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ADSTRACT 

Finite difference beam propagation modelling (FD-BPM) calculates the effect oftherrnal gradients in an 

optical backplane on thc optical field propagation in a polymer multi mode linearly tapered waveguide. 

Compared to straight waveguides, tapered entrances offer improved power coupling fo r a wide range of 

optical ~ource lateral offsets. Surface temperature gradient~ of 0.5 °C/pm across the taper were found to 

degrade this benefit due to the thenno-optic effect of the polymer . However, higher surface temperature 

gradients improve power coupling in two discrete ranges of lateral source offset. 
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is reached under the middle conslant lem~ralure 

element. The thermal gradient deefea.ses conlinuously 

from the left edge of the input apenure unti l just before 

the right edge of the middle constant tem~rature 

element where it SlaMs 10 increase underneath tile (wo 

right conslant lemperalure clements until reaching the 

right edge of th.e waveguide input apenure. Since the 

refmClive index pcnurbation is given by, dl1 '" 

L1T.(dtJIdT) the negative sign of d/l/dT for the 

waveguide materials causes the fcmperature rise p,ofile 

to have Ihe form of an inverled copy of the ref,active 

. index. perturbation, dn across Ihe centre of the 

waveguide as shown in fig. 8. 

~ 

• I I 

• Wa'·~guido: -I 
I ,-
I 

•. = 

-G.O' L _ _ __ .:..-_____ .:..-____ _ 
.. ~ .... .9) 0 !(I 

x (I'nt) 

Fig. 8. Refractive index penurbation aty" +12.5 ~m 

and 1 " 0 due to five 15 ... rn wide, I mm long 

conSLant temperature clements centredat.f - -

40, -20 , 0, 20 and 40 ~m with L1 T - 80, SO, 50, 

20 and 20 °C, respe<:tively 

The refractive index across the centre of the waveguide 

decreases from thf: leO edge of the input apenure until 

about the lell edge or the second len conSlanl 

tempcrn,ture element where it stlJr1s to increase unlil lhc 

right edge of the input aperture of the wllvcguide. This 

explains the optical fi eld propagation shown in Fig. 2 

. 
(b) and (c). When lhe source is off SCI to x '" -+-50 ~m 

with no hept pppl ied the input field does not couple 

strongly to bound modes (23) since it is very close 10 

the end of Ihe guiding structure giving a normalised 

output power of 0.22, Fig. 2 (b). Wilen heal is applied 

the optical power Icnds to move toward s the higher 

refractive index region at )." - t 50 ~m ne,lI lhe right 

edge of the input aperlurc. shown in Fig. 8 causing the 

inpul field to coup le inlo guided modes 123), which 

leads to an increase in Ihe normBliscd output power by 

2.4 times to 0.52 itS shown in Fig. 2 (c). Fig.. 5 shows 

for surface Iherma l gradients of U °Cl~n! Ihe bcSI 

coupling to guided mooes occurs in IWO regions. The 

fir st reg ion is when Ihe ratio of the healer length to the 

wavegu ide length ;s less than 0.45 and wurce offset is -

23 <. x <:: 20 lin!. The second legion is when the ratio of 

the healer length to Ihe ~·aveg.uide length is bclween 

0.35 ;,nd I and source offsel is 42 <:: x <. 52 !-1m. Fig. 6 

shows [hat increasing the gradient to 2 °CllJm double-l 

the coupled powcr compared to the unheated ease in the 

second offsel region. and shins leil the coupled pOlVer 

in the first offset region to an offset ofl"" - 35I-1m. Fig. 

7 shows Ihat at low surfRce lhermsl gradients of smaller 

than 0.5 °C/l-lm strongcr coupling to Ihe guided modes 

occurs in the region - 18 <:: x <:: IS ~m. Surface thermal 

gradients between I and 2.2 °Cl)JOl shift th is region to -

15 <. x <:: 0 I-Im . GradienlS higher than 2.1 oC/l-lm crepte 

another region for good coupling at 35 <:: ~ <. 52 ~Im . In 

conclusion surface !cm~ra!ure gradients of 0.5 °Cl~lm 

cause the taper to lose much of ils good lateral offset 

tolerance. However, as the temperature gradient 

increases further power coupl ing is found to improve in 

two diS(;r el ~ ranges 0 f lateral source oITsel. 



E.].I "It!' ).I, Ruht.oI. 

u.o ofs,.._, 
... r"", ... -. 
1"0' , _. 

,,_ ' ''OJ _ , . _II'~_or .. :na, .. _, 
• hoJr_ ..... 20'. __ 

&1'; ",,",, .. __ ... . --., "", ... , r~ 
., .. ",,'n 
1>, ..., ,,,,,, .. «1 PC' "," ""'''''''' 

" Li~"", 
~ d __ ptod oJ 'ilt ",0:,.. of ..... r_ 

REFERENCES: 
1'1 . _, L .. , , ... I ""'_ M~ 

_ •• , '-«. 2 _ ... (I '"".' __ 

-M """ _ •• __ . '., .... ~ 

, CoA>~~_ '''''''''''_ 
.... , ..... _,:, .... r • 

q..c-" .......... "",)>I._MoI>, 

III 0..;0 -. .... -. ..... io I ~ ... 
" __ , ...... D SoLio ... ()OO,. L 0-. .... 

~ ... " '('_ ... or 0;_ """"'"'" 
"' .. ' , so" C_" "" 8 ... ,-. 0,0,,", 

h 

.... ' ..... - ,,' 
WT', .... l..,,"',~._ 

1<1 v • -, " . , ""' .. _ K. " • • 
"', .. , n ... _ .. of _ 
C , ~-_ ..... "'IIUKNI-

fflUOIs,-,. ." 2l"'1~ ' .. , '") 
III M, ___ ... Go~ -"' __ , 

"h _ '" ~""" 01 ,,_ , .... c .. , 
""""""'11)0 .. .. _, ",Iv, .. " of 

... _-", , . .... " .-,..., .. ... 
It' I", IUMt-T>lUM ~." " ,'I, ' .. . 

'-, 
ttl V. H . ..-D, .. ,"'_ Y J . _D, w . 

"' ..... , .......... v,r: .......... " ' 
__, _ b ... "_" c -=-
__ 5_' IfU r_ c_ 
, ........ " I , .. _ , ,.,,, .... M, 

... ' ,,, '/!G.-I'.Do<, ,m 
Pt " ...... ,..;. 4, ~ .... Ori/I"-,' _ ... 
00,_'-, __ _ -",,:wO! - ICC! r_ eo. ........ '. 
, ............ ~ ... ",,. .,.,. ... _-

IIIH"_", __ T_ 
"Tko " ... " ...... " 10 ~ 

• (" .. _ pf, , ...... , """_HOJ, 
_V"",,,, 
~V_ " .... ...... _ .......... ~ 

,_ -_ ~'. I " TOo,.....,.., 
.. .... O! 

Ll ... .- 'Uf '_ ,_ ......... ~ ... 
, ... "nO<, .... '''l 

(1'1 " B ........... C 0-..- -""2~_' 
00 __ ,.- ._- _ ...... . ... IJ, ,," lJ. pf 

"""'",''''''''' 1"1_' .. ___ ......... _ ... , " ' • 
of .... , .. ,_ 20' ••• ,.;", .. _ .. ' .. , ....... .' .. ~_""., _~_u.t. CMloII.'_ 00, ... -

1"1 ...r w, --. Ito>oo A, YOI_ ,_ j, 

-. R_ Y ....,. Mol ""' ~, ...... 

~-, ... -.. ---,. 
... ", ' - 0,0. ,... ........... l • ." 

"""' ... ..:. *" 



Mansoura Engineering Journill. (MEJ), Vol. 31, No.4, December 2006. E. 35 

llJI M. B. J. Oiem~r, J. J. Brons and E. S. Trommel, 

" Polymeric Oplical Wavegu ide Switch Using the 

Thermooplic Err~I ," J. Ughtwove Technol., vol, 7. 

No. ], pp. 449·45], March 19&9. 

[14] Atef M. Rashed and David .R. Selviah, "Source 

Misalignment in Muhimode Polymer Tapered 

Waveguides for Optical Backplanes," Opt. Eng., 

vol. 46, No. I, ClD 015401, Jan. 2007. 

[15] W. P. Huang and C. C. Xu, "Simulation of Three· 

Dimensionl'll Optical Waveguides by a Full- Veclor 

Beam Propagalion Method,"'£EEJ. Qllolllum 

Electron., vol. 19, No. 10. pp. 263'-2649, Oct. 

1993. 

[I6} Igor lIit. R.oben Scarmoui"o and R.ichard M. 

Osgood. 1r.. " Investigation o f the Padt 

Approximant·Based Wide-Angle Beanl 

Propaglilion Melhod for Aeeunue Mode ling of 

Waveguidi ng Circuits," J . Ughtwave Techflol., vol. 

I", No. 12,pp. 2813-2822. Dec. 1996. 

(17] Yih-Peng Chiou and Hung-chun Chang. "Analysis 

of Oplictll Waveguide Discontinuities Using the 

Pad!! Approximanls." I£E£ Ph%n. Teehno/. Lelf., 

vol. 9, No. 7, pp. 964·966,luly 1997. 

[18J G. R. Hadley, "Transparent boundary condilion for 

Ihe beam propagation method," 1£££ J. QI.on/lln1 

Electron., vol. 28, pp. 36)-)67. 1992. 

1191 Igor Ilit. Robert Scarmozzino. Richard M. Osgood , 

Jr .• James T. Yardley. Karl W. Beeson and Michael 

J. McFarland, "Model ing Mullimode·lnput Slar 

Couplers in Polymers," J. Lightw(1\.'(! Tee/mol .• vol , 

11 , No. 6. pp. 996·1003, June 1994. 

(20) Atbeno A. Bilolli, "Sialic Temperature 

Distribution in IC Chips wilh Isothermal Heat 

Sources," 1£££ Trans. Electron. Devkes, vol. to· 
21, No . ) , pp . 217·226, March 1974. 

(21] Youngdlul Chung and Nadir Oagli. "An 

Assessment of Finite Difference Beam Propagaliol1 

Method:' 1£££ J. QlI(mlum [lee /ron., vol. 26 . No. 

8,pp. 13)5·1))9, Allg. 1990. 

122J J. Moisel. H.- P. Huber, J. Gunmann. O. 

Krnmpho lz., B. L.unit7., M. Rode and R. 

Schoedlbaucr, "Optical Backplane," Proc. of 

ECOC, Paper We.A. I.5 , pp. 254-255. 2001 . 

[23] Dielrich Marcuse. "Theory of Dielee/ric Optical 

Woveguides," Ch. 3. pp. 97-128. Academic Press 

1 nc" San Diego, 1991 . 


