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Abstract. '\,ith a proper choice of the spectral filter to be used \\'ith an LED 
fibn:-optic digital communication link, a substantial increase in information 
pulse rate can be achie\cd, \\'hen thc systcm is bandwidth limited due to material 
dispersion, The optimum filter band\yidth dcpends on the fibre length, 
attenuation, dispersion and on the LED optical power. 

:\ 60 A filter \\ould increase the maximum pulse nltc from 150 to 800 :\IIb!s for 
,1 1 km length of fibre \\ith attcnuation of il-ii dB/km and coupled optical power of 
100 fl\\r _\ power reduction penalty of about 13 dB results, 

Introduction 
Fibre-optic systems rend to be most attractive for digital transmission at 

communication rates per fibre of the order of 100 Mb/s [1]. Howe\'er, when light­
emitting diodes (LEDs) are used as optical power sources [2], dispersion O\'er their 
broad spectral emission width limits the pulse rate [3,4]. 

Recently, Stewart examined the \\'a\'elength filtering effects in multi-mode fibres 
and proposed that the use of deliberate filtering \vould result in substantial 
bandwidth impro\'ements [5J, 

Here, analytical expressions are obtained for the dependence of the optimum 
filter bandwidth and the corresponding increase in information pulse rate on other 
system parameters. \: umerical results of fi Iter choice for a practical fibre-optic link 
are presented. 

2. Analysis 
2.1. The recei1't!d filtered porver 

Figure 1 illustrates a block diagram for a digital fibre-optic communication link. 
An interference filter with rectangular pass characteristics, as shown in figure 2, is 
inserted in the link. 

The spectral distribution of the output of an LED may be \Yritten as [6J 

(1) 

\\here Po is the output power of the LE D coupled to the fibre, and 2IJ;. represents the 
spectral width of emission, The received optical power may be expressed as 

L
rw 2 

Toc/>(i)exp( (2) 
,,-W,2 

where 'l. is the attenuation constant of the fibre in neper!km and is assumed eonstant 
within the filter bandwidth 11'; I, is the fibre length; and TO is the transmissi\'jty of 
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Figure 1. :\ block diagram of a digital fibre-optic communication link . 
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Figure 2. The tnmsmission characteristics of the filter as compared with the spectral 
distribution of the output of an LED. 

the filter. \Vhen H' is sufficiently small compared to 2a;" then from equations (1) and 
(2) one obtains 

(3) 

Sl'\R 

\Vhen a silicon aQllance photo-diode (APD) is used, then the recei\"ed signal power is 
related to the signal-to-noise ratio (S'-:R) by [7,8] 

(elllhl')2 P;G2 

(4)
+;Vlh 

where G is the <Jyalanche current gain, 'I is the quantum efficiency; II\" is energy per 
photon, Id is the detector dark current; S'h is the thermal noise; B is the amplifier 
bandwidth; and e is the electron charge. 

\Vhen ld is sufficiently small, and \\ith an optimum ehoice of equation (4) 
simplifies to 

S'-:R I7 P,!2'S BIII'G' 2. (5) 

The recei\"ed power must nchie\e the desired S'-:R corresponding to the allo\\ed bit 
error rate [9]. 

2.2. S'pectralfilter hal/du'idlll 
\Vhen low-loss fibres are used, the fibre-optic system may be bandwidth limited, 

owing to dispersion, rather than pmver limited. Dispersion causes optical pulses to 
broaden as they propagate along the optical fibre. The resultant o\"erlap between 
adjacent pulses lim its the pulse rate, and hence the useful transmission bandwidth of 
the fibre. Basic mechanisms of dispersion are the \\"<J\"eJength dispersion in the bulk 
glass and the group yelocity spread between the propagating modes r6]. 
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In a graded-index multi-mode fibre the modal group yclocity dispersion is 
decreased by refracti\'e index gradients in addition to mode coupling [1 0], Then, the 
spreading in the recein:d pulses is dominated by the material dispersion [11]. I f the 
pulse spreading is not allowed to exceed half the pulse repetition period, then the 
filter bandwidth mllst satisfy 

2FVRL O'S J.2 cn (dV (6) 

where /I is the refraeti\'e index of the fibre; dV/dfthe group n:loeity dispersion; and 
(" the \'elocity of light. 

Combining equations (3), (5) and (6) one obtains 

3·13 Ii ("2;. (1";. r;l 2 S~R exp (:xL)
W 2L (7)

(dVg/dD To Po 

and 

11;,3 ToPoexp(xL) 
(8)

5,}(2n(;)11 1/
2 S:\"l{ U; (dVg!df)' 

These relHtionships describe the trade-off ben\"('en band\\'idth and distance. 
\Yhen the required filter bandwidth Jr. accol'ding to equation (7), is much less than 
the spectral emission \\'idth of the I,ED 2ui., the product HL increases by 
according to equation (6). 

3. NUlllerical results 
A practical fibre-optic link utilizing <111 LED, a low-loss multi-mode fibre [12], 

and a Si APD recei\er is considered: 

1/ \'+5, dVgdl IO-Hmc\cle, 

To 0·7. 1/ (1'7, r; = too, 

and S:-';R 20dH, corresponding to a bit error rate of 2 x 10- 7 

Equations (7) and (R) simplif\' to 

11'2L 5 10+ exp (:xL) Po [ . .\ linn1 (9) 

and 

(10) 

\\'here Po is in m iCfOwatts. 'J\\O \a Iues of Po of 100 and +00 II \ V and fibre losses of 4- 3 
and 8'6 dBikm are considered, corresponding to:x 1 and 2 neperkm respecti\'ely. 

Figure 3 shO\\s the optimum filter bandwidth to achie\e maximum information 
pulse rate. 

Figure -+ shO\ys the effect of filtering in incre<lsed system capabilities. \Vithout 
filtering, dispersion \\ould limit the informHtion pulse rate to 150:\lb;5 for a I km 
length. Considering a fibre with loss of R'6 dB/lnn, the maximum pulse rate would 
increase to 8001\Ib/s, \\hen a 60.'\. filter is used for Po=lOO/I\V. For Po = 400 {I\\', 
the maximum pulse rate doubles to 1·6 Gb,s when using 30 ..\ filter. 

Figure S illustrates the importance of proper choice of the filter band\\"idth. If a 
30 or 120.\ filter is used instead of the optimum ()().'\ tiltcr, for a I km tibre of 
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Figure 3. The optimum filter bandwidth to achieve maximum information pulse rate 
(). = 0·85 11m). 
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Figure 4. The dependence of information pulse rate on fibre length (filters are selected 
according to figure 3.) 

8·68 dB/km loss when Po = 100 pW, the maximum pulse rate should not exceed 

400 Mb/s. 
For LEDs operating at wavelengths other than ()·85 pm, figure 6 shows that the 

optimum filter bandwidth increases almost linearly with wavelength, whereas the 
corresponding maximum pulse rate increases substantially, e\·en when neglecting 

the \yayelength dependence of the fibre loss. 



519 Spectral filters for dz[.;ital fibre-optic communicatimz systems 

3000 

2500 

2000 

,<II 

~ 

1500 
0 

'" 
;? 

'000 

500 

/ _~P" 400 IJ.w 

Figure 5. The dependence of the maximum information pulse rate on the filter bandwidth. 

L=l km. 
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Figure 6. The dependence of the optimum filter bandwidth and the corresponding 
maximum information pulse rate on the central wavelength ;'0 of the LED. 

The penalty paid for these improvements is the reduction of the received power 
by the factor T oWJ(2n)Q').. The power reduction penalty would range from 10 to 
16 dB according to the filter bandwidth, as shown in figure 7. 

This work aims to give a useful practical guide to the proper choice of spectral 
filter bandwidth. The numerical results obtained suggest that this technique can be 
\'ery useful for short-haul digital links. 
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Figure 7. The dependencc of thc POWcf reduction penalty· on the tilter bandwidth. 

En choisiss,lIlt c011\'enablcment Ie nitre spedral il utiliscr a\'(,c une ligne de communication 
digitale ~l libre optlque et diode l-'lectroluminesceme, on peut obtenir un accroissement 
substnntiel dll debit d'information, lorsque Ie systeme cst limite en bande passante par la 
dispersion du materiau. La bande passante optimalc depend de la longueur de la tibre, de 
l'atti~nuation, de la dispersio!) et de In puissance optlljue de la diode elcctroluminescente. 

L'n tiltre de nO,\ augmelltf<1it Ie debit maximal dc ISO :\lb/s ,\ 800 :\Ib.s pour une tibre 
d'un km de longueur, al'ec une attenuation de 8,6 d IVkm et une puissance optique de 100 p\V. 
II en resulte une reduction de puissancc d'em'iron 13 dB. 

Durch gceignete \Vahl des in emer digitalen fascroptischcll LED-:\'achrichtenl'erbindung 
eingesetzten Spcktraltilters LiBt sich eine I\esentlichc Erhiihullg der Informationspulsrate 
erl'eichen, f,llls das System \\'egen del' :\ laterialdispersioll bandbegrenzt ist. Die optimale 
Filterbandbreite hiingt ab \'()]1 cicr Faserliinge, dn Diimpfung, del' Dispersion und der LED­
Ausgangslcistu ng. 

Ein 60.\-Filter erhiiht die maximale Impulsl'ate bei 1 km Faserlang mit 8,6 dB/km 
Diimpfung und 100 Il\\' eingekoppclter optisciler I,eistllng 1'()!1 ISO :db, s auf 800 :\Ib,'s. Es 
ergtbt sich cin Leistungslcrlu8t \'on et\\a 13 dB. 
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