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Figure 5 (a) Relative transmitted intensities for the lateral displacement of the
light source 1n the cases of scanning and pillar bending which are visualized
in the insets (b)Y Misalignment loss reduction by pillar bending.

The high flexibility of Avatrel allows the pillars to bend and
stretch laterally which optically compensates for light source
displacements with respect to the substrate. To quantify the
pillar bending effect, two experimental configurations were
uses, as shown in the insets to Fig. 5. In the first configuration,
’scanning’, the light source was scanned laterally along the top
of a straight pillar. In the second configuration, ‘pillar
bending’, the light source was attached to the top of the pillar
forming intimate contact between the optical fiber light source
and the substrate. This configuration is equivalent to the pillar-
assisted chip assembly shown in Fig. Y(b), where the pillar
optically bridges the VCSEL and PD with the substrate
waveguides. In the ‘pillar bending’ case, the lateral
displacement of the light source causes sideway movement
{bending) of the pillar. The pillar helps to keep the light
confined in the pillar. and thus deliver a greater fraction of the
incident light to the detector,

Fig. 3(a) shows the relative transmission intensity plotted
versus the light source lateral displacement in the X-direction
for the ‘scanning” and ‘pillar bending’ configurations. Since
the pillar and light source have radial symmetry the results in
the Y-direction are identical to those in the X-direction. It is
clear that the pillar bending range is limited by the elasticity of
the pillar and its adhesion at the top and bottom surfaces. As
shown in Fig, 5(a), the S0x150 pum pillar can bend 50 um
sideways. The optical transmission was measured during the

pillar bending forward and alse on its return to the original
position showing no significant hysteresis. In device operation,
the bending range will be less than tested here.

At zero lateral displacement, the ‘bending’ curve is about
0.2 to 0.3 dB higher due to the intimate contact of the optical
tiber (air-free contact) minimizing the Fresnel back-reflection.
Fig. 5(b) shows the loss reduction due to the use of pillar
bending at different displacement of the light source. At
displacements up to 15 pum, the loss reduction was less than |
dB. The loss increases up to 4 dB at 30 um displacement. As
described in the introduction, the optical power loss can have a
crucial effect on the BER of a digital system. Thus, a limited
loss budget is allowed for system misalignment to maintain
error-free operation. Fig. 5(a) clearly demonstrates that for a
given loss budget, e.g. | dB, the 50x150 pm flexible pillars
double the displacement tolerance from less than 15 to about
30 um. The 4 dB pillar-assisted loss reduction at 30 pm
displacement can easily decrease the BER by 10 or more,

11I. CONCLUSION

Test chips with Avatrel pillars 150 pm in height and 50 pm
in diameter were fabricated by direci photopatterning on glass
substrates coated with metal-film, open apertures for light
transmission experiments. The optical characteristics of the
pillars show that the air-free connection to the pillars have an
optical power loss less than 0.2 dB. The ability ot the pillars
to bend significantly improves the displacement tolerance of
the assembled parts. The displacement tolerance was douhled
from 15 to 30 um in the case of the 50x 150 jum pillars. Pillars
with larger aspect ratios and smaller diameters can provide
even higher displacement compensation in dense chip-to-chip
Ol modules.
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