
Finally the remainders are combined and the last data bytes are 
processed, if their number is not a multiplc of p.  The p intermediate 
remainders of the last iteration and the last data bytes are combined, and 
divided in the classical way (Fig. 2). Again, this can be seen as an 
application of the preceding theorem. This step introduces a small 
overhead; the classical table may be used, or a binary or ‘shift & add’ 
[6] algorithm, as there will be no more than 2p - 1 bytes to process at 
this step. 

6 
LOAD 

XOR LOAD 
LOAD 

b 1 CRCl 1 CRC2 I CRC3 I DATA I DATA ]RESULT\ 

Fig. 2 Purtial CRC curry (CRC 16 bits) 

In our case, p = 6 uses the full capacity of the memory access while 
giving a result every cycle (practically, this is five times faster). The 
resulting software pipelined loop kernel, with the LOAD and the XOR 
stage collapsed, is shown in Table 1. 

Table 1: Piped loop kemel 

Loop control must be added 
Memory access units also perform address computation 

Extension: This method can be extended to thc other cases 
(a # n - k). The a> n - k case allows faster execution of CRC 8 at 
the expense of memory. I t  is easy to implement but not very useful in 
our case as a-bit words have to be read in memory, which is not 
possible with every value of a. It is not possible to reach a =  16 
because the table cannot fit in the intemal memory of the processor, 
and the extemal memory is too slow. Another drawback of a # 8 is 
that reversed algorithms cannot be directly implementcd by reversing 
the table values. 

The most important case is a <n - k, i.e. 16 or 32 bit polynomials 
with eight bits processed in parallel. The main problem in applying the 
same method is that the CRC is wider than one byte, which seems 
incompatible with the above scheme. This can be solved as follows: at 
each step, only the first byte of the computed CRC, that stands in the 
correct position, will be kept in the current polynomial. The others are 
ignored in the current polynomial but combined with the data bytes that 
have the correct position in the other polynomials (subtracted from one 
and added to another, see Fig. 3). 

1 CRCl I 

&, 
-r 

Fig. 3 Puriiul CRC curry (CRC 16 bits) 

The method is easy to implement with CRC 16 bits. A single 
iteration of the basic algorithm takes nine cycles to complete, then 
we may want to execute nine parallel divisions. This is not possible 
owing to register pressure, and practically p is equal to 8. With careful 

implementation, CRC 32 also needs only two extra instructions (SHIFT 
and XOR), but this time it introduces an extra latency cycle leading to a 
data throughput of almost one byte every two cycles. 

Performances: First, we can show that the VLIW DSP does not 
achieve substantial performance gain compared with a classical DSP 
( [7 ] ) ,  using the classical algorithm. By avoiding the LOAD depen- 
dency problem, the proposed algorithm shows a significant improve- 
ment (Fig. 4). 

0 CRC 8 bits 
10 000 

4000 

2000 

~ 

(six parallel divisions) 
n 

CRC 16 bits 
(eight parallel divisions) 

0 CRC 32 bits 
(six parallel divisions) 

I 

(0 (ii) (iii) 

Fig. 4 Number ofcycles required 10 process 1024 b.vtes, 8 bits in parallel 
(i) 
(ii) 
(iii) 

Conchrsion: VLlW architectures strongly rely on the performance of 
the compiler, but refractory algorithms exist such as the very common 
CRC. The proposed method efficiently uses the TI VLlW DSP in 
CRC computation. It permits the efficient use of software pipelining 
by avoiding dependency between successive iterations, allowing 
processing of nearly one byte per cycle for CRC 8 and 16 bits, and 
one byte every two cycles for CRC 32. It should also apply to other 
VLIW architectures where there is memory latency. 

TI iinplcmentation of classical algorithm on TMS320C54xx 
Classical implementation on TMS320C6211 (VLIW DSP) 
Proposed word-parallel algorithm on TMS320C62 1 1 
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Design and performance of active coupler 
for plastic optical fibres 

J. Zubia, G. Durana, J. Arrue and I. Garcis 

A simple and succcssful dcsign of a new activc couplcr for plastic 
opbcal fibres (POF) IS prcscntcd It consists of a 2x2 coupler with a 
PDLC film sandwiched in it, which takes advantage of the electro- 
optic effect of the PDLC More than 3 dB of vanation can be achieved 
by applying elcctric fields below 1 5 V/pm 

Introduction: Currently there is a growing application of plastic 
optical fibres (POF) in a variety of optical links and in sensors [ I ,  
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21. Specifically, POF are finding applications in automobiles, indus- 
trial process control, data links and other prime sectors [3]. For these 
applications, it is desirable to have optical devices capable of switch- 
ing betwecn two branches or of varying the power between them or of 
enhancing the advantages of POF with a simple and versatile design 
[4]. In this Letter we propose a new variable POF-based coupler that 
uses a polymer-dispcrscd liquid crystal (PDLC) film between two 
partially polished plastic optical fibres. 

Confgiir.rrrion of device: The device consists of a multimode POF 
Y 

mechanically polishing off the cladding and part of the 0 

pieces of POF embedded in a methacrylate block with a curvea‘ 
groove [1, 51. First, a bare POF was bonded on the curved groove of 
the block. The groove depth at the centre of the block was approxi- 
mately half the fibre diameter (0.5 mm) and the length of the polished 
POF section was 1 cm. The mechanical polishing was performed until 
the cladding and part of the core were removed and the block surface 
was completely smooth. Afterwards, the PDLC film was sandwiched 
between the two blocks of the coupler. A matching oil was applied to 
the interface PDLC-POF to mininiise Fresnel reflections. The PDLC 
film was connected to a DC voltage generator by means of the 
transparent electrodes (ITO) of the film. A longitudinal cut of the 
coupler is shown in Fig. 1. The fibre used for making the coupler was 
a PMMA step-index 980 pm of core-diameter POF with core and 
cladding refractive indices given by nC,, = 1.492 and n,, = 1.402, 
respectively. The PDLC layer had a thickness around 30 pm although 
the entire PDLC film with IT0 electrodes was slightly thicker. 

2 x 2  coupler and a PDLC film. The 2 x 2  coupler was co 

E -30- 
a- 

40- 

output 
input Power 

-*O-#4#---- 

power 

_ _  L -. . . . . 
-P---- 

Coupling 

67 
[“w 

upled 
I power 

Excess loss Insertion loss Isolation Rise time [20”C] 

3.1 dB 4.95dB 25dB 400 ms 

$7----L---+ 

Fig. 1 Longitudinnl crit of active coiipler 
Operufion qf device: Light is scattered when passing through an 
optically inhomogeneous medium. PDLC is a medium the scattered 
light power of which is adjustable by applying an electric field. I n  its 
uncharged state, the ordinary refractive index of the liquid crystal 
(ne,,) does not match that of the polymer matrix (n,,) and the incident 
light is thus scattered, resulting in a translucent state. When an electric 
field is applied across the material, the PDLC droplets reorient and the 
extraordinary refractive index of the liquid crystal (n,) matches that of 
the polymer. Therefore, the incident light can pass through, resulting 
in a transparent statc. According to this, by applying a voltage to the 
PDLC film we can vary its transparency level and thc amount of 
power transferred from the input branch of the coupler to the output. 

ferjorniunce of device: In Fig. 2 we show the experimental results 
obtained for the output power of the thrce ports (direct port, coupled 
port and isolated port) against wavelength, together with the input 
power at the input port. This data was collected with the aid of an 
automatic system consisting of a lamp, a monochromator with a step 
motor, collimating lenses and a 20 times objective to launch the light 
into one of the branches of the device. The main results of the device 
are summarised in Table 1 for a wavelength of 612 nm and room 
temperature. It can be observed that the isolation increases with light 
wavelength, this being greater than 25 dB at 700 nm and never below 
20 dB in  the whole visible region. For this reason, operation in the red 
part of the spectrum is better. The coupling was near 3 dB although 
this parameter depends on the electric field applied to the PDLC film. 

Fig. 3 shows the power in the coupled branch when different voltages 
were applied to the PDLC film. This data corresponds to a wavelength 

of 612 nm (in this case we used the orange line of a He-Ne laser). It can 
be seen that with increasing PDLC film transparency (greater voltages 
applied) the amount of energy coupled increased by as much as 3 dB 
from V= 0 volts up to V =  50 volts. However, for small values of the 
voltage, from V =  0 volts to approximately I /=  15 volts, there was no 
appreciable change in the coupled power. Below this value, the electric 
field is not high enough to align liquid crystal droplets in the polymeric 
matrix. By reducing the PDLC film thickness to 10 microns, the 
threshold voltage can be reduced by a third or even less. 

-0 

-lo\ 

- . O 3  -60 450 490 530 570 610 650 690 

h, nm 

Fig. 2 Orrtpirt power ut ports of corrpler agurnst ~vnvelength 

-e- input branch 
-A- coupled branch -.- direct branch 
-x- isolated branch 

Table 1: Results of characterisation of device for R=612.0 nm 
and room temperature 

-33 - 

E 

n- 
% -34- 

-35- 

-36- 

-37 , 0 15 35 50 

voltage, V 

Fig. 3 Oirtprt power. ut coiipled branch crgainsr applied voltage 

With the aid of an oscilloscope we measured the rise and fall times of 
the device as well. No appreciable difference was observed between 
them. A mean value averaged over several cycles of 400ms was 
obtained at 20°C. This value is good enough for the applications 
thought for the device. 

Concltrsions: We have developed and characterised an optical active 
coupler made of two polishcd POFs. The devicc shows 3.1 dB of 
excess losses, good uniformity between output branches and the 
possibility to vary the coupling by more than 3 dB by means of 
voltages below 1.5 V/pm. .The response time, 400 ms, was good 
enough for the intended performance of the device. 
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Laser emission from conjugated polymer in 
fibre waveguide structure 

T. Kobayashi and W.J. Blau 

Lasing from a conjugated polymer, poly(9,9-di-(2-ethylhexyl)fluore- 
iiyl-2,7’-diy1), incorporated into a glass-clad step index optical fibre 
structure is reponed The fibre is fabncatcd by filling a glass capillary 
w t h  a tolucne solution containing polystyrene and the Conjugated 
polymer Undcr nanosecond transverse photopumping, the fibre 
I 5 cm in length exhibits laser emission at 436 nm from a Fabry- 
Pcrot cavity formed by the Fresnel reflections at the fibre end-air 
interfaces 

Introduction: Conjugated polymers have been generating a great deal 
of interest with a vicw to the realisation of optically and electrically 
pumped organic lasers because of their clear technical advantages 
such as good processability, ease of chcmical tailoring of emissive 
properties, potcntially very low cost, and very large optical gain 
[ 1-31, Ultrafast pump-probe measurements on thin films have demon- 
strated very large gain of the order of IO4 cm-’ in some conjugated 
polymers [4, 51. Furthermore, the broad emission spectrum character- 
istic of conjugated polymers is attractive for generation and amplifi- 
cation of ultrashort optical pulses. 

Waveguide structures provide optical confinement and a long inter- 
action length between the gain medium and lightwave, which .are 
desirable for efficient operation of lasing and amplification devices. 
Fibre geometry is especially appealing because of its symmetric output 
beam pattem, scalability of output power, and the high surface-area-to- 
volume ratio leading to efficient heat dissipation and minimisation of 
thermal degradation of pcrformance. The large gain inherent in conju- 
gated polymers offers a possibility of constructing a very compact fibre 
laser having strong potential for integration with passive components in 
highly integrated optical networks. More importantly, such polymer 
fibre devices may find applications in the growing technology asso- 
ciated with polymer fibre-optics. The fibre waveguide structure presents 
compatibility for in-line interconnects within polymer optical fibre- 
based communication networks. Polymer fibre lasers and amplifiers 
operating in thc visible are especially appropriate for use with polymer 
optical fibres as the polymer materials have their low loss windows in 
the visible region. For instance, a grecn-emitting fibre source can be 
potentially important because poly(mcthylmethacrylate), a commonly 
used polymer for optical fibres, has its intrinsic lowest loss region 
around 500 nm [6].  Despite all these appealing features, no exploitation 
of this class of materials has been attempted to date to realise lasers and 

amplifiers in a fibre form. In this Letter, we report the first demonstra- 
tion of lasing from an optical fibre whose core is doped with a 
conjugated polymer. 

Results and discussion: A step index polymer optical fibre was 
fabricated by using a blue-emitting conjugated polymer, poly(9,9-di- 
(2-ethylhexyl)fluorenyl-2,7’-diyl), as a gain medium and a glass 
capillary as a cladding. In the inset of Fig. 1 is shown the chemical 
structure of the poly(9,9-di-(2-ethylhexyl)fluorenyl-2,7‘-diyl). A 
toluene solution containing 10 wt% of polystyrene and 3 wt% of the 
conjugated polymer was prepared. Then, the solution was drawn along 
the glass capillary 0.5 mm in inner diameter and 1.5 mm in outer 
diameter by capillary action. Since the refractive index of the solution 
(polystyrene: -1.59, toluene: -1.50) is higher than that of the glass 
tube (-1.46), the index difference provides a waveguiding effect. 

The fibre 1.5 cm in length was transversely photopumped by 355 nm 
radiation from a frequency tripled Nd: YAG laser. The pump pulses had 
duration of 5 ns at a repetition rate of 10 Hz. The pump beam was 
focused onto a 1 mm-wide thin-striped shape on the fibre by cylindrical 
lenses. The output spectra from the fibre were taken with a CCD array 
in conjunction with a spectrometer. All the measurements were 
performed at room temperature. 

We measured the emission from the fibre without any external 
resonator under nanosecond transverse pbotopumping. In Fig. 1, the 
emission intensity at the peak wavelengths is plotted against the pump 
energy density. A well-defined pump energy threshold is seen for the 
change in slope in the input-output data. This sharp threshold behaviour 
followed by a linear increase in output intensity is a clear signature of 
the occurrence of lasing. The threshold pump energy density for lasing 
was 1.2 mJ/cm2 (corresponding to 240 kW/cm2). About 4% of the 
Fresnel reflections at the fibre end-air interfaces acted directly as 
resonator mirrors. 
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Fig. 1 Emission intensity at peak wavelengths against pump energy 
densip for 1.5 cm Jibre 
Lasing threshold is 1.2 mJ/cm2 
Inset: Chemical structure of poly(9,9-di-(2-ethylhexyl)fluorenyl-2,7’-diyl) 
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Fig. 2 Emission spectra from ,fibre at different piinip energy densities 

Significant spectral narrowing is another signature for lasing. Fig. 2 
shows emission spectra from the fibre for different pump energy 

ELECTRONICS LETTERS 17th January 2002 Vol. 38 No. 2 67 


