indispensable to realize the lateral displacement and connections in the

integrated optical devices, such as the optical switch matrix, star coupler and arrayed waveguide grating (AWG)
Even when various optical devices are integrated onto one chip, S-bend also plays important roles. Its size and
optical loss directly influences the integration dense and loss of whole device

dispersion loss produced by the configuration defection) of S-bend includes two parts

The insertion loss (except the
bend under the arbitrary boundary condition is set forth in this paper. Eventually, S-shaped bend waveguide with
with other waveguides is eliminated completely.

pure bending loss and
S-bend; a good agreement is reached
Key words

and the curve got by B-spline is performed and verified using the beam propagation method (BPM)

1

transition loss. A method using functional approximation theory of B-spline to realize the optimization of S-shaped

5 5

characteristic of pure bending loss as small as possible is got. Moreover, the transition loss at the ends connecting
shows that the loss of optimized curve got in this paper is obviously less than that of double-arc and cosine-generated

Contrast among sin, cosine, double-arc-generated S-shaped bend
(=]

i The result
integrated optics; S-shaped bend waveguide; B-spline; structure optimization
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Fig.1 Contour of the field in the different

bending radius R
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Fig.5 Pure bending loss with propagating distance L

MIE S H s AT A5 Y, IE 52 i 26 B9 25255 il 45 R i
R PRI R A {68 ) IE 9 AT . AR 52 i 4 A XU JBRT 5K
il £ 7E 5 B I A 3 AR A B K G o 45 R LR 9K
i £ 7E P AR AT AL A B R G R R (B4
BB/ . A SR BRI AL S B 456 RILFIE
SRR B TR S H SR AL R T S BB
T 3L RE i 4025 il 40 F6 L AT RE /D . T HL, RBP4 B9
DA #2645 AR 5% T 2R B, 257 T 450 FE s A i K, (5
FEANRN L S T Pid 5 B AHEAL LA R S P AR
F T il ER AR 7 18] 5 A8 T 7 AR G O 45 R, U BT AR
MR AE T .

Foh AL R S T8 R 18 PR UE I BR 5 B 3 =4
AL B 1 AR R L B Al 2 45 AR B/ B T 3R R AR F
9. o AR R BRI AE— ALY . 78 R
oA SR AL B LS AU AE R 205 4848 » T
HBHFEE H THS R ™ £ ERFE. XX
(DO BFTEBRSRK RAR, RIFmEL6) K]
77 L7 ] B EARFECLL R, & Ry B 1.1,
1.2,1.3 71 1.5 f5 9, Ho ST B9 S o il R 42 2
HELEAALED) L G R INE 6,7 BT

L — 1olg |[* EGuR) + E— y.R)dy |’
[T EGRDdy - [7_E(—y.R)*dy
(6)
L — 1lolg [ EGR) « EGiR)dyl”
. [7 EG,ROMy + [~ E(y,R,)*dy

M

ME 6,7 AL, #2746 R B 2
PATE B R0, BT 7 A B G PR AE A 4R B/
WK AR TS R, WU TT A 22 WA Tl AR T



11 HKUKER % . F BAESRREOT ST E ih ik AT AWK 1315

0.15 T T T T

4 I R,=LIR, |
R 2: R,=12R,
3 . 3 R,=13R,
g0m A 3 4 Ry=15R, ]|
= L}
2 0.06 V/ .
Ve
[—1

1 4 7 10 13 16
R, [(10’um)

Eo6 fhxpmmMFEnTERESTSHERXRE
Fig. 6 Transition loss when R; and R, have

same curvature direction

5 o T T T T
i Ry, R, in contrary direction

4 R,=1.1R, -
)
5S4 R,=15R,
ENE ]
=
g
% 2 ]
=

] -

0

1 4 7 10 13 16
R, (10" um)

B 7 R R, J5 AR A 3o I 5 4 A
Fig. 7 Transition loss when R, and R; have contrary

curvature direction

o] AH B, 72 A B i AR AR L R . X
AR BHAEE STEER, RESHERER
Wi AR Y, (B BR T H S a2 ) B Y R A T RE
AR S JE B AR SN ((H G A il Fe 2 42 LT 3K T8 55
Ko B 7 G ] LA Z B AT 5 69 38 67 79 2o 3 457
FEX T LA TH IR, A7 260 25 il B 7 04k 1)
ST i .

g X R 5% R IR LA KRB ST & A
FR 2 4 & # 1% ¥ ¥ (Finite Difference Beam
Propagation Method-FDBPM) #4736, Fr 545 R
R 1,2 fros, Ko a8 fh 31 i X

Lyena =— 101glexp(— aioss) ] €))

HEFRG. SEBRFER S BN SHEL™ & HFE
CERXURI I A= 1 S TE 75 5 v & il 2 05 ) 58 28 4k 7=
AR PEBFESN) , s A AR o i AR . R
AT LA W, iR it R 0 il A AR E B B/ T
YR RN AR % 4%

%1 L=2200 pm,h=125 pm B §I35 5 (dB) &
Table 1 Total loss (dB) of different S-bend when
L=2200 pm, k=125 pm

Bending Transition Total BPM

loss loss loss loss
cos 0.034 0.075 0. 109 0. 147
2-arc 0.019 0. 147 0. 166 0. 261
Result 0. 083 0 0. 083 0.114

% 2 L=3000 pm,h=250 pm B H935 5% (dB) &
Table 2 Total loss (dB) of different S-bend when
L=3000 pm, k=250 pm

Bending Transition  Total BPM
loss loss loss loss
cos 0.083 0. 086 0. 169 0. 181
2-arc 0. 051 0. 169 0.22 0. 328
Result 0.148 0 0.148 0.123
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