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Researchers at the Chalmers Uni
versity of Technology are working 

on a new technique to couple light 
between waveguides and free space in 
integrated optics. The technique, 
called off-plane waveguide hologra
phy, uses a diffraction grating to com
bine the functions of outcoupling and 
image projection. Since the need for 
beam-shaping micro optics is elimi
nated, the technique shows promise 
for developing low-cost integrated 
optical circuits. The group will pre
sent a paper on their work at the 
Computer-Generated Holograms ses
sion at the 1996 OSA Annual Meeting 
in Rochester, N.Y., Oct. 20-24. 

"We plan to use the waveguide 
hologram as a beam shaping outcou¬
pler in semiconductor lasers," says 
Anders Larsson, the Chalmers scien
tist leading the project. Principal 
investigator is Ming Li. By the end of 
the year, the team hopes to have a 
fully integrated 100 mW, 980 nm 
semiconductor laser. The waveguide 
hologram will incorporate lens func
tions, so micro-optics wil l not be 
necessary. We want to demonstrate 
the laser with the power and beam 
quality we need, then look at appli
cations," such as a pump laser for 
optical fiber amplifier, says Larsson. 

The team is involved with Erics
son, a Swedish telecommunications 
company, in exploring the possibili
ty of using waveguide holography 
for the optical input and output 
function in InP-based photonic 
integrated circuits, such as an inte
grated transceiver for fiber optic 
communications. More generally, a 
waveguide hologram might serve as 
a general purpose optical interface 
between an optoelectronic device or 
integrated optical circuit and the 
external environment, Larsson says. 

Waveguides are usually coupled 
to free space through a cleaved edge. 

Figure 1. Demonstration of a waveguide hologram includes (a) a desired image, (b) a computer-generat
ed phase pattern, (c) a waveguide hologram, and (d) a reconstructed image. 

In this case, the shape of the output 
beam is elliptical, and may contain 
aberrations and astigmatism. Exter
nal micro-optic elements transform 
the light into a useful beam. The 
critical alignment of micro-optics 
constitute the bulk of the cost of 
integrated optical devices. 

The holographic waveguide cou
pler uses a grating and first-order 
diffraction to convert the guided 
mode into a near surface normal 
free space mode. The grating area is 
divided into a number of grating 
cells, or pixels. The phase and 
amplitude of the emitted light are 
controlled over the area of the out-
coupler to perform holographic 
wavefront conversion. To accom
plish spatial phase modulation, the 
position of the grating grooves is 
shifted from pixel to pixel (called 
grating dislocation). Varying the 
grating duty cycle (tooth width over 
period ratio) from pixel to pixel 
simultaneously controls amplitude. 

"It requires a well-behaved guided 
wave," where you know the ampli
tude, phase, etc., says Larsson. "If 
you know the wavefront you want in 
free space, then you can calculate 
what the hologram should look like." 

In a recent experiment, Chalmers 
researchers demonstrated the capacity 
of the technique by producing art 
image (Fig. la) at a given distance 
above the waveguide surface. The 
waveguide hologram converted a 
guided Gaussian mode into a set of 
asymmetrically distributed spots with 
equal intensity. The phase pattern is 
calculated using a Fourier transform 
algorithm and subsequently converted 
into grating dislocations (Fig. 1b). The 
hologram (Fig. 1c) is illuminated by a 
singlemode optical fiber to produce 
the guided Gaussian beam, and image 
is produced at 10 cm above the surface 
(Fig. 1d). The diffraction efficiency 
was 65% and uniformity error 8%. In 
this case, the holographic waveguide 
simultaneously performed outcou
pling, beam splitting, and focusing. 

To couple light into an optical 
fiber, the hologram would be 
designed to focus the output and 
match the wavefront to that of the 
guided mode in the fiber. Alternative
ly, the hologram could generate a "top 
hat" intensity distribution, which 
would relax the alignment tolerances 
of the fiber and subsequently reduce 
the coupling efficiency. With this sce
nario, alignment is not as critical. • 
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