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Design and evaluation of aspherical microlens module
for high speed data transmission
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Abstract: An optimized design and evaluation method for an aspherical microlens module was presen-
ted for the Intel Light Peak technology. The proposed microlens module can be used for high-speed
data transmission via a multi-mode GGP fiber. The aspherical microlens has a small diameter about 800
pm and a numerical aperture of 0. 275. By the optical softwares of Code V and LightTools, the effect
of fabrication and assembly tolerances of the microlens module on the coupling efficiency was investi-
gated,and some factors related to the optical coupling loss were also considered. After optimization
design of the module, an optical coupling loss of —0. 75 dB was obtained. Finally,the comparison be-
tween the spherical and aspherical microlenses for the optical performance was evaluated.
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1 Introduction

The benefits of optical data transmission systems
even in short and medium range communication
system have widely been studied. One advantage
in comparison with electrical signal lines is that
the cross-talk between the adjacent channels is
not dependent on transmission speeds. Re-
cently, we notice that one important application
of the high-speed data transmission is a Light
Peak technology demonstrated by the Intel De-

[, Intel plans to sell inexpensive

veloper Forum
cables with a fiber-optic-caliber speed to con-
nect, for instance, a laptop and an external hard
drive, or a phone and a desktop computer. Intel
proposes to transfer information by several pro-
tocols simultaneously. using only optical one ca-
ble. The length of this cable can reach 100 m,
the data transmission speed is 10 Gbit/s, and
with time it can be increased to 100 Gbit/s (i. e.
Gb/s). The main advantage in comparison with
electrical signal lines is that the crosstalk be-
tween the adjacent channels is not dependent on
transmission speeds. Therefore, this study con-
centrates on the optimization design of microlens
module for the fast fiber with a high data trans-
fer rate.

Microlens arrays have been widely used in
engineering applications during the past ten
years. A microlens array can be produced using
various methods, such as electron-beam lithog-
raphy, photolithographic etching, hot emboss-
ing, and thermal reflow"**. We use a pair of
microlenses to couple the laser beam (850 nm)
into a multi-mode fiber, and the microlens mod-
ule with a low energy loss for high speed data
transmission is designed. The effects of micro-

lens and fiber shift on the optical loss are ob-

tained from the simulation results.

2 Design and simulation of micro-

lens

This paper presents a pair of microlenses which
have been developed for use in a 10 Gb/s optical
link. This optical interconnect module provides
an ideal solution to high data rate communica-
tion. One microlens acts as a transmitter, and
the other acts like a receiver which is connected
by a multi-mode fiber. This module is designed
for a high data transmission rate up to 10 Gb/s.

The design parameters are the numerical ap-
erture of 0. 275; effective focal length of 1. 3
mm; clear aperture of 0. 72 mm and microlens
diameter of 0. 8 mm. The numerical aperture is a
key characteristic parameter of an optical system
defined by

D
Zf.’

where 7 is the refractive index of the microlens;

NA = nsin § = (D

@ is one half of the acceptance angle; D is the
clear aperture; and f is the Effective Focal
Length (EFL) of the microlens. The material of
microlens is PMMA.

In the microlens design, a spherical and an as-
pherical microlenses are primarily considered. The
equation for aspherical surfaces can be written as

o ch?
S /- Athei]

DRY Ao+ Jh*, (2)

where z is the sag, ¢ is the curvature of micro-

+Ah'+Bh®+Ch*+

lens surface, h is the vertical height from any
point on surface to the axis of revolution, £ is
the constant term of the conicoidal surface, and
A, B, C, D, etc. are the high order coefficients
of the aspherical surface. Many high order coef-
ficients for the aspherical surface easily result in
surface inflection points, which increases manu-

facturing difficult.
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3 Results and discussion

To achieve a high coupling efficiency and high
data transfer rate, the total power loss should be
less than 2 dB that suggested by the Fiber Optic
Communications, Inc. The transmitter end uses
a 850 nm Vertical Cavity Surface Emitter Laser
Diode (VCSELD). The laser diode gives us sev-
eral advantages over the other technology that is
being used. The most important advantage is the
reliability. We used the optical software of Code
VP and LightTools'™ to optimize the microlens
and to simulate the optical power loss under dif-
ferent conditions. The Code V is the most pow-
erful optical design software with design reliable
imaging optics. LightTools software provides a
complete illumination design environment to
model, simulate, optimize, and visualize illumi-
nation optics. Table 1 shows the optical design
results of a pair of microlenses with a multimode
fiber. It is used to couple a laser beam into a
multi-mode GGP fiber. The optical power loss at
the fiber end is simulated by the LightTools

software, as shown in Fig. 1.

Tab.1 Optical design results for microlens module
Surface  Y-axis Semi-
Surface Thickness Material
type radius aperture
Object  Sphere  Infinity 0.01 GGP
1 Sphere  Infinity 0.03 0.0314
2 Sphere Infinity 7.8857 PMMA 0.039 8
Stop  Asphere —2.590 3 0.3 1.418 3
4 Asphere 2.6454 5.054 4 PMMA 1.424 1
5 Sphere  Infinity 0.03 0. 040 3
6 Sphere  Infinity 0.01 GGP 0.0321
Image  Sphere  Infinity 0.000 0 0.031 9

After designing the micolens module, we
simulated the optical coupling loss of the module
by using the LightTools software. If we ignore
the Fresnel reflection loss at the interface, the

optical efficiency at the fiber end is 84. 14 % (i.

Fig. 1 Simulation for optical power loss of microlens
module
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Fig. 2 Simulation result for normalized intensity ver-

sus y-axis shift

e. , the coupling loss is —0. 75 dB). The simula-
tion result for the normalized intensity versus y-
axis (lateral) shift is illustrated in Fig. 2. Fur-
thermore, the simulation result for the normal-
ized intensity versus tilt angle (+1°) is shown in
Fig. 3.
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Fig. 3 Simulation result for normalized intensity ver-

sus tilt angle

The power loss simulations for the micro-
lens module include three factors: (1) the

change of radius of curvature in microlens de-
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sign, (2) the lateral shift of both microlens and
fiber, (3) the lateral shift of the rear microlens.
Fig. 4 shows the various simulation results of
light power loss under the above conditions cor-
responding to three different numbered curves.
As a result, it was found that the shifting error
of the rear microlens caused a large amount of
power loss. This can be seen in Fig. 4 indicated
by the green curve. The shift in the microlens
helped to compensate for the power loss by ad-
justing the spacing between the rear microlens
and the fiber end face. This design method is

based on the concept illustrated in Fig. 1.
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Fig. 4  Power loss simulation for different curva-

tures, lateral shifts and rear microlens shifts
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Fig.5 Tolerance analysis for microlens design

It is often pointed out that RMS (root mean
squared) wavefront error is a better characteriza-
tion method for optical quality than peak-to-val-
ley wavefront error. The latter only tells you the
difference between the "highest" and "lowest"

parts of the wavefront, while the former tells

you how much the "height" varies across the en-
tire wavefront. In this work, the Code V pro-
gram is used to simulate the tolerance analysis of
this design. The RMS of the wavefront error in
an aspherical microlens design is 0. 054 1A
(namely A is 850 nm) for 97. 7% cumulative
probability, as shown in Fig. 5. A comparison
between spherical and aspherical microlens for
the optical performance evaluation is given in
Table 2. The results show that an aspherical mi-
crolens is better than a spherical microlens, in
terms of the RMS wavefront error, Strehl ratio,
and spot diameter. The Strehl ratio is usually
calculated at the best focus of the optical system
under study. The size of a focused spot is in-
versely proportional of the illumination NA, ac-
cording to the diffraction theory. After theoreti-
cal evaluation, the RMS spot diameter is
0. 807 pm for an aspherical microlens and 28. 783

pm for a spherical microlens.

4 Conclusions

This study presents an optimized design and e-
valuation method for an aspherical microlens
module aiming at the Intel Light Peak technolo-
gy. For the new generation optical fiber wide-
band communication, the development of high
speed and large capacity optical communication
techniques are needed. The optical system is e-
valuated by two optical design software packa-
ges, Code V and LightTools. This microlens has
the small diameter of about 800 pm and the nu-
merical aperture of 0. 275. The transmitted pow-
er loss of the microlens-fiber module is —0. 75
dB and it is expected that the extremely high
speed data transmission of 10 Gbit/s could be at-

tained when the module is combined with a

VCSE laser diode.
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Tab.2 Comparison between a spherical microlens and an

aspherical microlens for performance evaluation

RMS RMS spot
Strehl
Microlens wavefront diameter
ratio
(waves) (pm)
Spherical
0.163 1 0. 350 28.783
surface
Aspherical
0.054 1 0. 988 0. 807
surface
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